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SAFETY PRECAUTIONS

SAFETY PRECAUTIONS

The following warning and caution noticesillustrate the style used in Varian manuals for
safety precaution notices and explain when each typeis used:

WARNING:

CAUTION:

Warnings are used when failure to observe instructions or precautions
could result in injury or death to humans or animals, or significant
property damage.

Cautions are used when failure to observe instructions could result in
serious damage to equipment or loss of data.

Warning Notices

Observe the following precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these warnings, or with specific warnings
elsewhere in Varian manuals, violates safety standards of design, manufacturing, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

WARNING:

WARNING:

Persons with implanted or attached medical devices such as
pacemakers and prosthetic parts must remain outside the 5-gauss
perimeter from the centerline of the magnet.

The superconducting magnet system generates strong magnetic fields that can
affect operation of some cardiac pacemakers or harm implanted or attached
devices such as prosthetic parts and metal blood vessel clips and clamps.

Pacemaker wearers should consult the user manual provided by the pacemaker
manufacturer or contact the pacemaker manufacturer to determine the effect on
a specific pacemaker. Pacemaker wearers should also always notify their
physician and discuss the health risks of being in proximity to magnetic fields.
Wearers of metal prosthetics and implants should contact their physician to
determine if a danger exists.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Keep metal objects outside the 10-gauss perimeter from the centerline
of the magnet.

The strong magnetic field surrounding the magnet attracts objects containing
steel, iron, or other ferromagnetic materials, which includes most ordinary
tools, electronic equipment, compressed gas cylinders, steel chairs, and steel
carts. Unless restrained, such objects can suddenly fly towards the magnet,
causing possible personal injury and extensive damage to the probe, dewar, and
superconducting solenoid. The greater the mass of the object, the more the
magnet attracts the object.

Only nonferromagnetic materials—plastics, aluminum, wood, nonmagnetic
stainless steel, etc.—should be used in the area around the magnet. If an object
is stuck to the magnet surface and cannot easily be removed by hand, contact
Varian service for assistance.
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SAFETY PRECAUTIONS

Warning Notices (continued)

12

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

Refer to the manual s supplied with the magnet for the size of atypical 10-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Only qualified maintenance personnel shall remove equipment covers
or make internal adjustments.

Dangerous high voltages that can kill or injure exist inside the instrument.
Before working inside a cabinet, turn off the main system power switch located
on the back of the console, then disconnect the ac power cord.

Do not substitute parts or modify the instrument.

Any unauthorized modification could injure personnel or damage equipment
and potentially terminate the warranty agreements and/or service contract.
Written authorization approved by aVarian, Inc. product manager isrequired to
implement any changes to the hardware of aVarian NMR spectrometer.
Maintain saf ety features by referring system service to a Varian service office.

Do not operate in the presence of flammable gases or fumes.

Operation with flammable gases or fumes present creates the risk of injury or
death from toxic fumes, explosion, or fire.

Leave area immediately in the event of a magnet quench.

If the magnet dewar should quench (sudden appearance of gasses from the top
of the dewar), leave the areaimmediately. Sudden release of helium or nitrogen
gases can rapidly displace oxygen in an enclosed space creating apossibility of
asphyxiation. Do not return until the oxygen level returns to normal.

Avoid liquid helium or nitrogen contact with any part of the body.

In contact with the body, liquid helium and nitrogen can cause an injury similar
to aburn. Never place your head over the helium and nitrogen exit tubes on top
of the magnet. If liquid helium or nitrogen contacts the body, seek immediate
medical attention, especialy if the skin is blistered or the eyes are affected.

Do not look down the upper barrel.

Unless the probe is removed from the magnet, never look down the upper
barrel. You could be injured by the sample tube asit g ects pneumatically from
the prabe.

Do not exceed the boiling or freezing point of a sample during variable
temperature experiments.

A sampl e tube subjected to a change in temperature can build up excessive
pressure, which can break the sampletube glassand causeinjury by flying glass
and toxic materials. To avoid this hazard, establish the freezing and boiling
point of a sample before doing a variable temperature experiment.
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Warning Notices (continued)

WARNING:

WARNING:

WARNING:

Support the magnet and prevent it from tipping over.

The magnet dewar has a high center of gravity and could tip over in an
earthquake or after being struck by alarge object, injuring personnel and
causing sudden, dangerous release of nitrogen and helium gasses from the
dewar. Therefore, the magnet must be supported by at |east one of two methods:
with ropes suspended from the ceiling or with the antivibration legs bolted to
the floor. Refer to the Installation Planning Manual for details.

Do not remove the relief valves on the vent tubes.

Therelief valves prevent air from entering the nitrogen and helium vent tubes.
Air that enters the magnet contains moisture that can freeze, causing blockage
of the vent tubes and possibly extensive damage to the magnet. It could also
cause a sudden dangerous release of nitrogen and helium gasesfrom the dewar.
Except when transferring nitrogen or helium, be certain that therelief valvesare
secured on the vent tubes.

On magnets with removable quench tubes, keep the tubes in place
except during helium servicing.

On Varian 200- and 300-MHz 54-mm magnets only, the dewar includes
removable helium vent tubes. If the magnet dewar should quench (sudden
appearance of gases from the top of the dewar) and the vent tubes are not in
place, the helium gas would be partially vented sideways, possibly injuring the
skin and eyes of personnel beside the magnet. During helium servicing, when
the tubes must be removed, carefully follow the instructions and saf ety
precautions given in the manual supplied with the magnet.

Caution Notices

Observe the following precautions during installation, operation, maintenance, and repair
of theinstrument. Failureto comply with these cautions, or with specific cautions el sewhere
inVarian manuals, violates safety standards of design, manufacturing, and intended use of
the instrument. Varian assumes no liability for customer failure to comply with these
precautions.

CAUTION:

01-999163-00

Keep magnetic media, ATM and credit cards, and watches outside the
5-gauss perimeter from the centerline of the magnet.

The strong magnetic field surrounding a superconducting magnet can erase
magnetic media such as floppy disks and tapes. The field can also damage the
strip of magnetic mediafound on credit cards, automatic teller machine (ATM)
cards, and similar plastic cards. Many wrist and pocket watches are also
susceptible to damage from intense magnetism.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.
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Caution Notices (continued)

CAUTION:

CAUTION:

CAUTION:

CAUTION:

Keep the PCs, (including the LC STAR workstation) beyond the 5-
gauss perimeter of the magnet.

Avoid equipment damage or data loss by keeping PCs (including the LC
workstation PC) well away from the magnet. Generally, keep the PC beyond the
5-gauss perimeter of the magnet. Refer to the Installation Planning Guide for
magnet field plots.

Check helium and nitrogen gas flowmeters daily.

Record the readings to establish the operating level. The readings will vary
somewhat because of changes in barometric pressure from weather fronts. If
the readings for either gas should change abruptly, contact qualified
maintenance personnel. Failureto correct the cause of abnormal readings could
result in extensive equipment damage.

Never operate solids high-power amplifiers with liquids probes.

On systems with solids high-power amplifiers, never operate the amplifiers
with aliquids probe. The high power available from these amplifiers will
destroy liquids probes. Use the appropriate high-power probe with the high-
power amplifier.

Take electrostatic discharge (ESD) precautions to avoid damage to
sensitive electronic components.

Wear a grounded antistatic wristband or equivalent before touching any parts
inside the doors and covers of the spectrometer system. Also, take ESD
precautions when working near the exposed cabl e connectors on the back of the
console.

Radio-Frequency Emission Regulations

The covers on the instrument form a barrier to radio-frequency (rf) energy. Removing any
of the covers or modifying the instrument may |lead to increased susceptibility to rf
interference within the instrument and may increase the rf energy transmitted by the
instrument in violation of regulations covering rf emissions. It is the operator’s
responsibility to maintain the instrument in a condition that does not violate rf emission
requirements.
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Introduction

Thismanual describes the parameters, macros, pulse sequences, and general operating
procedures used for imaging and localized spectroscopy experiments on Varian NMR
spectrometers using VNMR version 6.1C. The primary purpose of this manual isto
document the Varian VnmrIMAGE advanced applications interface. The manual contains
the following chapters:

o Chapter 1, “First Steps. Making an Image,” introduces you to thetypical stepsin setting
up and running aVnmriIMAGE pul se sequence.

» Chapter 2, “Imaging Experiments,” describes the basic concepts necessary to
understand MRI experiments.

» Chapter 3, “Imaging Pulse Sequences,” describes some of the pul se sequences for
imaging available in Varian NMR spectrometers.

o Chapter 4, “Image Browser,” covers ImageBrowser, a comprehensive image viewing
and analysis program.

» Chapter 5, “Image Browser Math Processing,” describes |mageBrowser, whichis used
in conjunction with Image Browser to do more complex processing.

» Chapter 6, “ CS| Data Processing,” describesatool for easy processing of chemical shift
image data (CSl).

e Chapter 7, “High-Performance Auxiliary and Microimaging Gradients,” coversthe
high-performance auxiliary gradient (HPAG) accessory.

» Chapter 8, “Digital Eddy Current Compensation,” describesthefunction of the Digital
Eddy Current Compensation module and the associated software interface,
decct ool

» Chapter 9, “Physiological Gating Module,” explains how to use the physiological
gating module (PGM), which detects the ECG of the experimental subject and sendsa
trigger pulse to the spectrometer for prospective gating experiments.

» Chapter 10, “2D and 3D Backprojection,” showshow to acquire and reconstruct 2D and
3D NMR images based on the backprojection (BP) or projection reconstruction.

An appendix listsVNMR commands, macros, and parameters used commonly for imaging
and localized spectroscopy experiments.

VnmrIMAGE Interface

Many new features and capabilities have been introduced with theVnmrIM AGE interface.
The underlying philosophy of the software isto promote a friendly and convenient
applications environment and improve the ease-of -use tools available within VNMR.
VnmrIMAGE highlights include:

» Automated setup and optimization of imaging gradients.
* RF calibration database for automatic selection of pulse power levels.

» Expanded pulse sequence library and pulse sequence programming capabilities,
including oblique angle imaging.

» Graphical planning of imaging and localized spectroscopy experiments.
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Software Compatibility

The new software described in this manual is designed to be compatible with already
existing software. Older style pul se sequences and macros, both SISCO-supplied and user-
written, should continue to work as they always have. We have consciously avoided names
for pulse sequences and macros that have long-standing definitions, even though this
sometimes meant creating new names that are perhaps slightly less descriptive. The
definitions of some parameters have changed, but older parameter sets will continue to
function properly with their corresponding pul se sequences. Older sequences and their
respective parameter sets, such as IMAGE and SSFP, will continue to work properly when
used with the proper macros, but you need to take care not to “mix and match” old and new.

Notational Conventions

The following notational conventions are used throughout all VNMR manuals:

» Typewriter-like charactersidentify VNMR and UNIX commands, parameters,
directories, and file names in the text of the manual. For example:

The shut down command isinthe/ et c directory.

» The same type of characters show text displayed on the screen, including the text
echoed on the screen as you enter commands during a procedure. For example:

Sel f test conpleted successfully.

» Text shown between angled bracketsin a syntax entry is optional. For example, if the
syntax isseqgen s2pul <. ¢c>, entering the“. ¢” suffix is optional, and typing
seqggen s2pul . c or seqgen s2pul isfunctionaly the same.

 Linesof text containing command syntax, examples of statements, source code, and
similar material are often too long to fit the width of the page. To show that aline of
text had to be broken to fit into the manual, the lineis cut at a convenient point (such
asat acommanear the right edge of the column), abackslash (\ ) isinserted at the cut,
and the line is continued as the next line of text. This notation will be familiar to
C programmers. Note that the backslash is not part of the line and, except for C source
code, should not be typed when entering the line.

» Because pressing the Return key is required at the end of almost every command or
line of text you type on the keyboard, use of the Return key will be mentioned only in
caseswhereit is not used. This convention avoids repeating the instruction “ press the
Return key” throughout most of this manual.

» Text with achange bar (likethis paragraph) identifies material new toVNMR that was
not in the previous version of VNMR. Refer to the VNMR Release Notes for a
description of new features to the software.

Purpose of This Manual

Thismanual should instruct both new and experienced SISCO users. If you are anew user,
thisshould beyour reference for imaging and localized spectroscopy applications. Because
we want to spare new users the duplication of effort required to learn both old and new, we
have explicitly left out references to the older methods in most of this manual. Other
VNMR manuals you will find useful include:

¢ VNMR Command and Parameter Reference
* VNMR User Programming
* VNMR and Solaris Software Installation
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chapter 1. First Steps: Making an Image

Sections in this chapter:
e 1.1*“Making an Initial Scout Image,” this page
» 1.2*Using the Scout Image to Plan a New Target Image,” page 22

This chapter describes the typical stepsin setting up and running aVnmrIMAGE pulse
sequence. The SEM S (Spin-Echo Multislice) pulse sequenceis used as an example. If you
have been running the IMAGE, MSLICER, or SHORTE sequences, thisisadirect
replacement.

We assume that a probe and sample arein place, the probe is tuned properly, and that the
system is otherwise ready to run. If you are running the system for the first time and need
instructions on setting up or turning on any of the hardware, you should refer to the manual
Getting Started.

Most of the macros used for imaging are located in the subdirectory nacl i b. i magi ng
of / vnnr / macl i b. Similarly, menus used for imaging are placed in the subdirectory
nmenul i b. i magi ng of / vanr / menul i b. The system knows that you want access to
these imaging subdirectories through the value of the parameter appnode, a global
parameter that each user can set.

To set the value of appnode for imaging:

» Enter appnode="i magi ng' ontheVNMR command line.

Alternatively, you can select Setup from the Main menu, select App Mode, and then
select Imaging.

Thissetsglobal parameterssysnacl i bpat h andsysnenul i bpat h tothe path of the
following imaging directories so that these directories are searched each time you enter a
command:

* sysmaclibpathissetto' /vnnr/ macli b/ maclib.imaging'
e sysnenul i bpathissetto'/vnnr/ menul i b/ menul i b. i magi ng'

For more information about the commands, parameters, and procedures used, refer to the
appropriate chapters elsewhere in this manual and to the VNMR Command and Parameter
Reference.

1.1 Making an Initial Scout Image

Thefollowing procedures outline all of the steps you need to take to begin using SEM Sfor
the first time. Some of the steps, such as pulse calibration, may not be necessary once you
havedonethemonce. Itislikely that in areal experimental sessionyou may go through two
or more stages in defining the image orientation and position for the area of interest. We
call thisfinal imagethe“target” image. But first, you will probably need to acquireaninitial
“scout” image that can be used to accurately locate the target image.
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Calibrating the Pulse Length

Thefirst step isto calibrate the 90° pul se performance of the particular combination of
probe and sample, and to enter that information into the pul secal databasefile:

» Useasimple pulse-acquire sequence (e.g, S2PUL ), set the power level to intermediate
range (on newer YNTYINOVA or UNITY plussystems, sett pwr toabout 50; on UNITY
or VXR-S systems, set t pwr closer to 90).

» Determine either the 90° or 180° pulse length (either value works for this procedure,
but 2180 is easier to determine and is generally not distorted by T, relaxation).

Now, make an entry inthe pul secal file, asfollows:

1. Enter the command pul secal .

If you have an entry in pul secal , atable appears in the text window and the
following syntax message appears:
Usage: pul secal (nane, pattern,length,flip, power)
If you have not already made an entry in pul secal , this message appears:
pul secal file does not exist.

2. Enter pul secal again, thistime supplying values for the arguments:

» For name, choose aname that makes sense for the probe and/or sample you are
using (if thisis the cube phantom in the large imaging coil, for example,
"li ccube' might makeit easier to select the best entry again if you use this
combination at alater date).

» For patt ern, unlessyou used a shaped pulse, enter ' squar e' . If you used
a shaped pulse, enter its name instead.

* For | engt h, enter the pulse length, in ps.

e Forflip,ifitisa90° pulse, enter 90, if itisa180° pulse, enter 180, or
whatever value is appropriate.

» For power, enter avalueint pwr units used to measure this pulse length.

For example, if you measured a180° pulselength of 800 uswith at pwr of 80, your
entry isprobably pul secal (' lic',"' square', 800, 180, 80) .

A listing of the new or updated pul secal fileisdisplayedinthetext window. The
current date (month, day, year) is also included.

Determining the Reference Offset Frequency

You must provide the proton resonance offset frequency for an imaging experiment. You
can do this easily now while you have a proton spectrum readily available:

1. Display one of the spectrain the array, for example, ds( 1) .
2. Set the cursor on the resonance (probably water).

3. Enter the command of f set .
Record the number that appears in the message window.

Retrieving the Parameter Set
Next, you must retrieve the parameter set to run the SEM S sequence.

1. Join an available experiment. For example, to join experiment 6, enter j exp6.
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2. Retrievethe SEMS parameter set by entering the command sens.

You can also use the Files menu system to change to the system par | i b directory
and load in the SEMS. PAR parameter set.

Most of the parameters that you need to know about and work with should now be
displayed. A few may require being set or selected, but the rest are computed for you.

Setting the rfcoil Parameter

The pulse calibration information, determined in “ Calibrating the Pulse Length,” page 18,
is communicated to the system through ther f coi | parameter. The automated setup
routinesuser f coi | to obtaininformation about probe performancefrompul secal and
to set pulse powers for the two rf pulsesin SEMS.

e Setrfcoil="1ic"' (orusewhatever name you chose for the pul secal entry).

Setting the gcoil Parameter

An imaging spectrometer is often equipped with multiple gradient sets, which can be
interchanged for different sample sizes and experimental requirements. When a new
gradient set isintroduced into the lab, a corresponding hew calibration entry isrequired in
thedirectory / vnnr / i magi ng/ gr adt abl es. Such acalibration file should have been
created for any gradient set provided at initial system installation, so first check in the

gr adt abl es directory for an entry appropriate for your system.

Because agradient calibration fileis atext file containing the maximum gradient strength,
risetime, and usable bore size for the gradient coil, anew file can be created manually with
any text editor or, most easily, with the macro cr eat egt abl e, asfollows:

1. OntheVNMR command line, enter the command cr eat egt abl e.

The following prompt appears:

Are all gradient axis calibrated to the sane naxi mum
val ue? y/n

2. If yourespondy, you are asked to give a name to the file. Respond with:
» Theletter mfor a“main” gradient coil file name.
» Theletter h for an “hpag” file name.

» Theletter o if you want to define another name. If you respond with o, you are
asked to enter a name.

3. Enter abrief description of the gradient coil to help in identifying this
gr adt abl es entry in the future; for example;:

Mai n Actively Shiel ded G adi ent

4. Enter the usable bore size, in cm, for thisgradient set. Thisvalueis used only asan
internal check of reasonableness for the field of view.

5. Enter the maximum gradient strength, in gauss/cm, for the gradient set.

Enter therisetime, in yus. Remember that Varian gradient hardware isinstalled with
alinear slew-rate limitation that is dependent on the gradient set.

The new gradient calibration is now ready to use, but first the configuration parameter
sysgcoi | must be updated to reflect the hardware status.

1. Enterthecommandset gcoi |l (fil e),wherefi | e istheappropriate
gr adt abl es file name, for example, set gcoi | (' asg33').
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This hasthe effect of setting sysgcoi | to the samefile name, but in this special
case, it also updates the configuration file as well.

2.  Asnew parameter setsare retrieved, and as other experiments arejoined, the system
updates gradient calibration parametersto new values. To verify this, enter gnax?
andt ri se? to seethat they have the correct values for your gradient hardware.

Notethat gnmax andt r i se are updated when anew parameter set isloaded, or when you
join adifferent experiment. One exception is joining an experiment that hasgcoi |
parameter set to thevalue of sysgcoi | . If you update the gradient calibration parameters
of an already existing entry ingr adt abl e, you must manually updategnax andtri se
in the current experiment and others that have gcoi | settothesysgcoi | vaue, or run
themacro _gcoi | ineach case.

Setting the pilot Parameter

Some SEM S parameter sets might have not set the pi | ot parameter. To ensure that all of
the refocusing parameters are properly computed within the pul se sequence:

o Setpilot="y'

Setting the resto Parameter

Thevaue of ther est o parameter is used to make sure all positions are properly
referenced to the center of the magnet and gradients.

e Setrest o tothevaueyou found in “ Determining the Reference Offset Frequency,”
page 18.

Setting the Field-of-View Parameters

Choose values for the image field-of-view (FOV) and enter them as follows:
1. Setlro tothereadout length, in cm.
2. Setl pe to the phase encode length, in cm.

Do not use the old macrosset gr o and set gpe.

Setting the Slice Thickness

The parameter t hk sets the slice thickness for an image.
» Sett hk tothe dlice thickness, in mm. A value of 2 or 3 isagood place to start.

Selecting the Image Orientation

Theparameter or i ent definestheimaging slice planeandindirectly controlsaset of three
Euler angle parameters that the pul se sequence uses internally to achieve the desired
orientation. or i ent hasalowed valuesof ' trans',' sag' ,and' cor' , short for
transverse (Z dice gradient), sagittal (X slice gradient), and coronal (Y dlice gradient),
respectively. A fourthentry of ' obl i que' isalso possible, but cannot be entered directly.
Theentry for or i ent in the appendix (see page 324) describes oblique dlice selection.

Because it is common for the sample to be fairly well centered on the X axis, evenif itis
off center inY and Z, you might start by entering or i ent ="' sag' . For avertical bore
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magnet, Z ismorelikely to bethe on-center axis, soenteror i ent =' t r ans' . Thisnearly
guarantees that you will slice through the sample without having to hunt around.

e« Setorient to'trans','sag',or' cor',asappropriate.

Setting the pss Parameter

Parameter pss determines the slice position relative to the gradient origin. Setting pss
automatically setsthe related parameter ns, the number of dlices. You cannot set ns
directly, but entering an array of dice positionsinto pss resultsin an update of ns to the
proper value determined by the size of the pss array.

» Set pss asan array of dice positions, in cm, relative to the gradient origin (you
probably want to set pss=0).

Checking the seqcon Parameter

Some early SEM S parameter sets may have set the seqcon parameter to an incorrect
(although valid) setting. See“Acquisition Loop Control” on page 338 for more information
on this parameter. For proper multislice operation in SEMS:;

» Check that seqcon=' ncsnn' . Updateit to thisvaueif necessary.

Selecting Values for the tr and te Parameters

You may want to change the default values of t r andt e. Keep in mind that unliked1 in
the old IMAGE sequence, t r isnow the correct measure of the total repetition time for a
multislice experiment (i.e., the time between successive excitations of one slice).

e |fdesired, settr andt e to new values, in seconds.

Entering the imprep Command
Everything necessary to set up an image is now done. To proceed:.

1. Enter thecommandi npr ep.

This command takes the information about your rf cail, the slice thickness and field
of view you have selected, and computes and sets the parameters gr o, gpe, gss,
tpw 1, tpw 2, andsw.

2. If the parameter nv was zero, awarning isissued; otherwise, nv isleft alone, so if
you want just a projection, first set nv to zero (nv controls the number of phase-
encode steps, and is described in more detail on page 335) and ignore the warning.

3. You should get the message “set up conpl et e” if al went well. If not, you
should get an error message that gives you some hint of what could be wrong.

Checking the Readout Projection

It isagood ideato get a zero phase-encode projection to check proper operation and to
center the image in the readout direction.

1. Enter nv=0 to specify just the projection, then enter ga to run the experiment.

2. If theresulting projection is off-center, put the cursor where you want the new center
to be and enter novepr o, which computes a new value for the pr o (readout
position) parameter. pr o sets the proper frequency during data acquisition.
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Entering the go Command
The final step isto complete the image and see the end product.

1. If you are making a projection with nv=0, enter ga; otherwise, for the complete
image, set nv to the number of phase encode increments you want (typically 128 or
256) and enter go (the difference isthat ga automatically does a 1D transform of
every dataline, which we don’t want, and go doesn'’t).

2. When theimageis complete, enter f t 2d to see the result.

Uncommonly Used Parameters

Although there is nearly a complete overlap in software between Varian's horizontal
imaging, vertical microimaging, and standard analytical NMR systems, there are afew
parameters that are not normally used on a horizontal bore system. If set incorrectly, these
parameters can lead to artifacts or positional errorsinimages. It istherefore useful to check
the following parameters on horizontal bore imaging machines. Users with previous
experience with the SISCO 93.1 version of VNMR software are particularly advised to
learn about these parameters, because they did not exist in version 93.1.

| oad Determineshow shim valuesare updated, i.e., if they are obtained fromthe
software settings in the current experiment or from the actual existing
hardware settings. Most Varian users are familiar with this, but SISCO
users new to Varian software should refer to the VNMR Command and
Parameter Reference for more information.

sol vent Used to fine tune the spectrometer frequency to compensate for the small
reference field shifts caused by deuterium locking to different solvents.
Because most imaging experiments are performed without deuterium
lock, itisagood ideato set sol vent =" none' inall experiments,
including S2PUL, for consistent frequency settings. Failure to do this
resultsin anincorrectly referencedr est o parameter, which inturn could
result in positional errorsin images.

hono Enabl estime-shared homonuclear decoupling and should generally be set
to' n' for imaging experiments.

1.2 Using the Scout Image to Plan a New Target Image

22

Now that you have acquired the first scout image, let’s use it to locate a new target image
that it includes whatever features you areinterested in observing. You can skip many of the
stepswe had to go through to get the scout, such asrf calibration, determination of r est o,
etc., because these do not change from the scout to the new target image.

Moving the Parameters to New Experiment

You need to copy the parameter set you have been working with to another experiment (the
“target” experiment). You do not have to do this as the first step, but you need do it
eventually, so let's get it out of the way. It is possible to both plan and acquire the target
image in the same experiment, but then the scout imageislost, which we might want to use
again to plan a different target.

» Tomakethe copy, enter np( new_exp) . Thismovesthe entireimaging parameter set
to the designated experiment. For purposes of this example and the rest of this chapter,
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assume that you have been working in experiment 2 to acquire the scout image and
wish to use experiment 6 to acquire the target image. In this case, enter np( 6) .

Starting the Planning Session
To start planning:

1. Enter the command pl an.

2. Click on the Slice menu button.

3. Inthe new row of menu buttons, click on Clear to remove any previous planning
information. The third button is now Mark 1.

Marking the Target Slice Plane

To define adlice plane:
1. Movethe cursorsto thefirst point you want to lie in the target image dlice plane.
2. Selectthe Mark 1 button.
3. Movethe cursors to the second point on the line that will define the slice plane.
4. Select Mark 2.

You have just selected two points that describe a line through the current scout image. The
target image will be perpendicular to the scout slice plane, on the line you have defined.
Selecting Compute Target shows this.

If you decide you want to change one or both of the marked points, select Clear again and
follow the above procedure once more to define your new dlice plane.

If you are working on asystem that has gradient waveshaping capabilities, your dice plane
may lie at any angle. Slice planesthat do not lie along one of the three major axes are said
to be oblique. If your system does not have gradient waveshaping, the gradient DAC
resolution is limited to 12 bits, which isin general not adequate to define arbitrary dice
planes with sufficient resolution in readout, phase encode, and slice select directions, and
so the software will at this point prevent you from continuing if you have defined a plane
that is oblique. (If you want to make sure your two points lie along one of the major axes,
here’s ahint: Move the cursorsto the first point you want to mark; keep the mouseinside
the image boundaries but place the mouse arrow outside the blue image box to define the
second point. This method causes only one cursor to move and ensures that the two points
properly lie along one of the major orthogonal planes).

If you want to define amultislice experiment, you can use the ns and Gap buttonsto specify
the number of slicesand the gap between dlices, respectively. When you compute the target
slice, the correct dlice positions are entered into pss automatically. These slice positions
are defined in monotonic order, not in interleaved order. But unlike the older imaging
seguences, the dlice order is not computed inside the sequence, but defined by the array
order of pss. You can enter the values of pss in any order that you like or use the macro
sl i ceor der torecord slices automatically.

Computing and Displaying the New Target Parameters

At this point, you have specified the target imaging plane or planes on the scout image. You
now need to compute the new orientation and slice position for these planes:

 Select the Compute Target button
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This button places the resultsin a set of “target” parametersthat will be transferred in
the next step to the target experiment. You should see the target Euler angle values
printed in the message window, along with the slice position for the line you marked.
If you have defined amultislice target, you also see the slice positions displayed in the
text window at the bottom of the screen.

The newly defined slice position(s) are drawn over the scout image, allowing you to
visually verify that the target image(s) are properly aligned to passthrough the desired
sample features.

If the new dlice position is unsatisfactory, clear it and again perform the procedure (to
erase the old dice positions, select Redraw before Compute Target).

Transferring the Target Parameters

The new dlice orientation and position parameters can now be communicated to the target
experiment. The parametersarethethree Euler anglespsi , phi , t het a, theslice position
parameter pss, and dlice thickness parameter t hk. The parameter r f coi | isaso
transferred, aswell asr est 0, if both experiments have the samet n.

1. Select the Transfer menu button.

This button displays a new menu of possible experiment choices and a descriptive
listing of each experiment in the text window (this same list can be created at any
time with the command expl i b2).

2. Select the experiment to transfer to (in this case Exp 6).

If there is not enough space to show a menu button for each experiment, you might
not see a Current button (transfers internally to the current experiment) or an Other
button (enables you to type in an experiment number if the number you want is not
displayed).

Because we previously moved parameters from experiment 2 to 6, the target experiment is
the same in this case as the scout, except that we are changing the dlice position and
orientation. We could just aswell havetransferred the new slice parametersto acompletely
different imaging experiment (aslong asit usesthe same parametersto define slice position
and orientation).

At this point you are ready to start the new experiment. Because we have not changed the
field of view, slicethickness, or rf pulses, thereisno need to executei npr ep again. If you
decide to change any of these settings, just make sure you enter i npr ep again when
everything is adjusted the way you want it.

Checking the FOV and Entering the go Command

Before running the complete target image, it is generally agood ideato make sure that the
image is reasonably centered in the readout direction.

1. Setnv=0, and then enter ga to get a projection and, if necessary, adjust the cursor
and enter novepr o.

2. Set nv back to the proper number of phase-encode steps, and enter go.

3. When complete, f t 2d shows you the new target image.

If you planned amultisliceimage, you haveto setthecf parameter to select thedlice
you want (remember, unlike old imaging sequences, the slices are in the order
specified by thepss array, and cf determinesthearray index). Themacrodsl i ce
displays up to 12 images at once from a multislice data set.
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Sections in this chapter:
e 2.1"Basic Imaging Principles,” this page
e 2.2"“Time Domain to Spatial Domain Conversion,” page 26
e 2.3"Slice Selection,” page 29
» 2.4 "“Frequency Encoding,” page 32
e 2.5"Phase Encoding,” page 34
» 2.6 “Image Resolution,” page 35
o 2.7 “Spatia Frame of Reference,” page 37
e 2.8"“Image Reconstruction,” page 38
e 2.9“Important Imaging Parameters,” page 38

This chapter introduces the basic concepts necessary to understand MRI experiments. You
should be familiar with the terminology and principlesin simple experimentsin
conventional NMR because this chapter focuses on MRI-related topics. NMR concepts can
be easily understood when the process of asimpleimaging experiment isanalyzed. The 2D
spin-warp imaging sequence that is commonly performed in MRI isused in this chapter as
an example to illustrate principles and experimental aspects related to NMR.

The spin-warp imaging sequence is based on the 2D Fourier transform principle for
converting the time domain NMR signals into image data. Most of the other imaging
techniques are a so based on the Fourier transform idea and can be regarded as variations
of the spin-warp method.

2.1 Basic Imaging Principles

This section contains a brief introduction to nuclear magnetic resonance imaging (NMRI),
magnetic resonance spectroscopy, chemical shift imaging, the 2D spin-warp imaging
sequence, and lists several additional references for more information about NMRI.

NMR Imaging

NMR imaging, or MR, is used to obtain amap of the distribution of spinsin asample (for
example, protonsin water). The inherent properties of the spins—such as spin density (T,
T,, To*), diffusion coefficient, etc.—affect the signal intensity in imaging experiments,
which makes the contrast in the resulting images easy to distinguish. This feature of
distinguishing different sample regions based on NMR-related properties makes imaging
an important tool in clinical, biological, and material sciences.

For example, clinical MRI scanning techniques are the preferred method for distinguishing
various soft tissuesin the body. The spin density (T, and T,) of water in different tissue
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regions makes the contrast between tissues easy to distinguish. Experimental techniques
can be designed to further enhance the contrast between tissues. Special imaging
techniques can also be used to study flow, perfusion, diffusion, and susceptibility effects.

Methods for Obtaining Spectral and Spatial Information

Magnetic resonance spectroscopy (MRS) is the study of spectroscopic information in
different spatial regionsin a sample. Volume-localized spectroscopic methods are used to
obtain spectral information from specific locations in a sample. Chemical shift imaging
(CSl) methods are another related class of experiments that are designed to provide both
spectral and spatial information from a single experiment.

2D Spin-Warp Imaging Sequence

2D spin-warp imaging isone of the simplest imaging sequences commonly used in NMRI.
Most of the other imaging sequences are variations of this fundamental sequence.

In“Basic Imaging Principles,” page 25, the basic principlesof imaging are discussed based
on the spin-warp sequence. The information in that section is primarily meant to help a
novice grasp the basic principles and terminology of NMRI. The chapter contains a
description of the experimental aspects of NMRI so that you can understand the correlation
between the parameters and the resulting image. For a more theoretical understanding of
the imaging experiments, refer to any basic text or reviews on MRI.

References

TheVNMR manual Getting Sarted contains more general information on operating Varian
spectrometers. Consult the manual VNMR Command and Parameter Reference for
additional information on VNMR commands or parameters.

2.2 Time Domain to Spatial Domain Conversion

26

As an example of Time domain to spatial domain conversion, consider a tube of water
inserted within an NMR probe and placed in the center of the magnet. The magnet produces
ahomogeneousfield in the region surrounding the water sample. A single pul se experiment
yields an NMR signal that, on Fourier transformation (FT), produces the frequency
spectrum of the sample, as shown in Figure 1.

Sample in a homogenous field, By

/

Spectrum

/s

fo —

Figurel. Frequency Spectrum Produced by an NMR Signal
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2.2 Time Domain to Spatial Domain Conversion

A single line at the resonance frequency, fq, is obtained. The frequency is defined by the
following Larmor equations:

fq = y'[By [Eq. 1]

y = 2nly’ [Ea. 2]
In Equation 1 and Equation 2, y is the gyromagnetic ratio (rad.gauss 'sec!) and By is the
magnetic field strength (gauss).

For protons, yis 2.6752x10% rad.gauss* sec’t and v’ is 4257 Hz.gauss™L. In MR, the
magnet strength, B, isusually expressed in tesla (1 T = 10,000 gauss), whereasin
conventional NMR, magnet strength is commonly referred to in terms of the proton
resonance frequency in MHz.

The frequency spectrum that is displayed in NMR is referenced with respect to the

rf transmitter frequency. The center of the spectrum refers to the carrier frequency.
Therefore, spectral components that are above (positive) and below (nhegative) can be
measured by NMR. In MRI, the spatial-frequency components are measured with respect
to the resonance frequency of the major component in the sample, usually water. Therefore,
the carrier is placed on the water resonance frequency, g, as part of the initial setup
procedure. Now, the center frequency in the spatial-frequency domain refersto the origin,
or the center, of the gradient frame of reference.

In addition to the standard equipment in NMR spectrometers, imaging systems are
equipped with X, Y, and Z field gradient coils that are designed to produce linear field
gradientsaong thex, y and z directions, respectively. In MRI, thesefield gradients are used
to get the spatial information from the sample. The x, y, and z gradient fields are orthogonal
to each other and their origins lie at the center of the gradient system. The field produced
in each direction islinear and ranges from a negative value to a positive value; the field at
the originis zero.

Consider the water sample shown in Figure 1 and apply alinear field gradient along the y
direction, ranging from a negative value to a positive, as shown in Figure 2.

T N

>
Gy
0 y T y
X |
Sample in a field gradient Magnetic frame of reference

Figure2. Effect of aField Gradient Along Directiony

In Figure 2, the field along the y direction is no longer constant but varies linearly,
depending onthe positiony. Thefield at aparticular location, y, isdefined by y.Gy, in which
Gy (in gauss/cm) refersto the field gradient along y direction. Therefore, the spins along
the y direction experience a unique field depending on the location of the y direction.
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The frequency, fy, of the spins at variousy locations is defined by the following equation:

fy = y' By +y[G) [Ea. 3]
Inthisequation, y refersto they location (in cm) and Gy refersto the applied field gradient
(in gauss/cm).

Equation 3 isthe most important equation in MRI because it correl ates the spatia position
of the spins, y, to the measured parameter, fy. That is, the frequency spectrum measured is
adirect reflection of spatial information (along y) because, as shown in Equation 4,

fy Oy [Eq. 4]

when y=0, Equation 4 is the same as Equation 1 and Equation 2, so the frequency at the
origin of our frame of reference is equal to the resonance frequency of water, fo. It is
necessary to place the rf transmitter frequency at fy so that images can be spatially
referenced with respect to the origin of our reference frame or the center of the magnet.

Under the previously
described conditions, a

. - Profile with a gradient on
single-pul se sequence
yields a spectrum that |

contains a continuous
range of frequencies, as

shown in Figure 3. m \ —
The frequency spread isa

direct reflection of the 0 6 y
spatial position of the

spinsalong they

direction. Signal intensity /\ /\
isdirectly related to the

t of water at vari i
amount of water at various 020 0 fo

positionsalongy. Thetube .
Of water appears asa Transmitter Transmitter
semicirclein the center of on-resonance off-resonance

the spectrum. The spatial-

frequency spectrum, Figure 3. Frequency Ranges
shown in Figure 3, isalso

referred to as a profile or

projection of the sample along the y direction.

The projection resolves the spatial-frequency components along asingle direction. But an
imaging sampleis three-dimensional, so more imaging must be done to visualize our
samplein 3D space. Many experiments have been designed in the past to uniquely identify
and map the spin distribution in the sample. Each experiment has its own advantages and
limitations. Experiments based on the spin-warp techniques are the most commonly used
in MRI. Therefore, it is useful to understand how these experiments resolve the spatial -
frequency components of a 3D sample.

The 2D spin-warp experiment contains the following three parts, which correspond to the
preparation, evolution, and detection steps in a conventional 2D NMR experiment:

» Slice selection
» Phase encoding
* Readout
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2.3 Slice Selection

2.3 Slice Selection

Magnetic resonance images are displayed as 2D picturesin either grayscale or color scale
for further analysis. The 2D images represent the NMR signals taken from adice in the
sample, as shown in Figure 4. It is possible to selectively obtain signals from adlice by
using a slice-selection process. During the preparation phase of the experiment, only the
signals from a predetermined slice are pulsed so that only those excited spins contribute to
the resulting image. Slice selection involves using a selective rf pulsein combination with
adlice-selection gradient.

z

*,y

Slice selection 2D Image

Figured4. 2D Image Resulting from a Slice Selection

The section “ Time Domain to Spatial Domain Conversion,” page 26, described how the
presence of afield gradient causes a spatial frequency spread (profile) along the gradient
direction, shown in Figure 3. In the example shown in Figure 5, the profile along the
zdirection is rectangular because the signal intensities from the sample at various points
along z are equal.

: ) L

'l g

Figure5. Rectangular Profile

The use of the hard pulse excites al of the spins in the sample because the excitation
bandwidth is wider than the frequency spread of the profile. However, if a soft, selective
pulseis used, anarrow bandwidth of the profile at the carrier frequency is excited. In other
words, spins corresponding to anarrow dlice at z= 0 are selectively excited. The resulting
profile, referred to as the dlice profile, is shown in Figure 6.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 29



Chapter 2. Imaging Experiments
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Gz

N

0

Figure6. SliceProfile

Ideally, arectangular slice profile is preferred. A rectangular profile can be achieved by
using a shaped pulse with its amplitude modulated in the form of asinc function, as shown
in Equation 5:

sin(8)./8 [Eq. 5]
The phase 0 is given in Equation 6:
0 = 2mvt [Eq. €]

In Equation 6, v is the modulation frequency of the sinc function and t is the time axis.

Theoretically, the resulting excitation profile can be predicted by taking the Fourier
transform of the sinc function, which in Equation 5 isrectangular in the frequency domain,
asshowninFigure 7.

ol

function t
Truncated

T
>

‘ f

sinc i f

Gaussian /\ 5N /\

t ‘ f

t

Figure7. Sinc Function, Truncated Sinc Pulse, and Gaussian-Shaped Slice Profiles

However, in practice, because of experimental limitations such as T,*, the pulses are
limited to about 4 msor less. The resulting truncated sinc function has an excitation profile,
asshownin Figure 7.

Gaussian-shaped pulses are also used for dlice-selection purposes. The Gaussian pulse
produces a profile that is also a Gaussian, as shown in Figure 7. In general, this simplified
approach is only true for short (about 30° or less) flip angles. At larger flip angles, pulses
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show large behavior that is not ideal because of the nonlinear response of the NMR spins.
The pulse shapes can be optimized to produce more ideal pulse characteristic for specific
applications. For example, the rf pul ses can be optimized by computer-iterative procedures
to give dlice profiles that are closer to rectangular shape. Such pulses minimize
contamination of the image from regions outside the slice region of interest. The
optimization procedures can also produce pulses that are closer to ideal in terms of flip
angle and phase response across the slice profile.

Sofar, we have assumed the transmitter
frequency is on-resonance, which
correspondsto adliceplaneat z=0. It
isalso possible to excite adlice at any
location along the dlice direction by
changing the rf transmitter frequency
during the excitation phase of the
experiment, as shown in Figure 8.

For offset dlice selection, the

transmitter offset frequency dependson ﬂ _

the amplitude of the slice gradient that — Slice 1

isapplied and is defined by the ‘

following equation: ﬂ L Slice 2
(fs—fg)= ydigss [Eq.7] N

In this equation, fsis the transmitter Slice 3

frequency (in Hz) that is needed to 0 z

exciteadiceat distanced (in cm) from

theorigin, foistheresonance frequency Figure8. Multislice Excitation

(in Hz) of water, and Gssisthe slice-
select gradient (in gauss/cm).

Note: You must return the transmitter reference frequency to the original position during
the detection stage of the experiment for proper referencing of the resulting profile.

Sicethicknessisdirectly related to the bandwidth of the excitation pulse. For asinc pulse,
the excitation bandwidth w (in Hz) is defined by the following equation:

w = 2/A [Eq. 8]
In Equation 8, A refers to the wavelength (in sec) of the sinc pulse.

The dlice thickness parameter is dependent on the slice gradient because the slice gradient
affects the frequency spread or the profile along the slice direction. Equation 9 represents
the relationship between the band width of the rf pulse w (in Hz), dlice gradient Gss (in
gauss/cm), and dlice thickness st (in cm).

w = y'[{5ss [&t [Eq. 9]

The presence of a dlice gradient during the slice-selection pulse has an undesirabl e effect
on the signal. The signals lose phase coherence, which resultsin arapid signal loss. This
signal loss can be restored by applying a gradient of opposite sign, as shown in Figure 9.

The amplitude of the slice rephasing gradient, Gsd, can be obtained by the following
equation:

ty ty [Ed. 10]
kIgssEdt = Igssﬂjt
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Slice refocusing gradient

rf

Gss

Figure9. Signal Loss Restoration

In Equation 10, thefactor k is approximately equal to 1. Equation 10 simply meansthat the
shaded areasin Figure 9 must be approximately equal for maximum refocusing of the spins
after the slice-selection pulse.

Some experimental macros and parametersin VNMR related to slice selection arelisted in
Table 1. For more information on VNMR macros, parameters, and commands, refer to the
manual VNMR Command and Parameter Reference.

Table 1. Experimental Macros and Parameters

Macro Function

pl an Displays amenu that provides access to the target scan plan utilities. pl an
allows usersto define slice positions, offsets gap, and the number of slices
by using agraphical tool. The parameters can then be transferred to atarget
experiment using thet r ansf er macro.

Parameter Function
ns Sets the number of dices to be acquired for multislice sequences.
pss The position of slice offset, in cm. pss isan arrayed parameter; therefore,

an arbitrary number of slices can be directly entered. A more convenient
way to enter dice offset parametersisto use the pl an macro.

resto NMR resonance offset frequency, in Hz.
t hk The slice thickness, in mm.

2.4 Frequency Encoding

32

In the presence of areadout gradient, the spatial-frequency components can be directly
visualized by observing the profiles along that direction. Even though the presence of a
readout gradient during the FID signal gives the necessary information, in practiceit is
desirable to collect an echo signal. The echo signal, when Fourier transformed, generates
only absorption components in the resulting spatial-frequency spectrum or profile. The
broad dispersive components are cancelled because of the symmetry of the echo signal.

The cancellation of dispersive componentsis a big advantage when dealing with imaging
data because theimage or profile can be generated by simply cal culating the absolute value
without the need for any phase correction. An echo signal can be generated by first
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dephasing the excited spins by using areadout gradient pulse and then rephasing the spins
by reversing the sign of the gradient. When the area of the rephasing gradient equals the
area of the dephasing gradient, a“gradient echo” isformed, as shown in Figure 10.

- tr |

- te |
rf

gss |
Refocusing gradient
-— at
ty tg
gro | ‘
t8 t9 tg- th tll
. ] -4—at/ —p
ADC Dephasing gradient

Gradient echo

Figure 10. Readout Gradient and Gradient Echo

The readout gradient is applied during the acquisition time, at , so that the echo appears at
the center of the acquisition window, acondition that isassured if the shaded areasin Figure
10 are equal, as shown in the following equation:

ty tg [Eo. 11]
J’ grodt = J’ grodt
t3 t5

The Fourier transform of the echo signal gives the profile along the readout direction; only
the signal from the selected dlice contributes to the profile. The sequence shown in Figure
10iscommonly used to observe the profile during theinitial setup of imaging experiments.
The profile can be very useful in doing the following procedures:

« Positioning the sample along the readout direction.

» Checking or calibrating the rf pulse power.

 Setting the receiver gain.

 Checking the signal-to-noise ratio.

» Optimizing the pulse sequence parameterssuch ast e and t r .

Readout gradient strength determines the frequency spread of image componentsin a
profile. Therefore, the spectral width must be sufficiently wide to resolve all the spatial-
frequency components along the readout direction. Otherwise, frequency components
outside the spectral window cause “fold-over” artifacts.

The readout gradient and spectral width determine the field of view along the readout
dimension, defined by the following equation:

sw = y'[grodro [Eq. 12]
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In Equation 12, gr o (in gauss/cm) is the readout gradient, | r o isthefield of view along
the readout dimension (in cm), and swis the spectral width or bandwidth (in Hz). The
spectral width is related to the acquisition parameters, defined by the following equation:

sw = (np/2)/at [Eq. 13]

In Equation 13, np isthe total number of (real plusimaginary) points digitized, and at is
the acquisition time (in sec). The maximum bandwidth, sw, is determined by the digitizer
used on the system. A typical 16-bit digitizer, used on most imaging systems allows a
spectral bandwidth limit of 500 KHz, whereas some 12-hit digitizers, used in solids NMR
systems, allow a maximum bandwidth of 5 MHz. The parameter np isusually set to
approximately 128 or 256.

2.5 Phase Encoding

34

During slice selection (the preparation phase of an experiment), it was possible to restrict
the signals to a plane. Spatial-frequency distribution in aplaneis achieved by using the
evolution (phase encoding) and detection (readout) phases of a2D NMR experiment. In a
spin-warp imaging experiment, a 2D dataset is collected and each orthogonal dimension
contains information about the phase encode and readout dimensions, respectively.

Slice selection and frequency
encoding (detection phase) are

easily visualized by viewing rf A/V
the dlice profiles and readout
profiles, showninFigure5and
Figure 11. The concept of
phase encoding islessobvious gro
because information is

preserved in the second

dimension as a phase gpe
modulation. Fourier

transformation along the

gss

second dimension provides ADC
spatial-frequency information.
Spatial information Figure11. Gradient Echo Imaging Sequence

corresponding to the phase
dimension is encoded by the
use of agradient pulse during phase encoding, as shown in Figure 11.

For example, consider a spin at a specific location, y (in cm), along the phase encode
dimension. The phase of the spin, @,is affected by the phase encoding gradient amplitude,
gpe, and itsduration, t pe. For an arbitrary pulse, the phaseis proportional to the integral
areaof the grar:[ii7ent pulse, defined by the following equation:

¢ = [ vCy Cype Ct [Fa 14

t4

In this equation, @isthe phase in radians. For a square pulse, Figure 14 reduces to the
following expression:

¢ = yLy [gpe [ipe [Eq. 15]

In Equation 15, t pe isthe phase encode time (in sec).
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From Equation 15, itisclear that either t pe or gpe caninfluence the phase of the resulting
NMR signal. In the spin-warp experiment, the phase encode gradient is varied (rather than
the phase encode time) from scan to scan in a stepwise manner. Therefore, the phase of the
spins at location y are phase-modulated in a predictable linear fashion. The modulation
frequency isdirectly proportional to the spatial locationy. Fourier transformation along the
phase encoding direction converts the time domain and phase modulation into spatial-
frequency domain.

Thefield of view along the phase encode dimension is related to the gradient step size.
Therefore, it is convenient to define the parameter pest ep, which isequal to the
incremental area of the phase encode gradient pulse, defined by the following equation:
t7
Eg. 16
pestep = J’gpe[dt [Eq. 16]
t4
The number of 2D phase encode steps to be acquired is determined by the parameter nv.
nv experiments are run when the phase encode gradients are set to the values, defined by
the following equation:

pestep dn—(nv+1)/2) [Eq. 17]

In Equation 17, n=1, 2, 3,... nv. Equation 17 ensures an equal number of positive and
negative phase encode gradients are applied during the phase encode timet pe. For
example, if nv = 4, the gradient amplitudes are stepped in half-integral units of
-1.5, -0.5, +0.5, +1.5

The phase-modul ated nature of theimaging experiment would normally produce unwanted
dispersion componentsin the final image. This problem is avoided by phase encoding with
both positive and negative values of the gradient to create a pseudo-echo signal along the
phase encode dimension that is transformed with pure absorption components. Therefore,
asin the case of the gradient echo signal, an absolute value calculation yields an image
without the need for any phase correction.

The field of view along the phase dimension is related to the step size of the phase encode
gradient and is defined by the following equation:
Ipe = |/(y' Chest ep) [Eg. 18]
In Equation 18, | pe isthefield of view aong the phase encode dimension, in cm.
It isimportant to choose the parameters so that the field of view, | pe, isgreater than the

spatial frequency spread along the phase encode dimension, or else the spatial components
that lie outside the field of view will cause fold-over artifacts.

2.6 Image Resolution

Image resol ution defines the ability to separate the signal arising from adjacent regionsin
the object being imaged. Decreasing the resolution improves the appearance of the actual
shapes of the separate parts of an object. Animageis displayed as a 2D digitized picture
and each digital element isreferred to as a pixel (or picture element). In the case of a3D
image, each digital element is referred to as avoxel (or volume element).

Resolution of an image depends on two factors:

» Freguency spread over thefield of view, which is determined by gradient strengths
gpe and gr o.

» Pixel size, which is determined by the humber of complex data pointsin the readout
dimension, np/2, and the number of phase encode steps, nv.
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Minimum resolution isdetermined by linewidth, which determines whether the signal from
one region can be confined to asingle pixel. Linewidth is mainly determined by spin-spin
relaxation time and al so susceptibility and inhomogeneity at a specific location in the
sample.

Resolution along the phase encode dimension is defined in the following equation:

Rpe = Ipe/nv [Eq. 19]
Similarly, resolution along the readout dimension is defined by the following equation:
Rro = Iro/(np/2) [Eqg. 20]

To illustrate image resolution, assume the image is from a sample consisting of three
spheres filled with water, as shown in Figure 12.

[ | [ [ [ ] ]
¥y YW u

Pixel size |:|

ni=np/2=8

Pixel size

ni=np/2=16

Pixel size

ni=np/2=32

Figure12. Image Resolution of Three Water-Filled Spheres

When the number of data pointsissmall, one pixel can contain both alarge region that does
givean NMR signal and alarge region that does not givean NMR signal. Thelack of NMR
signal causes the edges of the object to be poorly defined and can cause overlap between
adjacent structures so that the separate objects cannot be distinguished from one another.
Asthe number of data points (and/or gradient frequency spread) isincreased, the signal
from any given point is better able to be confined to asingle pixel, so the amount of overlap
between adjacent structures diminishes and the image is better defined.

The usual number of chosen data pointsis 128 or 256. A smaller number resultsin
insufficient resolution and can also cause artifacts created by truncation of the time domain
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signal. A larger number of points along the phase encode dimension (ni or nv)
significantly increases the data acquisition times. More points along the readout dimension
increase the acquisition; therefore, the echo times are increased, which leads to loss of
signal caused by the T,* effect. The number of data pointsis usually set to a power of 2, as
required by the Fourier transform. Sometimesimage presentation can beimproved by zero-
filling, that is, by increasing the number of image points along the phase and readout
dimensions. However, this method does not improve the inherent resolution of the image.

2.7 Spatial Frame of Reference

The section “Image Resolution,” page 35, described the NMR method for resolving the
spatial dimension along a particular direction. In reality, a sampleis a three-dimensional
(3D) object. Therefore, it is necessary to be able to resolve the spatial information in 3D
space. It is convenient to define aframe of reference for dealing with a 3D sample. The
orientation of the magnetic fields produced by the gradient coils inside the magnet defines
a coordinate system for imaging experiments. An understanding of the workings of this
coordinate system will help you to operate the imaging instrument.

The origin of the whole system lies at the center of the magnet, which is aso the center of
the gradient coil system. Gradients produce a zero field in the center of the magnet.
Therefore, the frequency associated with the origin or magnet center is the resonance
frequency for the particular nuclear substance intended for imaging. For example, water is
the chemical substance most often imaged for the proton, and the frequency at the origin of
the gradient reference frame puts the NMR signal from water “ on-resonance.”

There are two types of imaging magnets:
» Narrow bore, vertical magnets, which are used for MRI microscopy (MRM)

» Wide-bore, horizontal, magnets, which are used for larger sasmples
In the case of horizontal magnets, shown in Figure 13, the z axisis defined as being in the
direction along the bore of the magnet, going from the cable end (back) of the magnet to

the sample end (front) of the magnet. The x and y directionsin the horizontal magnets and
refer to the left-right and top-bottom orientations respectively, as shown in Figure 13.

(Top) Supine

y

Right @ Left L z

(Bottom) Prone

Figure 13. Horizontal Magnet

However the x and y directionsin vertical bore magnets are less obvious because of the
cylindrical symmetry of those magnets, shown in Figure 14.

During installation, the gradient coils and shim coils are aligned and fixed so that they are
symmetrical with respect to the center of the magnet. For imaging, you must place the rf
coil in the magnet center and position the sample within the rf coil.
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The image planes are referenced with Top

respect to the gradient frame of reference. PN
(-

The three commonly referenced planes \/
are sagittal, coronal, and transverse and

they respectively refer to the planes that
are perpendicular tothex, y, and z axes, as
shown in Figure 14. Images can aso be X
obtained from arbitrary, or oblique,
planes. The pl an macroin VNMR y

alows you to define oblique planes by 7
using agraphical tool and areference

image. For some applications, you might \Q(

want to collect a3D volumeimageinstead Bottom

of a2D dlice image. For a 3D volume

image, it ispossibleto analyze or view the

data by using 3D image analysis routines. Figure 14. Vertical Magnet

2.8 Image Reconstruction

The imaging data is collected as a 2D arrayed time domain signal, St1, t2), inwhicht 1
andt 2 respectively refer to the phase encoding and readout dimensions. (For historic
reasons, in conventional 2D NMR, the subscript numerals 1 and 2 respectively refer to the
phase encoding and detection dimensions.)

When the signals are viewed along either the phase encode or readout dimension, thetime
domain signals take the form of an echo signal. Fourier transformation (with respecttot 1
andt 2 usingthef t 2d routine) yieldsthe spatial-frequency data, S(F1, F2). The symmetry
properties of the echo signal yields only absorption-mode componentsin the dataset, S(F1,
F2), without any undesirable dispersion mode components. The yield of only absorption-
mode components is a significant advantage in imaging because the final image can be
obtained by simply taking the absol ute val ue spectrum, |[S(F1, F2)|, without the need for any
phase correction.

The appearance of the image can be improved or modified by digital filtering. Filter
functions can either be applied in the time domain or the spatial domain. In the case of time
domain data, t=0, point isin the center of the time axis. Therefore, an apodization function
symmetrical to t=0 should be applied. For example, agaussian (“shifted”) function hasthe
effect of improving the SNR of the resulting image at the expense of 1oss of resolution
(“blurring”) of the image. Another common way to improve the image appearance is to
interpolate the image during the display process. Interpolation is also equivalent to zero-
filling the datain the time domain.

2.9 Important Imaging Parameters

38

This section describes three important timing parameters—t r , t e, and t i —that are used
during the performance of imaging experiments.

tr, Recycle Time

Thet r parameter defines the time between the beginning of one scan and the next.
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It isimportant to allow sufficient recycling time so that the excited spins have sufficient
time to return to equilibrium. In the case of a 90° excitation pulse, arecycletime of >4.T,
must be allowed. If the recycle timeistoo short, the signal gets saturated, which resultsin
agradual loss of signal intensity, eventually reaching an equilibrium or steady-state
condition. However, this T;-dependent signal variation can be exploited to enhance T,
contrast in the images.

In experimentsinvolving quantitative work

such as relaxation studies and pul se power Table 2. Relaxation Times
and receiver gain calibration, t r must be
set to greater than 4.T, to avoid erroneous Liquid Time

results. In experiments such as FLASH, the

flip angle is et to approximately Doped water (1 g CuS04/liter) 0.6s

5° cooot0 30° and t 1 is et to small values Vegetable oil 03s
(about 10 pisec to 50 pisec) so that the Tap water 3s
images can be acquired very rapidly. Table Degassed distilled water 26s

2 lists the approximate rel axation times, at
4.7 T, of some commonly used liquids.

te, Echo Time

Unlike in conventional NMR spectroscopy, imaging experiments usually generate either
gradient- or spin-echo signals. The resulting signal intensity therefore depends on the echo
time, t e. Echotimeisthetime between the center of therf excitation pul se and the position
of the echo maximum, as shown in Figure 15.

Signal decay caused by T,*

90 180 180 180 180

~—_ | —

Echo maxima decay caused by T,

Figure15. Signal Intensity

Echo time delay results in some loss in signal because of spin dephasing, which is caused
by T,* effects. T,* isdefined as a combination of spin-spin relaxation (T,), magnetic field
inhomogeneity, and susceptibility effects. Susceptibility effects are caused by interactions
of the magnetic field with the heterogeneous sample, which produces localized field
gradients within the sample. T,* effects tend to get worse at higher fields. Signal loss
caused by T,* effectsisexponential. Therefore, at longt e values, adramatic |oss of signal
intensity can result, leading to degradation of image quality.

It is therefore advantageous and sometimes even necessary to shorten thet e value to
improve image quality. However, there isalimit to the minimum t e because echo time
depends on the acquisition time and the rf and gradient pulse delays in the sequence. The
shortest, achievabl e echo time depends mainly on maximum gradient performances such as
maximum gradient strengths, rise times and residual eddy currents. However, t e delay can
also be used to enhance the T, or T,* contrast in images. For example, in functional MRI,
brain activity causes localized susceptibility in the brain, which is enhanced by using the
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gradient echo imaging techniques. The T,* effects of solid materials are very short (<100
s), so specia experimental techniques need to be used to obtain images from such
samples.

ti, Inversion Time

ti isanimportant contrast parameter in imaging. The inversion time contrast between
different componentsin the sample can be enhanced by performingat i inversion recovery
sequence (ti ir).

Theti i r imaging sequence involves applying a 180° inversion pulseand adelay, t i , at
the beginning of a conventional imaging sequence. The inversion pulse flips the

magneti zation to the z direction. The spinsreturn to equilibrium, exponentialy, with atime
constant inversion time, asillustrated in Figure 16.

7'\ 180°
_>

Exponential recovery
of the longitudinal
magnetization

} ‘ » t
0 tnull=0.69T,

Figure 16. Equilibrium Magnetization

Sampling the magnetization after the inversion time delay results in varying signal
intensities, depending onthet i of the spins. Notice that the signal is negative at short
inversion times and gradually becomes positive at longer inversion times. When
ti=(0.69. Tq),thesigna iszero, asshownin Figure 16. If the sign of theintensitiesis
to beretained in theimages, it is necessary to phase correct theimagesinstead of taking the
absolute valuemode. t i i r imaging experiments can be inefficient because of the long
recycle time required to alow the spinsto return to equilibrium.
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Sections in this chapter:

e 3.1“Initia Setup,” this page

o 3.2“Conditionsfor Use,” page 42

» 3.3“GEMS Multislice Imaging,” page 44

» 3.4“Obtaining a GEMS Image,” page 49

» 3.5"“Echo Planar Imaging and Phase Correction Map Files,” page 51

» 3.6 “Commands, Macros, and Parameters,” page 62
This chapter describes some pul se sequences for imaging available on Varian NMR
spectrometers. You should be familiar with basic operations of the spectrometer; therefore,
explanations of operations such as shimming and tuning are not included in this chapter.
Refer to the manual Getting Started and the VNMR User Guides for more information on
various spectrometer operations. More detailed descriptions of al commands, macros, and

parameters are in the appendix, “Commands, Macros, and Parameters,” of this manual and
in the manual VNMR Command and Parameter Reference.

3.1 Initial Setup
This section describes the procedure for initially setting up imaging experiments using a
single-pul se sequence.

The main purpose of theinitial setup procedureisto make sure that the systemis properly
functioning and to determine the rf calibration parameters. Once theinitial setup has been
completed, the rf calibration parameters, such as transmitter frequency and power, can be
used for subsequent imaging experiments and therefore do not need to be repeated.
However, if the sample or coil is changed, it might be necessary to repeat the initial setup
procedure.

Table 5 on page 62 summarizes the commands, macros, and parameters that are used.

1. Position the sample in the magnet.

Becauseimaging coils and samples come in various sizes and shapes, it isimportant
to position the sample and the rf coil in the center of the magnet.

2. Placethe sample in the magnet and tune the probe.

Be aware that different imaging samples can influence the tuning of the probe,
depending on their sizes, compositions or even the positioning within the rf probe.

3. Usethe single pulse sequence s2pul to check for the NMR signal. Initially use a
sufficiently wide spectral bandwidth to avoid aliasing of the proton signal.

The spul s macro can be used to load the default parameters suitable for imaging
rather than for high resolution spectroscopy.
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4.  Shim, if necessary.

Unlike high-resolution spectroscopy, shimming is not critical for most imaging
experiments. Even when the linewidths are 50 Hz to afew hundred hertz, good
images can be obtained. Typical linewidths for imaging samples such as plant and
animal tissuesare about 50 Hz to 150 Hz. However, improved field homogeneity can
produce better results. Good magnet homogeneity is critical for some experiments,
such as echo planar imaging (EPI), gradient echo, multisliceimaging (GEMS), and
spectroscopic imaging.

5. Usethes2pul sequenceto set the transmitter frequency on resonance.

The transmitter offset frequency parameter, t of , is needed to define the spatial
reference position (the center of the magnet and gradient coils). The macro set of
automatically determines the spatial reference position using the tallest pesk in the
spectrum. The offset frequency is then stored in the file $HOVE/ vnnr sys/

Hlof f set . (When running imaging sequences, the macro | dof setsthe imaging
reference frequency parameter, r est 0, to the value saved in the Hlof f set file)
On vertical bore systems, the Z0 shim (B, field) can be adjusted so that the
transmitter frequency is on the peak of interest (usually water); in which case, t of
and r est o parameters are usually set to 0.

Theof f set macro can be used to determine the frequency offset corresponding to
the cursor location. The novet of macro can be used to set the transmitter
frequency (t of ) to the cursor position.

6. Calibrate the pulse power. Measure the 90° or 180° pulse and enter it into the
pul secal database.

Theset ar r ay macro can be used to set up an array of pulse width values for the
calibration experiment. The macro ga collects and displaysthe Fourier-transformed
data. The command dssh allows you to display the arrayed spectra.

Thef i ndpwmacro letsyou more conveniently calibratethe pulse powers.f i ndpw
automatically determines the maximum and minimum signal from a set of ten,
predefined pulse lengths and enters the calibration valuesinto the pul secal
database. Once the pulse power is calibrated, pulse parameters such as pulse width
(pw) and shape (e.g., pwpat ) inimaging pulse sequences can be easily changed.
Pulse powers are automatically computed by thei npr ep routine. Different
imaging samples can affect the tuning (Q) of the imaging coil. Therefore, itis
necessary to calibrate the pul se with each sampl e so that the proper pulse powersare
calculated for the imaging sequences.

3.2 Conditions for Use

42

This section lists the conditions that are necessary to use imaging pul se sequences, and
information on thel ock and spi n parameters and thespul s and s2pul s macros.

Receiver Gain Adjusted

Imaging samples generally produce excessive NMR signalsthat often saturate the receiver.
If the ADC overload error message is displayed, you must set the gain to alower vaue. It
might also be necessary to further attenuate the incoming signal by manually setting a
signal attenuator or by setting the parameter pr esi g='1"' topresi g=' h' . The macro
set gn automatically sets the receiver gain, based on the input signal.
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Recycle Time Adjusted

When setting gain or measuring pulse power, you must increase the predelay parameter
(d1) or recycle time parameter (t r ) to grester than 4* T, to allow the spinsto return to
equilibrium before subsequent rf pulses.

Lock, Spinner, Decoupler Commands and Parameters Disabled

If you use a spectrometer that is also used for high-resolution spectroscopy, make sure that
the commands and parametersrel evant to thelock, spinner, and decoupler aredisabled. The
commands and parameters are disabled when they have the following settings:

honmo="n'

I ock="u'

| ockpower =0

spi n=0

spi n='n'

Thespul s macrois convenient for loading s2pul pulse sequence parameters for

imaging systems. (The s2pul macro is used in high-resolution spectroscopy and might
incorrectly initialize the parameters for imaging.)

Pulse Power Set Low

Imaging spectrometers are usually equipped with high-power rf amplifiers. Make sure that
the pulse power is set sufficiently low to avoid any damage to the rf coil.

Gradient Calibration File Created

Imaging systems can be equipped with either a single gradient coil or multiple gradient
coils. The gradient calibration information, or file, corresponding to each coil must existin
the/ vnnr /i magi ng/ gr adt abl es directory. Usethecr eat egt abl e macro to
create the gradient calibration file.

Gradient Amplifier On

The gradient amplifier must be turned on and enabled before proceeding with the initial
setup procedure. Be aware that X, y, and z shimming is done viathe gradient coils and that
the amplifiers can generate a small dc offset current that must be corrected by shimming.

Eddy Current Compensation Files Loaded

If you have a microimaging system with the computer-controlled analog eddy current
compensation, use the program ecctool to load the appropriate file. For systems equipped
with digital eddy current compensation (DECC), use the decctool program, described in
Chapter 8, “Digital Eddy Current Compensation,” to load the appropriate file.

Shim Power Supply Turned On

The shim power supply must be turned on for shimming purposes during experiments. |f
the shim currents are high, they can generate excessive heat in the bore of the magnet. Air
or water cooling isemployed to remove the excess heat buildup in the magnet. If the system
is not being used for extensive periods or if the air or water cooling is turned off, turn off
the shim power supply.
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Pulse Calibration Done

Imaging sequences expect the rf calibration information to be present in the pul secal
database. Ther f coi | parameter must be initialized to the entry in the pul secal
database.

Air or Water Cooling Turned On

Air or water cooling systems must be enabled for gradient experiments. Cooling is
necessary to remove the heat buildup in the bore of the magnet caused by the gradient and
shim coils. Gradients systems are usually equipped with protection devices to detect and
shut down the amplifier in the absence of either air or water flow.

3.3 GEMS Multislice Imaging

44

This section describes the steps involved in setting up experiments and collecting imaging
data using the gradient recalled echo sequence, which is also known as FLASH™ or
GRASS™ . Because the setup procedure for most imaging experimentsis similar to that of
the GEM S sequence, read this section before proceeding to other imaging sequences.

Requirements

Your system must be configured for imaging, and gradient calibration and eddy current
compensation procedures must have been compl eted. Gradient calibration and eddy current
compensation are usually done during installation of the system, so you do not need to
repeat those procedures. If those procedures have not been done, contact your system
administrator.

Description

GEMS is essentially the same as the 2D spin-warp sequence described in “Basic Imaging
Principles,” page 25. GEMS uses the Fourier transform principle to convert 2D time
domain signals to a spatial-frequency domain (image). Most of the other commonly-used
imaging segquences can be regarded as variations of this basic sequence. GEMS uses a
single excitation pulse; therefore, the pulse flip angle can be reduced at the expense of
signal-to-noise ratio. The main advantage of using asmaller flip angleisthat the sequence
can berapidly repeated using ashorter repetition time (t r ). This advantage enablesyou to
obtain images in about one second.

Imaging Sequence

Theinitia excitation pulseisadlice-selection pul se designed to excite aspecific dicein an
object. The dlice offset is specified by the parameter pss (in cm) and its thickness, by the
parameter t hk (in mm). The flip angle of the excitation pulse is usually set to about 5° to
30° so that each scan can be rapidly repeated with a short recycletime (t r ) . Because
rapidly repeated scanning is an important feature of the GEM S sequence, it is commonly
used in situations in which rapid image acquisition is the primary goal.

For a gradient echo to be generated by the read gradient, the signal must first be dephased
and then rephased, as shown in Figure 17. The Fourier transform (f t ) of the echo signal

yields a profile along the readout direction. During the initial setup process, you can view
the echo and its profile by setting the number of phase encode steps, nv, to 0. The profile
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can be used to position the sample (along the readout direction) in the magnet. It can also
be used for pulse calibration and for setting the receiver gain.

- tr |
- te -
TEPNAVS
gss
gro
gpe [

ADC A -

Figure17. Gradient Echo Imaging Sequence

Data Collection

Set nv, the number (64 or 128) of phase encode steps, before entering go to acquire the
image. For efficiency, the GEM S sequence collects the data in a compressed format
(segcon=' nscnn').

If the datais collected in the standard (noncompressed) format (seqcon="' nssnn'), the
overhead in the end-of-scan operation can influence the true recycle timein the pulse
sequence. Thissituation is particularly true for experiments such as GEMS, which is often
run with very short t r values for recycle time (about 5 msec to 20 msec). In a case when
datais collected in the standard format, errors can be significant.

Reformat, Process, and Display

After data collection, usethef | ashc command to convert 2D FID datafiles from
compressed formats(seqcon="' nncsn' ,seqcon=' nccnn' ,seqcon=' nnccn')to
the standard format (seqcon="' ncsnn' ) or from the standard format to compressed
formats.

f I ashc readsthefilef i d intheacqf i | subdirectory of the current experiment. Because
dataisreordered and the origina f i d file is overwritten (and thereforelost), f | ashc is
written so that, in the event of an error during processing, theoriginal f i d fileis preserved.
Also, before f | ashc runs, the command does a simple check to prevent it from being
executed more than once in an experiment on the same data set. The check looks for the
parameter f | ash_convert ed created by f | ashc when it isrun. In order to rerun

f I ashc, you must remove the parameter with the following commands:

destroy(' fl ash_converted')
destroy(' fl ash_converted',' processed')
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Arrayed or Multislice Compressed Data

In previous versions of VNMR, arrayed or multislice compressed images

(seqcon=' nscnn' ) had to be reformatted to astandard 2D format and f | ashc had to
be used before the f t 2d routine could be performed on the data. Now, this method is no
longer necessary. By using the command f t 2d(' nf ' , <i ndex>) , you can improve
processing time by reformatting data from the standard format to the compressed format.
However, for compressed-compressed 2D data (seqcon=' nccnn’), you must run
flashc(...)orflashc('nf',...).

3D Data Sets

f I ashc isnot needed for 3D data sets. Usethef t 3d routine on standard, compressed
data(seqcon=' nncsn' ) or compressed-compressed 3D data(seqcon=' nnccn').

Compressed-compressed or Standard to Compressed Format

Whenft 2d(’ nf’, <i ndex>) isused, you need to usef | ashc only when converting
a compressed-compressed multislice, multiecho, or multi-image sequence. However, for a
large standard multislice experiment (seqcon="' ncsnn' ), converting datato a
compressed format can be highly beneficial.

Compressed to Standard Format

f I ashc can convert a compressed-compressed multislice, multiecho, or multi-image
sequence. It can also convert a“rare” type sequence with acompressed phase-encode echo
train.

Processing and Displaying Refor matted Data

After the data has been reformatted, use the f t 2d command to process and display the
2D image. Instead of using f | ashc and thef t 2d, thecommand, useft (' nf') to
double-Fourier transform the 2D data set. Whenft (' nf ') isused, thedatais not
reformatted. Usethedconi command to redisplay the image for further analysis.

Converting Table-Ordered Data

Itis possible to acquire data from imaging and 2D experiments in nonmonotonic order,
either by explicitly coding the desired progression into a pulse sequence or by using an
external AP tableto control the order. In either case, VNMR is not able to properly process
the resulting data. In such cases, thet abc macro is useful.

t abc converts data obtained in table order to linear monotonic order so that the datais
suitable for processing in VNMR. The data must have been acquired according to atable
inthet abl i b directory.

t abc readsthefilefi d intheacqfi | subdirectory of the current experiment. Before
dataisreordered, thisfileiswritten to another filenamedf i d. ori ginthesameacqfi |
directory. Therefore, if for any reasont abc failsor resultsin an unpredictable or undesired
transformation, you can salvage the original raw databy movingfi d. ori g backtofi d.
Togain moredisk space, explicitly deletef i d. or i g after you are satisfied that conversion
is successful.

You can uset abc on either saved data that has been loaded into aVNMR experiment or
on datain an experiment that has just been acquired but not yet saved. In thefirst case, you
have to save the converted dataagain if you want the saved data set to reflect the conversion.

t abc supportsal 2D data types recognized by VNMR: arrayed, compressed multislice,
and arrayed compressed multislice.
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t abc requiresthat data must have the same number of “traces’ asthetable elements. Itis
primitive in what it expectsto find in atable file, does not support any of the advanced
features of table expansion (e.g., the entire table must be explicitly listed in the table file),
and expectsto find only onetable in afile; whether the table istl or t60 is unimportant.

Table Conversion Commands

The following commands apply to table conversion files:

* tcappl y rearranges the spectrain a2D data set that resides in the current datafile.
You must apply f t 1d to the data before you can use this command.

» t copen explicitly reads, sorts, and stores, in memory, atable conversion filein
$vnnruser/tablib/<fil e> tcopen usesthefilewhent cappl y iscaled.

» tccl ose removes atable conversion file and frees the memory used to store the
sorted table indices read in with thet copen command.

Setup Macro

The macro gens loads the default parameters from the file gerrs. par into the current

experiment. gens first searches for aparameter filein your par | i b directory ($HOVE/
vnmr sys/ par | i b) andloadsthefileif it ispresent; otherwise, thefilefromthe/ vnnr /
par | i b directory is chosen.

Because the parameters in the system directory might not always be suitable for your
particular application, you should use svp to save aparameter fileinpar | i b to suit your
application needs. If there are multiple parameter filessavedinyour par | i b directory, use
ther t p macro to retrieve the relevant parametersinto the current workspace. The macro
rt retrievesFIDsfromafile(fil e. fi d)intothecurrentexperiment.1ffil e. fi d does
notexistandf i | e. par does, rt retrievesthe parametersfromfi | e. par.

Advantages

GEMS has a number of advantages, some of which are listed in the following sections.

Fast Imaging

GEMS can be used whenever a quick imageis required. It is possible to obtain GEMS
imagesin less than a second. For example, GEM S is commonly used to get aquick image
during setup for positioning the sample or for “planning” oblique slices.

Time-Course Studies

Because GEM Simages can be obtained in about 500 msec to 1000 msec, it isideal for time-
course studies such as flow studies. However, changes happening in the sample must be
slower than the scan time of an image; otherwise, the image will show artifacts.

Contrast Agent Studies

The short recycle time used in GEMS can cause spins with along T, to be selectively
saturated while the spins with a shorter T, are enhanced. For example, in contrast agent
studies, the signals from normal tissues can be suppressed while those containing contrast
agents are enhanced.
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Angiography

In the case of blood flow studies, stationary spinsin the slice plane can be selectively
saturated by the rf pulses, whereas spins that are flowing into theimaging plane remainin
an equilibrium state and therefore contribute to the signal intensity.

Functional Imaging

Gradient echo sequences (such as GEMS), particularly at high fields, tend to enhance the
signal loss caused by susceptibility effects. In functional imaging, brain activation is
measured by the susceptibility changes caused by the increased (deoxygenated) blood in
the activated regions.

Hardware Requirements

Hardware requirementsfor GEM Sare not asrigid as some of the other fast-scan techniques
such as EPI. Therefore, GEMS can be readily implemented on standard imaging systems.

Limitations

The followings sections describe the limitations of GEMS.

Inhomogeneity Effects

During thet e delay, spins are influenced by T,, inhomogeneity, and susceptibility effects
resulting in the loss of phase coherence (T,*). Susceptibility gradients are caused by
heterogeneous interfaces within the imaging sample. T,* effects can be minimized by
shimming and by reducing thet e delay. At higher fields, T,* effects are further enhanced
S0 shimming becomes even more important.

Slice Thickness and Resolution

T, * loss and image distortions are caused mainly by phase variations across the dice.
T, loss can be minimized by reducing the slice thickness.

Similarly, phase variations within a pixel can also cause signal loss. Therefore, increasing
the resolution in the image plane (by increasing the matrix size or by decreasing the field
of view) can also reduce T,* loss and distortions. However, reducing the effective voxel
sizeisassociated with alossin SNR. Furthermore, increasing the number of phase-encode
steps results in asignificant increase in the overall scan time.

Eddy Current Effects

Residual eddy currents act like additional field gradients in the magnet and cause further
degradation of the gradient echo signal. Eddy currents can be significantly reduced by using
actively shielded gradients or applying gradient “ pre-emphasis adjustments” and slew
gradient pulses.

Nonsteady-State Artifacts

The brief recycle time used in the GEM S sequence tends to cause a nonsteady-state
condition resulting in some residual transverse magnetization. Subsequent rf and gradient
pulses can generate stimulated echoes or other spurious signalsthat can severely distort the
resulting images. Gradient and rf spoiler pulses (as discussed by Zur, Y., Magnetic
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Resonance in Medicine, 21, 251, 1991) are usually employed in the pul se sequence to
minimize such artifacts.

3.4 Obtaining a GEMS Image

WARNING: GEMS sequences are sometimes run using brief recycle and echo
times. Under such conditions, gradient levels can exceed
recommended duty cycle or temperature limits. If temperature limits
are exceeded, protection circuitry in the gradient amplifiers
automatically disables the amplifier. But, some amplifiers do not have
such protection circuitry. Pay special attention to the duty cycle limits
if you are doing imaging on a system without protection circuitry.

Collecting Non-Time-Course GEMS Images

To obtain a GEM S image, perform the following steps. Table 5 on page 62 lists the
commands, macros, and parameters used during this procedure.

1. [Initidly verify the following conditions before proceeding to the imaging
experiment:

a. Theresonance frequency of the signal (usually water) has been determined
(and the H1offset file has been initialized with the set of macro), as
described in the section “Initial Setup.”

b. Therf power levels are calibrated and the entry has been included in the
pul secal database.

The appropriate rf amplifier has been turned on and enabled.
The air-cooling or water-cooling accessories are connected and functioning.
The gradient amplifiers are turned on and enabled.

- o a0

On systems with computer-controlled analog eddy current hardware, the
appropriate eddy current file has been loaded by ecct ool .

g. The shim power supply has been turned on.

2. Runthe gens macro to load the default parametersfromthe/ vnnr / parlib
directory or from your par | i b directory, $HOVE/ vhnr sys/ par |l i b.

3. Set the parameters for observing the profile.

nv refersto the number of phase encoding values. If nv=0, phase encoding is
disabled, which allows the profile to be observed. The profile can be very useful for
setting up various parameters and for positioning the sample along the read
dimension.

4. Set the reference transmitter frequency.

The resonance frequency of spins corresponds to the position 0 (origin) in the
magnet/gradient frame of reference. Therefore, you must set ther est o parameter
equal to the resonance offset frequency. Setting the parameter can also be
conveniently done by using thel dof macro. (You must haveruntheset of macro
tousel dof . Torun set of , seethe section “Initial Setup.”)

5. Settherf and gradient calibration parameters.

Ther f coi | parameter definestherf calibration entry inthepul secal database.
rfcoi |l alows proper calibration of the rf pulse power in imaging experiments.
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10.

11
12.
13.

Gradient calibration values are saved in afileinthe/ vnnr /i magi ng/

gr adt abl es directory. Thegcoi | parameter must be set to the correct gradient
cail entry. On systemswith asingle gradient coil assembly, gcoi | isusually set to
"main'.

If the parameter gcoi | does not exist in a parameter set and must be created, you
must set the protection bit that causesthe macro _gcoi | to be executed when the
valuefor gcoi | ischanged. There are two waysto creategcoi | :

» Usethemacroupdt gcoi | , which will createthegcoi | parameter if it does
not exist and set the protection bits.

 Enter the following commands:
create('gcoil',"string')
setprotect('gcoil'," 'set',9)
Set the imaging parameters.

Check and, if necessary, initiaize all imaging parameters. Table 5 on page 62 lists
the parameters used in imaging.

Prepare the imaging parameters.

If any of theimaging parameters are altered, the gradient strengths and/or rf
amplitude need to be re-evaluated. Thei npr ep macro evaluates the new gradient
and rf power levels. Executei npr ep before running an imaging sequence.

Optimize the rf power or flip angle.

i npr ep calculatestherf power level needed to generate aflip angle specified by the
fliplist parameter (the default is 30). For GEMS, the power is usually set to
correspond to about 10° to 30°. To reduce the flip angle by afactor of two, reduce
thet pwr 1 valueby 6 dB. Usingf | i pl i st isamore convenient way of setting
the pulse flip angle.

Check the NMR signal.

At this stage, all parameters should have been set and should be ready for imaging.
Before proceeding any further, check the NMR signal (gradient echo) by typing the
command go.

The df command displaysthe FID (echo) on the screen.

The command f t displays the Fourier-transformed signal in the absolute value
mode, which isthe profile along the readout dimension. If necessary, the sample can
be positioned by observing the profile. The gradient echo profile can often appear
distorted because of inhomogeneity effects.

Optimize the receiver gain.

To optimize the receiver gain, set gai n="' n' and then execute go. After autogain
has been adjusted, reset the gai n parameter (gai n="y' ). To automatically
determine receiver gain, use the set gn macro. The image profile can be used to
optimize the receiver gain.

Set the number of phase encoding steps (e.g. nv=128).
Acquire the image by entering go.

Process the compressed GEM S data by entering the command ft (' nf' ) or the
macro f t nf . If necessary, usethef | ashc command to convert the compressed
data to the standard array format.
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Thef t 2d command double Fourier-transforms the standard, arrayed, 2D data sets.
Thewf t 2d command applies apodization functions along the readout and phase
encode dimensions before doing a 2D Fourier transform.

14. Display theimage by using thedconi routine for interactive manipulation.
(It might be necessary to rescale the image to the full screen by typing f ul | or
fullt))

To adjust the vertical scale of images, move the cursor to a particular part of the
image and click the middle mouse button.

You can adjust image brightness and contrast by moving the cursor to the gray scale bar on
the right side of the image, and by pressing the |eft mouse button and dragging the mouse.

Collecting Time-Course GEMS Images

1. Foratime-course experiment, set up alist of preacquisition delay values (pad). Use
theset ar r ay macro to set up an array consisting of linear values for pad.

If an exponentially varying delay timeisrequired, use the expar r ay macro.
2. Acquire the data by using the go command.

3. Processthedataby first using thef | ashc command and then the command
ft2d(i ndex),inwhichi ndex refersto the image number.

4. Usethecommand dconi to display and interact with (for example, zoom, adjust
brightness) individual images.

5. Usethedm macro to display multiple images.

3.5 Echo Planar Imaging and Phase Correction Map Files

Echo Planar Imaging (EPI) isan elegant technique for very rapidly collecting imaging data
in about 25 msto 100 ms. Using MRI, EPI enables you to monitor changes that occur
within fractions of a second. For example, studiesthat involve motion and flow can benefit
from EPI becauseit not only monitorsthe dynamic changes, it a so minimizesflow-induced
and motion-induced artifactsinimages. Table 3 showsalist of commands and macros used
by EPI routines.

Pulse Sequence

Figure 18 shows the gradient-echo version and Figure 19 shows the spin-echo version of
the EPI pulse sequence. The rf pulses are slice-sel ective pulses very similar to those used
in conventional spin-warp sequences (GEMS, SEMS, etc.). The major difference between
the EPI sequence and the conventional spin-echo sequenceisthat in EPI the signal is
frequency encoded multiple times by generating a series of gradient echoes. The readout
gradient is rapidly switched to generate atrain of gradient echoes. The echo amplitudes
eventually drop off because of T, and T,* decay.

In the case of the spin-echo EPI sequence, the echo amplitude initially increases because
the T,* effects are refocused at the center of the echo train by the refocusing 180° pulse.
Each of the collected echoes is phase encoded by the application of a phase-encoding
blipped gradient, as shown in Figure 18 and Figure 19. The main advantage of the EPI
seguence is obvious: an entire time-domain imaging dataset is obtained in a single shot.
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Table 3. EPI Related Commands and Parameters

Commands

dconi Displays noninteractive color intensity map.

epi ft (i ndex) Processes, displaysimage.

epi ph Generates phasemap file.

epirs Reverses spectral data.

epi run Collects, processes, displays EPI data.

epi set Collects EPI dataset.

epi ss Load default parameters.

episvib Saves images in Flexible Data Format for ImageBrowser.
go Acquires data.

pcrmapappl y Applies phase correction map to data (used by epi f t).
pcmapcl ose Close phase correction map in EPI experiments.
pchapgen Generates phase correction map (used by epi ph).
pcmapopen Open phase correction map in EPI experiments.
ssprep Calculates parametersgss, t pwr 1, t pwr 2.

svf (file) Saves data.

Parameters

ef f _echo* Sets effective echo position in phase dimension (set to nv/2)
gped Phase-encode dephasing gradient increment

groa* Readout gradient adjuster in EPI experiment

grora* Readout refocusing gradient adjuster in EPI experiment
i mge* Phase-encoding gradient flag; 0=off, 1=on

tep* Post-acquisition delay in EPI experiment

* Uniqueto the epi ss. ¢ sequence

Data Processing

The echo signals correspond to the 2D k-space data. Note that every alternate echo is
acquired with the readout gradient of opposite polarity. Therefore, each alternate echo must
be time reversed before it is processed. Time reversal is also equivalent to rotating the
corresponding spatial-frequency domain data about the center (f2=0).

After the odd echoes have been time reversed, a dataset is similar to the time-domain data
collected in the spin-warp imaging sequence. After 2D Fourier transformation, the time
domain datayields an EPI image. Figure 20 summarizes the basic data processing steps.

EPI Limitations

Even though EPI is potentially apowerful technique, its has not been widely used because
of limitations that include the stringent demands of EPI on gradient hardware and the large
gradient fields needed with negligible eddy current effects. Another major limitation isthat
EPI is prone to artifacts caused by inhomogeneity and the less than ideal nature of field
gradients.

In practice, the NMR signal rapidly loses phase coherence because of field inhomogeneity
effects and spin-spin relaxation. Therefore, the echo train must be collected in avery short
period of time before the signals of interest are lost (dephased). Lost signals can be
minimized by shortening the acquisition time. However, if the acquisition timeis reduced,
the strength of the readout gradient must also be increased by about the same factor.

Consequently, EPI experiments often run into the gradient strength limits. Each blipped
gradient phase encodes each echo according to the phase-encode direction. The center of
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Figure 18. Gradient-Echo Version of EPI Pulse Sequence

k-space along the phase-encode direction is determined by gped, the phase-encode
dephasing gradient parameter. gped isusually set so that the effective echo (ef f _echo)
appears at the center of the phase encode dimension, t1.

Artifacts

Unless special data processing is used, images are usually affected by severe artifacts.
Because the EPI is prone to artifacts, the technique is seldom used for routine work. It is
useful to know the nature and source of these artifacts in order to understand the steps that
are necessary to minimize the artifacts when running EPI experiments.

Half-FOV Ghosts

Inanideal case, all echoesappear at the middle (t2=0) of the acquisition window. However,
because of the nonideal behavior of gradients and spurious gradient fields, the echo
positions of the odd and even echoes might appear shifted from the t2=0 position, which
contributes to the phase shifts between the odd and even echo signals. Half-field-of-view
(FOV) ghosts are one of the more common and notorious artifacts in EPI images. These
ghosts are caused by incorrect matching of odd and even echoes.

Asdiscussed in“Data Processing,” page 52, the evolution of odd and even echoes aretime
reversed with respect to each other because they are acquired with gradients of opposite
polarity. Therefore, external effects (such asinhomogeneity, and eddy currents, etc.)
influence the amplitude and phase of odd and even signalsin different ways.
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Figure19. Spin-Echo Variant of the EPI Pulse Sequence

The amplitude and phase
variations between odd and
even echoes cause a ghost
artifact to appear along the
phase-encode dimension, as
shown in Figure 21. The ghost
image appears shifted from the
primary imageby | pe/ 2;
hence, theimage is referred to
asahalf-FOV ghost. Most half-
FOV ghosting can be reduced
by the EPI phase-correction
routines discussed in “Phase
Correction,” page 57.

Figure21. Ghost Artifact
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Figure20. Time Domain Data Processing Steps

Chemical Shift Effects

Unlike the conventional spin-warp sequence, EPI echoes evolve asafunction of time. This
evolution meansthat if different chemical components (e.g., oil and water) are present in
the sample, each of the echoesin theecho trainisalso “ chemical shift encoded.” Therefore,
the phase-encode dimension represents both chemical shift and spatial dimensions, which
result in multiple images corresponding to the different chemical shift componentsin the
sample. The readout dimension also shows chemical shift artifacts (similar to those seenin
conventional spin-warp images), but the effects are much less severe when compared to
those seen in the phase-encode dimension. Special pulse techniques are necessary to
selectively suppress unwanted resonances. Alternatively, the desired components to be
imaged can be selectively excited, which avoids any interference (chemical shift artifacts)
from the unwanted resonances.

Phase modulation of the echo signals caused by samples with multiple resonances has
another undesirable side effect. Phase modulation caused by the chemical shift effect
interferes with the phase correction routines used to correct for the echo shifts along the
t2-direction. The pcrmapgen routine that is used to calculate the phase maps is unable to
distinguish the difference between phase shift caused by incorrect alignment of echoesand
phase shift caused by chemical shift.
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Field Inhomogeneity Effects

Field inhomogeneity effects are caused by either inhomogeneous fieldsin the main magnet
or susceptibility gradients caused by the sample and other materialsin the vicinity. Field
inhomogeneity effects are also a serious limitation in EPI because they behave like
chemical shift effects. These type of effects are also phase encoded and appear as
frequency-shifted components in the phase-encode dimension, often leading to severe
distortionsin the image, as shown in Figure 21. Therefore, shimming is an important part
of the EPI setup procedure. (Shimming on the slice should give better results than the usual
single-pulse method. A sequence such ascsi 2d can be used for shimming on the slice.
Whencsi 2d isused, theecho or FID isdetected after selectively exciting thesliceregion.)

Phase Correction Map Files

Homogeneity at the edges of an rf cail is often poor, which can lead to shimming related
artifacts in EPI images. Distortions caused in the edges of a sample also affect the phase
correction routines used in EPI data processing. Phase correction information islocated in
thefile phasenap in the current experiment directory. The commands pcrmapappl vy,
pcmapcl ose, pcrmapgen, and pcmapopen are useful for working on phase correction
map files.

Spurious Gradient Fields

Gradient echo imaging experimentsare al so sensitive to spurious gradient fields. Therefore,
the FLASH sequence can be used as a convenient means of evaluating the progressin
shimming. A more elegant approach to shimming is the use of image-based shimming,
where an arbitrary region of interest is selected and the shim currents optimized using an
analytical method.

Other EPI Limitations

Signal Loss

The dataacquisition time (per echo train) for EPI experiments usually lastsfor about 25 ms
to 100 ms, which is significantly longer than for conventional imaging sequences. Because
of the longer acquisition time, the images are heavily T,* weighted (T,* refersto the loss
of phase coherence of the spins caused by spin-spin relaxation, T,, and inhomogeneous
fields). To* weighting can result in asignificant loss of signal. However, T,* weighting can
be used to enhance the T,* contrast in images.

High Gradient Strength

Large gradientsare needed for EPI experiments. Therefore, the gradient hardware (gradient
coil and gradient amplifiers) must be ableto deliver the high gradient strengths required for
EPI.

Gradient Switching

The typical acquisition time per echo is approximately 500 ps. Therefore, the rise and fall
time of the readout gradients must be sufficiently short so that rapidly switched gradient
fields can be generated.
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Temperature Increase

In EPI, large gradients are used for relatively long periods of time, particularly during time-
course experiments. The gradient hardware must be capable of handling the higher duty
cycle that is commonly encountered in EPI. Water and air cooling are typically used to
remove the excess heat generated by the gradient coils. The hardware istypically equipped
with protection devices to detect unusual temperature increase and shut down the
amplifiers. Special precautions are necessary to avoid exceeding the duty cycle limits
recommended for a given gradient set.

Eddy Current Effects

Eddy currents create undesirable fields in the magnet region. These fields cause severe
artifacts in images. Actively shielded gradients along with eddy current compensation
(preemphasis) hardware can be used to minimize eddy currents effects. Slewing the
gradients (increasing t r i se) can also minimize eddy currents, but the acquisition times
are increased accordingly.

In EPI on vertical bore, high-field microimaging systems, the high spatial resolution and
small field of view requirement for microscopy requires very high gradient strengths of the
order of 25 to 100 gauss/cm. Fortunately, the smaller diameter gradient coilsused in
microscopy are also more efficient. Therefore, the high gradient strengths and shorter rise/
fall times needed for magnetic resonance microscopy are easily achieved. Note, however,
that the residual eddy current fields can also be quite high because of the relatively high
gradient strengths used in microscopy experiments. For that reason, actively shielded
gradients and additional eddy current compensation hardware are essential to minimizethe
residual eddy current fields.

Operating at high fields also has its disadvantages; spurious gradient fields
(inhomogeneity), susceptibility, and eddy current related effects are enhanced at high field
strengths, which make experiments such as EPI more difficult. Any spuriousfield gradients
tend to distort the EPI k-space data in unpredictable ways as shown in Figure 21, resulting
in severely distorted images. Therefore, shimming and eddy current compensation often
become the more dominant factors in getting good EPI images. Conventional FID
shimming using a single pul se sequence often leads to misleading results because the FID
isan integrated signal from the whole sample within the rf coil.

For example, if the signal from outside the slice region contains large susceptibility or
inhomogeneity field gradients, the shim current values are biased by those regions.
Therefore, the imaging slice region might not be optimally shimmed. To obtain the best
results, slice shimming is recommended. The region corresponding to theimaging diceis
selectively excited and the resulting FID is optimized in the usual way.

Low Resolution

Because of gradient strength and acquisition timelimitations, thematrix sizefor single-shot
EPI islimited to about 64x64 or 128x128, which means that EPI images are usually low
resolution. Higher resolution images can be obtained by doing multiple scans and then
“interleaving” the imaging data, as described on page 58.

Phase Correction

One of the source of artifactsin EPI imagesis caused by a shift of the echo position in the
t2 dimension. The phase shift caused by the echo shift can be corrected by EPI phase
correction routines. The phase shift or phase error is determined by collecting a reference
scan with the phase encode gradient turned off, using the epi set macro.
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The phase correction procedure is strongly dependent on the quality of the reference scan.
For example, poor signal-to-noise ratio of the reference scan data can cause errorsin the
phase correction calculations. These errors can result in artifactsin the final images.

Advantages

EPI has recently gained in popularity because of the growing interest in functional MRI.
Due to advancesin gradient technology (namely, actively shielded gradients and special
post-processing methods), EPI experiments have become routine in some applications.
Collecting images using EPI offers the following advantages:

» Fast images can be obtained in 25 msto 100 ms.

* Images are T,* weighted.

» EPI isideal for studies such as functiona MRI, flow studies, and bolus tracking.
» EPI isless affected by motion and flow-induced artifacts.

» The€efficiency of other imaging techniques such asinversion recovery (T1) and
diffusion, flow can be significantly improved by modifying the basic EPI sequence.

 Pseudo-real time images can be continuously obtained, which makes EPI ideal for
time-course studies.

Variations of the EPI Sequence

This section describes four variations of the EPI sequence:

1. Gradient-Echo or Spin-Echo Sequence

The EPI sequence can be either gradient-echo based or spin-echo based. In a spin-echo
sequence, inhomogeneity effects are minimized because of the refocusing 180° pulse.
However, scantimeissdlightly increased by approximately 50%multiplied by theechotrain
duration.

2. Time-Course EPI Experiments

Time-course experiments can be set up by arraying the parameter pad.

3. Interleaved Sequences

The limitations of gradient strengths, resolution, and long acquisition times can be
overcome by implementing interleaved EPI sequences. In such an experiment, multiple EPI
echo trains are collected. Each of the echoes represents segments of k-space data. They are
then combined to generate the complete k-space dataset during the post processing stage.
However, thistype of experiment isno longer a single-shot method. The total scan timefor
interleaved EPI sequencesisincreased by TR*n, in which n refers to the number of
interleaved experiments.

4. Waveform Shapes

Readout gradients do not need to be rectangular or constant pulses as shown in Figure 18
and Figure 19. For example, the pulses can be trapezoidal or sinusoidal waveforms. There
are two advantages of such pulses:

» They areless demanding on the gradient hardware because of the reduced slew rate.
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» Eddy current effects are minimized. Eddy current effects are afunction of the rate of
change of the gradient fields. Note that the gradient fields vary during the acquisition
period.

If the collected datais not rectangular, it must be corrected either by post-processing or by
nonlinear sampling, so that the final k-space datais regenerated onto a rectangular grid
before further image processing. The usual data processing algorithms, such asf t , expect
the data to collected in alinear fashion.

Experimental Procedure
The following steps perform an EPI experiment.

1. Entertheepi ss macro to load the default parameters for single-shot EPI from the
default parameter directory.

2. Initialize the imaging parameters. The common parameters are listed in Table 4.

Table 4. Imaging Parameters

Parameters

at Acquisition time per echo

gcoi l Gradient calibration file

ir Inversion recovery flag:0=off, 1=on

| pe Length in phase encode direction (cm)

Iro Length in readout direction (cm)

np Number of pointsin read dimension (real and imaginary)
nv Number of phase encode values

orient Image orientation

pro Position offset in readout dimension (cm)

pss Slice position offset (cm)

resto NMR reference frequency (Hz), set to resonance frequency offset
rfcoil RF coil calibration entry in pul secal database

spi necho 1=spin-echo, O=gradient echo method

sw Spectral bandwidth (Hz)

t hk Slice thickness (mm)

tr Recycle time (sec)

tspoil Crusher or spoiler gradient time (sec)

3. Enter sspr ep to caculate the slice-selection parameters.

Slice gradient (gss) and pulse power levels (t pwr 1, t pwr 2) are calculated by
ssprep. You must enter sspr ep whenever dlice selection parameters such as
pulse width, pulse shape, or dice thickness are modified.

ssprep isvery similar tothei npr ep macro, except that sspr ep does not
calculate readout and phase encode gradient parameters. Readout gradients and
phase encode gradients are explicitly calculated within the pul se sequence.
ssprep, unlikei npr ep, alowsyou to manually set theat and sw parameters.

Do NOT usei npr ep when running the epi ss sequence.
4. Align echoes and generate the phase map from the reference scan.

a. Theecho maximain EPI ideally should appear at t2=0. However, because
of nonideal conditions, the echoes appear shifted from this position. To view
the echo train and adjust some parameters to shift the echo position towards
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t2=0, usethe epi set macro. epi set optimizes parametersfor EPI,
collects areference scan, and allows you to adjust the gradient parameters
gr oa and gr or a and the timing parameter t ep. t ep controls acquisition
delay time, in us, to allow for propagation of the gradient pulse.

b. Collect adataset (reference scan) with the phase-encode gradient turned off
(i mage=0) and display the echo signals on the screen by using epi set or
by entering the following commands:

i mge=0 go df2d

The echoes might appear tilted. Usually the odd and even echoes appear to
line up differently, as shown in Figure 22.

c. Changethetilt by adjustingthegr oa parameter (in+ 0.01 unit steps). At this
stage, you might see two parallel echo trains corresponding to the odd and
even echoes respectively, as shown in Figure 23.

2 P 2

t1 1

Figure 23. Echo Train After

Fi 22. EPI Echo Trai X
'gure cho framn groaAdjustment

d. Adjustthegr or a parameter (in + 0.1 unit steps) until the echoesline up, as
shown in Figure 24,

e. If theechotrainis offset with respect to t2=0, adjust thet ep parameter so
that the echoes are centered according to t2, asshown in Figure 25. (Note that
t ep correspondsto adelay in ps. Usually, t ep isset to about O psto 50 ps.)

t2 t2

00 00 O0O0OOCOO
O— O |- 00 06000 00 0 o

tl t1
Figure24. Aligned Echoes Figure25. Centered Echoes

f. Useepi set to generate the phase correction map file (phasenap) in the
current experiment directory and display the 2D time-domain data. epi set
is equivalent to executing the following commands:

i mage=0 go epi ph df 2d
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epi ph createsthe phasenap filein the current experiment directory from
thereference scan. Thefirst dataarray must correspond to the reference scan,
which is collected with the phase-encode gradient turned off, i nage=0.

5. Acquire and display an EPI image.

a. Entertheepi r un macro. epi r un collects, calculates, and displaysthe EPI
image. epi r un isused to obtain asingle EPI image. epi r un isequivalent
to executing the following commands:
go epift

epi f t processes and displays EPI datain array number, i ndex; itisused
for EPI processing. Thefirst data array must contain the reference scan.
epi f t usesthe command epi r s, which reverses spectral data.

b. Todisplay theimage, usethe dconi command.

Other Ways to Collect, Store, and Process EPI Data

EPI dataprocessing requires areference scan for cal culating the phase map. So, you should
collect and store the reference scan as part of the EPI dataset for later processing. The
following methods are other ways for collecting, storing, and processing EPI data.
Collecting Images

You can usethei mage parameter to specify single or multiple images.

1. Tocollectimages, seti mage to either of the following values:

i mge=0, 1 One EPI image is obtained.
imge=0,1,1,1,1 Four images are obtained as in atime-course
experiment.

i mage=0 refersto the reference scan data. O=phase encoding off, 1=phase
encoding on.

2. Do thefollowing procedure to store the reference scan as the first dataset so that it
can be used for subsequent data analysis. The reference scan is used to generate the
phasenap file, which is used to phase correct EPI datasets.

a. Enter go to acquire the data.

b. Entersvf(fil e) tosavethedata, wherefi | e isthe nameof thefileto be
to save the data.

Enter epi ph to generate the phasemap file from the reference scan.
Enter epi f t (i ndex) to process and display the imagein array number
i ndex.

Displaying and Manipulating I mages

You can display and interactively manipulate the image by using dconi .

Viewing | mages

You can view the data with the ImageBrowser. To run ImageBrowser, enter br owser on
aUNIX command line. Before you can view image data, first convert the data with the
epi svi b macro. epi svi b expectsthe first image to be the reference scan.
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Zero-Frequency Spike

EPI dataisusually collected using nt =1. Therefore, any imbalance (dc offset) between the
real and imaginary (quadrature) signals, after Fourier transformation, generates a zero-
frequency spike in the resulting image. To remove this artifact, enter dcr nv="y" .

If nt issetto amultiple of 2, the phase cycling schemesin the pul se sequence eliminate
the artifact. In this case, enter dcr nv="n" .

3.6 Commands, Macros, and Parameters

Table 5 contains information about the commands, macros, and parameters that are used
with imaging pulse sequences. The appendix, “ Commands, Macros, and Parameters,”
contains more information about each item.

Table 5. Imaging Pulse Sequence Commands, Macros, and Parameters

Command Function

dconi Interactively adjusts 2D data displays.

dssh Displays an arrayed set of spectra, stacked horizontally.

flashc Converts compressed GEMS data set into standard VNMR file format. Needsto be
executed only once on a data set.

ft Fourier transforms 1D data.

ftad Fourier transforms 2D data.

Macro Function

dm Displays multiple images.

decct ool Openstool to set eddy current, slew rate, and related parameters, using digital eddy
current compensation (DECC).

ecct ool Opens tool to set eddy current, slew rate, and duty cycle using computer-controlled
analog eddy current compensation hardware.

exparray Arrays anumeric parameter.

fi ndpw Measures 180° pulse length and updates pul secal database.

ftnf Processes compressed data. It is equivalent to the command ft (' nf ') and can be
used for processing compressed data.

ga Acquires and Fourier transforms data.

gens Loads default parameters.

go Submits experiment to acquisition.

i mprep Sets up rf pulses, imaging, and voxel selection gradients.

| dof Setsr est o equal to transmitter offset frequency determined by set of . Thevalue

of r est o ischanged accordingly. Offset frequency is saved in the global frequency
file SHOVE/ vnnr sys/ Hlof f set by theset of macro.

nmovet of Setst of parameter to that specified by cursor.

of f set Sets frequency offset corresponding to cursor location.
pl an Defines slice parameters using a reference image.

pul secal Loads rf pulse power calibration parameters.

rt Retrieves FIDsfromf i | enane. fi d directory.

rtp Retrieves parametersfrom f i | enane. par directory.
s2pul Loads default single pulse sequence parameters.
setarray Setsan array of values for a given parameter.
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Table 5. Imaging Pulse Sequence Commands, Macros, and Parameters (continued)

set gn Sets receiver gain.

set of Sets spatial reference position.

spul s Loads default single pulse sequence parameters relevant for imaging.

svf Saves current parameters and FID datainf i | enane. f i d directory.

svp Saves current parametersinf i | enane. par directory.

Parameter Function

dl Setsfirst delay length in standard two-pul se sequence and other pulse sequences.

fliplist Contains alist of pulse flip angles, in degrees.

fn Selects Fourier number in read dimension.

fnl Selects Fourier number in phase dimension.

gcoi | Specifies physical gradient set currently installed, and allows updating of gradient
characteristics. gcoi | isadatabase file containing gradient calibration values from
the/ vnnr /i magi ng/ gr adt abl es directory.

hono Enables homodecoupling control for first decoupler.

| pe Specifies length (field of view) in cm along phase dimension.

Iro Specifies length (field of view) in cm along readout dimension.

np Sets number of points (real and imaginary) in readout dimension.

nt Sets number of averages.

nv Sets number of phase encoding steps. If nv is set to zero, a profile along the read
dimension is obtained.

orient Defines orientation of imaging plane by setting the three commonly used
orientations: (1) sagittal (' sag' ), perpendicular to X axis; (2) coronal (' cor'),
perpendicular toY axis, and (3) transverse (' t r ans' ), perpendicular to Z axis|tis
also possible to set the orientation to an arbitrary (oblique) plane by using the pl an
macro. For amore detailed description of or i ent , see Chapter 9, “Parameters.”

pl Calculates length of excitation pulse, in psec.

plpat Specifies shape of excitation pulse.

pcmapappl y Apply Phase Correction Map to Data (C); used in echo planar imaging.

pcrmapcl ose Close Phase Correction Map (C); used in echo planar imaging.

pcrmapgen Generate Phase Correction Map (C); used in echo planar imaging.

pchapopen Open Phase Correction Map (C); used in echo planar imaging.

presig Selects preamplifier signal level.

pad Specifies a preacquisition delay

pss Specifies dice position in cm. Can be entered manually or viathe pl an macro.

pw Specifies rf pulse width, in psec.

resto Specifies resonance transmitter offset frequency, in Hz. It must be set so that the
transmitter is on the resonance frequency of the imaging component, usually water.
| dof can be used to set this value from the global valuein Hlof f set .

rfcoil Contains rf pulse calibration entry in pul secal database.

tcapply Apply table conversion reformatting to data.

tccl ose Close table conversion file.

t copen Open table conversion file.

te Specifies echo time, in sec. For GEMS, it isusually set to less than 0.01 sec to
minimize T,* effects.

t hk Specifies dice thickness, in mm.

t pwr Specifies pulse power output, in dB units. 63 dB is the maximum value.
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Table 5. Imaging Pulse Sequence Commands, Macros, and Parameters (continued)

tpw 1 Specifies pulse power for the excitation pulse. Thei npr ep macro setsthe pulse
power to the value specified by f 1 i pl i st . For GEMS, sett pwr 1 to correspond to
a10° to 20° flip. If thet pwr 1 value isreduced by 6 dB, the flip angle is reduced by
50%. For example, reduction in the power by 12 dB corresponds to aflip angle of
22.5°(90°/4).f i pl i st providesaeasy way to change the flip angle.

tr Specifies recycletime, in sec. It must be set to allow for spinsto return to their
equilibrium state. For GEMS, it can be reduced to about 0.025 sec to 0.1 sec because
of the low flip angle (5° to 30°) used for excitation.
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chapter 4. Image Browser

Sections in this chapter:
e 4.1"Overview,” this page
e 4.2"“Getting Started,” page 68
» 4.3"Graphics Tools,” page 80
* 4.4"DataProcessing,” page 90
e 45“Macros,” page 98
» 4.6 “Filesand Other Items,” page 104

Image Browser is a comprehensive image viewing and analysis program that reads data
saved in the Flexible Data Format (FDF) or in VNMR phasefiles. The program uses mouse-
oriented point-and-click methods, and all processing within Image Browser is performed
on the dataitself and not on the displayed pixel values.

4.1 Overview

This section explains the system requirements for operating the Image Browser program,
the layout of the Image Browser screen, processing and graphics functions used by the
program, display controls, and data formats.

System Requirements

Image Browser operates on platforms with the following configuration:

* Sun SPARC workstation * OpenWindows, version 3 or higher
* 8-hit or 24-bit frame-buffer * Solaris, version 2.3 or higher

The minimum memory requirement is 12 MB; however, morethan 16 MB isrecommended
to enhance performance.

Screen Layout

Figure 25 shows the overall layout of the Image Browser screen.

Control Panel

The control panel consists of command menus where specific operations can be run.
A command might process the data, display an image, or open another window.
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Figure25. Default Layout of Main Image Browser Screen

Graphics Region

The graphics region occupies the largest portion of the screen. All graphical drawings and
images are shown inside the graphics region, which can have a number of graphics frames
(Gframes) whereimages are displayed. Before animageisdisplayed, aGframe at aspecific
location with the desired frame size must be created. An image is automatically resized to
fill the Gframe, without losing the aspect ratio of the image. Besides images, regions of
interest (ROIs) can be created, lines can be drawn, and text can be placed in the graphics
region.

Message Area, Date, and Time

Below the graphics region, informative messages are displayed in the lower-left corner of
the window frame. This is the standard way in an Open Look user interface to display
messages. Error messages are displayed in aseparate window. Inthelower-right corner, the
date and time are displayed.

Processing Functions

Image Browser provides a number of processing functions:

Statistics Mean intensity, standard deviation, maximum, minimum, median,
area, and volume can be calculated on one ROI or a number of
selected ROl s. Statistics are plotted when more than one ROI has
been selected. For example, mean intensity might be plotted against
the Z coordinate of the slice. An intensity histogram is generated
when one ROI has been selected.
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Filtering Images can be processed usinga3 x 3or 5 x 5 pixel convolutionfilter.
Defaullt filters can be selected, or user filters can be generated and
saved.

Enhancementof  Images can be processed using equalization, low-intensity emphasis,

images high-intensity emphasis, and hyperbolization histogram methods.

Arithmetic Images can be arithmetically combined with other images or

functions constants.

Image rotation  Images can be rotated (in increments of 90°) and reflected.

Linefunctions  Intensities can be viewed astraces on aline or projections across a
line. Distances can be viewed on the line.

Cursor The coordinates and image intensity can be viewed at a cursor
functions location. The distance between two cursors, either in the sameimage
or in different images, can be also be viewed.

Graphics Functions

Tools are provided to create and modify various types of objects in the graphics region.
Examples of objects are graphics frames that hold images, ROl s that define regions of the
images, cursors that define locations on the images, and text annotation on the images.

Image Browser uses an 8-bit frame buffer, which can show only 256 colors or gray levels
at atime. The default colormap structure is 64 levels for grayscale and 12 levels for
miscellaneous. On 24-bit graphics machines, about 200 levels of grayscale can be used.

Image Animation

Image Browser provides an option to sequentially display imagesin asingle Gframe. This
option allows images to be browsed or an animated image to be produced, similar to a
movie.

Macros

Image Browser incorporates the MAGICAL Il macro programming language. MAGICAL
can greatly speed up work that involves repetitive tasks.

Display Control

Variousimage display parameters can be manipul ated with some of the graphicstools. For
example, the vertical scale tool controls the intensity and contrast of the display, and the
zooming tool allows part of an image to be seen in more detail.

Data Formats

Image Browser supports two input data types: VNMR phasefile format and Flexible Data
Format (FDF). Because of limitations in the phasefile format, using FDF is preferred. A
number of dataformats are supported for output.
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4.2 Getting Started

This section describesthe process of verifying the correct user environment, starting | mage
Browser, and performing some of the basic functions.

User Environment

Image Browser has been designed to runin an X Window System environment. Thismeans
that any X terminal can be used asthe user interface aslong asit supportsthe 8-bit graphics.
However, for Image Browser version 5.3, the host system that runs Image Browser must be
a Sun SPARC workstation running Solaris 2.3 or higher. If your X Windows manager does
not support the OpenL ook interface, some Image Browser features may be unavailable. In
particular, some window managers do not support pinup menus.

If alarge number of images must be processed at once, the host system should have asmuch
memory and swap space as possible. In particular, smooth image animation displays
require that the X display server have enough memory to simultaneously keep all the
images in the movie in memory.

For systems with imaging software, the/ vnnr / user _t enpl at es/ . cshrc file
should contain the following statement:

set env BROASERDI R $HOVE/ i b_i nitdir

If anew user is created with the makeuser script, thisvariable is automatically set.
BROWSERDI R points at a user initialization directory.

Initialization Directory

Theinitialization directory i b_i ni t di r contains the files, bitmaps, frame directories,
ROI directories, and filter directories used for starting up, tuning, and running Image
Browser. Thisdirectory isin/ vnnr / user _t enpl at es and is copied into the user’'s
home directory when makeuser isused. Thisdirectory can be copied into any location
within the user’s area as long as the environment variable BROASERDI Ris set to point to
the new location. All files ending with a. bmare bitmap files and should not be changed.

The initialization directory contains the following relevant files and directories that have
useful and important information:

col ormap.init Filecontaining the colormap definition. Colors for Gframes,

ROl s, and text annotations can be personally defined. The number
of grayscale levels can also be reduced if colormap flashingisa
problem; levels can also be increased if moreintensity resolution
is desired. Machines with 24-bit frame buffers should not exhibit
flashing problems with Image Browser. For those machines, set
the number of gray levelsto 200 by changing the64 to 200 inthe
linegray-col or 64 DEFAULT_GRAY_COLOR.

The number of colors available for ROIs and labels can also be
increased by changingthe 12 intheline “mar k- col or 1” to
whatever isdesired and adding lines specifying RGB vauesto the
list that follows that line.

macr o Directory containing user macros and, in particular, the macro
st ar t up, which is executed when Image Browser starts.
st art up might load a set of Gframes and set various options,
such as the gamma correction settings.

68 VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



4.2 Getting Started

Wi ndow. i ni t File containing the default positions for the main Image Browser
window and various popup windows.
of rame Directory containing the supplied Gframes. Thefiledef aul t in

of r ame isthe set of Gframes that are loaded at startup. In this
directory, or a subdirectory, sets of Gframes can be saved. A
personal default set of Gframes can be created by overwriting the
current def aul t file.

r oi Directory, possibly with subdirectories, in which any created
ROIsfor loading onto a set of images can be saved.
filter Directory containing the supplied convolution filters. Personal

filters should be saved here or in a subdirectory.

Starting Image Browser

Image Browser is started by typing thecommand br owser onaUNIX command line. The
following examples show the command line syntax for br owser :

br owser

browser <nacro_nane>

browser <XVi ew_argunent s>

browser <-inage path_nane>

browser <-inmgelist path_nanme>

br owser arguments can appear in any order.

* macr o_nane isthefile name of a macro, which must be stored in $BROANSERDI R/
nmacr o/ macr o_name. The macro is executed when Image Browser starts. If no
macro name is specified, the macro st ar t up is executed.

* XVi ew_ar gunent s areany type of standard X View arguments, which can befound
by typing man xvi ewon aUNIX command line.

* -image pat h_name specifiesthe full path of an image that should be loaded at
startup. It isloaded after the st ar t up macro is executed. Multiple - i mage
arguments can be used to load multiple images.

* -imgel i st path_nane specifiesafile containing alist of file names of images
to be loaded.

When Image Browser starts, it readsthefilecol or map. i ni t toinitialize the colormap
and thefilewi ndow. i ni t toinitiaize the window locations and sizes on the screen. It
also starts two processes: i b_ui , which runs the Image Browser control panel, and

i b_graphi cs, which controls everything else, including processing and graphics.

Using the Mouse Buttons

Because thisis a point-and-click based tool, you need to be familiar with mouse buttons
and command panel functions before manipulating frames and loading images. General use
of mouse buttons is described in the OpenWindows User’s Guide. The following
information describes how mouse buttons are used in Image Browser.

Left Button: SELECT
In the control panel, use the left button to select buttons.

In the graphics region, use the left button to choose an object or to draw an ROI or text
annotation. Selecting an object deselects any previously selected objects. Objects that can
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be sel ected include graphi cs frames, images, ROI's, and text annotations.When an ROI type
or annotation is selected in the graphics tools panel, the left button initiates the drawing of
the ROI or placement of new text.

Middle Button: ADJUST

The middle button is not used in the control panel.

In the graphics region, use the middle button to toggle the state of an object, selectitif itis
not selected, and deselect it if it is.

Right Button: MENU

In the control panel, use the right button to display menus.

Using the Control Panel Menus

The control panel, shown in Figure 26, contains a set of basic command options.

Irﬂ Image Erowser

| File ©] Refresh) Process =) Tools ] Messages ¥ Movie..|] Macto. | fanesi
| :

Figure 26. Image Browser Control Panel

Buttonswith an arrow () have submenusthat are activated by the right mouse button. The
left button can also be used to select the default choice. The action of submenus processes
data, opens awindow, etc., depending on the functional operation. A button with three dots
following an item’s name (e.g., Macro...) opens a popup window rather than immediately
performing the selected action.

The Cancel button, at the right end of the control panel is normally “faded” and cannot be
selected. However, performing a potentially lengthy operation, such asloading all the
images from a directory, activatesthe Cancel button. Selecting the activated Cancel button
aborts the current operation.

See “Graphics Tools,” page 80, for more information about the control panel menu option
Tools.

Creating and Manipulating Graphics Frames

The Frame button must be selected when performing any of the Gframe functions other
than selecting a Gframe.

To select the Frame button:

1. Position the mouse pointer on the Tools button in the control panel and presstheleft
mouse button. The Tools popup window opens.

2. Select the Frame button \ to activate the Frame tool and display Frame
Propertiesin the Tools menu.
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3. Position the pointer over the Frame Properties

button and hold down the right mouse button o Tools
until the menu shown in Figure 27 appears. Frame Properties = |
You can now work with Gframes. J
N [E %] =
To select a Frame Properties command: M J E E
1. Hold down the right mouse button and move a ﬂ j
the cursor down the list of commands. ala

2. When the desired command is highlighted,

release the button. Figure27. Frame

Properties Menu
3. “Pin” the menu by selecting the pushpinicon
(. in the top left-hand corner of the menu.

Creating Gframes
To create new graphics frames:
1. Position the mouse pointer in the graphics window (outside of any existing Gframe).

2. Hold theleft mouse button down and drag the pointer across the screen. This action
draws a box.

3. When theleft button is released, the box is completed and selected. Notice that a
frame must not overlap any part of another frame.

Another way to create a Gframe is to load an image when no frames exist. A Gframe the
size of the whole graphics region is created, and an image is loaded into it.

An array of Gframes can be created from an empty graphics region with the Gframe
splitting routine described in “ Splitting Gframes,” page 72. If no Gframes exist, the entire
graphicsregion is split up into the requested matrix of frames.

Selecting Gframes

To select agraphics frame:

 Position the pointer within the frame and click the |eft button.

The frame's corners become highlighted to show that it is selected and any other
selected frames are desel ected.

To select anumber of frames:

* Press the middle mouse button to select aframeif it is not selected, or deselect it if it
isaready selected.

To select anumber of Gframes and append each frame to a selection list:

» Enable the Frame tool and select each frame with the middle mouse button.

Thereis also a selection in the Frame Properties menu that selects all Gframes.
Gframes can also be selected when the ROI Tools button (designated by an arrow) is
enabled in the Tools popup window.

Moving Gframes
To move a Gframe:
1. Select theframe.
2. Position the cursor within the selected Gframe, and hold down the left mouse button.
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72

3. Dragtheframeto anew location.

Gframes can be dragged across other Gframes, but must not be dropped where they
would overlap with another Gframe.

Resizing Gframes
Toresize a Gframe:
1. Select the frame.

2. Position the cursor on the desired highlighted corner, and hold down the left mouse
button.

3. Drag the corner to the desired position.

Splitting Gframes

Splitting Gframes into a number of smaller frames allows viewing formats to be quickly
and easily set up. To split a Gframe:

1. Enablethe Frametool.
2. Select the Gframe or framesto be split.

3. Choose the desired split from the Split Selected Frames menu in Frame Properties.

Saving Currently Displayed Gframes

To save all currently displayed Gframes:

» Select the Save Frame Layout option. It switches the File Browser to Graphics Frame
Save mode. Use the File Browser to go to the desired directory and save the frames.

Storing and Retrieving Gframes

Gframefiles are stored into and retrieved from the directory $BRONSERDI R/ gf r ane or
asubdirectory of gf r ane. Gframes are retrieved with the same size and positions with
which they were stored. They are not adjusted to fit the size of the graphics window. If any
of frames are entirely outside the current graphics region or overlap with existing frames,
those frames are not |oaded.

To store Gframes:
 Select the Save menu in the Frame Properties menu.

To retrieve Gframes:
» Select the Load menu in the Frame Properties menu.

Deleting Gframes

To delete graphics frames on the screen:

 Select the Delete option in the Frame Properties menu to delete all the frames on the
screen. You can also delete all of the“selected” frames, al the “unselected” frames, or
all the frames without images.

Clearing Gframes

To clear images out of the Gframes:
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» Select the Clear command in the Frame Properties menu. The Clear command has
several options: it clearsall frames, clears selected frames, or clears unselected frames.

Using File Browser

Many functions that read or write user-selected files use the File Browser tool. Theinitial
File Browser directory isthe directory in which Image Browser started.

Changing Directories

To change directories, do one of the following actions:
» Double-click on adirectory selection.

» Click on aselection to put the directory name onto the top line and then press the
Return key.

» Enter afull directory name, followed by a Return. You can use the ~ identifier in the
same manner asin the C shell to represent your home directory.

Saving Images from VNMR for Image Browser

Images can be saved fromVNMR by joining an experiment inVNMR with image data, and
then running a macro that saves an image or multiple images to disk.

For current imaging pulse sequences (SEMS, MEMS, SEDIFF, FLASH, etc.), themacrois
svi b(di rectory). Forexample, enteringsvi b(' nmydat a' ) ontheVNMR
command line createsthe directory, mydat a. dat inthe current VNMR directory. One or
more images can then be saved in mydat a. dat . Images are named i nage0001. f df,
i mage0002. f df ,i nage0003. f df, etc.

For older SIS imaging pulse sequences and microimaging pulse sequences (IMAGE,
SHORTE, SSFP, etc.), the macro for saving imagesissvsi s(di rectory) . Thus,
entering svsi s(' mydat a' ) ontheVNMR command line creates the nydat a. dat
directory in the current VNMR directory. Images can then be saved in nydat a. dat a as
i mage0001. f df ,i nage0002. f df ,i nage0003. f df , etc. If svsi s does not
know about the pulse sequence, edit the macro to define the sequence name and type.

3D image data sets can be transformed and saved in FDF format with the f t 3d macro.

If noimage datais available on the system, afilenamedi mage. 4T. f i d inthedirectory
/vnnr/ fidlib canberetrieved. You can then save an image by entering the command
svi b('image. 4T").

Loading Images

Images are easily loaded in Image Browser. Select the File button, which opensaFile
Browser Datawindow. You can now browse directories and data files and can load images.
When you load an image, the vertical scaling for the display isautomatically set so that the
range of datavaluesin the image spans the full range of grayscale values.

Image Browser acceptsimagesin the Flexible Data Format (FDF), whichisthetype of data
file created by the macrossvi b or svsi s, described in the previous section “Saving
Images from VNMR for Image Browser.” Image Browser also accepts some types of
imagesin the VNMR Phasefile format.
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FDF Files

The FDFfile isthe file format of choice because all the information to describe the image
isin the file and thereis no directory structure necessary. An FDF file can be loaded by
double-clicking, by selecting the file and pressing the Return key, or by selecting the file
and clicking on the Load button.

VNMR Phasefiles

To retrieve images stored as VNMR phasefiles, select the directory that stores

dat di r/ phasefi | e and cur par, and then select Load. For example, to analyze an
imagein VNMR in exp3, start Image Browser, select exp3, and load the image. (Note
that double-clicking on the directory, or pressing Return after its name, opensthat directory
but does not load the image.)

Load All

Load All loads all the images in adirectory. Images can either be FDF filesor VNMR
phasefile directories. If images have been loaded into al the Gframes and more images
must be loaded, the next image is loaded into the first Gframe, and the process continues
until all the image files have been loaded.

Storing Images

Images can be easily stored by using the right mouse button and selecting the Save item
from the file menu selection list. The File Browser window is opened in Data Save mode,
or the current File Browser window is changed to that mode. The initial File Browser
directory isthe directory in which Image Browser was started.

To store an image, choose adirectory, afile name, and sel ect the Save button. Theimagein
the currently selected Gframeis saved. Asadefault, al dataare saved as FDFfiles, but there
are anumber of alternate data formats that can be chosen to save files. Details are givenin
“Saving Files,” page 105.

Using Graphics Tools

The Tools window is opened by selecting the Graphics Tools option from the Tools menu
button on the control panel. The window opens, with the ROI Tools button (designated by
an arrow) as the default.

The graphicstoolsin the Toolswindow can be used to support processing functions or used
on their own for viewing images. The tools support:

* ROI manipulation

 Gframe manipulation

e Zooming

» Vertical scaling (scalesthe pixel display values to the data)
* Line ROI drawing

» Point ROI drawing

» Box ROI drawing

» Polygon or freehand ROI drawing

* Annotation
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* Image math

To activate atool, point to its button with the cursor and click the left mouse button. Once
agraphicstool is activated, the corresponding function can beinitiated in the graphics
region with the left mouse button. Commands can be performed by opening the Properties
menus with the right mouse button. Typical commands are load, save, or deletein the case
of Gframes or ROIs, The commands zoom or unzoom are typical in the case of zooming.

Zooming

When Zooming is selected in the Tools window, a box cursor appears on all the selected
Gframes. Thisfunction allows oneimage or anumber of imagesto be magnified (zoomed)
when zoom is selected from the Zoom Properties menu.

The zoom function can a so be bound together acrossall selected Gframes so that when the
cursor on one frame is manipulated, the cursors on al the sel ected frames change. Binding
is enabled or disabled by selecting Bind from the Zoom Properties menu.

Image display can be performed either by Pixel Replication or by Pixel Interpolation. Once
again, thisis a property that can be selected from the Zoom Properties menu. If Pixel
Interpolation is selected, a cubic splineinterpolation is performed. Be careful when
selecting Pixel Interpolation because interpolation takes significantly longer than
replication and, unlike most selections in the Zoom Properties menu, this selection is used
throughout Image Browser. Thus, any time an image needs to be updated for any reason,
such as a change of size or vertical scale, it isdone by pixel interpolation if this option is
chosen.

Vertical Scaling

The vertical scaling function multiplies the data values by a number that maps them into
the pixel valuesin the grayscale portion of the colormap (0 to 63 in the default

col ormap. i ni t file). Thisvaue can either be entered by hand or by using the point-
and-click method with the mouse.

To enter avalue by hand, select the V-Scale entry from the VV-Scale Properties menu. A
window opens with the current default mapping, from data value to displayed intensity. A
new scaling value or functional form can then be entered, and new settings are applied to
all selected frames.

To enter avalue using the point-and-click method, position the cursor within any image (the
Gframe that holds the image does not need to be selected) and press the left mouse button.
The intensity at that part of theimageis used to select avertical scale value. The brightest
pixel within afew pixels of the cursor position is set to the top of the intensity range.

Vertical scaling also has abind property. When Bind isin effect, al the imagesin selected
frames are scaled to the same value as the image that you click on with the left mouse
button.

Selecting the Gamma button from the V-Scal e Properties menu allows corrections to be
made according to the characteristics of a particular monitor.

Creating ROIs and Labels

ROls are created by selecting the ROI type to draw, moving the cursor to the desired
location, pressing the left button, and dragging out the desired ROI. ROIs can also be read
infrom afile. The Load button in the ROI Properties menu is selected with the right mouse
button and dragged until alist of ROI filesis displayed. When the desired file has been
chosen, the ROIsstored init areread in to al the selected Gframes. The ROlsare all placed
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in the same locations in data coordinates. Their size and shape on the screen may differ,
depending on the aspect ratio of the data and the size of the Gframe. Thisfunctionis
especialy useful for calculating statistics on a number of files for the same region of
interest.

When the size of an image is changed, the label font size remains fixed in terms of screen
pixels. The left end of the text baseline is fixed on the data.

Storing ROIs and Labels

ROls and labels are stored into and retrieved from the directory $BROASERDI R/ r oi , or
asubdirectory of r oi , similar to the way Gframes are saved in the gf r ane directory (see
“Storing and Retrieving Gframes,” page 72). All the selected ROIsand labelsare stored in
the chosen file.

Note that ROI's and labels are not stored with an image when an image is saved.

Selecting ROIs

To select ROIs, click on the ROI Tools button ﬂ in the Tools window. Thisisthe
default mode of this window.

To select an individual ROI, position the cursor on or very near the ROl and press the | eft
mouse button.

Selection of anumber of ROIs can be done two ways:

» Use the middle mouse button to append one ROI after another to a selection list.
However, thisis method can be time consuming.

» Position the cursor to one side of the group of ROIsto be selected, and hold down the
left button. Drag the cursor so it draws a selection box around the group of ROIs. Lift
the left button. All the ROIs in the selection box are now selected.

ROl sare shown to be selected when their vertices are highlighted. When |abel s are sel ected,
they show an underscore cursor at the end of the text.

Adjusting ROIs
To adjust the size or shape of an ROI, do the following steps:
1. Click onthe M button in the Tools window.

2. Click the left mouse button near one of the ROI s vertices and hold down the button.
The vertex jumps to the cursor position.

3. Drag the mouse, then release the button at the new desired position.

Moving ROIs
To move an ROI, do the following steps:
1. Click onthe M button in the Tools window.

2. Click theleft mouse button on an ROI, but AWAY from the vertex. For box, polyline,
and polygon ROIs, click inside the area of the ROI. For lines or points, click NEAR
the ROI.

Clicking near avertex activates the ROI adjusting mode. To avoid selecting avertex
and accidentally modifying an ROI, hold down the Shift key while clicking the
mouse.
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3. Usethe mouse to drag the ROI, then release the button at the new desired position.

Obtaining Statistics from ROIs

The processing functions described in this section are used in conjunction with the graphics
functions. Some of the processing functions use the ROI tools to obtain statistics or
information from regions of interest within images.

The Statistics, Line, and Cursor functions are used on selected ROIs.

Statistics Obtain statistics and histograms from regions of interest. It uses any type

of ROI.

Line Obtain distances, traces, and projections using aline ROI. It usesline or
polyline ROIs.

Cursor Obtain point intensities and distances between points. It uses point ROIs.

TheArithmetic, Math, Filtering, Histogram, and Rotation functions manipul ate or process
data. These functions are used on the whole image and selected Gframes.

Arithmetic ~ Add, subtract, multiply, divide images by other images or by a constant.
Math Apply general math operations to images.

Filtering Filter the datawith a3 x 3 or 5 x 5 pixd filtering functions.

Histogram Use histogram methods to enhance the data.

Selecting Source and Destination Gframes

A source Gframe must be selected and, optionally, a destination Gframe can be selected.
Thefirst Gframe selected is the operand, the second frame added is the operator, and the
third is the destination frame.To select frames, do the following procedure:

1. Select asource Gframe by moving the cursor into the desired Gframe and pressing
the left mouse button; the Frame tool does not need to be active.

2. Obtain adestination Gframe by pressing the middle button when the cursor is
positioned in the desired frame. In the case of the Arithmetic function, when two
images are source frames, athird frame can be selected using the middle button as
the destination frame.

3. After the frames have been selected, the Rotation function can be activated.

Rotation Reflect images and rotate in 90° increments. This function operates on
theimagesin the selected Gframes.

Using the Movie Mode

A number of images can be chained together and sequentially displayed to produce an
animated image by using the Movie mode. The movie mode is started by selecting the
Movie button in the control panel. ThisopensaMovie Control panel. Beforethe movie can
be run, the desired image frames for the movie must be selected. These frames are
designated by means of a“playlist.” A playlistisalist of the image files that make up a
movie. It can be saved and retrieved, so the movie need not be specified every time.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 77



Chapter 4. Image Browser

78

Generating a Playlist

OnceaMovie Control panel appears, aplaylist can be started by selecting the L oad Frames
button, which opens an empty Playlist window and a Movie Frame L oader window. Now
files can be browsed and images can be loaded into the playlist. Put entriesinto the playlist
by selecting the L oad button or Load All button from the Movie Frame L oader menu. When
animageisloaded into the playlist, it is also displayed in the currently selected Gframe.
Entries are always inserted in front of the currently selected line in the playlist.

To delete entries from the playlist, choose an image name, then select Delete.

When aplaylist has been completed, it can be saved asan FDF file so that it can beretrieved
at alater time. A playlist file consists of the fully qualified names of all theimagefilesused
in the movie. Because there is no data associated with an FDF playlist file, thefileisin
standard ASCI| format and can be edited if desired.

Be aware that the files are specified as fully qualified names. Therefore, if theimagefiles
are moved or if they are found on different mount points on different workstations, they
might not be found when the playlist is later loaded. However, using the fully qualified
name does allow more user flexibility with a personal directory structure when storing
images.

Playing the Movie

After the playlist has been constructed, play the movie by selecting either Forward or
Reverseinthe Movie Control panel. The movieis played in the currently selected Graphics
frame. Note that when the vertical scaling or image size is changed, the movie runs more
slowly the next time through the loop. The slower speed occurs because the program is
taking advantage of the pixel buffering capahilities of the X Window System and
generating pixel filesfor display. The movie can be stopped at any time, and another
graphics frame can be selected, and the movie can be started in the new Gframe.

Changing the Frames/sec entry alters movie speed. To change movie speed, stop the movie,
enter anew frame speed number, and restart the movie. Frame speed is also monitored so
that it can be determined whether or not the current environment can support the requested
speed. Whilerunning over the network, the Speed indicator does not alwaysclearly indicate
problems, but any kind of erratic movement of the indicator should signal that thereisa
problem. A subsection of the playlist can be played by using Start and Stop. Pictures can
be stepped through one at atime by using Current.

Zooming and Vertical Scaling

Zooming and vertical scaling can be performed on images. |mages can be zoomed and the
zoomed region animated by stopping the movie and selecting Zoom in the Tools window.
I nterpol ation can be used when zooming, but it makes the startup time much longer because
each image hasto be interpolated to generate the pixel image to display.

Vertical scaling can also be used. One image in the movie can be scaled or all the images
in the movie can be scaled if Bind is selected.

A movie frame can contain ROIs, but drawing an ROI on one movie frame does not affect
the other frames in the movie. To put the same ROI on al framesin amovie, step through
the movie frame by frame and load the desired ROI file into each frame.
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Using Keyboard Accelerators

Since it can be inconvenient to switch back and forth between different graphicstools, a
few commonly used functions can be performed by using various key combinations. The
following keyswork ONLY when an ROI graphicstool is selected.

If any text annotation is currently selected, pressing a key causes text to be
added to thelabel. To prevent this action, hold down the Control key whileusing
the keyboard accelerators (or deselect any text annotation).

z (lowercase z) zooms OUT on theimage under the cursor by the samefactor that Z zoomed
in.

C (capitalized or lowercase) moves the image under the cursor to the center of the point
under the cursor in the Gframe.

Shift-Z (capitalized Z) zooms IN on the image pointed to by the mouse cursor. The point
indicated by the cursor is moved to the center of the Gframe unless such a move would
result in blank space between theimage and the frame. By default, each time that you press
Z, theimage scaleis enlarged by afactor of 2.

Changing Zoom M agnification

You can change zoom magnification with the Image Browser command zoom f act or .
As an example, to change magnification by afactor of 1.414, do the following steps:

1. Click onthe Macro button.
2. Click the On button in the Record field to record the change.
3. Enterzoom factor (1. 414) onthe Nameline.
4. Click on the Execute button.
You can also change zoom magnification by doing the following steps:
1. Select the Zoom button | 2% | | in the Tools window.

2. Click on the Zoom Properties button with the right mouse button and select the
Zoom factor option.

3. Inthe Zoom magnification factor window, enter the desired magnification factor, as
shown in Figure 28.

[ o foom mag. factor (Range: 1+ — 5}

<Messagex
Input: 1414,

Figure28. Zoom Magnification Factor Window
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This section is areference about the Tool s window

displayed when the Tools button in the Image d Tools
Browser control panel is selected. ROI Properties = |
Figure 29 shows the Tools popup window. Only

one graphicstool can be active at atime (to prevent ’T | 9z | i |
confusion over mouse button use). The Tools \ | i | O | >, |
window contains a set of graphicstoolsto create :

objects, manipulate objects (or animageinside an o | A | +3 |
object), and draw annotation on images. Choose a

tool by clicking the left mouse button for the

desired tool. Figure29. ToolsWindow

In addition to the buttons for tools, thereisa

Properties button that activates amenu, listing several commands and options. The choices
of these menus can be an action to save, load, process, popup another window, etc.,
depending on the individual function of the tool selected.

Frame Properties Menu

Theframe properties menus can be“ pinned” to the screen desktop by sel ecting the pushpin
icon in the top left-hand corner of the menu. Pushpins alow a group of functionsto be
easily accessed without first selecting the corresponding graphics tool. For example, with
the Zoom Properties menu pinned, the Pixel I nterpolation button can betoggled at any time
without having to go into zoom mode.

Be aware that when pinned menus are used, some menu choices display alist of file names
used to retrieve ROIs, filters, etc. These submenus are not updated if, for example, a new
ROl isstored. The submenuslist thefilesthat existed when the menu was pinned. To update
the menu, closeit by selecting the pushpin, and then pin anew menu.

Graphics Frame Tools

The following sections describe the functionality of tools. Use of the mouse to select,
create, move, or resizeisnot discussed here (seethe OpenWindows User’s Guide for mouse
use related to graphics).

Frame Tool

The Frametool isused to create agraphicsframe (Gframe). A Gframeisused
toindicate the position and size of animage on the screen. Animage can only
be displayed inside a Gframe. The number of Gframesislimited only by
computer memory. When thistool is selected, frames can be created and
resized in the graphic region with the mouse.

The Frame tool properties menu consists of the following options:

Split Selected Frames  Splits each selected graphics frame into an array of smaller
frames. If there are no Gframes in the graphics region, the
entire region is split into the selected matrix of frames. Select
the desired nxm entry from the submenu to make an array of
n rows by m columns. Or select Other to split framesinto an
arbitrary number of rows and columns.
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Delete
Clear

Select All Frames
Load Frame Layout

Save Frame Layout

Zooming Tool

4.3 Graphics Tools

Deletesall graphicsframes, all selected graphicsframes, or all
unsel ected graphics frames.

Clearsall graphicsframes, all selected graphicsframes, or all
unselected graphics frames.

Selects all graphics frames.

L oads graphics frames from afile in the directory
$BRONBERDI R/ gf r anme or asubdirectory.

Saves graphics framesinto afilein the directory
$BROWBERDI R/ gf r ane or asubdirectory.

The Zooming tool is used to select aportion of an image to be expanded. Box
Z;/ cursors are displayed on all the currently selected Gframes. The cursors are
£ XORed to the image.

The zooming tool menu consists of the following zoom properties:

Zoom
Unzoom
Bind//Unbind

Zoom Tracking

Zoom Factor

Cursor Tolerance

Pixel Interpolation/
Pixel Replication

Zooms selected images.
Unzooms selected images.

Adjust the zoom linesto all selected images. The zoom linesare
the lines that control the portion of images to be zoomed.

Controls the real-time tracking of the zoom line positionsin
other selected Gframes when zoom “binding” is enabled. You
can set the maximum number of tracking frames. If you set the
number to 0, only the zoom lines in the Gframe in which the
mouse isdragged will changein real time. When you release the
mouse button, the zoom linesin all selected frameswill snap to
the new position. If you set the number of framesto a number, n
(that isless than the number of selected Gframes), only the first
n selected Gframes will track in real time.

Allows you to set the number that controls the zooming
magnification factor. See the “Using Keyboard Accelerators,”
page 79 for more information.

Controlsthe sensitivity of the cursor for the zoom lines. This
specifies how close the mouse cursor must be to a zoom line
to select it.

When Pixel Interpolation is displayed in the menu, it means
that pixel replication is being used to expand the size of the
images to display on the screen—not just when zooming, but
at any time an image isredisplayed. If Pixel Replicationis
displayed, it means that pixel interpolation is currently
selected, and cubic splineinterpolation is used to display the
images. Note that the pixel interpolation takes much longer
than pixel replication.

Some Zoom functions are available by using keyboard accelerators. See“ Using Keyboard
Accelerators,” page 79 for more information.
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Vertical Scale Tool

thistool isactive, frames must not be selected or desel ected with the mouse,

because clicking on an image changes the displayed intensity. However, a

frame does not have to be selected in order to adjust its vertical scale with
the mouse; any image that you click on isrescaled.

\ TheVertical Scaletool isused to adjust the vertical scale of animage. When

There are three methods to adjust vertical scale:

 Click theleft mouse button on the image — The program finds the maximum data value
within a 10-pixel square box centered on the cursor, and the vertical scale is adjusted
to put this pixel at the top of the grayscale.

Hold down the Shift key while clicking the mouse to put the zero data value at the
bottom of the grayscale.

Hold down the Control key to force the image clicked on to be autoscaled. In this case,
it does not matter where you click on the image.

 Click and drag with the middle button in the Graphics Region — This method operates
on all selected Gframes, and adjusts both the brightness and contrast. Dragging the
mouse left or right makes the displays darker or lighter, respectively; dragging down
or up decreases or increases the contrast. While you drag the mouse, a preview of the
new settingsis displayed by modifying the display’s color map. When you release the
middle button, the original color map is restored, and all the selected frames are
rescaled. All images will change while you are dragging the mouse, but only the
selected images will be permanently changed. Also, the preview feature only works
well if the V-scale mapping function is nearly linear.

* Open a popup window to enter the desired vertical scale value.

TheVsProp (vertical scale properties) menu has

three choices, as shown in Figure 30: e Tl s

« V-scale changes the mapping of datavalues V—scale Properties © )
to the colormap index; 2 Vs Prop |—

» Gamma changes the pixel valuesin the * LS
colormap itself. Gamma correction isto be
used only to correct the image display of a | Gamma .. a
particular monitor. Unbind

)

» Unbind (or Bind) sets whether only one T ,
image or all selected images are rescaled.
For details, see “VsProp Menu: Unbind or
Bind,” page 87.

Figure 30. Vertical Scale

Properties Window
V-scale adjustment is to be used to emphasize

particular intensity rangesin an image. Because

gamma corrections are made in the common Image Browser colormap, they apply to all
images being displayed; the V-scal e adjustments might be different for each image. The V-
scale choiceis described in the next section; gammais covered starting in “V sProp Menu:
Gamma Correction,” page 85.
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Vs Prop Menu: Vertical Scaling

TheV-scale choice on the Vs Prop menu

displays the Vertical Scaling window in | e ey
which vertical scaling can be set, as CUGEY (Cverflowik}

shown in Figure 31. The range of data Linear Underflow )

values to be mapped to grayscale values Spline

and the form of the mapping function can r—
both be changed. Any changesin vertical
scaling are applied to all the selected G < Patalaigess 008
Gframes. Changes to the mapping
function are also applied to any new
imageswhen they areloaded, but thedata
range is scaled to match the datain the
particular image.

The graph at the bottom of the Vertical
Scaling window isaplot of gray level as
afunction of datavalue. (The “gray
level” corre-sponds to the index into
Image-Browser’s colormap. The
intensity of the screen pixel asafunction
of colormap index is set by the Gamma
Correction window, discussed in
“VsProp Menu: Gamma Correction,”

page 85.)

LEFT moves points

Data R i i i i
ata Range Figure31. Vertical Scaling Window

The range of data values to map to the

full range of gray valuesis set by thetwo type-in fieldslabeled Data Range. The datavalues
are plotted linearly along the horizontal axis, between the values in the Data Range fields.
(You must press the Return key in at least one of the fields for the changes to take effect.)

Mapping Function

The shape of the mapping function is selected by the buttons at the upper-left of the Vertical
Scaling window. The mapping function trans ates the data value in apixel to a
corresponding grey level.

In the following discussions, normalized variables are used: x and y, for the data, and for
the grey level values, d and g. These variables are defined as

~ d—dmin [Eq. 21]
X S o————
drnax_dmin
and
9-9in [Eq. 22]
y = —_—
9max ~ 9min

Therefore, both x and y vary from 0 to 1. Note that with the appropriate gamma correction
(discussed in the next section), the actual screen intensity will vary exponentialy withy.

For any type of mapping function, the Negative button can be sel ected to invert theintensity
scale; that is, the minimum grey value will be white and the maximum, black.
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Curve Mode

The type of mapping function is selected by the buttons at the upper-left of the Vertical
Scaling window. The default is curve, which provides a flexible functional form that
includes power functions and a close approximation to exponential functions. The two
parameter family of curves are controlled by moving the curve's control point around with
the left mouse button. The left and right ends of the line can also be moved up and down.
The form of the function depends on which regions of the graph the control pointisin.

If the control pointisin region 1, as shown in the Figure 32, the following egquation shows
the defining function for these curves:

0 x b [Eq. 23]

Y = A av a4

k—ax +d!
where a and b are the two adjustable parameters. The ranges of a and b are:
a>0,1<b<10 [Eq. 24]

Figure 32. Curve Control Point

Notethat if a= 1, thisreducesto apower function, which isthe caseif the control point has
x =0.5. If the control point isin region 2, the curveisreflected through thex = y line. This
family of curvesincludes power functions of the form

y = xi/b [Eq. 25]
which appliesif the control point ison they = 0.5 line. If the control pointisin region 3 or
4, the curvesfor regions 2 or 1, respectively, are reflected through the x + y = 1 line.
Linear Mode

The linear mode allows the user to specify a piecewise linear function that passes through
all of the control points. Any additional number of control points can be added by clicking
theleft mouse button anywhere on the canvas away from an existing control point. Control
points can be deleted by clicking on them with the middle mouse button.

It isbest to avoid large discontinuitiesin the slope of thisfunction at the control points. Due
to the characteristics of human vision, these discontinuities can make a surface that
increases smoothly in intensity across a picture appear to be non-monotonic in intensity!
For this reason, the third mode might be more useful.

Spline M ode

The splinemodeislike linear mode, except that aspline curveis drawn through the control
pointsinstead of straight lines. It is also coupled to the linear mode in that the two modes
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share the same control points; changing the control pointsin one mode aso changes them
in the other.

The spline function used here interpol ates between control points with cubic polynomials,
arranging that the slopes match at the control points. Thefinal curveis continuous up to the
second derivative. At the endpoints second derivative is forced to zero—the defining
condition for the so-called “natural” cubic spline.

Underflow and Overflow

The Underflow and Overflow menus control how data values outside of the domain of the
mapping function are displayed. The default is Off, meaning that data val ues less than the
“minimum datavalue’ (x < d) are displayed the same as x = d, and that datavaluesx > D

are displayed the same asif x = D. The menus offer a number of alternative color choices
for such values.

VsProp Menu: Gamma Correction

The GammachoiceintheVs
Prop menu opens the —| Gamma Correction
Gamma Correction window,
shown in Figure 33. The

Show Saturation: _|

primary purpose of gamma Gamma | Off | op | ¥aiser 5
correction is to make
optimal use of the limited Loy on [0 | Contrast 10G,

number of grayscale stepsin
Image Browser’s colormap.
A secondary purposeisto
compensate for any unusual
nonlinearitiesin the
monitor’s displayed
intensities. Compensation
allows images to appear the
same with identical scaling
on any monitor — once
gamma correction has been
done. For a properly Figure 33. Gamma Correction Window
adjusted monitor, minimal

gamma correction should be

necessary.

The Gamma Correction window has a plot at the bottom that graphs the pixel value
(between 0 and 255) against the index into the grayscale portion of Image Browser’s
colormap. (Pixel valueis actually a color that has ared, green, and blue value, but the
grayscal e always uses the same value for each color.) The graph background is painted with
severa rows of gray stepsto demonstrate the current gammacorrection. Thetop row shows
every step in the grayscale ramp; the second row, every other step; the third row, every
fourth step; and so on. (It appearsto the eye that each ramp step is shaded from alighter
gray on the left to a darker gray on theright. Thisisan optical illusion, which can be seen
by masking out the surroundings of one of the steps with a paper frame.)

Ideally, no steps should be visible anywhere in the top row, but, if the Image Browser
colormap isfairly small (like the 64-step default for 8-bit color machines), they can be
easily seen. The goal of gamma correction then becomes to make each intensity step
equally apparent to the eye. For a short grayscale ramp, this process can involve looking
only at the top row of steps. For alarger ramp, the second or third row might need to be
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examined. (The size of the grayscaleramp issetinthecol or map. i ni t fileinthe
$BROWSERDI R directory. See “Initialization Directory,” page 68 for details about Image
Browser initialization.)

Before adjusting the gamma correction, adjust the monitor. Some monitors have no easily
accessible brightness control; therefore, monitor adjustment should be performed by a
service person.The most common problem with monitor adjustment is that the black level
is set too dark, making everything near the bottom end of the intensity scale appear black.
Set the “brightness’ control (labeled -jc:Ji- on some monitors) just low enough so that the
blackest level, at the left of the grayscale ramps (pixel value 0), is indistinguishable from
the unscanned black background at the edge of the monitor screen. To accomplish this
adjustment, it might be convenient to move the Gamma Correction window dlightly off the
bottom of the screen, so that the bottom row of steps directly merges with the unscanned
margin.

Once monitor brightness has been adjusted correctly, the perceived prominence of the
intensity steps in the Gamma Correction window should be roughly equal with no gamma
correction.

The gamma correction described in the following paragraph is still effective on a poorly
adjusted monitor; although, if the brightnessis set too high, there is no way that the lowest
gray level can be made entirely black.

Two forms of gamma correction are avail able. When the Gammaand L og switches are both
set to ON, Image Browser attempts to make each step in the colormap index an equal step
in the log of the screen intensity, which assumes that the screen intensity is described by a
function of the form:

| =1+ VY [Eq. 26]

where | isthe intensity, V is the voltage (proportional to the pixel value), y isa
characteristic of the monitor (equal to about 2.5), and | isthe background intensity due
to room illumination or poor adjustment of the monitor.

The Vaue field next to the Gamma switch controls the value of y used in the above
equation. The Contrast field, next to the Log switch, specifies the value of the ratio of
maximum to minimum displayable intensities, in effect, |, in the previous equation.
Normal values for a properly adjusted monitor are 50 to 100 for |, and about 2.5 for
gamma. If the monitor brightnessis not properly adjusted, it is still usually possible to get
agood fit by adjusting y ; the function is relatively insensitive to the Contrast value.

When the Gammaswitchison, a“control point” isdisplayed near the middle of thegamma
correction curve. This control point can be dragged with the left mouse button to adjust the
Gammavalue. The Contrast value can only be changed by typing a new value in the text
field.

If the Gamma switch is ON and the Log switch is OFF, correction is made for equal steps
in intensity, according to theformula | = v/

This correction is not ideal, but it might be useful for emphasizing the contrast in some
region of the colormap, which could normally be done with the V-scale function instead.
Saturation

If the Show Saturation button at the top of the Gamma Correction window is selected,
pixels that are mapped to the maximum grayscale value are displayed yellow. This button
should normally be left off; the Overflow button in the Vertical Scaling window essentially
performs the same function.
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VsProp Menu: Unbind or Bind

The last choice in the Vertical Scaling Properties menu is Bind or Unbind:

» If Unbind is displayed, the current mode is bound, and the imagesin all selected
Gframes are rescaled the same as the one you click on.

 If Bindisdisplayed, it meansthat the current modeisunbound. Clicking the left button
on an image affects only that image.

Math Tool

TheMath tool isused in conjunction with the Image Math processing window
to enter Gframe numbers in mathematical expressions. Position the mouse

-
b inside a Gframe and press the | eft mouse button to insert the Gframe number
in the math text window. The Math Properties menu has no choicesin it.
Chapter 5, “Image Browser Math Processing,” has more information about
this tool.
ROI Tools

The following sections describe the tools that draw and modify regions of interest (ROISs).

ROI Selector

The ROI Selector tool is used to select and adjust any of the ROIs. It isthe
default mode of the graphicstools. After any ROI has been drawn, agraphics
M tool revertsto the Selector tool. In this mode, both ROIs and Gframes can be
selected or deselected in the graphics region. The left button sel ects an object
whiledeselecting all other objects of the sametype. The middle button toggles
the state of an object.

The object selected is chosen according to a priority hierarchy:

1. If the mouse pointer isinside an ROI, near aline or point ROI, or near text, the
corresponding object is selected. If thereis more than one qualifying object, only the
most recently created object is selected.

2. If the mouse pointer is outside any ROI but inside a Gframe, the frame is selected.

Table 6 lists the ROI properties of the ROI Selector tool.

ROI Drawing Tools
The following tools are used for drawing various types of ROIs.

Normally, after an ROI isdrawn, agraphicstool revertsto the ROI Selector. To prevent this
reversion (when you are drawing a series of similar ROIs), hold down the Shift key while
drawing each ROI. Before you draw thelast ROI, release the Shift key to allow the graphic
tool to revert to the Selector.

Line ROI Tool

The Line ROI tool draws a straight line segment ROI. Line ROIsare used in
\ the Line Data processing function. It is also possible to obtain statistics from
aline ROI. The points included in the statistics are the points along the line.

To draw aline after the tool is selected, position the cursor at one of the
desired endpoints, press theleft mouse button and drag the cursor to the other end point. As
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Table6. ROI Selector Tool Properties

Property Function

Delete Deletes all selected ROIs.

Load Loads ROI tools from afile in the directory $BRONSERDI R/ r 0i .

Save Saves ROI toolsto afilein the directory $BROASERDI R/ r 0i .

Color Changes the ROI tool color. The colors of al the selected ROIs and labels are
changed. Any new ROIs and labels are also drawn in the selected color.

Font Size Sets size to use for the next annotation entered: 10 pt., 12 pt., 14 pt., or 19 pt.

Cursor Tolerance

ROI Bind/Unbind

Tracking

Size cannot be changed once the label has been created.

Adjusts the cursor sensitivity: how close the mouse cursor must be to an ROI
vertex to select that vertex.

If binding is on (Unbind label showsin menu) whenever anew ROI is drawn,
identical ROIsare drawn in all the selected Gframes. All of these ROIs can be
operated on asagroup. They are considered members of the same group solely
because they are all identical; Image Browser does not store any information
about whether ROIs were created as a group.

When ROI binding is on, al identical ROIs are operated on as agroup. If
binding is turned off and one of the ROIsis modified individually, it is no
longer modified along with the others when binding is reactivated. All identical
ROIs are considered part of the group, the Gframes that they are in do not have
to be selected once the ROI's have been created.

When ROI binding ison, all ROI modifications (moving, resizing, or adding or
deleting polygon vertices) are applied to all ROIsin agroup.

While agroup of ROIs are being created or modified, they might not appear
exactly identical, because integer arithmetic is used to translate mouse actions
in one graphics frame to roughly equivalent mouse actions in another frame.
This effect can be particularly noticeable when the “master” frame is much
larger than the “slave” frames. Polygons, in particular, can have fewer vertices
in smaller frames. However, when the creation or modification is completed,
all the slave ROIs are replaced with copies of the master ROI.

Controls the real-time updating of the “slave” ROIswhen ROI binding is
enabled. The maximum number of tracking ROIs is set by the user. If set to 0,
only the ROI on which the mouse operates directly changesin real time, but
when the mouse button is released, all the ROIsin all the group snap to the new
configuration. In general, if set to anumber, n, less than the number of selected
ROIs, only the ROIsin the first n Gframes track in real time.

the cursor is being dragged, the line is drawn in the active ROI color (purple, by default).
When the | eft button is rel eased, the completed line appears in the selected ROI color. The
Line ROI tool has the same ROI Properties menu choices as the ROl Selector tool.

Point ROI Tool
The Point ROI tool draws apoint or cursor ROI. Cursor ROIsare used in the
I Cursor Data processing function, and can also be used by the Statistics
e processing function.

To draw a point after the tool is selected, position the cursor at the desired
point and click the left mouse button. A point ROI appears and is selected. Thistool hasthe
same ROI Properties menu choices as the ROl Selector tool.
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Box ROI Tool
The Box ROI tool draws arectangular ROI. It is used in the Statistics

] | processing function.
To draw arectangular ROI after the tool is selected, do the following steps:
1.Position the cursor at one of the desired corner coordinates.

2. Presstheleft mouse button and drag the cursor over the desired region of interest
area.

Asthe cursor is being dragged, arectangleis drawn in the active ROI color.

3. Releasethel€ft button.

The completed rectangle appears in the selected ROI color. Thistool has the same
ROI Properties menu choices as the ROI Selector tool.

Polygon ROI Tool

The Polygon ROI tool draws afreehand or polygon ROI. It isused in the
b Statistics processing function. The Polygon ROI tool has the same ROI
Properties menu choices as the ROI Selector tool.

To draw afreehand ROI after thetool is selected, do the following procedure:

1. Position the cursor at the starting location along the boundary of the desired region
of interest.

2. Presstheleft mouse button and slowly drag the cursor along the edge of the region
of interest area.

Asthe cursor is being dragged, alineis drawn (in the active ROI color) following
the movement of the cursor.

3. Releasetheleft button and move the mouse to connect the cursor to the last defined
point; a straight line appears.

4. Presstheleft button to define the next point.

Be careful about moving the cursor before the lineis closed because that cursor
location isincluded as part of the closing position; however, this shouldn’t cause
much concern because each freehand or polygon segment can be adjusted after it has
been created.

To draw a polygon ROI, do the following procedure:

1. Movethe cursor to each desired vertex and click the left button.

After thefirst click, a straight line follows the cursor and at each cursor location
where the mouse left button is clicked a vertex is placed.

2. Click the middle button to close a freehand or polygon ROI.

A straight line is drawn between the last and first vertices, and the completed ROI
appears in the selected color.

Polyline ROI Tool

The Polyline ROI tool functionsthe sameway asthe Polygon ROI tool except
D that the last line segment closing the polygon is not drawn. It can be used in
the Statistics processing function, in which caseit defines the union of al the
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line segments in the polyline. It can aso be used in the Line Data processing function.
It also provides away of drawing arbitrary lines on the image for annotation.

Annotation Tool

The Annotation tool is used for text annotation. After selecting the tool,

A \ position the cursor at the desired spot and click the left mouse button. An
underscore cursor appears at the marked location, indicating that thelabel is
selected and ready to accept typed input. Typed characters are always added

to the end of the annotation field; they cannot be inserted into the middle of astring. The
label can be selected and moved to other locations at any time. If more than one label is
selected, typed input is appended to all of the selected labels.

4.4 Data Processing

90

Image Browser can process multiple images. Some operations can be simultaneously
applied to several images, and some can only be applied to one image and then repeated on
other images. For example, image rotation can be applied to several images at once, but it
isnot suitable to simultaneously add several sets of two images. Therefore, the decision to
simultaneously apply a specific operation to several images depends on the nature of the
operation.

To simultaneously apply an operation to several images, select several graphicsframesthat
contain images to be processed. Of the processing functions, only image rotation can be
done simultaneously on multiple images.

Some operations, such as adding two images, might need more than one data source. To
add two images, select two sources (graphic frames that contain images) and a graphic-
frame destination. Because no more than one destination can be selected, the last selected
graphic frameisawaysthe destination. To add aconstant to an image, select asourceframe
and a destination frame.

Be aware that the last selected frame is always the destination. For example, adding two
imageswith one selected frame or more than three selected framesisnot allowed. However,
adding two images with two selected frames indicates that the image result (destination)
should overwrite the second source image (the second image selected).

When using Image Browser, remember that statistics are performed on the actual image
data pixels, not on the displayed pixel values. That is, enhancing an image for viewing by
using the Contrast tool or the Vertical Scaling Graphics tool does not change the statistical
values. However, processing functions (filtering, histogram enhancement, etc.) change the
data values and hence the statistics from those images.

Statistics

Statistics are aways performed on ROIs, not on images as awhole. They can be performed
on one ROI or anumber of ROIs. The ROIs can all be on oneimage or across a number of
images. If statistics are performed on one ROI, a histogram is displayed along with the
statistics. If statistics are performed on a number of ROIs, agraph is displayed with a
selection of axes. Statistics are run for all selected ROIs.

To open a statistics window, choose the Process button with the left mouse button. Pressthe
right button to see a selection of processing options.
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Updating Statistics

To update ROI statistics, choose the Update option and use either the left or right mouse
button to update statistics:

» Presstheleft button on the Update option to just update the statistics and the graph.

» Presstheright button to choose one of the following optionsfor when to automatically
update statistics:

Now Same as pressing SELECT. The statistics are updated, but
the mode is not changed. Thisis the default selection.

Manual Statistics are only updated when the Update button is
pressed, or when ROI Statistics are selected from the
Process menu.

Auto (OnROI Change) Statistics to be updated whenever an ROI is selected or
deselected, or when an ROI is moved or modified. Updates
only take place after a change is completed, not as an ROI
is being moved around. Thisisthe default mode.

Auto (On ROI drag) Same asAuto (On ROI Change) except updates are donein
real time as an ROI is being moved or resized. This mode
can significantly slow down responsetime, especially when
alarge ROI is modified or many ROIs are selected.

Setting Histogram Display Limits
When statistics are

= Statistics

requegw for One ROI I Name: fusr24/chrisp/sw/ib/DATADIRS/CATDATA imaged002 fdf
. . blline B ESS Statistics/Histogram limits: ©| Span ROl intensities

awindow with a Max: 0.03317

. . . Median: 0.02411 Histogram bins: 100
histogram of intensities Mean: 0.02328 SN L0 (S

. . . . Stdv: 0.00516E i
similar to Figure 34 is (e S o) i

Wiy 2.5 @ Show segmented region:

Opened A fu” Update: | Auto (On ROI Change)

Print Stats Dump Data ] File:

complement of
statisticsis displayed
for the ROI: minimum,
maximum, median,
mean, and standard
deviation of pixel
intensities; and ROI
area and volume.

Figure 34. Statistics Window with One ROI

Only pixelswith
intensities between the set limits are included in the histogram or in the statistics
calculations. So, for example, the calculated volume decreases as the limits are imposed.

The Statistics/Histogram limits menu offers the following ways to set histogram limits:

Span ROI Intensities Sets the histogram limits to the maximum and minimum
intensity valuesin the ROI. This option is equivalent to no
limits on the pixel intensities included in the statistics and
volume calculations.

Span Image Intensities  Sets the histogram limits to the maximum and minimum
intensity valuesin theimage. The median value might change
when using this span, as opposed to Span ROI Intensities,
because of the finite data binning used to cal cul ate the median.
Thered differenceisin the histogram display appearance.
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Match Segmentation Usesthe Image segmentation keep range defined by histogram

Limits cursorswhose valuesare displayed by theMinand Max entries
(see Figure 34). The default range limits (=infinity, +infinity)
are the same as those in Span ROI Intensities. In this mode,
statistics values depend on segmentation limits, because the
only pixels being used to generate statistics are pixels whose
intensity values lie within the image segmentation keep range.
Narrowing the segmentation limits decreases the calculated
area when statistics are updated.

Specifying the Intensity Range

Select the User Specified option to enter limitsfor the intensity range of the pixels selected
for statistics and histogram display.

To get greater resolution in the histogram, modify the Histogram bins entry. A region with
finer resolution can expanded and a search for intensity patterns within alarge grouping of
intensities can be run.

To update the histogram and the statistics after the limits have been changed, or the number
of bins has been changed, select the Update option.

Segmenting Images

You can perform simple image segmentation functions by using the histogram display in
the Statistics window. After a histogram is displayed, position the cursor within the
Histogram window and pressthe left mouse button to draw the“ min” cursor in the window.
All intensities below the value at the cursor are unused or zeroed in any of the segmentation
functions. Press the | eft mouse button again to draw another cursor. All voxels with
intensities outside the intensity region delimited by the two cursors are segmented out of
the image.

Define the segmentation range by entering the desired rangesinto the Image segmentation
keep range Min and Max fields. Note that these val ues al so change as the cursors are moved
around in the histogram. Move the cursors by holding down the |eft mouse button and
“dragging” the cursors. Delete the segmentation cursors by clicking on them with the
middle mouse button.

Select the Show segmented region box to interactively adjust the segmented region. This
option updates the color map and places blue pixelswherever apixel lies below the desired
intensity range, and places orange pixels wherever a pixel lies above the desired intensity
range. (These colorscan be changedinthecol or map. i ni t file)) Becausethisoptionis
changing the color map, all theimagesin the graphicsregion are affected, not just theimage
containing the ROI. However, the segmentation display isonly correct for images with the
same vertical scale as the image with the selected ROI.

Oncethe desired intensity ranges have been picked, theimage can be segmented by zeroing
all the pixelsin the image outside the selected intensity range. Alternatively, the ROI can
be segmented within the image by zeroing all the pixels outside the ROI and zeroing all the
pixels outside the selected intensity range within the ROI. Thefirst or second action can be
taken by selecting Segment Image or Segment ROI s, respectively. When Segment ROIsis
selected, all selected ROIs are segmented.

Once an image has been segmented, it cannot be restored except by reading it back in from
itsoriginal file. So if permanent segmentation of an imageis not wanted and only statistics
from the defined segmented region are instead desired, choose Match Segmentation Limits
in the Statistics/Histogram limitsfield.
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Making Volume Measurements

Use the Image Segmentation features to make volume measurements over one image or
over anumber of multisliceimages. The volumefield in the Statisticswindow is calcul ated
as the image area within the ROI times the dlice thickness of the image. When using the
Match Segmentation Limits, only the voxelswith intensitieswithin the segmented intensity
region are used in the volume cal culations (which is also true for the area and other
calculated statistics).

Graphical Display

When more than

. 4‘ Statistics
one ROl is
Min: 5.116e—05 isti i imits: an intensities
g&tm, ar]d N St-atlstlcs/Hl-stngram limits: J Sp RO T t
aaﬂ St| csare Mean: 0.01778 m::‘::;:;;;ii-o:‘il;u range:
Stdv: 0.006198 Min: —infinity Max: +infinity
Seected agraph A e
samilar to Figure update: ©| Auto{On ROl Change) X-coord: *| Gframe number
35 |S dlq)laygaj Print Stats Dump Data ) File: |
with selectable
itemsfor the x and et e
y axes. The graph
provides a quick
look at information

from processingon
regions of interest. Figure 35. Statistics Window with Multiple ROIs

In the graphics

display, the histogram limits are displayed, because these can still be used to segment
regions when gathering statistical information from multiple ROIs. The statistics displayed
on the left side are for the sum of all the ROIs. For example, if thereis no overlap, the area
isjust the sum of the areas for all the ROIs. If any of the ROIs overlap, some of the pixels
are counted twice in the statistics.

Volume calculation is a specia case. If a
calculationislabeled simply asVolume, itis
just the sum of the individual ROI volumes.
However, if acalculation islabeled 3D-

Volume, it is calculated by accounting for
the difference in ROI dlice positions and / m
interpolating the cross-sectional ROI area

between dlices.

Thecalculationisillustrated in Figure 36, in
which the cross-sectional area of the
volume-ROl is calculated by linearly
interpolating the ROI area between slices. Figure 36. 3D Volume Calculations
The ROIsare assumed to lie at the center of

the dlices. The top and bottom “caps’ are

half astall as the dlice thicknesses.
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Each axis of the graph can be chosen by selecting an item from the Y-coord list and the X-
coord list using the right mouse button. The following items can be selected from each list:

Y-coord Area, volume, integrated intensity, mean intensity, median intensity,
minimum intensity, maximum intensity, and standard deviation (SDV)
of intensity.

X-coord ROI number, slice location, user parameter, area, volume, integrated

intensity, mean intensity, median intensity, minimum intensity,
maximum intensity, and standard deviation (SDV) of intensity.

The user parameter can be time information for T,/T, data or any other information.
However, the field must be put into the FDF file header. Normally, itisaVNMR parameter
dumped out into the FDF file by the svi b macro.

If theY-coord or X-coord selection is changed, the display is updated automatically.
However, any changein the limits or changesto the ROIs themselves are not reflected until
the Update button is pressed.

Statistics Output

If desired, statistics values can be written to afile for further processing by using the Print
Stats button. Print Statswrites the formatted statisticsin the Info M essages window. Figure
37 shows the output from two selected ROI's generated by Print Stats.

F Info-Messages

ROT Statistics: Name Piwels firea Min Maw  Median Mearn Sty
...chris/ib/HEARTDATA/ w001 . fdf 813 0.58351 0.001027  0.01603 0.009636 0.009231 0.002674
L Chris/ib/HEARTDAT A/ mS020, fdf 857 1,004 0.0005962 0.01737  0.01091  0.01048 0.003134

Ll |

L

Figure 37. Statistics Output Generated by Print Stats Button

Data Output

Once the statistics have been output to the Info Messages window, there are several ways
you can save the datain afile.

» Usestandard cut-and-paste methodsto select apart of the dataand paste it into another
document.

» Select the Messages/Info M essages/Save choicein the control panel to display theFile
Browser. This method allows you to save all of the current contentsin afile.

 Pressthe right mouse button when the cursor is in the Info Messages text area, and
select File/Save As, which opens the OpenWindows file browser.

Raw data values can also be dumped into afile. Selecting the Dump Data button writesthe
values of al the data pixelsin all the selected ROIsinto the file named in the Filefield. If
the file name is not an absolute path, it istaken to be relative to the directory from which
Image Browser was started. If thefile nameisblank, the dataiswritten to the Info Messages
window.

Currently, ahard copy of the histogram plot and the statistics graph can only be produced
by capturing the screen output. OpenWindows has a utility program, Snapshot, that “takes
apicture” of screen output; other documentation software, such as FrameMaker, have
similar utilities.

VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



4.4 Data Processing

Statistics from Multiple Images

To retrieve statistics from aspecific location within animage over multipleimages, perform
the following steps:

1. Definethe areato be analyzed by reading in an image and drawing an ROI around
the desired area.

Savethe ROI to afile.

Create enough Gframes to hold all the images.

If all theimages are in one directory, read them all in using the Load All button.
Capture al of the Gframes by choosing Select All Frames.

Load the saved ROI, which is automatically drawn in al the selected Gframes that
have images.

7. Update the statistics if the Statistics window is open, or select ROl Statisticsif the
window is closed.

o g M w D

This procedure generates statistics for the selected areain all theimages, and is the sort of
operation that could best be put into a macro.

Note that ROIs are fixed to the image as opposed to the screen. The Gframe can be made
very large for positioning and drawing an ROI. When reading in images, Gframes can be
made very small; the ROI isautomatically positioned in the previously selected area of the
image.

Image Rotation

Select the Image Rotation choice from the

Process menu to open the small Rotation (T Rotation
window, shownin Figure 38. Thearrowson the

buttons show how the images are transformed N

when the button is selected. The straight, ' .J ' .J , "".J

double-headed arrows represent reflections of

the image about an axis perpendicular to the sz \,iJ .éJ .ﬂ

arrow. The operation is applied to all selected
frames.

Note that the header information is also Figure 38. Rotation Panel
transformed on rotation or reflection, inorder to
keep track of the actual orientation and position of the slice in the magnet.

Image Arithmetic

Image Arithmetic is another processing function in Image Browser. Select the Image
Arithmetic option from the Process menu in the control panel to open the Arithmetic
window. Thiswindow allows addition, subtraction, multiplication, and division of two
images or of an image and a scalar value.

The operands can be selected first, or the images can be selected first. Images are selected
by selecting the Gframe where the image resides. Thefirst Gframeis always selected with
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the left button, and the following Gframes are selected with the middle button. The
Operands field offers two options:

Image <op> Image If thisfield is selected, two or three Gframes can be selected
and the operation is executed according to the order given. If
two Gframes are selected, the second one selected is a'so
used to store the result. If three Gframes are selected, the
third Gframe gets the resuilt.

Image <op> Constant If this choiceis selected, afield for entering a constant is
displayed in the Arithmetic window. One or two images can
be selected and the operation is executed according to the
order given. If one Gframe is selected, that one is also the
result image. If two Gframes are sel ected, the second Gframe

gets the result.
Filtering o —
Image Browser provides Apply ) .
filtering. Select afiltering Mask ©| 33

operation by choosing Image .
Filtering from the Process Mean Median |
menu. When selected, a Filter Mask—Files +

window, as shown in Figure
39, opens. Figure 39. Filter Window

When Mean filtering is

selected, asin Figure 40, each It RIS

data pixel intheimageis Apply :1 51 :1

replaced by the average of the Mask v| 3x3 =1 =1 -1,
surrounding 3x 3or 5x 5

squares of pixels, weighted Maan | Madian |

according to the given filter Mask—Files = )

mask. The 3 x 3filter isthe

default size when the window Figure40. Filter Window with Data

first opens. Thefilter sizeis

selectable using the right

mouse button on the Mask field. Filter files can be saved and retrieved in the same manner
that ROI files are saved and retrieved. The directory for Filter files is $BROANSERDI R/
filter.Someexamplefiltersare provided, but persona filters can be easily created.

When Median filtering is selected, only the size of the mask issignificant. Theweightsare
not used. Each data pixel valueis replaced by the median data value in the surrounding
3x3o0r5x5sguare.

A source Gframe with the image to filter must be selected before clicking on the Apply
button to start the filter operation. Optionally, a second Gframe can be selected for the
destination image. If only one Gframe is selected, the filtered image overwrites the source
image.
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Histogram Enhancement

Images can be enhanced using

histogram methods. Select the i Histogram—Enhance ment
Image Histogram Enhancement — :
option from the Process menu to Equalization | Lows Intensity |

open a Histogram-Enhancement

. - Hyperbolization High Intensit
window, as shown in Figure 41. i J y)

The histogram function performs
equalization, low-intensity Figure4l. Histogram Window
enhancement, high-intensity

enhancement, and hyperbolization.

The function works by looking at a histogram of the intensities and enhancing theintensity
histogram according to the selection.

Cursor and Line Functions

Click theright mouse button on Cursor Datain the Process menu to obtain cursor (distance
and intensity) information. The popup window is blank until a point ROI is drawn.

Cursor Data

Cursor Data uses the point ROIs when obtaining information, and provides point
intensities, coordinates, and the distance between the just selected or drawn point and the
last selected point. The cursor function is most useful for searching for distances between
dicesin amultislice experiment or between dlicesin two different experiments, aslong as
the location information is present in the header of both images.

Figure 42 shows a Cursor Data

window. Coordinates provide the = Erresarr [Laike

absolute position of the cursor in Intensity: 0.01023

the magnet reference frame. Coordinates: —1.445, —4.366, 2.133 (crm)
Projected distance from last point 4.804 cm

The projected distanceis only | 30 distance from last point 7.228 cm

meaningful between slices with

the same orientation and X-Y
position. Distance is determined
by drawing both pictures at the
same scale and lining up the upper-left corners. The 3D distanceis correct between any two
images.

Figure42. Cursor DataWindow

Line Data

Line Data usesline or polyline
ROISWhen Obtal ni ng Coordinates: (37,6, 130.59) to (2527, 127 B) R tScal
information' The pOpUp Length of Iir;e: 5.l3:‘3 cml - l M
window is blank until an Mas: 0.029252 Display: [ On Line  Projaction
appropriate ROI is drawn or
selected. The Line Data
window provides coordinates,
lengths, traces of intensitieson
the line, and projections of
intensities across the line.
Figure 43 showsawindow with
an intensity trace displayed.

= Line Data

Figure43. Line DataWindow
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OnLineintheDisplay field displaysatrace over the currently selected line ROI. Projection
displays the maximum intensity projection across the line (the projection function is not
available for polylines). The on-line plot is updated in real time as you move the line
around, but the projection plot isnot updated until you stop moving the line and rel ease the
left mouse button.

4.5 Macros

98

Image Browser incorporates the MAGICAL |l macro programming language, which
allows the definition of scripts, or macros, that perform a sequence of Image Browser
commands. The MAGICAL language is described in detail in the manual VNMR User
Programming; this section covers only those aspects of macro programming that are unique
to Image Browser. The command syntax, conditional statements, and looping constructs,
which give the language its basic flavor, are the same asin VNMR.

Note: The macro capability included in VNMR version 5.3 is a partial implementation.
Many functions that should be callable from macros do not yet have macro
commands, and the user interface is a simple prototype version.

User Interface

Click the Macro button to — ___
open the Macros window Record: [off | on | _Lizt) Comectre)

Name:

shown in Figure 44. =

Name

The simplest way to use the
Macro window isto typethe
name of the desired macro to Figure44. Macro Window

be runin the Name field, then

press Return. The named macro, which should be a built-in command or in the directory
$BROWSERDI R/ macr o, isrun.

It isalso possible to type any one-line sequence of MAGICAL |1 commands or program
constructs on Name and run it by pressing Return. Although not a very convenient way to
enter macros, it can be very useful for quickly trying out a macro construction. Used this
way, Name is essentialy like the command linein VNMR.

Every time Return is pressed, the macro isrun; it is not erased from the Name field.

Record

Record On/Off controls the automatic recording of macros. Record On records every user
action (currently supported by a corresponding macro command) in the scrolling text
window of the Macro panel. Therecording isin aform that, when replayed, duplicates user
actions. Macro commands can also be directly typed into the script.

Press the right mouse button in the scrolling window to display TextEdit options.

New user actions are always inserted at the current cursor position. Remember to move the
cursor to the end of the text — below the last line — after doing any manual editing.

Before running the macro script created in the scrolling window, store it in your macr o
directory. To store the script, display the menu in the scrolling text window and select File/
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SaveAs. Thedefault save directory isthe directory from which Image Browser was started,
so manually create the directory $BROASERDI R/ macr o before entering the file name.
Once the script has been saved, run the macro by typing its name in the Name field, then
press Return. (Of course, the macro can aso be run from other macros just by using its
name.)

List

The List button loads macro text specified in the Namefield into the scrolling text window,
obliterating any existing text. If the named macro does not exist, List does hothing; thereis
no error or warning message. If macro recording is on, make sure that the cursor isin the
desired location after running List.

Execute

The Execute button is equivalent to pressing Return on the Name line. Note that the
contents of the Name line, not the contents of the scrolling window, are executed.

Macro Capabilities

Parameters, operators and reserved words, and VNMR and I mage Browser commands can
be run as macros.

Parameters

Parameters are supported the same asin VNMR, as are multiple parameter trees and
parameter groups. However, Image Browser makes no distinction between different trees
and groups.

Operators and Reserved Words

Image Browser MAGICAL Il has the same reserved words and operators asVNMR
MAGICAL I, aslisted in the manual VNMR User Programming, except that the two
special operatorst ypeof andsi ze are not operational.

Built-in Commands

Most VNMR commands are inappropriate for Image Browser and are unavailable; many of
these commands acquire and analyze NMR data. A small number of VNMR commandsare
of amore general nature.

The following VNMR commands are also available in Image Browser. Each command is
used exactly the same asin VNMR; seethef or mat listing regarding an extension.

Command Action

create Create new parameter in a parameter tree.

destroy Destroy a parameter.

dest roygroup Destroy parameters of agroup in atree.

echo Output from echo appearsin Info Messages window and is

searched for relative to SBROWSERDIR/roi directory.
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Command Action

f or mat Similar toVNMR f or mat command, but with the following
extension: f or mat ( nunber, | engt h, preci si on)
interprets a string length with aleading “0” to mean pad the
output string to specified length with leading zeros, e.g,
format (17,' 05',0): str setsstr="00017"
format (17,5,0):str setsstr="17".

gr oupcopy Copy parameters of a group from one tree to another.

I ength Determine length of a string.

rm Deletefile.

string Create a string variable.

shel | Similar to VNMR shel | command, but at |east one
argument is required. Cannot be used to open an interactive
shell window.

substr Select a substring from a string.

Image Browser Commands Not In VNMR

The following Image Browser commands, by type, are not in VNMR.

General Commands
t ool

Shows the Tools panel.

ROI Commands

roi _bind('on',"off")
Turns on/off ROI binding.
roi _delete

Deletes all selected ROIs.
roi _load(file)

Loadsan ROI stored in anamed fileinto all selected Gframes. If f i | e does not begin with
a/ , itissearched relative to the $BROASERDI R/ r oi directory.

roi _save(file)

Saves all selected ROIsinanamedfile. If f i | e doesnot beginwitha/ , itispresumed to
be relative to the $BROASERDI R/ r oi directory.

zoom factor

Sets the factor by which zooming keyboard accel erators enlarge or reduce an image (see
page 79).

Frame Commands

frame_split(nrows, ncols)

Splits all selected Gframesinto number of rows and number of columns.

frame_del ete(' selected' |'unselected' |'empty'|"all")

Deletes Gframes of a specified type.
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frame_cl ear('selected |'unselected |"all")
Clears (remove images from) Gframes of a specified type.
frame_select('all'|'none' |ng,m...>)

Selects or deselects all Gframes, or selects specific Gframes by number. For example,
frame_sel ect ( none', 1, 2, 3) selectsonly frames 1, 2, and 3.

frame_| oad(file)
Loads Gframesinf i | e into the graphics region.
frame_save(file|fullpath)

Saves selected Gframesinf i | e into the graphicsregion. If afile does not beginwith/ | it
istaken to be relative to the $BRONSERDI R/ gf r ane directory.

Display and Intensity Commands

di splay_vs_bind('on'|"'off")
Turns on/off V-scale “binding” property.
di spl ay_vs(max)

Rescalesimagesin all selected Gframes so that the data value max is at the top of the
intensity scale.

di spl ay_vs(x, y<, nframe>)

Rescales images. If nf r ame isnot given, this command rescalesimagesin al selected
Gframes asif you clicked the V-scale tool at the data coordinate (x, y) in the image. If
nf r ame is given, this command rescales only the image in the Gframe number nf r ane.

di spl ay_contrast
Shows Gamma Correction tool.
di spl ay_contrast (sl ope)

Sets display contrast to a specified slope with 50% gray in center of colormap ramp.
sl ope=1 corresponds to the default.

di splay_contrast(mn_intensity, max_intensity)

Sets display contrast to alinear ramp with minimum and maximum intensities specified.
Black is0 and whiteis 1.

di splay_contrast(m n_intensity, max_i ntensity, gamm)

Sets display contrast for gamma correction and linearity intensities steps with minimum
and maximum intensities specified. Black is0 and whiteis 1. gama isthe exponent in the
relation | = kv".

di splay_contrast(m n_intensity, max_i ntensity, ganma, cont rast)

Same as previous command; cont r ast istheratio of maximum to minimum intensity
displayable by amonitor.

di spl ay_saturation('on'|"'off")
Turns on or off “Show Saturation” choice in Gamma Correction window.
Option Commands

menory_war ni ng_t hreshol d(1 evel)

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 101



Chapter 4. Image Browser

102

Sets a percentage threshold level for memory warnings. If morethan| evel percent of
system memory isin use, warnings might be generated when datais loaded. The default is
80%.

Data File Commands
dat a_header _set (' parnane',' conmand')

Creates and sets new “float” type header variables in images already loaded into Image
Browser. These values are NOT put into the image files on disk UNLESS you save the
modified images.

This command creates the header parameter par namne (if it does not exist) in all selected
images, then sends the command line conmrand to the UNIX shell. The standard input of
conmand isalist of names of the selected images (in the order that the images were
selected). The output should be alist of humbers, which are the values to assign to

par nane in the headers.

For example, if afilecalled dat a inthe current directory contained alist of three numbers
separated by spaces, tabs, or new lines, the following commands select frames 1, 2, and 3
and set the header parameter nmy par min the three images to the respective values of the
three numbersin the dat a file:

frame_sel ect (' none', 1,2,3)

dat a_header _set ('nyparm,'cat data')

data_| oad
Shows the File Browser window in Load Data mode.
data | ocad(file)

Loadsanimageinf i | e intothe next availableframe. If f i | e doesnot beginwith/ ,itis
taken to be relative to the current directory shown in the File Browser: Data window

(see Figure 45). Loading an image with this command from a different directory does not
change the current directory.

data load_all <(dir)>

Loads all imagesin adirectory. If you specify adirectory from which dataisto be loaded,
it must be afull path. If you do not specify adirectory, this command loads an image from
the current directory as shown in the File Browser: Data window.

data_save(file)

Saves data in selected frame(s) in the named file. If more than one frame is selected, the
name must include awildcard character (see “ Storing Images,” page 106). If fi | e does
not begin with / , it istaken to be relative to the directory shown in the File Browser:Data
window.

3D Data Commands

vol extract (<'xy'|'yz'|'xz'> first_slice [,last_slice
<,incr>])

Extracts one orientation of planes as selected by 'xy' (thedefault),' yz', or'xz' .
Operates on the 3D data set to which the dlice extractor is pointing (if you just loaded a3D
data set, it isthat one). Specifyingonly fi rst sl i ce extracts only that plane number.
Specifyingl ast _sl i ce extractsplanesfromfirst _slicetolast_slice.incr
(the increment number between successive slices) must be positive if used.

vol _mp (<'xy'|'yz'|'xz'> first_slice[,last_slice <,incr>])
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Constructs an image, which is the pixel-by-pixel maximum of al the slices that
vol _ext ract would have extracted. Arguments are the sameasvol _extract.

Processing Commands

i nfo_save (' fil epath') savesthecontentsof the Info Messageswindow to thefile
"filepath'.Iffil epath isnotanabsolute path, the contentsare saved in the current
directory in the File Browser Info Messageswindow. f i | epat h also erases the current
info window contents.

Sets the number of bins used for histogram in the Statistics panel to n.
mat h(' expr')

Executes the expression 'expr ' in the same way asif it had been typed into the Image
Math panel.

stat _bins(n)

Sets the number of bins used for histogram in the Statistics panel to n.
stat _print

Prints current statistics to the Info Messages window.

stat_print('filepath') orstat_print('filepath','w ) writesthe
statistics directly to thefile rather than to the Info Messages window. The format issimilar
to format used in the window except that the printed file is not truncated. This command
deletesany previous contents of thefile. If f i | epat h isnot an absol ute path, the contents
of the Info M essageswindow are saved in the directory that was open when Image Browser
was started.

stat_print('filepath','a') issmilartostat _print('filepath')
except that output is appended to the previous file contents.

stat _updat e

Updates statistics in the Statistics panel.
stat_xcoord('roi'|'z'|"area'|'volunme'|'integrated' |' nean'|
"median'|'mn' |'max'|'sdv'|"' $user')

Sets the x-coordinate of statistics display for multiple ROIs.
stat_ycoord('area'|'volune'|'integrated' |'nmean'|' nedian'|
"mn' | max'|"'sdv')

Sets the y-coordinate of statistics display for multiple ROIs.
rotate('90'|"'180"|'270"| "flip'|"flip0' |"'flip45"|
"flip90'|'flipl35")

Rotates (or reflects) images in selected Gframes. The first three arguments rotate an image
counterclockwise by specified amount in degrees. f | i p number arguments reflect an
image through an axis perpendicular to a specified direction. A number specifies the
direction of the corresponding double-headed arrow in the Rotation panel. The argument
'flip' isequivaentto'f|i p0'.

Startup Macro

When Image Browser isfirst started, the macro st ar t up is executed. This macro allows
customizing some aspects of Image Browser’s operation.
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This section describes file input and output, and the error and information displays.

File Browser
TheFile Browser isastandard interface used for storing and retrieving files. It isused when
saving files and when retrieving imagefiles.

The Gframe, ROI, and Filter interfaces use the File Browser for saving files, but they do not
useit for retrieving files, because the Load interfaces are built for quick access and always
assume a specified directory. For more information about the particular directory for these
interfaces, see “ Getting Started,” page 68.

Figure 45 isan example of aFile

Browser window for loading images. ~ | File Browser: Data |
The basic File Browser window is the Load File From : Load |
same for most operations. Load All )
ms060.fdf,
Thetitle of the window (in this case, —.chrisp/sw/ib/DATADIRS/HEARTDATA
File Browser: Data) describes the use =
of the current File Browser window. In q o
the case of |oading movie images, the B ngggﬁ:
titleisMovie Frame Loader; for ROIs, ms040.fdf
itisFile Browser: ROI. Whenfilesare [ ms060.fdf
saved, Load is replaced by Save. Load ms080.fdf
All does not change becausethereisno T TR
. ms120.fdf
corresponding Save All command. T
The File Browser window displaysthe
currently selected file on the top line.
Below that fileisthe current directory. —
The number of filesin the directory is 9 files.
listed at thebottom. Thereisascrolling
window that contains the names of all

thefilesinthedirectory. Subdirectories Figure45. File Browser for Loading Images
areindicated with a*“/” at the end of

their name. To select anamein the
scrolling list, position the cursor over the desired name and click the left mouse button.

Changing Directories

To change directories, use the left mouse button to double click on the directory name.
Select the name so it appearsin thetop line, then pressthe Return key. Changing directories
can also be accomplished by entering the name directly in the top line and pressing Return.
The UNIX prefix “~" works in File Browser. The “../” entry moves you to the parent
directory.

Loading Files

Select the Load pulldown menu item from the File command panel item to open aFile
Browser window for loading files. To load afileinto Image Browser, select the desired file
and click on the Load button. Files are loaded into the next avail able graphics frame. To
select a particular frame to load an image into, that frame should be selected immediately
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before clicking the Load button. If there are no Gframes, asingle Gframeis created that fills
the entire graphics region and the image is loaded into it.

To load al thefilesin the current directory, click the Load All button.

Loading Images

Load FDF files by selecting the FDF file and clicking the Load button. For VNMR
phasefiles, the directory that contains the phasefile must be selected when the Load button
is clicked.

Loading 3D Images

Image Browser canload 3D data setsthat arein FDF format. These areidentified by having
a“rank” of 3 and a“spatial_rank” (or “subrank™) of “3dfov” specified in the header.

When a 3D data set isloaded
into Image Browser, the Slice
Extraction window shown in

= | S5lice Extraction |
Orientation First Last Incr

Figure 46 opens. Thiswindow | % @@ o /i) 63 || 1 o
has a File menu where the [ ez (o) o sifloo  sE o1 i
name of the current 3D dataset | yzisided g (e 0l e 27

is selected and displayed. To
extract dices, first make sure
that an appropriate Gframeis
selected to load into. Also,
make surethat the desired data Figure46. Slice Extraction Window
setisselected inthe File menu.

Then, inthe extractor window, check off the slice orientations desired and the range of dlice
numbers. The increment (Incr) may be set to some n greater than one to load only every
“nth” dlice. Press the Extract Slices button to actually load the selected dlices. If thereis
only one Gframe, it will be split into enough frames to hold al the slices.

Maximum Intensity Projections (MIPs) can al so be extracted by selecting the Extract MIPs
button in the Slice Extraction window. This option extracts up to three MIPs, one for each
orientation. A MIP diceis created by assigning each pixel inaMIP the highest intensity of
that pixel in any of the slices that would be extracted by the Extract Slices button.

Extract Slices ] Ewtract MIPs ] Unload .. )
File = | fusr25/chrisp/sw/ib/DATADIRS/3D/cube.fdf

To delete a data set from Image Browser memory, select the data set in the File menu and
press Unload (however, the file will not be deleted from the disk).

The separate program di sp3d can be used to look at a 3D data set more directly and
determine which slices are of interest. See the manual VNMR Command and Parameter
Reference for more information on di sp3d.

If the Slice Extraction tool has been closed, it can be opened again by selecting Slice
Extractor from the Tools button menu.

Saving Files

Sel ect the Save menu item from the File option on the control panel to open aFile Browser
for saving files.

To save an image, a graphics frame, aROI, or afilter to afile, make sure the desired item
is selected, then type or select an (existing) file name into the top line and click the Save
button. That item is saved in the current directory under the file name given.
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Storing Images

If more than one frame is selected, al the images are written out, and one of two possible
wildcards must be used in the file name. Wildcards permit the basic name to be specified,
while allowing the program to fill in aspecified field for each file. The* wildcard specifies
the“base” name of theimage, everything up to thefinal “.x” extension. For example, if the
imageisread fromthefilebee. knee0013. f df , specifying *. j pg puts the output in
thefilebee. knee0013. j pg. The# wildcard specifies the first numeric field in the
image'sfile name. In the previous example, specifying my_knee_# writesthe datato the
fileny_knee_0013.

It isalso possible to use the # wildcard if thereis no numeric field in theimage'sfile name
(i.e, nodigits). In such acase, thesave_ command automatically assigns index numbers
to the output images. This feature is especially useful for saving slices that have been
extracted from a 3D data set, because then all the dlices have the same name (the name of
the original data set). For example, if slices are extracted from the 3D data set

heart . f df , specifying either hear t #f df or *#. f df assignsthe slicesthe names
heart 0001. f df , hear t 0002. f df , etc.

By default, all data are stored in floating point FDF format. Other formats can be selected
from the File menu selection list.  Position the cursor on the File menu option, press the
right mouse button, and then select Output Format. The Output File Format window opens.
The basic format is selected by pressing the right mouse button on the Format Type field.
Besides FDF, Table 7 lists the other available formats.

The data type in the output file (“Integer” or “Float”) aswell asthe datasize (8, 16, or 32
bits) is purportedly set independently. However, ailmost all of the types support only 8-bit
integer data, and all except FITS and FDF are converted to 8-bit integers during the
dumping process.

For all integer formats, the datais scaled to match the currently displayed “Vertical Scale”
of theimage. That is, pixels that are saturated (set to the maximum value) in the current
display are set to the maximum integer value in the output file, and other pixels are scaled
proportionally. For scaling to properly work, the data type in the Output File Format
window must be set to integer; otherwise, the datais scaled to map the brightest pixel to the
maximum integer value. (This problem iscaused by theconver t routine when afloating
point FITSfile is converted to an integer format.)

The available formats are specified in the file SBROAMSERDI R/ fi | ef ormats. init.
Thisfileliststhe format names and specifies a shell command that convertsaFITSfileinto
that format. If anon-FDF format is selected, Image Browser dumpsthe datain the FITS
format, and then callsanother program to convert it to the requested format. All the supplied
formats usethe convert program from the ImageMagick display package; see
“ImageMagick Package,” page 107 to do the conversion. conver t aways producesan 8-
bit precision (maximum) output file, even if the format supports more bits and they are
present in the input.

To add new formats, obtain aprogram that convertsfrom the FITS format (or any supported
format) to the desired format; see the section “Flexible Image Transport System.” Then add
linestothe $BRONERDI R/ fi | ef or mat s. i ni t file, and specify the new name and the
conversion script. The following example entry produces JPEG files:

format JPEG conpressed format
scri pt convert -quality 85 fits:$1 jpeg: $2
dat a i nteger 8

Thelabel JPEGappearsin the popup menu of format types; the comment on the remainder
of theformat lineisignored. The conversion script is everything on the line after the script
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Table 7. FormatsAvailable in Image Browser

Format Description

AVS AVS X imagefile

BMP Microsoft Windows bitmap image file

EPS Adobe Encapsulated PostScript file

FAX Group 3 FAX

FITS Flexible Image Transport System

GIF Compuserve Graphics Interchange Format (version 89a)
GIF87 Compuserve Graphics Interchange Format (version 87a)
JPEG Compressed format from Joint Photographic Experts Group
MIFF Magick image file format

PCD Photo CD

PCX ZSoft IBM PC Paintbrush file

PDF Portable Document Format

PICT Apple Macintosh QuickDraw/PICT file

PGM Portable gray map

PNG Portable Network Graphics

PS Adobe PostScript file

pPS2 Adobe Level 2 PostScript file

SGI Irix RGB image file

SUN Sun Rasterfile

TGA Truevision Targaimagefile

TIFF Tagged Image File Format

VIFF Khoros Visualization imagefile

XBM X11 bitmap file

XPM X11 pixmap file

XWD X Window System window dump image file

label. Conversion scripts are currently limited to one line of, at most, 1000 characters.
Before the script is run, the symbol $1 is expanded into the name of a FITS format input
file containing the data. The output file nameis represented by $2. In this case the script
includesa*“ quality” flag that controls the amount of data compression to be done. The data
line specifies the type and size of data that JPEG supports, but it is currently ignored.

One limitation of dumping filesin anon-FDF format isthat the aspect ratio of theimageis
not preserved. Image Browser dumps out the actual data, rather than an image of it. Most
image formats assume that the individual pixels are square and do not have x and y scaling
information in their headers. The FITS format does have such information in its header and
itisfilled in appropriately by Image Browser, but conver t ignoresit, and most viewers
ignore it when they display the FITSfile.

ImageMagick Package

The ImageMagick package is free by anonymous FTP from various Internet sites such as
ftp.x.orginthedirectory contri b/ appli cati ons/ | mageMagi ck. Also, see
www. Wi zar ds. dupont . comfor precompiled binaries.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 107



Chapter 4. Image Browser

Flexible Image Transport System

The Fexible Image Transport System (FITS) file format specification is available by
anonymous FTPfromfits. cv. nrao. edu inthedirectory fi t s/ docunment s/

st andar ds. FITS was selected as the standard format because it is a true data format
rather than just an image format. It supports integer and floating point data and has header
entriesto specify the original image scale and aspect ratio. Moreinformation is available at
www. gsf c. nasa. gov/astro/fits/fits_home. htm .

Redisplaying Graphics Frames
The Refresh option on the control panel refreshes and redisplays all graphics frames.

Displaying Error and Info Messages

The Messages pulldown menu on the control panel contains the options Error M essages
and Info Messages.

Error Messages

The Error Messages option opens an Error Messages text window. Thiswindow is
scrollable so that all previous error messages can be viewed. If there is an error, the Error
M essage window automatically opens on the screen. The window can stay on the screen or
be closed. Error messages can be saved into afile or all messages can be deleted.

Info Messages

The Info Messages option opens an Info Messages text window. Thiswindow is scrollable
so that all previousinfo messages can be viewed. The Info Messages window is for output
of information from a particular task, such as statistics. The window automatically opens

when statistics or other information is output to it. The desired information can be then be
selected and output to afile, and the messages can be deleted. The window can be closed

or moved to a different location.

Reading VNMR Image Files

The VNMR datathat can be read are not files but directories, which must contain a
phasefil e andapr ocpar file. Currently, the directories are either the current
experiment directory or the directories saved with the command svdat . Toread aVNMR
image, use File Browser to select the directory that containsthe phasef i | e file and the
parameter file, then select the Load button in File Browser. To read experiment images, the
expl, exp2, ..., or exp9 directory must be selected.

Working with FDF Files

The Flexible Data Format (FDF) file consists of a header and data:

» The header isan ASCII header, and its fields are defined by a DDL (Data Definition
Language). Having aASCII header makes it easy to decipher the image content and
add new fields. Also, the format of the header is the same asthe ASCII format of the
procpar file.

* Thedataportion isbinary data described by the header fields. It is separated from the
header by anull character.
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For adefinition of al thefields, seethe section FDF File Specification in the manual VNMR
User Programming.

Creating FDF files

FDFfiles can be generated by VNMR from FID files produced by standard SISCO imaging
sequences using thesvi b or svsi s macro. svsi s can be modified for special user-
defined sequences. If standard SISCO parameters have been used, the modification can be
as simple as adding a line to define the sequence. Thesvi b and svsi s macros are
described in the manual VNMR Command and Parameter Reference. For 3D images, the
f t 3d macro can produce FDF files.

Another way to create FDF filesisto edit or create a header defining a set of data with no
headers and attach it to the datafile using f df gl uer , which has the syntax:

fdf gl uer header file <data_file <output file>>

ThisUNIX executabletakesaheader fil eandadat a_fi | e andjoinsthemtoform
an FDF file. It also calculates a checksum and inserts it into the header. If thereis no
data_fil eargument, f df gl uer assumesthedataisinput from the standard input, and
if thereisnoout put _fil e, it putsthe FDF file to the standard output.

Splitting FDF files

The UNIX command f df spl i t takesan FDF file and splitsit into its data and header
parts. Thesyntaxis fdf split fdf file data file header file.

The header can still have a checksum value in it, which should be removed.
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Sections in this chapter:
* 5.1 “Opening Image Browser Math,” this page
» 5.2 “Image Browser Math Expressions,” page 112
» 5.3"Image Browser Math Functions,” page 113
* 5.4“TheFit Program,” page 120
5.5 “Problems with Image Browser Math,” page 127

Image Browser Math is used in conjunction with the Math Tool described previously in
Chapter 4, “Image Browser,” Image Browser Math provides away to do more complex
processing than “image arithmetic,” but requires more processing overhead. Instead of
being limited to simple four-function operations, any function that can be expressed in the
C language can be specified.

Operationsin Image Browser Math are defined as either expressions or functions:

» Expressions are specified by typing any legal C expression into the Image Browser
Math Panel, using symbols such as#5 to specify images. The expression is applied to
each data pixel, and each output data pixel valueis afunction of the values of the
corresponding data pixelsin the input images. Operations can involve an arbitrary
number of input images, aswell asthe X andY coordinates of the data pixel withinthe
image.

» Functions are used for operations that cannot be specified in asingle expression. You
write a C subroutine that performs the desired operations.

5.1 Opening Image Browser Math

Image Browser Math works on either 2D or 3D data sets. For operations with expressions
the image operands must al be the same size. The following steps open the program:

1. Select thelmage Browser Math choice from the Process menu in the Image Browser
control panel. The Image Math window shown in Figure 47 is displayed.

r,,’ Image Math
(Execute
Expression v
= |
& i

Figure47. Image Browser Math Panel
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2. Typean expression or function into the scrolling window at the bottom of the panel.

You can use the Expression button to automatically enter a previously compiled
expression.

3. For either expressions or functions, you need to specify which images are to be
operated on. Images are specified by their graphic frame (Gframe) numbers, using
symbols such as#n, in which n isthe number of a Gframe containing an image.

To automatically enter Gframe numbers, do the following procedure;

a  Select the Image Browser Math process.
b. Click the mouse cursor inside a Gframe.

Thenumber of that frameisenteredin the Image Browser Math equation area
at the current cursor location. If the cursor is positioned just after a#, only the
Gframe number is entered, and any preexisting number is deleted; otherwise,
a# and the Gframe number are inserted.

5.2 Image Browser Math Expressions

Legal expressions arein theform of standard C expressions, with the image specifiers, #n,
treated like “float” type C variables in evaluating the expression. For example, the
following expression calculates the average of the imagesin Gframes 1, 2, and 3 and puts
the result in Gframe number 4:

#A=(#1+#2+#3) ] 3

After typing the expression, you must click on the Execute button to carry out the
operation. The expression is evaluated for each data pixel to calculate the output image.

Thefirst time an expression is entered and executed, it is edited and inserted into a

C program, which is then compiled and stored in the directory $BROASERDI R/ mat h/
expr essi ons/ bi n asadynamically loadable library. Thislibrary is then linked to the
running Image Browser program, and the input images are passed to the routine containing
the user’s new expression. This routine calcul ates the output image and then returns to the
main Image Browser, which loads it into the appropriate Gframe. Finally, the library is
unloaded. If the same expression is used a second time, possibly with different image
numbers, the compilation step is skipped in the above sequence, because the precompiled
program can be used.

Precompiled expressions are stored in $BROASERDI R/ mat h/ expr essi ons/ bi n. A
list of these programs is available in the Expression menu. Each choice isthe right side of
aprecompiled equation, with the Gframe numbers (but not the#s) and any spacesremoved.
When an expression is selected, it replaces whatever isin the window, prefaced with #=,
and the cursor is placed after thefirst #. The Tools panel isalso put into Math mode. To use
a precompiled expression, do the following steps:

1. Select the desired expression from the Expression menu.

2. Click onthe Gframewhere you want the result to appear. The number isinserted and
the cursor advances to the next #.

Click on source images until all the image numbers arefilled in.
4. Click on Execute.
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Variables Used in Image Browser Math Expressions

Certain variables can be used in an expression. Variablesi , j , and k respectively contain
the column, row, and plane of the current data pixel, as shown in this example:
#3 = abs(i-j)<30? #1 : #2

This expression copies a60 pixel wide diagonal band of image #1 into Gframe #3 and sets
the rest to image #2. An expression should not modify i ,j , or k.

Note that the C construct “ expression0? expressionl:expression2” isacompound
expression that returns the value of expressionl if expression0 is true (or nonzero) and the
value of expression2 otherwise.

The variables width, height, and depth contain the number of columns and rowsin the
image. For example, the following expression copiesimage #1 to Gframe #2, leaving a
6-pixel-wide border of zeros around the edge:

#2=i >5&&i <wi dt h- 6&&j >5&&j <hei ght - 6?#1: 0

An expression should not modify width, height, or depth.

Thesei , | , k—=width, height, and depth—variables appear to make it possible to construct a
synthetic image without any input image. However, some input imageis required in order
to establish image parameters such aswidth and height, aswell aseverything elsethat isin
the file header, for example:
#2=(#1, exp(- ((wi dth/ 2-i)*(wi dth/ 2-i)+(hei ght/2-j)*

(hei ght/2-j))/2500.0))

This expression creates a Gaussian spot in the middle of the image that is 100 data pixels
wide. The output image hasthe same shape and size asimage#1. Note that the denominator
2500iswritten in floating point (2500.0) so that the division does not give truncation errors
and that theexp() function gets afloat type argument, asit expects.

The C construct “var=(expressionl,expression?)” is used in the previous example.
Expressions in parentheses are evaluated |eft to right and only the value of the last
expression iskept. So, in this case, var is set equal to the value of expression2. In this
example, the value expressionl is only adummy to give the program information about the
image format, but it could affect the final value; for example, var =( x=2, x+3) setsvar
equal to 5 and x equal to 2.

Finally, there are variables available for temporary storage that are not preassigned any
values. Thevariablesx,y, z,andr [ O] throughr [ 99] areavailablefor you to store
floating point values. The variablesi i ,j j , kk, and n[ 0] through n[ 99] areinteger
variables. These variables can be used for efficiency, to avoid recalculating complicated
expressions, asin the following example:

##2=(#1, x=wi dth/2-i, y=height/2-j, exp(-(x*x+y*y)/2500))

Note that in this example, unlike the previous example, 2500 is written as an integer,
because temporary variablesx andy arefloatsthat force the division to be donein floating
point. Using temporary variables like this often makes expressions more readable.

5.3 Image Browser Math Functions

Sometimes you might need to perform an operation that cannot be put into asingle

C expression; such cases require user functions. An Image Browser Math function is
distinguished from an expression simply by whether thefirst field to the right of the equals
sign isthe name of an existing function. The following example shows how user function
f oo isactivated:
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#11 = foo ##1-8 "bar" 7

Here, the expression callsf 00; passesit images 1 through 8, the string bar , and the
number 7 asinput; and puts the output of f 0o in frame 11.

Image Browser Math Function specifications are not parsed as C expressions, so the syntax
format is not strictly defined. However, for the sake of consistency, and to be compatible
with future versions, use the style in the last example. Note that double quotation marks s
are required around every string argument to be passed.

Specifying Images in Functions

Image Browser Math Functions allow lists, or “vectors,” of images to be specified. The
following form is the most general form for specifying an image vector:
#(image_list)

i mage_|i st isalist of frame numbers separated by commas, and optionally including
ranges of frame numbers denoted by hyphens. For example, the statement
#11 = maxof #(1, 3, 8-10, 6)

returns the maximum of images 1, 3, 8, 9, 10, and 6.

The simple #3 notation, as used in Image Browser Math Expressions, specifies a vector
with one element, and is equivalent to #( 3) . If the vector only contains one range of
consecutive frame numbers, it can be abbreviated as##1- 10.

Beawarethat aconstruction like#1 #3 #8 #9 #10 #6 doesnot specify avector of images
but rather six vectors, each containing one image. Some programs, such as maxof , can
treat the two cases identically, but others, such asf i t discussed on page 120, do not.

Image Browser Math Functions can also produce more than one output image. In such
cases, the output images must be specified as an image vector:
##11- 12 = maxof ##1-10

Inthisexample, maxof writesthe maximum intensity imageto frame 11 and writesamap
of which image had the maximum intensity for each pixel in frame 12. Note that the
following construction produces only one output image; the#12 frame isignored:

#11 #12 = maxof ##1-10

In summary, a vector of images can be specified three ways:
» #1 gpecifies avector with one element.
e #1- 10 specifies avector with asingle range of image numbers.
e #(1-10, 21, 31) specifiesavector with an arbitrary list of images.

Defining an Image Browser Math Function

Defining the maxof function involves defining afunction called mat hf unc in afile
named maxof . c. (The processissimilar to defining auser pul se sequence by defining the
pul sesequence functionin afile named after the sequence.) Function files are kept in
the directory $BROASERDI R/ mat h/ f unct i ons/ sr c. Thefollowing procedureisan
example of how you would define the file maxof . ¢ inthat directory.

File Header

First, enter the following line at the beginning of thefile:
#i ncl ude header "inmagenath. h"
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i magemat h. h declaresthe global variables and functions needed to access the input and
output images (i magemnat h. h aso includes the most commonly needed standard UNIX
headers, including mat h. h).

mathfunc Definition

Next, define the mat hf unc function. mat hf unc first checksto seeif the input being
passedisvalid. If theinput isnot valid, mat hf unc returnsa FAL SE value to the caller (if
the function encounters no errors, mat hf unc should return TRUE). Be aware that
nbr _infilesandinput_sizes differ aregloba variablesdeclaredin

i magenat h. h and get set before the mat hf unc() subroutineis called.

Themaxof math function also callsthewant _out put () routineto ensurethat thereis
someplace to put the first output image; want _out put (n) returns TRUE if you have
asked for the nth output image.

Image Dimensions

If theinput images are all the same size (i nput _si zes_di f f er isFALSE), their
common dimensions arein the global variablesi ng_wi dt h, i ng_hei ght , and

i mg_dept h, and the product of thethree variablesisini ng_si ze. Some functions can
deal with input images of different sizes. In such cases, you must use the arrays
in_width[],in_height[],in_depth[],andin_size[].Thesearrays
determine the width, height, depth, and size for each individual image (unless otherwise
mentioned, all arrays start indexing from O, in typical C fashion).

Memory Allocation

Thecreate_out put _fil es() function alocates memory for al the requested
outputs, making them all the same sizeastheinput files. maxof limitsthe number of output
files to two, and gives files header characteristics like those of the first input image.

Pixel L ooping
The maxof function then loops over all the pixelsin the input images:
* i ng_si ze hasthe number of pixels per input image.

e nbr _i nfil es hasthe number of images.
Thenbr _i nfil es variable has the total number of imagesin al input image
vectors. To access individual image vectors, use the variablenbr _i nage_vecs,
which provides the number of image vectors, and thearray in_vec_I en[ ], which
provides the number of images in each vector.

e in_data[j][i] hasthei thpixel inthej th input image.
The maximum value in thei th pixel iswritten to the first output image, addressed as
out data[ 0] [i].If youweredefiningmat hf unc, you have already checked the
desired output number O at the beginning of the routine. At this stage, you must
determine if output number 1 isdesired. If it is desired, write the index of the image
with the maximum value in output image number one.

| N _DATA(I, |, k) referencesthe kth pixel of thej thimagein thei th vector.

Creating a New Function

Creating and compiling a new Image Browser Math Function is currently done manually.
To create a function, perform the following procedure:

1. Create afilethat definesthe function mat hf unc (e.g., nyf unc. c. Thisfile must
reside in the $BROASERDI R/ mat h/ f unct i ons/ sr ¢ directory.
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2. Edit themakemat hf unc fileto add nyf unc. c tothelist of sourcefiles. The
mek e macro variable USRSRCis alist of the source files for ssmple user programs,
those that only involve one source file. Add the new file to the list by typing the
following statement:

USRSRC = maxof.c nyfunc.c

If the list increases to more than a single line, continue on the next line by putting a
backslash (\ ) asthe last character on the line.

3. After editing the makemat hf unc file, enter the following command:
make depend

This command updates the list of filesthat the program depends on and changesthe
makemat hf unc file(awarningfi t. c i ncl udes userfit.c nore than

once! appears, whichisnormal.). Enter make depend only after you change
#i ncl ude directivesin afile or changethe makef i | e itself.

4. Enter make nyf unc to compilethe myf unc routine.

Variables, Macros, and Functions Available to User Functions

This section lists global variables, macros, and functions for usein mat hf unc routines.

Global Variables

Except where noted, global variables are initialized before mat hf unc iscalled.

int nbr_imge_vecs
int in_vec_len[]

int vecindx[]

int nbr_infiles
int input_sizes_differ

int ing_w dth,

i mg_hei ght,

i mg_depth,ing_size
int in_width[],
in_height[],
in_depth[],in_size[]
FDFptr in_object[]

float *in_data[]
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Number of image vectors passed to the user’s program.

Array of lengthnbr _i mage_vecs giving the number of
images in each input image vector.

Array of length nbr _i mage_vecs giving theindex in
thei n_obj ect[] andi n_dat a[] arraysof thefirst
member of each image vector. The rest of the members of
agiven vector sequentialy follow in those arrays.

Number of input imagesin all the image vectors put
together.

Set to TRUE if the input images are not all identical in
size. If theimages are all the same size, it is set to FALSE.

If al input images are identical in size, these arrays have
their dimensions. Thei ng_si ze isthetotal number of
data pixels.

If input images vary in size, use these arrays to get the
sizes of the individual images. The dimension of these
arraysisnbr _i nfil es.

Array of dimension nbr _i nfi | es containing pointers
to all the input image structures, and which can be treated
either asasingle array, containing every input imagein
every image vector, or as several arrays placed “ end-to-
end,” onefor each image vector. The starting index of each
vector inthewhole array isgiveninveci ndx[ ] .

Array of dimension nbr _i nfi | es containing pointers
to al the input data arrays, and which can be treated either
as asingle array, containing every input image in every
image vector, or as severa arrays placed “ end-to-end,” one
for each image vector. The starting index of each vector in
thewhole array isgiveninveci ndx[] .
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int pixel _indx Usedinthef it program to indicate which pixel is
currently being f i t . It can be referenced by the user’s
FUNCTION, JACOBIAN, or GUESS routines.

int nbr_strings Number of strings passed to the user’s function.

char *in_strings[] Array of dimension nbr _st ri ngs containing pointers
to all the strings passed to the user’s function.

int nbr_parans Number of numerical constants passed to the user’s

function. Inthef i t program, thisis modifiedinfit.c
so that it does not reflect any threshold value that might
have been passed.

float in_params[] Array of dimension nbr _st ri ngs containing al the
numerical values passed to the user’sfunction. Inthef i t
program, thisvariableismodifiedinf i t . ¢ sothat it does
not reflect any threshold value that might have been
passed.

int nbr_outfiles Number of output files that caller has requested from user
function. Inthef i t program, this variable can be
adjusted downward if more output files are requested than
fit knowshow to supply.

int out_wdth[], Arrays of dimensionnbr _out fi | es that havethe size

out _height[], of each output image. These arrays areinitialized to match

out _depth[], out_size[] the size of the last input image, but you can adjust them
before callingcr eat e_out put _fil es().

FDFptr out _object[] Array of dimensionnbr _out fi | es containing pointers
to all of the output image structures. It isinitialized by
create_output _files().

float *out_data[] Array of dimensionnbr _out fi | es containing pointers
to all of the output image data arrays. It isinitialized by
create_output _files().

Macros

I N_DATA(vec, i ng, pi xel ) References pixel number pi xel inimagenumberi g in
input image vector number vec.

TRI _ELEM matri x,row,col) (Infit routinesonly). If mat ri x storesthe lower
triangle of a symmetric matrix, references the matrix
element in row r owand column col . Requiresr ow >=
col .

Functions

FDFptr cl one_ddl Makes an identical copy of the image structure
ol d_ddl . If dat af | ag isFALSE, only the header
values are copied, otherwise the data are also copied.
Example:
FDFptr cl one_ddl (FDFptr ol d_ddl, int
dat af | ag)

FDFptr create_ddl Creates an image data structure of the given width, height,
and depth, and returns a pointer to the structure. Example:
FDFptr create_ddl (int width, \
i nt height,int depth)
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int create_output _files

voi d *get mem

i nt want _out put

get _header _int

get _header _doubl e

get _header _string
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Createsup ton output f i | es (actually, just data
structures in memory). File sizes are given by
out_width[],out_height[],out _depth[]
arrays. Thisfunction loadsout _obj ect [] and

out _dat a[ ] with pointers to the data structures and
data arrays, respectively. Example:

int create_output_files (int n, FDFptr
cl oner)

Equivalent to system mal | oc() function, except that
any memory allocated thisway is freed when the user
function is done. Example:

voi d *getmem (size_t size)

CAUTION: Do not usefree() torelease memory
allocated by get nen() .

Returns TRUE if output image number n is requested. If
three images are specified for output in the Image
Browser Math command line, want _out put ( n)
returns TRUE if 0<=n<=2; otherwise, this function
returns FALSE. Example:
int want_out put (i nt n)
Gets the value of an integer-type header variable. The
variable name isread from the image referred to by
handl e. Thevalue of the variable is put into the integer
pointed to by pval ue. Returnsalogically true (nonzero)
value on success, and alogically false (zero) value on
failure. Example:
int get_header _int(handle, \

name, pval ue)
FDFptr *handl e;
char *nane;
int *pval ue;

Gets the value of an double-type header variable. The
variable nane isread from the image referred to by
handl e. Thevalue of thevariableis put into the location
pointed to by pval ue. Returnsalogicaly true (nonzero)
value on success, and alogically false (zero) value on
failure. Example:
i nt get _header _doubl e(handl e, \

nane, pval ue)
FDFptr *handl e;
char *nane;
doubl e *pval ue;

Gets the value of an character-array-type header variable.
The variable nane isread from the image referred to by
handl e. A pointer to the character string is put into the
location pointed to by pst ri ng. Returnsalogically true
(nonzero) value on success, and alogically false (zero)
value on failure. Example:
int get_header_string(handle, \

name, pstring)
FDFpt r *handl e;
char *nane;
char **pstring;
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get _header _array_

get _header _array_

get _header _array_

get _i mage_wi dth

get _i mage_hei ght

get _i nage_depth

get _object_width
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doubl e
string
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Gets the value of one element of an integer-array type
header variable. Thei ndex member of the variable
nane isread from theimagereferred to by handl e. The
value of the element is put into the location pointed to by
pval ue. Returnsalogically true (nonzero) value on
success, and alogically false (zero) value on failure.
Example:
int get_header _array_int \
(handl e, nane, i ndex, pval ue)
FDFptr *handl e;
char *nane;
int index;
int *pval ue;
Gets the value of one element of a header variable that is
an array of doubles. Thei ndex member of the variable
nane isread from theimagereferred to by handl e. The
value of the element is put into the location pointed to by
pval ue. Returns alogically true (nonzero) value on
success, and alogically false (zero) value on failure.
Example:
int get_header _array_double \

(handl e, nan®, i ndex, pval ue) FDFptr
*handl e;
char *nane;
int index;
doubl e *pval ue;
Gets the value of one string from a header variable that is
an array of strings. Thei ndex string from the variable
name isread from the image referred to by handl e. A
pointer to the character string is put into the location
pointed to by pst ri ng. Returnsalogicaly true
(nonzero) value on success, and alogically false (zero)
value on failure. Example:
int get_header_array_string \

(handl e, nan®, i ndex, pval ue)
FDFpt r *handl e;
char *nane;
int index;
char **pstring;
Returns the number of pixelsin the fast image dimension.
Example:
int get_image_w dt h( handl e)
FDFptr *handl e;
Returns the number of pixelsin the mediumimage
dimension. Example:
i nt get_inmage_hei ght (handl e)
FDFptr *handl e;
Returns the number of pixelsin the slow image
dimension. Example:
int get_image_dept h( handl e)
FDFpt r *handl e;
Returns the width of the region imaged, in centimeters.
Example:
doubl e get _obj ect _wi dt h( handl e)
FDFpt r *handl e;
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get _obj ect _hei ght Returnsthe height, in cm, of the region imaged. Example:
doubl e get _obj ect _hei ght (handl e)
FDFptr *handl e;

get _obj ect _depth Returns the depth of the region imaged, in centimeters.
Example:
doubl e get _obj ect _dept h(handl e)
FDFptr *handl e;

get _dll _data Returns a pointer to the array of floats that represent the
image. Example:
float *get_ddl _data(handl e)
FDFptr *handl e;

5.4 The Fit Program

Thef it program isprovided as a general-purpose routine to fit a function to a series of
images. Output is one or more images that give the parameter value as a function of pixel
location. You can also add new functional forms to befit, as described in “Adding New
Functional Forms,” page 122.

For example, torunthef i t program ontl data, type the following statement in the Image
Browser Math window:

##11-17 = fit ##1-8 "t1" "ti" .01

Look at thefirst two fields:

o ##11- 17 specifies the number of output images, in this case, seven. These images
contain, respectively, the three parameters of the fits, the RM S residuals, and the
formal sigmas of the parameters. You can save on calculation time by asking for fewer
output images. In this example, images that you do not ask for are not calculated. In
practice, residualstake negligible timeto calcul ate, and parameter sigmasincrease the
calculation time by less than afactor of two.

» Thefirst field to the right of the equal sign (=), inthiscase, fi t , isthe name of the
programto run. Sincef i t existsin $BROASERDI R/ mat h/ f unct i ons/ bi n,
Image Browser does not try to parse the name as an Image Browser Math Expression.

Theremaining fields are passed to thef i t program:
o ##1- 8 isthelist of input images.

« t 1isthetype of fit required. (t 1 does not need to be thefirst string parameter. Rather,
the first string that names a known fit type is taken as the fit type specification.)

* ti istheindependent variable of thefit, whose valueisfound in the header of theinput
images. Often, the desired independent variable values are put in the header when the
image files are created (with svi b), because any arrayed parameters will have their
values put in. Otherwise, new header values can be set withthedat a_header _set
command described on page 102. If the header parameter name happensto bethe same
asthefit type, enter the same string twice.

» Parameter . 01 isthethreshold value. Pixels that have valuesin all the images with
absolute value less than the threshold return zeroes in the output images. The default
isO.

Other string arguments can be entered on the command line:

e Thestring qui ck can be used to force nonlinear fits to bypass the iterative fitting
procedure and use theinitial guess for the parameter values as the final result.
Depending on the accuracy of theinitial guessfunction, thisresult might be useless, or
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nearly as good as the results of the nonlinear fitting procedure. qui ck isaso useful
for checking the accuracy of a guessing function.

Thestring noder i v directs the nonlinear fitting routine not to use derivatives of the
fitting function with respect to the parameters that might be provided. In this case, the
fitting routines will estimate derivatives numerically from finite differences. This
option is mainly useful for testing.

Thestringspr ev or nopr ev areused to forcethe USE_PREVI OUS_PARANMETERS
flag on or off. Be aware that pr ev breakstheabst 1 and absqt 1 routines, because
their guess routines modify the datapr ev.

Types of Fits

Asshown in the Table 8, the types of fitsavailablearet 1, qt 1, abst 1, absqt 1,t 2,
adc, and shanes2:

Table 8. Fit Types

Fit Parameters
Name Functional Form PO P1 P2
tl y=(MDO0)-M,) *exp(-t/T1)+M, T1 M(0) Mo
qt1l y=A*(1-2*Qrexp(-t/T1)) T1 A Q
abst 1 y=| (M 0)-M,) *exp(-t/T1)+M)] Tl M(0) Mo
absqt 1 y=| A*(1-2*Qexp(-t/T1))| T1 A Q
t2 y=M 0) *exp(-t/T2) T2 M(0)
adc y=M,* exp( - b* ADC) ADC Mg

shames2  y=BV*SBV,*exp(-t*al pha) +PS* SBV,* BV PS
(1-exp(-t*al pha))/ (al pha*(1-hct))

t 1 and gt 1 are alternative formulations for three parameter fits to T, data.

abst 1 and absqt 1 are aternative formulations for three parameter fits to absolute
value T, data

t 2 isastandard two-parameter fit to T, data.

adc isatwo-parameter fit to diffusion weighted images. The fitted parameters are the
Apparent Diffusion Coefficient and the reference level.

shanes?2 isatwo-parameter fit for image enhancement by a contrast agent asa
function of time. The fitted parameters are for blood volume and permeability. There
are three “fixed parameters’ that can be set from the command line: al pha, SBVO,
and hct . The following command is an example:
#11=fit ##1-8 "shames2" "x" 0.01 0.136 0.13 0.37
Inthiscommand line, thefirst constant (0. 01) isinterpreted asthethreshold level; any
pixels with an absolute intensity less than this value are not fit, but given zero values
in the output images. Thisfirst constant is read by the basic fitting routine; any further
constants can be read by the user function.
The next example sets the following parameter values:

al pha=0. 136

SBV0=0. 13
hct =0. 37

These parameters are also the default values.
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You can also pass additional images on the command line. The first “extra’ imageis
used as a baseline reference; its pixel valueis subtracted from all the normal input
images. The following command is an example.

#11=fit ##1-8 #9 "shanes2" "x"

Here, thefit routine uses#9 asthereferenceimage. Up to three more additional images
can be specified to set pixel dependent valuesof al pha, SBVO, and hct ; thesevalues
override any “constant” values specified on the command line, such as:

#11=fit ##1-8 #9 #10 "shames2" "x"

Now, thefit routine setsal pha differently for each pixel, according to the value in
image #10. Thefit routine also uses #9 for a baseline.

User variables are defined in the second section of afitting file as“ static” (local to the
current file). However, on compilation, all your xf i t . ¢ filesare combined withfit. c
into one file, so names should be unique among all fitting functions.

Adding New Functional Forms

Additional functional forms can be handled by supplying a C language file that defines the
function and how to fit it. Take the following steps to add new fitting functions:

1. Createafileof C source code containing your fitting function. Theformat of thisfile
isdescribed in detail in “Function Definition Files” page 122.

2. Editthefileuserfit. c toincludeyour new file.

3. Enter make depend toupdate makef i | e to recognize your new file.

The command make depend changesthe nakemat hf unc file (awarning
fit.c includes userfit.c nore than once! appears, whichis
normal). Enter reke depend whenever you change#i ncl ude directivesinafile
or changethe makef i | e itself.

4. Entermake fit to create the new version of the fit program.

You do not need to exit Image Browser to define new functions. Whenever you click onthe
Execute button in the Image Browser Math Panel, the current version of f i t isloaded and
executed.

Function Definition Files

By convention, your fitting files should be named xxxf i t . ¢, wherexxx isthetype of fit.
For example, thefilet 1f i t . ¢ isdivided into two sections with preprocessor directives:
i fdef FUNCSELECTI ON

first section

#el se

second section

#endi f

Thefirst section contains afragment of C code that selects the type of fit; several macros
are defined to make the job easier. (Macros are indicated by ALL CAPITAL letters.) The
following exampleistakenfromt 1fit. c:
| F_FI TCODE(“t1"){

N_PARAMETERS = 3;

FI T_TYPE NONLI NEAR;

FUNCTI ON = exp_functi on;

JACOBI AN = exp_j acobi an;

GUESS = exp_guess;
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PARFI X = t1 parfix;
return TRUE;
}

These macros are defined in the following table:

| F_FI TCODE Compares your “fit type” string to a given string, and executes the
following lines, enclosed by braces, { 1}, if the strings match. (Case
differences are ignored in the comparison.) The bracketed lines show
what needs to be done in case of a match.

N_PARAMETERS Set to the number of parametersin the fit. In this case, the number of
parametersis fixed, but it could depend on arguments on the Image
Browser Math line.

FI T_TYPE Set to one of the following values:

LINEAR isafunction in the following form:

y = C(x) + PO*fO(x) + P1*f1(x) + ...

where PO and P1 are the parameters to be estimated, and the constant C,
(which might depend on x) and the functionsf 0 and f 1 of the
independent variable x are the same for every pixel. LINEAR problems
are solved by calculating your “design matrix” (containing thef n( x) at
each x) and inverting it to get amatrix that transforms a vector of
observed (y- C) values into a vector of parameter values. Thus, matrix
inversion needs to be done only once, and the calculation for each pixel
simply involves subtracting the constant C from the observed y values
and doing a matrix multiply.

LINEAR_RECALC_OFFSET isthesameas LINEAR, except that C can
be afunction of pixel number. In

y = C(x) + PO*fO(x) + PL*f1(x) + ...

your FUNCTION is called with azero parameter vector for each pixel in
order to reevaluate C( x) .

LINEAR_RECALC isasothesameasLINEAR, but now both Cand the
f n functions can be afunction of pixel number. This means that you
must construct a new design matrix and invert it for each pixel.

NONLINEAR (the default) is used for functions that do not have any of
the previous forms. The most desirable functions might bein this

category.

FUNCTI ON Set to the name of the subroutine that cal culates the function values. The
specifications for this function are on page 124.

JACOBI AN Always optional and is useful only for NONLINEAR functions. It is set

to the name of the subroutine (supplied by you) that cal cul ates derivatives
of the function with respect to each parameter. If ayou do not provide a

routine, derivatives are estimated by the nonlinear fit routines. Providing
derivatives normally only dlightly speeds up fit routines.
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GUESS Used only for NONLINEAR functions. It is set to the name of aroutine
(supplied by you) that calculates an initial guessfor the parameter values.
Sometimes, fixed initial guesses might work for all sets of data. In such
cases, you can omit setting GUESS and instead specify default values
with the following command
set _default_paraneters(3, 0.0, 1.0, 0.0);
where the first argument, 3, is the number of following arguments; the
remaining arguments are the default values. You must provide at least as
many values asthere are parametersin thefit. If completely fixed guesses
do not work, but the same guess can be used for every pixel in theimage,
you can specify the command
GUESS = fixed_guess;
which alowstheinitial guessesto be passed on the command line. These
guesses would be n_par amet er s constants after the constant for the

threshold value.
USE_PREVI QUS_P  Used only for NONLINEAR functions. Setting to TRUE should speed up
ARANMETERS thefit if the routine uses a fixed guess or if the GUESS function islikely

to be very far off; for example:

USE_PREVI QUS_PARAMETERS = TRUE;

This command means that the first pixel isfit with the values from the
GUESS function or fixed guess values, but that subsequent pixels use the
parameters from the last successful fit for the guess. If the fitting routine
fails with these previous parameters, the GUESS function or fixed guess
values are used to try the fitting routine again. This option can speed up
the overal fit time by an order of magnitude if theinitial guessisnot very
accurate. For most data, if it is possible to find an initial guess that will
make the fit converge (even if it takes many iterations), aninitial guessis
amost as good as using an accurate guessing function.

PARFI X Set only if the parametersin the functional form specified in the
FUNCTION are different from what you want to be reported. This
method isusedint 1f i t . c, wherethefunctional form of thefitisy =
PO + P1 * exp(x * P2) butthe parameters reported are for the fit
ofy = P2 + (P1' - P2') * exp(-x/P0").Therefore,

t 1_par fi x calculatesthe estimated Pn' from the estimated Pn, and
also calculates new covariances. Writing apar f i x routine involves
extrawork, but the routine might be an advantage over having to specify
different functions for fits that are equivalent but use different
parameters.

return TRUE; Must be entered before the closing brace, } .

Additional information can beincluded beforether et ur n TRUE; statement, asshownin
afragment of theshamesfi t. c filein Figure 48. In thisfragment, FI T_TYPE ismade
to depend on the number of image vectors passed, and additional numerical parameterson
the command line (after the threshold value) are used to set values of variables used in
calculating the function. Note that the nbr _par ans variableis set to the number of
numerical values on the command line after the threshold value. User variables are defined
inthe second section as* static” (local to the current file). However, on compilation, all your
xfit. c filesarecombined withfi t . ¢ into onefile, so names should be unique among
all fitting functions.

The second sectioninan xxxf i t . ¢ file contains the user-supplied functions that are
mentioned in the first section. First, thereis FUNCTI ON, which calcul ates the values of
your fitting function. FUNCT| ONistheonly routine needed for any of the varieties of linear
fits. It calculates a vector of y values given a vector of x values and a vector of parameter
values. Figure 49 isan example. Notethat thenpar ans variableisnot used in thisroutine
because exp_f uncti on isonly used for three-parameter fits. If you were fitting an nth
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#i f def FUNCSELECTI ON
| F_FI TCODE( " shanes2") {
N_PARAMETERS = 2;
FUNCTI ON = shanes_functi on;
switch (nbr_i mage_vecs){

case 1:
FI T_TYPE = LI NEAR_FI XED;
br eak;
case 2:
FI T_TYPE = LI NEAR_RECALC OFFSET;
br eak;
defaul t:
FI T_TYPE = LI NEAR_RECALC;
br eak;
}
if (nbr_params > 0) al pha = in_parans[0];
if (nbr_params > 1) sbvO = in_parans[1];
if (nbr_params > 2) hct = in_parans[2];

return TRUE;

}
#el se /* not FUNCSELECTI ON */

/* Constants for Shames nodel */

static float al pha=0.136; /* Time Const for [CA-plasm] signal decay */
static float sbv0=0.13; /* Initial value of [CA-plasma] signal */
static float hct=0.37; /* Hematocrit */

Figure48. Fragment of shamesfit. c File

static void

exp_function(int npoints, /* Nbr of data points */
i nt nparans, /* Nbr of paraneters-NOT USED */
float *parans, /* nparans paraneter val ues */

int nvars, /* Nunmber of indep variabl es-NOT USED */
float *x, /* npoints*nvars val ues of indep vars */
float *y) /* Function val ues OQUT */
{ . .
int i;
for (i=0; i<npoints; i++){
y[i] = parans[0] + parans[1l] * exp(x[i] * parans[2]);
}
}

Figure49. FUNCTION Specifications

order polynomial, for example, npar ans would specify theorder. Similarly, nvar s isnot
used because exp_f unct i on only dealswith one independent variable.

JACOBI ANisthe second routine. Given vectors of parameter values and x values,
JACOBI AN calculates the partial derivative dy/ dp at each x value for each parameter.
Note that it returns what looks like the transpose of the Jacobian asit is usually defined.
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Thistransposition is the result of the underlying fitting routines, which are derived from
Fortran routines. Compared to C, Fortran stores arraysin transposed order. Figure 50 shows
the definition of a JACOBIAN routine.

static void
exp_j acobi an(i nt npoints, /* Nor of data points */
i nt npararns, /* Nor of paranmeters */
float *parans, /* nparans paraneter val ues */
int nvars, /* Number of indep variables */
float *x, /* npoints*nvars val ues of indep vars */
float **dydp) /* Derivative values QUT*/
{
int i;
for (i=0; i<npoints; i++)({
dydp[O][i] = 1;
dydp[1][i] = exp(x[i] * params[2]);
}dydp[Zl[i] dydp[1][i] * x[i] * params[1];

}

Figure50. JACOBIAN Definition

The third routine is the GUESS function, which is required for nonlinear fitsand is usually
the most difficult routine to define. Accurate first guesses will usually speed up the fit
considerably, aswell asensurethat it does not convergeto aspuriouslocal minimum. Since
the guess agorithm is idiosyncratic for each function, you determine how the function is
defined. The signature of the function is shown in Figure 51.

static int

exp_guess(int npoints, /* Nbr of data points */
i nt nparans, /* Nor of parameters-NOT USED */
float *parans, /* Paraneter val ues OUT */

int nvars, /* Number of independent vars-NOT USED */
float *x, /* npoints*nvars val ues of indep var */
float *y, /* npoints values of dependent variable */

float *resid, /* Quality of fit OUT--OPTI ONAL */
float *covar) /* Covariance matrix OUT--OPTI ONAL */

Figure51. GUESS Signature

For an example of atrivial guessfunction, seef i xed_guess inthefilef i t . c. Notethat
thereturned valuesr esi d and covar areoptional, which meansthat you must test these
pointersto verify that they are nonzero before trying to store values.

TRI_ELEM Macro

TheTRI_ELEM macroisprovided to easily reference any element of amatrix stored inthis
format. Thesyntax TRI _ELEM nat , r ow, col ) referencesthe element of the matrix at
the row and column. This macro requires that r ow be greater than or equal to col .
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The covariance matrix containsonly ( npar ans * (nparans+1))/ 2 values, rather
thannpar ans* npar ans. Only thelower triangle of this symmetric matrix isstored. The
storage order is:

d0,0), 41,0, 1,1, (2,0, A2,1), (2,2), (3,0),

PARFIX Routine

With PARFIX, estimated parameters can be combined to form estimates for other
parameters that were not explicitly fit. There are some potential pitfallsinvolving the
covariances between parameters. For exampl e, the estimate of the sum of two parametersis
E[pO + pl] = E[pO] + E[pil]

but, the estimated value of their product is
E[pO * pl] = E[pO] * E[pl] + Covar[pO0, pl]

Thisvalueisthedirect result of the covariance definition. Because cal culating the variance
of the newly synthesized parameters can be fairly complex, avoid using PARFIX routines.
Instead, directly write functionsin terms of the parameters you actually want to know.

5.5 Problems with Image Browser Math

You should be aware of the following Image Browser Math problems.

Run-time Errors

Image Browser has no automatic run-time validation of math operations, so you must check
data values, as shown in these examples:

#1=(#2==0) ?0: #1/ #2

#2=sqrt (fabs(#1))

#5=(#1<=1. Oe- 6) ?l og(1. Oe-6): | og(#1)

#5=| og(#1<1. Oe- 6?1. Oe- 6: #1)

If afunction that you create has bugs (such as using uninitialized pointers) that result in
memory violations, the entire Image Browser program is core dumped. Core dump files
result because, while your function is running, it is actually part of Image Browser.

CAUTION: Before performing possibly illegal operations, check data values.

It isalso possible to write Image Browser Math Expressions, like the following, that will
kill Image Browser:
#2 = #1 + *(float *)O

CAUTION: Be careful when programming and testing new user functions.

Run-time error messages can be found in the window from which Image Browser was
started and a core dump file can be in the directory from which it was started.

Compilation Errors

If anillegal expression isentered, Image Browser does not generate alegal C program and
the Error Messages window displays:
Mat h: Program did not conpile

Compiler errors are also written into the window from which Image Browser was started.
Unfortunately, these messages might be of limited use because the C program sourceis not
available for inspection.
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chapter 6. CS| Data Processing

Sections in this chapter:
e 6.1“Overview of CSl,” this page
* 6.2 “Getting Started,” page 133
* 6.3"“Tools"” page 147
* 6.4 “Processing Functions,” page 156
* 6.5"“Filesand Other Items,” page 167

CSl Data Processing isatool, based on the X Window System, designed for the easy
processing of chemical shift image (CSl) data. It uses mouse-oriented, point-and-click
methods to execute selection and processing regquests.

The CSl tool was designed to process CSl data to obtain metabolic maps, but other outputs
can be obtained: localized FID data, multivoxel spectra, individual spectrum, and pH maps.
Input to the CSl tool is expected to be 2D CSl or image (for reference images) datain the
Varian VNMR raw data (FID) format. CSl or image data can be imported and processed as
long as the data is formatted to the specifications of the Flexible Data Format (FDF).

6.1 Overview of CSI

This section describes the system requirements for operating the CSl tool, the CSI screen
layout, processing and graphics functions used by CSl, display controls, and data formats.

System Requirements

CSl operates on platforms with the following configuration:

* Sun SPARC computer * OpenWindows and higher
* 8-bit, 24-bit frame-buffer * Solaris 2.3 or higher

The minimum memory requirement is 12 MB; however, more that 16 MB isrecommended
to enhance performance. CSI does not take advantage of 24-hit color.

Swap spaceisalso afactor because CS| data sets can bevery large. Threetimesthe memory
sizein swap space is recommended.

Screen Layout

The overall layout of the CS| screenis shown in Figure 52.
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Figure52. Default Layout of Main CSlI Windows

Command Panel

The command panel contains command menus where specific operations can be invoked,
such as process data or display an image or another window.

Graphics Region

The graphicsregion occupiesthelargest portion of the screen, and can bedirectly interacted
with the mouse. All graphical drawings and images are shown inside the graphics region.
The region can have a number of graphics frames where CSl data, spectra, and images are
displayed.

Before data can be displayed, a graphics frame must be created somewhere in the graphic
region. Datais automatically resized to fill the graphics frame. CS| and image data keep
their aspect ratio. Besides displaying data, region of interest (ROI) tools and markers can
be created, lines can be drawn, and text written in the graphics frame.
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Message Area, Date and Time

Below the graphics region, informative messages are displayed on the bottom bar of the
window frame. Thisis the standard way of displaying messagesin the OPENLOOK user
interface. Error messages are displayed in a separate window. The date and time are
displayed in the lower-right corner.

Processing Functions

When using the CSl tool, it is best to think of it as a series of processing steps used to
process and manipulate CSI datato obtain multivoxel spectra(MV S) data, metabolic maps,
and pH maps (or frequency difference maps). Supporting these processing steps are
interactive tools, input/output tools, and viewing tools that make these steps easier.

Figure 53 showsthe data flow through the main processing functions. The circles represent
processing operations and the sguares represent data. Note that the data can be saved after
each operation and retrieved for the next operation. Also, note that phase and baseline
correction processing can be iterated.

Raw Metabolic
Data Maps

Curve

Spatial Spectral Phase & o
Reconstruction Reconstruction Baseline FI\I/Ittrlr?g &
Correction p

Generation

Localized MVS MVS

FID MVS (Corrected) Curvefit

Figure53. Processing Functions Data Flow

The datais saved in global buffers after each processing step. Data can aways be
redisplayed or reprocessed with an earlier step.At any time during these operations, a
reference image can be processed and displayed with the current localized FID, MV'S, or
MVS curvefit data overlaid.

Other processes not shown in the diagram can be performed. These processesinclude peak
arithmetic, pH maps, and frequency difference maps.

Spatial Performs a Fast Fourier Transform (FFT) on the input raw data to

Reconstruction obtain a set of localized FID voxels. This set can bein one or two
dimensions. Weighting functions and zero-filling can be applied to
the data. Voxel shifting can also be performed on the data.

Spectral Performs an FFT on the localized FIDs generated by spatial

Reconstruction reconstruction to obtain the multivoxel spectra(MVS) data.
Weighting functions can be applied to the data. zero-filling can be
applied before and after the data.

PhaseandBaseline  Perform phase and baseline correction on the spectra. Correction
Correction can be done manually or automatically on a spectrum-by-spectrum
basis or automatically on all the spectrain the MV S data.
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Metabolic Map Generates a metabolic map from the MV S data. The data must be
curve-fitted before metabolic maps can be generated. curve-fitting
can be done on alocal or global basis.

Image Allows reference images to be reconstructed from raw data.

Reconstruction

Image Calctool Does calculations using spectral peaks for generating metabolic
maps by using combinations of peaks and scalar values.

pH Map Calculates pH maps and frequency difference maps between
selected peaks in the spectra.

ROI Spectrum Extracts a series of spectra along a defined line or extracts an

averaged spectrum from inside a rectangular ROI.

Graphics Functions

Tools are provided to allow the creation and modification of varioustypes of abjectsin the
graphicsregion. CS| uses the same tools as ImageBrowser: Frame, Zooming, Vertical

Scaling and Contrast, ROI, and Text Annotation. However, CS| has some differences from
ImageBrowser: CSl only implements box and line ROIs, and has added graphics functions
to perform voxel selection of spectra, peak picking, curvefitting, and interactive filtering.

The ImageBrowser standard colormap uses an 8-bit frame buffer, which can show only 256
colorsor gray levels at atime on the screen. The default structureis as follows:

grayscae 64 levels miscellaneous 12 levels

CSl uses a colormap different from the standard colormap for overlaying metabolic maps
over areference image. Its structureis as follows:

Display Control

Use the Tools and the View command panel options to control the CS| display, including
images and spectra.

grayscde  64levels bluescale 27 levels

redscale 27 levels miscellaneous 12 levels

greenscale 27 levels
Variousimage display parameters can be manipul ated with some of the graphicstools. For

example, Vertical Scaling controls the intensity and contrast of the display, and the
Zooming tool allows magnification on individual spectra.

TheView submenusin CSI provide viewing of localized FID, MVS, curvefit data sets, and
generated maps overlaid on reference images. These viewing requests are useful because
all the datais kept in global buffers, but many times the display of the data has been
overwritten. These viewing requests allow the stored data to be reviewed.

Displaying and redisplaying overlaid images on CSI data setsis useful for drawing and
getting ROI information by using the reference image.

The Colormap option in the View menu allows up to three different metabolic maps (using
red, green, blueintensity scales overlaid on a grayscale reference image) to be displayed.

One of the optionsin the View menu is Properties, which allows some of the display
functions, including fixed or automatic scaling of spectra, to be customized.
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Data Formats

CSl supports two data formats:

* VNMRraw data (FID) — Format that enables reading raw CSI data for processing or
raw image data for image reconstruction.

» Flexible Data Format (FDF) — Format that CS| usesto output all data. CSl addsfields
to the original FDF specification. Localized FID, MV S, reference images, and
metabolic map data can also be read in this format.

The CSI product has utilities that allow FDF files to be created from other data files.

6.2 Getting Started

This section describes the process of verifying the correct user environment, starting CSl,
and performing some of the basic functions.

Setting the User Environment

CSl has been designed to run in an X Window System environment. This meansthat any X
terminal can be used asthe user interface aslong asit supports the 8-bit graphics. The host
system that actually runs CSI must be a Sun workstation with Solaris 2.3 or higher.

Host systems should have as much memory and swap space as possible. CS| data sets tend
to be very large and, after each processing step, the data set is saved in memory.

Environment Variable

The CSI DI Rvariable contains the directory path to the user’sinitialization directory. The
following command should beinyour . | ogi n file:

setenv CSIDIR $HOVE/ csi _initdir

If anew user is created with the makeuser script, thisvariable is automatically set.
CSI DI Rpoints at a user initialization directory.

Initialization Directory

Theinitialization directory in/ vnnr / user _t enpl at es containsfiles, bitmaps, frame
directory, ROI directory, and PEAK directory used for starting up, tuning, and running CSl.
This directory is copied into the user’s home directory when makeuser isrun. It can be
copiedinto any location within the user’sareaaslong asthe environment variable CSI DI R
is set to point to the new location. Within the initialization directory, al files ending with
the suffix . bmare bitmap files and must not be changed.

The initialization directory contains the following relevant files and directories:

col ormap.init Containsthe colormap definition. Colors for graphics frames
(Gframes) can be defined, as can ROIs and text annotation fonts.

Wi ndow. i ni t Contains the default positions for the main CS| window and
various subwindows.

csiparaminit Containsprocessing factorsand parametersfor tuning certain CSl
processing functions.
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gf rane Directory containing graphics frames layouts. The file with the
name def aul t isthe set of Gframes that are loaded at bootup.
Thisisthe directory where sets of Gframes can be saved. A
personal default set of Gframes can be created by overwriting the
current def aul t file.

roi Directory whereany created ROIsfor loading onto aset of images
can be saved.
PEAK Directory containing peak information files for peak picking and

curve-fitting using prior knowledge. Personal prior knowledge
files can be inserted here.

macr o Directory containing user macros and, in particular, the macro
st ar t up, which is executed when ImageBrowser starts.
st art up might load a set of Gframes and set various options,
such as the gamma correction settings.

Starting CSI

CSl is started with the command csi , which actually starts two processes. One process
runsthe CSl command panel andisnamed csi . Theother process controlseverything el se,
including the processing and graphics, and isnamed P_csi .

When CSl starts, it readsthecol or map. i ni t andwi ndow. i ni t filestoinitiaizethe
colormap and the window locations and sizes on the screen. It also executesst art up in
thefile $CSI DI R/ nacr o/ st art up.

Before manipulating frames and loading images, you need to know how the mouse buttons
and the command panel menus function, because CSl is a point-and-click based tool.

Using Mouse Buttons

Details about mouse buttons use can be found in the OpenWindows Veersion 2 User’s Guide.
In general, mouse button use can be summarized as follows:

Left button: SELECT
Inside the command panel, the left mouse button is used to invoke commands.

Inside the graphics region, the left button is used to select an object or to draw an ROI or to
annotatetext. Selecting an object desel ectsany previously selected objects. Objectsthat can
be selected include graphics frames, voxels, ROIs and markers, and text. The object
selected is chosen according to a priority hierarchy:

1. Ifthecursorisinsidean ROI, near alineor point ROI, or near text, the corresponding
object isselected. If thereismore than one qualifying object, only the most recently
created object is selected.

2. If the cursor isinside aframe boundary, the frame is selected.

The shape of the cursor changes when different graphics tools are selected, to identify
which operations the mouse is ready to perform.

MIDDLE button: ADJUST

The middle button of the mouse is not used inside the command panel.
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Inside the graphicsregions, the middle mouse button togglesthe state of an object, selecting
itif itisnot selected and deselecting it if itis.

RIGHT button: MENU

The right mouse button is used to open menus in the command panel.

Using FileBrowser

The FileBrowser tool for loading filesis the default choice when the command panel File
optionisselected. Theinitial FileBrowser directory isthe directory where CS| was started.
A fileor directory is selected when the nameis highlighted in the scrolling list or when the
name appears on the top line of the FileBrowser.

To change directories, either double click on adirectory selection or click on aselection to
put the directory name onto the top line and then press the Return key. The full directory
name also can be typed, followed by pressing Return. The ~ identifier operatesthe same as
thein the C Shell.

CSl loads VNMR data files differently than ImageBrowser:

» Toload aphasefilein ImageBrowser, select the directory containing the phasefile, then
select LOAD.

» Toload raw dataln CSI, moveto the directory wherethef i d fileislocated, select the
filenamed f i d, then select LOAD.

» Toload FDF files, select the file with the data, then select LOAD.

See“Filesand Other Items,” page 104 for amore complete description of the FileBrowser.

Using Command Panel Menus

Figure 54 shows the command panel with its set of basic command options.

|J' 7| sl
Fil Wi P Tools .. Mi M C: | Exit
| ile 7 | iew © | rocess v | ools . 7| isc 7| acro ... | ancel | Hil

Figure54. CSI Command Panel

Optionswith an arrow () have menus that are activated by the right mouse button, or the
left mouse button can be used to select the default choice. The action of these submenus
can process data, open awindow, etc., depending on the functional operation.

Most functions are self-explanatory and are explained in this section or later in other
sections of this manual.

Creating and Manipulating Graphics Frames

Graphicsframesareavariety of graphics objects. Perform the following stepsto create and
manipulate frames.
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Opening the Graphics Tools Window 3 G-Tools
* Open the Graphics Tools window, shown in Figure Frame Properties + |
55, by clicking on the Tools option with the left

Selecting Frame Functions

mouse button.

Bl
>~ B
g [o |
ol |

Select the Frame option when performing any of ﬂ E F
the frame functions other than simply selecting aframe. !
1. To seethe Frame Properties menu, position the Figure55. Graphics
cursor over the Frame Properties button and hold Tools Window

down the right mouse button. Frame-related
commands and options are displayed.

2. Hold downthe right mouse button anq move the g Frame Props
cursor down the list of options shown in Figure 56
to select a command. When the desired option is ( Split Selected Frames- |
highlighted, rel ease the button to select it. Delete 2
Clear I
Deleting Gframes Select A1l Frames
If the setup of the Gframes on the screen i's unsatisfactory, Load Frame Layout -
select the Delete option in the Frame Props menu to Save Frame Layout .
remove all frames on the screen. Frame Colar 3
Window
1. Positionthe cursor inthe graphicswindow and hold
down the left mouse button.
2. Drag the cursor across the screen. A box is created.
3. When the left mouse button is released, the box is completed and selected. Frames

cannot overlap any part of another frame.

Selecting Gframes

1

Position the cursor within the frame and click the left mouse button. The frame's
corners become highlighted to show that it is sel ected; any other selected framesare
deselected.

Use the middle mouse button to select additional frames.

Clicking on aframe capturesit if it was not already selected or releases the frame if
it was already selected. Thereisalso amenu selection in the Frame Properties menu
that selects all Gframes.

You do not need to click on the Frame option to select and deselect Gframes.
Use the Zooming G-tool to choose a frame with the left mouse button. You can use
the ROI G-tool to select frames with the left mouse button and toggle between
selections with the middle mouse button; make sure the cursor isnot in an ROI. You
can also use Voxel Select, Peak Select, and Annotation to select frames.

To select anumber of Gframes, click on the Frame option in the graphicstools menu
shown in Figure 55. Select each frame with the middle mouse button to append each
frameto aselection list.
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Moving Gframes
1. Select aframe, then position the cursor within the selected Gframe.

2. Hold down the left mouse button and drag the frame to a new location.

Resizing Gframes
1. Select aframe, then position the cursor on the desired highlighted corner.

2. Hold down the left mouse button and drag the corner to the desired position.

Splitting Gframes

Graphicsframes can be split into anumber of smaller frames, which allow viewing formats
to be easily and quickly set up. To split a Gframe, do the following steps:

1. Activate the Frame tool.

Select the Gframe or frames to be split.
Select the option Frame Properties.

Select the option Split Selected Frames.
Choose the desired split (1x2, 1x3, 1x4, etc.).

o > oD

Storing and Retrieving Gframes

You can store and retrieve Gframes by clicking on the Save Frame Layout and L oad Frame
Layout optionsin the Frame Props menu, shown in Figure 56. Thefiles are stored into, and
retrieved from, the $CSI DI R/ gf r an®e directory or asubdirectory. Gframes are retrieved
with the same size and positions with which they were stored. They are not adjusted to fit
the size of the graphicswindow. Framesthat are entirely outside the current graphicsregion
or overlap with existing frames are not |oaded.

The Save Frame Layout menu selection saves all currently selected Gframes. It switches
the FileBrowser to graphics-frame save mode. Use the FileBrowser to changeto the desired
directory and save the frames.

Clearing Gframes

Usethe Clear command in the Frame Props menu, shown in Figure 56, to erase the contents
of all frames, selected frames, or unselected frames.

Loading Data

To load data, select the File option. The window CSl File Handling Tool opensin dataload
mode. Directoriesand datafiles can be browsed, and the desired data set can beloaded. CS|
accepts two types of dataformats: Flexible Data Format (FDF) and VNMR raw data (FID)
format. Simulated data can al so be generated. Data simulation allows processing and
graphics functions to be tried without having to acquire data.

Generating Simulated Data

The CSl tool can be used without collecting data. CSI can generate simulated data with
truncation effects (Gen.Data. Truc) or with basically clean data (Gen.Data.Cont.) These
data types can be selected from the command panel File option.
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A reference image is generated along with the CSI data. The CSl datathat is simulated is
P31 data.

VNMR Raw Data Files

CSl ismadeto process raw CSl data, which is generally assumed to be in the VNMR raw
datafile format. This data can be retrieved by descending into the directory that contains
the FID file, selecting f i d, and then selecting L oad.

Double clicking on the directory, or pressing Return after its name, does not |oad the data;
it opens that directory.

For example, to anayzeVNMR CSl datain exp3, start CSl, open the FileBrowser, double
click ondirectory namesuntil the. . / vnnr syst enf exp3/ acqf i | fileappears, select
fi d, then select Load.

Remember that file loading in CSl is different from file loading in ImageBrowser. To load
filesin ImageBrowser, specify the directory in which VNMR phasefiles are to be stored,
and then select Load.

FDF Files

CSl can store data as FDF files at intermediate steps for later processing. This data, along
with other data that can be more easily imported by using the FDF format, can be |oaded
with the FileBrowser. An FDF file can be loaded by double-clicking, by selecting thefile
and pressing the Return key, or by selecting the file and selecting L oad.

Storing Data

Datacan be stored at intermediate steps whileit is being processed. Figure 53 on page 131
contains a data flow diagram that shows at what points during processing that data can be
saved.

CSl datais easily stored by clicking the right mouse button on the File option in the
command panel, and then selecting Save. The FileBrowser window opens in the data save
mode, or else the current FileBrowser window is changed to that mode. As with Load,
FileBrowser opens with the directory in which CSI was started. Choose a directory, afile
name, and select Save. CSl opens a menu prompting for the type of datato be saved.

Thisprocessisdifferent from ImageBrowser, which savesthe datain the currently selected
Gframe. CSI keeps global data buffersthat might not be currently displayed, but the datais
processed and saved. All datais saved as FDF files. See “ Processing Functions,” page 156
for more information about data processing.

Using Graphics Tools

The graphics tools or G-Tools window is opened by selecting the Tools option in the
command panel. The graphics tools window opens with the Frame tool as the default tool.

Graphics tools are mostly used to support the following processing functions:
* ROl manipulation
» Gframe manipulation
e Zooming
» Vertical scaling (scales the datato the pixel display values)
* LineROI drawing
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» Pesk or baseline markers

» Box ROI drawing

» Vertical line markers

» Text annotation

* Interactive phasing and spectrum scaling
» Voxel selection

» Curvefittings

* Interactive weighting/filtering

A tool isactivated by pointing to it with the cursor and clicking the left mouse button. After
agraphicstool isactivated, items can be selected or dragged by using the left mouse button.
Commands can be performed by clicking on the properties option above the graphics
buttons with the right mouse button. Typical commands are Load, Save, or Deletein the
case of Gframes or ROIs; and Zoom or Unzoom in the case of zooming.

See “Tools,” page 147 for adescription of graphics tools that support CS| data set
processing.

Processing a CSI Data Set

To acquaint you with processing CS| data, this section describes the CS| data set
processing. In the example used in this section, the datais simulated data.

To view the processing steps that need to be performed, compare Figure 57 with the data
flow diagram in Figure 53. Both figures show the processing steps that must be taken after
the data has been read in.

; Phase &
Spatial Spectral - Curve
Reconstruction Reconstruction > gg?reehcr;ﬁ)n P> Fitting

Figure57. CSI DataBasic Processing Steps

Generating Simulated Data

Thefirst step isto generate data, which can be read in by using the FileBrowser. However,
in this case, simulated data is used. Select the Gen.Data.Cont entry in the File menu with
the right mouse button. An 8-voxel-by-8-voxel phosphorus data set is generated.

Note that nothing is displayed. Only a message in the bottom |eft corner indicates the data
has been generated.

Spatial Reconstruction

Select the Process option in the command panel to open the Spatial Reconstruction window.
It can also always be opened from the submenus with the right mouse button. The menu
appears with default values specified in all the fields.

Select the Apply option in the Spatial Reconstruction window to process the raw data and
display the localized FID datain the currently selected Gframe.

The processing parameters associated with spatial reconstruction are zero-filling, filtering,
voxel shifting, and rotation. To use a parameter, change the desired field or fields and select
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the Apply option. The data set is reprocessed and the localized FID isredisplayed in the
currently selected frame. The default graphics tool is the frame tool. To select another
Gframefor displaying, position the cursor in another frame and click the left mouse button.

Filtering or Weighting

The Filtering (or Weighting) tool, described on page 156, is available, but its
, useislimited with spatial reconstruction. The reconstruction of oneline of data
1] inthe spatial dimension can only belooked at. However, afiltering function can
be looked at and constructed.

To use the tool, select an empty : :
Gframe. Select Tools, Graphics, Localized
and then the Filtering tool. The Lf.,_ EID
selected Gframe splitsinto three
sections, as shown in Figure 58.

. . . Filtering (or
To manipulate thefiltering function \\\g_ Weighting)

(middlewindow), presstheleft and

middle mouse buttons. All Function
parameter changes appear in the

Spatial Reconstruction window. 4'“)\1‘\_1_*; Resulting
Parameters can also be changed in Spectrum

the window; changes appear in the
filter Gframe. .

Figure58. Filtering Display
Spectral Reconstruction

After spatial reconstruction has been completed, select the Process option in the command
panel to open the Spectral Reconstruction window. The window can also aways be opened
from the submenus with the right mouse button. The window appears with default values
specified in all the fields.

Select the Apply To All option to processthe localized FID dataand display the MV S data
in the currently selected Gframe.

Processing parameters associ ated with spectral reconstruction are zero-filling, filtering, and
left- or right-shifting of the FID. To reprocess the data set and redisplay the MV S datain

the currently selected frame, change the desired field or fields and select the Apply To All
option.

Filtering or Weighting

TheFiltering (or Weighting) tool isfully available for use with spectral reconstruction. The
effects on a sel ected spectrum can be seen by using different weighting functions (pre-zero-
filling and post-zero-filling) before applying the processing parameters to the entire data
set. To usethetool, select a Gframe, load a spectrum into the Gframe, and select the
Filtering tool. The filtering display in Figure 58 appears.

A localized FID can be loaded either by using the Voxel Pos. field and Load option in the
Spectral Reconstruction window or by using theVoxel Select tool ﬂ , described on page
154, in the G-Tools window. The following example describes how 10 use the Voxel Select
tool.

1. Select the Voxd Select tool in the G-Tools window.

2.  Movethe cursor to an empty Gframe and capture it with the left mouse button.
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3. Movethe cursor over avoxel in the previously processed Localized FID grid, and
click the left mouse button. The FID from that grid appears in the selected Gframe.

4. If the Localized FID display has already been overwritten by the MV S display, use
the walking menus of the View option in the main command panel to redisplay the
Localized FID display.

5. After the FID isin the selected Gframe, select the Filtering tool in the G-Tools
window.

6. Usetheleft mouse button, then the middle mouse button within thefiltering window
to select filtering (weighting) functions in the Spectral Reconstruction window and
interactively manipulate the shape of the filtering function (middle window).

Zero-filling can be accomplished by increasing the Point f1 field. Left-shifting or right-
shifting of the FID can be accomplished by using the Delay field. All parameter changes
appear in the Spectral Reconstruction window. Parameters in the window can aso be
manipul ated; the changes appear in the filter Gframe.

Phase Correction

After spectral reconstruction, phase correction isthe next step in CSl dataprocessing. Most
of the time automatic phase correction can be used. A phase can be adjusted globally, on a
subset of the voxels, or voxel by voxel.

Automatic
=] €5l Phase Correction |
1 gsﬁneézimﬁm Voxel Pos.x: 5, /[7|w 8 <[7]zz0 si7
shown in Figure 59, and rp: 0.0 p: 0.0 Load ) Store )
select Both in the Phase .
Phase order: | Const Linear | Both
Order field for Const and
Linear phase correction. Local Phase Correction  puto Go |
2. Sedlect the Automatic Setrp  180) Clear)
mode for Global Phase Set Ip Marker | —Marker | npleche} | Clear )
Correction and click rp: 0.000000 Ip: 0.000000 Apply ) Zero)
Apply to All.
Globhal Phase Correction oK
WriteAll rp: 00 lp: 0.0
If alargelinear phase correction Mode : | Write all Automatic | _Apply ToAll =]
isneeded or if autophasing isnot
giving the desired resullts, the

following procedure can be
used.

1. Select aspectrum from the just processed MV S data.

Figure59. Phase Correction Window

2. Selectthedesired phase order option; then select Auto Go, directly set the phases, or
use the spectrum tool.

To apply the phase values to the entire data set, perform the following procedure:
1. Select the OK option in the Global Phase Correction field.
2. Select WriteAll.
3. Select Apply ToAll.
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After registering the values, you can wait to update the data set and apply the phase and
baseline corrections at the same time.

To skip the previous procedure, select the Automatic option in the Mode field.

Adjusting the Phase with the Spectrum Tool

If the automatic phase adjustment is not making the desired phase adjustments, the
Spectrum tool , described on page 154, in the G-Tools window can be used. After a
spectrum has been selected, select the Spectrum tool. The default type of phasing is
constant phasing; however, this method can be changed by clicking on the Filter Properties
option in the G-Tools window. After the type of phasing has been selected, the phase can
be manipulated by positioning the cursor over the spectrum, holding down the |eft mouse
button, and moving the cursor up and down within the Gframe.

After the desired phasing has been reached, select the Auto Go option in the Local Phase
Correction field to register those phase values, then select Write All.
Baseline Correction

The same as with phasing, the procedure to apply a baseline correction to the data can be
skipped if desired.

Baselinecorrectionisperformedin

0 . [ Csl Baseline Correction
asimilar manner to phasing, but :
different functions and tools are voxellPos.ic & F7ly: 8 Emlizio o]
used. Click on Baseline Correction Load ) Store
in the Process menu (see Figure Local Baseline Correction
60)' Select aspectrum and perform Sampling Item : ’m Peak

the correction on it before
operating on the entire data set.
There are three methods for Prior Knowledge : | Not Use  Use
baseline correction:

Sampling Points : 10 /|7 |

PK File: 7| 1H in vivo standard

* Splme Sampling Phase | Real Imaginary | Both

* Polynomia
« SINC

Sampling Go ] Edit OK )

. . Correction Method : | Spline  Polynomial | SINC
For faster performance in baseline ool fal Order: 5 4]7]
. . . olynomial Order: 5 C tion G
correction, select Writeall modein e )

the Global Baseline Correction Coerrection OK )
field. TheAutomatic mode cantake
tens of minutes. To register the
correction values for the Write all Mode : [writeall_Automatic |

mode, select Correction OK after Apply To Al =
the sampled points and the

correction method are satisfactory,
then select Apply ToAll. Figure 60. Baseline Correction Window

Global Baseline Correction

Baseline Sampling

With Baseline sampling as a default, select the Sampling Go option. A baseline sampling

on the spectrum in the selected Gframe is performed and a number of sampling points are
displayed. If these sampled points are satisfactory, choose either the Spline or Polynomial
correction method, then select Correction Go. The corrected spectrum is displayed in the

current Gframe with the baseline curve used for correction overlaid on it.
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If the sampled points are not satisfactory, points can be added by performing the following
procedure:

Add Points

1. SelectthePickingtool | A| , described on page 155, and insert apoint at the desired
location on the spectrum by clicking the left mouse button on the mouse.

2. After you add a point, the G-Tools window defaults to the ROI Select tool | % |
described on page 153. To add more points, select the Picking tool again.

Move Points
To move points, do the following procedure:
1. Select apoint with the ROI Select tool.

2. Hold down theleft mouse button, and move the cursor/marker to the desired location
on the spectrum.

Delete Points
To delete a point, do the following procedure:
1. Select the point.
2. Select Delete from the Picking tool Marker Properties menu.

Makethe Correction
When you are satisfied with the points, do the following procedure to apply the edits:
1. Select Edit OK.

2. Make sure the correction method is either Spline or Polynomial, then select
Correction Go.

Peak Sampling

Peak Sampling can be performed by selecting Not Use or Usein the Prior Knowledgefield.
Prior Knowledgeis usually desirable. If it is used, the correct Prior Knowledge (PK File)
file must be selected. In thiscase, it isthe 31Pin vivo standard. The PK files can be viewed
and selected by using the right mouse button. Select Prior Knowledge Use and PK File 31P
in vivo standard, and then select Sampling Go. A marker should appear on each peak. If no
markers appear, they can be added using the picture tool.

If the markers are properly positioned, make sure the SINC correction method is specified,
and then select Correction Go.

Metabolic Map Calculation

To calculate the metabolic map information, the CSI spectral peaks must be defined, and,
if desired for more accurate information, curvefit. Thisisthe last standard processing step.
Select the Metabolic Map option from the Process menu to open the CSI Metabolic Map

Calculation window (see Figure 61).

At this point, the peaks must be specified for curve fitting. This must be done on alocal
spectrum, so as in the previous processing steps select a spectrum from the CSI display.
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Local Peak Plelng ) CS1 Matabolic Map Calculation
The CSI tool works best when VoxellPos.xi & |Kim] viie [Kimz 0]
Prior Knowledge is used. Select Jezd) ( Siere )
Prior Knowledge Useand PK File Local Peak Picking
31Pinvivo standard and select ] Cautornatic.
Sampling Mode : | Automatic
Sampling Go. A marker should
appear on each peak If they do Prior Knowledge : | Not Use  Use
not, it may be necessary to select PK File: 7| 1H in vivo standard

the Picking Tool from the G-Tools

window to manually specify any el ol €0))( Bl Ol

missed peaks. If there are markers Lozl SpeeiiEing
on each peak, you can move on to Item : | Specific Total Spectrum

the Local Specification.

Curve Type: | Gauss Lrnz  SINC Lrnz | Const 5L |

Specify CurveFit and MMAP |

The peak information isdisplayed
in the Info Messages window.

Global calculation

Local Mmap Method :  Integral | Curve Fitting Apply To All =)
Specification Display MMAP |
To define the Mmap peaks and

curve-fitting parameters, select the
Specify CurveFit and Mmap
button, which opensthe
Interactive Curve Fitting window.

Figure 61. Metabolic Map Calculation

Interactive Curve Fitting

When theinteractive Curve Fitting window opens, acurvefit of thefirst peak isoverlaid on
the spectrum in the selected Gframe, along with cross-hair markers on each peak. The curve
fit parametersfor thefirst peaks are displayed in the window. Step through the peaks on the
panel. Each time anew peak is selected, its curvefit is overlaid on the spectrum.

If al the curve fits look okay, register the peaks and the metabolic maps by selecting the
Peak Registration and Mmap No. Set options.

Perform a curvefit of the entire spectrum by selecting Auto Curve Fit. If the curvefitis
satisfactory, select Fitting OK to closetheinteractive Curve Fitting window. Remember, the
peaks must be registered and the Mmap numbers must be set before closing the Interactive
Curve Fit window. Otherwise, the Global Calculation does not work correctly.

To adjust the fitting parameters, place the cursor on one of the peaks. To better adjust the
cross-hair cursor, zoom in on the selected peak. After adjusting one or al of the ends of the
cursor, select the Edit from Marker option on the panel to updateitsvalues. Select the Curve
Check option to update the fit.

Global Calculation

After the peak and metabolic map humbers have been registered, select either the Integral
or the Curve-fitting method and then the Apply To All button in the Global Calculation
field.

Integral Method

The Integral Method is the fastest way to get Mmap information. It finds the peaksin a
voxel and cal culatesthe areaunder the peak. However, if there are two peaks close together,
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the integral method does not find all the area under the peak. It only gets the area directly
under the peak, and when the second peak starts, this method starts integrating the area
under it. When this situation occurs, the Integral Method can give misleading results.
However, it can be useful to see which peaks are being picked up over the entire set of
voxels.

Curve-Fitting Method

Global curvefitting generally takes along time. If you are only be interested in alocalized
region of the CSl data, you can do the following:

1. Sedlect your destination Gframe, which can be the last MV S data Gframe. T
2. Selectthe Box ROl tool | | , described on page 154, in the G-Tools window.

3. Draw abox through the
desired voxels. Any
voxel lying within or on
the ROI boundariesis I

selected. AR bk

4. When you are satisfied SR Vo A O VO R O Y o V|
with the selected ERPPNrEE Ry
region, select theApply
To All option.

Figure 62 shows the selected

voxelswith box ROI (left side) ) i
and the resulting curve fitted Figure62. Selected Voxels and Curve-Fitted Data

display (right side).

Metabolic Map Display

Figure 63 shows the data flow for metabolic map processing.

v Metabolic C“Q{Qﬁﬁf‘
MVS M i P
ap Display

Peak
Arithmetic

Figure 63. Detailed Data Flow for Metabolic Map Processing

When the dataisfitted and the metabolic maps based on the peaks have been registered, the
maps can be displayed either by using the Display Mmap optioninthe CSI Metabolic Map
Calculation window or by clicking Colormap in the View option in the command panel.
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Both menu panels are straightforward. Select aframe, a peak, and the display option. The
images can be interpolated to provide a smoother image. The Display Mmap Info option
shows alist of the register maps in the Info Messages window.

The Colormap Display window allows up to three metabolic map images using RGB colors
to be simultaneously displayed and overlaid on areference image, if desired. See “Image
Reconstruction,” page 165 for instructions on creating a reference image. For this
simulated data, however, areference image was created along with the CSI dataand can be
displayed along with the Mmaps by using the Colormap Display window.

Image (Peak) Arithmetic

Peaks can be operated on to form new peaks, which can be saved and displayed as new
maps. Perform the following steps to run the Image Arithmetic process:

1. Usetheright mouse button to select Process from the command panel, then select
Image Calctool.

2. Select aGframe.

3. Usethe cursor and the left mouse
button to enter an arithmetic
expression such as 1- 2=8. This Save)
expression subtracts peak two from
peak one and creates a new peak 8.
Select the Return option | & torun
the calculation.

When | € isselected, anew map is
formed and displayed in the sel ected frame
by using thearithmetic expression. But, the
map is not registered or saved asa
metabolic map display peak until Saveis
selected. Figure 64 shows the Image Figure 64. Image Calctool Window
Calctool and Figure 65 shows the Save

Check window.

(T Image Calctool

o |=[= =
[ o |
oo o
AANS

Note that the 8 as aresult in the expression
was optional, and nothing needed to be

placed to the right of the = sign. When Save Mmap No: §, /||
is selected, awindow (allowing the map Comimentes
number and acomment field to be specified) _OK) Cancel)
opens. Enter something in the comment
field that alows you to later recognize the Figure 65. Save Check Window

map.

i Save Check

pH Map

Calculate pH maps and frequency difference maps from the MV S data or the metabolic
map data by performing the following steps:

1. Select pH Map from the Process option with the right mouse button.

2. Select aGframe.

3. Asan example, create a default pHmap. Select Mmap in the Peak Define field.
4. Select the Mapping Apply option to display apH map in the selected Gframe.
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Nothing isregistered or saved until Save Map is sel ected, which opens a save window (that
again alows the map number and a comment field to be specified).

See “pH Map Control,” page 166, for more information on pH and frequency difference
maps

Box ROI Tool

The Box ROI tool draws arectangular ROI. It is used in the statistics processing function.

To draw arectangular ROI after thetool is selected, position the cursor at one of the desired
corner coordinates, press the left mouse button and drag the cursor over the desired region
of interest area. Asthe cursor is being dragged, an XORed rectangle is drawn. When the
left mouse button is released, the completed rectangle appears in the selected ROI color.

6.3 Tools

This section describes the graphics tools listed in the Tools menu.

Graphics Tools

Figure 66 shows a Graphics Tools (G-Tools) window.
Thiswindow contains a set of tools to create and d
mani pul ate objects (or animageinside an object), and to Frame Properties + |
annotate text on images.

Choose atool with the left mouse button. Only one ﬂ E E
graphicstool can be active at atime. \ ‘ ﬂ‘ O ‘ D|

G-Tools

In addition to graphics tools, the Frame Properties M
option activates a pulldown menu listing several options il ‘ A ‘ ‘ i |
such assplit, save, and load frames. The propertiesmenu A P

changes according to the individual function of the J E ﬂ
selected graphics tool.

Figure 66. Graphics

The following sections describe the functions of ,
Tools Window

graphicstools. Mouse use to select, create, move, or
resize graphic frames or text is not described here (See
the OpenWindow Version 2 User’s Guide for mouse use related to graphics).

Graphics Frame Tools

This section describes the functions of graphics tools for creating, zooming, and scaling
graphics frames.

Frame Tool

The Frame tool creates a graphics frame. A graphicsframeis used to indicate
the position and size of an image on the screen.

An image can only be displayed inside graphics frame. The number of
graphics framesis limited only by computer memory. When selected, frames
can be created and resized in the graphic region with the mouse.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 147



Chapter 6. CSI Data Processing

148

The Frame tool properties menu consists of:

Split Selected Frames
Delete
Clear

Select All Frames
Load Frame Layout

Save Frame Layout
Frame Color

Zooming Tool

Divides graphics frames into specific number of graphics
frames.

Deletes al graphics frames, all selected graphics frames, or
al unselected graphics frames.

Clearsall graphicsframes, all selected graphicsframes, or all
unselected graphics frames.

Selects al graphics frames.

Loadsgraphicsframesfromafileinthe$CSI DI R/ gf r ane
directory.

Saves graphicsframesinto afileinthe $CSI DI R/ gf r ane
directory.

Changes the frame color of graphics.

Currently not implemented for CS (localized FID or MVS) data displays.

Zfz | The Zooming tool selects a portion of an image or a spectrum to be expanded.
Cursors are displayed on all currently selected Gframes. The cursors are
XORed to the display. The Zooming tool properties menu consists of:

Zoom Expands sel ected images.

Unzoom Contracts selected images.

Bind Adjuststhe zoom linesto all selected images. Zoom linesarethe
lines that control the portion of images to be zoomed.

Cursor Tolerance Controls cursor sensitivity for the zoom lines. This specifies how

close the mouse cursor must be to azoom line to select it.

Pixel Interpolation Expands image size to display on screen. Used not only when
zooming, but any time an image is redisplayed.

Vertical Scale Tool

TheVertical Scaletool adjuststhevertical scale of animage. WhentheVertical
_:':}:_ Scale tool is active, frames cannot be selected or deselected with the mouse,
because clicking on an image changes the displayed intensity instead.
However, aframe does not have to be selected in order to adjust its vertical
scale with the mouse; any image that is clicked on is rescaled.

Vertical scale can be adjusted two ways:

(T Tools
* Click the left mouse cursor on the image. The .
program finds the maximum data value within a W—scale Properties |
ten-pixel square box centered on the cursor and x & Vs Prop E
the vertical scaleisadjusted to put thispixel at the | m
top of the grayscale.
1 camma .. g
» Useawindow to enter the desired vertical scale 1 unhind
value. - T T
Figure 67 showstheVs Prop (Vertical Scale

Properties) menu for selecting vertical scaling

VNMR 6.1C User Guide: Imaging

Figure 67. Vertical Scale
Properties Window
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(V-scale option), gamma correction (Gamma option), and binding or unbinding images.
Each property is described in the following sections.

Vs Prop Menu: Vertical Scaling
The V-scale option of the Vs Prop menu

. . . . . | Vertical Scaling
displays the Vertical Scaling window in
which vertical scaling can be set, as Cuve  Overflow 7)
shown in Figure 68. The range of data Linear Underflow r )
values to be mapped to grayscale values Skl

and the form of the mapping function can —
both be changed. Any changesin vertical o
scaling are applied to all the selected S
Gframes. Changes to the mapping
function are also applied to any new
imageswhen they areloaded, but the data
range is scaled to match the datain the
particular image.

The graph at the bottom of the Vertical
Scaling window is aplot of gray level as
afunction of datavalue. (The“gray level”
corresponds to the index into Image-
Browser’s colormap. The intensity of the
screen pixel as afunction of colormap
index is set by the Gamma Correction
window, discussed in “Vs Prop Menu:
Gamma Correction” on page 151.)

<— Data Range —> 0,03

LEFT meoves points

Data Range '

Therange of datavaluesto map to thefull Figure68. Vertical Scaling Window
range of gray valuesis set by the two

type-in fields |abeled Data Range. The data values are plotted linearly along the horizontal
axis, between the valuesin the Data Range fields. (The Return key must be pressed in at
least one of the fields for the changes to take effect.)

M apping Function

The shape of the mapping function is selected by the buttons at the upper-left of the Vertical
Scaling window.

The mapping function translates the data value in a pixel to a corresponding grey level. In
the following discussions, normalized variables are used: x and y, for the data, and for the
grey level values, d and g. These variables are defined as

x = 47 dmin_ [Eq. 27)

dmm_dMn
and
_ 9~ 9nin [Eq. 28]

Yrmax ~ Imin

Therefore, both x and y vary from 0 to 1. Note that with the appropriate gamma correction
(discussed in the next section), the actual screen intensity will vary exponentialy with'y.
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For any type of mapping function, the Negative button can be selected to invert theintensity
scale; that is, the minimum grey value will be white and the maximum, black.

Curve Mode

The type of mapping function is selected by the buttons at the upper-1€eft of the Vertical
Scaling window. The default is curve, which provides a flexible functional form that
includes power functions and a close approximation to exponential functions. The two
parameter family of curves are controlled by moving the curve's control point around with
the left mouse button. The left and right ends of the line can also be moved up and down.
The form of the function depends on which regions of the graph the control pointisin.

If the control pointisinregion 1, as shown in the Figure 69, the following equation shows
the defining function for these curves:

n_x P [Eq. 29]

Y = A av a4

k—ax +d!

where a and b are the two adjustable parameters. The ranges of aand b are:
a>0,1<b<10 [Eq. 30]

Figure 69. Curve Control Point

Notethat if a = 1, thisreducesto apower function, which isthe caseif the control point has
x = 0.5. If the control point isin region 2, the curveis reflected through the x = y line. This
family of curvesincludes power functions of the form

y = x1/b [Eq. 31]

which applies when the control point is on they = 0.5 line. When the control point isin
region 3 or 4, the curvesfor regions 2 or 1, respectively, are reflected throughthex +y =1
line.

Linear Mode

The linear mode allows the user to specify a piecewise linear function that passes through
all of the control points. Any additional number of control points can be added by clicking
theleft mouse button anywhere on the canvas away from an existing control point. Control
points can be deleted by clicking on them with the middle mouse button.

Itisagood ideato avoid large discontinuities in the slope of this function at the control
points. Due to the characteristics of human vision, these discontinuities can make asurface
that increases smoothly in intensity across a picture appear to be non-monotonic in
intensity! For this reason, the third mode might be more useful.
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Spline Mode

The spline modeislike linear mode, except that a spline curveis drawn through the control
points instead of straight lines. The spline mode is aso coupled to the linear mode in that
the two modes share the same control points; changing the control pointsin one mode also
changes them in the other.

The spline function used here interpol ates between control points with cubic polynomials,
arranging that the slopes match at the control points. Thefinal curveis continuous up to the
second derivative. At the endpoints second derivative is forced to zero—the defining
condition for the so-called “natural” cubic spline.

Underflow and Overflow

The Underflow and Overflow menus control how data values outside of the domain of the
mapping function are displayed. The default is Off, meaning that data values less than the
“minimum datavalue” (x < d) are displayed the same as x = d, and that data values x > D
are displayed the same asif x = D. The menus offer a number of alternative color choices
for such values.

Vs Prop Menu: Gamma Correction

The Gamma choicein the - :
Vertical Scaling Properties = Camma Correction
window opensthe Gamma Show Saturation: _|

Correction window,
shown in Figure 70.

Gamma | Off on | ¥Yaiuel %

i Contrast: 100g

The primary purpose of
gamma correction isto
make optimal use of the
limited number of
grayscale stepsin
ImageBrowser's
colormap. A secondary
purposeis to compensate
for any unusua
nonlinearitiesin the
monitor’s displayed
intensities. Compensation
allows images to appear Figure 70. Gamma Correction Window

the same with identical

scaling on any monitor—once gamma correction has been done. For a properly adjusted
monitor, minima gamma correction should be necessary.

Gamma Correction Window

The Gamma Correction window has a plot at the bottom that graphs the pixel value
(between 0 and 255) against the index into the grayscale portion of ImageBrowser’s
colormap. (Pixel valueis actually a color that has ared, green, and blue value, but the
grayscale aways usesthe same valuefor each color.) The graph background is painted with
several rowsof gray stepsto demonstrate the current gamma correction. Thetop row shows
every step in the grayscale ramp; the second row, every other step; the third row, every
fourth step; and so on. (It appears to the eye that each ramp step is shaded from alighter
gray on the left to adarker gray on theright. Thisisan optical illusion, which can be seen
by masking out the surroundings of one of the steps with a paper frame.)
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Ideally, no steps should be visible anywhere in the top row, but, if the ImageBrowser
colormap isfairly small (like the 64-step default for 8-bit color machines), they can be
easily seen. The goa of gamma correction then becomes to make each intensity step
equally apparent to the eye. For a short grayscale ramp, this process can involve looking
only at the top row of steps. For alarger ramp, the second or third row might need to be
examined. (The size of the grayscaleramp issetinthecol or map. i ni t fileinthe
$CSI DI Rdirectory. See “Initialization Directory,” page 133, for details about CSl
initialization.)

Adjusting the M onitor

Before adjusting the gamma correction, adjust the monitor. Some monitors have no easily
accessible brightness control; therefore, monitor adjustment should be performed by a
service person. The most common problem with monitor adjustment is that the black level
is set too dark, making everything near the bottom end of the intensity scale appear black.
Set the “brightness’ control (labeled —:{ai— on some monitors) just low enough so that the
blackest level, at the left of the grayscale ramps (pixel value 0), is indistinguishable from
the unscanned black background at the edge of the monitor screen. To accomplish this
adjustment, it might be convenient to move the Gamma Correction window slightly off the
bottom of the screen, so that the bottom row of steps directly merges with the unscanned
margin.

Once monitor brightness has been adjusted correctly, the perceived prominence of the
intensity steps in the Gamma Correction window should be roughly equal with no gamma
correction.

Gamma Correction

The gamma correction described in the following paragraph is still effective on a poorly
adjusted monitor; although, if the brightnessis set too high, there is no way that the lowest
gray level can be made entirely black.

Two forms of gamma correction are available. When the Gammaand L og switches are both
set to ON, ImageBrowser attempts to make each step in the colormap index an equal step
inthelog of the screen intensity, which assumes that the screen intensity is described by a
function of the form:

I =1+ VY [Eq. 32]

wherel istheintensity, V isthe voltage (proportional to the pixel value) y isacharacteristic
of the monitor (equal to about 2.5), and | isthe background intensity due to room
illumination or poor adjustment of the monitor.

The Value field next to the Gamma switch controls the value of y used in the above
equation. The Contrast field, next to the Log switch, specifies the value of the ratio of
maximum to minimum displayable intensities, in effect, |, in the previous equation.
Normal values for a properly adjusted monitor are 50 to 100 for I, and about 2.5 for
gamma. If the monitor brightnessis not properly adjusted, it is still usually possible to get
agood fit by adjusting y; the function is relatively insensitive to the Contrast value.

When the Gammaswitchison, a“control point” isdisplayed near the middle of the gamma
correction curve. This control point can be dragged with the left mouse button to adjust the
Gamma value. The Contrast value can only be changed by typing a new value in the text
field.

If the Gamma switch is ON and the Log switch is OFF, correction is made for equal steps
inintensity, according to theformula | = vy
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This correction is not ideal, but it might be useful for emphasizing the contrast in some
region of the colormap, which could normally be done with the V-scale function instead.

Vs Prop Menu: Unbind or Bind

Thelast choice in the Vertical Scaling Properties menu is Bind or Unbind:
* |f Unbind isdisplayed, the current modeis bound, and the new VS valueis applied to
all selected images, as well as the one clicked on.
« If Bindisdisplayed, it means that the current mode is unbound. When an imageis
clicked on, only that image is rescaled.

The Bind mode has no effect on the operation of the Vertical Scaling window because
values entered there always are applied to al selected frames.

ROI Tools

This section describes the functions of graphics tools for selecting, drawing, marking,
annotating text, phasing and scaling spectra, and selecting voxels on graphic regions of
interest (ROI).

ROI Selector Tool

The ROI Selector tool selects and adjusts any of the regions of interest. This

M tool isthe default mode of the graphicstools. After any ROI has been drawn,
the ROI Selector tool becomes active. Thetool has the following ROI
Properties menu (as do all the ROI tools).

Delete Deletes ROI.

Load Loads ROI toolsfrom afileinthe $CSI DI R/ r oi
directory.

Save Saves ROI toolsto afileinthe $CSI DI R/ r oi directory.

Color Changes the ROI tool color. The colors of &l the ROIsand
labels are changed.

Font Size Setsthesizeto usefor the next annotation entered. The size

cannot be changed after the label has been created. Choices
are 10 pt., 12 pt., 14 pt., and 19 pt.

Cursor Tolerance Adjusts the sensitivity of the cursor. Thisis how close the
mouse cursor must beto an ROI vertex to select that vertex.
Bind/Unbind Bind and unbinds current mode.
Line ROI Tool

The Line ROI tool draws aline ROI. Thistool isused in the Line Data
\ processing function.

Itisalso possible to obtain statistics from aline ROI; although, this might not

generally be useful. The pointsincluded in the statistics are the points along
the line. To draw aline after the tool is selected, position the cursor at one of the desired
endpoints, press the left mouse button, and drag the cursor to the other end point. Asthe
cursor is being dragged, an XORed line is drawn. Release the left mouse button, and the
line appearsin the selected ROI color.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 153



Chapter 6. CSI Data Processing

154

Box ROI Tool

TheBox ROI tool drawsarectangular ROI. Itisused in the stati stics processing
| function. To draw arectangular ROI after the tool is selected, position the
cursor at one of the desired corner coordinates, press the left mouse button and
drag the cursor over the desired region of interest area. Asthe cursor is being
dragged, an X ORed rectangle is drawn. When the left mouse button is released, the
completed rectangle appears in the selected ROI color.

Annotation Tool

The Annotation tool annotates text. After it has been selected, position the

A cursor at the desired spot and click the left mouse button. An underscore cursor
appears at the marked location, indicating that the label is selected and ready to
accept typed input.

Typed characters are aways added to the end of the annotation field; characters cannot be
inserted into the middle of astring. The label can be sel ected and moved to other locations
at any time. If more than one label is selected, any typed input is appended to al of the
selected labels.

Spectrum Tool

The Spectrum tool is used for manual phasing and vertical scaling of a

\ spectrum. After a spectrum has been selected by the Voxel Select toal, thistool
can be selected to do phasing and scaling. The Marker Properties menu contains
phase adjustment types.

To phase a spectrum, place the cursor on the selected spectrum and drag the left mouse
button. Scaling is done with the middle mouse button. When the middle mouse button is
clicked, the spectrum scale is proportionately increased or decreased depending on the
distance of the cursor from the baseline origin of the spectrum.

If the cursor is placed at the left-hand side of the spectrum, click the middle mouse button
to move the origin of the spectrum to the location of the cursor (Const& Linear phasing is
not currently implemented).

Voxel Select Tool

TheVoxel Select tool allowsavery quick way to look at selected spectrawithin

ﬂ].( aCSl dataset. Thistool can be used on localized FID data, MV S data, or curve
fit MVS data. This tool allows avoxel to be selected out of a CSl grid and
displayed in its own frame.

After it has been activated, when a Gframeis selected without CSI data displayed init, the
frameis selected. When CSl dataiis displayed in the Gframe, the voxel (that the cursor is
in when the left mouse button is clicked) is copied into the selected Gframe. If more than
one Gframe has been selected, an error results.

To scale the selected spectrum, select the View option from the command panel. Select
Display Properties. In the Display Control window, choose Auto, Normalized, or Fixed
scaling. Select an axisto be displayed in Hz or ppm. (axisis not yet implemented).

This tool can be used in conjunction with the processing functions when selecting
individual spectrum for processing.
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Marker Tools

This section describes the functions of graphics tools for marking points on spectra and
spectra data, and tools for curve fitting and voxel shifting.

Picking Tool

The Picking tool allows points to be marked on a spectrum for peak and
JQH_ baseline processing. It is used in the baseline correction and curve-fitting
processing functions.

Tomark apoint after thetool isselected, position the cursor at the desired point
and click the left mouse button. A marker appears and is selected. Whenever this function
is used, the Edit OK option must be selected afterwards in order for these user-defined
points to be put into the peak or baseline lists.

The properties menus of the Picking tool consists of the following:

Delete Deletes al selected points.

Frequency Difference  Display the frequency difference between two points, and the
frequency at a specific point.

Move Axis Origin Moves the origin of the axis.

Color Changes the tool color.

Aperture Adjusts the sensitivity of the cursor. Cursor sensitivity
determines how close the mouse cursor must beto amarker to
select that marker.

Vertical Line Marker Tool

TheVertical Line Marker tool allows specific locationsto be marked in the data
|M | and is used only on spectradatain the CSl tool. Use this tool to display the
k frequency difference between two points, and the frequency at a specific point.

TheVertical Line Marker tool is also used to remove unwanted peaksin a
spectrum. Use the Baseline Correction process to remove peaks. After a Spline or
Polynomial baseline correction has been specified, mark aregion with two points. Select
therm Peak option to perform the correction and fill in the data between the two pointswith
the baseline correction data.

The properties menu of the Vertical Line Marker tool is the same as for the Picking tool.

Curve Fitting Tool

The Curve Fitting tool displays across-hair (+) cursor. Thistool is used for

J,.;FL \ interactive curve fitting. When clicked, the height and width of the desired
curve can be adjusted by selecting the endpoints of the cross-hairs with the
cursor and dragging the ends to their desired length.
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Filtering Tool
This section describes the weighting and filtering tool.

Weighting and Filtering Tool

TheWeighting and Filtering tool allowsweighting functionsto beinteractively
1 set and applied to individually selected spectra. Thistool isused in conjunction
1 with the spatial and spectral reconstruction processes.

When the Weighting and Filtering tool is selected, three windows open in the
selected frame. The top window contains the transformed data; the middle, the filtering
(weighting) function; and the bottom, the untransformed data. Use the mouse buttons to
control the shape and position of the filtering functions.

SELECT (in the weighting function window) Adjusts the Time Congt. field.
ADJUST (in the weighting function window) Adjusts the Shift Const. field.

This tool works on two types of data:

» Raw Data (Spatial Filtering) — If no dataexistsin the currently selected frame, spatial
filtering is selected when the tool is entered. The spatial filtering tool is quite limited
regarding the datathat is used. Only the voxels making up the midpoint of the datain
thex (fast) direction are selected. After datahas been selected, filtering functionsin the
Spatial Reconstruction window (Paint f1, Filter Type, Time Const., Shift Const.,
Delay) can all be interactively selected to adjust the filter applied to the data.

* Localized FID Data (Spectral Filtering) — For processing localized FID datainto
spectral data, a spectrum must exist in the selected graphics frame. Thisis the default
selection if a spectrum does exist in the frame. After data has been selected, filtering
functionsin the Spectral Reconstruction window (Matrix, Filter Type, Time Const.,
Shift Const.) can all beinteractively selected to adjust the filter applied to the data.

6.4 Processing Functions
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When an entire CSl data set is being processed, the interaction is different than when a
selected voxel is processed. When applying an operation to the whole CS| data set, the data
might not necessarily be displayed. The CSl tool has the following global data buffers for
CSl data:

» CSl raw data

* Localized FID data

e Multivoxel spectra(MVS)
* MVS curve-fitted data

» Metabolic map data

The CSl tool has the following global data buffers for reference image data:
* Raw image data
» Reconstructed image data

Most processing operations on an entire data set operate on one global data buffer and
processit into another global data buffer. These global data buffers keep their data until
another processing operation is performed that overwrites the data buffer. That is, even
though MV S data is being processed and displayed, the processing operation to transform
raw datainto localized FID datacan berun at any time. Also, when performing aprocessing

VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



6.4 Processing Functions

operation on the entire data set, one and no more than one graphics frame must be selected.
This selected graphics frameis the destination used to display the data after the processing
operation has compl eted.

Datainteraction is different when processing individual spectra. Individual spectraare
usually selected and processed before performing a global operation in order to set up the
processing attributes to use on the entire data set. The currently selected frame should hold
the desired spectrum to be processed. Spectra can be inserted into this frame by using the
Voxel Select tool, described on page 154, or by selecting the voxel with the current
processing window. When processed, the spectrum is stored back to the currently selected
frame.

Select processing functions from the Process option in the CSI command panel with the
right mouse button. Click Process with the left mouse button to activate the current default
process. The current default process starts at Spatial Reconstruction and is incremented
after each option until the Metabolic Map process.

Spatial Reconstruction

The spatial reconstruction process performsa 1D or 2D transform along the spatial axeson
the CSI Raw data set to form the localized FID data set. The size of the spatial axesisthe
default Matrix size. The Matrix field can then be expanded to provide for zero-filling.
Figure 71 shows the window for the spatial reconstruction process.

nstruction

Dimension: 1DFT | 2DFT  3DFT
Matrix x: 8 7|7 v:8 #|v|z:1 & 7|

Filter Type : | Off Gauss | Hann | Harmirm | Sine | SinesQ

Time Const.[Hz]: 10 04— 500
4 1 1 1

il
Shift Const[%]: o —50 =_|— 50
il 1 4 il 1
Voxel Shift = [%]: 0 —200 e— e 200
I Y T R Y Y R Y
Voxel Shift ¥[%]: 0 —200 c— ——— 200

Y R B Y Y T B B |

DC Correct | OFF ﬂ

Rotation number: 3 #|7|

apply =

Figure 71. Spatial Reconstruction Window

Thefollowing list describesthe functions of the spatial reconstruction processing attributes.

Dimension Defines the spatial dimensions of the data set 1D or 2D.

Matrix Defines the size of the spatial dimensions.

Filter Type Selects aweighting function if desired to be applied to the data.
Time Const Used with Filter Typeto fit the weighting function to the data.
Shift Const Used with Filter Type to fit the weighting function to the data.
Voxel Shift Spatially shifts the voxelsin both directions.
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DC Correct
Rotation number

Apply

Applies dc correction to the data.

Rotates the fieldsin 90° increments. The default is arotation of 3,
which aligns fields for VNMR reference image data.

Transforms all the voxels by using the selected modifications.

Interactive Filtering or Weighting

Interactive filtering can be performed with this operation in order to determine the best

function and filter parameters. Asthe filtering function is adjusted, the Time Constant and

Shift Constant sliders move to the adjusted values.

Spectral Reconstruction

Performsa 1D Fast Fourier Transform (FFT) on the FID in each voxel of thelocalized FID

data set to form the multivoxel spectra (MV S) data set. Figure 72 shows the window.

struction
Voxel Pos.x: 8, #|7|w 8  #|7|z0 #v

Load ) Store | Transform Leaded FID )

Dimension: | 1DFT

Point f1: 512 /7|

Phase Type : | REAL #&BS | PWR
Filter Type : Off | Exponential  GCaussian | Sinebell |

Time ConstIHzl: 10 =5 | 100
! e B N S R R B B
Shift Const[2]: 0 0 p———— 100
I e B R I B B B B |
Shift [points]: O =100 f 100

L
R R R BT R

Delay [usec] : 0.0

fapply ToAall =)

Figure72. Spectral Reconstruction Window

The following list describes the functions of the spectral reconstruction processing

attributes:

Voxel Pos
Dimension

Point f1

Phase Type

Filter Type

Usesvaluesin thisfield, and the Load, Store, and Transform
Loaded FID options, to allow changing one voxel at atime.
Definesthe spatial dimensions of the dataset 1D, 2D, and 3D (3D
is currently not supported).
Defines the size of the spectral dimension. The humber of points
comes up as the default value but the value can be changed for
zero-filling.

Defineswhether the datawill be processed as phase-sensitive data

(REAL) or amplitude data (ABS).

Selects aweighting function if desired to be applied to the data:
Exponential, Gaussian, Sinebell (not supported at thistime)
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Time Const Used with Filter Type to fit the weighting function to the data.

Shift Const Used with Filter Type to fit the weighting function to the data.

Shift (points) Shifts dataleft or right by points. A positive number shifts datato
the right; a negative number shifts data to the | eft.

Delay (us) Reflectsthetime, in s, of theleft or right data shift performed by
the Shift function. Positive and negative delays corresponds to
positive and negative shifts.

Apply ToAll Transforms al the voxels by using the selected modifications.

Interactive Filtering or Weighting

Perform the following steps to apply aweighting function to alocalized FID and
interactively manipulate it to see the effect on the resultant spectrum in a selected Gframe:

1. Copy aFID into a selected Gframe by using the Voxel Select tool or by using the
Voxel Pos. field and the Load option in the Spectral Reconstruction window.

2. Select the Filtering tool from the G-Tools window to open a Filter display in the
selected Gframe.

After thefiltering application is done, the processing features in the Spectral
Reconstruction window can be used along with the left and middle mouse buttonsto
mani pulate the filter. Clicking the left and middle mouse buttons within the weighting
function display manipulates the values of the Time Const. and Shift Const. fields and
displays the resulting spectrum. Changing fields within the window also updates the
resulting spectrum.

Other spectra can be selected and processed by using the Voxel Pos. field and the L oad
option. However, selecting spectra by using theVoxel Select tool disablesthe Filtering tool
until it is reselected.

Phase and Baseline Correction

Phase Correction and Baseline Correction corrects MV S data. This processis sel ected after
spectral reconstruction if phase or baseline correction are needed for the data.

Figure 59 (page 141) and Figure 60 show the Phase Correction and Baseline Correction
windows, respectively, that open when those options are selected from the Process menu.
The processes allow for correction of asingle voxel at atime or global correction of all the
voxels. Individual spectrum can be phased or baseline corrected. Correction is done for
both processes by selecting the spectrum with the Voxel Pos. and the Load option or with
theVoxel Select tool. After phase or baseline correction (or both) is done for the individual
spectrum, click the Store option to put the spectrum with the rest of the data. Click the OK
option in each section to save phase and baseline coefficients. These saved coefficients can
then be applied to al the voxelsby using the Write all modein the Global Phase Correction
& Global Baseline Correction section in the Baseline Correction window.

For the Global Correction, a subset of voxels can be selected by using the Box ROI tool.
After thistool is selected, the cursor can be positioned on the eft-hand corner of a selected
group of voxels. Asthe cursor isdragged across the screen, arectangular field opensup and
any voxelswithin it are selected when a global phase and baseline correction is requested.
Only a portion of the voxel need be in the region for it to be selected.
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Phase Correction

Local Phase Correction corrects avoxel spectrum in aselected Gframe loaded by the Voxel
Pos. and the Load option. The voxel can also be selected with the Voxel Select tool. Click
the Auto Go option to initiate the phasing. The OK option is used to store a set of phase
coefficients.

Using Phase Correction

Phasing can be done on individual voxels or globally on al the voxels. To see how the
autophasing or certain phase valueswill work, try it on aselected voxel spectrum. Anything
done locally does not affect the datain the MV S data until you select the Store button.

Select the desired Phase Order and Auto Go to perform automatic phase correction on a
spectrum in a selected Gframe.

Sel ect the Spectrum tool to perform manual phasing. After the tool is selected, click on the
voxel to phase. For more information, see “ Spectrum Tool,” page 154, and “Adjusting the
Phase with the Spectrum Tool,” page 142.

If the phasing results are satisfactory, select the OK option to save the phase valuesto be
used with the Write al global phase mode.

The following list describes the functions of the Local Phase Correction processing
attributes, shown in Figure 59.

Phase Order Selects the type of Phase Correction: Constant, Linear, or Both.

Auto Go Selects Automatic phasing.
Setrp Setsther p field to 180°or clears the field.
SetIp Setsthel p field to Marker, -Marker, np(echo), or clear

Marker searches for aline marker in a currently selected gframe and
setsthel p valueto 360* n, where n is the nth complex data point
specified by the Line Marker location. Thisoptionisuseful for phasing
an echo. To use Marker, do the following steps:

1. Voxel select alocalized fid corresponding to spectrafor phasing.

2. Put aLine Marker in the middle of the echo and press Marker.

3. Select gframe that the desired spectrum isin and apply | p phase

-Marker is same as Marker except it sets a negative 360* n degree
value.

np(echo) setsl p to 180* np/2. Also used for setting | p for full echoes.
Clear erases the contentsin thel p field.

rp and Ip Fieldsthat display the last applied values or the valuesto apply to the
selected spectrum. rp and Ip have the options Apply and Zero:

Apply assigns the values to the spectrum in the currently selected
gframe.

Zero zeroes out the applied phases to the currently selected gframe.
OK Saves the phase coefficients for future use.
Click onthe Auto Go option to initiate phasing. The OK option is used to storethelocal rp

and I p phase coefficientsinto the Global rp and Ip phase correction, depending on the Phase
order selection:

 If Const. is selected, the rp valueis stored.
 If Linear is selected the Ip valueis stored.
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» If Bothis selected, both valuesis stored.

Global Phase Correction corrects all voxels selected by the Voxel Pos. and the Load option.
rpandl p Fields that display the current values for Global Phase Correction.
Mode Selects Write al or Automatic phasing.

To register the correction values for the Write all mode, select the OK button after the
sampled points and the correction method are satisfactory, then select Apply To All.

Baseline Correction

L ocal Baseline Correction performs baseline correction on aloaded spectrum. Once again,
the spectrum can be loaded with the Voxel Select tool.

Using Baseline Correction

Baseline correction can be performed by using sampled peaks or baselines. The SINC
correction method works with peaks, and the Spline and Polynomial fitting methods work
with baseline points.

To start sampling for the baseline correction:
1. Definethe selection parameters, then click the Sampling Go option.

2. After theinitial sampling points have been placed on the spectrum, use the Picking
tool to augment baseline or peak points that have been missed.

3. After thedisplay points are satisfactory, select Edit OK to save the displayed points
for performing the correction.

4. If the correction is satisfactory, select the Correction OK option to save the
correction values to be used with the Write al global correction mode.

To globally remove peaks on all the voxels (or the selected voxels by using the Box ROI):
1. Select the Correction OK option.
2. Select the rm Peak item, the Write all mode, and the Apply to All option.

The following list describes the functions of the baseline correction processing attributes.

Sampling Item Selects Baseline or Peak. Baseline sampling usually needs to be
augmented by using the Picking tool.

Sampling Points Sets number. It must be in the range of 10 to 20.
Prior Knowledge Used with the Peak File (PK File) for peak sampling.

PK File List Prior Knowledge pesk files stored in the $CSI DI R/ PEAK
directory.
Sampling Phase Indicates which part of the complex datato sample: Real,

Imaginary, or Both.

Correction Method ~ Selects spline, polynomial, or SINC. Spline and Polynomial are
used after baseline sampling has been done. SINC is used when
peak sampling has been done.

Polynomial Order Sets the order for polynomial correction.
Correction Go Performs the selected correction on the data.
Correction OK Saves correction values for use with global Write all correction.
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Global Baseline Correctionisdone by ensuring that Item and M ode are correct and clicking
the Apply option. Use the Box ROI tool to select a subset of the total number of voxels.

Mode Set to Write al or Automatic. Write all uses the last set of local
phase or baseline corrections and appliesit to al the spectra.
Automatic does everything automatically.

Metabolic Map Calculation

Metabolic Map (Mmap) Calculation performsthe curvefitting and peak picking necessary
to create a metabolic map. After peaks have been selected and fitted, metabolic maps of
selected peaks can be made. See Figure 61 for the Mmap Cal culation window, which
contains curve fitting.

Mmap calculation and curve fitting works the same way phase and baseline correction
works. It is best to select a spectrum, perform local peak picking and curve fitting on the
local spectrum, and then perform global curve fitting.

The following sections describe the functions of Mmap cal culation processing attributes.

Local Peak Picking

Local Peak Picking is performed the same way as for the Peak Sampling mode in baseline
correction. It works on a selected spectrum in a selected Gframe. One, and only one,
Gframe can be selected. The following list describes the functions of the attributes that
appear in the Local Peak Picking portion of the Mmap cal culation window.

» Sampling Mode (Manual, Automatic). If Manual is selected, use the Picking tool;
otherwise, select Automatic.

» Prior Knowledge. If Useis selected, the correct PK File must be selected.

» PK File selects a set of predefined peaks. These files are located in the CSI
initialization directory under PEAK. Standard files have been set up, but additional
peak files can be defined the user.

» Sampling Go finds the peaks in the spectrum and displays markers at each peak.

» Edit OK registers the peak information from the picking markers in the selected
spectrum. These markers might have be added, moved, or deleted after the Sampling
Go process was performed.

To perform automatic peak picking:
1. Click the Sampling Go option.
2. Load avoxel spectrum into a selected Gframe.

3. Usethe Picking tool to modify selected peaks, and then click Edit OK to register
these peaks.

Alternatively, desired peaks can be selected by using the Picking tool without using
any automatic peak picking.

Peaks must be selected for the curve-fitting routines to work.

Local Specification

Local Specification isrequired to start with the manual mode to register the peaks and
metabolic map information. Click on Specify CurveFit and Mmap to open the Interactive
Fitting Tool window shown in Figure 73; you must have MV S data to open this window.
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The following list describes the functions of the attributes that appear in the Local
Specification portion of the Mmap cal culation window.

 Item (Specific, Total Spectrum) fits either one line at atime or the entire spectrum.
* Curve Type (Gauss Lornz, SINC Lrnz, Const S.L.) selectsthe type of line shape to fit.

Interactive Fitting Tool

The Interactive Fitting Tool alows peaks and curve fits to be checked, curve-fitsto be
adjusted, and peaks and curve-fits to be registered. A frame with avoxel spectrum must be
selected before this tool can be activated.

To register the peaks and metabolic maps, this tool must be activated when initially
processing data. After thisinformation is registered, it can be used to process other data
sets. The tool need not be activated again until curve-fitting or map information isto be
changed. Select Fitting Go in the Manua mode to activate this tool.

The Interactive Fitting Tool window,
shownin Figure 73, allows curvesfor
each peak to be viewed, curve
parameters to be changed, metabolite
namesto be assigned, and numbersto
be mapped.

Interactive Fitting Tool
Peak No.: 1,  #:%| Edit from Marker |

Frequency [Hzl: 1257812500

Intensity : 13203.1372E66
Width [Hz]: 28.95903

Gaussian factor [%]: 0.000000
Curve Check displays a curvefit on

the selected peak or on the total
spectrum, depending on which item
was selected in the Interactive Fitting
Tool window. Curve Check uses the
displayed parametersto draw the
curve. Auto Curve Fit performs a

Assign No.x 0

Name : 77

Metabolic Map No: 1 #|7]|
Max B0 Shift[Hz]: 100.0000

Max peak width factor: 4.000000
Min peak intensity factor: 0.000100

curve fit on the selected spectrum. Delayllusecl B0 00 e 10000
Click Peak Reg to register al the Curve Chk ) Curve Fit] PeakReg. | Mmap No. Set)
peaksif the peak values are Fitting OK ) _Quit)

satisfactory. Use Mmap No. Set to

register the peaks desired for

metabolic maps. Peaksare selected by Figure73. Interactive Fitting Tool Window

assigning a number in the Metabolic

Map No. area. The value 0 deselects

that peak. Fitting OK registers the fitting parameters for the defined peaks. These options
only need to be selected when the local curve fit is satisfactory.

The following list describes the functions of the processing attributes that appear in the
Interactive Fitting Tool window. The attributes Peak No., Edit from Marker, Gaussian
Factor, Assign No., Name, and Metabolic Map No. are peak specific.

Peak No. Assigns a number to the current peak being fitted. Fitted
curve isautomatically displayed over spectrum.
Frequency, Intensity, and Width are fiel ds associated with

this peak.
Edit from Marker Updates and displays Peak No. and associated fields with
peak and information from selected cross-hair markers.
Gaussian Factor Assigns curve-fitting factor.
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Assign No.

Name

Metabolic Map No.
Max BO Shift

Max Peak Width Factor

Min Peak Intensity Factor

Delay
Curve Check
Peak Registration

Mmap No. Set
Auto Curve Fit

Fitting OK

Quit

Assigns a number to a peak. Used with the Prior
Knowledge file specified in the Mmap calculation
window, shown in Figure 61. Zero means unused.

Assigns a name (a character string) to a peak.
Assigns a map number.

Specifies the maximum frequency shift difference that a
peak can have from its defined frequency when
generating a Mmap.

Specifies the maximum width a peak can have from its
defined value when generating a Mmap.

Specifies the minimum peak intensity that a peak can
have from its defined value when generating a Mmap.

Assigns adelay when performing spectral reconstruction.
Redisplays the fitted curve.

Registersall peaksas confirmedinformation. Donefor all
peaks, not just the displayed peak.

Registers all metabolic map numbers with their pesks.
Donefor al peaks, not just the displayed one.
Curvefits al peaks. Overlays curve fit on selected
spectrum.

Assignslocal fitting parametersto global onesto help the
global curvefit routines and closes the Interactive Fitting
Tool.

Exits from the Interactive Fitting Tool window.

Metabolic Map Display

After performing peak picking and curvefitting, select the desired peaks, and click on
Display Mmap to open the Metabolic Map Display window shown in Figure 74.

=

CS1 Metabolic Map Display

Display Metabolic Map

Interpolation | Mo Interpalation  Interpolation

Matrix Size x: B4, /|7|y: B4 4|7

Peak No.: 1 #|7|

Display Mrmap Info )
Display =

Figure74. Metabolic Map Display Window
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Processing Attributes
Thefollowing list describes the functions of Metabolic Map Display processing attributes.

Interpolation Selects No Interpolation or Interpolation: No Interpolation
displays a metabolic map grayscale image of the voxelsin the
MV'S data set. Interpolation allows a selection of the matrix size
greater than the number of voxelsin the MV S data set, and it
interpol ates between the different intensities.

Matrix Size Number of discrete voxels to use metabolic map display.
Peak No. Peak number to form a metabolic map.
Display Take selected peak and display its map.

Image Reconstruction

The Image Reconstruction window, shown in Figure 75, transforms a standard 2D field of
view reference image.

| ) Image Reconstruction
Dimension: | 2DFT
Slice Nos 1, ¢ |

Matrix x: 256 /|7| y: 256 /|7|
Target Image: | ABS REAL
Transpose Ilmage : | OFF T/B | L/R | 1324

Filter Type : W Gaussian | Hamming | Hanning |

Time Const[Hz]l: 10 0 f———— 500
I 1 1 1 1
Shift Const.[%] : O 50— 50

TR TR

Rotation number: 0 ¢ ¢|

fpply =

Figure75. Image Reconstruction Window

Processing Attributes

The following list describes the processing attributes in the Image Reconstruction window.

Filter Types Weighting functions applicable to the raw data. (Not
implemented)

Time Const Property of the weighting functionsthat can adjust thefunctionsto
the data.

Shift Const Property of theweighting functionsthat can adjust thefunctionsto
the data.

Rotation number Allows rotating images in 90° increments.

The raw data can a so be transposed by using the Transposed | mage selections before
transforming. The matrix values are selected by the number of pointsin the datafile, but
can be adjusted to allow for zero-filling.
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It isgenerally easier and better to read in the images. In the future, Image Reconstruction
may be made obsolete as a processing function.

Metabolic Image Calctool

The metabolic Image Calctool is a calculation tool for spectral peaks from the MV S data.
It can add, subtract, multiply, and divide peaks. Set the result equal to anew valueto create
new peaks. Click Save to save the created peak to the metabolic map data buffer.

Figure 64 on page 146 shows the Image Calctool and an example calculation. The
calculation adds peaks 1 and 2 together and multiplies them by a constant 2.0. Peaks are
specified by integers, constants are specified by real numbers. A peak humber might or
might not be specified asaresult. In thisexample, apeak number is specified asaresult. To
execute this calculation, click on the ﬂ button.

Even though a peak number has been specified as the result, the storage of this calculation
isnot performed until the Save optionisselected. If no peak has been specified in theresult,
apeak (map) number can be entered in the Save Check window, shown in Figure 65 on page
146. Select Save to activate this window.

pH Map Control

The pH Map process can create pH maps or frequency difference maps. pH maps are
generated with the calculation:

ph = pK2-In[(s—b) §(a-3)]
where s isthe chemical shift difference between Pi and PCr; and a, b, pK2 are constants.

In the pH map processing function, the correct peaks must be specified. The constants are
set to default values but can be changed.

Figure 76 showsthe - T ——
window for the pH map
process. Map Type : Freq.Diff, |p—H acid | & lkali |
The pH Map Process can Peak Define: Current | Prior Knowledge Confirm | Mmap
also generate frequency = ——
- Ba 8 i Ba 8
difference maps between sl £ LI7] Check) Store)
any peaksinthe CSl a: 3.2300 b: 558500 pK2: 53000
Spe_Ctr_aand acidand alkali Display diff/pH Info {(Voxel Select): | NO YES
variations of the pH map.
Mapping Apply | Save Map )
The box ROI can be used

to select aregion of

interest when applying a
global map by using the
Prior Knowledge or Confirm Peak definitions.

Figure 76. pH Map Control Window

The following list describes the functions of pH Map Control processing attributes.

Map Type Type of map to generate: Freg. Diff., pH, Acid, or Alkali

Peak Define Source of information to define the peaks: Current, Prior
Knowledge, Confirm, or Mmap.

Currentisfor aselected spectrum, cannot be used for global apply.
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Prior Knowledge and Confirm use previously registered prior
knowledge or confirmed peak picking information with the MV S
data buffer to determine the peaks for alocal or global mapping.

Mmap uses already curve-fitted metabolic map information to
determine the peaks for alocal or global mapping.

Peak A, B Peaks in spectrum to obtain the difference in frequency.

Check Performs a check of the frequency difference or pH in currently
selected spectrum and displays result in the Info M essage window.

Store Saves the frequency differencein the current voxel-to-global map.

Display diff/pH Selects whether or not to output diff/pH values to Info Message

info window when performing globa mapping.

Mapping Apply Performs global mapping of Map Type by using Peak Define and
displays map in currently selected Gframe.

Save Map opens a Save Check window that is the same type window asthe
Image Calctool save window. It allows the mapped image
definition to be saved into the current global buffer of mapped
images. The window opens with metabolic map number set to 1
plus the number of global metabolic maps.

ROI Spectrum

ROI Spectrum is used with the ROI Linetool and the ROI Box tool on reference images:

» Used with the ROI line spectrum, it extracts and stacked plot of all the spectra
underneath the ROI.

» Used withthe ROI Box tool, it extracts and average spectrum of all the spectrumwithin
the box. It relates areas in areference image to the voxel spectrain its CSl data set.

To generate astacked plot of spectra, usethe ROI Linetool to draw aline acrossareference
image. Then, select ROI Spectrum from the Process menu, and a series of stacked spectra
appear in one of the canvas windows.

To generate an average of al the spectrain an ROI region, use the ROI Box tool to draw a
box in the desired region of areferenceimage. Then, select ROl Spectrum from the Process
menu, and an averaged spectrum appears in one of the canvas windows.

6.5 Files and Other Items

This section describes file input and output and the error and information displays.

FileBrowser

The FileBrowser is a standard interface used for storing and retrieving files. It is always
used when saving files. It is also aways used when retrieving image files.

The Gframe, ROI, and Filter interfaces use the FileBrowser for saving files but do not use
it for retrieving files, because the Load interfaces are built for quick access and always
assume a specified directory. For moreinformation about the particular directory for these
interfaces, see “Tools,” page 147.
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Figure 77 isan example of a = - =
FileBrowser window for loading ~ File~Browser: Data
images. The basic window is the Load File From : _Load )
same for most operations. Thetitle ] Load all )
of the window (in this case, image0002.fdf,
FileBrowser: Data) describesthe use -ssfexport/gauss/chris/ib/RABBIT
of the current File-Browser window. g =
In the case of loading movie images, imagecoo . fdf
thetitleis Movie Frame Loader; for [ragecooz fdf =
ROls, it is FileBrowser: ROl. When image0003.fdf
files are saved, Load is replaced by :ngzgggg':j;
Save. Load All does not change image000s.fdf
because there is no corre-sponding image0007 fdf
Save All command. image000a.fdf

imaged00a, fdf
The FileBrowser displays the image00 0. fdf
currently selected fileonthetopline. image0011.fdf
Just below that is the current 12 files. -
directory. The number of filesin the
directory islisted at the bottom. !

Thereisascrolling window that
contains the names of all thefilesin
the directory. Subdirectories are
indicated with a“/” at the end of their name. To select aname in the scrolling list, position
the cursor over the desired name and click the left mouse button.

Figure 77. FileBrowser Window

Changing Directories

Change directories by either double clicking on the directory name with the left mouse
button, by selecting the name so it appears in the top line and pressing the Return key, or
by entering the name directly in the top line and pressing the Return key. Note that the
UNIX prefix “~" worksin the FileBrowser. The “. . /" entry opens the parent directory.

Loading Files

Select File from the command panel, then select Load to open a FileBrowser for loading
files. To load afileinto Image Browser, select the desired file and press the Load option.
Thefileisloaded into the next available graphics frame. To select aparticular frameto load
an imageinto, immediately click on that frame before clicking the Load option.

To load all thefilesin the current directory, click the Load All option.

Select the FDF file and click the Load option to load FDF files. For VNMR phasefiles, the
directory that contains the phasefile must be selected when the Load option is clicked.

Saving Files
Select the File, then Save to open aFileBrowser tool for saving files.

CSl saves data from the global buffers except for spectrum data, which it saves from the
currently selected Gframe. Because data is saved from the Gframe, when afile nameis
entered or selected into the top line of the FileBrowser, and Save is clicked, a Save Tool
window opens.
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Figure 78 shows an example of a

SaveTool window. Thefilename |~ Save Tool
can be changed after the window Src Dst
has appeared Raw Data
Localized FID 555> ~|ols/csi/DATAheart.my

Thetypeof datato be saved must | Ms Data
be selected. If Spectrum or MWYS Curve Fit Data Save | Cancel )
Single FID is selected, the data Image
must be in a selected Gframe. Metabolic Map

. . Spectrum
If Metabolic Map- >!mage|s Single FID
%IeCted_! the approprlate Metaholic Map—>Image Mmap No.: 1 £l
metabolic map number must also

be selected. A metabolic map is
Created and Savaj to thespeqﬁaj Figure 78 FlleBrO\N%r Sa/e TOOI W| ndO\N

file. The metabolic map is

created with the Matrix Size and Interpolation as specified in the CSI Metabolic Map
Display window. For the Matrix Size and Interpolation to be set, a metabolic map must be
displayed after the desired fields are selected; otherwise, the FileBrowser saves the
metabolic map according to the specifications of the last displayed metabolic map.

View Menu

The following subsections describe the CSI, Image, Image/MV, MV S| Image, and
Colormap options listed in the View menu on the CSl main command panel, shown in
Figure 54 on page 135.

CSI Option

The CSI option displays one of the following global CSI buffersin the currently selected
graphics frame:

e MVSdata
* Localized FID data
* Raw data
* MVScurvefit data

Image Option

The Image option displays a global image buffer in the currently selected graphics frame:
» Reference image data
» Metabolic map image data

Image/MVS Option

The Image/MV S option displays the global reference image buffer overlaid on one of the
following global CSl buffersin the currently selected graphics frame:

« MVSdata
 MVScurvefit data
* Locdized FID data
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Image/MV S can be used for obtaining ROI
Spectrum information by using the reference
image.

MVS/ Image Option

The MV SI Image option displays one of the
following global CSl buffers overlaid on a
global reference image buffer in the currently
selected graphics frame:

« MVSdata
 MVScurvefit data
» Locdized FID data

Colormap Option

The Colormap option opens the Colormap
Display window, shownin Figure 79, to creste
color metabolic maps and overlays. Up to

[ Colormap Display

Interpaolation | Hone  Cubic spline

Matrix Size x: B4, #|7| y: B4 /|7|
Display Mmap Info )

Red : OFF [on peakNe. 1  /|7|

Green: OFF [on  peakNe. 1 /|7

Blue : oOfF [on peakNo. 1 /|7]

Reference Image Wﬂ

RGE Scaling | Common Independent
Display )

Figure 79. Colormap Display Window

three different peaks can be displayed at atime and assigned to red, green, or blue colors.
Interpolation can be performed between voxels to achieve a more continuous image.

Color maps overlaid on the current reference
image can also be displayed. Theintensities
for each map can be independently scaled or

() Display Control

scaled in common.

The Display Mmap Info option writes out a
list of currently registered mapsto the Info

M essages window.

Display Properties

CSl alows certain display propertiesto be
selected. Figure 80 showsthe Display Control

window.

Spectrum scaling W Normalized M
Auto Frame Selection W M

Auto Frame Increment Wﬂ

Spectrum Scale WMM

Fit Parameter Show(Voxel/ROI): WM

Figure 80. Display Control Window

The following list describes the processing attributes in the Display Control window.

Spectrum Scaling

Spectrum Scale

Fit Parameter Show
(Voxel/ROl)

170
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Controls how the spectrum is scaled when it is displayed in its
own Gframe Auto, Normalized, or Fixed:

Auto scales each spectrum individually to the Gframe. This
alowsthe full range of the spectrum to be seen, but it does not
give a perspective to the rest of the voxels.

Normalized scaling normalizes the scale across the CSl data set
and displays each spectrum in proportion to the other spectrain
the data set.

Fixed scaling allows the scaling to be fixed.
Displays a scale below the spectrum.

If on, displays the curve-fitting results in the Info M essages
window when avoxel select isperformed on MV S Curve Fit data.
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Misc Menu

The Misc menu on the CSI Command panel contains the following options.

Error Messages Option

When selected, the Error Messages option opens an Error Messages text window, whichis
scrollable so that all previous error messages can be viewed.

If thereis an error, the window is automatically opened on the screen. The window can
remain open or it can be closed. Error messages can be saved into afile or all messages can
be deleted.

Info-Messages Option

When selected, the Info-Messages option opens an Info Messages text window, which is
scrollable so that all previous messages can be viewed.

Thiswindow isfor outputting of information from a particular task, such as statistics. The
window automatically openswhen statisticsor other informationisoutput toit. Thedesired
information can be selected and output to afile. The messages can be deleted, and the
window can either be closed or moved to a different location.

VNMR Files

CSl reads VNMR raw data files for CSl processing and image reconstruction. It does not
read VNMR phasefiles.

TheVNMR filesthat can beread are not files but directories. These directoriesmust contain
aFIDfileandapr ocpar file. Thesedirectoriescan bean experiment directory orany f i d
file saved by using theVNMR svf command. Unlike ImageBrowser, to read aVNMR

fi d file, the FileBrowser must have selected thef i d raw datafile within the directory
containing thef i d file and the parameter file. Select the L oad option in the FileBrowser to
read in the raw datafile and the parameter file.

CSl does not currently process arrayed data sets, except CS| data sets that use the standard
ni arraying scheme.

VNMR Parameters

The CSl program uses certain VNMR parameters in order to process the data. The
information it obtains defines the data set’s size, location, orientation, field of view, and
other descriptiveinformation. If some parameters do not exist, default parameters are used
in order to process the data sets.

Standard Parameters
The following standard parameters can be used by the CSI program.

np, ni , nf These parameters determine the data sizes of the data set. The
f | ashc program is expected to be run on any image data set.
These parameters help determine the Rank and Matrix fields. No
default values, but if the parameter is not found, the valuesin the
data headers are used.

sfrq,dfrq Transmitter and decoupler frequencies used inthe nucf r eq
field. Default valueis 170 MHz.
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tn,dn Transmitter and decoupler nuclei used in nucl eus field.
Default valueis H1.

SwW, SwWl, sw2 Define the spectral widths. Default value is 2000 Hz.

lro,l pe Spatial dimensions of the reference image data in centimeters.
Default valueis H1.

| pe,l pe2 Length of datainthe phase encodedirections. | pe isusedfor the

medium (y) direction when processing CSI and reference image
data. | pe2 isused for thefast (x) direction when processing CS
data. In thisdiscussion, thefast, medium, and slow directionsare
considered to be the order that the fast Fourier transforms are
performed and are analogousto thex, y, and z directions. Default
valueis8.

t hk Althought hk isnotinthe old standard parameter setsand isan
oblique imaging parameter, it is currently the only method to
define slice thickness. Default valueis 1.

Spatial Parameters for Non-Oblique Sequences
Thelocation for these data sets is currently always assumed to be at (0,0,0) coordinates.

ori ent String parameter used with gr o, gpe, gpe2 to determine
orientation. Default value isxyz.

gss, gpe, gpe2 The signs of the gradient values, along with the or i ent
parameter are used to determine the orientation of the data set.
These are used for CS| data sets. Default valueis 1.

gss, gpe,gro Gradient parameters used to determine the orientation for
reference images. Default valueis 1.

Spatial Parameters for Oblique Sequences

psi,phi,theta  Euler anglesto determine data set orientation. Default valueisO.
pss, ppe2, ppe Position parameters for CSI data sets. Default valueis 0.

pss, pr o, ppe Position parameters for reference image data sets. Default value
isO.

FDF Files

The CSl tool saves data as FDF (Flexible Data Format) files. The FDF file consists of a
header and data:

» Theheaderisan ASCII header and itsfields are defined by a Data Definition Language
(DDL). The ASCII header makesit easy to decipher the image content and makes it
easy to add new fields, and remainsin keeping with the ASCI| format of thepr ocpar
file

» Thedataportionishbinary datadescribed by thefieldsin the header. It isseparated from
the header by anull character.

For a definition of all the fields, see the section “File Format” in the manual VNMR User
Programming.
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Creating FDF files

Usethesvsi s macro to create FDF files from VNMR and FID files saved from standard
SISCO imaging sequences. svsi s can be modified for special user-defined sequences. If
standard SISCO parameters have been used, the modification can be as simple as adding a
lineto definethe sequence. Thesvsi s macro isdescribed in the manual VNMR Command
and Parameter Reference.

Another way to create FDF filesisto edit or create a header defining a set of datawith no
headers and attach the two by using thef df gl uer command with the syntax:
fdf gl uer header file <data file <output file>>

Thisexecutabletakesaheader fil eandadat a_fi | e and putsthemtogether toform
an FDFfile. f df gl uer also calculates a checksum and inserts it into the header. If the
dat a_fi | e argument is not present, f df gl uer assumesthe dataiis from the standard

input. If theout put _fil e nameisnot present, f df gl uer putsthe FDF fileto the

standard output.

Splitting FDF files

Thef df spl i t command takesan FDF fileand splitsthefileinto its dataand header parts.
Usethesyntax :f df split fdf file data file header_fil e. Notethat the
header can still have a checksum valuein it. If the header does have a checksum value,

removeit.

Prior Knowledge Peak
Files

Prior knowledge peak picking uses

Table 9. Prior Knowledge Menu Selections
with Corresponding File Names

filesinthe $csi di r / PEAK Menu Selection FileName
directory to define the expected 1H in vivo standard H1_standard
peaks and their It_Jcation. Somefiles 31Pin vivo standard P31_standard
arealready upplied for H1 and P31. 13C invivo standard C13_standard
Table 9 shows alist of menu 1H brain H1_brain
selecti onSC';_OI IO\f,'\Ilgdnta)%tehseilz' a1 31P brain P31_brain
corresponding fi igure . )
showfpa samp?l e PEAK file fo%1 13C brain C13 brain
P31 _standard. 1H muscle H1_muscle
31P muscle P31 _muscle
13C muscle C13 muscle
1H liver H1 liver
31Pliver P31 liver
13C liver C13 liver
31P heart P31 heart
1H kidney H1_kidney
1H phantom H1 phantom
31P phantom P31 phantom
13C phantom C13_phantom
User defined 1t0 5 User to Userb
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#::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

# P31 _standard

# Prior Know edge of the peak information

# Nucl ei 31P

# Ti ssue type: standard (in vivo)
#::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
#Regi st ered peak nunber

PEAK_NUM 7

#Peak ID p.p.manplitude nultiplicity J conplex mgjor shift fwhm
#PME

PEAK1 6. 85 30.0 0 0.0 3 1 0.0 60.0
COMMVENT1 PMVE

#Pi

PEAK2 4.77 10.0 1 0.0 1 1 0.6 30.0
COMVENT?2 Pi

#PDE

PEAK3 2.10 100. 0 0 0.0 3 1 0.0 70.0
COMMENT3  PDE

#PCr

PEAK4 0.00 40.0 1 0.0 O 1 0.0 40.0
COMMENT4  PCr

#gamma ATP

PEAKS  -2.30 30.0 2 20,0 1 1 0.3 50.0
COMMENTS  r- ATP

#al pha ATP

PEAK6  -7.46 30.0 2 20,0 1 1 0.2 50.0
COMMENT6  a- ATP

#beta ATP

PEAK?7 -15.7 30.0 3 20,0 O 1 0.3 50.0
COWMVENT7b- ATP

s

#! Remar k:

# The order is very inportant. Please make sure to register peaks
# from“lower field” to “higher field".

# (from hi gher frequency to | ower frequency)

#

#l tems

# “p.p.m” is a chemcal shift value [p.p.m].

# “anplitude” is a reference. not necessary a exact val ue

# “multiplicity” 1 for singlet, 2 for doublet, 3 for triplet....
# “J” is the coupling constant. [Hz] unit

# “conpl ex” indicates a multiple peak or sinple peak.

# “major” indicates a nain peak or not.

# “shift” indicates how nmuch the peak coul d nove

# under some physiol ogi cal condition [p.p.m]

# “fwhnt indicates Full Wdth Half Maxi num val ue of the peak [Hz]
#

#COWMENTN: maxi num 32 character
=

Figure81. Sample Prior Knowledge PEAK File
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chapter 7. High-Performance Auxiliary and
Microimaging Gradients

Sectionsin this chapter:

e 7.1"HPAG-183 Hardware,” this page

e 7.2"Experimental Setup,” page 183

» 7.3 “Performance Specifications,” page 189

e 7.4"Microimaging Hardware,” page 190
This chapter describes high-performance auxiliary and microimaging gradients. The
concept behind the high-performance auxiliary gradient (HPAG) accessory isto provide

dedicated gradient coilsto increase system performance. The accessory provides
performance improvements for:

* Maximum gradient strength
» Gradient rise and fall times
» Duty cycle

» Eddy current compensation

These attributes provide access to higher image resolution, shorter echo times, thinner
dices, faster sequences, and better localized spectroscopy lineshape in smaller voxels.

HPAG hardware is designed to provide easy and simple changeover between the system’s
main gradient coil and the auxiliary gradient coil. Changeover timeistypically lessthan 20
minutes. The VNMR system software provides full support so that simple configurational
changesallow the HPAG to function with al standard sequences. Pulse sequences provided
by the user are easily modified for use with the HPAG gradients.

7.1 HPAG-183 Hardware

This section describes the hardware components of the HPAG-183 accessory.

Parts List

Table 10 isalist of parts that make up the HPAG-183 accessory. These parts should be
received preinstalled with a new imaging system or as aretrofit kit for installation on-site
by an Varian Field Service representative.

Part Functions

During installation, the gradient coil, spacing rings, and rf shield doors are adjusted and
assembled to form asingle unit collectively known as the auxiliary gradient coil. Thisunit
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Table 10. HPAG-183 Accessory Parts List

Part Number Part Count Description

* 1 183-mm auxiliary coil

* 2 Spacing rings

00-967610-00 2 RF shield doors

00-967702-01 1 Gradient power cable (aux. coil)
00-967702-02 1 Gradient power cable (main coil)
00-967636-00 1 Quick-disconnect box
00-967219-91 3 Eddy current compensation boards
* 1 Probe and bore equipment kit

* Part number is different for each system and is available upon request

isloaded into the system magnet during use and held in place on the rear flange of the
system rf shield by the locking screws.

The coil is connected to the gradient supply via a gradient power cable (00-967702-01),
which is cabled to the HPAG quick-disconnect box. The shim power, water, and
thermocouple sensor lines are also connected to the auxiliary coil during use.

The eddy current compensation boards are calibrated during installation to provide eddy
current control for the HPAG gradient coil. These boards are installed into the system
gradient supply by the user when the HPAG gradient coil isin use.

A gradient power cable (00-967702-02) is cabled into the standard system gradient coil and
rf shield during installation to provide quick-disconnect capability for this coil. The probe
and bore equipment kit is designed to augment the standard system bore equipment to
provide experimental capability for the HPAG gradient coil.

Auxiliary Gradient Coil

The function of the 183-mm auxiliary gradient coil isto provide the static and switched
magnetic field gradients required for imaging and spectroscopy experiments. Figure 82 is
adiagram of the coil. The gradient coil isfitted with an internal rf shield, spacing rings,
gradient power cable, shim connector port, thermocouple connector, water connectors and
hoses, and a locking mechanism. The following sections describe each part.

Internal RF Shield

The rf shield preventsinterference from external rf sources and leakage of rf power from
the system during transmission. The rf shield is completed by a pair of doors that fit on to
both ends of the gradient coil.

Spacing Rings

The spacing rings are used to adjust the position of the gradient coil inside the magnet bore.
These rings are adjusted during installation of the HPAG accessory to provide proper
positioning of the gradient coail. If the spacing rings become misaligned for any reason,
contact Varian Service to have them realigned.

Figure 83 shows anumber of important connectors located on the rear housing of the coil.
The functions of these connectors are described in the following subsections.
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Rear Housing Spacing Rings RF Shield Door

Thermocouple Connector

Water Hoses and
\ Connectors
Gradient Power Cable

Figure 82. RF Shield Fitted on 183-mm HPAG Gradient Coil

Rear RF Shield Door

Locking Mechanism

Shim Connector /

Water Hose

Gradient Power Cable

Figure 83. Rear Housing of 183-mm HPAG Gradient Cail

Gradient Power Cable

The gradient power cable (P5911) supplies power from the system gradient supply to the
X,Y and Z gradient coils and shims when the cable is connected to the gradient connector
port (J59X 1) of the HPAG quick-disconnect box.

WARNING: Do not connect or disconnect the gradient power cable to or from the
HPAG quick-disconnect box unless both the system gradient and shim
supply have been switched off. The gradient port connector of the
HPAG quick-disconnect box presents a risk of electrocution if the
gradient power cable is disconnected while the system gradient
supply is switched on.
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CAUTION: Do not connect or disconnect the gradient power cable to or from the

HPAG quick-disconnect box unless both the system gradient and shim
supply have been switched off. Severe damage can occur to both
gradient and shim supply if the supplies are powered up as
connections are being modified.

Shim Connector Port

The shim connector port (J5912) receives power from the system shim power supply via
the shim power cable (P59X2). Power is supplied to al shimsexcept to X, Y, and Z, which
obtain power through the gradient connector cable.

CAUTION: Do not disconnect the shim power cable from the shim connector port

of the gradient coil unless the system shim supply has been switched
off. Severe damage to the shim supply can occur if it is powered up as
connections are being modified.

Thermocouple Connector

The thermocoupl e connector (J5913) mates with the thermocouple sensor cable (P59X3)
from the system gradient supply, to complete the sensor circuits needed to protect the
gradient coil from thermal overload.

CAUTION: Ensure that the thermocouple sensor cable is connected to the

gradient coil you are about to use. If the sensor cable is connected to
the main gradient coil when the HPAG auxiliary coil is in use or if the
cable remains disconnected, the thermal overload protection circuits
of the system gradient supply will not function correctly. Experiments
requiring high gradient duty cycle could then lead to damage of the
gradient coil.

Water Connectors and Hoses

Water hoses supply cooling water to the 183-mm gradient coil when the hoses are
connected to the water fittings located on the HPAG quick-disconnect box. The quick-
disconnect fittings provide automatic water shut off through spring-loaded valves located
in thefittings. Shut-off allows the water supply to the gradient coil to be disconnected with
minimal spillage of cooling water from the coil.

Locking Mechanism

The rear housing of the 183-mm gradient coil isfitted with locking mechanism bracketsto
hold the coil in the correct orientation while the coil isbeing used in the magnet. The holes
in the brackets are located over the corresponding threaded holeslocated in the rear of the
rf shield for the main system gradient coil. The auxiliary coil can be locked in place using
the locking screws.

During installation of the HPAG accessory, the positioning of the locking mechanism
brackets is adjusted to place the gradient coil in the correct orientation. If the brackets
become loose or misaligned in any way, contact Varian Service to have them realigned.

HPAG Quick-Disconnect Box

The HPAG quick-disconnect box allows the power and water connections to the main
system and auxiliary gradient coilsto be quickly and easily interchanged. Figure 84 isa
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diagram of the quick-disconnect box. The following sections describe the various
connections to the quick-disconnect box.

Water Hoses to

Auxiliary Gradient Coil
Gradient Connector Port. /

™~

Quick-Disconnect

Fittings
Power Lines from \\Water Hoses from
Gradient Supply Main Supply

Figure 84. HPAG Quick-Disconnect Box

Gradient Connector Port

The gradient connector port (J59X1) mates with the gradient power cable from either the
main system gradient coil (P5901) or the auxiliary gradient coil (P5911) to provide power
for the X, Y and Z shims and gradients.

WARNING: Do not connect or disconnect the gradient power cable to or from the
HPAG quick-disconnect box unless both the system gradient and shim
supply have been switched off. Gradient connector port (J59X1) of the
HPAG quick-disconnect box presents a risk of electrocution if the
gradient power cable is disconnected while the system gradient
supply is switched on.

CAUTION: Do not connect or disconnect the gradient power cable to or from the
HPAG quick-disconnect box unless both the system gradient and
system shim supply have been switched off. Severe damage can occur
to the gradient and shim supply if these are powered on as
connections are modified.

Water Quick-Disconnect Fittings

Thewater quick-disconnect fittings on the HPAG qui ck-disconnect box are connected back
to the main water supply for the system. The fittings mate with the corresponding male
fittings located on the ends of the water hoses supplied on the main system and auxiliary
gradient coils.

Both the fittings on the disconnect box and the gradient coils have automatic spring loaded
shut-off values, so that water supply can be disconnected with minimal spillage. However,
it is better to shut off the main water supply when making the water connections. Shutting
off the main water supply provides protection against valve failure in thefittingslocated in
the HPAG quick-disconnect box, which would lead to aleak at full system water pressure.
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Gradient Power Line Conduit

Power linesfrom the system gradient supply enter the HPAG quick-disconnect box through
aconduit located on the inside of the box. These power lines are not part of the quick-
disconnect system; regard the lines as permanent connections.

HPAG Probe and Sample Handling Equipment

The HPAG accessory includes additional probe and sample handling equipment to facilitate
experiments using the auxiliary gradient coil. This equipment is designed to integrate with
the main system probe and sampling handling equipment to avoid unnecessary duplication
of parts. The sample handling equipment is similar to that provided for standard imaging
systems equipped with 183-mm gradient coils.

System Gradient Coil

The standard system gradient coil is modified upon installation of the HPAG accessory to
allow quick and simple disconnection from the system gradient and shim supplies. The
water connections and hoses to the main gradient coil are also modified for quick
disconnection. Figure 85 is a diagram of the modified arrangement. The functions of these
connectors are described in the following subsections.

RF Shield | | | |

Magnet

Filter Box

Shim Connector

Water Hoses and
Connectors

Gradient Power Cable

Figure 85. System Gradient Coil Detail of Connection Points

Gradient Power Cable

When connected to the gradient connector port (J59X1) of the HPAG quick-disconnect
box, the gradient power cable (P5901) supplies power from the system gradient power
supply tothe X, Y and Z gradient coils and shims.
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WARNING: Do not connect or disconnect the gradient power cable to or from the
HPAG quick-disconnect box unless both the system gradient and shim
supply have been switched off. Gradient connector port (J59X1) of the
HPAG quick-disconnect box presents arisk of electrocution if the
gradient power cable is disconnected while the system gradient
supply is switched on.

CAUTION: Do not connect or disconnect this cable to or from the HPAG quick-
disconnect box unless both the system gradient and system shim
supply have been switched off. Severe damage can occur to both
gradient and shim supply if the supplies are powered up as
connections are being modified.

Shim Connector Port

The shim connector port (J5902) receives power from the system shim power supply via
the shim power cable (P59X2). Power is supplied to al shimsexcept to X, Y, and Z, which
obtain power through the gradient connector cable.

CAUTION: Never disconnect the shim power cable from the shim connector port
of the gradient coil unless the system shim supply has been switched
off. Severe damage to the shim supply can occur if it is powered up as
connections are being modified.

Thermocouple Connector

The thermocouple connector (J5903) mates with the thermocouple sensor cable (P59X3)
from the system gradient supply, to complete the sensor circuits needed to protect the
gradient coil from thermal overload.

CAUTION: Make sure that the thermocouple sensor cable is connected to the
gradient coil you are about to use. If the sensor cable remains
disconnected, the thermal overload protection circuits of the system
gradient supply will not function correctly. Experiments requiring high
gradient duty cycle could then lead to damage of the gradient coil.

Water Connectors and Hoses

When connected to the water fittingslocated on the HPAG quick-disconnect box, the water
hoses supply cooling water to the main gradient coil. The quick-disconnect fittings provide
automatic water shut-off, through spring-loaded valves |ocated in thefittings. This alows
the water connections to the gradient coil to be broken with minimal spillage of cooling
water from the coil.

Locking Mechanism

Therear plate of the rf shield for the main gradient coil has threaded holes to accept the
locking screws for the auxiliary gradient coil.

Eddy Current Compensation Boards

The system gradient power supply (GPS 2239) operates both the main and auxiliary
gradient coilsif the eddy current compensation boards for the X, Y and Z gradients are
properly adjusted to suit the particular coil. To avoid readjustment of the eddy current
compensation each time the auxiliary gradient coil is used, a second set of compensa-tion
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boardsis supplied as part of the HPAG accessory. These boards are adjusted to compensate
for the eddy currents generated in the magnet frame by the auxiliary coil. Adjustment is
made during the installation of the accessory. To convert the power supply for use with a
given gradient coil, install only the appropriate set of eddy current compensation boards,
respectively labeled as X, Y, and Z Signal Con boards.

Exchanging eddy current compensation
boards involves opening the control panel
of the gradient power supply and
removing the existing set of boards from
theinternal card cage located behind the
control panel.

_®

~

-

\
:

I

~

To remove the set of boards from the
interna card cage located behind the
control panel, take the following steps,

which correspond to the numbered ‘
calloutsin Figure 86:

i

1. Placethesystem gradient supply in
Standby.

_ Figure86. Front Panel of System
2. Turn off the Main Power.

Gradient Supply

3. Removethe panel screws, and then
flip down the control panel.

Figure 87 showsthe interna card cage, which holds the power supply control boards.

Security Board PSU Board

1/
Exchange X, Y, and Z Compensation Boards—/

Figure 87. Gradient Supply Internal Card Cage

WARNING: Do not proceed with the following steps unless the gradient supply is
fully powered off.

CAUTION: The compensation boards are individually keyed to the internal card
cage slots. Do not use force if the board does not fit into the slot. You
could damage the boards by doing so.

To exchange eddy current compensation boards, take the following steps.
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7.2 Experimental Setup

Power off the system gradient supply by first pressing the “ Stop” button and then
turning the main power switch to the “off” position.

Remove the two retaining screws from the top of the gradient supply control panel
and flip it down to expose the internal card cage that contains the power supply
control boards.

Refer to Figure 87 and locate the positions of the three eddy current compensation
boards. If welabel the slotsof theinternal card cage 1 through 12 starting on the left-
hand side with the security board, then the eddy current compensation boards are
located in dlots 3, 6, and 9. The bonds are typically labeled “X Compensation,” *Y
Compensation,” and “Z Compensation.”

Remove the compensation board for the X gradient from slot 3 and replace it with
the new X gradient compensation card.

Remove the compensation board for theY gradient from slot 6 and replace it with
the new'Y gradient compensation card.

Remove the compensation board for the Z gradient from slot 9 and replace it with
the new Z gradient compensation card.

Hlip up the gradient supply control panel and replace the panel retaining screws.

CAUTION: Power up the gradient supply only after modifying the connections to

the gradient coil. If the gradient supply does not power up, check all
connections again, including connections to the compensation board,
shim supply, and thermocouple sensor line. If all the connections are
made correctly and the gradient supply still does not power up, call
Varian Service for assistance and do not proceed further.

7.2 Experimental Setup

The purpose of this section isto describe the use of the HPAG accessory for experiments.
It isimportant to be familiar with the individual hardware components and their
interconnections.

Installing the HPAG Auxiliary Gradient Coil
This section describes how to install the HPAG gradient coil for experimental use.

WARNING: Be aware that certain steps in the procedure are essential for safety

reasons; these steps are start with the keyword SAFETY.The order of
the operations is crucial; therefore, to prevent accidents and damage
to the system, carefully follow the steps in order.

1. Theinitia configuration of the hardware should be the same configuration shownin

Figure 88, with the main gradient coil asthe “active” coil. Thisisthe standard
configuration. Verify that the system is functional in the standard configuration
before proceeding to install the HPAG auxiliary gradient coil.

If the connections are not made as shown in Figure 88, the system isin an incorrect
configuration and might be damaged. In this situation, perform the following three
SAFETY stepsand then correct the cabling error so that the connections match those
shown in Figure 88. The system can then be powered up.
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Gradient

/Supply

Shim
Supply

\

Shim Current

Main Gradient
Caoil

Thermocouple

Gradient
Current

Magnet

Water HOSV
from Main
Supply

Figure 88. Connectionsfor System Gradient Coil in Standard Configuration

2. SAFETY: Usethe power on/off button located on the front panel of the system shim
power supply to turn it off.

3. SAFETY: Usethe STOP button and the main power switch to turn off the system
gradient supply.

4, SAFETY: Turn off the water flow to the gradient coil at the main water shut-off
valves.

WARNING: Do not proceed with the following steps until the three previous steps,
marked SAFETY, have been performed.

5. Removetherf shield doorsfrom the front and back of the main gradient coil and any
samples or bore equipment present in the magnet. Set aside for future use.

6. Load the auxiliary gradient coil into the magnet through the rear entrance. The
auxiliary coil isheavy—use at least two peopleto lift and manipulateit into position.

7. Align the locking mechanism brackets on the auxiliary coil with the threaded holes
in the main coil rf shield and lock in place with the locking screws.

8. Disconnect the thermocouple sensor cable (P59X 3) from the main gradient coil
(J5903) Connect it to the auxiliary coil (J5913).

9. Disconnect the shim power cable (P59X2) from the main gradient coil (35902).
Connect it to the auxiliary coil (35912).
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10. Disconnect the main gradient power cable (P5901) from the HPAG qui ck-disconnect
box (J59X1). Connect the gradient power cable (P5911) from the auxiliary coil inits
place.

11. Disconnect the water hoses from the main coil. Connect the water hoses from the
auxiliary coil to the water quick-disconnect fittings at the HPAG quick-disconnect
box.

12. Restorethewater supply to the gradient coil at the main water shut-off valve. Check
the HPAG quick-disconnect box for potential leaks.

13. Exchange the eddy current compensation boards in the system gradient supply for
the set calibrated for the auxiliary gradient coil.

14. Verify that system connections are in the (auxiliary) configuration shown in Figure
89. before powering on the system shim and gradient power supplies.

Shim Current .
— Gradient

Shim Supply Supply

[

Auxiliary Gradient Coil

Shim Current

Thermocouple

Gradient Current

Water Hoses /

from Main
Supply

Figure 89. Connections for Auxiliary Configuration

15. The Z0 shim (manual operation only) can be reset to a value that places the
transmitter offset for proton observation close to zero frequency. Otherwise,
remember to compensate for the frequency shift that will be observed when using
the auxiliary coil.

Removing the HPAG Auxiliary Gradient Coil

This section describes how to remove the HPAG auxiliary coil from the system and switch
over to using the main system gradient coil.

WARNING: cCertain steps in this procedure are essential for safety reasons.These
steps are marked with the keyword SAFETY. The order of the
operations is crucial; therefore, carefully follow the order to prevent
accidents and damage to the system.
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1

The system configuration is assumed to be as shown in Figure 89. Thisisthe
auxiliary configuration. Verify that the system is functional in the auxiliary
configuration, before proceeding to remove the HPAG auxiliary gradient coil.

If the connections are not made as shown in Figure 89, then the system has been | eft
in an incorrect configuration and might possibly be damaged by the procedure. In
this situation, perform the following three SAFETY steps and correct the cabling
error so that the connections correspond to those shown in Figure 89. The system can
then be powered up.

SAFETY: Turn off the system shim power supply using the power on/off button
located on its front panel.

SAFETY: Turn off the system gradient supply using the STOP button and the main
power switch.

SAFETY: Turn off the water flow to the gradient coil at the main water shut-off
valves.

WARNING: Do not proceed with the following steps until the three previous steps,

10.

11.

12.

13.

14.

15.

marked SAFETY, have been performed.

Disconnect the thermocouple sensor cable (P59X 3) from the auxiliary gradient coil
and connect it to the main gradient coil (J5903).

Disconnect the shim power cable (P59X2) from the auxiliary gradient coil (J5912)
and connect it to the main gradient coil (J5902).

Disconnect the auxiliary coil gradient power cable (P5911) from the HPAG quick-
disconnect box (J59X 1) and connect the gradient power cable from the main cail
(P5901) inits place.

Disconnect the auxiliary coil water hoses from the HPAG quick-disconnect box.
Reconnect the water hoses from the main gradient coil.

Remove any samples and bore equipment from the auxiliary gradient coil. Set aside
for future use.

Remove the locking screws from the locking mechanism brackets and slide the
auxiliary gradient coil out of the magnet through the rear entrance. The auxiliary coil
is heavy and requires the help of an additional person to lift and manipulate it. Set
aside the locking screws for future use.

Restore the water supply to the gradient coil at the main water shut-off valve. Check
the HPAG quick-disconnect box for potential leaks.

Exchange the eddy current boards in the system gradient power supply for the set
calibrated for the main gradient coil.

Verify that the system connections arein the standard configuration shown in Figure
7 before powering on the system shim and gradient power supplies.

The Z0 shim (manual operation only) can be reset to avalue that places the
transmitter offset for proton operation closeto zero frequency. Otherwise, remember
to compensate for the frequency shift that will be observed when using the main
gradient coil.

Replace the system rf shield doors on the front and rear of the main gradient coil
after loading the bore equipment in to the magnet.
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HPAG Software Support

This section outlines the software support for the HPAG accessory provided by the
Spectroscopy Imaging Systems 90.1 release of system software. This software release
marks a major change in the handling of gradient calibration parameters, so that a variety
of new gradient coil types can be supported. Features relevant to the control of the HPAG
gradient are asfollows:

» Parameter gcoi | hasbeen created to allow thefollowing five gradient coil dependent
parameters to be rapidly set to values appropriate for the “ active” gradient coil:
boresi ze griserate gxcal gycal gzcal
Thevalueof gcoi | isastring that identifies atext file in the directory
$vnnr syst eni gr adt abl es. The contents of thetext file are the values of thefive
coil parameters. Altering the value of gcoi | automatically updates the values of all
five parametersto the values specified in the corresponding text file. If desired, values
for any of the gradient coil dependent parameters can be entered manually, without
forcing an automatic update of the other parameters.

» Gradient calibration parametersgxcal , gycal , andgzcal have been moved from
the global filevnnr sys/ gl obal tothecur par and pr ocpar filesof parameter
sets, FIDs and experiment directories. The parameters now have the status of “local”
acquisition parameters rather than “global” configuration constants. They are
transferred by the svf and svp commands, the same way as other acquisition
parameters. Thert and r t p commands create these parametersif they do not exist
when “older” parameter sets are recalled. The values of these parameters are in units
of G/cm/DAC unit (i.e., the value of the gradient strength per unit step of the output
DAC used to drive the gradients).

» Parameter bor esi ze hasbheenmovedfromvnnr sys/ gl obal tobecomea“local”
acquisition parameter. Itsvalue is the inner diameter of the “active” gradient coil, in
centimeters.

» Parameter BO has been moved from vnnr sys/ gl obal and isnow an acquisition
parameter. Its value is the strength of the static magnetic field, in gauss.

» Parameter gri ser at e has been created to accommodate the different rise time
characteristics of the different gradient coils that can be used by a system.
gri ser at e holds the value of the proportionality constant between the gradient
strength (expressed in DAC units) and the ramp time from/to the zero gradient
(expressed in seconds):
ramptime=gri ser at e x gradient strength

Thevalueof gri ser at e isexpressed in units of sec/DAC unit. The main function
of gri ser at e isto measure of the system slew rate. Some pulse sequences use it
for computing timing and gradient levelsto refocus the NMR signal.

Running Experiments

This section describes the changes in operation of the applications environment caused by
installation of the HPAG accessory. You must first be familiar with normal system operation
in the standard gradient coil configuration in the absence of the HPAG accessory. The
HPAG accessory changes only minor details of system operation.

1. The previously described software features allow parameters to be quickly
reconfigured to accept the use of different gradient coils. After changing gradient
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cail configuration, reset the gcoi | parameter to avalue corresponding to the
current configuration. Table 11 listsgcoi | values:

Table 11. Values of Parameter gcoi |

Main Coils (Standard Design) System

std18 300/183
std31 85/310, 100/310
std33 200/330
std40 200/400

Main Coils (Actively Shielded Design)

shd18 300/183
shd31 85/310, 100/310
shd33 200/330
shd40 200/400

HPAG Accessory Coils

hpag18 85/310, 100/310, 200/330, 200/400

2. Changing the value of gcoi | resetsthe gradient coil-dependent parametersin the
current experiment. Reset the following gradient levels to appropriate values for
experimental conditions:

gpe gro gror gss gssr or gx gy gz gxr gyr gzr
In general, the values of the gradient parameters need to be reduced when using the

HPAG gradient coil, because the coil intrinsically produces higher gradients for the
same DAC setting than the main coil .

3. Other parameters aff ected by the change of gradient coil hardware are the following
frequency parameters:

resto tof slcto delto or tox to toz

These parameters change either because of the different Z0 sensitivities (r est o,
t of ) or because of different gradient strengths. Determine the appropriate
parameter values and reset them in the normal way.

Theprogramsnul ti sl i ce,set gpe,set gro,set gss,set poi nt,etc. remainfully
functional in the 90.1 software release and can be used the same way as they are used in
previous software releases.

To help speed up the gradient coil changeover process:

» Reset the Z0 shim to place the resonance offset for protons (water) to astandard value,
which isthe samefor both gradient coil configurations. Resetting the shim reducesthe
time needed to recalibrate the resonance frequency and hel ps reduce confusion over
frequency offsets when using the different configurations for multinuclear
experiments. Keep arecord of the Z0 shim values. Place acopy of thisrecord on or at
the shim supply.

* Prepare custom parameter setsfor commonly used experiments for both standard and
auxiliary gradient coil configurations. Custom sets reduce the time needed to reset the
parameters and decrease the probability of set-up mistakes.

» Saveabasic set of shim values for some standard object such as alarge uniform
phantom for each gradient coil configuration. Load the set before reshimming after the
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hardware change over. A saved set of shim values reduces the need to shim from
“scratch” each time the gradient coil configuration is changed.

 Post acopy of the procedure for exchanging gradient coilsso that it isalways available
to users.

7.3 Performance Specifications

The purpose of the HPAG accessory isto provide an auxiliary gradient coil that can be
easily connected to and disconnected from imaging system. The auxiliary gradient coil
provides access to higher gradient strengths and faster slew rates. The smaller diameter of
the HPAG auxiliary coil leadsto areduction in the level of eddy currentsinduced in
surrounding metal parts, in particular, the magnet cryostat. The effects of eddy currentsare
compensated by three additional compensation boards calibrated for the auxiliary gradient
coil and by physical adjustment of the coil position within the magnet. Cabling to both the
standard and auxiliary gradient coilsis routed through the HPAG quick-disconnect box,
allowing connections to be easily made to either coil.

Gradient Coil Physical Dimensions
On al systems, the inner diameter is 123 mm and the outer diameter is 183 mm.

Table 12 gives the length and weight for Table 12. Gradient Coil Length and

standard systems Weight,
Gradient Strength o Length  Weight
_ _ Ssem )
The gradient strength is 10 G/cm (100 mT/m)
onthe X, Y, and Z axes. 200/400 Mk 11 2005 47
200/330 Mk 11 1888 44

Gradi Rise Ti 200/330 MK Il 1680 38
radient Rise Time 85/310 1368 33

Gradient risetimes of 500 psto 10 G/cmon X,

Y, and Z axes. Thistime isequivalent to a

gradient slew rate of 200 T/m.

Duty Cycle and Heat Dissipation Table 13. Gradient

Table 13 summarizes the duty cycle specification for Channels Duty Cycles

simultaneous use of all three gradient channels:

Gradient Duty Cycle
(Glem) (%)

Eddy Current Compensation

3 100
Eddy current compensation uses exponential preemphasis 5 50
signal conditioning. The compensation boards have the 10 10

capacity to set five time constant and amplitude valuesfor the
preemphasis. These are calibrated for the system lifetime
upon installation.
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Shim Coils

The shim set for the auxiliary gradient coil haswindingsfor 20, Z1, 22, Z3, Z4, X, ZX,
Z2X,Y, ZY, Z2Y, XY, X2-Y 2, ZXY, and Z(X2-Y 2) shims.

Imaging Coil
The imaging coil has anominal diameter of 8 cm with a90° flip time of less than 100 ps
for asquare pulse. The cail istuned at the following system proton frequencies:

» 200.057 MHz for 200/330 and 200/400 systems

e 85.500 MHz for 85/310 systems

7.4 Microimaging Hardware

190

The principal unit of the microimaging module is the cabinet containing the gradient
control system, shown in Figure 90, which contains the gradient control circuits and power
amplifiers. The power amplifiers supply the high-current pulsesto the gradient coilsin the
magnet bore. The microimaging module installation manual describes microimaging
hardware in detail.

o o0 Ue Status panel

° ®
P WARNING GENC)
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o | HUTEEEEEO RO TR X gradient
o | amplifier

LRI T EO T T
O TECHRON 7700 SERIES
P
> |t Y gradient
© |9 amplifier

TR R R .
I AT Z gradient
NIRRT amplifier
© TECHRON 7700 SERIES
P 9
o g
o

Figure 90. Microimaging Cabinet with Gradient Control System
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Gradient Control System

The gradient system consists of the following hardware, which, with the exception of the
gradient coils and Gradient Junction Unit, are contained in a separate cabinet:
» Gradient waveform generatorsthat provide 16-bit amplitude control for gradient pulse
shaping.
 Gradient compensation (preemphasis) units that compensate for eddy current
artifacts in the gradient pulses, each with five time constants and associated
amplitudes.

 Gradient power amplifiers (three required) that drive the large pulse currents
through the gradient coils.

« Gradient coilsassembly mounted in the magnet bore, usually inside the shim coils.
 Gradient Junction Unit.

Eddy Current Interface

Eddy currents are set by two mechanisms: the macro eddy send and thewindow interface
eccTool . The next section, “Gradient Compensation Board,” describes the controls
relevant to gradient compensation, while the remaining sections describe the interface to
those controls. The gradient compensation boards become programmed only when an su
command is entered after a program or macro has been run to update the boards. Table 14
lists the macros described in this section.

Table 14. Eddy Current Interface Commands and Parameters

Commands

eccsend Create eddy current setup file

ecct ool Open the eccTool window
eddysend<(file)> Update acquisition eddy current settings
Parameter

cur ecc {string} Name of eddy current compensation file

Gradient Compensation Board

Each gradient compensation board controls one channel only. Each board has five
exponential pre-emphasisfunctions, aduty cycle limiter, aslew rate control, and an overall
channel gain control (see Figure 91 and Figure 92). The pre-emphasis function adds up to
five exponential waveformsto the input (demand) signal. The controls are the values of the
time constants themselves and the percent response (amplitude). The circuitry then drives
the gradient current to compensatefor thelossin gradient field from induced eddy currents.
The overall adjustment processis not detailed here. The time constants are absol ute values
in milliseconds and the response amplitude from 0 to 100 referenced to the amplitude of
theinput signal.

The gain control setsthe overall channel gain, effectively establishing what current will be
produced for agiven demand input. This control allowsthe resolution in the experimenter's
demand voltage to remain independent of the range of gradient currents. The gain control
islinear with 100% giving the maximum current when the input voltage isfull scale. This
control changes the system calibration and the value of the matching shim current because
the gradient coils are (often) the linear shims. If value of the matching shim current is
changed, the system gcal value may bein error and the linear shim will need to be re-
adjusted. Setting gain to just over maximum common usage, such as 10% over, helps
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improve gradient resol ution and avoids compression of the preemphasis portion of gradient
pulses. Gain values of 50% aretypical.

Duty cycleisaroot mean square of the output voltage of the gradient compensation unit
(GCU) over 100 ms. If the duty cycle is above 80%, the system is disabled; atypical safe
valueisa30% duty cycle. The control isnot linear in power but in the square root of power.
Itislinear in the output current. Values above 80% effectively turn off the duty cycle limit
function. When the programmed limit is exceeded, error lightswill flash on the front of the
gradient compensation unit and safety interlock board will disable the gradient power
supply. The LED on the gradient compensation board will be lit when the duty cycleis
exceeded. The safety interlock board latches to error and will show errors with unblinking
LEDsonthe status panel if the problem persists, and it will show errorswith blinking LEDs
if the problem was transient. The values need not be defined precisely but are important
safeguards that prevent equipment damage if the settings exceed the current the gradient
coils can handle.

The slew rate controls the maximum speed at which the gradient input signal may
change. Its effect does not depend upon the gain setting. The slew rate can be expressed
as amaximum rate at which theinput value may changein voltage, as a percent of full
scale demand, or as the time to achieve full scale (5V).

Table 15 gives some settings and the Table 15. Slaw Rate Control
corresponding slew rates. Slower slew
rates decrease mechanical vibration in

Input dewRate Achieved Full Scale

the probe assembly. Faste_r dew rates Value  (MVins)  (us)

give amore accurate gradient pulse

shape. The desired settingisa 0 8.8 568.0

compromise between these two 25 84.5 59.1

requirements. A typical valueis 20. 50 160.3 31.2
100 3118 16.0

eddysend Program

Themacroeddysend<(fi | e) > identifiesthe stored data val ues needed by the gradient
compensation boards, translates them into machine form, and executes a setup operation
that programs the boards. eddysend without arguments uses the file name specified by
the user's global parameter cur ecc.

Thisisparticularly useful when the gradient compensation boards have not beeninitialized
on spectrometer power up or when ensuring the previous set of compensations are used.
eddysend with afile name as an argument causes the specified set to be sent to the
gradient compensation unit and changescur ecc tothelast sent value. eddysend isaso
used by theeccTool program when the setup function su is requested.

eccTool Program

The eccTool program alows interactive review and ateration of all of the gradient
compensation unit values in each channel.

Opening eccTool

To open the window shown in Figure 93, type ecct ool .

The eccTool Window

The values of adefault set of parameters or those last read are displayed as apage or form.
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T eccTool

setup | file:
save
read ]

[Mo access to directory] | |
defaults | :

Gradient; Fﬂﬂ
files: | global m

gain: 20.0 slew rate: 20.0

duty cycle: 10.0

tl: 2540 ampl: 0.0
tc2: 40.0 amp2: 0.0
tc3: 10.0 amp3: 0.0
tcd: 2.0 ampd: 0.0
th: 1.0 amps: 200

Figure93. eccTool Window

The following information describes the control buttons that appear in the window:

setup Takes the contents of the file named in the “file” field, trandates the
vauesinto control codes, and sends the instructions to VNMR.
VNMR then executes asetup. The valuesarefinally programmed into
the gradient compensation units.

This button is active only when eccTool is started from VNMR.

save Writes out and updates valuesin the filefield file. When afileis
written, preceding values in the file (not the window) arelost. To
prevent accidental overwriting, lock afile with the files button.

read Allowsthe user to read an existing file. Enter the file name or use the
eccTool Files window.
defaults Sets all values to defaults that are an uncompensated starting point.
quit Quit the eccTool program.
Channels

The eccTool window shows the settings of one channel at atime. To display each
channel in turn, click the cycle button next to the “ Gradient” field.
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Values

To change a value in the window, do the following steps:
1. Move the mouse to the relevant field.
2. Deletethe existing field.

3. Typeinthe new value.

Thefile name also can be manually entered. If the value is within the correct range,
it isaccepted. If not, an error message appears at the bottom of the window with the
valid range and the erroneous value. The value should be corrected.

Accelerators

Within each field, certain keys function as accelerators:

» Typinga? produces amessage about the valid range of the field. Additionally, typing
ad or Dsetsthefield to its default value.

 For itemswith arange of 0.0 to 100.0, typing Z setsthe field to zero, typing H sets it
t0 50.0, and typing P setsit to 100.0.

 For time constants, typing d or D sets the value to the minimum valid value while
typing L will set to the longest (maximum) value.

FilesWindow

EccTool Files

nucomp
tempB1
tmp

The eccTool Files window (see
Figure 94) allows you to view alist
of filesin adirectory and to perform
some limited operation upon them.

testgrd
bob
techron
norh628
norb628z

You can scroll the window to see all
of thefilesintheeddyl i b
directory.

Point to afilein thelist and click the
|eft mouse button to loads its
contentsin all three pages of forms.

Figure94. eccTool Files Window

Thefile nameis highlighted and becomes the contents of the current “file” field. Preceding
valuesin the forms are erased if unsaved.
Locking and Unlocking Files

Small key symbolsto the | eft of the file names in the window indicate that afile has been
write-protected or locked.

To lock or unlock afile (if you have permission to do so), click the center mouse button on
the file to toggl e the write protection.

If alocking or unlocking operation fails for some reason, the key always represents the
current state of the file. The locking mechanism is designed to prevent inadvertent changes
to files that might represent settings for various probes or applications.

To see aquick help reminder about write protection on files, press the right mouse button.
All filesin the directory appear even if they are not compensation data.

Finally, the contents of the eccTool Files window are updated only when the window is
opened, so that a new file name will not show up until the window is closed and reopened.
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Advanced Use of eccTool and eccsend Programs

Theinformation in this section is most useful to those operators who want to use different
gradient hardware systems that have different range requirements for the specifiersusedin
the eddy current compensation units.

The actua eddy current setup is performed any time the file eddy. out ispresent in the
VNMR systemacqqueue directory and su istyped. The content of eddy. out isbinary
data. If it is present in acqqueue when su is executed, psg renameseddy. out to
exp*. xpan. Acqpr oc takesthisfile, sendsit to acquisition, and then deletes it.

Thefileeddy. out iscreated by aprogram eccsend. This program takes a
compensation file that specifies the details of the eddy current controls astext. The
compensation file may be made or altered by hand or by eccTool, athough manual
operation of eccsend can send information from any location.

The gradient compensation boards default to gain and duty cycle setting of zero when
powered up. Theslew rateis set to zero, the compensation amplitudes are zero, and thetime
constants are maximum under these conditions. Therefore, any reset or power-up of the
acquisition system will leave the gradient compensation boardsin a safe condition. To
return to the previoudly set conditions, the eddysend macro will transmit the
compensation values last used by the operator and clear any error lights on the gradient
system.

The ranges for the time constants may be changed in eccsend by hand editing the
maximum time of that time constant. This mechanism is created to enable hardware
changes of the time constants to be reflected into the software structure. The gradient
compensation boards each have five jumpers to change the range of the time constants. A
table of the jumpers and the matching time constant is furnished in the specific hardware
documentation.

To match any changes to the hardware time constants, eccTool produces a header
section that tellseccsend the ranges for its calculations. There are fifteen separate
specifiersof theformatt c_{x, y, z} _{1, 2, 3, 4, 5}, where one of theitemswithin
each of the curly bracketsis chosen. The valueis a floating point number in
milliseconds. An example entry is as follows:

max time constant for X channel #1

tc * 1 250. 0

Mixing software and hardware time constant definitions can cause confusion. The
windows time constants have default values. If the time constants are changed in
hardware, the compensation file produced by eccTool must be changed manually to
reflect these new values before calling eccsend. Old values may be present to other
compensation sets, and the files should be named in a manner that distinguishes them
from defaults and other probes.

The macro eccsend takes atext filein the subdirectory i magi ng/ eddyl i b of the
VNMR system directory and produces an output binary file. The output of eccTool isatext
filethat can be used asaninput filefor eccsend. Argumentsfor eccsend enable several
options. The first argument is the input file name (either full or relative). If no second file
nameisgiven, eccsend makesafileeddy. out inthe subdirectory acqqueue of the
VNMR system directory; otherwise, it places that output in the named second file.

The contents of this file may be incomplete—values not set will be left alone. Lines
beginning with the delimiters: , #, or " aretreated ascomments. Blank lines and linesthat
do not contain data areignored. Each channel’s data starts with aletter followed by acolon
(eg, X orY: orz:).
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chapter 8. Digital Eddy Current Compensation

Sections in this chapter:
* 8.1“The DECC Module,” this page
e 8.2"“Theory of Preemphasis,” this page
» 8.3"Using the decctool Interface,” page 202
» 8.4 “Exercising decctool Using an Oscilloscope,” page 206
This chapter describes the digital eddy current compensation (DECC) module and

decctool, the associated software interface. DECC is used in microimaging, horizontal
imaging, and whole-body imaging. For setup, see the DECC installation manual.

8.1 The DECC Module

The DECC module consists of the DECC board, the Smart DAC (SDAC) board, and
associated cables (a power supply is sometimes also supplied with the module in certain
standal one situations.) A functional block diagram is shown in Figure 95.

DECC relies on digital signal processing technology to create appropriate compensating
signals, the calculation being based on parameterized compensation regquirements applied
tothe digital signa from the gradient wavefrm boards (WFGSs). The parameters are sent to
the board over the APbus. The compensating signal is scaled as appropriate and added into
the main gradient signal on the SDAC, and sent out to the gradient power supplies.

The SDAC board is an improvement over previous versions of gradient DAC boards; the
following signal strength and/or conditioning controls can now be set viathe APbus:

» Shiminput scaling

e DECC input scaling

* Risetime (dew rate)

» Output gain

 Output polarity
Also on the SDAC board is alow-power current driver that can be directly used for
compensating BO shifts. When BO shifts are too large for this on-board current driver, a

jumper setting turns the signal into voltage mode so that an appropriate external current
amplifier can be used.

8.2 Theory of Preemphasis

This section is a brief theoretical description of preemphasis (also known as eddy current
compensation) and is provided to orient you to the function of the module and the software,
and give you a description of afew key terms. It is not intended to be afull description of
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Figure95. DECC Module Block Diagram

theissue, and you arereferred to other NMR and MRl literature for more background. Also,
this chapter does not provide any descriptions of methods for measuring eddy current
effects.
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Measuring Two Samples

Consider a configuration that consists of two samples, one (sample 1) located at the center
of the gradients (center of X, Y, and Z) and the other (sample Il) centeredin X andY but
offset from the Z center. For this ssimple case, assume that the samples are point-like and
have very narrow linewidths. Also assume that the NMR frequency for each sample can be
measured at any time and independently of each other.

A simple pulse-acquireis applied (to either sample) at atime T following aBO field
gradient pulse, asshownin Figure 96. If therf pulse-acquire sequenceis “short” compared
to the gradient and eddy current times, then by varying thetime T between the gradient and
therf pulse, a series of spectraresult, where the spectral lines are offset from the zero-
gradient spectrum and converge to the zero-gradient frequency for long time T.

— e

Gradient r
RF Pulse |_|

Acquire

Figure 96. RF Pulse-Acquire Sequence

Experience has shown that frequency of the line as afunction of time follows:

[Eq. 33]

N -T/1,
f(T) :fo[l—z Ake }
k=1

whereA, and 1y are characteristic of conducting structuresin the magnet, within which the
eddy currents reside. According to Lenz’'s law, eddy currents act to oppose the field that
caused them (for shielded gradients, A, can be negative). In general, there are several
conducting structures in the magnet, and each gives rise to aterm in the summation in
Equation 33.

Eddy current fields contain, for all practical purposes, two components; a BO component
and a gradient component (first order or linear term). Each component consists of a set of
terms which decay according to Equation 33. The BO terms are independent of spatial
position and, therefore, influence the NMR signal at sample | and 11 equally. However, the
linear or gradient terms influence the NMR signal differently depending on the magnitude
of the gradient field at | and I1. In this case, we assumed that the samples are along the z
axis and that the Z gradient is pulsed, so these terms are more specifically known asthe
Z->Z mainterms. Also, for thisexample, the termsthat cause the BO shift are known asthe
Z->B0 terms.

When the gradient is applied along one of the other axes instead of along the z axis, there
quite often also arise gradientsin the z axis (or “crossterms’). For sasmple | and samplell

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 201



Chapter 8. Digital Eddy Current Compensation

oriented along z, the effect of an applied pulse along the x axisis caused by the X—>Z cross
terms and the effect of an applied pulse along they axisis caused by theY —>Z crossterms.

In summary, avariety of main terms, cross terms, and BO terms make up the eddy current
effects. These effects can be corrected with DECC.

8.3 Using the decctool Interface

This section describes how to use the decctool interface. Table 16 lists commands, macros,
and parameters related to the program.

Table 16. decctool Macros, and Parameters

Macro

deccgo Perform an action for decctool.
decct ool Open decctool window.
Parameter

deccgo Action to perform for decctool.

Opening decctool

1. To start decctool, enter decct ool inthe VNMR command window.
The window shown in Figure 97 opens.

Gradient coil: None

x| ¥| z| Limits | Scale |
Allowed X compensation: xx%

LV

/ X->X | Y=>X | Z-X | X->B0 |

Workspace Enable Tau(ms) Amplitude (%)
o |o.ood =0 =
a '\A‘\
o |o.ood =0 AT

- ]0.001 =0 = Text fields
/_I |0.001 =0 =
o |o.ood =0 =
o |o.ood =0 =
” Graph |as line number |1 ;'

Compensation terms

ECC File: | ﬂ

{Unmodified) Version: |

Figure97. decctool Window

2. Clickinthe ECC Filefield to activate it. Type a name of your choice, then click on
the Save button. Do this step now befor e proceeding.
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Loading and Saving Files

At the top of the decctool window thereis areference to the name of the magnet gradient
coil, whichisthevalueof thesysgcoi | parameter (“None” in Figure 97). The master file
name internally used to hold the ECC values is named after the coil used, because the
compensation parameters are associated with the coil-magnet combination in use.

When the decctool window opens, the valuesfor the parameters are those in the master file,
and thereisno nameinthe ECC Filefield. Inthe ECC Filefield, you can enter afilename,
of your choice, which becomes the scratchpad file for all of your parameter setting
operations.

Notice that when the decctool window is open, the L oad and Save buttons are disabled.
L oad and Save perform their operations on your scratchpad file and also simultaneously
overwrite the master file. After you enter afile name, the buttons become active, but do not
click on them now. Read the following sections first and familiarize yourself with the
interface.

Loading a File

To load afile, typeanamein the ECC Filefield, or click the pulldown menu arrow ﬂ to
select afile, then click on L oad.

When you click the L oad button, the parameters in the parameter-entry panels are
simultaneously loaded from the file named in the ECC File field and also saved to the
master file.

You can load a specific version of afile by including aversion number extension in thefile
name(e.g.,t est . 7). If you do not specify aparticular version, thelatest version isloaded.

Saving a File

To save afile, type anamein the ECC Filefield or click the pulldown menu arrow ﬂ to
select a previously named file, then click on Save.

When you click on the Save button, the parameters in the parameter-entry panels are
simultaneously saved in the file named in the ECC Filefield and in the master file.

If you save over and over to afile of the same name, previous copies are kept and named
with an extension incremented by one from the previous version. The number of the current
version islisted below the ECC File pulldown menu. If you have many old files, they can
be deleted by clicking on Purge.

When saving afile, any version number in the ECC Filefield isignored. The version
written is always one higher than the highest existing version.

Starting Experiments

The Save & Go button performs the same operation as the Save button, but also causes
VNMR to start the current experiment. Until you are familiar with the operation of
decct ool , we recommend that you use only the Save button and start an experiment by
entering go in the VNMR input window.

The Save & Go button sends the command deccgo to VNMR. deccgo isamacro that,
by default, performs ago command. You can change the operation of deccgo by either
writing your own deccgo macro or by defining adeccgo parameter, which will be
executed by the default deccgo macro. For example, to make Save & Go executetheau
command, enter the following commandsin the VNMR input window:
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string(' deccgo')
deccgo=" au’

Modifying X,Y, and Z Compensation Parameters

In the center of thewindow thereisaseries of panels; thisareaisthe workspace where you
can enter parameters. Acrossthe top of the workspace are a series of tabsindicating thefive
main parameter entry panels. Click on the tabsto familiarize yourself with each panel. The
following list briefly describes the function of each panel:

» X selects x-channel parameter entry (with four subpanels).

» Y selectsy-channel parameter entry (with four subpanels).

» Z selects z-channel parameter entry (with four subpanels).

» Limits selects the panel where duty-cycle and rise time are set.
» Scale selects the panel where various gains are set.

Changing Time-Constants and Amplitude Values

The X, Y, and Z parameter entry panels are essentially the same. If you click on the tabsto
select the various subpanels, you will see that there are six main compensation terms
(X—>X), threein each of thetwo crossterms (Y—X and Z—>X), and four BO compensation
terms (X—>B0). To change the time-constant and amplitude value for aterm, do the
following steps:

1. Select thetext field in which you want to make the change.
2. Typeinanumber, or click on the up or down arrows to the right of the text field.
3. PressReturn.

After you have pressed Return, notice that the message at the bottom of the decctool
window has changed from “(Unmodified)” to“(Modified).” Vauesdisplayed in the various
text fields that are the same as the master file are (Unmodified). Values that have changed
from the master file are “ (Modified).”

Selecting or Deselecting Values

Notethat if you enter anonzero value for amplitude, the Enable button next to thefield in
which you just made the change now becomes a highlighted color (if you had not
previously selected the button). The purpose of the Enable button isto let you select or
deselect values without losing track of their numeric values, as an aid in installation or
troubleshooting. Upon deselection, values of zero for that particular ECC term are sent to
the system.

Another installation and troubleshooting aid is afeature that lets you graph enabled values.
See the section “ Graphing Values,” page 205, for a description of this feature.

Setting Rise Time and Duty Cycle

TheLimitspanel isused to set Risetimeand Duty cycle. These settings occur onthe SDAC
board. Risetimeisalternatively known as lew rate. Duty cycle setsalimit for the gradient
pulses—if their duration exceeds this value, an error signal is generated.

Setting Gains
The Scale pand is used to set various gains on the SDAC board.

The ECC gain setting affects the ECC signal coming into the summing junction on the
SDAC board where the ECC is combined with the main gradient signal. Note that the value
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inthe X,Y, and Z parameter entry valuesis “what-you-see-is-what-you-get,” meaning that
if an amplitude of 2% is entered as an ECC parameter, then, no matter what value the
ECC scale factor isin the Scale window, the 2% correction is applied to the gradient. This
correction occurs because the software makes the adjustment. For the most part, you can
set the ECC scale to avalue and forget about it —or if the ECC scale does need to be
changed, the values of the ECC parameters do not need to change. The purpose of having
this scale factor availableis related to resolution of the DAC creating the compensation
waveform, and only in rare circumstances is the scale factor of concern.

The Shims scale factor controls the gain of the incoming shims. The x1, y1, and z1 shims
are summed into the gradient signal on imaging systems.

Overall scale setsthe gain on the entire set of sighals—gradients, compensation, and shims.
Thisis used mostly to correctly set the size of the image for the applied demand gradient.
It accepts negative values, soit can aso be used to reversethe polarity of the gradient signal.

In the Scale panel, there is a check button labeled BO amplitudestrack Overall scaling.
When this button is on (highlighted), changing the Overall scale for an axis also changes
the axis—>B0 cross term amplitudes. Changing those amplitudesis usually desirable
because the BO drive amplitude is not affected by the Overall scale and, in fact, bears no
fixed relation to the amount of drive on the X, Y, and Z channels. BO drive amplitudeis
unaffected because the BO field corrections are driven by a separate coil through a separate
amplifier, whereas the X, Y, and Z corrections can be set as a known percentage of the
gradient strength because they modify the demand to the gradient amplifiers.

If the BO amplitudes are set for correct BO ECC and the BO amplitudes track Overall
scaling button is off, increasing the Overall scaling on an axis decreases the BO ECC that
is generated for agiven linear gradient amplitude, as measured in gauss. When the button
ison, the BO amplitudes are proportionately changed to keep the correction the same.
Therefore, itisimportant to “turn on” the tracking button if the Overall scales are “touched
up” after the ECC values are set.

Graphing Values

The eccGraph window |ets you graph enabled values. To open this window, do the
following steps:

1. Inthe decctool window, select the line number (1 through 3) in the box to the right
of the Graph button (you can display up to three functions on the graph).

2. Click on the Graph button. The window shown in Figure 98 opens.

The equation for each line appearsin thetext input fields; you can graph arbitrary functions
by typing an expression into one of the boxes and pressing the Return key. A legend
indicatestheline colors used for each expression. Left-clicking the mouse on alegend entry
highlights the corresponding line in the graph. In Figure 98, line number 2 is highlighted.
By default, alogarithmic scaleis used for the time axis, but you can select alinear scale
with the scale buttons.

Zooming in the eccGraph Window
To zoom in on an areain the window, do the following procedure:
1. Click the left mouse button on one corner of the desired region.
2. Drag the mouse; notice that the cursor draws a rectangle on the graph.

3. Dragthe cursor to the opposite corner of the desired expansion areaand click again.
To cancel the operation, second-click the right mouse button.
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Figure98. eccGraph Window

You can magnify avery small area by repeatedly zooming in on the region.

Zooming out of a Region

To zoom out of aregion, click the right mouse button anywhere on the graph. You can zoom
out of an region in successive zoom stages by repeatedly clicking the right mouse button.

Note that with alogarithmic time axis, zoom areas are forced to end on an even decade, so
alinear scale must be used to zoom in on a very short time interval.

Closing decctool

To close decctool, double-click on the ﬂ button in the top left corner of the decctool
frame.

8.4 Exercising decctool Using an Oscilloscope

206

The decctool interface and the hardware can be exercised without resorting to an actual
NMR experiment. You might do this, for example, to become acquai nted with the operation
of the decctool window before actually performing the eddy current corrections.

Note: Perform these tests with whatever gradient power supplies are in the system turned
off or to standby mode. We al so recommend setting both the pul se width pwand the
transmitter power t pwr to zero.

A good test sequenceto useis GDACY est . ¢, athough any sequence with agradient pulse
init will work. Use the front-panel test points on the DECC board to monitor the
compensation waveforms.
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Sections in this chapter:
* 9.1 “Cardiac Anatomy and Electrocardiography,” this page
e 9.2 “Hardware Description,” page 209
* 9.3"“Experimental Setup,” page 216
* 9.4 “Performance Specifications,” page 223

NMR is sensitive to motion. Images from the thorax that contain moving objects, such as
the heart, flowing blood, and chest wall, are often degraded by artifacts along the phase
encoding, or F1, direction of theimage. Referred to as motion artifacts, they degradeimage
quality, both close to the moving object (blurring) and away from the object (ghosting).
With organs such as the heart, image quality is often so badly degraded that details of the
structure are completely obscured. Such effects of motion upon image quality can be
improved using a technique called prospective gating.

Prospective gating synchronizes the repetition of the imaging sequence with periodic
motion of the object to be imaged. Measurement of a physical property such asthe
electrocardiogram (ECG) is used to provide a“ physiological trigger” to synchronize the
imaging sequence to the motion. Synchronization of NMR data collection with the motion
period improvestheimage quality, because datais aways coll ected when the moving organ
isin approximately the same position. The organ appears to be static in terms of the NMR
imaging process. Different aspects of organ motion can be studied by introducing afixed
delay between the receipt of the physiological trigger and the NMR data collection.

Prospective gating is similar to the use of a stroboscopic light to view arotating wheel. If
the pulse rate of the light matches the rotation period of the wheel, then the wheel appears
to be static. Changing the point at which the light pulse is applied in the wheel’s rotation
cycle alows the wheel to be viewed in different positions.

The Physiol ogical Gating Module 1000 (PGM-1000) detects the ECG of the experimental
subject, analyzes the incoming signal, and provides atrigger pulse to the spectrometer for
prospective gating experiments.

9.1 Cardiac Anatomy and Electrocardiography

This section contains descriptions of cardiac anatomy and electrocardiography. The
following information might be helpful when planning and executing experiments.

Cardiac Anatomy

In mammals, the heart (see Figure 99) is a four-chambered organ located in the chest,
between the forelegs of most animal subjects.
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The upper chambers of the heart are
called atriaand arerespectively referred
to asthe left and right atria. The lower
chambers of the heart are called
ventricles and are referred to as the left
and right ventricles. The function of the
atriaisto receive blood from the vena

Aorta

Pulmonary
Superior ~Artery

Vena Cava

Pulmonary
Right Veins

Atrium

. . Left
cava (great vein) and pulmonary vein to Atrium
contract and pump blood into the
respective ventricles. The vena cava .
supplies deoxygenated blood from the I\?fenocr: Right et

; ; ena Cava
body to the right atrium, and the Ventricle Ventricle

pulmonary vein supplies oxygenated

blood from the lungs to the left atrium. Figure99. Cardiac Anatomy

After atrial contraction, the ventricles contract and pump blood into the pulmonary artery
and the aorta (great artery). The right ventricle supplies blood to the pulmonary artery and
the left ventricle supplies blood to the aorta.

The heart chambers and associated blood vessels are all visible in cardiac gated NMR
images. The assignment of the ventricles from their appearance in imagesis quite simple.
Theleft ventricleisusually the largest chamber of the heart and a substantial thickening of
the heart wall is observed asit contracts. Theright ventricleisthe next largest chamber and
possesses a thinner wall than the | eft ventricle. Both ventricles can be seen together in
transverse (ori ent =" trans' ) andincorona (ori ent='cor' or' xzy')images.

The atria are smaller chambers than either ventricle and are easier to assign in coronal
images. The atria can be seen in transverse images and, for certain slice positions, can be
seen in conjunction with the ventricles. The reason for this confusing appearanceisthat the
major (long) axis of the heart lies at an angle to the symmetry axis of the body.

Electrocardiography

The mechanical pumping action of the heart is associated with a series of electrical events
that drive the contraction of the musclesin the walls of the heart. These electrical events
can be detected by measuring the voltage that exists between electrodes placed at various
points on the surface of the body. The appearance of the electrocardiogram depends upon
the placement of the electrodes, and certain conventions have evolved to standardize the
measured response.

The PGM-1000 is designed to use three standard limb |eads connected to both forelegs and
the right hind leg of the animal subject. With electrodes connected in these positions, the
unit records an el ectrocardiogram corresponding to that shown in Figure 100. Theresultis
similar to that recorded for human subjects with conventional bipolar limb leads.

The electrical waves recorded in the electrocardiogram are known astheP, Q, R, Sand T
waves, as shown in Figure 100.

The sharp spike formed by the Q, Rand Swavesis called the QRS complex. The P waveis
the electrical event associated with the beginning of atrial contraction. The mechanical
motion associated with atrial contraction takes placein thetimeinterval between the P and
Rwaves. Thistimeiscalled the PRinterval whenreferring tothe el ectrical eventsand atrial
systole when referring to the mechanical events. The period between the QRS complex and
the P wave of the next cardiac cycleisknown as atrial diastole and refersto the relaxation
of the atria prior to their next contraction.
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Figure 100. ECG Interpretation

The QRS complex isthe electrical event associated with the beginning of ventricular
contraction. The motion associated with ventricular contraction takes placein the time
interval between the QRS complex and the end of the T wave. The interval measured for
the electrical eventsisthe QT interval and thistime period is known as ventricular systole
or simply systole when referring to the mechanical events. The ventricles are typically in
the fully contracted state at the end of the QT interval. The heart is said to be fully systalic.
The period following the T wave up to the next QRS complex is called ventricular diastole
or diastole and refersto the mechanical events associated with the ventriclesrelaxing to the
resting state before the advent of the next cardiac cycle. The heart becomesfully relaxed or
diastolic just prior to the P wave of the next cardiac cycle.

The association between the electrical and mechanical eventsis known as
electromechanical coupling. Electromechanical coupling allows prediction of the heart
motion state based on knowledge of the el ectrocardiogram. Such aprediction is extremely
helpful in setting up delay parameters, so that images can be acquired at desired pointsin
the cardiac motion cycle. The phenomenon of electromechanical coupling leadsto alink
between the duration of the QT interval (ventricular systole) and the R-to-Rinterval or heart
period. The QT interval is commonly found to be between 33% and 50% of the R-to-R
interval in normal hearts.

The PGM-1000 can be adjusted to detect the QRS complex and provide atrigger pulsefrom
the electrocardiogram. A sequence delay parameter called hol d in the standard imaging
pul se sequences can be used to delay execution of the pul se sequence after the reception of
a specified number of external trigger pulses.

9.2 Hardware Description

This section describes the hardware components of the PGM-1000, including the function
of al controls, jacks and ports, and PGM preamplifier battery replacement.

Parts List
Table 17 lists the parts shipped with the PGM-1000 module.
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Table 17. PGM-1000 Parts List

Part Number Quantity Description

00-967573-00 1 PGM Receiver

00-967572-00 1 Cardiac Preamplifier (battery included)
00-967646-00 1 Cardiac Electrode Leads

67-405203-00 1 Fiber Optic Cable

00-958298-10 2 Coax Cable (short)

00-958298-20 1 Coax Cable (long)

74-122907-00 1 Preamplifier Battery (Powerdex \V P/6/1400)
01-000009-00 1 Disposable Electrodes (package of 500)

Component Functions

Electrical signals generated during the cardiac cycle are detected using three disposable
electrodes attached to the limbs of the animal subject. These signals are conducted to the
cardiac preamplifier module (00-967572-00) viathe cardiac electrode leads (00-967646-
00). The cardiac preamplifier module is usually located in the magnet bore during normal
operation.

Inside the preamplifier the cardiac signals are amplified and encoded for optical
transmission through the optical fiber link (67-405203-00) to the PGM-1000 receiver
modul e (00-967573-00). Inside the PGM-1000 receiver, the optical signals are reconverted
and filtered. The QRS complex in the ECG is detected, using either an automatic or manual
voltage threshold. Trigger pulses for gating the spectrometer are generated as each QRS
complex is detected in the incoming electrocardiogram signal. A controlled number of
trigger pulses can be suppressed through the use of the inhibit feature of the PGM-1000
receiver if desired. Trigger pulses are conducted to the spectrometer port J 8120, located on
the system patch panel and labeled Biological Gate, through coax cable (00-958198-20).

The decoded electrocardiogram (filtered or unfiltered), inhibit output, threshold output and
gate output signals can be examined using an oscilloscope connected to coax cables
00-958198-10.

Cardiac Preamplifier: Panels, Controls and Connections

The function of the cardiac preamplifier isto receive electrical signals from the threelimb
electrodes attached to the animal subject. The signals are amplified and encoded for optical
transmission to the PGM-1000 receiver module.

Input/output jacks and the unit’s controls are located on the front and back panels of the
module.

Preamplifier Front Panel

The front pand of the preamp-lifier (shown in Figure 101) is fitted with the following:

* ON/OFF. This switch is used to activate the unit when it is fitted with an internal
battery.
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» LOW BAT. The low battery

LED indicates when the PGM-1000 PREAMP
power supplied by theinternal
battery islow. If the low ON
battery LED blinks when the
module is powered up, O O OFF
replace the battery before LOW BAT
using the unit.
* Optica Fiber Output Jack. Figure101. Front Panel of Cardiac Preamplifier

Thisjack is used to connect

the unit to the PGM-1000

receiver viathe optical fiber cable. It also contains asmall LED used to transmit the
optical signal. The LED lights on power up, unlessthe internal battery is exhausted.

Preamplifier Back Panel

CARDIAC IN

Theback panel of the preamplifier
(shown in Figure 102) is fitted O O O
with threejacksthat interface with

LA RL RA

corresponding colored plugs on
the cardiac electrode leads.

Teble 18 lists the color and Figure102. Rear Panel of Cardiac Preamplifier
connection for each jack and

plug.:
Table 18. Cardiac Preamplifier Electrode Connections

Jack Color Electrode Plug Limb Electrode
LA Black Black left foreleg/arm
RL Green Green right hind leg/leg
RA White White right foreleg/arm

Internal Battery

The cardiac preamplifier is battery powered, so that it can be mounted in the animal cradle
during experiments. Before any attempt to replace the battery, be sure the preamplifier is
removed from the vicinity of the magnet beyond the 5 gauss line.

CAUTION: The battery used inside the cardiac preamplifier is weakly magnetic.
As aresult, the unit is subject to a small magnetic force when placed
close to the magnet.

If the preamplifier islocated at least 12 cm away from the image plane, the battery used to
power the unit, which isweakly magnetic, should create minimal disturbance in the
homogeneity of the main magnetic field.

From time to time, the internal battery in the cardiac preamplifier needs to be replaced.
Symptoms that indicate battery replacement is needed include:

» LOW BAT indicator on preamplifier front panel blinks when the module is powered
up. Battery power islow. Replace the battery before beginning experiments.

» LOW BAT indicator on the PGM-1000 receiver unit lights during the course of an
experiment (it is assumed that the units are linked via the optical fiber and that the
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cardiac preamplifier islocated in the magnet). Replace the battery. The PGM system
will continue to function during alow battery condition, while the PGM-1000 receiver
preamplifier ON LED remains lit.

* |If the preamplifier ON LED on the PGM-1000 receiver is not lit when the units are
linked viathe optical fiber, the preamplifier unit might not be powered up, the internal
battery might be dead, or the optical fiber system has developed a fault.

* |f both the LED in the optical fiber output jack and the Low Bat indicator fail to light
on power up, theinternal battery might be dead or the preamplifier optical fiber circuits
might have failed. Check the battery and, if necessary, replace it before experiments
are started.

CAUTION: When replacing the battery, move the preamplifier away from the
vicinity of the magnet bore. Keep all tools outside the 5-gauss stray
field.

To replace the battery, turn off the power to the unit and perform the following steps, which
correspond with the numbered illustrations in Figure 103.

Front Rear Front
Bottom 3 Rear

= ==

Top

Retaining Screws

Front Battery Holder Front

Front Rear Front Rear

Top
Retaining Screws

Figure 103. Battery Replacement Procedure

1. Locateand removethetwo retaining screwsthat hold the black plastic flange around
the rear panel of the preamplifier.

2.  Removethe black plastic flange using a small Phillips screw driver.
Slide the lower cover of the unit to reveal the battery holder.

4. Lift the edge of the battery holder closest to the front panel upwards, and slide the
old battery out of the holder.

5. Insert the fresh battery into the battery holder. Make sure that the metallic terminals
of the battery face the side of the holder that iswired to the internal circuit board.

6. Replace the black plastic flange.
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Before reassembling the unit, check the function of the new battery by turning on the power
to the unit. The LED in the optical fiber jack should light and the low-battery indicator
should remain dim. If thistest is successful, power off the unit.

If the new battery does not causethe LED in the optical fiber jack to light during power up,
then the unit has failed, the battery isincorrectly inserted into the internal holder, or the
battery itself isexhausted. Try another battery. Persistent failure of the optical fiber LED to
light during power up indicates a failure of the preamplifier circuits.

If the new battery provides power to the unit, reassemble the preamplifier by seating the
battery holder correctly in to the base of the unit. Replace the lower cover by dliding the
cover until it mates with the black flange that surrounds the front panel. Replace the black
flange and retaining screws that were removed from the rear panel.

Final test the preamplifier by powering on and observing the LED in the optical fiber jack.

Receiver: Panels, Controls and Connections

CAUTION: The PGM receiver contains several ferromagnetic subassemblies. The
unit is subject to a significant force when placed close to the magnet
bore and represents a hazard if brought into regions of magnetic field
exceeding 30 gauss.

The PGM-1000 receiver receives optically encoded signals from the cardiac preamplifier
module and reconvert theseto electrical signals. Thereconverted ECG isthenfiltered, using
a selectable bandpass filter. The QRS complex in thefiltered ECG is detected, using either
an automatic or manual voltage threshold. Trigger pulses are generated for gating the
spectrometer as each QRS complex is detected. A controlled number of trigger pulses can
be suppressed through the use of an inhibit delay feature, if desired. The decoded ECG
(filtered and unfiltered), inhibit output, threshold voltage, and gate output signals can be
observed with an oscilloscope. The controls for this modul e are located on the front panel.
The input/output jacks and unit’s power cord are located on the back panel.

Receiver Front Panel

Figure 104 shows the front panel of the receiver.

/ SIS PHYSIOLOGICAL GATING MODULE \

ECG INHIBIT

pREAMP FILTERS (HZ) THRESHOLD (V) TIME (SEC)
GAIN POLARITY

LOW X10 POS AUTO

60009 . D ‘€ -0- @ 0. 0.

ON HIGH

PASS PASS

PGM - 1000
\OFF /

Figure 104. Front Panel of PGM-1000 Receiver

The front panel contains the following controls and indicators:
» ON/OFF activatesthe unit when plugged into asource of ac current at 115V, 50/60 Hz.
» POWER ON lightsto indicate that the PGM-1000 receiver is powered up.

» PREAMP:ON lightsto indicatethat the cardiac preamplifier is powered up and that the
optical link between the modules is functional.
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* PREAMP.LOW BAT lightsto indicate that the power of the cardiac preamplifier

battery islow. Replace the battery. The PGM-1000 units will continue to operate once
the low battery condition is indicated until the PREAMP ON LED dims, indicating
failure of the optical link.

* GAIN X10/X1 booststhe gain of the PGM-1000 receiver amplifier toincreasethelevel

of the decoded ECG signal. The switch has X1 and X 10 positions.

* POLARITY:POS/NEG invertsthe polarity of the ECG signal. The PGM-1000 receiver

detection circuits only provide trigger pulses for positive signals (upward deflections
on oscilloscopetrace). The polarity switch can be used to adjust the ECG to the correct
polarity for triggering.

* FILTERS (H2):HIGH PASS sets the high-pass portion of the user-sel ectabl e bandpass

filter. The control has multiple positions, selecting filtersat 0.5, 1.5, 5 and 10 Hz.
Frequencies below the selected value are attenuated in the filtered ECG signal.

» FILTERS (Hz):LOW PASS sets the low-pass portion of the user-sel ectable bandpass

filter. The control has multiple positions, selecting filters at 20, 40, 80 and 160 Hz.
Frequencies above the selected value are attenuated in the filtered ECG signal.

» ECG THRESHOLD (V) AUTO/MAN selects the type of threshold applied to detect

the QRS complex in the filtered electrocardiogram. The upward setting of the switch
sel ects the automatic threshold feature, which disables the ECG voltage level control
used to select the manual threshold level. The downward setting of the threshold
selection switch selects manual control of the ECG threshold level.

The ECG Voltage Level Control isactive when the manual threshold modeis selected.
The threshold voltage level is continuously variable between 0V and 12 V. Selecting
the setting of the PGM-1000 receiver gain switch adjusts the amplitude of the QRS
complex in the filtered ECG in thisrange.

* INHIBIT TIME (SEC) sets the value of the time delay used by the PGM receiver

inhibit feature. The inhibit feature allows the frequency of the trigger pulses (used to
gate the spectrometer) to be controlled. Increasing the inhibit delay time decreasesthe
frequency of triggering. Theinhibit delay can be set in a continuous fashion up to a
maximum value of approximately 2.5 seconds.

Receiver Back Panel

Figure 105 shows the back panel of the receiver.

/

\_

FIBER OPTIC IN INHIBIT OUT- INHIBIT IN-  THRESHOLD OUT GATE OUT- FILTERED UNFILTERED

‘\

\

CARDIAC OUT

)
©

.250 A FUSE 115VAC
50/60 Hz

® o

214

Figure 105. Back Panel of PGM-1000 Receiver

The back panel of the PGM-1000 receiver is fitted with input/output jacks as follows:

* FIBER OPTIC IN isused to connect the PGM-1000 receiver to the cardiac
preamplifier viathe fiber optic cable.
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e INHIBIT OUT- can be used to view the inhibit delay signal used by the PGM-1000
receiver inhibit feature. The signal available on thisportisheld asa+5V signal when
theunitisready to generatetrigger pulses. Thesignal isreduced to 0V (ground) during
theinhibit delay.

» INHIBIT IN- has avoltage level that isheld high, at +5V, to permit the PGM-1000
receiver to generate trigger pulses. If an incoming signal reducesthe level to 0V
(ground), the PGM-1000 receiver will beinhibited from producing trigger pulses. This
feature allows an experiment (using the electrocardiogram and asignal generated by a
second transducer or other external device) to be “double gated.”

» THRESHOLD OUT isthe threshold voltage level used to detect the QRS complex in
the electrocardiogram. The signal is a constant voltage that rangesfrom OV to 12V.

» GATE OUT carries the signa used to gate the spectrometer. For normal operation,
connect it to the port |abel ed Biol ogical Gate (J8120) on the spectrometers patch panel.
The gate pulse signal isheld at +5 volts. Thisvoltageisreduced to 0V (ground) for a
period of 1 msin order to generate atrigger pulse for the spectrometer.

» CARDIAC OUT:FILTERED carriesthefiltered ECG signal.
» CARDIAC OUT:UNFILTERED carries the ECG signal in the unfiltered state.

» 115VAC 50/60Hz is the power cord for a 115 Vac, 50/60 Hz, power input. Suitable
power output sockets are located on the rear panels of the spectrometer. Use these
sockets for voltage compatibility and correct electrical grounding of the PGM-1000
units.

e 250 A FUSE holds a0.25-A, 1.25 in. fuse. Check the fuse if the PGM-1000 receiver
fails to power up.

Cardiac Electrode Leads: Electrode Connections

The set of cardiac electrode |eads provided with the PGM-1000 are designed to be
connected to the subject to form a standard limb lead configuration.

Connect electrodesto aregion

of exposed skin on the right Animal in supine position
foreleg, hind leg, and the left Uppermost
foreleg of thesubject. Suitable Right Left

signals can often be obtained Whit foreleg foreleg.

from the pads on the surface e— __——Black
of the subject’s feet. Shaved )

regions are suitable for LEFT RIGHT
obtaining ECG signals.

The self-adhesive electrodes Green |

supplied with the PGM-1000
kit require no electrode gel
and can be directly applied to
the bare skin. Additional tape
might be required to secure
the electrodes to the limbs of

LA
larger animals. EEI:I

The cardiac electrode leads

can beclippedtotheelectrode Figure 106. Electrodes Connection
tabsin order to connect the

leads to the animal. Avoid

Cardiac preamplifier
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clipping the electrode leads directly to the animal. A diagram showing the connections to
the animal and cardiac preamplifier is shown in Figure 106.

Theclips, located at one end of the cardiac electrode leads, are color coded to indicate the
target limb for connection.

Clip Color  Limb Electrode

Black Left foreleg or left arm
Green Right hind leg or left leg
White Right foreleg or right arm

Connect the plugs at the opposite end of the cardiac electrode leads to the cardiac
preamplifier module. These plugs are color coded, to indicate both the corresponding limb
electrode and socket on the preamp. The connections are made as follows:

Plug Color Socket Socket Color Limb Electrode

Black LA Black Left foreleg or right arm
Green RL Green Right hind leg or right leg
White RA White Right foreleg or right arm

9.3 Experimental Setup

Theis section describes the use of the physiological gating module for cardiac gated
experiments. Familiarity with the individual hardware components and the function their
controls is necessary.

Hardware Preparation

This section describes assembly and connection of the PGM-1000 components to obtain
ECG gated studies from the subject. A diagram showing the interconnections between the
PGM-1000 modules and the system is shown in Figure 107.

1. Power up the cardiac preamplifier unit only and check the internal battery status.
Replace the battery if necessary. Power down the preamplifier to avoid wasting the
battery after testing.

2. Mount the cardiac preamplifier unit in one of the front slots of the animal cradle (the
slots are normally used to hold rf coil tuning boxes). The edge of cardiac
preamplifier should slide into the slot, so that the front panel of the unit isvisible
from the magnet entrance. Connect the cardiac electrode |eads to the corresponding
color-coded sockets on the rear panel of the cardiac preamplifier. Users who have
ol der style probe and bore equi pment can mount the cardiac preamplifier on atuning
box bracket or to the animal bed. Firmly secure the unit in place with tape. If the
preamplifier is placed in the animal bed, make surethat itisat least 10 cmto 12 cm
from the intended position of image slice planes.

3. Connect the optical fiber cable to the front of the cardiac preamplifier and run the
cable over to the PGM-1000 receiver.

4. Mount the PGM-1000 receiver unit on top of a system cabinet. Plug the power cord
of the PGM-1000 receiver into one of the spare power sockets, available on the rear
of this system cabinet.
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Figure 107. Unit Interconnection Diagram

5. Connect the optical fiber cable to the FIBER OPTIC input jack located on the rear
of the PGM-1000 receiver. Power on both the PGM-1000 receiver and cardiac
preamplifier. The PREAMP ON LED of the PGM-1000 receiver should be lit,
indicating that the optical link between the cardiac preamplifier and PGM-1000
receiver has been properly established.

6. Connect the GATE OUT- jack of the PGM-1000 receiver to the input port on the
spectrometer patch panel marked Biological Gate (J8120) for an external trigger.

7. Connect the CARDIAC OUT FILTERED jack to channel 1 of an oscilloscope.
Adjust the channel amplitude to 0.5V per division and select dc input.

8. Connect the INHIBIT OUT- jack to channel 2 of the oscilloscope and adjust the
channel amplitude to 2V per division. Select dc input and normal polarity.

9. Adjust the oscilloscope to dual-channel mode.

10. Adjust the oscilloscope time base control to 0.1 or 0.2 s per division. Select channel
1 asthetrigger source, with normal triggering mode and ac coupling.

11. Adjust the bandpass filter controls of the PGM-1000 receiver so that the high-pass
frequency is 0.5 Hz and the low-pass frequency is 160 Hz.

At this point, the hardwareis prepared but the oscilloscope does not register useful signals.
Animal Preparation

Anesthetize the subject using an established method. Longer acting injectable anesthetics
or controlled inhalant anesthetics are to be preferred for gated experiments because extra
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preparation timeis required to establish ECG gating requirements. For initial trial
experiments, about 45 minutes extratimeis probably required to investigate the use of the
PGM-1000 receiver controls. In practical situations, persons who are familiar with the
PGM-1000 require only 10 to 15 minutes extratime.

1

If the subject’sfeet are unsuitablefor el ectrode attachment, make an attachment area
by shaving sites on the animal’s right limbs and left foreleg.

Place the subject into the animal bed in the supine position (ventral surface upper
most). Place the center of the thorax as close as possible to the center of both the
magnet and rf coil.

Attach the electrodes to the forelegs and the right hind leg of the animal. Connect
these electrodes to the cardiac electrode leads. It isimportant to connect the ground
(green) lead to the hind leg of the animal. Figure 106 on page 215 shows the proper
electrode connection pattern. The polarity switch of the PGM-1000 receiver can be
used to correct the sign of the ECG signal if the leads to the forelegs are connected
in the reverse sense. Bring the electrode lead wires from the underside of the animal
bed so that they can be taped to the bed surface, to prevent the wires from moving
during the experiment. Securely tape the animal’s limbs and electrode clipsto the
animal bed. These precautions minimize the disturbance observed in the ECG
signal, due to small motions of the subjects limbs and vibrations of the electrode
leads.

Beforeinserting the cradleinto the magnet, check the electrode placement and ECG
signal by powering up the cardiac preamplifier. Adjust the oscill oscope to trigger on
the ECG signal on channel 1 of the oscilloscope. If the ECG is weak, increase the
gain of the PGM receiver, using the X10 gain setting.

If an acceptable ECG signal with a QRS complex of about 1 to 1.5V and baseline
features of lessthan 0.5V can be obtained, note the following features of the ECG:

R-to-R wave timeinterval
R-to-T wave time interval
P-to-R wave time interva

These features are useful in choosing acquisition parameters. If apoor signal is
obtained, check the electrodes, el ectrode connections, and power on status of the
PGM modules. Correct any defectsin the preparation. ECG signals greater than 1.5
V can be observed. Try to scale the peak of the R wave so that it islessthan 12 V.

Place the animal cradle into the magnet. Tune the rf coil as usual.

Adjusting the PGM Receiver to Obtain a Cardiac Trigger

Oncethe animal cradle has been inserted into the magnet, check the ECG signal on channel
1 of the oscilloscope. It should show slight changes after the animal cradle is placed into
the magnet. Typically, the T wave appears with alarger amplitude and baseline noise might
increase. The peak of the QRS complex should be at least 0.5V above the largest baseline
feature if an acceptable cardiac trigger is to be obtained.

Adjusting the receiver to obtain a cardiac trigger consists of the following steps:
1
2.
3.

Adjust the bandpass filter to obtain a stable el ectrocardiogram with aflat baseline.
Set the voltage threshold used to detect the QRS complex.
Adjust the inhibit delay to control the frequency of the trigger pulses.

VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



9.3 Experimental Setup

Adjusting the Bandpass Filter

The low-pass filter control of the PGM receiver reduces the high-frequency noise in the
ECG. High-frequency noiseis attenuated as the low-pass frequency is decreased.
Attenuation improves the signal to noise ratio of the QRS complex; although, the total
amplitude of the ECG will be progressively reduced as the low-pass frequency is reduced.
Itisbest toinitially set the low-pass frequency to 160 Hz.

The high-pass filter control removes low-frequency undulations from the baseline of the
ECG. Low frequencies are attenuated as the high-pass frequency is increased. The best
initial setting of the high-pass frequency is 0.5 Hz.

When the recommended initial frequencies for the bandpass filter controls have been set,
the electrocardiogram is close to the unfiltered state.

Increase the high-pass frequency until any baseline undulations are removed. Typical [ow-
frequency baseline undulations have a period greater than one heart period. Baseline
undul ations often arise from the motion of the animalslimbs due to respiration, and can be
minimized by securing the limbs and electrode clipsto the side of the animal bed with tape.
The polarity of the QRS complex might invert for higher settings of the high-pass
frequency. Correct any inversion with the polarity switch.

When the high-pass filter has been adjusted, decrease the low-passfilter only if the ECGis
Noisy.

Setting the ECG Detection Voltage Threshold

There are three waysto adjust the ECG detection voltage threshold. The simplest way isto
take advantage of the automatic threshold feature.

e Automatic Threshold

To set up the automatic threshold, first reduce the inhibit delay time control of the
PGM-1000 receiver to the minimum value. Reducing inhibit delay time causesit to
trigger on every event that exceeds the value of the ECG detection threshold. Switch
the ECG detection threshold to automatic mode, while observing the inhibit output
signal on channel 2 of the oscilloscope. After afew heart beats, the automatic threshold
is established and the inhibit out signal beginsto respond in a periodic fashion as each
QRS complex is detected.

The pattern visible in the inhibit out signal consists of alevel change of 5V (decrease
from +5V to 0V) asthe QRS complex is detected. This state is maintained for 50 ms,
then the signal returnsto its original level (+5 volts), until another QRS complex is
detected. Such fluctuation indicates that a cardiac trigger has been obtained.

The automati ¢ threshold can be used to obtain cardiac gated images. However, it takes
afew heart beats to recover from the disturbances induced in the ECG by rf and
gradient pulses. This recovery time makes it less suitable for applications that require
ashort TR or high-duty cycle multislice imaging.

The manual threshold requires no such recovery time and supplies cardiac triggering
as soon as the rf and gradient disturbance has left the ECG.

e Manua Threshold

To set up the manual threshold, first reduce the inhibit delay and ECG threshold
voltage controlsto their minimum value. Observetheinhibit output on channel 2 of the
oscilloscope. Theinhibit output signal appearsto behavein an erratic fashion when the
threshold voltageis closeto zero. Slowly raise the value of the ECG threshold voltage,
while observing the inhibit out signal. Allow afew heart beats to pass between each
adjustment of the control and carefully note the point at which theinhibit output begins
to respond in a periodic fashion as each QRS complex is detected.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 219



Chapter 9. Physiological Gating Module

220

The response of the inhibit output should be identical to the previously described
response for the automatic threshold, when cardiac triggering is obtained. Thisisthe
minimum setting for the ECG detection threshold. Note the position of the threshold
voltage control.

Continueto increasethethreshold voltage until theinhibit output just ceasesto respond
to the presence of QRS wavesin the ECG. The threshold is how set to the maximum
point of the R wave signal. Note the position of the threshold voltage control. Now
reset the control midway between the minimum setting to obtain proper cardiac
triggering and the maximum point of the R wave. The periodic response of the inhibit
output signal should resume. Proper cardiac triggering has been obtained.

» Voltage Threshold

The manual threshold voltage level can also be adjusted by observing the voltage
threshold output in a“what you seeiswhat you get” fashion. First, reduce the inhibit
delay and threshold voltage level sto their minimum values. Adjust the oscill oscope so
that the baseline traces of channels 1 and 2 are coincident with zero external input.
Adjust the gain control of both channels to the same value, either 0.5V or 1.0V per
division. Itisimportant to adjust the oscilloscope channelsto the same gain or elsethis
procedure incorrectly sets the threshold voltage.

Observe the filtered electrocardiogram on channel 1 and the signal from the PGM-
1000 receiver output jack marked THRESHOLD OUT. The threshold voltage signal
should coincide with the baseline of the ECG signal. Increase the ECG threshold
voltage, until the trace observed on channel 2 lies midway between the top of the
baseline features and the maximum of the QRS complex, as observed in the ECG.
Disconnect the threshold voltage output from channel 2 of the oscilloscope and begin
to observe theinhibit output signal. Thissignal should respond in aperiodic fashion as
each QRS complex is detected. The response pattern should be the same as that
described above for proper cardiac triggering.

Once proper cardiac triggering has been obtained by one of the methods described above,
proceed to adjust the inhibit delay.

Adjusting the Inhibit Delay

If proper cardiac triggering has been obtained, the inhibit delay can be adjusted by
observing the electrocardiogram and inhibit output signals on channels 1 and 2 of the
oscilloscope, asillustrated in Figure 108.

With the inhibit delay set to its minimum value, theinhibit output should decrease from +5
V to OV for aperiod of 50 ms, every time a QRS complex is detected. In this state (shown
in Figure 108), the PGM-1000 receiver supplies the spectrometer with atrigger pulse for
every QRS complex that appears in the ECG. If the pulse is not desirable, increase the
inhibit delay to reduce the triggering frequency.

Slowly adjust the inhibit delay control to increase the inhibit delay time while observing
theoscilloscopetraces. Allow afew heart beatsto pass, between each adjustment. Carefully
note the response of the inhibit output trace.

At first, increasing the inhibit control simply lengthens the period of time the inhibit delay
spends at 0V after R wave detection. As soon as the length of the inhibit delay period
approaches the value of the heart period, the inhibit output signal appears to respond
erratically. The erratic response is caused by natural variationsin the heart rate. A further
increase of theinhibit delay causes the erratic pattern to disappear and a new periodic
response (shown in Figure 108) to appear.

The new response of the inhibit output signal appears as alevel changefrom+5V to0V
asa QRS complex is detected in the ECG. This change is followed by a delay greater than
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Figure108. ECG and Inhibit Out: Trigger on (A) Each Heart Beat,
(B) Every Other Beat

one heart period, in which the inhibit output signal is held at 0 V. During thisinterval, a
second QRS complex appearsin the ECG. Theinhibit output then returnsto the +5V level
in the second heart period. In this state, the PGM receiver outputs atrigger pulse for every
second QRS complex detected in the ECG.

Increasing the value of the inhibit delay progressively reduces the triggering frequency.
Each time the inhibit delay approaches an integer number of heart periods, the inhibit
output makes atransition to erratic behavior, because of normal variationsin the heart rate.
To prevent erratic triggering, increase or decrease the inhibit delay.

Obtaining Images

Cardiac gated images can be obtained with most of the standard imaging pul se sequences.
The operation of each sequence and its compatibility with gating operation is described in
the manual VNMR User Programming. The slice profil e projection modes of all sequences
operate exclusively in the nongated mode.

Gating is usually activated through the parameter t i cks. Thevalueof ti cks isthe
number of trigger pulsesthe system detects before proceeding to carry out the current scan.
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Using avalueof t i cks greater than O provides agated image. A valueof t i cks greater
than 1 reduces the effective triggering frequency by afactor of 1/ t i cks. Generadly, itis
better to use the inhibit delay feature of the PGM-1000, because this feature provides
protection against false triggering and leads to a more stable triggering frequency.

The pulse sequence statement used to control gating, xgat e, isinserted into sequence
codesjust prior to the“ active” portion of the sequence, usually after thedl1 delay. With this
placement of the gating statement, the sequence acts directly after the desired number of
gating pulses have been counted off by the acquisition system.

Anauxiliary delay parameter hol d is provided to adjust the timing after the sequence
triggers. Thisdelay can be used obtain images at different phases of motion. The value of
hol d can be varied from zero to the value of the heart period.

Experiments that operate in the multislice mode trigger at the beginning of the sequence
used to obtain the first slice. Subsequent slices are then run at aconstant rate. Theresult is
that all images are synchronized to the physiological trigger, but different slices are
obtained at different points of the cardiac cycle.

A second auxiliary delay, r cvry, is provided before the gating statement for use in the
multislice mode, wherethed1 delay controls sequence to sequence repetition. Ther cvry
delay is executed once before the sequence used to collect the first dice. The value of

r cvry ischosento allow the ECG to recover from the disturbance caused by the multislice
sequence cascade.

The quality of gated images improves at short values of the echo time (t e€) and for higher
numbers of averages (nt ).

Simple Gated Spin Echo Imaging

To perform simple gated spin echo imaging, select the shorter sequence, which provides a
spin echo imaging sequence compatible with short TE values. Select a TE value of 15 ms.

Obtainaninitial scoutimageinthesagittal plane(or i ent =" zyx' ) along the center plane
of the magnet. This plane should correspond to the central plane through the subject. In
order to obtain thisimage in the gated mode, set the value of the parameter t i cks as
ticks=1. Setthedelaysr cvry and hol d to zero. Choose the value of d1 sothat it is
greater than one heart period. Choose all other parameters as appropriate for asingle-slice
scout image.

Once the sagittal scout image has been obtained, slice positions for coronal or transverse
images can be selected. The scout image should show adiastolic heart, located in the chest
cavity above the liver. The position of the ventricles should be readily apparent.

Target images can be obtained in the desired plane by adjusting the parametersin the
normal way. Images of the heart in the diastolic phase can be obtained with value of the
hol d delay, equal to zero or slightly lessthan one heart period. Using asetting of the heart
period minusthe P-to-R waveinterval for the parameter hol d alowsimageswith the both
the atria and the ventricles in the diastolic state to be obtained. Images of the heart in the
systalic phase can be obtained by using avalue of thehol d delay equal to the R-to-T wave
interval in the ECG signal.

Images of the heart throughout the cardiac cycle can be collected by acquiring images
separately, rather than by arraying the hol d parameter.

Multislice Spin Echo Imaging

Multislice images can be obtained similarly to single-slice images, except that the value of
d1 isset so asto control the sequence to sequence repetition timein the multislice cascade.
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Thevalueof ther cvry delay isset greater than one heart period to alow the ECG signal
to recover. Use of the manual threshold for cardiac triggering is recommended.

9.4 Performance Specifications

The PGM-1000 is used to detect the cardiac signal of an animal. The output of the PGM-
1000 can be used to trigger a spectrometer or any medical instrument. The preamplifier is
nonmagnetic and isinstalled in the magnet bore. An optical link transmits the information
to the PGM-1000 Receiver, where the gating signal is created. The fiber optic link isolates
the receiver from the preamp for safety and to prevent ground loops. 50 to 500 beats per
minute with signal levels between 0.1 mV and 5 mV can be detected. The signal is FM
modulated on a 33-kHz main carrier. Table 19 lists the performance specifications.

Table 19. PGM-1000 Performance Specifications

Function

Soecification

Signal detection

Signal modulation

Cardiac signa
conditioning

Signal transfer
Gating

Indicators

Outputs

Input
Power

Nonmagnetic patient leads and clips

Signal level: 0.1 mV to 5 mV

ECG rate: 50 beats/minute to 500 beats/minute

ECG main carrier: FM 33 kHz +10% for 6 V battery
Battery indicator subcarrier: FM 3 kHz £10% for voltage less than 4 V
High-passfilter: 0.5, 1.5, 5.0 and 10 Hz

Low-pass filter: 20, 40, 80 and 160 Hz

Gain select: x1, x10

Polarity select: positive or negative

Single fiber-optic cable

Threshold: manual or automatic (half of cardiac signal)
Inhibit time: 0.05sto 2.5 s, adjustable

Receiver power on/off

Link on (preamp operational)

Preamp battery low (on preamp and receiver)

ECG andog signal: filtered and unfiltered (+12 V range)
ECG trigger: 1 ms active low pulse

Inhibit time: active low

Threshold (0V to 12 V)

External inhibit signal
Preamplifier: 6V, 1.4 mA typical, battery operated

Battery life: 150 h with Polaroid P100, 1000 h with Power-dex VVP/6/1400

Receiver: 115 Vac, 50/60 Hz, switchable to 220 Vac on circuit board
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chapter 10. 2D and 3D Backprojection

Sections in this chapter:
e 10.1"Installation,” this page
» 10.2 “Backprojection Image Generation,” page 226
» 10.3 “Getting Started,” page 227
* 10.4“Routine Usage,” page 229
o 10.5“Artifactsin BP Imaging,” page 244
* 10.6 “BP Macros and Programs Details,” page 249

» 10.7 “References,” page 252
This chapter shows how to acquire and reconstruct 2D and 3D NMR images based on the
backprojection (BP) or projection reconstruction. The acquisition alows slice select and

volume imaging sequences in 2D and 3D. The reconstruction of the acquired data covers
the 2D and 3D case.

10.1 Installation

Note: Before running the BP software, make sure the imaging module isinstalled.

BP imaging software is included on the standard VNMR 5.3 installation CD-ROM.
Loading BP software is accomplished the same as other VNMR software except the BP
software requires a password. Refer to the manual VNMR and Solaris Software I nstallation
for detailed installation information.

Theinstallation disk contains the following files:

bp3d. c Pulse sequence, parameter set, and macro, respectively, written in
bp3d. par obliquing style, which support 2D and 3D BP image acquisition.
bp3d

bp2d. c Pulse sequence, parameter set, and macro, respectively, which
bp2d. par support obliquing 2D slice select spin-echo BP image acquisition.
bp2d

bp_i mage. c Pul se sequence, parameter set, and supporting macros, respectively,
bp_i mage. par  written in the original microimaging style, which support 2D and
bp_i mage 3D BPimage acquisition along with the selected NMR weighting
bp_setup Ty (saturation recovery and inversion recovery), T1,, and To.
bp_reco Macro that executes the reconstruction of a2D or 3D data set.
bp_2d Program that performs the 2D reconstruction. Typical

reconstruction time (based on a SPARCstation 2) is 2 secondsfor a
256 x 256 from 128 projection.
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bp_3d Program that performs the 3D reconstruction. Typical
reconstruction time (based on a SPARCstation 2) is 2 minutesfor a
128 x 128 x 128 from 64 x 64 projections, and 20 minutes for a
256 x 256 x 256 from 128 x 128 projections.

bp_nt Program that performs a magnitude cal culation and is used prior to
the program bp_2d or bp_3d.
bp_sort Program that shuffles the projections obtained using an arrayed

parameter in the order required by thebp_3d program.

Beawarethat 3D BPimage data setsmay require up to 70 Mbytes of hard-disk spaceduring
acquisition and up to 100 Mbytes during the reconstruction.

10.2 Backprojection Image Generation

226

Figure 109 depicts the basic approach for BP image generation.

b = 60°

Figure 109. Image Generation Using Backprojection

Imagine adicewith acylinder and acube. Applying afield gradient Gz(x) along the x-axis
(caseA) resultsin aspatial one-dimensional field dependence Bz = By + x Gz(x) along the
probe. Excitation of the probe with ashort, non-selective rf pulse givesriseto asignal both
from the cylinder and the cube. The different resonance frequencies of the cylinder and the
cube (due to the applied gradient) result after Fourier transform in a profile exhibiting the
cube and the cylinder. So far, amapping of the 2D object to a 1D profile has been achieved.
Note that the profile's intensities are determined by the line integrals perpendicular to the
gradient direction.

To obtain a2D image of the object, the direction of the gradient is changed (case B, C, and
D). In comparing case A and D, it is obvious that the position of the cube and the cylinder
in the profile have changed. By taking a series of angular projections over arange from 0°
to 180°, the two dimensions of the object are mapped to the one dimension of the profile
and the angular dependency.
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A mathematical algorithm, named projection reconstruction, allows reconstruction of the
2D object from this series of angular projections. The BP package relies on an efficient
implementation of this algorithm to provide short reconstruction times. Image generation
can be performed not only in 2D but alsoin 3D.

10.3 Getting Started

This section describes the steps for setting up, acquiring, and reconstructing an image by
using BP. A simple 2D dlice select experiment is used in the example.

Retrieving a Parameter Set
Start with the following steps:

1. Verify that thereisasamplein the probe and that the probe has been tuned, shimmed,
and ready for experiments.

2. When you are ready to take a measurement, retrieve the parameter set by entering
the name of the pulse sequence. In this example, to use the bp2d pul se sequence;
enter bp2d to load the parameters.

Figure 110 shows atypical display of bp2d parameters.

HUCLEUS RF FULSES GRADIENTS FIELD OF WIEW
tn Hl rfcoil tocoil  gooil main orient sag
sfrg 300,044 pilot y lro 5.00
resto 0 pl 4000,0 pro 0

plpat sinc  gro 1,523
ACOUISITION towrl 24 gpe 0 5SLICE SELECTION

St 32467.5 gss 1,304 ns 1

at 0,002 p2 4000,0 thi 2,00

np 128 pZpat sinc pss 0

v 64 tpwr2 30

nt 1 SPECIAL

dp y phi2 180
theta2 0

DELAYS
tr 0.5000
te 0.0300
tepoil 0.0010
£

Figure 110. Parameter Set for bp2d

Setting Parameters for Acquisition

The experiment setup is basically the same as for a standard imaging experiment such as
SEMS. Refer to Chapter 1, “First Steps: Making an Image,” for moreinformation on setting
up for an imaging experiment.

1. Settherf coil parameter tothe correct value. Check that thegcoi | parameter is
correctly set.

2. Check that the pulse lengths (p1 and pw), repetition and echo times (t r andt e),
and the transmitter offset resonance (r est 0) are appropriately set.

3. Setl r o (Iength of readout, in cm) and pss (position of slice select, in cm) to the
desired length and position. BP images are square images.
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4. Setnp and nv. The parameter np isthe number of pointsin the readout projection
Remember that np also determinesthe data size of thefinal image. nv isthe number
of projections to take, which determines acquisition time and image resol ution.

5. Enteri nprep. Thismacro usesther f coi | andgcoi | parametersto
appropriately set the rf powers and gradient strengths.

6. Setphi 2 to 180 or 360, depending on whether a 180° or 360° rotation is desired
when acquiring data. Thisisthe only BP-specific parameter that needs to be set.

Taking a Measurement
You are ready to make a measurement.
1. Look at aprofile of theimage before acquiring thefull image. Inthiscase, set nv=0.

2. Enter go to start the measurement. When the acquisition is complete, enter f t to
Fourier transform the data. Figure 111 shows a projection profile.

3. Iftheprofileisacceptable, set nv to the desired number of projections and enter go.

delta

Figure111. Profile of Fourier Transform of One Projection

Running Reconstruction
Reconstruction involves a Fourier transform followed by the macrobp_r eco.

1. Enterft toexecuteaFourier transform.
A counter in the upper right of the screen countsfor all projectionstaken (nv times).

2. Enter bp_r eco to start the reconstruction process.

M essages appear for monitoring the status of the reconstruction (The following list
shows only the most important messages):

e Magni tude cal cul ati on is running.If anerror occursin this step,
transform the data again and start the reconstruction.

* 2D BP i s running
* 2D BP is finished
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3. At theend of reconstruction process for a 2D dataset, the first (or only dlice) is
copied into thedat a and phasefi | e filesinexpn/ dat di r. Thisdiceisaso
displayed in the VNMR graphics window.

The single or multislice datais aso reconstructed into Flexible Data Format (FDF)
filesfor viewing by ImageBrowser. These filesare put in expn/ dat di r with the
names bp2d000. f df , bp2d001. fdf ,... bp2dnnn. f df .

10.4 Routine Usage

This section describes the functionality provided by the BP imaging package and includes
an overview of the NMR excitation schemes implemented with the package.

NMR Excitation Schemes

The BP package providesavariety of different NMR excitation schemes (slice and volume)
and weighting of the signal obtained with NMR parameters (T2, T1, or T1, etc.). Table 20
lists the schemes implemented.

Table 20. Implemented NMR Excitation Schemes

NMRWeighting Parameters

Probe Excitation Sequence BP Imaging Result

Preparation Imaging

slice bp2d - T2 one or more image slices
volume/slice bp_i mage Ti(sr,ir,aps) T2 oneimage sice
volume/dlice bp_i mage T1lr ho T2 oneimage sice

volume bp3d - T2 oneimage slice

volume bp_i mage Ti(sr,ir,aps) T2 oneimage sice

volume bp_i mage’ Tir ho T2 oneimage slice

volume bp3d - T2 (volume)

volume bp_i mage Ti(sr,ir,aps) T2 (volume)

volume bp_i mage T1lr ho T2 (volume)

T, weighting of the NMR signal (aspin echo intheimaging case) is achieved by setting the
echotime, t e, in theimaging phase. T, and T,, weighting are performed in a preparation
phase prior to theimaging phase. In the case of T, weighting, three different excitationsare
supported: saturation recovery (sr ), inversion recovery (i r ), and aperiodic saturation
recovery (aps).

Reconstruction results in one or more image slices or a volume. The acquisition and
reconstruction of aseriesof slicesor volumetakes considerably longer than acquisition and
reconstruction of asingle slice.

Pulse Sequences

The backprojection package has three pul se sequences:

» Seguence bp2d supports 2D dlice select imaging, and has an interface similar to the
imaging module interface used to support oblique imaging.
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» Sequence bp3d sequence supports 2D and 3D volume imaging, and also has an
interface similar to the imaging module interface used to support oblique imaging.

» Sequence bp_i mage supports 2d dlice select, 2D volume, and 3D volume imaging,
and has an interface similar to the microimaging module interface.

Table 21 provides data for each imaging method.

Table21. Estimated Acquisition and Reconstruction Times

Method np Acquisition Time Reconstruction Time  Image Matrix
2D dlice 128 R2x(TE+TR) < 1 second 64 x 64

2D dlice 256 64 x (TE+TR) 2 seconds 128 x 128

2D dice 512 128 x (TE+ TR) 5 seconds 256 x 256

2D val 128 2 x(TE+TR) < 1 second 64 x 64

2D val 256 64 x (TE+TR) 2 seconds 128 x 128

2D vol 512 128 x (TE+ TR) 5 seconds 256 x 256

3D vol 128 1024 x (TE+ TR) 35 seconds 64 x 64 x 64

3D vol 256 4096 x (TE + TR) 2 minutes 128 x 128 x 128
3D vol 512 16384 x (TE + TR) 20 minutes 256 x 256 x 256

Acquisition and Reconstruction with Sequences bp2d and bp3d

When setting up for an acquisition with pulse sequences bp2d and bp3d, the standard
imaging method should be used.

Setting Up for Acquisition
To set up for dp2d and dp3d, check the following settings and then run macro i npr ep:
1. Makesurerfcoil andgcoi | have been defined.

2. Set any desired pulse lengths. For volume imaging using bp3d, have pulse lengths
as short as possible in order to irradiate as large of volume as possible. Some
versions of the sequence should be run with square (nonselective) pulses.

Set the transmitter offset resonance.

4. Setteandtr.Ift e islarge enough, the pulse sequence puts the spin echo in the
middle of the acquisition time. Otherwise, the spin echo will appear in the | eft,
shifted. Note that reconstruction artifacts might appear if the spin echo appears too
left shifted. Settingt r isacompromise between total measurement time and full T,
relaxation in the case of pure T, weighting, aswell asfor sr andi r T, weighting.

5. Ifusingdp2d, setl r o (image size) and pss (position of sice selected).

6. Settrans,sag,andcor (orientation parameters). The anglespsi , phi , and
t het a can also be set for an oblique orientation.

7. Set np for the number of pointsto acquire. np determines the size of the image.
8. Set nv for the number of projections to acquire for 2D. Also set nv2 for 3D.

9. Setphi 2 andasot het a2 for 3D. These values select between a 180° or a 360°
angular span of the projections taken. Usually, the 180° span is taken, because the
projections obtained at 0° are identical to the centrally mirrored projections from
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180°. However, in slice-selective excitations and cases of B shift due to gradient
switching, the image quality can be improved by taking projections from the full
360° span.

10. Enteri nmpr ep, which calculates rf strengths, gradient strengths, and timing.

Starting the Measurement

The following steps perform the measurement for sequences dp2d and dp3d:
1. Enter go to start the acquisition.
2. Check the spin echo signal by displaying it with df .
If the signal amplitude is too high, decrease the gain with gai n=I ower _val ue.

You can aso look at projections during acquisition by entering f t and then ds.

Performing the Fourier Transform

To obtain profiles from the projections taken, perform a Fourier transform. You may use an
unweighted or weighted transform.

» For an unweighted transform, enter f t .

» For aweighted transform, weighting is determined by the desired pixel resolution and
the available signal-to-noise. To set the weighting, enterwt i andt hen wf t . Figure
112 shows atypical display. If the center of your spin echo isleft shifted, move the
center of the weighting function to the same position.

ouse buttons: Left - weighting, Center - vf/vs
v Vs 2:1h 3:sh 4:shs a:gf b:gfs
8458.469 1.1e+05 unused GIANEEILEE 3. 2e-04 unused unused

Figure112. Setting the Weighting

Use the following guidelines to adjust the weighting: (1) Choose the width of the
weighting functionto beat least 5 to 10 times broader than the width of the echo signal,
and (2) Make sure the weighting function has decreased to nearly zero at the left and
right side of the scan. If it istruncated with alarge nonzero value, artifactsin the
reconstruction will appear.

An example of theeffect of theweighting appearsin Figure 113, which showsacomparison
of an unweighted and aweighted FT. It is obvious that the course of the profileis smoother
after the weighted transform.
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Figure113. Unweighted and Weighted Fourier Transform

Performing Reconstruction

Themacro bp_r eco takes care of the reconstruction process. For the duration of the
reconstruction, refer to Table 21.

1. Enter bp_r eco to start the reconstruction process.

2. When running a 3D reconstruction, atext file appears with settings that will be used
for the reconstruction. You can modify thetext file at thistimeif you want to change
any of the default settings. In any case, you must quit or exit the editing window in
order for the reconstruction to proceed.

In the 2D case, the window does not appear.

3. Thefollowing messages appear, allowing you to monitor the reconstruction process.
Magni tude cal culation is running
Profile generation finished
2D/ 3D BP is running
2D/ 3D BP is finished

See “BP Macros and Programs Details,” page 249, for adetailed description of the
individual settings passed between the program constituting the reconstruction.

Sometimes errors might appear in the magnitude cal culation section, for example:
bp_nt: can’t read bhead

This error generally results when the initial Fourier transform has been performed on only
one projection or asubset of thetotal projections. To fix the problem, enter f t orwf t again
and rerunbp_reco.

Displaying the Dataset

At the end of the reconstruction process, the datais written out for display:

» Fora2D dataset, thefirst slice (or only dlice) iscopiedintothedat a andphasefi | e
filesinexpn/ dat di r so that the slice can be viewed by VNMR. Also, the single or
multislice datais reconstructed into FDF files for viewing by ImageBrowser. These
filesare also located in expn/ dat di r with thenames<seqfi | €>000. f df,
<seqfil >001.fdf,... <seqfil e>nnn. fdf.

* For a3D dataset, the datais written out to a FDF filein expn/ dat di r named
<seqfil e>. f df . Thedisplay programdi sp3d isalso started with the data, so you
canimmediately view the 3D dataset. This 3D dataset can also be viewed slice by slice
by using ImageBrowser.

VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



10.4 Routine Usage

disp Program

Thedi sp program displaysa 3D FDF file or araw 8-bit 3D datafile with no header. After
data has been loaded, a 3D volume appears in the display window. Theinitial appearance
of the 3D volumeis asif it was viewed from the front.

To change the size, position, orientation, and slice of the 3D volume, do the following
procedures:

» Adjust the size of the displayed image by using the left button of the mouseto increase
or decrease the value on the Zoom dlider. For FDF format data, the image isinitialy
scaled to actual size, or, if that would beimpractical, it isscaled up or down by a power
of two. The zoom field gives the displayed scale as a percentage of actual size.

» Adjust the brightness and contrast of thedisplay with the Contrast slider and theV scale
type-in field. The contrast adjusts the colormap to optimize the display of the 8-bit
data. TheVscale valueis used only for FDF data with aword size greater than 8 bits.
The data are multiplied by the factor 255* vscal e before being truncated to 8 bits.
(If vscal e=1, adatavaue of 1.0 scales to maximum intensity.)

* Adjust the position of the 3D volume by using the middle button of the mouse and
dragging it to the desired position inside the display panel.

» Adjust the orientation of the 3D image by holding down the left button of the mouse
while moving the cursor inside the display panel. The image can also be rotated about
the Z axis (perpendicular to the screen) by moving the Rotate slider in the control
panel. The Snap button rotates the image to the nearest orientation that makes all the
orientation angles multiples of 15 degrees.

» Adjust the displayed dlice of the 3D image by using the face selector and the Slice
plane dlider. The plane selector selects one face of the data cube, and the slider moves
the active dice through the volume. If the 2D display selector is On, each diceis
displayed inthelower left corner asthe slice position slider movesthrough the volume.

Thedi sp3d display window also includes the following features:

» The 3D Display selector selects viewing the 3D volume in image mode, image plus
wire frame, or wire-frame-only mode.

* You can adjust the background color of the display panel (through the Bkgnd entry
point) by controlling thelevels of the red, green, and blue channel s of the color display.
Examples of color settings are 255 255 255 for white, 0 0 0 for black, and 128 128 128

for gray.

Acquisition and Reconstruction with Sequence bp_image

Thissection describeshow to usethebp_i nage pulse sequence, which usesan older style
of imaging pulse sequence development. bp_i mage provides anumber of NMR
weighting and excitation schemes.

Loading Parameters

Parametersfor thebp_i nage. ¢ pulse sequence are located inthe bp_i nage. par
directory. Load the parameters by entering bp_i mage.

Figure 114 shows atypical display of reference parameters.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 233



Chapter 10. 2D and 3D Backprojection

= EACKFROJECTLOA TRAHZIEHT 3 TIMLRD SFECLAL
bptype noslice nt 11 050000 gain 15
ACOULELTION np b te 0. 0LERD  towp ot el
=frq A0z, 174 ni notr L. S0 FLAGS
tn H1 ERADLENTE trise 0ol 1§91 L
tof =220on. 0 oriont EYE FROULES1NE in 0
tofc o geal DL OENg 2h Do cp
IF _PULELE Ira Lol zhz 0, sl SAHHFLE
11 120 gro ddqia pphiid 1l date Har ZIF 44
tpwrl d n Al rie £ hvmee S v nn
| 240 rec Mt rfpar Hfbp_iwage
tpwr | math r solvent Mo
tpwrr Lk h] LUHIEAG] OLELVLD
prep noosu 2oo41.U
d

Figure114. Parametersfor Sequence dp_image

Setting System-Specific Parameters

Some reference parameters differ depending on the system configuration. Perform the
following steps to make sure these parameters are correct for your system.

1

Check that sf r g has the correct spectrometer frequency (300, 400, etc.) for your
system.

For slice-selective imaging, use a shaped pulse. For volume imaging, use a square,
or hard, pulse.

Check that t pwr 1 isset to an appropriate transmitter power for a90° pulse and that
pl isset to the duration of the 90° pulse.

Check that t pwr is set to an appropriate transmitter power for a180° pulse and that
pwis set to the duration of the 180° pulse.

Check that the gradient strength is calibrated. See the appendix, “ Commands,
Macros, and Parameters,” for guidelines for using the macro set gcal to check
gradient strength calibration.

Setting On-Resonance

BP imaging requires the on-resonance condition to ensure an identical center in al
projections obtained for one image. To set on-resonance, perform the following steps.

1

Enter gr 0=0 to disable gradients.

2. Enter go to acquire one scan. You should see asignal.

If nosignal isseen, check t e (echotime) and gai n (receiver gain). To increase the
signal, decreaset e or gai n. The echo may not be centered in the time domain.

Enter f t to Fourier transform the data, and then move the cursor on the linein the
spectrum and enter novet of to set the spectrometer frequency to the cursor value.
Your display should be similar to the display in Figure 115.

Setting BP Image Acquisition

The next step isto runthebp_set up macro. You should now set up the BP imaging
seguence according to your needs as follows.

1. Enter bp_set up to run the macro. The following questions are asked:
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delta

Figure 115. On-Resonance Condition

a. BP type (bp3d, bp2d, bp2ds)?

According to Table 20, you may select volume excitation schemes (bp3d or
bp2d) or the dice-selective excitations scheme (bp2ds).

b. Preparation (none, sr, ir, aps, tilr)?

Table 20 summarizes the selections available in the preparation phase. The
selection none disables any excitation in the preparation phase, thereby
alowing only T, weighting. sr, i r, or aps result in T, weighting using
saturation recovery, inversion recovery, or aperiodic saturation, respectively.

c. Maxi mum di aneter of probe (nm)?

Imagine a sphere in the magnet center that completely contains the probe
under investigation. Take the diameter of the sphere, increase it by roughly
20%, and take the resulting value as the diameter of the field of view (FOV)
of your BP image or volume.

d. Nunmber of points in profile (np)?

The number np refers to the number of points during acquisition (real plus
imaginary values). Therefore, np is twice the number of pointsin the
reconstructed image. For setting np, use a power of 2 (64, 128, 256, or 512).
Table 21 liststhe estimated acquisition and reconstruction times (in the table,
TE isthe spin echo time, TR includes the recovery time and preparation time
required, and np/4 projections are assumed). Note that measurement and
reconstruction time does not increase linearly with the increasing np for 3D
data sets.

e. Expected pixel resolution (Hz)?

The pixel resolution, in Hz, refersto linewidth of the probe. For
discrimination between two adjacent pixels having a L orentzian lineshape on
at least the 50% amplitude level, the pixel resolution hasto be greater than or
equal to the linewidth. This requirement can easily be met in biological
samples. In polymers, usually only equality can be achieved Inrigid
materials, the maximum gradient resultsin alimitation. The macro

bp_set up checks your value against the technical limitations internally.
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f. Angle phi (180 degree, 360 degree)?

This option selects between a 180° or a 360° angular span of the projections
taken. Usually, you take the 180° span because the projections obtained at 0°
isidentical to the centrally mirrored from 180 degree. However, in slice-
selective excitations and cases of B, shift caused by gradient switching, the
image quality can be improved by taking projections from the full 360° span.

g. Angle theta (180 degree, 360 degree)?
This option isonly valid for 3D acquisition and reconstruction. It should be
set to the same value as for the angle phi .

2. bp_set up checksyour values for validity, computes sweep width and digitizer
resolution, checks gradient strength (including an overrange test), and presets the
spin echo time, t e. The values obtained are printed out, similar to Figure 116.

--- READQUT SETTINGS  ---

field of view = 15. 0000 resol ution = 0.05859
sweep W dth = 51200 np/ 2 = 256
acquisition time = 0.00500 gro = 7975

readout gradient= 7.9559 gauss/cm

Figure116. Macro bp_setup Values Display

You can accept or reject these values from the message:
Use these val ues? (y/n):

Enter y to accept the values or n to regject the values.

4, Set the spin echo parameter t e to the value you want.

If t e islarge enough, the pulse sequence puts the spin echo in the middle of the
acquisition time. Otherwise, the spin echo appearsin the left, shifted. Note that
reconstruction artifacts might appear if the spin echo appears too |eft-shifted.

5. Set the recovery time parameter t r to the value you want.

In the case of pure T, weighting aswell asfor sr andi r T, weighting, settingt r
is a compromise between total measurement time and full T, relaxation. For T,
weighting using aps, t r can be set to the time value currently measured, because
the aps sequence completely dephases the magnetization on its own.

Starting the Measurement

Enter go to start the measurement.

Other Excitation Schemes

The remainder of this section shows the use of pul se sequences for the different excitation
schemes. Where applicable, further parameters to control the operation are described.
Volume-Based BP Acquisition

Asindicated in Figure 117, each pulse sequence consists of a preparation phase (indicated
by A) and the image acquisition phase (indicated by B).
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Figure117. Phases: (A) Preparation and (B) Acquisition

The preparation phase A takestherecovery time, t r , and any NMR weighting applied with
sr,ir,andaps. The acquisition phase B starts with a period of time (t r i se) covering
the switching of the gradients. It continues with two rf pulses, usually a 90°-dx-180°
sequence (selective or nonsel ective according to the selectionbp2ds or bp2d and bp3d).
The spin echo time, t e, isdetermined by dy and the acquisition time.

In thistype of acquisition, only hard pul ses are used for excitation, thustaking the signal of
the whole probe in each projection step. Depending on the available measurement time,
signal-to-noise considerations, and the properties of the probe, a2D (method bp2d) or 3D
(method bp3d) image can be acquired.

In case of a 2D image acquisition, the reconstructed intensity in each pixel refersto the
summed up intensities along aline perpendicul ar to the chosen image plane. Thisnon-dlice-
selective approach resultsin ashort measurement timefor a3D object and isuseful in cases
of poor signal to noise, or it can serve as a scout view.

In case of a3D image acquisition, each voxel in the reconstructed volume (series of slices)
refersto the signal obtained from the particular pixel position (x, v, 2).

Both the 2D and 3D type of acquisition use the same pul se sequence.

T, Weighted 2D and 3D BP Pulse Sequence

The T, weighted pulse sequenceis shown in Figure 118. The preparation phase A contains
only the recovery time, t r . After phase A, the gradients are switched on and allowed to
settleasset by t ri se. T, weighting is achieved during acquisition phase B by setting the
spinechotime, t e. If t e issmaller than the sum of dy and half of the acquisition time, the
echo occurs left-shifted.

T, Weighting Using Inversion Recovery or Saturation Recovery

T, weighting in the preparation phase A is achieved by a 90° pulse (saturation recovery,
sr)or by a180° pulse (inversion recovery, i r ). The pulseiscontrolled by pi andt pwri .
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ptype noslice nt 1 di 0. 30000 gain 16
ACQUISITION ct 1 te 0.00600 temp not used
frq 402.175 np 256 tr 1.50000 FLAGS
H1 ni 64 trise 0.00200 i1 Y
of —23800.0 niz 0 tramp (1] in n
ofc 0 GRADIENTS PROCESSING cp Y
RF_PULSES orient xyz sb 0. 002 SAMPLE
1.20 gcal undefined shs 0.000 date Mar 8 94
purl 53 1ro 0.80 phfid 0.1 file Fhomel/pe
2.40 gro 4000 Fn not used ter/BPYAR_Z/3chlau
puwr a3 grof 1.450 proc ft chil
pwrf 40935 gss 0 wmath ¥ solvent none
gsst 0.500 CONTRAST DERIVYED
prep n sw S0000. 0
theta”: not found, wvalue assigned to zero.
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Figure118. T, Weighted 2D and 3D Pulse Sequence

In acquisition phase B, set t e to asmall value in order to reduce T, weighting influence.
Figure 119 shows an example of a T, weighting—preparation phase.

T, Weighting Using Aperiodic Saturation

Aperiodic saturation is achieved by a sequence of 90° pulsesin the preparation phase. The
time period between the pulsesis continuously divided by two to achieve full dephasing
corresponding to full saturation. The particular advantage of theaps sequenceisthe short
measurement time, because there is no requirement on theinitial state of magnetization
prior to theaps sequence (d1) may be chosen quite small). Therefore, measurements of
the points of the T, relaxation curve don’t need afully relaxed state requiring 3 to 5 times
T, asarecovery time. The parameter nsat controlsthe number of pulsesusedinaps. The
parameter sat controls the duration between the first pulse and second pulse. The
parameterspi andt pwr i control the pulse. Figure 120 shows an example of T, weighting
using aperiodic saturation.

T1rho Weighting

T1rho Weighting is achieved by a90° pulse that flips the magnetization in the xy plane and
a subsequent spin lock pulse pj , which phase is perpendicular to the 90° pulse. After the

spin lock duration pj , the magnetization is flipped back in the z-direction and the standard
imaging segquence follows. Between the 90° pulses and the spin lock pulse, asmall delay

(typically 4 ps) isnecessary to allow for transmitter phase switching. Notethat the spinlock
pulseisin the range of milliseconds. Figure 121 shows an example of T, weighting.
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Figure119. T; Weighting—Preparation Phase
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BACKPROJECTIOHN TRANSTENTS TIMING
hptype noslice nt di 0.10000 gain i6
ACQUISITION ct 1 te 0.02000 tem not used
sfrq 402.175 np 256 tr 0.05000 FLAGS
tn H1 ni 64 trise 0.00200 i1 ¥
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tpwri 53 grof 1.450 proc ft chi
pPw 4.00 gss 2000 math f solvent none
tpuwr 53 gssf 0.500 CONTRAST DERIVED
tpwrf 4093 prep aps sw 25591.8
Figure120. T; Weighting—aps Sequence
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Figure121. Ty, Weighting

Slice-based BP Acquisition

In dlice-based acquisition (bp2ds), soft pulses are used for imaging, thus selecting adlice.
Any NMR weighting in the preparation phase is done with hard pul ses, thereby not
allowing multi-dlice experiments. However, you may array any parameter to measure
several dices according to the arrayed parameter. The bp_2d reconstruction is able to
reconstruct these arrayed dlices.

The reconstructed intensity in each pixel of the slice refers to the signal obtained from the
particular pixel position (x, y).

The pulse program consists of a preparation phase A and acquisition phases B and C.

The preparation phase A takestherecovery time, t r , and any NMR weighting applied with
sr,ir,andaps. The acquisition phase startsin B with a 90° dlice-selective pulse (p1,

t pw 1, and plpat). In Figure 122, the pulse selects an xy plane using the z-gradient.
After the pulse, the magnetization along the slice thickness is refocused (z-gradient) and
dephased in the plane (x-, y-gradient). The 180° slice-selective pulse (pw, t pwr , or
pwpat ) inverts the magnetization in the selected slice and resultsin a spin echo in phase
C. Thedlice profileis controlled by the pulse pattern (pwpat or plpat ) and the duration
of the pulse (p1 and pw). The position of the sliceis set by the frequency offsettosfr q +
t of of the selective pulses.

T, Weighted 2D Slice-Selective BP Pulse Sequence

The T, weighted pulse sequenceis shown in Figure 123. The preparation phase A contains
only therecovery time, t r . T, weighting is achieved during the phase C by setting the spin
echotime, t e. The spin echo might appear |eft shifted because of atime constraint imposed
by setting t e too small.
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Figure 122. Slice-based BP Acquisition
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tr trise hrm pl tpe-pl d=x trise hrm trise dy

BACKPROJECTIOHN TRAHNSIENTS
bptype slice nt 1 d1l 0. 50000 gain 16

ACQUISITION ct 1 te 0.02000 temp not used
sfrq 402,173 np 256 tr 1.50000 FLAGS
tn H1 ni 64 tpe 0. 00300 il ¥
tof =23800.0 ni2 0 trise 0.00200 in n
tofc 0 GRADIEHNTS PROCESSING cp

RF_PULSES orient xyz sb 0. 002 SAMPLE

plpat hrm30 gcal 0.002000 shs 0.000 date Mar 30 94
pl 2000.0 1ro 0.80 phfid 0.1 file /Fhomel/pe
tpwril 47 gro 4000 fn not used ter/BPYAR_Z/Schlau
pwpat hrm30 grof 1.450 proc ft chil
pw 2000.0 gss S000 wmath ¥ solvent none
tpuwr a3 gssf 0.3500 COHNTRAST DERIVYED
tpwr+ 4095 prep n  sw 50000, 0

Figure123. T, Weighted 2D Slice-Selective Pulse Sequence

T1Weighting Using Inversion Recovery or Saturation Recovery

T, weighting in the preparation phase A is achieved by a 90° pulse (saturation recovery,
sr)or by a180° pulse (inversion recovery, i r ). The pulseiscontrolled by pi andt pwri .
Inacquisition phasesB and C, sett e to asmall valueto reduce the T, weighting influence.
Figure 124 shows an example of T1 weighting usingi r or sr .
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BACKPROJECTIOHN TRANSTIENTS SPECTAL
{hptype slice nt 1 di 0.10000 gain 16
ACQUISITION ct 1 te 0.02000 temp not used
froq 402.175 np 256 tr 1.50000 FLAGS
n H1 ni 64 tpe 0.00300 i1l ¥
of —-23800.0 niZ 0 trise 0.00200 in n
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RF_PULSES orient xyz sh 0.002 S&MPLE
i 2.00 gcal 0.002000 shs 0.000 date HMar 30 94
pwri 50 1ro 0.80 phfid 0.1 file fhomel/pe
1pat hrm30 gro 4000 Fn not used ter/BPVAR_Z2/3chlau
1 Z2000.0 grof 1.450 proc ft chi
purl 47 gss 2000 math ¥ solvent none
wpat hrm90 gssf 0.500 CONTRAST DERIVED
w Z2000.0 prep sr sw 20000, 0
pur 23
pwir 40935
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. _ |
ot
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Figure 124. T, Weighting-Inversion or Saturation Recovery

T, Weighting Using Aperiodic Saturation

Aperiodic saturation is achieved by a sequence of 90° pulsesin the preparation phase. The
time period between the pulsesis continuously divided by two to achieve full dephasing
that corresponds to full saturation. The particular advantage of the aps sequence is the
short measurement time, because there is no requirement on the initial state of
magnetization prior to the aps sequence. Therefore, measurements of the points of the T,
relaxation curve don't need afully relaxed staterequiring 3to 5times T, asarecovery time.
The parameter nsat controls the number of pulses used in aps. The parameter sat
controls the duration between the first pulse and second pulse. The parameters pi and

t pw i control the pulse. Figure 125 shows an example of T, weighting using aperiodic
saturation.

T1rho Weighting

The Ty, Weighting is achieved by a90° pulse that flips the magnetization in the xy plane
and a subsequent spin lock pulse, pj , which phaseis perpendicular to the 90° pulse. After
the spin lock duration pj , the magnetization is flipped back in the z-direction and the
standard imaging sequence follows. Between the 90° pulsesand the spinlock pulse, asmall
delay (typicaly 4 ps) is necessary to alow for transmitter phase switching. Note that the
spin lock pulseisin the range of milliseconds.
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seq
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Figure 125. T, Weighting-Inversion or Saturation Recovery

Parameters i

n BP Package

The following parameters are related to the BP package:

tofc
gro

gr of
gss

gssf
at

ni

ni 2

phi
theta
trise

te

t pe

t ph

tr

pl, tpwl
pi, tpwi
pj, tpw]j

01-999163-00 A0800

Transmitter frequency offset for slice-selective excitation.
Readout gradient.

Factor for fine tuning of the readout gradient compensation.
Slice gradient.

Factor for the fine tuning of the dlice gradient compensation.
Acquisition time.

Loop count for 2D imaging and inner loop count for 3D imaging.

Not used in 2D imaging, but is used in array 2D imaging, and is the outer loop
count for 3D imaging.

Angular range (180° or 360°) in 2D and 3D imaging.

Angular range (180° or 360°) in 3D imaging.

Gradient settling time.

Spin echo time.

Duration of dephasing period of read gradient.

Time for setting the pulse phase (T4, only).

Recovery time.

Duration and transmitter power of 90° pulse.

Duration and transmitter power of sr,i r pulse.

Duration and transmitter power of spin lock pulse (Ty, only).
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sat Delay between the first two saturation pulsesin the aps sequence.
nsat Number of pulsesin the aps sequence.
The following parameters are string-type parameters related to the BP package:

orient String of three letters assigning the orientation for the x-, y- and z-gradients.
orient="xyz' assignsdirection x to the x-gradient, direction y to the y-
gradient, and direction z to the z-gradient. or i ent =' yzx' givesayzslicein
a 2D imaging sequence. For 3D sequences, the sequence of gradients must
comply with a clockwise-oriented coordinate system.

plpat Pulse pattern 90° pulse. The pattern selected is modified by bpt ype.
pwpat Pulse pattern 180° pulse. The pattern selected is modified by bpt ype.
bpt ype Sets dlice-selective excitation. Two strings are valid: bpt ype=" nosl i ce’

results in anon-slice-selective excitation, and bpt ype=' sl i ce' resultsina
slice-selective excitation.

prep Sets weighting and can take the following values: pr ep=" none' for noNMR
weighting in the preparation phase, pr ep=" sr' for T, weighting using
saturation recovery, prep="1ir' for T; weighting using inversion recovery,
prep="aps' for T; weighting with aperiodic saturation, and pr ep="t 1r"
for Ty, weighting.

10.5 Artifacts in BP Imaging
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This section isintended to assist you in identifying problems while you carry out BP
imaging sequences. Particular problems and their effectsimposed on the resulting images
are described.

Object Size and Field of View

BP imaging is based on profiles and can reconstruct planes with circular boundaries or
volumes with spheres as boundaries. Probes used for BP imaging must fit in these
boundaries for obtaining proper images. Therefore, make sure to meet these conditions:

» Takethe maximum diameter of your probe and increase the diameter by 20% to set the
field of view in your imaging setup.

 Alignthe probe's geometric center with the center of thefield of view. Make sure that
the probe under investigation fitsinto the given boundaries.

If the probe exceeds the given boundaries, the profile will suffer from folding (aliasing)

artifacts and exhibit nonzero values on the left and right edges as depicted in Figure 126. In
the reconstruction process, these effects are interpreted like a step function with unlimited
slope. The reconstruction itself uses the derivative and therefore its result will be imposed.

To prevent distortion, increase the field of view, readjust the probe alignment with regard
to the center of the field of view, or take both actions.

Dynamic Range Limitations

In asimple approach, BP image reconstruction can be viewed as adding each profile onto
the slice or volume, taking its particular orientation (anglephi andt het a) into account.
(Inreality, afilter or convolution processis involved, together with alinear interpolation).
Therefore, the center points of all profiles are added to the center point of the slice or

volume. On the other hand, the center point of a profile corresponds to the dc offset of the
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Figure126. Distorted Images

acquired magnetic resonance signal. Any imperfectionsin dc offset correction result in a
small additional intensity in the center of the profile.

Theseimperfections are added up in the reconstruction process and can cause a significant,
larger central spikein the middle of the dlice or volume, which degrades the dynamic range
of the whole slice or volume. As aresult, you'll see awhite dot, or in case of aweighted
FT, abright areain the center of the slice or volume.

Image Degradation from a Single Projection

In BPimaging, one faulty projection can spoil the reconstructed slice or volume. There can
be two reasons for afaulty projection:

 Saturation during the start of imaging sequence. If the recovery time, t r , istoo short
and no dummy scansare used prior to acquisition, astrong saturation takes placein the
first projection. This saturation results in high signal amplitude for thefirst projection
compared to the following projections.

» Distortions for a projection caused by radiation from outside (e.g., second
spectrometer nearby) or by arcing in the probe (e.g., too much transmitter power).

Figure 127 shows the effect of saturation during the start of an imaging sequence on a2D
BP image. The first projection dominates the complete image and its pattern is
superimposed on it. For comparison, the correct image is shown on theright side. To solve
this problem, use dummy scansto achieve steady state before acquisition and/or to increase
thetime, tr.

Circular Image Intensity Modulation

BPimaging of semirigid or solid materials requires ashort t e, thus moving the spin echo
fromthe center of the signal to theleft side and reducing dy toaminimal value. Inthiscase,
the acquisition starts directly after the refocusing rf pulse. Because of thistime constraint,
the signal typically showsasmall FID ontheleft side, which resultsfrom theimperfections
of the pulse. In the Fourier transform, this FID (originating from the leftmost part of the
signal) istransformed to a high frequency modulation of the profile. Sincethe FID is
similar for al projection angles, the modulation is similar as well. After reconstruction, a
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Figure 127. Saturation in First Projection

circular or spherical modulation is obviousin the dice or volume. Figure 128 shows an
example.

Figure 128. Circular or Spherical Modulation

To solve the problem, perform the following corrective actions.

* Increase the spin echo time, t e, and move the spin echo to later time regimes (to the
right). Thelossin signal to noise must be compensated by alonger measurement time.

 If anew acquisition of the datais not possible, use aweighted FT, which reduces the
effect of theresidua FID.

Image Intensity Modulation

Theimage intensity gets modulated (as shown by the example in Figure 129) if several
projections are faulty.

The following conditions might cause modulation:

 Gradient switch-off during acquisition because of an overrange situation detected
during the acquisition in the microimaging cabinet.

 Arching in the probe during the acquisition.
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Figure 129. Image Intensity Modulation

» Incomplete coverage of the angle for phi or theta set by the user.

To solve this problem, redo the acquisition and remedy the reason for the faulty or missing
projections.

Image Reconstruction Using Off-resonance Spin Echoes

BP imaging requires an “ on-resonance”
condition to align all profilesin one
central point. If profiles are acquired in
“off-resonance” condition, the
information in the profilesis shifted on
the profiles axisaccording to thegradient.
This misalignment results after
reconstruction in an image like the one
shownin Figure 130. It isobviousthat the
contributions of each profileto a
particular pixel position were smeared on
ahdf circle.

The only solution for this problem isto
redo the scan and adjust a proper on-

resonance condition. Figure 130. Misaligned Profiles

Profile Degradation Induced by Gradient Switching

Theoretically, the two projections from 0° and from 180° of the same object should be the
same except that oneis the mirror image of the other. Figure 131 shows a projection from
0° ontheleft side and aprojection of 180° on theright side. Mirroring the projection of the
right side and superimposing them results in Figure 131. Notice that both projections
originate from the same object, but they show variations in the amplitudes. Since this
problem isindependent from gradient settling times, it can only be related to a shift of the
B field. This shift is caused by gradient switching and has along time constant.

Experience has shown that the resulting images can be improved by not only taking a 180°
angular view but afull 360° view (which includes doubling the number of projections).
However, this problem needs further investigation.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 247



Chapter 10. 2D and 3D Backprojection

Figure131. BgField Shift

Sample Probe Preparation

To obtain thefirst BPimage, you might want to use a phantom setup such asthe one shown

in Figure 132.
4 )
two cylinders of silicon _
hoses slid over an ]
inner silicon to fit in 5mm
hose NMR tube
y
’ 4mm (5/32")
3mm (1/8")
3mm (1/8")
g J

Figure 132. Phantom Setup for BP Imaging
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The phantom is based on two silicone hoses with different diameters constructed as
follows:

1. From the hose with the smaller diameter, cut one piece, 10 mm (13/32 inches) long.

2. Fromthe hose with the larger diameter, cut two pieces, 3 mm (1/8 inches) and 4 mm
(5/32 inches) long.

3. Slidethelarger diameter pieces onto the smaller diameter piece, as shown in Figure
132. Friction should hold the piecesin place.

4. Put the phantom in acylinder of an NMR tube. The cylinder should have a5 mm
diameter and be about 20 mm (3/4 inches) long.

5. Insert this setup in the solenoid coil of the microimaging probe.

6. Insert the probe into the bore of the magnet.

10.6 BP Macros and Programs Details

This section describes in more detail the reconstruction macro and programs.

Macro bp_reco

The BP package contains the macro bp_reco tocontrol the reconstruction
process. This macro initializes and executes the reconstruction of a 2D, 2D arrayed, or 3D
data set. The parameter ni 2 isused to decide between the 2D (ni 2 or nv2<=1) or the 3D
(ni 2 ornv2>1) case. Thefollowing intermediatefiles are generated during reconstruction
to pass information from one program to the other:

nchel p Executable command file to apply the magnitude calculation.
bp_cnd Parameter file to control thebp_2d and bp_3d programs.
bphel p Executable command fileto run the bp_2d and bp_3d programs.

bp_r eco first removes these intermediate files and already reconstructed slices. Because
the VNMR software does not allow a magnitude cal culation on the profiles obtained after
aFourier transform, a stand-alone program, bp_nt, servesthis purpose and is executed
using nthel p. The next step puts parametersto the file bp_cnd that controls the
operation of the programsbp_2d and bp_3d. Theindividual parameters are explained in
conjunction with these programs. Again, afile bphel p servesto executethebp_2d and
bp_3d programs. After reconstruction, one or more FDF files exist in the experiment
dat di r directory.

Programs bp_mc, bp_sort, bp_2d, bp_3d
The BP package contains the programsbp_nt, bp_sort,bp_2d,andbp_3d.

bp_nt Performs a magnitude calculation. Used prior to bp_2d and bp_3d.

bp_sort Shuffles projections obtained using an arrayed parameter in a 2D acquisition in
the order required by thebp_2d program.
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bp_2d, Controlled by acommand file that holds several lines. Each line contains the

bp_3d parameter name in the first position and the value of the parameter to be used in
the second position, separated by ablank or atab. Adding acomment to aline (or
aparticular parameter setting) is possible by using a blank or tab as a separator.
The value of the parameter may not be assigned by an equals symbol (=). The
command file holdstwo classes of parameters, labeled essential and optional. The
essential parameters have to be specified in the command file, whereas the
optional parameters are derived from the essential parameters and some general
assumptionsif they are omitted

Table 22 provides asummary about the valid parameters and their defaults.

Table 22. Parameters Passed to thebp_2d and bp_3d Programs

Parameter Keyword ~ Parameter Type Essential Optional Default Setting

prof _file string X

m si ze int X VNMR np

i_size int X VNMR np

n_phi int X

n_theta int X

in_menory_prof int X 0

filter_name string X band_pass
filter_bw double X 1.0

met a_i mage string X prof _file+"“.meta
prof _filtl string X prof fil e +"“filtl”
prof _filt2 string X prof _fil e +"“filt2”
imge_file string X prof _file
r_size int X mSsize

m cent er _x double X m size/ 2.0

m center_y double X m size/ 2.0

m center_z double X m si ze/ 2.0
r_center_x double X m size/ 2.0
r_center_y double X m size/ 2.0
r_center_z double X m size/ 2.0
theta_start double X 0.0

theta_end double X theta_start +180.0
phi _start double X 0.0

phi _end double X phi _start +180.0

Parameters Set by bp_setup

Thefollowing parametersare set by themacrobp_set up. Refer to page 234 for adetailed
description of thisinterface.

prof _file Name of the profilefile (e.g., bp3d_pr of ). Do not omit.

m si ze Specifies the measurement size and is equivalent to the number of
complex data points during acquisition or to the number of real
valued data pointsin the profilefile. If m_si ze isnot set, bp_3d
triesto obtain itsvalue from the profilefileand sets m si ze=np/ 2.
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i_size

n_phi

n_theta

i n_menory_pr of

filter_nane

filter _bw
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prof _filt2
image file
r_size

m center_x
m center_y
mcenter_z

r_center_x
r_center_y
r_center_z
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Size of the reconstructed volume. Theresultingi _si ze imagesare
i _size*i_size large. Specifyingi _si ze > m si ze results
in an enlargement or in areduction (i _si ze < m si ze)inthe
number of pixelsused. Thisfeature allows achieving areconstruction
for afast inspection of large data set using reduction. If i _si ze is
not set, bp_3d triesto obtain its value from the profile file and sets
i _size=msize= np/2.

Number of projections used for thephi loop, usually thesameasni .
n_phi hasto be specified by the user and cannot be derived from the
information given in the profile file. The phi loop is the inner loop
during acquisition.

Number of projections used for thet het a loop, usually the same as
ni 2.n_t het a hasto be specified by the user and cannot be derived
from the information given in the profilefile. Thet het a loop isthe
outer loop during acquisition.

Controls the storage of profile datain memory in order to save
overhead for disk 1/0, thus accel erating the reconstruction process.
Generdly,i n_nenory_prof canbesettolifi _si ze<256.
Otherwise, settingi n_nmenory_pr of =0 isrecommended to avoid
keeping too much datain memory and causing unnecessary swapping
to the hard disk.

Selectsfilter to be used in the reconstruction process. Four different
filters are implemented: (1) band_pass isapurely magnitude-like
filter, (2) si _| ow_pass isamagnitudefilter modulated with asi
= (sin x) [/ xfunction, (3) cos_| ow_pass isacosine
modulated magnitude filter, and (4) hanm ng isaHamming filter.
Filters 2, 3, and 4 are used to suppress high spatial frequencies.

Specifies the bandwidth of thefilter function.fi | t er _bwisvalid
for 1.0 or less. For avalue of 1.0, no additional spatial frequency
cutoff is performed with regard to the filter function used. Smaller
values lead to a cutoff and a smoothed image. For a Hamming filter,
filter_bw=0.54 isrecommended.

Name of the intermediate file between the first and second cascade of
the 3D BP If met a_i mage isnot specified, it is automatically set
up.

Intermediate files within the first and second cascade, respectively.

Name mask for the resulting slices of the 3D volume. Each dliceis
indicated by an extensiontoi mage_fi | e with
iii=[000,001,002,...,i_size-2, i_size-1].If

i mage_fil eisnot set, the default mask ispr of _fil e. Any
subsequent reconstruction overwrites the already reconstructed
slices.

Provides partial reconstruction facilities to assist in off-resonance
conditions. r _si ze must be greater than or equal to 0 and must be
lessthan m si ze to achieve full support on the unit ball given by
m si ze.

M easurement center definitionsthat allow compensation for different
definitions used for the position of frequency = 0 in the profile (the
center value). Typically, they areset tom si ze/ 2. 0.

Reconstruction center definitions used to compensate an offset in an
off-resonance condition. In the case of no off-resonance condition,
they aresettom si ze/ 2. 0.
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theta_start Specify the start and end values of the angles used for 3D BP
theta_end acquisition. The angles are set using degrees instead of radians. The
phi _start angle increment between subsequent steps of theta are derived by
phi _end theta_i ncrenent=(theta_end — theta_start)/

n_t het a and can be positive or negative. The same appliesto phi .
Typically, the difference between the start and end valuesis 180°.
Thisisthe default case. If the difference between the start and end is
360°, both start and end have to be specified in the command file.
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chapter 11. Interactive Image Planning

11.1 Introduction

You can perform interactive image planning on an image. When you enter the command

i pl an, the interactive image planning program opens. Thei pl an macro also executes
thetransverse dlice specification tool (t box). By choosing abuttoninthei pl an graphics
area, you can stretch, tilt, and movethet box tool. You can a so adjust the number of dlices
and the areathat they cover. Clicking the Exit button executesther sl i cepl an macroto
load these settings for the next images.

11.2 Starting the Planning Session

To start planning:

Seq: sems Exp:7 Index: 35 CURSOR

1. Openthe scout image,

iplan

preferably moreto the

i i Abort Acg| Cancel Cmd| Menu On| Main Menu| Help| Flip| Resize| Exit Vnmr
rlght of the dlq)lay Box| Trace| Proj| Full| Redraw| Plot| Mark| Return
area.

2. Enter the command
i pl an.

A vertical column of
boxes appears on the
left side of the display
areaasshown in
Figure 133.

The cursor has also
changed to a pointing
hand. The boxes are
active controls that
you can select withthe
cursor and aleft i
mouse click. Table 23
describes the controls.

Select Position.

4. Pressand hold down
the left mouse button
and movethe center of
the current stack to the
desired place on the Figure 133. Interactive Image Planning Interface
image. Release the
mouse button.

5. Select Tilt and rotate the stack to the desired orientation with the left mouse button.
Add dlicesto the stack by clicking near the + in the Slice box, or remove slices by
clicking near the —.
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Table 23. i pl an Controls

Thickness

Stretch

Tilt
Position
- Slice+

Spacing

Adjust the slice thickness. The current value is displayed on the
graphics area.

Adjust the width of the set of dices. The width is the dimension
orthogonal to the number of dices. Therefore, the size of adliceis
defined by its width and thickness. The width is also the width of
the field of view.

Rotate the stack of dlices about their center.
Adjust the position of the center of the stack of dlices.
Add or subtract a slice to the stack.

Adjust the spacing between slices. Therefore, the number of dlices,
their thickness, and spacing determine the height of the field of
view.

Exit the planning mode and show alist of experimentsto be used
as targets. The menu above the display region also reflects the

possibletargets. When you click one of these buttons, the planning
parameters are transferred to the target experiment ready for use.

Other planning operations include setting the width of the dlices, thickness of each

dlice, and interslice spacing.

6. Whenthe stack of slices correctly overlaysthe scout image, click on Exit, select the
target experiment from thelist, and transfer theimage prescription by clicking onthe

appropriate menu button.

To exit from the planning process without making any changes to atarget
experiment, press Return on the keyboard.
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Sectionsin this appendix:
* A.1"“Setting the Path to Imaging Macros,” this page
* A.2"Macrosfor Setting Up Experiments,” page 256
» A.3“Macrosfor Planning Experiments,” page 273
* A.4"“Commands and Macros for Processing and Display,” page 278
e A.5“Parameters,” page 306
* A.6“Image Browser Commands Not in VNMR,” page 345

This appendix summarizes commands, macros, and parameters necessary, or at least
particularly useful, for imaging experiments. For alist of entries, refer to the table of
contents at the front of this manual. In the section “ Commands and Macros for Processing
and Display,” page 278, commands are identified by the code “(C)” at the end of header
line and macros are identified by the code “(M).” All commands and macros are entered on
the VNMR command line. The code letter “U” at the end of the header line (e.g., (U) or
(M, U)), meansthe command can be entered on aUNIX command line. Notethat the UNIX
syntax is always different from VNMR syntax.

There is an important distinction between VNMR commands and macros:
» Commands are compiled, executable files incorporated into the VNMR software.
» Macros are interpreted text files written in Varian's MAGICAL language.

Macros therefore have one distinct advantage to the user: they can be modified and
customized. Seethe manual VNMR User Programming for acompl ete description of macro
language syntax and tools.

Most parametersfound in VNMR (suchasnp, d1, or sw) arecommonto all experimental
applications. For general information on parameters, parameter entry, and definitions, refer
to themanualsVNMR Command and Parameter Reference, VNMR User Programming, and
VNMR Pulse Sequences.

A.l Setting the Path to Imaging Macros

Most of the macrosdescribed in thisappendix arein aspecial directory for imaging macros,
/vnnr/ macl i b/ maclib.inmagi ng. VNMR isdirected to look in this directory
through thesysnacl i bpat h parameter.

To set the parameter sysmacl i bpat h:

» Setit directly, for example, by entering it through the VNMR command line:
sysmacl i bpat h="/vnnr/ macli b/ maclib. i magi ng'

» Setit by using the VNMR menus system:

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 255



Appendix A. Commands, Macros, and Parameters

a.  Click on the Main menu button, then Setup, and finally App Mode.

b. Click on the Imaging button to set sysnacl i bpat h tothe
macl i b. i magi ng directory.
This approach is recommended because it also createssysnacl i bpat h if it does
not already exist. This procedure can also be used to set sysmenul i bpat h and
syshel ppat h.

A.2 Macros for Setting Up Experiments

Many macros are available for setting up NMR experiments. This section summarizes the
most useful macros for imaging experiments.

creat egt abl e Create gradient calibration file
Syntax: creategtabl e(file)

Description:  Generates a new gradient calibration file for gradient sets with nonisotropic
strengths. Gradient calibration constants, such as gnmax (maximum gradient
strength) andt r i se (risetime of agradient from O to gnax) are stored in the
directory / vnnr / i magi ng/ gr adt abl es. Each gradient set installed with
the system should have a corresponding file in this directory describing its
gradient strength and risetime. These gr adt abl es text files can be manually
copied and edited to add or modify gradient calibrations.

cr eat egt abl e issupplied as a convenient method of generating a new file
through a series of prompted responses. It should be used to make

gr adt abl es entriesfor gradient sets that have isotropic strengths (i.e.,
strength on X, Y, and Z axes) and nonisotropic gradient strengths.

Arguments. fi | e isthe new gradient calibration file name.
Examples: creat egt abl e(' asg33')

Related: creat epfgtabl e Create gradient calibration file (nonisotropic strengths) (M)
gnmax Maximum gradient strength (P)
trise Gradient risetime (P)

creat epf gt abl e Create new gradient calibration file (nonisotropic strengths)
Syntax: createpfgtable(file)

Description: Generates a new gradient calibration file for gradient sets with nonisotropic
strengths. Filesarecreatedinthe/ vnnr / i magi ng/ gr adt abl es directory
in caseswherethe X, Y, and Z axes have different maximum gradient strengths.

Arguments. fi | e isthe new gradient calibration file name.
Examples: creat epf gtabl e(' pf g5nmi)

Related: creategtabl e Create gradient calibration file (isotropic strengths) (M)
gxnmax, gynmax, gznmax Maximum gradient strength for each axis (P)
trise Gradient rise time (P)
deccgo Perform an action for decctool (M)

Syntax: deccgo
Applicability: Systemswith digital eddy current compensation (DECC).
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Description:

Related:

deccgo

Syntax:
Applicability:
Description:

Examples:
Related:

decct ool
Syntax:
Applicability:
Description:

exparray

Syntax:

Description:

Arguments:

Examples:

Related:

A.2 Macros for Setting Up Experiments

Executed by the decctool program when the Save & Go button is pressed. By
default, deccgo executes go, but deccgo macrosthat perform other actions
can be created. If the deccgo parameter exists, this macro executes the
contents of the parameter.

deccgo Action to perform for decctool (P)

Action to perform for decctool (P)
deccgo
Systems with digital eddy current compensation (DECC).

Contains acommand that is executed by the deccgo macro. By default, the
deccgo parameter doesnot exist, and thedec cgo macro, by default, executes
ago command. If the parameter is created in an experiment with the command
string('deccgo'), whatever string value the parameter containsis
executed as a command by the deccgo macro instead of go.

deccgo='ga'

deccgo Perform an action for decctool (P)
decct ool Open decctool window (M,U)
string Create astring variable (C)

Open decctool window (M,U)
decct ool
Systems with digital eddy current compensation (DECC).

Startsthe decctool program to adjust eddy current compensation parametersand
sets gradient gain, slew rate, and duty cycle.

Array a numeric parameter
expar ray<(paraneter, start, end, nunber) >

Arrays any numeric parameter in exponentially increasing steps. expar r ay
provides a convenient method of arraying a numeric parameter when an
exponentially changing increment between arrayed valuesisdesired, such asin
T, or T, experiments. It works with any arrayable parameter and generates
arrayed values in ascending or descending order.

When other parameters are already arrayed, the parameter ar r ay isupdated. If
more advanced array capabilities (such a simultaneous arrays) were specified
through ar r ay, the value of a parameter might need to be corrected after use
of exparray.

par anet er isthe name of parameter to be arrayed. The default is an
interactive mode in which you are prompted for the parameter. Only numeric
parameters can be arrayed.

st art isthevaue of thefirst array element.
end isthe value of the last array element.
number isthe total number of array values.

exparray
exparray('d2',0.01, 2,10)
array Easy entry of linearly spaced array values (M)
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flash3d
Syntax:
Description:

gens

Syntax:

Description:

Examples:

i mprep
Syntax:

Description:

array Parameter order and precedence (P)
setarray Set up aparameter array (M)

Retrieve parameters for FLASH3D imaging experiment
flash3d

Retrieves the standard parameters for the FLASH3D imaging experiment from
/vnnr/parlib.

Load default parameters from gems.par
gens

L oads the default parameters from the gens. par fileinto the current
experiment. gens first searches for a parameter filein SHOVE/ vnnr sys/
par | i b andloadsthefileif it is present; otherwise, the fileisloaded from the
[ vnnr/ parl i b directory.

gens('/ $HOVE/ vnnr sys/ parli b/ gens. par/ Hl")
gens('/vnnr/parlib/HL")

Set up rf pulses, imaging and pulse power levels

i mprep

A one-pass macro that sets all gradient and pulse power levelsin imaging and
localized spectroscopy experiments. All applications that use list parameters
(plist,patlist,pwlist,etc)canbeset upwithi nprep.

i mpr ep setsall of the following parameters, where applicable:
* Power levelsfor al pulsesfoundinpl i st
* Readout gradient strength (together with sw)
* Up to three phase encode gradient levels
* Slice and/or voxel selection gradient levels

i mpr ep requiresthat ther f coi | parameter be set to the name of avalid entry
inthepul secal databasefile, previously created withthepul secal macro.
Theinformationfoundin pul secal isusedto computethe pulse power levels
for each rf pulse required to give theflip anglesfound inf I i pl i st .

i mpr ep usesthe namesfound inpwr | i st to determine which power level
corresponds to which rf pulse. The rf pattern parameter names found in
patli st areused by i npr ep to obtain the names of the pulse shapes that
correspond to each rf pulse in the sequence. The pulse integral (relativeto a
square pulse) found in the header of each rf shapefile is used with the pulse
calibration found in pul secal to calculate the value for each power level.

The readout gradient, gr o, is determined with an algorithm that attemptsto
balance possible chemical shift errors from too low a gradient strength against
excessive bandwidth (spectral width, sw), which can result in reduced signal-
to-noise. Once avalue for the readout gradient is selected, spectral width is
determined through the relationship sw=y* | r o* gr o. If the values of gr o or
swselected by i npr ep are unsatisfactory for any reason, use the macro

set gr o to explicitly set gr o.

i mpr ep computes and sets the phase encode increment and timing, and the
indirect dimension “spectral width” associated with each phase encode

258  VNMR 6.1C User Guide: Imaging 01-999163-00 A0800



isis

Related:

Syntax:

A.2 Macros for Setting Up Experiments

dimension present. Thegr adi ent *t i ne integral for the increment between
phase encode levelsis governed by the requirement that the spins at the edges
of the field-of-view undergo a phase shift of 180°. The phase encodetime, t pe,
issetto2*t ri se, and the phase encode increment isthen computed, in G/cm,
to satisfy theexpressiony*t pe* | pe* gpe=1. Someimaging sequences might
internally alter the value of t pe, with a corresponding changein gpe, where
timing of the sequenceeventsallows. i npr ep performsthese computationsfor
each phase encode gradient found in the sequence. A 2D sequence generally has
one readout dimension and one phase-encode dimension, described by the
parameters gpe, swl, andt pe. A second or third phase encode dimension is
described by the triad of parametersgpe2, sw2, t pe2, and sw3, gpe3, and
t pe3, respectively. The spectral width associated with each phase encode
dimensioniscomputed as 1/ t pe (or 1/t pe2, etc.), and has no physical
significance. swl is present to provide compatibility with analytical 2D NMR
data processing and display routinesin VNMR.

Slice and voxel selection gradients are computed by imprep based on the pulse
lengths and shapes of all relevant pulses in the sequence. imprep uses the
gradient names found in sslist to determine which spatially selective gradients
correspond to each rf pulse. Together with the bandwidth for each pulse, found
in the header of each shapefile, i mpr ep computes the slice or voxel selection
gradient to achieve the appropriate slice thickness or voxel dimension. i npr ep
assumes that the dlice thickness for imaging experimentsis specified by the
parameter t hk, and that voxel dimensions for voxel experiments are specified
by the three parameters vox 1, vox2, and vox3. Gradient levels are then
calculated from the relationship gs s=BW(y* thk) for slice selection, or
gvox1=BW/(y*vox1) for voxel selection. Where there are two or more pulses
used with the same dlice select gradient, gss isdetermined by the rf pulse with
the narrowest excitation bandwidth.

fliplist Flip anglelist (P)

gro Readout gradient strength (P)

gvox1, gvox2, gvox3 Gradient strength for voxel selection (P)

pli st Pulse length parameter list (P)

patli st Pulse shape parameter list (P)

pw i st Pulse power level parameter list (P)

pul secal Create, modify, delete entry in pulsecal rf calib. file (M)
rfcoil RF pulse calibration identity (P)

set gpe Set phase encode gradient levels (M)

setgro Set readout gradient strength and spectral width (M)
set gss Select slice or voxel selection gradient levels (M)

set vgrad Set voxel-selection gradient strengths (M)

ssli st Gradient parameter nameslist (P)

sw Spectral width in directly directed dimension (P)

swl Spectral width in first indirectly detected dimension (P)
sSW2 Spectral width in second indirectly detected dimension (P)
swW3 Spectral width in third indirectly detected dimension (P)
t pe Duration of the phase encoding gradient pulse (P)

t pe2,tpe3 Length of 2nd and 3rd phase encoding gradient periods (P)
t hk 2D imaging plane dlice thickness (P)

Retrieve parlib parameters for ISIS imaging experiment

isis
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Description:

| dof
Syntax:
Description:

Examples:
Related:

Syntax:
Description:

novet of

Syntax:

Description:

Arguments:

Related:

nmovepr o

Syntax:

Description:
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Retrieves the standard parameters for the I SIS imaging experiment from
[vnnr/parlib.

Load resonance offset frequency
| dof

Initializesthe resonancetransmitter offset frequency, r est o, tothevalue saved
in $HOVE/ vnnr ysy/ Hlof f set .

| dof
resto NMR resonance offset frequency (P)
set of Measure and save resonance transmitter offset frequency

Retrieve parlib parameters for MEMS imaging experiment
mens

Retrieves the standard parameters for the MEM S imaging experiment from
/vnnr/parlib.

Move transmitter offset
movet of <(frequency) >

Moves the transmitter offset parameter t of so that the current cursor position,
defined by cr , becomes the center of the spectrum. If referencing was used,
nmovet of maintains the referencing.

f r equency specifies the transmitter frequency rather than using the cursor
position to define the frequency. This provides a convenient method of moving
the transmitter frequency outside the current spectral window.

cr Cursor position in directly detected dimension (P)
m nsw Reduce spectral width to minimum required (M)
novesw Move spectral window according to cursors (M)

t of Frequency offset for observe transmitter (P)

Move imaging readout position
novepr o

Setsthe readout position for an image or image projection to a point defined by
the position of the cursor (the cr parameter).

nmovepr o workswith either a 1D display (aprojection or trace along F2) or 2D
display, in either single cursor or box modes (only the position of the cursor in
the F2 readout dimension is used; the position of the cursor in the F1 phase-
encode dimension does not matter).

novepr o determines the position of the cursor relative to the gradient origin
and sets the parameter pr o to this value, independent of image orientation.
Because pr o ismeasured in dimensional units (like mm or cm), and cursor
position is stored internally (in hertz), novepr o worksin Hz, taking into
account any spectral referencing that might have been set, and convertsto cm or
mm to assign the value of pr o.

Tousenovepr o: (1) Display animage, image projection or trace, (2) Movethe
cursor to the position aong the readout axis you desire to be at the center of the
next image acquisition, and (3) Enter novepr o.
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Related:

mvf ov

Syntax:

Description:

Arguments:

Examples:

Related:

of f set
Syntax:
Description:

A.2 Macros for Setting Up Experiments

nmovepr o has no effect on the value of t of (whichisnormally not used to
define any positional information in imaging). Unlike novet of , theimage or
projection display is unchanged, and no redisplay in “full” mode should be
necessary.

To accurately center an image or projection, move the box cursorsto the edges
of the imaged object, usethe macro spl i t to place the cursor at the exact
midpoint of the box, then type movepro.

Iro Field of view size for readout axis (P)

novet of Move transmitter offset (M)

pro Position of image center on the readout axis (P)
resto NMR resonance offset frequency (P)

split Split difference between two cursors (M)

Move the field-of-view from one experiment to another
mvfov(<from exp>,to_exp)

Copies the field-of -view parameters, which describe the imaging orientation
and position in the current experiment, to another experiment.

The destination experiment can be any type of imaging application, aslong as
it uses the same set of field-of-view parameters. For example, the imaging
position and orientation used to acquire a SEMS image can be copied with
mvf ov to asecond experiment set up to acquire a FLASH image.

The following parameters are copied by nvf ov:

Ipe phi psi resto theta

Iro pro pss rfcoil t hk
If mvf ov isused with only one argument, the field-of-view parameters are
automatically copied from the current experiment.

f r om_exp isthe number of the current experiment from which FOV
parameters are copied. The default is current experiment.

t o_exp isthe number of the destination experiment in which the copied FOV
parameters are placed.

mvfov(2,5)

mvf ov(4)

nf Move FIDs between experiments (C)

np Move parameters between experiments (C)
transfer Move parameters to target experiment (M)

Calculate and display absolute frequency offset at cursor
of fset<('silent')><;paraneter>

Determines the absol ute frequency offset at the spectral position defined by the
cursor (parameter cr ) and accountsfor any spectral referencing that might have
been set. of f set finds the frequency at a particular spectral position relative
to the base spectrometer frequency sf r g. It displaysthe result of its
calculation, and returns the value, which can optionally be assigned to a
parameter or internal macro variable.

Use offset in a 1D proton spectrum to determine the proper spectral reference
frequency to beassigned tor est o inimaging experiments. It can also be used
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CAUTION:

Arguments:

Examples:

Related:

pul secal

Syntax:

Description:

to determine spectral frequencies for presaturation, fat suppression, chemical
shift selective imaging, etc.

The displayed value of sf r g is the sum of the base spectrometer frequency
(specified by the parameter t n) and the value of t of . Thus, if apoint at the
center of the spectrum is used, of f set returnsavalue equal tot of , and not
zero.

Because most imaging spectrometers either do not have lock
hardware, or run imaging in unlocked mode, the solvent parameter
should be set to 'none' in both the imaging experiment and any 1D
spectral experiment used to determine frequency offsets. Having
solvent ='CDCI3', for example, results in improper frequency
assignments in any imaging experiment with solvent ='none'.This can
result in errors in slice and readout position, or failure of frequency
dependent functions, such as water suppression.

"silent' isakeywordto not display the frequency offset value. The default
isto display the value.

par anet er isavariable (such asthe parameter t of in the example below)
that, if present, isloaded with the calculated offset frequency value.

of f set
of fset:satfrq

cr Cursor position in directly detected dimension (P)
resto NMR resonance offset frequency (P)

sfrq Transmitter frequency of observe nucleus (P)

sol vent Lock solvent (P)

t of Frequency offset for observe transmitter (P)
Create, modify, or delete entry in pulsecal rf calibration file

(1) pul secal <(nane, pattern,length, flip, power)>
(2) pul secal (nane, ' renmove')

Addsnew entriesinto an rf pulse calibration database file. Thisdatabasefile has
the same name asthemacro. pul secal isused for automated setup of rf pulse
powers in imaging and localized spectroscopy experiments.

Thedesired entry inthepul secal fileisselectedwithr f coi | , and provides
the automated setup routines with information about the 90° pulse power
performance. Thisinformation is used to compute the power levels required by
al pulsesfoundinpl i st . Eachuser hasaprivatepul secal file, foundinthe
vnnr sys directory. If apul secal file doesnot already exist, pul secal
createsit when thefirst entry is made.

Some form of pulse length or power calibration datais required to provide the
information necessary to create anew entry in pul secal . Thiscould bea
simple 90° pulse length array using s2pul , an array of pulse power levels, or
amore advanced calibration using an imaging or localized spectroscopy
experiment (t pwr cal , for example).

Once an entry ismade, it is used to determine pulse powers for awide range of
pulselengthsand shapesin all imaging and |ocalized spectroscopy experiments.
Aslong as the computed power levels remain within the linear performance
range of the system (typically below t pwr of about 60) these power levels
should be as accurate as could be determined through individual optimization.
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Arguments:

Examples:

Related:

rescal

Syntax:

Description:

Arguments:
Related:

A.2 Macros for Setting Up Experiments

Cdibration entriesin the pul secal file are stored for a square pulse of the
specified length. If a shaped pulse is used to determine the pulse calibration,
pul secal usestheintegral of the shapeto determinethe corresponding power
for asquare pulse of the same length (which iswhy thereisno pul se shapefield
inthe pul secal databasefile). This does not mean that honsguare shaped
pulses cannot be used to create new calibration entries, only that this
information is converted and stored inthe pul secal fileasif it wereacquired
with asguare pulse. Thus, an entry created with a square pulse has the power
level that was used asthe argument to pul secal . Anentry created withasinc
pulse, however, has amuch lower power level in the pul secal file because
theintegral of asinc pulseisonly 17% of that of asquare pulse. The pulselength
is also adjusted to account for any round-off to the nearest integer pulse power
level.

narre isthe name of the rf coil or calibration.

pul se_shape specifiestherf pulse shape used to acquire the calibration data.
| engt h isthe length of the rf pulse (in psec) used for calibration.
flipistheflipangle caibrated, in degrees.

power isthe calibrated power level, in attenuator units.

If entered without arguments, pul secal displays the current contents of the
databasefile. Using pul secal with syntax 1 creates an entry in thefile
userdi r+' / pul secal ' . Using syntax 2 removesthe entire line associated
with the calibration name.

pul secal
pul secal (' quadé', ' sinc', 2000, 180, 40)
pul secal (' quad8','renove')

i nprep Set up rf pulses, imaging and pulse power levels (M)
pli st Pulse length parameter list (P)
rfcoil RF pulse calibration identity (P)

Calculate spatial resolution of an image
rescal <('silent')>

Computes and displays the 2D imaging pixel dimensions, in mm, for both the
original data as acquired and the processed data as displayed on the screen.

Pixel size for the acquired datais computed as the field of view in the readout
and phase-encode directions divided by the number of points (np/ 2) and the
number of phase-encode increments (nv), respectively. Pixel resolution for an
image as displayed on the screen might be different than for the raw image data
because of zerofilling. Thedisplayed resolution is computed asthefield of view
in the readout and phase-encode directions divided by the Fourier transform
sizes, f n/ 2 and f n1/ 2, respectively. r escal returns these four values for
optional usein acalling macro, and also displays the resultsin the VNMR text
window.

si | ent isakeyword to prevent display in the text window.

fn Fourier number in directly detected dimension (P)

fnl Fourier number in 1st indirectly detected dimension (P)

| pe Field of view size for phase encode axis (P)

Iro Field of view size for readout axis (P)

np Number of data points (P)

nv Number of phase encode steps for 1st indirectly detected dimension (P)
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rt
Syntax:

Description:
Arguments:

Examples:

Related:

rtp
Syntax:
Description:
Arguments:

Examples:

Related:

s2pul
Syntax:
Description:

Alternate:
Related:

sedi ff

Syntax:
Description:

Sens

Syntax:
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Retrieve FIDs
rt<(file<,'nolog >)>
Retrieves FIDs from afile into the current experiment.

fi | eisthenameof thefilethat, with the suffix . f i d added, containsthe FIDs
to beretrieved. The default isthat the system promptsfor the name (in that case,
the name can be given without single quotes). If f i | e. f i d doesnot exist and
file.par does rt retrievesthe parametersfromfi | e. par.

' nol og' isakeyword specifying that thelog file is not to be retrieved.

rt
rt('/vnnr/fidlib/fidld")

fixpar Correct parameter characteristics in experiment (M)
rtp Retrieve parameters (M)

rtv Retrieve individual parameters (C)

svf Save FIDsin current experiment (M)

Retrieve parameters

rtp<(file)>

Retrieves parameters from afile into the current experiment.

fil e isthename of thefile that, with the suffix . par added, contains the
parametersto be retrieved;. The default is that the system prompts for the name
(inthat case, the name can be given without singlequotes). If fi | e. par does

notexistandfil e. fi d does, rt p retrievesthe parameters only from
file.fid.

rtp
rtp('/vnnr/stdpar/P31")
fixpar Correct parameter characteristics in experiment (M)

rt Retrieve FIDs (M)
rtv Retrieve individual parameters (C)
svp Save parameters from current experiment (M)

Set up parameters for standard two-pulse sequence
s2pul

Convertsthe current experiment to an experiment suitable for the standard two-
pulse sequence (S2PUL).

S2PUL button in the 1D Pulse Sequence Setup Menu.
spul s Load default single pulse sequence imaging parameters (M)
Retrieve parlib parameters for SEDIFF imaging experiment

sedi ff

Retrieves the standard parameters for the SEDIFF imaging experiment from
/vnnr/parlib.

Retrieve parlib parameters for SEMS imaging experiment
sens
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Description:

setarray

Syntax:

Description:

Arguments:

Examples:

Related:

setflip

Syntax:

Description:

Arguments:

Examples:

set gcal

Related:

Syntax:

A.2 Macros for Setting Up Experiments

Retrieves the standard parameters for the SEM S imaging experiment from
[vnnr/parlib.

Array any numeric parameter in constant-increment steps
setarray<(paraneter, start,increnent, nunber) >

Arraysanumeric parameter when a constant increment between arrayed values
isdesired. set ar r ay works with any arrayable parameter and generates
arrayed values in ascending or descending order.

When other parameters are already arrayed, ar r ay is updated. If more
advanced array capabilities (such a simultaneous arrays) have been specified
through ar r ay, its value might need to be corrected after use of set ar r ay.

To repeat an experiment several times using the same parameter values (e.g., to
perform a stability test), use set ar r ay to array any parameter with an
increment of 0.

If no arguments are entered, the macro prompts for argument values.
par anet er isthe name of parameter to be arrayed.

st art isthevaue of thefirst array element.

i ncr enent istheincrement between successive arrayed elements.
nunber isthetotal number of array values.

setarray

setarray(' pw , 10, 10, 4) setspw=10, 20, 30, 40
setarray('tof',-1000, 500, 4) setst of =- 1000, 500, 0, 500
setarray('nt',1,0,10) setsnt=1,1,1,1,1,1,1,1,1,1

array Parameter order and precedence (P)
exparray Array anumeric parameter (M)

Set rf power levels to desired flip angle
setflip<(paraneter, pattern, power,flip_angle)>

Computes the power level required to achieve a specified flip angle for any rf
pulse. A valid entry in the pul secal calibration file, specified through
rfcoil isasorequired. set fl i p usesthe pulse calibration, together with
the integral of the pulse shape found in the header of the shapefile, to compute
the power level necessary to obtain the required flip angle.

If no arguments are entered, the macro prompts for argument values.
par anet er isthe pulse length parameter.

pat t er n isthe parameter holding the name of the pulse shape.
power isthe power level parameter corresponding to the pulse.
flip_angl eistheflip angle, in degrees.

setflip('p2,' p2pat',’'tpw2',180)

i mprep Set up rf pulses, imaging and pulse power levels (M)
rfcoil RF pulse calibration identity (P)

Set the gradient calibration constant
set gcal
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Description:

Related:

setgcoil

266

Syntax:
Description:

Arguments:
Examples:
Related:

Determines the gradient calibration constant gcal by using a proton phantom
of known dimensions. set gcal requeststhelinear dimension of the phantom
in the readout direction. It uses the value entered, together with cursor
separation of this dimension from the image profile and the strength of the
readout gradient gr o, or gzl vl 1 if pulsed field gradients, to calculate gcal
in units of gauss’'cm-DAC units. You are then prompted whether this value
should be entered. If you answer yes, it isstored as a system constant in the your
global file.

Note that a particular value of gcal is closely related to the current eddy
current compensation settings. If these settings are changed (e.g., reading in a
new cur ecc file), adifferent value of gcal should be expected.

Before running set gcal , use the pulse sequence set up by profil e to
acquire asignal from a known sized object while the gradient is on.

gcal Gradient calibration constant (P)
gro Readout gradient strength in DAC units (P)
profile Set up pulse sequence for gradient calibration (M)

Update system gradient coil configuration
setgcoil <(file)>

Updates the system gradient coil configuration to correspond to changesin
gradient hardware.

Imaging and localized spectroscopy experiments require proper gradient
calibration information to properly function. Gradient calibrations (such asthe
maximum gradient strength, grmex, and risetime, t r i se) are stored in
calibration filesfoundin/ vnnr / i magi ng/ gr adt abl es for each gradient
hardware option, and specified through thegcoi | and sysgcoi |
parameters. When a new or different gradient set isinstalled, the configuration
parameter sysgcoi | must be set to the name of thefilein gr adt abl es that
describes the new hardware. Because thisconf i g operation can be executed
only by the user vnnr 1, the special function set gcoi | hasbeen provided to
alow any user to update this particular aspect of the system configuration file.

set gcoi | updatesthe system gradient configuration“ permanently” (i.e., until
set gcoi | isrunagain or until the system gradient configuration is changed
through the conf i g program).

sysgcoi | isasystem global configuration parameter, and specifiesto all
users and all experiments the type of gradient hardware installed on the
spectrometer. A second parameter, gcoi | ,isfoundinall experiment parameter
sets, and is saved with the experimental data along with gnax andtri se.
Oncesysgcoi | isupdated withtheset gcoi | macro, gcoi | inthecurrent
experiment is updated aswell, and new gradient calibration values are retrieved
fromthecorresponding gr adt abl es file. Asdifferent experimentsarejoined,
or new parameter setsretrieved, gcoi | and the gradient calibrations are
updated in each caseto match the new sysgcoi | . Therefore, each experiment
and all saved data setsretain arecord of what gradient hardware wasin place at
the time of data acquisition.

fil e specifiesthe name of the gr adt abl es calibration file.
setgcoil (' asg33')

config Display current configuration and possibly change it (M)
creategtabl e  Create new gradient calibration file (isotropic strengths) (M)
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set | oop
Syntax:
Description:

A.2 Macros for Setting Up Experiments

gcoi l Current gradient coil (P)

gmax Maximum gradient strength (P)

sysgcoi | System gradient coil (P)

trise Gradient risetime (P)

updt gcoi | Update gcoil and gradient calibration parameters (M)

Set nf and ni values to control arrayed and real-time looping
set| oop

Sets the values for the parametersnf and ni to control arrayed and real-time
looping.

Loop control in imaging experiments (such as multislice, multiecho, and phase
encoding) is set through a series of parameters that the user sets directly (ne,
ns, nv, nv2, and nv3). Underlying these parameters are two “lower level”
parameters, nf and ni , which are used during pul se sequence execution to
determine the mode of data acquisition. set | oop manages the values of nf
andni asreguired to be consistent with the experiment parametersne, nv, etc.

Two modes of data acquisition are supported in VNMR: “arrayed” and
“compressed.” Thedifferenceismainly inthetiming of theflow of databetween
host and acquisition computers.

Arrayed data acquisition involves continuous communications between host
and acquisition as pulse sequence instructions are sent to the acquisition CPU
and data returned to the host Sun for each element in the arrayed experiment.
All explicitly arrayed experiments (for example, pw=10, 20, 30) runin this
manner. 2D experiments, including most high-resolution liquids and many
imaging experiments, also run as“implicit” arrays, withthearray sizesetby ni .
Although the communications between acquisition and host computers are
quite fast, asmall delay, typically afew msec, is required to accommodate the
communications and reinitialization between array elements. Certain fast
imaging experiments (such as turboflash, echo planar imaging [EPI], or even
conventional multislice) often require loop timing that is on the order of this
interelement delay. These experiments use a second mode of data acquisition,
the compressed mode.

In compressed data acquisition, asingle pul se sequenceinstruction set is sent to
the acquisition computer, which then manages the entire experiment through
real-timeloops and pulse sequence elements. All datathat isaccumulated in the
real-time loopsis retained in the acquisition data memory until the experiment
or array element is complete, at which time it is sent back to the host. Thereis
no timing overhead associated with areal-timeloop, and extremely short timing
intervals can therefore be achieved with the compressed mode. Compressed
dataacquisition is controlled by the parameter nf , following the singlerule that
the number of points acquired must be nf * np.

Experiments can be run completely in arrayed acquisition mode, or completely
in compressed acquisition mode, or in a combination of the two.

set | oop usestheseqcon parameter to determinewhich acquisitionloops, if
present, are arrayed and which are compressed. It then computes nf asthe
product of all compressed loop counts, and sets ni appropriately as either nv in
the case of uncompressed phase-encode, or zero in the case of compressed
phase-encode.

Each of the parameters ne, ns, nv, nv2, and nv3 have corresponding underscore
macros that execute setloop (for example, _ne). set | oop isthusalower level
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Related:
set of
Syntax:
Description:
Related:
setorient
Syntax:
Description:
Related:
set gpe
Syntax:
268

“management” macro that is automatically run each time one of these
parametersis entered, and is not normally and explicitly run by the user. The
comprehensive setup macro i npr ep aso performstheset | oop function, so
if i npr ep has been executed, thereisno needtorunset | oop.

do Overhead delay between FIDs (P)

flashc  Convert compressed 2D datato standard 2D format (M)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)

ne Number of echoes to be acquired (P)

nf Number of FIDs (P)

ni Number of incrementsin first indirectly detected dimension (P)

ns Number of slicesto be acquired (P)

nv Number of phase encode steps for 1st indirectly detected dimension (P)

seqcon  Acquisition loop control (P)

Measure and save resonance transmitter offset frequency
set of

Collects a spectrum and determines the resonance frequency of the tallest peak
in a spectrum. The corresponding transmitter frequency, t of , isthen saved in
thefile SHOVE/ vnnr sys/ Hlof f set for useinimaging experiments. HL
refersto the value of the current nucleus parameter, t n. If thes2pul sequence
isused to collect data, then set of setsthe transmitter on the tallest peak and
collectsadataset and displaystheresult, which showsthetallest peak appearing
in the center of the spectrum.

| dof L oad resonance offset frequency (P)
tn Nucleus for observe transmitter (P)
t of Frequency offset for observe transmitter (P)

Set imaging orientation Euler angles to match orient
setorient

Setstheimaging orientation Euler anglesto matchtheor i ent parameter. This
isalower level macro that is not normally directly executed by the operator.

Imaging plane orientation is normally selected through or i ent , or through
interactive graphical planning. However, oblique gradient pul se sequence
elements use a set of three Euler angle parametersphi , psi , andt het a, to
determine the exact angular orientation. Each of the three major imaging plane
orientations, t r ans, sag, and cor require aunique set of Euler angles.

set ori ent isautomatically executed upon entry of or i ent , and sets the
three Euler angles to the appropriate values for the specified orientation.

ori ent Slice plane orientation (P)

phi Euler angle for defining imaging plane orientation (P)
psi Euler angle for defining imaging plane orientation (P)
theta Euler angle for defining imaging plane orientation (P)

Set phase encode gradient levels and timing
set gpe
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Description:

Related:

setgro
Syntax:
Description:

A.2 Macros for Setting Up Experiments

In imaging experiments, automatically computes and sets the phase encode
increment and timing, and the indirect dimension “spectral width” associated
with each phase encode dimension present.

Thegr adi ent *t i e integral for theincrement between phase encodelevels
is governed by the requirement that the spins at the edges of the field-of-view
undergo aphase shift of 180°. The phaseencodetime, t pe,issetto2*tri se,
and the phase encode increment is then computed, in G/cm, to satisfy the
expression y*t pe* | pe* gpe=1. Some imaging sequences might internally
ater thevalueof t pe, with acorresponding changein gpe, wheretiming of the
sequence events allows. set gpe performs these computations for each phase
encode gradient.

A 2D sequence generally has one readout dimension and one phase-encode
dimension, described by the parameters gpe, swl, and tpe. A second or third
phase encode dimension is described by the triad of parametersgpe, sw2,

t pe2,and gpe3, sw3, t pe3, respectively. The spectral width associated with
each phase encode dimension is computed as 1/tpe (or 1/tpe2, etc.), and has no
physical significance. swlispresent to provide compatibility with analytical 2D
NMR data processing and display routinesin VNMR. The comprehensive setup
macro i npr ep incorporates the functions of set gpe, sothat set gpe isnot
normally directly executed by the operator.

gpe Phase encoding gradient increment in DAC units (P)

i mprep Set up rf pulses, imaging and pulse power levels (M)

nv Number of phase encode steps forlst indirectly detected dim. (P)
setgro Set readout gradient strength and spectral width (M)

set gss Set slice-selection gradient strength (M)

swil Spectral width in first indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

Set readout gradient strength and spectral width
set gro<(readout _gradient]|level)>

In imaging experiments, automatically computes and sets the readout gradient
strength, gr o, and spectra width, sw, for the readout dimension, consistent
with the field of view, | r 0.

The relationship between gradient strength, field of view, and spectral width is
governed by the principle that the spins at the edges of the field of view must
undergo a phase shift of 180° during the dwell time between successive
sampling of points (Nyquist sampling frequency), following the expression
sw=y* | r o* gr o. Initsautomatic mode, set gr o attempts to balance two
opposing factors in choosing the readout gradient strength: too low a value of
gr o resultsin large chemical shift displacement artifactsin theresulting image.
Too high avalue of gr o requires alarge spectral width, and therefore alarge
audio filter bandwidth, resulting in increased noise and reduced signal-to-noise
in the resulting image.

In both “manual” and automatic modes, set gr o uses the current values for
number of points np and field of view | r 0. np can be subsequently altered
without the need tore-runset gr o (or i npr ep), but any change of | r o must
befollowed by executionof set gr o ori npr ep to recompute other dependent
parameters. The comprehensive setup macro i npr ep incorporates the
functions of set gr 0, so set gr o isnot normally directly executed by the
operator except to override the value of gr o selected by i pr ep.
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Arguments:

Examples:

Related:

set gss
Syntax:
Description:

Arguments:

r eadout _gr adi ent isaspecific value entered, in G/cm, as a numeric
argument. When thisvalueis entered, set gr o can be used in manual mode
to explicitly set the readout gradient.

| evel isareal number that isinterpreted as a gradient level in gauss/cm.
Provided that the number ranges from O to gnex, set gr o setsgr o to the
specified value, and computes and sets the corresponding values of swand at .

setgro

setgro(3.5)

at Acquisition time (P)

gro Readout gradient strength (P)

i mprep Set up rf pulses, imaging and pulse power levels (M)
Iro Field of view size for readout axis (P)

np Number of data points (P)

set gpe Set phase encode gradient levels and timing (M)
set gss Set dlice-selection gradient strength (M)

sw Spectral width in directly detected dimension (P)

Set slice-selection gradient strength
set gss<(gradi ent _paraneter,thi ckness_paraneter)>

Inimaging experiments, automatically computes and sets the value of any dlice
or voxel selection gradient, in G/cm, to achieve the required slice or voxel
thickness. The comprehensive setup macroi npr ep incorporatesthe functions
of set gss, soset gss isnot normally entered by the operator.

set gss relieson thelist parametersf | i pl i st,plist,patlist,and
ssl i st to provide the correspondence between the selective gradient and the
rf flip angle, pulse length, and shape. The list parameters must be present with
appropriate entries, and the specified rf shapefilemust existinshapel i b with
the proper header information.

Gradient strength for a slice or voxel-selective event is determined from the
relationshipgss=BW ( y*t hk) , wheregss isthe gradient strength, BWisthe
rf pulse bandwidth, and t hk isthe slice or voxel thickness.

set gss usesthe rf pulse bandwidth extracted from the rf shapefilein
shapel i b, together with the slice or voxel thickness, to compute and assign
the required gradient strength, in G/cm. If morethan onerf pulseisused during
asequencefor adlice selection operation on agiven axis (such asin aspin-echo
imaging sequence, where both the 90° and 180° pulses are dlice selective on a
single axis, with slice gradient level specified by gss), the effective bandwidth
of each is determined and the smallest bandwidth is used to compute gss.

If the rf pulse or pulsesfound in pl i st are not frequency selective, set gss
issues an error message and exits. If the dlice or voxel thickness found in the
designated thickness parameter istoo small for the maximum gradient strength
of the system, the thickness value is reset to its minimum possible value
consistent with gnmax.

gr adi ent _par anet er isthe gradient strength parameter.
t hi ckness_par anet er isthedlice or voxel thickness parameter.
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Examples:

Related:

setvgrad

Syntax:

Description:

Related:

st eam

Syntax:

Description:

t abgen
Syntax:
Description:

A.2 Macros for Setting Up Experiments

set gss
setgss('gss','thk')
setgss(' gvoxl','vox1l')

fliplist Flip anglelist (P)

patli st Pulse shape parameter list (P)

ssli st Gradient parameter names list (P)

gmax Maximum gradient strength (P)

gss Slice selection gradient strength (P)

i mprep Set up rf pulses, imaging and pulse power levels (M)
pli st Pulse length parameter list (P)

set gpe Set phase encode gradient levels and timing (M)
setgro Set readout gradient strength and spectral width (M)

Set voxel-selection gradient strengths
setvgrad

In localized spectroscopy experiments, automatically computes and sets the
voxel selection gradients, in G/cm, to achieve the required voxel dimensions.

set vgr ad callsthemacroset gss for each of thethree voxel axes, using the
parameters gvox 1, gvox2, and gvox3 for the gradient strength parameters
andvox1,vox2,andvox3 for the voxel dimension parameters. If any of the
voxel dimensions are arrayed, set vgr ad configures the array parameter to
give the proper diagonally arrayed experiment.

gvoxl1l, gvox2, gvox3 Gradient strength for voxel selection (P)

i mprep Set up rf pulses, imaging and pul se power levels (M)
set gss Set slice-selection gradient strength (M)
vox1, vox2, vox3 Voxel dimensions (P)

Retrieve parameters for STEAM imaging experiment
st eam

Retrieves the standard parameters for the STEAM imaging experiment
from/vnnr/ parlib.

Create AP table for k-space order (M)
t abgen

In imaging experiments, creates an AP table for the k-space (phase-encode)
order.

Conventional imaging experiments generally follow amonotonic phase encode
order that begins at one extreme and progresses monaotonically through zero to
the opposite extreme. For example, the multipliers for the phase encode step
might be —-64,-63,-62,...,—2,-1,0,1,2,...,62,63 for an imaging experiment with
128 phase encode levels. VNMR’s pul se sequence capabilities allow the use of
ak-space order that is nonmonotonic through the use of external AP tables
(smpletext fileswith alist of integer values). t abgen can be used to create
one of these tables for either a monotonic progression or a centrically ordered
progression (centric order starts at zero and progresses to the extremesin an
alternating positive and negative fashion (e.g., 0,1,-1,2,-2,3,-3,...).

t abgen promptsfor the type of order, the number of steps, and afile namefor
the resulting table. Imaging data acquired in nonmonotonic order must first be
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Related:

t pw cal

Syntax:
Description:

Arguments:

Examples:

Related:

updt gcoi |
Applicability:

272

Syntax:
Description:

processed with thet abc routine, because f t 2d expects data to have been
acquired in monotonic phase encode order.

ft2d Fourier transform 2D data (C)
pet abl e Table name for tablib (P)
tabc Convert data from table specified order to monotonic order (C)

Set up imaging power calibration
tpwcal (start, end)

Sets up asimultaneous array of the parameterst pwr 1 and t pwr 2 (typicaly
used in imaging sequences as the excitation and refocusing pulse powers) for
imaging power calibration. This array provides a convenient method of
calibrating pul se powers using the readout profile.

t pw 2 isarrayed in steps of one over thisrange, and at pwr 1 array isalso
constructed with adifference of six units between eacht pwr 1 element and the
corresponding t pwr 2 element (12 units for older SISCO VXR and Unity
systems). The difference of 6 dB in power gives afactor of two in pulse
amplitude, which is appropriate for any spin echo sequence using 90° and 180°
pulses. The resulting arrayed data can be used to create a new pulse calibration
entry by choosing the power value that gives the profile with the largest
amplitude.

start isthefirst valuefor thet pwr 2 part of the arrayed pairs. The starting
vauefort pw 2 is6lessthant pw 2_start.

end isthelast valuefor thet pwr 2 part of the arrayed pairs. The ending value
fort pw 2 is6lessthanend_t pwr.

t pw cal (46, 51) producesthisdata:

tpwl = 40,41, 42,43, 44, 45

tpw2 = 46,47, 48, 49, 50, 51

array = '(tpwl, tpw2)'
array Parameter order and precedence (P)
setarray Set up a parameter array (M)

tpw, tpwl — tpw5 Pulse power levels (P)

Update gcoil and gradient calibration parameters
Systems with three-axis gradients.
updt gcoi |

Updatesthegcoi | parameter and gradient calibration parametersin imaging
experiments.

updt gcoi | isautomatically called (if gcoi | existsinthe new parameter set)
when anew parameter set isloaded, or when an experiment isjoined, to update
the experiment parameters BO, gcoi | , gnmax, andt ri se to match the
calibration values specified by the configuration parameter sysgcoi | .

updt gcoi | first checksto see that gradients are present on the system, then
(if sysgcoi | issettoavalueother than' none' ) assigns the value of
sysgcoi |l togcoi | , which forcesthe gradient calibration parameters to be
updated with the values found in the corresponding gradtables entry. If gcoi |
does not exist, updt gcoi | will createit.
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Related:

A.3 Macros for Planning Experiments

updt gcoi | aso computes the system field strength and assigns this to the
parameter BO. It isautomatically called by ther t macro, and by thej exp
macro, and is not normally directly executed by users.

BO Magnet main static field (P)
gcoi | Current gradient coil (P)

gmax Maximum gradient strength (P)
j exp Join existing experiment (C)

rt Retrieve FIDs (M)

sysgcoi | System gradient coil (P)
trise Gradient risetime (P)

A.3 Macros for Planning Experiments

Use the macros in this section when planning experiments.

addpss
Syntax:
Description:

Arguments:

Exampl es:

Related:

drawslice

Syntax:

Description:

See also:
Related:

dr awv ox

Syntax:

Description:

Shift a set of multislice positions
addpss<(shift)>

Shifts a set of multislice positions by adding a constant value to all elements of
thepss array. addpss addsaconstant valueto each element of thepss array
to shift a set of multislice positions a fixed distance.

shi ft gpecifies the amount of shift, in cm. The default is the macro prompts
for avalue.

addpss

addpss(2)

pl an Interactive slice and voxel selection (M)
pss Slice position (P)

Draw a set of planned target imaging slices on scout image
drawslice

Displays the positions of a newly planned set of multislice planes on the scout
image. dr awsl i ce iscalled by the Compute Target button in the slice
planning menu, and is not normally executed from the command line. However,
becauseit isamacro, it is possible to change the color used to draw the slice
positions.

dr awsl i ce usesthe coordinates of a pair of points found in the parameter

t _mar k, which must have previously been selected using the Mark button in
the slice planning menu. These two points define the orientation of the new
target imaging plane.

“Target Parameters,” page 341

dr awox Draw outline of aplanned target voxel on scout image (M)
pl an Interactive slice and voxel selection (M)

Draw outline of a planned target voxel on scout image

dr awox

Displaysthe outline of anewly planned voxel (or multiple voxels) on the scout
image. dr awvox iscalled by the Compute Target button in the voxel planning
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See also:
Related:

| ocation
Syntax:
Description:

Related:

| og_nuag
Syntax:
Description:

Arguments:

Related:

menu, and is not normally executed from the command line. However, because
it isamacro, it is possible to change the color used to draw the voxel position.

dr awox usesthe box coordinates found in the parameter t _mar k, which
must have previously been selected using the Mark button in the voxel planning
menu.

“Target Parameters,” page 341

drawslice Draw aset of planned target imaging slices on scout image (M)
pl an Interactive slice and voxel selection (M)

Display spatial coordinates at a point in an image
| ocation

Computes and displays the position of apoint in an image defined by the
intersection of the horizontal and vertical cursors. Two sets of coordinates are
computed:

* Logical reference frame coordinates corresponding to the readout, phase-
encode.

* Sliceselect axes; and the absol ute magnet frame coordinates corresponding
to the laboratory X, Y, and Z axes.

| og_mag Convert spatial coordinates (M)

Convert spatial coordinates
(FromUNIX) | og_nmag phi psi theta x y z

Convertsspatial coordinatesinthelogical referenceframeto spatial coordinates
in the magnet reference frame. | og_mag is an executable macro command in
/ vnnr / bi n. It must be executed from a UNIX shell or called fromaVNMR
macro by theshel | command.

phi, psi,t het a are the coordinates of apoint in the logical imaging
reference frame (the coordinate system defined by the readout, phase encode,
and slice select axes) and the Euler angles that define the orientation of the
logical frame:

* phi istheangular rotation of the image plane about aline normal to the
image plane.
* psi isformed by the projection of aline normal to the imaging plane onto
the magnet XY plane, and the magnet Y axis.
* t het a isformed by the line normal to the imaging plane, and the magnet
Z axis.
X, Y, z arethe magnet reference frame coordinatesthat are returned to standard

output, which is printed to the calling window unless picked up as return
arguments to theVNMR shel | command.

| ocation Display spatial coordinates at a point in an image (M)
ori ent Slice plane orientation (P)

phi Euler angle for defining imaging plane orientation (P)
psi Euler angle for defining imaging plane orientation (P)
theta Euler angle for defining imaging plane orientation (P)
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pl ane_decode

Syntax:

Description:

Arguments:

Related:

pl an

Syntax:

Description:

Related:

sl i cemark

Syntax:

Description:

Arguments:

See also:
Related:

sl i ceorder

Syntax:

A.3 Macros for Planning Experiments

Compute new imaging plane orientation and position
(From UNIX) pl ane_decode psi phi theta x1 yl z1 x2 y2 z2

Computes the orientation and position for a new imaging plane using the
coordinates of two points on a scout image. pl ane_decode takesthe
coordinates of apair of pointsin the logical imaging reference frame and the
Euler anglesthat definethelogical frame orientation, and returnsthe orientation
and position of animaging slice that contains those points and is perpendicular
tothe scout image plane. pl ane_decode isan executable macro command in
/vnnr/ bin.

phi istheangular rotation of the image plane about aline normal to the image
plane.

psi isformed by the projection of aline normal to the imaging plane onto the
magnet XY plane, and the magnet Y axis.

t het a isformed by the line normal to the imaging plane, and the magnet
Z axis.

x1,y1,z1,x2,y2,z2 arethe orientation and position of the new imaging
planereturned from pl ane_decode.

orient Slice plane orientation (P)

phi Euler angle for defining imaging plane orientation (P)
psi Euler angle for defining imaging plane orientation (P)
pss Slice position (P)

theta Euler angle for defining imaging plane orientation (P)

Interactive slice and voxel selection
pl an

Displays amenu of interactive planning choices used to define new slice or
voxel targets for imaging and localized spectroscopy experiments. The menu
allowsgraphical selection of new target slice or voxel positionsand orientations
from a scout imaging experiment, and transfer of thisinformation to the target
imaging or localized spectroscopy experiment.

transfer Move field-of-view information to a target experiment (M)

Store marked positions for planning target imaging planes
slicemark<('reset')>

Storesthelocations of points selected during the planning of new imaging plane
positionsand orientationsinthe parametert _mar k. sl i cemar k iscalled by
the Mark button in the Slice planning menu and is not normally executed from
the command line.

"reset’' isakeyword to clear any previously marked positions by zeroing
t _mark.

“Target Parameters,” page 341.

pl an Interactive slice and voxel selection (M)

Reorder slice position list
sliceorder<('a'|'d|"i"')>
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Description:

Arguments:

Examples:

Related:

sliceplan
Syntax:
Description:

See also:
Related:

transfer

Syntax:

Description:

Arguments:

Reordersthelist of physical slice positions, pss, in ascending, descending, or
aternating odd and even order.

Alternating order is often used for multislice excitation to separate physically
adjacent dlicesin time to reduce saturation effects. For example, the result of
sliceorder('a') pss=-3,-2,-1,0,1,2,3ispss=-3,-1,1, 3,
-2, 0, 2. Theadjacent slices- 1 and - 2 are separated by threetimeintervals
instead of just one.

a' isakeywordtolist physical slice positionsin alternating order. Thisisthe
default.

" d' isakeyword to list physical dlice positions in descending order.

i ' isakeyword to list physical dlice positions in ascending order.
sl i ceorder

sliceorder('d")
pss Slice position (P)

Compute slice position and orientation for target imaging plane
slicepl an

Computesthe slice position and orientation for anew target imaging planefrom
apair of marked positionsfound inthet _nar k parameter. sl i cepl anis
called by the Compute Target button in the Slice planning menu, and is not
normally executed from the command line.

sl i cepl an first determines the coordinates of the two marked pointsin the
scout imaging plane reference frame, then calls a separate program to compute
the orientation and position of the new target slice. The computed results are
stored in the target planning parameterst _pss,t _t hk,t _phi,t_psi,and
t _t het a for later transfer to anew target experiment.

“Target Parameters,” page 341

pl an Interactive slice and voxel selection (M)
slicemark Store marked positions for planning target imaging planes (M)
voxpl an Compute position and orientation for new target voxel (M)

Move field-of-view information to a target experiment
transfer(type<, scout _exp>,target_exp)

Transfers planned slice or voxel position information from a scout experiment
to atarget experiment. t r ansf er takesthe valuesfound in the appropriate
t _ parameters and places them in the corresponding parameters in the target
experiment. These values are normally selected through interactive graphical
planning.t r ansf er iscalled by the Transfer buttonsin the Slice planning and
Voxel planning menus and is not normally executed from the command line.

t ransf er uses predefined sets of parameter names to extract the required
slice or voxel values from the scout experiment. For example, the transfer of
slice planning information takes the valuesof t _phi ,t _psi,t_theta,

t _pss,andt _t hk from the scout experiment and placesthemin phi , psi ,
t het a, pss, andt hk in the new target experiment. The parametersr est o
andr f coi | areasotransferred.

t ype isakeyword that specifiesthe transfer type: ' s' for sliceor' v' for
voxel.
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Examples:

See dso:
Related:

voxmar k

Syntax:

Description:

Arguments:

See also:
Related:

voxpl an
Syntax:
Description:

See dso:
Related:

A.3 Macros for Planning Experiments

scout _exp isthe experiment number (1 to 9) of the scout experiment. The
default is that the current experiment is the scout experiment.

t ar get _exp isthe experiment number (1 to 9) of the target experiment. If
only one numerical argument follows thet ype argument, the current
experiment is the scout experiment and the numerical argument isthe
experiment number of the target experiment.

transfer('s', 6)
transfer('v',2,7)

“Target Parameters,” page 341

np Move parameters between experiments (C)

mvf ov Move the field-of -view from one experiment to another (M)
pl an Interactive slice and voxel selection (M)

phi Euler angle for defining imaging plane orientation (P)

psi Euler angle for defining imaging plane orientation (P)
resto NMR resonance offset frequency (P)

rfcoil RF pulse calibration identity (P)

theta Euler angle for defining imaging plane orientation (P)

t hk 2D imaging plane slice thickness (P)

Store marked positions for planning target voxels
voxmark<(' reset')>

Stores the locations of points selected during the planning of new voxel
positions and dimensionsin the parameter t _mar k. voxmar k iscalled by the
Mark button in the Voxel planning menu, and is not normally executed from the
command line.

"reset’' isakeyword to clear any previously marked positions by zeroing
t _mark.

“Target Parameters,” page 341

pl an Interactive dlice and voxel selection (M)

Compute position and orientation for new target voxel
voxpl an

Computesthe position, dimensions, and orientation for anew target voxel from
aset of marked positionsfound inthet _mar k parameter. Multiple voxels
previously selected with the voxel planning Mark button are properly handled
by voxpl an, resulting in an array of voxel positions and dimensions.

voxpl an iscalled by the Compute Target button in the Voxel planning menu,
and is not normally executed from the command line,

voxpl an storesits computed results in the target planning parameters
t_posl,t_pos2,t_pos3,t_vox1l,t _vox2,t_vphi,t_vpsi,and

t _vt het afor later transfer to anew target experiment. The out-of -plane voxel
dimensiont _vox3 must be selected separately with the Set vox3 button in the
Voxel planning menu.

“Target Parameters,” page 341

pl an Interactive slice and voxel selection (M)
slicepl an Compute slice position and orientation for target imaging plane (M)
voxmar k Store marked positions for planning target voxels (M)
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A.4 Commands and Macros for Processing and Display

Use the macros in this section to process and display data and graphics.

dconi
Syntax:
Description:

Arguments:

Interactive 2D data display (C)
dconi <(options) >

Interactively adjusts various 2D data displays. Thedconi program can
accommodate any data set that can be displayed by dcon, dpcon, and ds2d,
including 2D FIDs, interferograms, 2D spectra, planes from 3D data sets, and
images. These data sets are generated by the commands df 2d,ft 1d, ft 2d,
andft 3d.

opt i ons can be any of the following (note that the dconi parameter is also
availableto control thedconi program display):

* 'dcon' isakeyword to display acolor intensity map; thisis the default

mode, but' dcon' isprovided for compatibility with certain macros. If
" dcon' isthefirst argument, it can be followed by any of the keywords
"linear',' phcolor',"avcolor',' gray',and' noaxis';al
of these keywords have the same meaning as when used with the dcon
command.

" dpcon' isakeyword to display atrue contour plot. If ' dpcon' isthe
first argument, it can be followed by any of the keywords' pos' ,' neg',
and' noaxi s' , andthen followed by valuesfor | evel s andspaci ng.
All of these options have the same meaning as when used with thedpcon
command.

' ds2d' isakeyword to display a stacked plot in whitewash mode (after
thefirst spectra, each spectrais blanked out in regionsinwhich it isbehind
an earlier spectra). If ' ds2d' isthefirst argument, it can be followed by
any of thekeywords' nobase' ," fill','fillnb',and' noaxis'.
All of these keywords have the same meaning as used with ds 2d.

"agai n' isakeyword to make dconi identify which display modeis
currently being used and redraw the screen in that mode. Thisoptionis
useful when writing VNMR menus.

"restart' isakeyword to activate dconi without redrawing the 2D
data set. Thisaction causesdconi to make surethat 2D datais aready

displayed.
't oggl e' isakeyword to toggle between the cursor and box modes.
"trace' isakeyword to draw atrace above the spectrum.

" expand' isakeyword to toggle between the expand and full views of
the spectrum.

"pl ot" isakeyword to plot aprojection or atrace.

" hproj _nmax' isakeywordtodoahorizontal projection of the maximum
trace.

" hproj _sumni isakeywordto do ahorizontal projection of the sum of all
traces.

"vproj _max' isakeyword to do avertical projection of the maximum
trace.

"vproj _sum isakeywordto do avertical projection of the sum of all
traces.
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Examples:

dgm
Syntax:
Description:

Related:

di sp3d
Syntax:
Description:

Arguments:
Related:

A.4 Commands and Macros for Processing and Display

dconi
dconi (' dcon','gray','linear')
dconi (' dpcon')

Display dg parameter groups menu (M)
dgm

Displays amenu that allows selection of all dg parameter groupsin an
experiment. The primary parameters of any imaging experiment can be
displayed in the text window with the dg command. M ost secondary parameter
groups, such asdgl and dgs, are found in each imaging experiment, along
with several other specialized parameter groups. These additional parameter
groups alow the display, for example, of all predefined gradient parameters, or
al predefined rf pulse parameters, etc., although some of the displayed
parameters are unused in any given experiment and have values set to zero or
null-string.

dgmallows menu selection of the various dg screens in any experiment by
searching for al parameter names that begin with the two letters 'dg', and
presenting amenu of al such names. To display any of these parameter groups,
select the button with the desired name or description. The Print button in the
dgm menu prints the currently displayed parameter group.

dg Display group of acquisition/processing parameters (C)

Display 3D data (U)
(From UNIX) di sp3d <fdf _file>

Displays a3D FDF (Flexible Data Format) file or araw 8-bit 3D data file with
no header. Compatible FDFfilesare produced by f t 3d withthe ' f df ' option
(or by default if appnode="i magi ng' ).

FDF data can also be loaded either by entering the file name as an argument to
di sp3d or by typing the file name into the Filefield in the di sp3d control
panel and clicking the Load button. If the FDF dataword sizeis larger than 8
bits, the data are scaled and truncated to 8 bits for display. Raw datafiles can
only be loaded from the control panel.

Besides the file name, the user must enter the size of the data matrix in the fast,
medium, and slow dimensionsin the Data size field. Typically, these would be
thevaluesf n/ 2,fnl/ 2,and f n2/ 2, respectively.

Furthermore, the desired size of the image in screen pixels—also in the fast,
medium, and slow dimensions—must be entered in the Display sizefields.
Typically, these values would be near 100 and the relative ratio of the
parameters| r o, | pe, and| pe2, respectively.

After loading the data, a 3D volume appears in the display panel.
fdf _fil e isthename of afile containing FDF data.

appnode Application mode (P)

fn Fourier number in directly detected dimension (P)

fnl Fourier number in 1st indirectly detected dimension (P)
fn2 Fourier number in 2nd indirectly detected dimension (P)
ft3d Perform a 3D Fourier transform on a 3D FID data set (M,U)
| pe Field of view size for phase encode axis (P)
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dmi
Syntax:
Description:
Related:
dpss
Syntax:
Description:
Related:
dssh
Syntax:
Description:
280

| pe2 Field of view size for 2nd phase-encode axis (P)
Iro Field of view size for readout axis (P)

Transform and display multiple images in VNMR graphics window (M)
dmi

Transforms and displays a series of multipleimages from an arrayed, multislice
or multiecho imaging experiment in the VNM R graphics window. Because the
resulting image display is noninteractive, changes in expansion, vertical scale,
window and level must be made on asingle interactive display before executing
dmi. The layout and size of the images are optimized to maximize the image
display on the usable graphics region. Images can be displayed in either the
trace='f1' orthetrace="'f2" mode, in either full or zoomed modes. To
force VNMR to use the entire graphics window, set thewy si wy g parameter to
'n' before running dmi.

i nconi Display 2D datain interactive grayscale mode (M)
i nrconn Display 2D data without erasing the screen (M)
svib Generate and save images as |mage Browser-compatible FDF files (M)

wysi wyg Set plot display or full display (P)

Display current pss slice positions list (M)
dpss

Displaysthe current list of dice positions found in the parameter pss. Thelist
of dice positionsin a multislice imaging experiment is stored in the arrayed
parameter pss. An acquisition parameter arrayed in thisway normally resultsin
an arrayed experiment, in which each slice acquisition is treated as a separate
array element. pssis configured through its protection bits to prevent the
execution of aconventional arrayed acquisition, and instead to allow a
“compressed” multislice acquisition that uses the arrayed pss values to specify
the slice positions in a compressed multislice loop. This unusual parameter
protection also preventsda from displaying its values, although adisplay of the
array list can beforced by specifying the name of the parameter in an argument
toda (eg.,da(' pss')).dpss isexactly thismacro, and isprovided to allow
thelist of pss valuesto be easily viewed.

da Display acquisition parameter arrays (C)
pss Slice position (P)
set pr ot ect Set protection mode of a parameter (C)

Display stacked spectra horizontally (C)
dssh<(<start, fini sh<, step>><, opti ons>)>

Displaysone or more spectrahorizontally. When asingle spectrum is displayed,
integral display is controlled by the parameter i nt nod., which can have the
following values:

* i nt nod=" of f' turnsoff the integral display.
* intnmod="full"' displaysthe entireintegral.
e intnod="partial ' displaysevery other integral region.

For arrayed 1D spectraor for 2D spectra, a particular trace can be viewed by
supplying the index number as an argument. For 2D data sets, spectra can be
displayed from either thefq or fo domain by setting the parameter t r ace equal
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Arguments:

Examples:
See also:
Related:

A.4 Commands and Macros for Processing and Display

to'f1' or'f2',respectively. After entering f t 1d, interferograms can be
viewed by settingt race="'f 1' and then entering dss. Multiple spectra can
be displayed by supplying indexes of the first and last spectra.

Theposition of thefirst spectrumisgoverned by the parameterswe, sc, andvp.
For 1D data, subsequent spectra are positioned relative to the preceding
spectrum by the parametersvo (vertical offset) and ho (horizontal offset). For
2D data, ho defines the total horizontal offset between the first and last
spectrum. Also for 2D data, vo isinactive while the parameter we 2 defines the
total vertical offset between the first and last spectrum. To display spectra
horizontally, the command dssh causes vo to be set to zero and for ho, sc,
and we to be adjusted to fill the screen from left to right with the entire array.

The parameter cut of f , if it existsand isactive, defines the distance above and
below the current vertical positionvp at which pesksaretruncated. By arraying
cut of f to havetwo different values, the truncation limits above and below the
current vertical position may be controlled independently. For example,

cut of f =50 truncates peaks at vp+50 mm and vp—50 mm, and

cut of f =50, 10 truncates peaks at vp+50 mmand vp—10 mm.

st art istheindex of the first spectrawhen displaying multiple spectra. It is
asotheindex number of aparticular trace to be viewed when displaying arrayed
1D spectraor 2D spectra.

fi ni shistheindex of the last spectrawhen displaying multiple spectra.

st ep istheincrement for the spectral index when displaying multiple spectra.
The default is 1.

opt i ons can be any of the following:
e "all' isakeywordto display all of the spectra.

* "int' isakeywordtoonly display theintegral, independently of thevalue
of the parameter i nt nod.

e ' dodc' isakeyword that causes all spectrato be drift corrected
independently.

dssh(1, 3)

User Guide: Liquids NMR

cut of f Data truncation limit (P)

dss Display stacked spectra (C)

dssa Display stacked spectra automatically (C)
dssan Display stacked spectra automatically without erasing (C)
dsshn Display stacked spectra horizontally without erasing (C)
dssn Display stacked spectra without screen erase (C)
dsww Display spectrain whitewash mode (C)

ftid Fourier transform aong f, dimension (C)

ho Horizontal offset (P)

i nt mod Integral display mode (P)

pl Plot spectra (C)

pl ww Plot spectrain whitewash mode (C)

sc Start of chart (P)

sc2 Start of chart in second direction (P)

trace Mode for 2D datadisplay (P)

VO Vertical offset (P)

vp Vertical position of spectrum (P)

we Width of chart (P)

we2 Width of chart in second direction (P)
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dssl

Syntax:

Description:

Arguments:

Label stacked spectra display (M)
dssl <(options) >
Displays alabel for each spectrum in a set of stacked spectra.

Notethat withwysi wyg=" n' , labelscan appear at incorrect vertical positions.
$scal eisusedindss| to compensate for abug in write positioning.
Positionswereempirically determined for alarge screen, and are not guaranteed
to be correct for al displays.

The default label is an integer value starting with 1 and extending up to the
number of spectrain the display. Several options are available to control the
position of the displayed index relative to each spectrum. More than one
nonconflicting option can be entered. Positional options are:

e above' displaysalabel just above the baseline of each spectrum.
* ' bel ow displaysalabel just below the baseline of each spectrum

e 'center' displaysstart of alabel horizontally at the center of each
spectrum.

o 'l ef t' displaysstart of alabel horizontally at the left edge of each
spectrum.

e 'right' displaysstart of alabel horizontally at the right edge of each
spectrum.

* 't op' displaysalabd at the top of the graphics screen.
* 'bottom displaysalabel at the bottom of the graphics screen.

e '|ist=" displaysvaluesstoredin an arrayed processing parameter, such
asintensity, integral, time, frequency, etc. An arrayed processing parameter
can be created with the set gr oup and set pr ot ect commands from
any acquisition parameter, and used to store a list of values entered on the
command line or with any data analysis macro.

"li st=xyz"' producesadisplay of the values contained in the arrayed
parameter xyz. This can be used to forcedssl| to display the arrayed
values of one of the parametersin amultiple arrayed parameter experiment.

e ' format =abc' usestheformat abc to control the display of each label.
For example, dssl (' val ue' , ' f or mat =% 2f ' ) forceseach label to
be displayed with two figuresto the right of the decimal.

* ' val ue' canbeusedin addition to any positional arguments to produce
adisplay of the values of each array element instead of an integer index
(only asingle arrayed parameter is supported; dssl (' val ue') failsif
multiple arrayed parameters are present).

e dssl ('value', ' format=%3. 1 sec') resultsinlabelsof theform
“8.3secC”.

Examples: dssl

ecct ool

Related:

dssl("top','left")
dssl (' val ue',' format=%3. 1f sec')

dss Display stacked spectra (C)
wite Write formatted text to a device (C)
wysi wyg Set plot display or full display (P)

Open eccTool window (M)

Applicability: Systemswith computer-controlled analog eddy current compensation.
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Syntax:
Description:

ef f_echo
Applicability:
Description:

Values:
Related:

epift
Applicability:
Syntax:
Description:

Arguments:
Related:

epi ph
Applicability:
Syntax:

Description:

Related:

epirs
Applicability:
Syntax:
Description:
Related:

epi run
Applicability:
Syntax:

01-999163-00 A0800
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ecct ool
Opens the eccTool window to adjust eddy current compensation parameters.

Effective echo position in EPI experiments (P)
Systems with echo planar imaging (EPI) capabilities.

Refersto the echo showing the highest signal in an EPI echo-train. The readout
gradient dephaser is adjusted so that the maximum signal occursat ef f _echo.

Usually settonv/ 2.
nv Number of phase encode steps for 1st indirectly detected dim. (P)

Process and display image in EPI experiments (M)
Systems with echo planar imaging (EPI) capabilities.
epi ft (i ndex)

Processes and displays an image in array number i ndex. Thefirst data array
must contain the reference scan. The phase correction information saved in the
filephasenap isused to correct phase errorsin EPI data. phasenmap must be
present in the current experiment directory. Use dconi to view the data.

i ndex isthearray number of theimage.

dconi Interactive 2D datadisplay (C)
epi ph Generate phase correction map in EPI experiments (M)
pcrmapapply  Apply phase correction map to datain EPI experiments (C)

Generate phasemap file in EPI experiments (M)

Systems with echo planar imaging (EPI) capabilities.

epi ph

Generatesthephasemap filefrom the EPI reference scan. Thefileisgenerated
in the current experiment directory for EPI processing. Thefirst dataarray must

correspond to the reference scan, which is collected with the phase-encode
gradient turned off (i mage=0).

epi set Set up parameters for EPI experiments (M)
i mge Control phase encoding gradient in EPI experiments (P)
pchapgen Generate phase correction map in EPI experiments (M)

Reverse spectral data in EPI experiments (C)
Systems with echo planar imaging (EPI) capabilities.

epirs
Reverses spectral data. Itisused by epi ft .
epift Process and display imagesin EPI experiments (M)

Collect, process, and display EPI data (M)
Systems with echo planar imaging (EPI) capabilities.
epi run
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Description:

Related:

epi set

Applicability:
Syntax:

Description:

Related:

epi ss

Applicability:
Syntax:
Description:

episvib

Applicability:
Syntax:
Description:

Related:

expli b2

Syntax:
Description:

Related:
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Collects, process, and displays EPI data. It isused to obtain asingle EPI image.
The phasenap file must be present in the current experiment directory.

epi ph
epi set

Generate phasemap file in EPI experiments (M)
Set up parameters for EPI experiments (M)

Set up parameters for EPI experiments (M)
Systems with echo planar imaging (EPI) capabilities.
epi set

Collects an EPI dataset with the phase-encode gradient turned off (i nrage=0).
It optimizes parameters for EPI, collects a reference scan, and alows you to
adjust thegradient parametersgr oa and gr or a andthetiming parametert ep.
The phasenap fileis generated in the current experiment directory.

epi ph Generate phasemap file in EPI experiments (M)

groa Readout gradient adjuster in EPI experiments (P)

grora Readout dephasing gradient adjuster in EPI experiments (P)
i mge Control phase encoding gradient in EPI experiments (P)
tep Post-acquisition delay in EPI experiment (P)

Load default parameters
Systems with echo planar imaging (EPI) capabilities.
epi ss

L oads the default parameters for single-shot EPI from the default parameter
directory

Save EPIlimages in FDF for Image Browser (M)

Systems with echo planar imaging (EPI) capabilities.

episvib

Savesimagesin Flexible Data Format (FDF) for viewing with Image Browser.

Thefirst imagein an arrayed dataset must contain the reference scan. This scan
must be acquired with the phase encode gradient turned off.

br owser Start Image Browser application (U)
Display list of current experiments in VNMR text window (M)
expli b2

Displaysasummary list of the available experiments, similar toexpl i b, inthe
text window. For each experiment, the experiment number, name of the pulse
sequence, and thefirst part of the text file are displayed. There are three main
differences between the macrosexpl i b2 and expl i b:

e expl i b2 isamacro, which can be modified by users, whileexpl i bisa
VNMR command.

* expl i b2 issomewhat faster than expl i b, primarily because it does not
obtain and display the size of each experiment in kilobytes.

* expl i b2 does not display any acquisition status information, such as
queued experiments, as does explib.

explib Display experiment library (M)

01-999163-00 A0800



filter

Syntax:

Description:

Arguments:

Examples:
Related:

fi ndpw
Syntax:
Description:

Arguments:

Examples:

Related:

fl ashc
Syntax:
Description:

A.4 Commands and Macros for Processing and Display

Set apodization parameters to give Gaussian LP filter for wft2d (M)
filter(weighting_val ue)

Computesthe Gaussian weighting parametersgf , gf s, gf 1, and gf s1 togive
a Gaussian low-pass smoothing filter for thewf t 2d command.

wei ghti ng_val ue specifies the degree of weighting, and resultsin a
reduction at the edge of the data approximately equal to the argument value, in
dB. The higher the value, the more the weighting and apparent smoothing,
smaller values give less apodization and apparent smoothing. A weighting value
of zero turns off the Gaussian weighting parameters.

filter(10)

of Gaussian function in directly detected dimension (P

of 1 Gaussian function in 1st indirectly detected dimension (P)
of s Gaussian function in directly detected dimension (P)

gf s1 Gaussian shift const. in 1st indirectly detected dimension (P)
wft 2d Weight and Fourier transform 2D data (C)

Measure 180° pulse; update pulsecal database (M)
fi ndpw

Measures a 180° pulse and updates the pul secal database. f i ndpw
automatically determines the maximum and minimum signal from a set of ten,
predefined pulse lengths and enters the calibration valuesinto the pul secal
database. The s2pul sequence should aready be loaded and running.

Before the new pulse parameters are entered into the pul secal database, the
results are displayed on the screen and you are prompted for a response. When
youtype'y',you are asked for afile name, then the pul secal databaseis
updated.

start _pw_val ue specifiesthe starting pwvalue.
end_pw_val ue specifiesthe ending pwvalue.

findpw

fi ndpw(start_pw val ue,end_pw val ue)

pul secal Create, modify, or delete entry in pulseca rf calibration file (P)
pw Pulse width (P)

s2pul Set up parameters for standard two-pulse sequence

Convert compressed 2D data to standard 2D format (C)
flashc(<'nf'> "nms'|'m'| 'rare',ns,traces, echoes)

Converts 2D FID datafiles from compressed formats (seqcon=' nncsn' ,
seqcon=' nccnn',seqcon='nnccn') to standard format

(seqcon=' ncsnn' ) or from standard format to compressed format.
Compressed datais taken by using the nf parameter; that is, compressed data
isacquired as one large uninterrupted “multiFID” acquisition.

fl ashc readsthefilefi d intheacqfi | subdirectory of the current
experiment.

f I ashc can convert acompressed-compressed multislice, multiecho, or multi-
image sequence. It can also convert a“rare” type sequence with a compressed
phase-encode echo train.

f I ashc changesthe values of the following VNMR parameters:
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Arguments:

Examples:

Related:

Compressed-compressed or Standard Format to Compressed Format
* ni issettol1if noargument is provided.

* nf isset tothevalue of nf divided by the multislice, ns, or multi-image,
ni , value.

e arraydi misset to the product of its original value and the value of the
t races argument.

e arrayel ent s issetto 1if no parameters were arrayed during data
acquisition or to 2 if any parameter was arrayed during data acquisition.

Compressed Format to Standard Format

e nf issettothevaueof thet r aces argument, or to 1 if no argument is
provided.

* ni issettothevalueof nf divided by the multislice, ns, or multi-image,
n , value.

* arraydi missetto the product of itsoriginal value and the original value
of nf .

e arrayel ent s isset to 1if no parameters were arrayed during data
acquisition or to 2 if any parameter was arrayed during data acquisition.

nf isthe number of FIDsin the second dimension of a 2D experiment. When
converting datain the standard format to acompressed format, nf must always
be the first argument.

When converting compressed-compressed or “rare” type sequences, thefirst
argument must be a string defining the type of compression:

* 'm ' isakeyword for the multi-image type of compression.
* 'nms' isakeyword for the multislice type of compression.

* 'rare' isakeywordforthe“rare” multiecho, raretype, fast-imaging data
Sets.

(Standard to compressed) ns is the number of images slices or array
elements to be retained.

(Compressed-compressed or rare to standard) t r aces isthe number of
compressed tracesto retain for each ni . The parameter nf isset to this number
after f | ashc hasrun.

(Compressed-compressed or rare to standard) echoes isthe number of
compressed echoes, used with “rare” type formatting.

Compressed-compressed or Standard Format to Compressed For mat
flashc(' nf') (standard to compressed)

flashc(' nf',"' ns', ns) (compressed phase-encode and multi-slice)
flashc(' nf',"' m "', ns) (compressed multi-image and phase-encode)

Compr essed-compressed Format or Rare Format to Standard Format
fl ashc ( simple compressed phase-encode)

flashc(' ns', ns) ( compressed phase-encode and multi-glice)
flashc(' m ', ns) (compressed multi-image and phase-encode)
flashc('rare' ,ns,etl)

arraydi m Dimension of experiment (P)
ft2d Fourier transform 2D data (C)
ft3d Fourier transform 3D data (C)
nf Number of FIDs (P)
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Syntax:

Description:

Arguments:

A.4 Commands and Macros for Processing and Display

ni Number of incrementsin 1st indirectly detected dimension (P)
seqcon Acquisition loop control (P)

Fourier transform 1D data (C)

(Dft<(<options,><'nf'><,start><,finish><,step>)>
(2 ft('inverse', exp_nunber, expansi on_factor)

In syntax 1, performs a Fourier transform on one or more 1D FIDs without
weighting appliedtothe FID. f t executesaleft-shift, zero-order phaserotation,
and a frequency shift (first-order phase rotation) according to the parameters

| sfid,phfid,andl sfrq, respectively, on the time-domain data, prior to
Fourier transformation. The type of Fourier transform to be performed is
determined by the parameter pr oc. Solvent suppression isturned on or off with
the parametersssfi | t er and ssor der . For arrayed data sets, f t Fourier
transforms all of the array elements. To Fourier transform selected array
elements, f t can be passed numeric arguments.

Insyntax 2, ft performsan inverse Fourier transform of the entire
spectrum. (VNMR does not currently support inverse Fourier
transformation of arrayed 1D or 2D data sets.)

opt i ons can be any of the following (all string arguments must precede the
numeric arguments):

* "acq' isakeywordtocheck if any elementsof amulti-FID experiment
have already been transformed. If so, these previously transformed
elements will not be retransformed.

* 'nodc' isakeyword to not perform the usual FID drift correction.

* ' nods' isakeyword to prevent an automatic spectral display (ds)
from occurring. This outcome is useful for various plotting macros.

* 'noft' isakeyword to skip the Fourier transform, thereby allowing
use of all spectral manipulation and plotting commands on FIDs.

» ' zer o' isakeyword to zero theimaginary channel of the FID prior to
the Fourier transform. This zeroing occurs after any FID phasing. Its
useis generaly limited to wideline solids applications.

'nf' isakeyword that makesasingle FID element containing nf tracesto
betransformed asif it werenf separate FID elements. If ' nf ' precedesthe
list of numeric arguments, the rules for interpreting the numeric arguments
change dightly. Passing no numeric argumentsresultsin the transformation
of al nf tracesinthefirst FID element. Passing a single numeric argument
resultsin the transformation of all nf tracesin the requested FID element
(eg., ft('nf', 3) transformsall nf tracesfor element 3). Regardless of
the requested FID element, the resulting spectraare labeled as 1 to nf
because multiple elements cannot be transformed usingft (' nf ') .
Subsequent numeric arguments are interpreted as previously described.

st art istheindex of aparticular element to be transformed. For an array,
st art istheindex of thefirst element to be transformed.

fi ni shistheindex of the last element to be transformed for an array.

st ep specifies the increment between successive elements that are to be
transformed for an array. The default is 1.

"inverse' isakeyword specifying an inverse Fourier transform.
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ft2d

288

Examples:

Alternate:
Related:

Syntax:

Description:

Arguments:

exp_nunber isthe number of the experiment, from 1to 9, for storing the
resulting FID from the inverse Fourier transform.

expansi on_f act or defines the expansion of the spectrum before the
inverse Fourier transform is performed. This argument is equivalent to a
multiplier for thef n parameter. The multiplier isrestricted to between 1 and
32 and isrounded up internally to the nearest power of 2.

ft

ft(1)

ft(3,7)

ft(2,10,2)

ft('nf',3)

Transform button in the 1D Data Processing Menu.

dcrmv Remove dc offsets from FIDs in specia cases (P)
fn Fourier number in directly detected dimension (P)
I sfid Number of pointsto |eft-shift thenp FID (P)

I sfrq Frequency shift of thef n spectrumin Hz (P)

nf Number of FIDs (P)

phfid Zero-order phasing constant for np FID (P)

proc Type of processing on the np FID (P)

ssfilter Full bandwidth of digital filter to yield afiltered FID (P)
ssor der Order of polynomial to fit digitally filtered FID (P)
wf t Weight and Fourier transform 1D data (C)

Fourier transform 2D data (C)

(Dft2d(array_el enent)

(2) ft 2d<( <opti ons, ><pl ane_nunber, ><coeffi ci ent s>) >
(3 ft2d('ni"|"'ni 2", el ement _nunber,incremnent)

@ ft2d('ni'|"'ni2",increment, <coefficients>)

Performs the complete 2D Fourier transformation, without weighting, in both
dimensions. If thefirst Fourier transformation has already been done using
ftid,wft1d,ft1da,orwft 1da,theft 2d command performs only the
second (t,) transform.

array_el enent isasingle array element to be transformed.

opt i ons canbeany of thefollowing (all string arguments must precedethe
numeric arguments):

* ' ptype' isakeyword to transform P-type datato yield a P-type
contour display.

* 'ntype' isakeyword to transform N-type datato yield a P-type
contour display. Thisisthe default.

» 't 2dc' isakeyword to apply adc correction to each ty FID prior to
the first Fourier transform. The last 1/16-th of the time domain datais
used to calculate the dc level.

* 't1ldc' isakeyword to apply adc correction to each t; interferogram
prior to the second Fourier transform. The last 1/16-th of the time
domain datais used to calculate the dc level.

» ' f2sel' isakeywordto allow only preselected fo regionsto be
transformed along t1. The t1 interferogramsin the non-selected fo
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Related:

A.4 Commands and Macros for Processing and Display

regions are zeroed but not transformed. The same mechanism used to
select baseline regions for baseline correction (bc) is used to select the
fo regions to be transformed along t1. Seti nt nod=" partial ' and
partition the integral of the spectrum into several regions. The even
numbered f5 regions (e.g., 2, 4, 6) are transformed along t;; the odd
numbered regions are not transformed along t.

« 'nf' isakeyword to transform a non-arrayed 2D experiment that has
been collected as asingle 2D FID with multiple (nf ) traces.

* 'ni 2' isakeyword to transform non-arrayed 2D data that have been
collected withni 2 and sw2 (instead of ni andswl).addpar (' 3d")
creates the necessary processing parametersfor the' ni 2' operation.

* 'noop' isakeyword to not perform any operation on the FID data.
This option is used mainly to alow macros, such aswf t 2da, to have
the same flexibility as commands.

coef fici ents areaseries of coefficients according to the following
scheme: RR1 isthe coefficient used to multiply the real part (first R) of
spectraset 1 beforeit is added to the real part (second R) of the
interferogram. | R2 would thus represent the contribution from the
imaginary part of spectraset 2 to thereal part of the interferogram, and so
forth. The scheme is depicted below.

ft2d(RRL, IR1,RR2, IR2, ..., RIL, IIL,RI2112,...)
where:

RR1* REAL( W2, el enent =1) —> REAL(t1)
| RL* | MAG( W2, el enrent =1) —> + REAL(t1)
RR2* REAL( w2, el ement =2) —> + REAL(t1)
| R2* | MAG( W2, el emrent =2) —> + REAL(t1)

Rl 1* REAL(w2, el enent =1) —> | MAG(t 1)
1111 MAG(W2, el enent=1) —> + | MAG(t 1)
Rl 2* REAL(wW2, el enent =2) —> + | MAG(t 1)
I12*1 MAG(W2, el enent =2) —> + | MAG(t 1)
"ni ' isakeyword to selectively transform a particular np—ni 2D plane

within anon-arrayed 3D data set. To identify theplane, ' ni ' isfollowed by
the pl ane_nunber argument, an integer from 1 through ni 2.

'ni 2' isakeyword to selectively transform aparticular np—ni 2 2D plane
within anon-arrayed 3D data set. To identify the plane, ' ni 2' isfollowed
by the pl ane_nunber argument, an integer from 1 through ni .

el ement _nunber isthe number of an element within the explicit array
when selectively processing an arrayed 3D data set; it rangesfrom 1 to ni 2

i ncr enent istheincrement within the explicit array when selectively
processing an arrayed 3D data set; it ranges 1 toarr aydi nf (ni *ni 2) .

ft2d(1,0,0,0,0,0,1,0)

ft2d(1)

ft2d(' ptype',...)

dconi Interactive 2D datadisplay (C)

dcrmv Remove dc offsets from FIDs in special cases (P)
fpmul t First point multiplier for np FID data (P)

fpmul t1 First point multiplier for ni interferogram data (P)
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ftnf

ga

290

Syntax:
Description:
Examples:

Related:

Syntax:
Description:

Arguments:

ftid Fourier transform aong f, dimension (C)

I sfid Number of complex pointsto left-shift np FID (P)

| sfidl Number of complex pointsto left-shift ni interferogram (P)
| sfid2 Number of complex pointsto left-shift ni 2 interferogram (P)
I sfrq Frequency shift of the f n spectrum (P)

I sfrgl Frequency shift of thef n1 spectrum (P)

| sfrg2 Frequency shift of the f n2 spectrum (P)

parfidss Create parameters for time-domain solvent subtraction (M)
phfid Zero-order phasing constant for np FID (P)

phfidl Zero-order phasing constant for ni interferogram (P)

phfi d2 Zero-order phasing constant for ni 2 interferogram (P)
proc Type of processing on np FID (P)

procl Type of processing on ni interferogram (P)

proc2 Type of processing on ni 2 interferogram (P)

pnode Processing mode for 2D data (P)

ssor der Order of polynomial to fit digitally filtered FID (P)
ssfilter Full bandwidth of digital filter to yield afiltered FID (P)
wftld Weight and Fourier transform f, for 2D data (C)

wft 2d Weight and Fourier transform 2D data (C)

Fourier-transform data acquired in compressed mode with nf (M)
ftnf
Fourier-transforms data acquired in compressed mode with parameter nf .

ft('nf') isfor one-dimensiona data.
ft2d(' nf') isfortwo-dimensional data.

flashc Convert compressed 2D datato standard 2D format (M)
ft Fourier transform 1D data (C)
ft2D Fourier transform 2D data (C)

Submit experiment to acquisition and FT the result (M)

ga<(<' nocheck' ><," next'><,"wait'>)>

Performs experiment described by the current acquisition parameters, checking
parameters| oc, spi n, gai n,wshi m| oad, and net hod to determine the
necessity to perform various actionsin addition to simple dataacquisition. This
may involve asingle FID or multiple FIDs, asin the case of arrays or 2D
experiments. ga causes the data to be automatically weighted and Fourier
transformed (Wf t ) at the end of each FID data acquisition.

Before starting the experiment, ga executes two user-created macros if they
exist. Thefirstisuser go, amacro that allows the user to set up genera
conditions for the experiment. The second is amacro whose nameisformed by
go_ followed by the name of the pulse sequence (from seqfi | ) to be used
(e.g., go_s2pul ,go_dept ). The second macro allows a user to set up
experiment conditions suited to a particular sequence.

" nocheck' isakeyword to override checking if there isinsufficient free disk
space for the complete 1D or 2D FID data set to be acquired.

"next' isakeyword to put the experiment started withga(' next ') at
the head of the queue of experiments to be submitted to acquisition.

"wai t' isakeyword to stop submission of experimentsto acquisition until
wexp processing of the experiment, started withga( ' wai t' ) , isfinished.
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Alternate:
Related:

Syntax:

Description:

Arguments:

A.4 Commands and Macros for Processing and Display

Go,Wft button in the Acquire Menu.

au Submit experiment to acquisition and process data (M)
change Submit a change sample experiment to acquisition (M)
gain Receiver gain (P)

go Submit experiment to acquisition (M)

go_ Pulse sequence setup macro called by go, ga, and au (M)
| oad Load status of displayed shims (P)

| oc Location of sampleintray (P)

| ock Submit an Autolock experiment to acquisition (C)

met hod Autoshim method (P)

sanpl e Submit change sample, Autoshim experiment to acquisition (M)
seqfil Pulse sequence name (P)

shim Submit an Autoshim experiment to acquisition (C)

spin Submit a spin setup experiment to acquisition (C)

spin Sample spin rate (P)

su Submit a setup experiment to acquisition (M)

user go Experiment setup macro called by go, ga, and au (M)

wf t Weight and Fourier transform 1D data (C)

wshi m Conditions when shimming is performed (P)

Submit experiment to acquisition (M)

go<(<' acqi ' ><,' nocheck' ><, ' nosaf e' ><, ' next' >

< 'wait'>)>
Performs the experiment described by the current acquisition parameters,
checking parameters| oc, spi n, gai n,wshi m1 oad, and et hod to
determine the necessity to perform various actions in addition to simple data
acquisition. This may involve asingle FID or multiple FIDs, asin the case of
arrays or 2D experiments. go acquires the FID and performs no processing. If
free disk space isinsufficient for the complete 1D or 2D FID data set to be
acquired, go prompts the user with an appropriate message and aborts the
acquisition initiation process.

Before starting the experiment, go executes two user-created macrosif they
exist. Thefirst isuser go, amacro that allows the user to set up general
conditionsfor the experiment. The second isamacro whose nameisformed
by go_ followed by the name of the pulse sequence (from seqfi | ) tobe
used (e.g., go_s2pul , go_dept ). The second macro allows a user to set
up experiment conditions suited to a particular sequence.

"acqgi ' isakeyword to submit an experiment for display by the acqi
program. All operations explained above are performed, except acquisition of
dataisnot initiated. Theinstructionsto control dataacquisition are stored so that
acqi can acquire the datawhen the FID button isclicked. The gf macrois
recommended instead of running go(' acqi ') directly. Using gf prevents
certain acquisition events from occurring, such as spin control and temperature
change. See the description of gf for more information.

' nocheck' isakeyword to override checking if there is not enough free
disk space for the complete 1D or 2D FID data set to be acquired.

' nosaf e' isakeyword to disable probe protection during the experiment.

"next' isakeyword to put the experiment started with go( ' next ') at
the head of the queue of experiments to be submitted to acquisition.
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"wai t' isakeyword to stop submission of experimentsto acquisition until
wexp processing of the experiment, started withgo(*' wai t ' ) , isfinished.

Examples: go
go(' nosafe')

Alternate:  Go button in the Acquire Menu.”

Related: acqi Interactive acquisition display process (C)

au Submit experiment to acquisition and process data
change Submit a change sample experiment to acquisition (M)
gai n Receiver gain (P)
ga Submit experiment to acquisition and FT the result (C)
of Prepare parameters for FID/spectrum display in acqi (M)
go_ Pulse sequence setup macro called by go, ga, and au (M)
| oad Load status of displayed shims (P)
| oc Location of samplein tray (P)
| ock Submit an Autolock experiment to acquisition (C)
met hod Autoshim method (P)
probe_protection Probe protection control (P)
sanpl e Submit change sample, Autoshim exp. to acquisition (M)
seqfil Pulse sequence name (P)
shim Submit an Autoshim experiment to acquisition (C)
spin Submit a spin setup experiment to acquisition (C)
spin Sample spin rate (P)
su Submit a setup experiment to acquisition (M)
user go Experiment setup macro called by go, ga, and au (M)
wshi m Conditions when shimming is performed (P)

i mage Display noninteractive gray scale image (M)

Applicability: Systemswith imaging capabilities.
Syntax: i mage

Description: Bringsup adcon 2D display of animage (using grayscale and linear scaling of
the intensity) that can be used for adjusting the display while using dconi .

Related: dcon Display noninteractive color intensity map (C)
dconi Interactive 2D data display (C)
dconn Display color intensity map without erasing screen (C)
i magepri nt Print currently displayed image on plotter (C)

Syntax: i magepri nt

Description:  Produces a dithered density map of the currently displayed image and sends it
to the current plot device. The dithered image printsin reverse contrast (black
for white) so that the gray tones are inverted in the plot output. i magepri nt
is not suitable for pen plotters.

Alternate:  Image button on the 2D Plotting Menu.
Seealso: User Guide: Liquids
Related: pl ot Automatically plot spectra (M)

i mar k Label a 2D image or spectrum (M)
Syntax: mar k(| abel <, col or >)
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Description:

Arguments:

Examples:

Related:

i ncal ¢
Syntax:

Description:

Arguments:

A.4 Commands and Macros for Processing and Display

Writes alabel to apoint on an interactive 2D image or spectrum determined by
the intersection of the cursors.

| abel isastring argument for the label.

col or specifiesthe color of the label.

i mark(' Spectrum 1')

i mark(' Spectrum1','yellow).

wite Write formatted text to a device (C)

Arithmetic & other manipulations on 2D images/phasefiles (M, UNIX)
(FromVNMR) i ncal c(opt ype, phf 1, <phf 2, out phf, ar gs) >
(From UNIX) i ntal ¢ optype phfl <phf2 outphf args>

Performsarithmetic and spatial manipulationson 2D images on a pixel -by-pixel
basis. The operands used by i ntal ¢ are phasefiles that must have been
previously saved with the VNMR command svphf .

i mcal ¢ can be accessed with thei ntal ci macro or in one of the following
three modes:

* Direct execution of the UNIX program from a UNIX shell (not
recommended)

» Executed fromVNMR with the appropriate arguments (recommended only
for macro-controlled repetitive operations)

* Executed from VNMR with no arguments (recommended mode)
Limitationoni ntal c:

Thet r ace parameter must besetto' f 1' when saving phasefilesfor usewith
i ntal ¢, and when displaying phasefiles resulting from cal culations.

Trying to display an absolute value phasefile in an experiment in which ' ph'
mode is selected (or vice-versa) does not work. See the following subsection,
“Helpful Hints,” for a solution to this problem.

If anonsquare image is rotated 90 degrees, the result is not displayed with the
correct aspect ratio, becausethel r o and| pe parametersare not altered by this
procedure.

The same phasefile cannot be used for both operands in a binary operation. To
do this, make a copy of the desired phasefile and give it adifferent name

Entering i ntal ¢ with no arguments displays a menu system that allows the
following selection of a number of different 2D image mathematical or spatial
manipulations. Selection of the desired image operation menu button resultsin
prompts to the user for required input information, such as the name of a
phasefile or anumerical constant. Unary operations, such as square root or log,
do not require user input and are immediately executed when selected by using
the phasefile resident in the current experiment.

opt ype can be any of the following keywords (place single quotes around the
keyword when entering i ntal ¢ fromVNMR).

add Add two images.

sub Subtract second image from first (from UNIX, use add
with a negative multiplier).

nmul t Multiply two images.

div Divide first image the second, with noise thresholding.
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add Add two images.
vadd Add two orthogonal images to form vector sum
(result = sgrt [imagel** 2 + image2** 2]).
phase Compute phase angle determined by arctan of two
images.
mean Arithmetic mean of two images
(result = [imagel + image2]/2).
gnean Geometric mean of two images
(result = sgrt[imagel*image?)).
addc Add a constant value to each pixel in an image.
mul tc Multiply each pixel in an image by a constant value.
abs Absolute value.
| og Logarithm (result = log10[abs(image)]).
exp Antilog (result = 10**image).
pow Exponentiation (result = image** constant).
reverse Linear inversion of pixel intensities (reverse contrast).
cli pmax Set pixel values above a user-supplied maximum to zero.
clipmn Set pixel values below a user-supplied minimum to zero.
t hresh Compress pixel values above a selected threshold
t hr esh to 1, and below athreshold to O.
t hresh2 Compress all pixel values above a user-supplied
minimum and below a user-supplied maximum to 1, all
othersto 0.
flroll Wrap image in F1 direction a selected number of pixels.
f2roll Wrap image in F2 direction a selected number of pixels.
flip_horiz Flipimageabout central horizontal axis.
flip_vert Flip image about central vertical axis.

flip_diag Flip image about x=y diagonal (only sguare images).
rotate_90 Rotate image clockwise 90 degrees (only square images).
rotate 180 Rotateimage 180 degrees.

vline Replace a selected vertical trace by average of two
adjacent traces.
hline Replace a selected horizontal trace by average of two

adjacent traces.

Examples. (From UNIX)i ntal ¢ add phf1l phf2 outphf 0.5
(FromVNMR)i ntal ¢c(' add' , ' phf1', ' phf2"')

Related: i ntal c Interactive prompt for imcalc (M)
rt phf Return a stored phasefile into the current VNMR experiment (M)
svphf Save currently displayed phasefile to planes directory (M)
i ncal ci Interactive prompt for imcalc (M)

Syntax: i ntal ci (optype)

Description:  Serves as an interactive interface to the i ncal ¢ macro by prompting for any
reguired inputs, which vary with operationtype. i ncal ci canberunfromthe
VNMR command line, or accessed viathei ncal ¢ menu system by selecting
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Arguments:
Examples:
Related:

i nconi
Syntax:
Description:

Related:

i nrconn
Syntax:
Description:

Arguments:
Examples:

Related:

infit
Syntax:

Description:

A.4 Commands and Macros for Processing and Display

the ImageCalc option in the Analyze menu, or by entering the command
i ncal ¢ with no arguments.

opt ype has the same values as described for thei ntal ¢ macro.
i rcal c(' add')

i ncal ¢ Interactive prompt for imcalc (M)

Display 2D data in interactive grayscale mode (M)

i mconi

Cdlsthedconi program with the arguments required for grayscale image
display: dconi (' dcon',"'gray',"'linear').

dconi Interactive 2D contour display (C)

Display 2D data without erasing the screen (M)
i nrconn<(file)>

Displays anoninteractive grayscale 2D image without erasing the screen before
drawing. i nconn can be used to display two or more images on the screen
simultaneously, from the same or different experiments.

For example, to display two image phasefilesin asingle experiment, first adjust
the chart size and position and display the first image, then adjust chart position
and retrievethe second imagewithi nconn(' nane2' ) ,wherenane2 isthe
name of the second phasefile.

Images in two different experiments can be simultaneously displayed by using
] exp with the desired experiment number as an argument: in the first
experiment, adjust the display parameters, for example, left to display theimage
on the left side of the screen, then usej exp(6) tojoin experiment 6 without
erasing the screen, followed by right and i nrconn to position and display the
image in second experiment on the right side of the screen without erasing the
first image.

fi | e istheimage phasefile name.

i rconn

i mconn('i magel')

dconi Interactive 2D contour display (C)

dm Transform and display multiple imagesin graphics window (M)

j exp Join existing experiment (C)

rtphf Return a stored phasefile into the current VNMR experiment (M)

i nconi Display 2D datain interactive grayscale mode (M)

svphf Save currently displayed phasefile to planes directory (M)
Process arrayed 2D imaging data and fit to T1 or T2 map (M, UNIX)
(FromVNMR)i nfit('t1l' |'t2", basename, mi n_t hreshol d)

(FromUNIX)infit t1|t2 basenane mn_threshold
timel tine2...tineN

Fits an arrayed set of 2D image data and computes a pixel-by-pixel T, or T,
map. Thei nf it macro provides a convenient link to the fitting program by
automatically constructing and passing the required arguments to the UNIX
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Arguments:

Related:

i nfit program. Thei nfit macro requiresthe following information as
arguments that it passes to the UNIX program:

* A fitting type - either T, for inversion-recovery or T, for decaying
exponential.

* A base name for the collection of phasefilesthat represents the arrayed set
of images. These phasefiles must reside in the planes directory of the
current experiment, and must end in consecutiveinteger extensions starting
with 1.

* A noise threshold value specifying the lower limit for the fitting program.

Pixelswhose valuesin thefirst image are less than thisthreshold are not fit, and
are assigned values of zero in the computed T, or T, image.

Three computed images are constructed by thei nf i t program, and placed in
the planes directory of the current experiment. The T, or T, image is named
basenanet 1 or basenanet 2. An error image (basenanesi gnma)
represents the standard deviation of the fit at each pixel, and basenamen?
(thet =0 default) represents the intercept of the original data at time zero.
Pixelsin the T, or T, map that cannot be reliably fitted are set to zero.

Thei nfit macro automatically extracts the timing values for each array
element in the data set from the parameter that it finds arrayed, and passes the
list of valuestothei nf it fitting program. Only asingle arrayed parameter is
supported. If the data cannot be handled by thei nf i t macro, it is possible to
call theexterna i nfi t program directly as you would any other UNIX
program. The command line arguments must be constructed manually in this
case. The syntax required for adirect UNIX i nfit calis:

infit t1]t2 basenanme minthresh tinel time2....tinmeN

As an example, with a set of phasefiles representing T, data, and named
phant oml, phanton?, ..., use

infit('tl,' phantom ,threshol d)

To obtain avalue for the noise threshold, display an image, place a cursor box
over aregion of noise, and select the Mark button. Divide the displayed value of
“height” by vsand use the result as the threshold. The macro makephf can be
used to transform all of the images and save them as phasefiles. t 1i mage
automatically does this entire procedure, prompting you for the required
information.

Note that an error ini nf i t isthat a T, fitting type requires phase-sensitive
images progressing from negative to positive in the normal inversion-
recovery model.

"t1" and't2' arekeywordsfor thefitting type, either' t 1' for inversion-
recovery or' t 2' for decaying exponential (' t 2' can aso be used for
saturation-recovery data).

basenane isthe name of aphasefile that represents the arrayed set of images.
The phasefile should reside in the pl anes directory and must end in
consecutive integer extensions, starting with 1.

nmi n_t hreshol disavaluefor thelower limit for thefitting program. Pixels
whosevaluesin thefirst image arelessthan thisthreshold will not befit and will
be assigned values of zero in the synthesized resultant images.

expfit Make least-squares fit to polynomial or exponential curve (U)
makephf Transform arrayed imaging data and save as phasefiles (M)
t 1i mage Compute a pixel-by-pixel T; map (M)
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I'left
Syntax:

Description:

Related:

I right
Syntax:
Description:

Related:

makephf
Syntax:
Description:

Arguments:

Exanpl es:

Related:
mar kvs

Syntax:

Description:

Related:

mat h
Syntax:

01-999163-00 A0800
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Set chart parameters to display 2D data in lower-left corner (M)
I'left

Computesthe chart position and size parameterssc, sc2, we, andwe 2 to place
the 2D display areain the lower-left quadrant of the VNMR graphics screen.

I right Set chart parametersto display 2D datain lower right corner (M)
ul eft Set chart parameters to display 2D datain upper left corner (M)
uri ght Set chart parametersto display 2D datain upper right corner (M)

Set chart parameters to display 2D data in lower right corner (M)
I right

Computesthe chart position and size parameterssc, sc2, we, andwe 2 to place
the 2D display areain the lower right quadrant of the VNMR graphics screen.

I'left Set chart parametersto display 2D datain lower left corner (M)
ul eft Set chart parametersto display 2D datain upper left corner (M)
uri ght Set chart parameters to display 2D datain upper right corner (M)

Transform arrayed imaging data and save as phasefiles (M)
makephf (basefi | e<, upper _linit>)

Performs a 2D Fourier transform on each element of an arrayed imaging data
set and saves the resulting images as sequentially numbered phasefiles.

basef i | e isaphasefile name. An incremented numerical extension, starting
with 1, is added to this basename to form a set of numbered phasefilesin the
planes directory of the current experiment.

upper _| i m t specifies an upper limit to the number of arrayed elementsto
be processed. The default isthat all images are transformed and saved.

makephf (' phant om )
makephf (' fl em ng', 10)

svphf Save currently displayed phasefile to planes directory (M)

Display data value at cursor position in a 2D display (M)
mar kvs

Displays the data value at the cursor position in a 2D display.

mar kvs runsthe VNMR mar k command, divides the obtained height by the
vertical scale parameter, vs, and displays the resulting true data value.mar k
displaysthe “height” of the data at the point designated by the intersection of
the two cursorsin a 2D display. In actuality, this“height” isthe true data value
multiplied by vs.

For example, it is useful to know the true data value to determine the T, value
from a T, map computed by i nf i t, or the phase angle in a phase map image.

infit Process arrayed 2D imaging data and fit to T4 or T, map (M)
mar k Determine intensity of spectrum at apoint (C)
Vs Vertical scale (P)

Execute expr (C)
mat h(' expr')
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Description:

pcrmapappl y
Applicability:
Syntax:

Description:

Arguments:

Examples:
Related:

pcmapcl ose
Applicability:
Syntax:
Description:

Examples:
Related:

pcnepgen
Applicability:
Syntax:
Description:
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Executes the expression expr inthe sameway asif it had been typed into the
Image Math panel.

Apply Phase Correction Map to Data (C)

Systems with echo planar imaging capabilities.

pcmapapply ([<fil e>,]<i ndex>)

Applies a pixel-by-pixel phase shift to the current data file using the complex
phase correction values from the phase correction map file $vnnr user/

expN datdir/<file>filemustresdeinyour$vnnruser/expN
dat di r directory where Nis the current experiment number.

Phase correction values are generated by pcnmapgen.
pcnapappl y opens and closes a phase map file unless it has been explicitly
opened with pcrmapopen.

fi | e specifies the phase correction map file name that residesin your

$vnnr user/ expN dat di r directory. The default fileis$vnnr user/
expN dat di r/ pcmap. If youdo not providef i | e, pcmapappl y defaults
tothe pcmap file.

i ndex specifies which phase correction map to usin the file. This value will
usualy be 1. This argument, which must always be supplied, ranges from 1 to
n; it specifies the desired correction map block within thefile.

pcmapappl y(1)

pcrmapcl ose  Close phase correction map file (C)
pchapgen Generate phase correction map (C)
pcmapopen Open phase correction map file (C)

Close Phase Correction Map (C)
Systems with echo planar imaging capabilities.
pcnapcl ose

Closes a phase correction map file that was explicitly opened with the
pcnapopen command.

pcmapcl ose

pcrmapapply  Apply phase correction map to data (C)
pcmapgen Generate phase correction map (C)
pchapopen Open phase correction map file (C)

Generate Phase Correction Map (C)

Systems with echo planar imaging capabilities.

pcrmapgen ([<fil e>,]<i ndex>)

Generates pixel-by-pixel complex phase correction valuesfrom the current data
file and stores them into the <i ndex> block in the phase correction map file
$vnnruser/expN datdir/<file>.filemustresdeinyour

$vnnr user/ expN dat di r directory where Nis the current experiment
number.

One or more phase correction maps can be generated. In the case of amultislice
echo planar imaging experiment, there can be one phase correction map for each
dlice.
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Arguments:

Examples:
Related:

pcrmapopen
Applicability:
Syntax:

Description:

Arguments:

Examples:
Related:

rt phf
Syntax:
Description:

A.4 Commands and Macros for Processing and Display

pcmapgen creates, opens, and closes a phase map file unless the file has been
explicitly opened with the pcmapopen command.

fi | e specifies the phase correction map file name residing in your
$vnnruser/ expN dat di r directory. The default fileis$vnnr user/
expN dat di r/ pcrmap. If you do not providef i | e, pcmapgen defaultsto
the file name pcnap.

You must alwaysprovidei ndex, whichrangesfrom 1to n (thisvalueisusually
1), and specifies the desired correction map block within thefile.

pcmapgen( 1)

pcrmapapply  Apply phase correction map to data (C)
pcmapcl ose  Close phase correction map file (C)
pcmapopen Open phase correction map file (C)

Open Phase Correction Map (C)
Systems with echo planar imaging capabilities.
pcmapopen ([<file>, ] <max_i ndex>)

Explicitly opens a phase correction map file, which can significantly speed up
data processing. f i | e must residein your $vnnr user / expN dat di r
directory where Nis the current experiment number. After the map file is open,
use pcrmapgen and pcrmapappl y to generate maps and correct data. Use
pcnmapcl ose to close the file when you are finished with it.

fi | e specifies the phase correction map file name residing in your
$vnnr user/ expN dat di r directory. Without thisargument, pcmapopen
defaultsto pcap.

max_i ndex specifies the maximum number of phase correction mapsin the
file, and ensures memory mapping extends to or past the end of the file. You
must always provide max_i ndex, which must be greater than or equal to the
maximum number of phase maps stored in thefile.

pcrapopen(’ pcnap’, 2)

pcrmapapply  Apply phase correction map to data (C)
pcmapcl ose  Close phase correction map file (C)
pcmapgen Generate phase correction map (C)

Return a stored phasefile into the current VNMR experiment (C)
rt phf (phasefile)

Copiesastored phasefilefromthe pl anes directory in the current experiment
directory to the working phasefilefilein the dat di r directory of the current
experiment.

Copying a stored phasefile alows the display and manipulation of previously
transformed images, or results of image calculationsfromi ncal c ori nfit.
It also alowsthe display of multipleimagesin VNMR (seei ntonn).

rt phf iscommonly used to load stored phasefiles that have been processed
and saved in asingle experiment from asingle dataset, for example, amultislice
imaging experiment. However, any phasefile from any experiment or image
processing routine can beretrieved using r t phf if it hasthe right pixel
dimensions and header information. The phase file must first be copied into the
local experiment pl anes directory. r t phf matches the pixel matrix
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Arguments:

Exanpl es:
Related:

set gn

Syntax:
Description:
Related:

spul s
Syntax:
Description:

Related:

ssprep
Applicability:
Syntax:

Description:

Related:

stats
Syntax:
Description:
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dimensions and header information against the processed datafile, and if there
are differences, r t phf fails. For example, any phasefile stored in phase-
sensitive mode cannot be successfully loaded into an experiment where the data
has been processed in absolute value mode, because the headers for absolute
value and phase-sensitive phasefiles differ (seei ntal ¢ for hints).

Regarding errors, anr t phf failureisnot catastrophic; that is, it will not crash
VNMR and will not harm the resident raw or processed datain any way. But, it
will result in display of the previous phasefile found in dat di r .

phasefi | e isthe name of astored phasefile. Thisfile must have been saved
previously with svphf or by some other process, suchasi ntal c,i nfit,or
auser-written program. The named phasefile should be in the pl anes
directory in the current experiment (e.g., vnnr sys/ exp4/ pl anes).

rtphf (' flemng')

i ncal c Interactive prompt for imcalc (M
i nrconn Display 2D data without erasing the screen (M)
svphf Save currently displayed phasefile to planes directory (M)

Automatically set receiver gain (M)

set gn

Automatically determines the receiver gain, based on the input signal .
gain Receiver gain (P)

Load default single pulse sequence imaging parameters (M)

spul s

Loadss2pul pulse sequence parameters. The parameters are initialized for
imaging experiments. For example, parameterssuchasl ock, spi n,andt enp
areinitidizedto' n' .

s2pul Set up parameters for standard two-pulse sequence
Calculate slice gradient and slice selection parameters (M)
Systems with echo planar imaging (EPI) capabilities.

ssprep

Calculatesthe dlice gradient parameter, gs s, and the dlice selection parameters,
t pwr 1 andt pw 2, for usein the EPI experiment. Unlikei npr ep, readout
and phase encode related parameters are not modified by sspr ep.

gss Slice selection gradient strength (P)

i mprep Calculate gradient and rf parameters for imaging (M)
tpwl Intensity of an excitation pulse (P)

t pwr 2 Intensity of an inversion pulse (P)

Calculate statistics of points specified by cursor position (M)
stats

Computes the mean, range, and standard deviation of the set of points defined
by the cursor position in a set of arrayed 1D spectra. Thisfunctionis useful in
measuring the stability or reproducibility of data acquisition.
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svdat

svf

Syntax:

Arguments:

Examples:

Related:

Syntax:
Description:

Arguments:

A.4 Commands and Macros for Processing and Display

Save data (C)

svdat (file<,"f'|'m["i"]"b">)

Outputs current datafrom the current experiment to afile. Integer datais scaled
when it iswritten (note that svdat replaces the former command svsdf d) .

Floating point datais not scaled when written but integer datais scaled when
written. A datavalue x is scaled as ax+b where:
a=(vs*graysl*nungray)/64.0

b=nungray* (0. 5-(graysl*grayctr/64.0))

where the parameter nungr ay hasadefault of 4096for' mi and' i ' formats

and a default of 256 for the' b' format, gr ays| hasadefault of 1, and
grayct r hasadefault of 32.0.

To scale 16-hit integer data other than 12-bits, the global parameter nungr ay
can be created using cr eat e( nungr ay, r eal , gl obal ) and set to the
value 2", where nisthe number of bits desired. For example, to scaleto 15-bits,
set nungr ay=32768.

The display parametersgr aysl andgr ayct r areused by the macrossvi b
and svsi s to save datafiles for Image Browser.

fil e isthe name of the datafile. Thefileis created in the current VNMR
directory unlessafull directory pathis given. If afile of the same name already
exists, the user is queried to overwrite thefile. If afully qualified file nameis
not given, thefileis created in VNMR’s current directory.

"f' isakeyword to write datain 32-bit floating point. Thisis the default.
'm or'i' isakeyword to write dataas 16-bit integers scaled to 12 hits.
"b' isakeyword to write data as 8-bit byte integers.

svdat (' dat a45')
svdat (' rodent','b")

br owser Start Image Browser (U)
fdf gl uer  Make FDF file from header and data parts (C)
grayctr Gray level window adjustment (P)

graysl Gray level slope (contrast) adjustment (P)
svi b Generate and save images as | mage Browser-compatible FDF files (M)
SVsi s Generate and save images as FDF files (M)

Save FIDs in current experiment (M)

svf<(file<,'nolog ><,"'arch' >)>

Saves parameters, text, and FID datain the current experiment to afile. No data
isremoved from the current experiment; svf merely savesacopy of thedatain

adifferent file. You can enter r t to retrieve the complete data set, or enterr t p
to retrieve parameters only.

fil e isthename of thefile, with the suffix . f i d added, to be created to save
the data. The default is the system prompts for afile name. You are warned if
you attempt to overwrite afile that already exists. In fact, if data has been
acquired with thef i | e parameter set, the data does not need to be saved. Itis
aready stored in a named file.

' nol og' isakeyword to not save the log file with the data. The default is
to savethelog file.

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 301



Appendix A. Commands, Macros, and Parameters

svib

svp

302

Examples:

Related:

Syntax:
Description:

Arguments:

Examples:

Related:

Syntax:
Description:

Arguments:

Examples:

Related:

"arch' isakeywordto assumethat the datagoesto adatabase and appends
to the (or creates @) doneQfile with information that can be used by the
command st at us.

svf

svf('/honme/ vnnr 1/ nydatafile')

file File name (P)

rt Retrieve FID (M)

rtp Retrieve parameters (M)

stat us Display status of all experiments (C)

Generate and save images as Image Browser-compatible FDF files (M)
svib(directory<, ' f'|'m >)

Generatesimagesfrom the current experiment and saves them into the specified
directory as Flexible Data Format (FDF) files, suitable for display in the Image
Browser image processing program.svi b savesasingleimage, or anumber of
images from a multislice, multiecho, or arrayed imaging experiment. The
VNMR command svdat isused to write the binary imagefile.

di r ect or y specifies the name of the directory to save the FDF files. svi b
creates the directory in the current working VNMR directory, and appends it
with the extension . dat . FDF image files are created in this directory as

i mage0001. f df ,i mrage0002. f df , etc. A copy of thepr ocpar filefrom
the current experiment is also saved in this directory.

" f' isakeyword to save the output datain 32-bit floating point format. Thisis
the default.

"'m isakeyword to save the output data scaled to 12-bit integer and saved as
16-bit words (historical Siemens Magnetom data format).

svi b(' phant om )
svib('rodent.imges',' ' m)

makephf Transform arrayed imaging data and save as phasefiles (M)
svdat Save data (C)
svphf Save currently displayed phasefile to planes directory (M)

Save parameters from current experiment (M)
svp(file)

Saves parameters from current experiment to afile. The parameter set can be
retrieved withther t p and r t macros. svp reflects any changes made in
parameters up to the moment of entering sv p, including acquisition parameters
(unlike macro svf ).

fil e isthename of thefile, with the suffix . par added, to be created to save
the parameters. The default is the system prompts for afile name. You are
warned if you attempt to overwrite a parameter set that already exists.
svp('/vnnr/stdpar/P31')

svp('/usr/george/testdata')

rt Retrieve FID (M)
rtp Retrieve parameters (M)
svf Save FIDs in current experiment (M)
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f
Syntax:

Description:

Arguments:
Examples:
Related:

t 1i mage

t abc

Syntax:
Description:

Related:

Syntax:
Description:

A.4 Commands and Macros for Processing and Display

Save currently displayed phasefile to planes directory (M)
svphf (file)

Saves the currently displayed phasefile to adirectory named pl anes in the
current VNMR experiment directory. If pl anes doesnot aready exist, svphf
automatically createsit. svphf can beused to save phasefilesin absolute-value
or phase-sensitive modes.

Thecurrent phasefile, foundinthedat di r directory of the current experiment,
might be the result of Fourier transformation of experimental data or might be
a phasefile previously loaded with ther t phf command. A phasefileis
normally the result of apodization, Fourier transformation, and phasing or
magnitude cal culation, but before contrast windowing and leveling controlled
by thegrayct r andgr aysl parameters. The phasefileis abinary datafile,
and no parameters are stored with the phasefile.

fi | e specifiesthe name to be used for the stored file.
svphf (' fl em ng')

rtph Return a stored phasefile into the current VNMR experiment (M)
svi b Generate and save images as | mage Browser-compatible FDF files (M)

Compute a pixel-by-pixel Ty map (M)
t 1i mage

Computes a pixel-by-pixel T; map from arrayed inversion-recovery imaging
data. t 1i mage performsall of the pre-processing required for fitting
inversion-recovery T, data. It prompts for the base phasefile name and lower
limit noise threshold, transforms and saves all of the images, and callsi nf i t
to complete thefitting process and display the computed T, map. The values at
each pixel in the T; map represent the computed T in seconds.

infit Process arrayed 2D imaging data and fit to T4 or T, map (M)

Convert data in table order to linear order (M)
t abc<(di nensi on) >

Convertsarbitrarily ordered data obtained under control of an external AP table
tolinear monotonic order, suitablefor processingin VNMR. Thedatamust have
been acquired according to atablein thet abl i b directory.

Imaging and other 2D experimentsare normally acquired so that the order of the
incremented acquisition parameter, such as the phase-encode gradient, islinear
and monotonic. For astandard imaging experiment, thislinear order meansthat
the phase-encode gradient progresses from a starting negative value
monotonically up through zero to a positive value (e.g., 64, 63, -62, ... , -1,
0,1,..,62, 63). Theft 2d program assumes this structure in its operation.

Datafrom table-driven 2D pulse sequencesisused by enteringt abc only once
before normal 2D processing and/or parameter storage. t abc takes no
arguments and is executed by enteringt abc intheVNMR command window.
A smple check isdone by t abc to prevent it from being executed more than
once on the same data set.

t abc expectsto find 2D datain the standard VNMR format (i.e., using the ni
parameter); see the third example. You must specify the compressed form of
data(i.e., usethe nf parameter) and enter avalue of 1inthedi nensi on
argument; see the second example.
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Arguments:

Examples:

Related:

t cappl y
Syntax:
Description:

t abc( 3) reorders 3D dataacquired with an external table. 3D datais expected
to bein the “compressed/standard” format, in which thereareni standard 2D
planes of data (the third dimension), each consisting of nf compressed FIDs
(the second dimension); see the fourth example.

t abc readsthefilef i dintheacqf i | subdirectory of the current experiment.
Before the datais reordered, thisfile is written to another file named
fid.originthesameacqfil directory. If for any reasont abc failsor
resultsin an unpredictable or undesired transformation, you can salvage the
original raw databy movingf i d. ori g backtof i d. Togain moredisk space,
explicitly deletef i d. or i g after you are satisfied that conversion is
successful.

Uset abc on either saved data that has been loaded into aVNMR experiment
or on datain an experiment that has just been acquired but not yet saved. Inthe
first case, converted data must be saved again for the saved data set to reflect
conversion.

t abc supports all 2D data types recognized by VNMR: arrayed, compressed
multislice, and arrayed compressed multislice.

t abc requires that data must have the same number of “traces’ asthe table
elements. It does not support any of the advanced features of table expansion
(e.g., the entire table must be explicitly listed in the table file), and expects to
find only one tablein afile; whether the table istl or t60 is unimportant.

di mensi on specifiesthe type of data, which has been acquired with an
external table, to be converted. The default is standard 2D data.

tabc

tabc(1) convertsthe order of compressed 2D data; nf specifies the second
dimension.

t abc( 2) convertsthe order of standard 2D data; ni  specifies the second
dimension.

t abc(3) convertsthe order of imaging 3D data; nf specifies the second
dimension and ni  specifies the third dimension.

flashc Convert compressed 2D data to standard 2D format (C)

ft2d Fourier transform 2D data (C)

nf Number of FIDs (P)

ni Number of incrementsin 1st indirectly detected dimension (P)

Apply table conversion reformatting to data (C)

tcapply<(file)>

Rearranges the spectrain a 2D data set that residesin the current datafile. You
must apply f t 1d to the data before you can use this command.

Using valuesfrom an AP table, t cappl y arranges the spectra corresponding
tothevalueinthe AP table from low valueto high value. The values might have
aready beenread inby thet copen command. If you providef i | e,thevalues
areread infrom$vnnruser/tabli b/ <fil e>.

Asan example, for a standard imaging experiment, phase encode gradients
monatonically progress from a starting negative value up through zero to a
positive value:

-64,-63,-62,...,-1,0,1,...,62,63

It is possible to acquire the equivalent datain nonmonotonic order, either by
explicitly coding the desired progression into a pul se sequence or by using an
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Arguments:

Examples:

Related:

tccl ose
Syntax:
Description:

Examples:
Related:

t copen
Syntax:
Description:

Arguments:

Examples:
Related:

title
Syntax:
Description:
Arguments:
Examples:
Related:

01-999163-00 A0800

A.4 Commands and Macros for Processing and Display

external AP table to control the order. In either method, f t 2d is not ableto
properly processtheresulting datauntil t cappl y andt abc are applied to the
data.t cappl y andt abc arefunctionsthat reconstruct aproperly ordered data
set from any arbitrarily ordered datathat has been acquired under the control of
an external AP table. The data must have been acquired according to atablein
thet abl i b directory. The difference betweent cappl y andt abc isthat
t cappl y works on thefirst dimension transformed spectraresiding in the
VNMR datamemory andt abc workson and changestheraw datainaFID file.

fil e isanoptiona argument specifying the AP tableto be read; the table must
bein$vnnruser/tablib/<file>.

ft1d(2)

t cappl y( pet abl e)

ft2d(2)

tabc Convert datain table order to linear order (C)
ftid Fourier transform aong f, dimension (C)
ft2d Fourier transform 2D data (C)

tccl ose Close table conversion file (C)

t copen Open table convert file (C)

Close table conversion file (C)
tccl ose

Removes atable conversion file and frees the memory used to store the sorted
table indicesread in with thet copen command.

tccl ose
tcapply Apply table conversion reformatting to data (C)
t copen Open table convert file (C)

Open table conversion file (C)
tcopen<(file)>

Explicitly reads, sorts, and stores, in memory, atable conversion filein
$vnnruser/tabli b/ <fil e> tcopen usesthefilewhent capply is
called.

fil e specifiesthefileto beread; it must bein $vnnr user/t abl i b/
<file>.

t copen (petable)

tcapply
tccl ose

Apply table conversion reformatting to data (C)
Close table convert file (C)

Write a title to the plotter (M)

title(string)

Writes atitle to the plotter in the upper-left corner of the page.

st ri ng isastring containing thetitle.

title('June 17, 1H STEAMwith 25-mm surface coil').

wite Write formatted text to a device (C)
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ul ef t

Set chart parameters to display 2D data in upper-left corner (M)
Syntax: ul eft

Description:  Computesthe chart position and size parameterssc, sc2, we, andwe 2 to place

uri ght

the 2D display areain the upper-left quadrant of the VNMR graphics screen.

Related: |l eft Set chart parameters to display 2D datain lower left corner (M)
I right Set chart parameters to display 2D datain lower right corner (M)
title Write atitle to the plotter (M)
uri ght Set chart parameters to display 2D datain upper right corner (M)
Set chart parameters to display 2D data in upper-right corner (M)

Syntax: uri ght

Description:  Computesthe chart position and size parameterssc, sc2, we, andwe 2 to place

the 2D display areain the upper-right quadrant of the VNMR graphics screen.

Related: |l eft Set chart parameters to display 2D datain lower left corner (M)
I right Set chart parametersto display 2D datain lower right corner (M)
title Write atitle to the plotter (M)

A.5 Parameters

306

Thissection providesatargeted overview of the specialized parametersused inimaging and
localized spectroscopy applications. The information here is a supplement to the more
comprehensive manual VNMR Command and Parameter Reference. Additional
descriptions for some parameters that are commonly used in liquids and solids NMR
application, such aspwandt pwr , can be found in that manual.

Predefined Parameter Names

A large number of parameters useful for imaging and localized spectroscopy have been
included in each imaging parameter set and predefined for use in pulse sequence
programming. Any imaging parameter set will contain al of the parameters described in
this section, so there is no need to create them. Similarly, all of these parameters are
declared asvariablesinthefilest andar d. h for usein pul se sequence programming, and
are automatically retrieved from the parameter set.

Some parameter names are used throughout VNMR to provide automated setup of imaging
experiments, such asgr o and gss. New sequence applications using other parameter
names can be written. However, in certain cases, automated setup features do not function
as desired if alternate names are used. The list of specialized imaging parameters that
VNMR expectstofindincludesgcoi | ,gnax, gr o,gss, pro,pss,rfcoil ,andt hk.
Further descriptions of these and all other predefined parameters are found in this section.

While alarge number of parameters have been predefined for ease of usein pul se sequence
programming, it is unlikely that any imaging sequence will use every parameter name.
Instead, some subset of the entire group will be found in any given sequence. Many of the
parameter names have been chosen in an attempt to provide an intuitive correspondence to
theimaging literature. There is no specia significance, however, to names such asgf | ow
or gspoi | . These names that have been chosen for their obvious descriptive nature, but
may be used arbitrarily in apul se sequence asdesired by the user. Varian's standard imaging
seguences use these names in an attempt to convey the most obvious connection to events
and processes that an experienced imaging spectroscopist would recognize. In all cases,
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please consult individual pulse sequence programs and manual pages for a detailed
description of parameter use in that sequence.

Displaying Additional Parameter Groups Using dgm

The primary parameters of any imaging experiment can be displayed in the text window
with the dg command, the same as for any VNMR parameter set. Most secondary
parameter groups, such asdgl and dgs will be found in each imaging experiment, along
with several other specialized parameter groups. These additional parameter groups allow
the display, for example, of all predefined gradient parameters or all predefined rf pulse
parameters, etc., although some of the displayed parameters will be unused in any given
experiment and have values set to zero or to anull string.

The dgmcommand allows menu selection of the various dg screensin any experiment by
searching for all parameter names that begin with the two letters dg, and presents a menu
of all such names. To display any of these parameter groups, select the button with the
desired description. Once a parameter group is displayed, use the Print button to print it.

Gradient Parameters

A predefined group of gradient parametersis present in all imaging parameter sets,
covering the range of most imaging applications. All of these gradient parameters have
unitsof gauss/cm, and are created in VNMR astype “real.” Because the maximum gradient
strength is dependent on the gradient hardware in use, there is no automatic over-range
checking of gradient parameters. While avalue larger than the maximum possible gradient
may be assigned to aparameter, thereisnorisk of physical damageto the gradients because
the pulse sequence functions that control gradients do check for values exceeding the
allowed physical maximum.

Gradient Calibration Parameters

BO Magnet main static field

Description:  Field strength of the main magnetic field. This value is used by planning setup
macrosin their calculations.

Values. Number, in units of gauss. Nominal valueis234. 9* h1f r eq. For example, a
4.7T (200 MHZz) system has a value of approximately 47,000.

Related: hlfreq Proton frequency of spectrometer (P)

bor esi ze Magnet bore size
Description:  The internal usable diameter of the gradient set.

This parameter is used by various pul se sequence setup macrosto determinethe
validity of thefield of view and dlice offset input. It is defined in the system

gradient table filesfound in $vnnr syst ent i nagi ng/ gr adt abl es, and
isautomatically set from one of those files when avalueis entered for gcoi | .

Values. 18, 31, 33, 40 (nominal, in cm).

Related: creategtabl e Generate new gradient calibration file (M)
gcoi l Current gradient coil (P)
gmax Maximum gradient strength (P)
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gcoi |
Description:

Related:

sysgcoi | System gradient coil (P)
trise Gradient risetime (P)

Current gradient coil

Reserved parameter that specifies which physical gradient set is currently
installed. This allows convenient updating of important gradient characteristics
when one gradient set isinterchanged for another. When set, gcoi | readsthe
gradient tablefile of thesamenamein/ vnnr / i magi ng/ gr adt abl es and
sets the gradient calibration parameters.

gcoi | islocal to each individual experiment. It is normally set the same as
sysgcoi | foracquiring new data, but can be set to other gradient nameswhen
working with saved data or data from another instrument. Each possible
gradient name should have an associated file of that name located in the
directory / vnnr /i magi ng/ gr adt abl es. Look at any fileinthisdirectory
for an example of the proper gr adt abl e format, or use the macro

cr eat egt abl e to make new gr adt abl es entries.

If the parameter gcoi | does not exist in a parameter set and a user wantsto
createit, the protection bit that causes the macro _gcoi | to be executed when
thevaluefor gcoi | ischanged must be set. There are two ways to create
gcoi l :

* Usethemacro updt gcoi | , which will createthegcoi | parameter if it
does not exist and set the protection bits.

* Enter the following commands:

create('gcoil',"'string')

setprotect('gcoil'," 'set',9)
gcoi | and the associated
gradient calibration parameters Variable Name value
boresi ze,gnax,andtri se
are updated with the values listed boresi ze 22.50 cm
inthetableontheright eachtimea gmax 5.00 gauss/cm
parameter set isretrieved, or when trise 0.000500 sec

an experimentisjoined. Intherare
casethat agr adt abl es fileis
maodified, but the value of gcoi | isnot changed, manually force an update of
the calibration parameters. Updating may be accomplished either by setting
gcoi | toitsdf, for example, gcoi | =gcoi | , or by usingthemacro_gcoi | .

Be aware that if an old dataset is returned and processed, gradient parameters
associated with that dataset will replace any new gcoi | parameters.

The table above is a gradient table _
(gradient coil name: asg33) for a VariableName  Value
horizontal imaging system with all

h h : boresi ze 5.10cm
t regax%settot e same maximum trise 0.000200 Sec
gradient strength.

. . ) gxmax 29.00 gauss/cm
Ontheright isagradient table rAx 27,00 gaussem
(gradient coil name: tc203) for a o 9
three-axis gradient set with unequal gzmax 70.00 gaussicm
maximum gradient strength.

boresi ze Magnet bore size (P)
creategtabl e Generate new gradient calibration file (M)
gmax Maximum gradient strength (P)
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gnmax
Description:

Vaues:
See also:
Related:

gr adst epsz
Description:

Vaues:

See also:

A5 Parameters

set gcoi l Assign sysgcoail configuration parameter (M)
sysgcoi | System gradient coil (P)

trise Gradient risetime (P)

updt gcoi | Update gradient coil (M)

Maximum gradient strength

Allowed maximum gradient level (absolute value). It is one of the calibration
entriesinagr adt abl es file.

gxmax, gymax, and gzmax are used when the maximum gradient level is
different for each axis, which is the case for triple-axis PFG coils.

Number, in gauss/cm.
VNMR and Solaris Software Installation

boresi ze Magnet bore size (P)

creategtabl e Generate new gradient calibration file (M)
gcoi | Current gradient coil (P)
gxmax,gymax,gzmax  Maximum gradient strength for each axis (P)
sysgcoi | System gradient coil (P)

trise Gradient rise time (P)

Gradient step size
Maximum gradient DAC value that determines the type of gradient DAC board

used in the system, 12-bit or 16-bit. This parameter is used internally to convert
gauss/cm gradient levels to the proper hardware DAC level.

Systems with 12-bit DACs (older SISCO spectrometers without gradient
waveform capabilities): —2047 to +2047 units, in integer steps. Systems with
16-bit DACs (al UNITY plus and beyond, and SISCO spectrometers with
gradient waveform capabilities): —32767 to +32767 units, in integer steps.

VNMR and Solaris Software Installation

gxmax, gymax, gzmax Maximum gradient strength for each axis

Applicability:
Description:

Values:
See also:
Related:

Systems with three-axis gradients.

Defines the maximum gradient strength for each gradient axis. Values are read
in from the selected system gradient table whenever the parameter set is
retrieved or the gradient coil defined by gcoi | has changed. When the values
areread in, gnax is set to the lowest value of the three.

gxmax, gymax, and gzmax are used instead of gmax when the gradients
strengths are not equal for each axis. Unegual gradient strengths per axis are
generally true for systems with three-axis PFG coils, which have a strong z
gradient, and may be true for microimaging systems. Horizontal -bore imaging
systems usually have gradients set to the same maximum value, and gnmax can
be used.

Number, in gauss/cm, for each parameter.
Getting Started, VNMR User Programming

creategtable Generate system gradient table (M)
gcoi | Current gradient coil (P)
gmax Maximum gradient strength (P)
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sysgcoi |
Description:

See dso:
Related:

trise
Description:

Related:

System gradient coil

Specially reserved configurational parameter that specifies which physical
gradient set is currently installed, and allows convenient updating of important
gradient characteristics when one gradient set isinterchanged for another. The
valueto sysgcoi | isassigned to the parameter gcoi | when joining
experiments or retrieving parameter sets.

VNMR and Solaris Software Installation

boresi ze Magnet bore size (P)

creategtabl e Generate new gradient calibration file (M)
gcoi | Current gradient coil (P)

gmax Maximum gradient strength (P)

setgcoi l Assign sysgcoil configuration parameter (M)
trise Gradient risetime (P)

Gradient rise time

The rise time to maximum gradient strength, measured from 0% to 100%,
assuming aconstant riserate. tri se isoneof the calibration entriesrequired
inagr adt abl es file. Its value should have been set and recorded at time of
installation for gradient sets supplied by Varian.

bor esi ze Magnet bore size (P)

creategtable Generate new gradient calibration file (M)
gcoi l Current gradient coail (P)

gmax Maximum gradient strength (P)

sysgcoi l System gradient coil (P)

Imaging Gradient Parameters

gpe
Description:

Related:

gpe2
Description:

Phase encode gradient increment

Value of the change in phase encode gradient level from one phase encode step
to the next. More precisely, the product of the parametersgpe andt pe isused
internally within the pulse sequence to determine the phase encode gradient
increment based on the computed refocusing time for readout and slice
selection. gpe depends on the field of view and the phase encode gradient
duration according to the expression y-gpe*t pe*| pe=1 and is set by either
thei npr ep or set gpe macros.

i mprep Set up rf pulses, imaging and voxel selection gradients (M)

gmax Maximum gradient strength (P)

gpe2 2nd phase encoding gradient increment (P)

gpe3 3rd phase encoding gradient increment (P)

| pe Field of view parameter for phase encode in cm (P)

nv Number of phase encode steps for 1st indirectly detected dim. (P)
set gpe Set phase encode gradient levels (M)

t pe Duration of the phase encoding gradient pulse (P)

2nd phase encode gradient increment

Phase encode gradient increment for 3D or 4D phase encoded applications.
gpe?2 should be used when a second phase encode gradient is required. For
example, 3D volume imaging application would use both gpe and gpe2, as
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Related:

gpe3
Description:

Related:

gped

Applicability:
Description:

A5 Parameters

would a 3D chemical shift imaging experiment (that is, two spatial dimensions
plus chemical shift dimension).

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
gmax Maximum gradient strength (P)

gpe Phase encoding gradient increment (P)

gpe3 3rd phase encoding gradient increment (P)

| pe2 Field of view size for 2nd phase-encode axis (P)

set gpe Set phase encode gradient levels (M)

t pe2,t pe3 Duration of the 2nd and 3rd phase encoding gradient periods (P)

3rd phase encode gradient increment

Phase encode gradient increment for 3D or 4D phase encoded applications.
gpe3 should be used when a third phase encode gradient is required. It is
available for usein a4D CS| experiment (three spatial dimensions, one
chemical shift).

i nprep Set up rf pulses, imaging and voxel selection gradients (M)

gpe Phase encoding gradient increment (P)

gpe2 2nd phase encoding gradient increment (P)

| pe3 Field of view size for 3rd phase-encode axis (P)

set gpe Set phase encode gradient levels (M)

t pe2,t pe3 Duration of the 2nd and 3rd phase encoding gradient periods (P)

Phase encode dephasing gradient in the EPI sequence (P)
Systems with imaging capabilities.

Determines echo position in the phase-encode direction. A blipped gradient
phase encodes the signal with respect to the phase-encode direction. gped
determines the center of the k-space along the phase-encode direction. gped is
usualy set sothat ef f _echo appears at the center of the phase encode
dimension, t1.

Related: eff _echo Effective echo position in EPI experiments (P)

gro
Description:

Related:

groa
Applicability:

Readout gradient strength

Controlsthe level of the readout gradient, if present. i nmpr ep setsgr o based
onitsinterna algorithm; or usethe macroset gr o( val ue) , which setsgr o
to a specific value and updates at and sw. gr 0, sw, and at are related by the
expression sw=y* | r o* gr o, but achangein| r o does not automatically
update gr o and sw.

at Acquisition time (P)

gmax Maximum gradient strength (P)

gror Read out dephasing gradient (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
Iro Field of view size for readout axis (P)

setgro Set readout gradient (M)

sSw Spectral width in directly directed dimension (P)

Readout gradient adjuster in EPI experiment (P)
Systems with echo planar imaging (EPI) capabilities.
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Description:

Related:

gror
Description:

Vaues;

Related:

grora
Applicability:
Description:

Related:

gss
Description:

Vaues:

Related:

gssf
Description:

Corrects readout gradient imperfectionsin EPI experiment by adding an offset
(G/cm) to the odd readgradient.

epi set Set up parameters for EPI experiment (M)
grora Readout refocusing gradient adjuster in EPI experiment (P)
tep Post-acquisition delay in EPI experiment (P)

Read out dephasing gradient

Controlsthelevel of the readout refocusing gradient whenpi | ot =' n' . When
pi | ot ="y' , gror isignored by the pulse sequence, and computed internally.
In this case the internal valueis printed in the window used to start VNMR.

gr or isoppositein signto gr o for gradient echo experiments (e.g., FLASH),
and have the same sign as gr o for spin-echo experiments (e.g., SEMS).

In general, the time integral for gr or should be one half the timeintegral of
gr o in order to place the echo signal in the center of the AT window. Because
the refocusing gradient on-time isinternally computed in the pulse sequence
independent of the acquisition time, gr or will not be exactly half of gr o.

Sequence dependent, specified in gauss/cm up to £gmax.

gmax Maximum gradient strength (P)

gro Read out fractional compensation (P)
gssr Slice selection refocusing gradient (P)
pi | ot Automatic sequence calculation (P)

Readout dephasing gradient adjuster in EPI experiment (P)
Systems with echo planar imaging (EPI) capabilities.

Correction gradient value added to the readout refocusing gradient (G/cm) in
EPI experiments to center the echo position in the acquisition window.

epi set Set up parametersin EPI experiment (M
groa Readout gradient adjuster in EPI experiment (P)
tep Post-acquisition delay in EPI experiment (P)

Slice selection gradient strength

Controls the level of the slice-select gradient, if present. i npr ep setsgss
based on the slice thickness and rf pulse bandwidths; or useset gss to update
only gss.

Number less than +gmax, in gauss/cm.

gmax Maximum gradient strength (P)

gssf Slice selection fractional gradient (P)

gssr Slice selection refocusing gradient (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
set gss Select dlice or voxel selection gradient levels (M))

t hk 2D imaging plane slice thickness (P)

Slice selection fractional refocusing

Fractional multiplier used as afine tuning adjustment for thegssr dice
refocusing gradient level.
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Vaues:
Related:

gssr
Description:

Values:
Related:

gss2, gss3
Description:

Related:

i mage
Applicability:
Description:

Vaues:

Examples:

A5 Parameters

1.0, when the theoretical gradient calculations are correct.

gss Slice selection gradient strength (P)
gssr Slice selection refocusing gradient (P)

Slice selection refocusing gradient

Controlsthe level of the dlice-select refocusing gradient when pi | ot =' n' .
When pi | ot ="' y' , gssr isignored by the pulse sequence, and internally

computed. Theinterna valueis printed in the window used to start VNMR.

gssr isnormally oppositein signto gss.

In general, thetimeintegral for gssr should be very closeto one half the time
integral of gss to properly refocus spins that have dephased during the rf slice
selection pulse. Because the refocusing gradient on-timeisinternally computed
in the pulse sequence independent of the rf pulse length, gssr will not be
exactly half of gss.

Number, in gauss/cm, up to zgnax. Nominal valueisgssr =—0. 5*gss.

gmax Maximum gradient strength (P)

gss Slice selection gradient strength (P)
gssf Slice selection fractional gradient (P)
gror Read out dephasing gradient (P)

pi | ot Automatic sequence calculation (P)

Slice selection gradient level

Predefined parametersfor specifying gradient levelsfor different slice selection
events in an imaging pulse sequence.

gss Slice selection gradient strength (P)

Control phase encoding gradient in EPI experiments (P)
Systems with echo planar imaging (EPI) capabilities.

Turns on and off the phase encoding gradient in EPI experiments. i mage aso
specifies the number of EPI images to collect in an arrayed experiment.

0 specifies that the phase encoding gradient is turned off.
1 specifies that the phase encoding gradient is turned on.

i mge=0, 1, 1, 1 collectsaset of four EPI images. Thefirst dataset refersto
the reference scan.

Localized Voxel Spectroscopy Gradient Parameters

gvoxl-gvox3
Description:

Gradient strength for voxel selection

Voxel-select gradient level sfor thefirst, second, and third dimensions of avoxel
in alocalized spectroscopy experiment. For example, i mpr ep setsgvox1
based on the corresponding voxel dimensionvox1 and rf pulse bandwidth. For
nonoblique voxels, the orientation of gvox 1 liesaong one of the three main
gradient axes, X, Y, or Z. Oblique angle voxel orientation is also available, and
for this reason the name gvox 1 isused instead of gx, for example.
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Vaues:
Related:

Special

gcrush
Description:

Related:

gdi ff
Description:

Related:

of | ow
Description:

Related:

gpat —gpat 3
Description:

gpepat
Description:

gr opat
Description:

gspoi |
Description:

Related:

gsspat
Description:

314

VNMR 6.1C User Guide: Imaging

Number, in gauss/cm, less than £gnax.

gmax Maximum gradient strength (P)

gss Slice selection gradient strength (P)

gx Gradient strength for X, Y, and Z gradients (P)
vox1l-vox3 Voxel dimension (P)

Purpose Gradient Parameters

Crusher gradient level

Predefined parameter avail able for use in setting a crusher gradient level, often
paired with the timing parameter t cr ush.

gspoi | Spoiler gradient level (P)
tcrush Crusher gradient control (P)
tspoi | Gradient spoiling time (P)

Diffusion gradient level

Predefined parameter availablefor usein setting adiffusion gradient level, often
paired with the timing parameterst di f f ort del t a.

tdelta
t DELTA
tdiff

Control diffusion sensitizing gradient pulse length (P)
Control separation of two diffusion sensitizing gradient pulses (P)
Diffusion sensitizing gradient pulse length control (P)

Flow encoding gradient level

Predefined parameter available for usein setting aflow encoding gradient level,
often paired with the timing parameter t f | ow.

tflow Pulse length control (P)
Gradient shape
Predefined string parameters available to specify gradient shapes.

Phase-encode gradient shape
Predefined string parameter to specify a phase-encode gradient shape.

Readout gradient shape
Predefined string parameter to specify a readout gradient shape.

Spoiler gradient level

Predefined parameter to set a spoiler gradient level. It is often paired with the
timing parameter t spoi | .

Crusher gradient control (P)
Spoiling gradient control (P)

tcrush
t spoi l

Slice-select gradient shape
Predefined string parameter to specify a slice-select gradient shape.
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di

hol d

A5 Parameters

Trim gradient level

Description:  Predefined parameter to set atrim gradient level.

Timing and Delay Parameters

A predefined group of timing and delay parametersispresent in all imaging parameter sets,
covering the range of most imaging and localized spectroscopy applications. All of these
parameters have units of seconds, and are created in VNMR as delay-type parameters The
parameter names generally start with either theletter t, suchast e andt r , or d, suchasdl1
and d2; thefirst letter has no particular significance. The names have been selected to
correspond as much as possible with common literature usage, but some variation in usage
occurs from sequence to sequence, particularly for names with no standard literature
definition, suchast crush andt spoi | .

It iscommon within a pulse sequence to use atiming or delay parameter to compute one or
more “internal” delaysthat are then used directly to control sequence timing. As an
example, t e isnever directly found as an argument to the pul se sequence statement

del ay. Instead, t e is used to determine smaller delays and events whose sum resultsin
the requested t e. However, thereis no general rule regarding which parameter is directly
used and which isindirectly used in internal calculations.

First delay

Description:  Length of the first delay in the standard two-pul se sequence and most other

pulse sequences. This delay is used to allow recovery of magnetization back to
equilibrium, if such adelay is desired.

Values. On MERCURY systems: 0, 0.2 ps to 150,000 sec. On GEMINI 2000 systems:. 0
t0 4095 sec, smallest value possibleis0.2 s, finest increment possibleis 0.1 us.
On systems with a Data Acquisition Controller board: 0 to 8190 sec, smallest
value possibleis 0.1 s, finest increment possibleis 12.5 ns. On systemswith a
Pulse Sequence Controller or Acquisition Controller board: 0 to 8190 sec,
smallest value possibleis 0.2 ps, finest increment possibleis 25 ns. On systems
with an Output board: 0 to 8190 sec, smallest value possible is 0.2 s, finest
increment possibleis 0.1 us. (Refer to acqui r e statement in the manual
VNMR User Programming for a description of these boards.)

Relaed: alfa Set al f a delay before acquisition (P)
d2 Incremented delay in 1st indirectly detected dimension (P)
d3 Incremented delay in 2nd indirectly detected dimension (P)
pad Preacquisition delay (P)

Post-trigger delay

Description: Delay parameter for specifying a hold time between an external trigger and the

start of the actual pulse sequence events.

For example, in cardiac triggered imaging, hol d provides a mechanism for
offsetting the start of the sequence by a variable amount to obtain images at
different timesin the cardiac cycle.

Seealso: VNMR Pulse Sequences

Related: ticks Number of trigger pulse (P)
xgate Load time counter (P)
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pad
Description:

Vaues:

Related:

tau-t au2
Description:

tcrush
Description:

Related:

tdelta
Description:

Related:

t DELTA

Description:

Preacquisition delay

Each NMR experiment starts with asingle delay time equal to pad over and
above the delay d1 that occurs before each transient. Normally, pad isset to a
small, nominal time (0.5 seconds) to allow any hardware changes that may be
required at the start of the acquisition to “settle in.” During experimentsin
which the temperature is changed, the acquisition starts pad seconds after the
temperature regulation system comes to regulation. Since the sample
temperature does not actually cometo equilibrium for sometime after that, it is
generally desirable to increase pad to perhaps 300 seconds. Thisis especially
true when running experiments involving arrays of temperatures. The pad
parameter is most useful for running kinetics experiments. For example,
pad=0, 3600, 3600, 3600, 3600 will run an experiment immediately
when go istyped (pad=0), then wait an hour (3600 seconds), run the second
experiment, etc.

On GEMINI 2000 systems: 0 to 4095, in seconds.
On systems other than GEMINI 2000: 0 to 8190, in seconds.

d1 First delay (P)
go Submit experiment to acquisition (C)

Delay

Predefined delays for general purpose use in imaging sequences. These delays

are also used in solid-state experiments.

Crusher gradient control

Delay parameter for use in controlling a crusher gradient. For example,
t cr ush isused in the MEMS sequence to control the pair of gradient events
that destroy coherent magnetization from unwanted stimulated echoes.

gcrush Crusher gradient level (P)
gspoi | Spoiler gradient level (P)
t spoi l Gradient spoiling time (P)

Control diffusion sensitizing gradient pulse length

Timing parameter to control the length of a diffusion sensitizing gradient pulse.
Most diffusion weighted imaging sequences use a pair of gradient pulses to
achieve contrast based on diffusion, each of length t del t a. The separationin
time between these gradient pulsesis normally defined ast DELTA, in an
attempt to correspond to the original definitions of Stejkal and Tanner (dand A).

gdi ff Diffusion gradient level (P)
t DELTA Control separation of two diffusion sensitizing gradient pulses (P)
tdiff Diffusion sensitizing gradient pulse length control (P)

Control separation of two diffusion sensitizing gradient pulses

Timing parameter to control the separation of apair of diffusion sensitizing
gradient pulses. Most diffusion weighted imaging sequences use a pair of
gradient pulsesto achieve contrast based on diffusion, each of length t del t a.
The separation in time between these gradient pulsesis normally defined as
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Related:

tdiff

te

Description:

Related:

Description:

Related:

tep

Applicability:
Description:

Values:
Related:

tfl ow

ti

Description:

Related:

Description:

A5 Parameters

t DELTA, in an attempt to correspond to the original definitions of Stejkal and
Tanner (6 and A).

gdi ff Diffusion gradient level (P)
tdelta Control diffusion sensitizing gradient pulse length (P)
tdiff Diffusion sensitizing gradient pul se length control (P)

Diffusion sensitizing gradient pulse length control

Timing parameter available to control the length of a diffusion sensitizing
gradient pulse. Standard Varian pul se sequences more commonly use the
parameter t del t a for this purpose.

gdi ff Diffusion gradient level (P)

tdelta Control diffusion sensitizing gradient pulse length (P)

t DELTA Control separation of two diffusion sensitizing gradient pulses (P)
Echo time

Echo time for imaging and some localized spectroscopy experiments.

For gradient and spin echo imaging sequences, t e isusually defined asthetime
measured from the middle of theinitial rf excitation pulse to the center of the
resulting echo. In multiecho sequences, t e also defines the time duration
between successive echoes, which is normally a constant interval. Multiecho
sequences with variable echo times are also possible, in which case thet e
period between successive echoes may take on arange of values represented by
at e array.

Some more unusual pulse sequences, such as stimulated echo, RARE and Fast
Spin Echo, uset e in ways somewhat different from the previously described
normal standards. Consult the descriptions in Chapter 2, “Imaging
Experiments,” for specific definitions of t e in these applications.

ne Number of echoes to be acquired (P)

Post-acquisition delay in EPI experiments (P)
Systems with echo planar imaging (EPI) capabilities.

Delay used in the EPI sequenceto adjust the beginning of dataacquisition. This
correction is necessary to alow for the finite (propagation) delay of gradient
pulses. This allows the user to center the EPI echoesin the acquisition window.

Number, in us. Typically 0 to 50 ps, depending on the gradient hardware.

epi set Set up parameters for EPI experiment (M)

Pulse length control
Timing parameter to control the length of a flow sensitizing gradient pul se.
of | ow Flow encoding gradient level (P)

Inversion recovery time

Recovery time following an inversion prepulse in inversion recovery
experiments. t i generally has a strong impact on image contrast, which
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tm

t pe

Related:

Description:

Description:

Related:

t pe2,tpe3

tr

318

Description:

Related:

Description:

depends on the T, relaxation time of the sample in different regions of the
image.

ir Inversion recovery mode (P)

pi Width of an inversion pulse (P)
pi pat Shape of an inversion pulse (P)
tpwri Inversion pulse power (P)

Stimulated echo mixing time

Time period in stimulated echo sequences between the second and third rf
pulses. t misalso used inthe | SIS pul se sequence to specify the time between
the last selective inversion pulse and the excitation pulse.

Duration of the phase encoding gradient pulse

The length of the phase encoding gradient period in imaging and CSI
experiments. swl, the spectral width in the indirect dimension, is determined
fromt pe asswl=1/t pe.t pe can be recomputed within the pulse sequence
to provide optimum performance, such as minimum echo time, or scaled to
match the required timing for slice refocusing and readout dephasing.

gpe Phase encoding gradient increment in DAC units (P)

nv Number of phase encode steps for 1st indirectly detected dim. (P)
swil Spectral width in 1st indirectly detected dimension (P)

t pe2,t pe3 Duration of 2nd and 3rd phase encoding gradient periods (P)

Duration of 2nd and 3rd phase encoding gradient periods

Lengths of the phase encoding gradient periods that control second spatial and
third spatial dimensionsin higher dimensional imaging and CSI experiments.

As an example, three-dimensional volume imaging sequence have two
independent phase encode axes, controlled by t pe andt pe2. It iscommon to
have a single phase encoding time block, in which two independent phase
encode gradients sharethe sasmetime period. Inthiscase, t pe andt pe2 would
be equal.

nv2 Number of phase encode steps for 2nd indirectly detected dim. (P)
nv3 Number of phase encode steps for 3rd indirectly detected dim. (P)
sSwW2 Spectral width in 2nd indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

Repetition time in imaging and localized spectroscopy experiments

Repetition time of an experiment. The definition of repetition time can vary
somewhat from pulse sequence to pulse sequence. In general, for imaging
experiments, t r isthe time required to compl ete one transient of one phase
encode step, including relaxation delay, excitation, data acquisition, and any
post-acquire events, such as rf spoiling, phase encode rewinding, and gradient
turn-off.

For multidlice and/or multiecho imaging sequences, t r includes the complete
multslice and multiecho train (for standard arrayed slice acquisitions, wherethe
second character inseqcon iss, the completetrainisnot included, andt r is
the repetition time for each slice position).
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Some 1D experiments, such asSTEAM and ISISarea sowrittenusingt r , with
the similar definitionthat t r isthe repetition time per transient.

t r describesthetotal duration of all eventsin a pulse sequence, and is never
directly found as an argument to “delay.” Instead, t r isgenerally used in
precal cul ations to determine the time required to pad the sum of programmed
events up to the desired repetition time. This padding delay is often found in the
pulse sequence as “predelay.”

Related: seqcon Acquisition loop control (P)

Relaxation delay

Description:  Timing parameter to specify arelaxation delay. A common usefort r el ax

t spoi |

would be asthe inter-image delay in a series of fast images.

Gradient spoiling time

Description: Delay parameter for use in controlling a spoiling gradient. Many imaging

sequencesuset spoi | to set the additional time that the slice-select gradient
ison, symmetrically bracketing the 180° refocusing pulse, to spoil any
magnetization excited by the 180 itself.

Related: gcrush Crusher gradient level (P)
gspoi | Spoiler gradient level (P)
tcrush Crusher gradient control (P)

RF Pulse Lengths, Pulse Power Levels, Shaped Pulse Patterns

The predefined rf pulse parameters have been chosen to cover the magjority of imaging and
localized spectroscopy applications. In most cases, atrio of related parameters are
available, specifying the pulselength, the associated power level, and an rf waveform shape
if required. An exampleisthe “parameter group” p1,t pw 1, and plpat . These are, in
fact, three independent parameters, and there is no hard rule that requires them to be
associated. It is convenient to write a pul se sequence so that, for example, the power level
for pulseplist pw 1, and the parameter specifying the shape of p1 isnamed plpat .
Standard Varian imaging sequences are written in an attempt to have pulse names follow
the obvious progression of the sequence, and where possible to use names that are
descriptive of their function. For example, an inversion recovery spin-echo sequence would
start with an inversion pulse of length pi  (with a power level specified by t pwri and
pattern specified by pi pat ), followed by the 90° slice selective excitation pulse (p1,

t pw 1, plpat ), and ending with the 180° refocusing pulse (p2, t pwr 2, p2pat ).

All pulse length parameters are defined in VNMR as type “ pulse,” meaning that pulse
durations are entered in ps. The standard limit on maximum pulse length is 8190 ps. Use
theset | i m t command to increase the upper limit on length. Remember that pulse
durations are internally converted to seconds for purposes of pulse sequence calculations
(refer to the manuals VNMR Command and Parameter Reference and VNMR User
Programming for more detailed information).

The predefined pul se power parameters have maximum and minimum values derived from
the global configuration parameters par max and par mi n. These limits are specified
during theinitial system configuration process (see the command conf i g) and depend on
the system hardware. Power levels are integer values, on alogarithmic dB scale (on VXR
and UNITY generation SISCO systems, a unit change in a power-level parameter
corresponds to a 0.5-dB change in output power). Pulse power levels are controlled by
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selecting avariablelevel of attenuation at the output of the transmitter. The minimum power
level (not necessarily zero on al systems) does not result in zero transmitter output, but
simply minimum output, which depends on the attenuator range.

Pulse shape parameters are string parameters that may be used to hold the name of an rf
pattern file found in alocal or system shapel i b. Pulse sequences are generally written
using these shape parameters, instead of hard-coding the shape names, to allow the pulse
shapes to be changed conveniently in the parameter set from the command line or amacro.

Pulse Length Parameters

pw, p1—p5 Pulse length

pi

pnt

psat

320

Description:  General purpose rf pulse length parameters, used to specify pulse durations

where a descriptive name is not required.

Definition and usage will vary from sequence to sequence. Standard Varian
imaging sequences use pulse labelsin ascending numerical order to correspond
with rf pulses as they occur in the timeline of sequence events.

Values. Number, in ps.

Related: pwpat , plpat —p5pat Pulse shape (P)
t pwr -t pwr 5 Pulse power levels (P)

Inversion pulse length

Description:  Pulse length for an inversion pulse, often used as an optional first pulse

preceding the main sequence to provide contrast based on T, relaxation. A pi
pulse is often programmed so that it can be toggled on or off by the user with
theinversion-recovery flagi r .

Related: ir Inversion recovery mode (P)
pi pat Inversion pulse shape (P)
ti Inversion recovery time (P)
tpwri Inversion pulse power (P)

Magnetization pulse length

Description:  Pulse length for a magnetization transfer pulse, often used as an optional first

pul se preceding the main sequenceto provide magnetization-transfer contrast.A
pmt pulseis often programmed so that it can be toggled on or off by the user

with the flag nt .
Related: nt M agnetization transfer on/off (P)
nt pat M agnetization transfer pulse rf shape (P)
nt pwr M agnetization transfer pulse power level (P)

Saturation pulse length

Description:  Pulse length for a saturation pulse, often used as an optional first pulse

preceding the main sequence to provide water, fat, or solvent suppression. A
psat pulseisoften programmed so that it can be toggled on or off by the user
with the flagsws or pr esat .

Related: presat Presaturation pulse execution on/off (P)
satfrq Presaturation frequency (P)
sat pat Presaturation pulse rf shape (P)
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sat pwr Saturation/presaturation pulse power level (P)
ws Water suppression (P)
wsfrq Specify water suppression frequency (P)

Pulse Power Parameters

dpwr —dpwr 5
Description:

Related:

nt pwr
Description:

Related:

sat pwr

Description:
Related:

t pwr -t pw 5

Description:

Related:

t pwri

Description:

Related:

Power levels for second channel events

General purpose rf decoupler power parameters, used to specify power levels
for events on a second channel.

Refer to the VNMR Command and Parameter Reference for information about
the additional use of these parametersin nonimaging applications.

Pulse shape (P)

Power level of obs. transmitter with lin. amp. (P)

decpat —decpat 5
t pw —t pwr 5

Magnetization transfer pulse power level
Pulse power level for magnetization transfer pulse.

nt M agnetization transfer on/off (P)
nt pat Magnetization transfer pulse rf shape (P)
pnt Magnetization pulse length (P)

Saturation/presaturation pulse power level
Pulse power level for saturation or presaturation pulse.

psat Saturation pulse length (P)
presat Presaturation pul se execution on/off (P)
sat pat Presaturation pulse rf shape (P)

Pulse power levels

General purpose rf power parameters, used to specify pulse power levelswhere
adescriptive name is not required. Definitions and usages vary from sequence
to sequence, but generally, names for pul se powers and lengths correspond, for
example, t pwr 2 usually describes the power level for pulse p2.

Pulse length (P)
Pulse shape (P)

pw, p1-pS
pwpat , plpat —p5pat

Inversion pulse power level

Pulse power level for an inversion pulse. It specifies the peak power of
transmitter pulses corresponding to pi .

ir Inversion recovery mode (P)
pi Inversion pulse length (P)

pi pat Inversion pulse shape (P)

ti Inversion recovery time (P)

Pulse Shape Parameters
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decpat —decpat5 Pulse shape

Description:  General purpose rf decoupler parameters used to specify pulse shapesfor pulses

nt pat

on asecond rf channel.
Related: dpw —dpwr 5 Power levels for second channel events (P)

Magnetization transfer pulse rf shape
Description:  Holds the name of the rf shape used for a magnetization transfer pulse.
Related: nt M agnetization transfer on/off (P)
nt pwr M agnetization transfer pulse power level (P)
prmt Magnetization pulse length (P)
plpat —p5pat Pulse shape

pV\pat ’

Description:  General purpose string parameters used to specify rf pul se shape nameswhen a

pi pat

descriptive nameis not required. Definitions and usages vary from sequence to
sequence, but thereis a general correspondence between names for pulse
shapes, for example, p2pat iscommonly used to describe the shape name for

pulse p2.
Related: pw, p1—p5 Pulse length (P)
t pwr —t pwr 5 Pulse power levels (P)

Inversion pulse shape

Description: Holds the name of the rf shape used for inversion pulse pi .

sat pat

Related: ir Inversion recovery mode (P)
pi Inversion pulse length (P)
ti Inversion recovery time (P)
tpwri Inversion pulse power level (P)

Presaturation pulse rf shape

Description: Holds the name of the rf shape used for a presaturation pulse.

322

Related: presat Presaturation pul se execution on/off (P)
psat Saturation pulse length (P)
sat pwr Saturation/presaturation pulse power level (P)

Dimensions, Positions, and Orientations

The predefined field-of -view (FOV) parameters cover the mgjority of al imaging and
localized spectroscopy applications in common use. A number of these parameter names
are expected by certain VNMR functions, and it is advisable to retain these namesto avoid
any incompatibilities. For example, thedconi (ori nconi ) program getsthe dimensions
for axis display from the parameters| r o and | pe.

Units for the dimensional and positional parameters arein cm and mm, depending on the
particular parameter. In general, image FOV and slice and readout positions have units of
cm. Slice thickness and voxel dimensions for localized spectroscopy have units of mm.
Dimension and position parametersare created in VNMR as standard real -ty pe parameters,
with no special limits.

Orientation of an imaging plane is specified through a set of three Euler angle parameters.
The user normally does not directly set these Euler angle parameters, but instead controls
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the orientation of the imaging plane through the parameter or i ent or through interactive
graphical planning of new imaging orientations.

Image Field-of-View and Orientation Parameters

| pe
Description:

Values:
Related:

| pe2
Description:

Vaues:
Related:

| pe3
Description:

Values:
Related:

Field of view size for phase encode axis

The size of the image field of view along the phase-encode dimension. | pe is
used by dconi (andi nconi ) to specify the phase-encode axis dimensions
when the axi s parameter is set to positional units of cm or mm.

To changel pe, enter the desired value through the VNMR command line, and
thenruni npr ep to update other dependent parameters. | pe, gpe, andt pe
arerelated by the expression y* | pe*t pe* gpe=1.

Number, in cm.

axi s Axislabel for displays and plots (P)

dconi Interactive 2D contour display (C)

gpe Phase encoding gradient increment (P)

i mconi Display 2D datain interactive gray-scale mode (M)

i mprep Set up rf pulses, imaging, and voxel selection gradients (M)
Iro Field of view size for readout axis (P)

set gpe Set phase encode gradient levels (M)

swl Spectral width in 1st indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

Field of view size for 2nd phase-encode axis

The size of the field of view along a second phase-encode dimension. Higher
order phase-encode dimensionsare found in 3D volumeimaging, and Chemical
Shift Imaging (CSl) experiments with two spatial dimensions.

Number, in cm.

gpe2 2nd phase encoding gradient increment (P)

i mprep Set up rf pulses, imaging, and voxel selection gradients (M)
| pe3 Field of view size for 3rd phase-encode axis (P)

seqcon Acquisition loop control (P)

set gpe Set phase encode gradient levels (M)

sSW2 Spectral width in 2nd indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

Field of view size for 3rd phase-encode axis

Thesize of thefield of view along athird phase-encode dimension. Higher order
phase-encode dimensions are found in Chemical Shift Imaging (CSI)
experiments with three spatial dimensions.

Number, in cm.

gpe3 3rd phase encoding gradient increment (P

i mprep Set up rf pulses, imaging, and voxel selection gradients (M)
| pe2 Field of view size for 2nd phase-encode axis (P)

seqcon Acquisition loop control (P)

set gpe Set phase encode gradient levels (M)

sW3 Spectral width in 3rd indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

01-999163-00 A0800 VNMR 6.1C User Guide: Imaging 323



Appendix A. Commands, Macros, and Parameters

Iro Field of view size for readout axis

Description: Thesize of theimagefield of view along the readout dimension. This parameter
isused by dconi (andi ntoni ) to specify the readout axis dimensions when
the axis parameter is set to positional units of cm or mm.

To changel r o, enter the desired value through the VNMR command line, and
then run the macro i npr ep to update other dependent parameters. | r o, sw,
and gr o arerelated by the expression sw=y* | r 0* gr 0.

Values: Number, incm.

Related: axi s Axislabel for displays and plots (P)
dconi Interactive 2D contour display (C)
gro Readout gradient strength (P)
i mconi Display 2D datain interactive gray-scale mode (M)
i mprep Set up rf pulses, imaging, and voxel selection gradients (M)
| pe Field of view size for phase-encode axis (P)
setgro Set readout gradient (M)
sSw Spectrum width (P)
ori ent Slice plane orientation

Description:  The orientation of an imaging plane, volume, or projection in the magnet
reference frame.The allowed settings of orient aret r ans, cor, sag, and
obl i que, corresponding to transverse (Z slice plane), coronal (Y slice plane),
and sagittal (X diceplane). t r ans, cor, and sag are the three “major”
orientations, that is, they have readout, phase-encode, and slice selection axes
that are combinations of the three major X, Y, and Z laboratory frame axes.

.The table on the right

lists the complete Ph Si
descriptions of the three Orientation Readout E asz Séce
major orientations hcode ect
Anobliqueorientationis trans Y X z
angled so that it does not cor b X Y
correspond to one of the sag Z v X

three major planes. The
frame of reference for
imaging orientation is
the magnet bore, with the Z axis lying along the bore. For a horizontal bore
magnet, the X and Z axesare parallel tothefloor, withY inthevertical direction.
For avertical bore magnet Z liesalong the bore in the vertical direction, with X
andY parallel to thefloor. X andY orientation in avertical system depends on
the rotational position of the gradient set.

ori ent isaconvenient way to specify imaging plane orientation, but
underlying or i ent are three additional parametersthat explicitly control the
orientation. These arethe Euler angle parameterspsi , phi ,andt het a, which
are used to precisely set the imaging plane to any arbitrary major or oblique
orientation, and to communicate thisinformation to the pul se sequence. Two of
these Euler angle parameters, psi andt het a, determine the orientation of a
vector that is perpendicular to the desired imaging plane (the slice position pss
specifies the distance from the origin to the imaging plane along this vector).

t het a isthe angle between thisvector and the magnet Z axis. psi istheangle
between the projection of thisvector onto the magnet XY plane, and the magnet
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Values:
Related:

Description:

Values:
Related:

A5 Parameters

Y axis. Thethird angle, phi , determines the rotational orientation of the
imaging plane about the psi-theta vector.

Thetable on theright lists the
three mgjor orientations
specified by these combinations
of phi, psi,andt het a. trans 0 0 0

Orientation theta psi phi

Enteringori ent =" trans’ cor 90 0 0
automatically setsthese

parameters to the proper values. =g %0 90 0
In all three cases, phi is zero,
and its function isto rotate the
imaging plane about the orientation vector. Thus, to reverse the readout and
phase-encode axes in an image, set phi to 90 instead of 0.

The three major imaging plane orientations are unique in their combinations of
psi, phi,andt het a, and so can be easily represented with the designations
transverse, coronal, and sagittal. Orientations that do not lie in one of these
major planes are “oblique,” and have at least one of the Euler angle parameters
set to a value other than 0 or 90. Since there are a nearly limitless number of
obligue orientations, any honmajor orientation has have or i ent set to

" obl i que' , indicating only that the Euler angle parameters describe a
nonmajor plane.

Setting or i ent =" obl i que' does not determine a unique orientation, so
instead there are two mechanisms for specifying oblique planes. Thefirstisto
enter avalueof psi , phi, ort het a that does not specify one of the major
imaging planes, for examplet het a=45. Thesecondistofollow theinteractive
planning procedure that allows graphical setup of imaging orientation from an
existing scout image. Either of these procedures automatically set or i ent to
' oblique'.

"trans','sag','cor','oblique'

dori ent Diffusion gradient orientation (P)

orient2 Other orientation (P)

phi Euler angle for defining imaging plane orientation (P)
pl an Display menu for planning atarget scan (M)

psi Euler angle for defining imaging plane orientation (P)
pss Slice position (P)

sori ent Saturation band gradient orientation (P)

theta Euler angle for defining imaging plane orientation (P)
vori ent Voxel orientation (P)

Euler angle for defining imaging plane orientation

One of the three Euler angles used to define imaging plane orientation. phi
determines the angular rotation of the image plane about aline normal to the
image plane. phi isgenerally not set directly by the user, but instead either by
entering astring valueinto the or i ent parameter or through interactive
graphical planning of a new imaging plane from an existing scout image. phi
can be used to rotate the readout axisinto the phase-encode axis, and vice-versa.
To do this, add (or subtract) 90 to the current value of phi .

—180 to +180, in degrees.

ori ent Slice plane orientation (P)
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pro

psi

pss
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Description:

Vaues;

Related:

Description:

Values:

Related:

Description:

psi Euler angle for defining imaging plane orientation (P)
theta Euler angle for defining imaging plane orientation (P)

Position of image center on the readout axis

The readout position measured from the gradient coordinate origin. pro is
independent of imaging plane orientation, and is the distance from the gradient
origin to the center of the image along the readout direction. pr o is used by
most imaging pul se sequences as an argument to thepof f set function, which
internally computes the spectrometer frequency required to center the readout
axis at the value of pr 0. The value of pr o can be entered manually, or
graphically with movepr o.

Number, in cm.

Iro Field of view size for phase encode axis (P)
novepr o Move the imaging readout position (C)
resto NMR resonance offset frequency (P)

Euler angle for defining imaging plane orientation

One of the three Euler angles used to define imaging plane orientation. psi is
the angle formed by the projection of aline normal to the imaging plane onto
the magnet XY plane, and the magnet Y axis. psi isgenerally not set by the
user directly, but instead either by entering a string valueinto the or i ent
parameter, or through interactive graphical planning of a new imaging plane
from an existing scout image.

—90 to +90, in degrees.

orient Slice plane orientation (P)
phi Euler angle for defining imaging plane orientation (P)
theta Euler angle for defining imaging plane orientation (P))

Slice position

Slice position measured from the gradient coordinate origin. pss is
independent of imaging plane orientation and is the distance from the gradient
originto the desired imaging slice along the imaging plane orientation vector. It
can be arrayed to specify alist of slice positions for amultislice imaging
experiment. Most multislice sequences acquire datafollowing the order of slice
positions found in pss. A monotonic list of positions, for example,

pss=1, 2, 3, 4, 5, 6, resultsin multislice excitation in that order.

To get interleaved dlice excitation order (e.g., 1,3,5,2,4,6), pss should be
arrayed exactly asdesired, for example, pss=1, 3, 5, 2, 4, 6. The number of
slicesin amultislice experiment is determined by the number of arrayed
elementsinpss, andisdisplayed in the parameter ns, which cannot bedirectly
entered, and only reflects the number of values found in the pss array. To
increase or decrease the number of slices, pss must be changed or reentered,
after which ns is automatically updated. Although pss isan acquisition
parameter, arraying it does not normally result in a conventional “arrayed”
experiment.

When seqcon is set to specify multislice acquisition in compressed mode,
pss protection bit 8 isturned on, turning off the automatic arrayed experiment
feature. Inthiscase, thevaluesof pss areread into the pul se sequence and used
inthepof f set _|i st (orposition_offset |ist) pulsesequence
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Values:
Related:

theta
Description:

Related:

t hk
Description:

Values:
Related:

A5 Parameters

statementsto specify thelist of slice positions. For thisreason, theda command
does not normally display the values contained in apss array. To see thislist
of values enter the command da( ' pss') .

Number, in cm.

da Display acquisition parameter arrays (C)
gss Slice selection gradient strength (P)

ns Number of slicesto be acquired (P)
seqcon Acquisition loop control (P)

sl i ceorder Reorder the dlice position list (M)

t hk Slice thickness (P)

Euler angle for defining imaging plane orientation

One of the three Euler angles used to define imaging plane orientation. t het a
isthe angle formed by the line normal to the imaging plane, and the magnet Z
axis. t het a isgeneraly not directly set by the user, but instead set either by
entering astring valueinto the or i ent parameter or through interactive
graphical planning of a new imaging plane from an existing scout image.

orient Slice plane orientation (P)
phi Euler angle for defining imaging plane orientation (P)
psi Euler angle for defining imaging plane orientation (P)

Slice thickness

Slice thickness for a 2D imaging plane or 3D dlab selection. To changet hk,
enter the desired value through the VNMR command line, and then run the
macroi npr ep to update other dependent parameters.t hk andgss arerelated
by the expression gss=10* BW ( y*t hk) where BWisthe bandwidth of therf
pulse used for slice selection.

Number, in mm.

gss Slice selection gradient strength (P)
i mprep Set up rf pulses, imaging, and voxel selection gradients (M)
set gss Select dlice or voxel selection gradient levels (M)

Voxel Dimension, Position, and Orientation Parameters

posl-pos3
Description:

Position of voxel center

Voxel position measured from the gradient coordinate origin. pos1, pos2,
and pos 3 are independent of voxel orientation and are the distances from the
gradient origin to the center of the desired voxel along the three axes of the
rotated coordinate frame specified by the voxel orientation. Voxel positions are
most often be determined through theinteractive voxel planning procedurefrom
ascout image, but can be entered manually through the command line.

Thevoxel position ultimately used during pul se sequence execution, to compute
the spectrometer offset frequency required to place the center of the voxel at the
correct spatial positionin the presence of avoxel selection gradient, isdescribed
by the equation:

of f set =r est o+y*posl*gvox1.
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Thissimplecalculation isthe basisfor the pul se sequence statement pof f set .
Because the frequency offset is determined internally by the pulse sequence at
run time, it is not necessary to run thei npr ep macro after changing pos1.

Vaues. Number, incm.

Related: gvoxl-gvox3 Gradient strength for voxel selection (P)
i nprep Set up rf pulses, imaging and pulse power levels (M)
pl an Interactive slice and voxel selection (M)
resto NMR resonance offset frequency (P)
vori ent Voxel orientation (P)
vox1-vox3 Voxel dimensions (P)
vox1l-vox3 Voxel dimensions

Description:  Voxel dimension for volume localized experiments. Volume localized
experiments (such as STEAM and I SIS) can be oriented so that voxel edgeslie
parallel to major magnet axes, or edges may have oblique angle orientations
relative to major axes. For this reason, parameters that define voxel dimensions
do not refer to the X, Y, and Z axes in their names.

Voxel dimensions are most often determined through the interactive voxel
planning procedure from a scout image, but can be manually entered through

the command line. i npr ep updates other parameters that depend onvox1,
VOX2, 0or vox3.

vox1 and gvox1 arerelated by the expression gvox1=10* BW ( y*vox1),
in which BWis the bandwidth of the rf pulse used for voxel selection (similarly
for vox2 and vox3).

Vaues: Number, in mm.

Related: gvox1l-gvox3 Gradient strength for voxel selection (P)
i mprep Set up rf pulses, imaging and voxel selection gradients (M)
pl an Interactive slice and voxel selection (M)
posl-pos3 Position of voxel center (P)
vori ent Voxel orientation

Description:  Orientation of avoxel in the magnet reference frame, typically in localized
single-voxel spectroscopy experiments such as STEAM and ISIS.

vor i ent correspondsin its basic definitionsto its sister parameter or i ent ,
with the substitution of the axis designators“1,” “2,” and “3” for the descriptors
“readout,” “phase encode,” and “slice select.” vori ent , inturn, determines
three Euler angle parameters, vphi ,vpsi ,and vt het a, which are analogsto
thephi , psi ,andt het a parameters. For example, if vori ent =' sag' ,
pos1 liesaong Z, pos2 aongY, and pos3 aong X, with voxel Euler angles
vt het a=90, vpsi =90, and vphi =0.

Values. 'trans','sag','cor',’'obli que'

Related: ori ent Slice plane orientation (P)
pl an Interactive slice and voxel selection (M)
posl-pos3 Position of voxel center (P)

vphi, vpsi,vtheta  Euleranglesfor voxel orientation (P)
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vphi, vpsi,vtheta Euler angles for voxel orientation

Description:

Related:

Special

dori ent
Description:

Related:

Euler angles used to define voxel orientation. Definitions are similar to the
imaging plane orientation definition parameters phi , psi , andt het a.

Generally, voxel Euler angles are not directly set by the user, but instead are set
either by enteringastringvalueintovor i ent or through interactive graphical
planning of avoxel plane from an existing scout image.

phi Euler angle for defining imaging plane orientation (P)
psi Euler angle for defining imaging plane orientation (P)
theta Euler angle for defining imaging plane orientation (P)
pl an Interactive slice and voxel selection (M)

vori ent Voxel orientation (P)

Purpose Orientation Parameters

Diffusion gradient orientation

Orientation of adiffusion gradient with respect to the magnet coordinate
system. Description and definition isequivalent tovori ent .

dphi , dpsi,dtheta  Euler anglesfor diffusion gradient orientation (P)
vori ent Voxel orientation (P)

dphi, dpsi, dt heta Euler angles for diffusion gradient orientation

Description:

Related:

orient2
Description:

Related:

Euler angle parameters used to define diffusion gradient orientation.
Descriptions and definitions are equivalent to vphi , vpsi , and vt het a.

dori ent Diffusion gradient orientation (P)
vphi, vpsi, vt heta Euler angles for voxel orientation (P)

Other orientation

Spare orientation parameter for use in defining the orientation of any gradient
other than for diffusion, saturation, slice, or voxel with respect to the magnet
coordinate system. Description and definition are equivalent tovor i ent .

vori ent Voxel orientation (P)
phi 2, psi 2, t het a2 Euler angles for other orientations (P

phi 2, psi 2, theta2 Euler angles for other orientations

Description:

Related:

sori ent

Description:

Related:

01-999163-00

Spare Euler angle parameters. Descriptions and definitions are equivalent to
vphi,vpsi,and vt het a.

orient2 Other orientation (P)
vphi , vpsi, vt heta Euler angles for voxel orientation (P)

Saturation band orientation

Orientation of a saturation band with respect to the magnet coordinate system.
Description and definition is equivalent tovor i ent .

sphi, spsi, stheta Euler anglesfor saturation band orientation (P)
vori ent Voxel orientation (P)
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sphi, spsi, stheta Euler angles for saturation band orientation

Description:  Euler angle parameters used to define saturation band orientation. Descriptions

and definitions are equivalent to vphi , vpsi , and vt het a.

Related: sorient Saturation band orientation (P)
vphi, vpsi,vtheta  Euler anglesfor voxel orientation (P)

Frequency Offsets and Spectral Widths

Predefined frequency offset parameters are provided to cover the majority of common
applications, such aswater suppression, magnetization transfer, or chemical shift selection.
All of these frequency parameters have units of Hz, and are created in VNMR as frequency-
type parameters.

Most vertical bore microimaging systems have frequency resolution of 0.1 Hz, while most
horizontal imaging systems have frequency resolution of 1 Hz. Some pul se sequences may
use certain frequency offsets differently than others, that is, in some cases, a frequency
offset parameter may be an absolute offset from the base spectrometer frequency, and in
other cases it may be a delta, or relative offset, from some other reference frequency.

Frequency Parameters

chessfrq Chemical shift selective pulse frequency
Description:  Frequency offset parameter for use in specifying the frequency for a chemical
shift selective pulse.
Related: of f set Calculate and display absolute frequency offset at cursor (M)
resto NMR resonance offset frequency (P)

resto

NMR resonance offset frequency

Description:  Fregquency offset used as a chemical shift reference by most imaging and

330

localized spectroscopy sequences, typically set to the offset of the water
resonance in biological samples.

Selection of the desired slice or voxel position isaccomplished internally by the
pof f set and pof f set | i st pulse sequence elements by computing the
frequency offset required to excite at a position in space that is the product of
the position and the gradient strength used. A chemical shift reference offset
resto must be added to this offset, for example:

of f set =r est o+y*pss*gss

As an example, suppose the chemical shift offset for water is 4000 Hz, and the
desired dlice position is 3 cm from center with a2 G/cm gradient. The offset
reguired to position the slice 3 cm from the gradient origin is 25,548 Hz

(Y* pss*gss=4258* 3* 2). The 4 kHz water resonance offset must be added
tothisvalueto avoid an error of 4.7 mmintheslice position. Thus, r est o must
be added to the gradient produced offset to give the proper frequency offset
29,548 Hz. (Theof f set macro may be used to determinethevalueof r est o
from a one-dimensional spectrum.)

In sampleswhere more than one chemical shift speciesexists, such aswater and
fat in biological samples, there is aways some error in spatial positioning of at
least one of the chemical species due to the chemical shift difference. The
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Related:

satfrq

Description:

Related:

wsfrq

SW

Description:

Related:

A5 Parameters

chemical shift specified by r est o thereforeis most accurately positionedin an
image or localized spectroscopy voxel.

Users of vertical bore microimaging system may choose to adjust Z0 to bring
the reference chemical shift on resonance, and set r est 0=0. Most horizontal
boreimaging systems do not have aZ0 shim adjustment, so thisisnot an option.

gss Slice selection gradient strength (P)
of f set Calculate and display absolute frequency offset at cursor (M)
pss Slice position (P)

Presaturation frequency

Frequency offset parameter for use in specifying the frequency for
presaturation.

of f set Calculate and display absolute frequency offset at cursor (M)
pr esat Presaturation pul se execution on/off (P)
resto NMR resonance offset frequency (P)

Water suppression frequency

Frequency offset parameter for use in specifying the frequency for water
suppression.

of f set Calculate and display absolute frequency offset at cursor (M)
resto NMR resonance offset frequency (P)
ws Water suppression (P)

Spectral Width Parameters

The spectral width parameterssw, swl, sw2, and sw3 are used somewhat differently in
imaging than in analytical high-resolution spectroscopy, because of the addition of
gradients and spatial dimensions. Refer to the manual VNMR Command and Parameter
Reference for more complete descriptions of these parameters and to the definitions here
for the small differences to these descriptions as they apply to imaging applications.

Description:

Vaues:

Spectral width in directly detected dimension

Total width of the spectrum to be acquired, from one end to the other, as
described in the manual VNMR Command and Parameter Reference.

Inimaging experiments, swisgenerally used asthe direct time axis, associated
with the acquisition of an echo or FID in the presence of areadout gradient. The
value of swisthus determined by the relationship that includesthe readout FOV
dimension, and readout gradient strength: sw=y* | r o* gr 0. Because of this
dependence, swmust be recomputed whenever | r o or gr o are changed, which
can be accomplished with thei npr ep or set gr o macros.

Though sw has units of Hz, it is most common to display images with spatial
axesof cmor mm. Theaxi s parameter isused to tell the display routines what
units to place on axes, and how to scale the aspect ratio in two-dimensional
images for proper representation of an image. However, some aspects of image
display (such as cursor positions output by the mar k command) may be
represented in Hz by certain functions or macros.

Number, in Hz.
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swl

SW2
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See dso:
Related:

Description:

Related:

Description:

Related:

Getting Sarted

at Acquisition time (P)

axi s Axislabel for displays and plots (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
Iro Field of view size for readout axis

np Number of data points (P)

setgrad Set readout gradient (M)

swl Spectral width in 1st indirectly detected dimension (P)

Spectral width in 1st indirectly detected dimension

Spectral width for the first indirectly detected dimension of amultidimensional
image data set, asin conventional analytical spectroscopy.

Inimaging, swl is generally a phase-encoding dimension created by stepping
through arange of phase encode gradient levels with a constant time gradient
pulse (number of steps set by the parameter nv), instead of incrementing adelay
asin analytical 2D spectroscopy. Because phase encoding is afunction of both
time and gradient, swl has no real significance (asit generally doesin 2D
spectroscopy where swl=1/ d2) other than to act as an artificia value for use
by image display and processing routines. The choice of value for swl is
therefore somewhat arbitrary, and isgenerally setto 1/t pe by i npr ep.

Even though d2 is not used as an incremental delay in imaging sequences, its
value may in fact be automatically incremental in noncompressed segquences.
For this reason, imaging pul se sequences should never use d2, unless an
incremental delay dependent on the value of swl is specifically required.

Refer to the manua VNMR Command and Parameter Referencefor information
about the additional use of swl in nonimaging applications.

d2 Incremented delay in 1st indirectly detected dimension (P)

i nmprep Set up rf pulses, imaging and voxel selection gradients (M)

nv Number of phase encode steps for 1st indirectly detected dim. (P)
sw Spectral width in directly detected dimension (P)

sw2 Spectral width in 2nd indirectly detected dimension (P)

sw3 Spectral width in 3rd indirectly detected dimension (P)

t pe Duration of the phase encoding gradient pulse (P)

Spectral width in 2nd indirectly detected dimension

Spectral width for the second indirectly detected dimension of a
multidimensional data set, used in 3D volume imaging for the third spatial
dimension, or CSl for the second spatial dimension. See swl for description,
except that number of phase encode stepsis controlled by the parameter nv 2.

Refer to the manua VNMR Command and Parameter Referencefor information
about the additional use of sw2 in nonimaging applications.

i nprep Set up rf pulses, imaging and voxel selection gradients (M)

nv2 Number of phase encode steps for 2nd indirectly detected dim. (P)
sw Spectral width in directly detected dimension (P)

swl Spectral width in 1st indirectly detected dimension (P)

swW3 Spectral width in 3rd indirectly detected dimension (P)

t pe2, t pe3 Duration of 2nd and 3rd phase encoding gradient periods (P)
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cf

ne
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Spectral width in 3rd indirectly detected dimension

Description:  Spectral width for thethird indirectly detected dimension of amultidimensional

data set, used in 3D CSl (three spatial dimensions, one spectral dimension) for
the third spatial dimension. See swl for description, except that number of
phase encode steps is controlled by the parameter nv 3.

Refer to the VNMR Command and Parameter Reference for information about
the additional use of sw3 in nonimaging applications.

Related: i nprep Set up rf pulses, imaging and voxel selection gradients (M)
nv3 Number of phase encode steps for 3rd indirectly detected dim. (P)
sw Spectral width in directly detected dimension (P)
swl Spectral width in 1st indirectly detected dimension (P)
sSW2 Spectral width in 2nd indirectly detected dimension (P)

tpe2,tpe3 Duration of 2nd and 3rd phase encoding gradient periods (P)

Experiment Control Parameters

Experiment control parameters can be divided into two classes:

» Counters are integer parameters used to specify the number of elementsin different
acquisition loops, such as the number of phase encode stepsin a2D image or the
number of dlicesin amultislice imaging sequence.

» Flagsarestring parameters used in many pul se sequencesto turn on or turn off various
optional functions, such as a presaturation pulse or inversion-recovery preparation.

Compressed vs. Arrayed Data Acquisition
Multidimensional experiments are acquired in either standard (also called arrayed) mode,

or compressed mode. ni is used to control standard acquisitions, and nf to control
compressed acquisitions. For more information, refer to the parameter seqcon.

Experiment Counters

Current FID

Description:  Specifies which FID to operate on when working with multi-FID compressed

data. All subsequent operations, such as Fourier transformation, are applied to
the selected data block. Individual images from a compressed multislice
acquisition, for example, are selected through the cf parameter. Setting cf =3
selects slice number 3 (in the order acquired, not necessarily in position order).

Refer to the manua VNMR Command and Parameter Referencefor information
about the additional use of cf in nonimaging applications.

Values: Number, 1 through the value of parameter nf .

Related: fl ashc Convert compressed 2D data to standard 2D format (C)
ne Number of echoes to be acquired (P)
nf Number of FIDs (P)
ns Number of slicesto be acquired (P)

Number of echoes to be acquired

Description:  The number of echoesin a multiecho experiment.
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All multiecho acquisitions must be in compressed mode. ne isthen used asthe
limit for the echo loop counter in pul se sequences with this capability.

Values. 1 todesired number, in integer steps.

Related: cf Current FID (P)
nf Number of FIDs (P)
ns Number of slicesto be acquired (P)
seqcon Acquisition loop control (P)
te Echo time (P)
set| oop Control arrayed and real-time looping (M)
nf Number of FIDs

Description:  The number of compressed acquisitions in a compressed multidimensional,
multislice, or multiecho experiment. nf isnot normally entered directly, but is
set automatically when required through other parameters, such asne, ns, or
nv. The parameter nf , together with np, governsthetotal number of pointsthat
are acquired during one pass through the pulse sequence code, including all
loops. The single requirement is that this number of points be equal to the
product nf * np.

Refer to the manua VNMR Command and Parameter Referencefor information
about the additional use of nf in nonimaging applications.

Values: Positive integer.

Related: i nprep Set up rf pulses, imaging and voxel selection gradients (M)
ne Number of echoes to be acquired (P)
ni Number of incrementsin 1st indirectly detected dim. (P)
ns Number of slicesto be acquired (P)
nv Number of phase encode steps for 1st indirectly detected dim. (P)
seqcon Acquisition loop control (P)
set | oop Control arrayed and real-time looping (M)
ni Number of increments in 1st indirectly detected dimension

Description:  The number of standard incrementsin the first indirectly detected dimension of
amultidimensional acquisition. ni isnot normally directly entered inimaging
experiments. Instead, nv to control the number of 2D increments.

Refer to the VNMR Command and Parameter Reference for information about
the use of ni in 2D spectroscopy experiments.

Seealso: User Guide: Liquids

Related: i nprep Set up rf pulses, imaging and voxel selection gradients (M)
nf Number of FIDs (P)
nv Number of phase encode steps for 1st indirectly detected dim. (P)
seqcon Acquisition loop control (P)
set | oop Control arrayed and real-time looping (M)
ns Number of slices to be acquired

Description:  Number of slicesin a compressed multislice experiment. The number of slices
isdetermined by the number of arrayed elementsinpss, andisdisplayedinns,
which cannot be directly entered, and reflects only the number of values found
inthe pss array.
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nt

nv

Values:
Related:

Description:

Values:

Related:

Description:

Vaues:

Description:

A5 Parameters

To increase or decrease the number of dlices, pss must be changed or re-
entered, after which ns is automatically updated. When the multislice control
character inseqcon iss, indicating a standard arrayed mode of data
acquisition for multiple slices, ns isset to 1. The number of slices can then be
determined directly from the pss array.

Number, 1 to desired number, in integer steps.

cf Current FID (P)

ne Number of echoes to be acquired (P)

nf Number of FIDs (P)

pl an Display menu for planning atarget scan (M)
pss Slice position (P)

seqcon Acquisition loop control (P)

set | oop Control arrayed and real-time looping (M)

Number of data points (P)

Sets number of data points to be acquired. Generally, np is a dependent
parameter and is calculated automatically when swor at ischanged. If a
particular number of data pointsisdesired, np can be entered, in which case at
becomes the dependent parameter and is calculated based on swand np.

On GEMINI 2000, np is constrained to be amultiple of 64. Upper limit for np
on broadband systemsis 128,000, the limit on 1H/13C systemsis 64,000. These
limits can be doubled withtheset | i m t commandif dp='n" .

On MERCURY, 64 to 128,000, in steps of 64 (dp does not affect the limit
because on MERCURY dp isalways' y' ).

On systems other than the GEMINI 2000, np is constrained to be amultiple
of 2 (Acquisition Controller or Pulse Sequence Controller board) or a
multiple of 64 (Output board). (Seethe acqui r e statement in the manual
VNMR User Programming for a description of these boards.)

at Acquisition time (P)

dp Double precision (P)

setlimt Set limits of a parameter in atree (C)

sw Spectral width in directly detected dimension (P)

Number of transients (P)

Sets the number of transients to be acquired (i.e., the number of repetitions or
scans performed to make up the experiment or FID).

1to 1€9 (for MERCURY, the hardware limitsnt to 16e6). For an indefinite
acquisition, set nt to avery large number such as 1€9.

Number of phase encode steps for 1st indirectly detected dimension

The number of phase encode steps for thefirst indirectly detected dimensionin
amultidimensional imaging or CSI experiment.

Ina2D or 3D image, nv controlsthe resolution in the second spatial dimension
(I pe). InaCsl experiment, nv controlsthe first spatial dimension (I pe). The
lower level parametersni and nf areautomatically set each timeavalue of nv
isentered, through the macroset | oop, which usesthe seqcon parameter to
determineif the acquisition is standard or compressed in the dimension
controlled by nv, and appropriately sets either ni or nf . Becausenv is
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explicitly used in most imaging pul se sequences to specify the number of phase
encode steps, the user should never directly setni or nf , but instead set nv, and
let the software automatically assign ni and nf .

Values. Number greater than O, usually in powers of 2. Typical values: 0, 64, 128, 256.

Related: fl ashc Convert compressed 2D data to standard 2D format (C)
i nprep Set up rf pulses, imaging and voxel selection gradients (M)
| pe Field of view size for phase encode axis (P)
nf Number of FIDs (P)
ni Number of incrementsin 1st indirectly detected dimension (P)
nv2 Number of phase encode steps for 2nd indirectly detected dim. (P)
nv3 Number of phase encode steps for 3rd indirectly detected dim. (P)
seqcon Acquisition loop control (P)
set| oop Control arrayed and real-time looping (M)
nv2 Number of phase encode steps for 2nd indirectly detected dimension

Description:  The number of phase encode steps for the second indirectly detected dimension
in amultidimensional imaging or CSI experiment.

Ina3D image, nv2 controls the resolution in the third spatial dimension

(I pe2). Ina2D (or higher) CSI experiment, nv2 controls the second spatial
dimension (I pe2). Thelower level parametersni and nf areautomatically set
each time avalue of nv is entered, through the macro set | oop, which uses
theseqcon parameter to determineif the acquisition isstandard or compressed
in the dimension controlled by nv2, and appropriately sets either ni or nf .
Because nv 2 isexplicitly used in most imaging pul se sequences to specify the
number of phase encode steps, the user should never directly set ni or nf , but
instead set nv2, and let the software automatically assign ni and nf .

Related: fl ashc Convert compressed 2D data to standard 2D format (C)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)

| pe2 Field of view size for 2nd phase-encode axis (P)

nf Number of FIDs (P)

ni Number of incrementsin 1st indirectly detected dimension (P)

nv Number of phase encode steps for 1st indirectly detected dim. (P)

nv3 Number of phase encode steps for 3rd indirectly detected dim. (P)

seqcon Acquisition loop control (P)

set | oop Set values for ni and nf to control arrayed and real-time looping (M)
nv3 Number of phase encode steps for 3rd indirectly detected dimension

Description:  The number of phase encode stepsfor thethird indirectly detected dimensionin
amultidimensional experiment.

Ina3D CSl experiment (three spatial dimensions, one chemical shift
dimension), nv3 controls the third spatial dimension (I pe3). The lower level
parametersni and nf areset automatically eachtimeavalueof nv3 isentered,
through the macro set | oop, which usesthe seqcon parameter to determine
if theacquisitionisstandard or compressed in the dimension controlled by nv3,
and appropriately setseither ni or nf . Because nv3 isexplicitly used in most
imaging pul se sequences to specify the number of phase encode steps, the user
should never directly set ni or nf , but instead set nv3, and let the software
automatically assign ni and nf .

Related: fl ashc Convert compressed 2D datato standard 2D format (C)
i mprep Set up rf pulses, imaging and voxel selection gradients (M)
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ticks
Description:

Related:

A5 Parameters

| pe3 Field of view size for 3rd phase-encode axis (P)

nf Number of FIDs (P)

ni Number of incrementsin 1st indirectly detected dim. (P)

nv Number of phase encode steps for 1st indirectly detected dim. (P)
nv2 Number of phase encode steps for 2nd indirectly detected dim. (P)
seqcon Acquisition loop control (P)

set| oop Set values for ni and nf to control arrayed and real-time looping (M)

Number of trigger pulses for external gating

Specifies the number of trigger pul ses the system waits before proceeding with
pul se sequence execution. Most imaging pulse sequences include the pulse
sequence function xgat e(ti cks) to synchronize thetiming of pulse
seguence execution with an external trigger event. Although any parameter
name may be chosen by the pulse sequence programmer, t i cks is predefined
and available for this use.

hol d Post-trigger delay (P)
xgat e Load time counter (P)

Flag Parameters

Description:
Values:
Related:
mt
Description:
Values:
Related:
pi | ot
Description:

Inversion recovery mode

A flag used to turn on or off execution of an inversion-recovery pre-pulsein
sequences that include this capability. Generally used to control an inversion-
recovery block that uses the parameterspi , pi pat ,ti,andt pwi .

"y' specifiesinversion recovery mode; ' n' specifiesthe modeis not used.

pi Inversion pulse length (P)

pi pat Inversion pulse shape (P)

ti Inversion recovery time (P)
tpwri Inversion pulse power level (P)

Magnetization transfer on/off

A flag used to turn on or off magnetization transfer preparation in sequencesthat
include this capability. This parameter is generally used to control a
magnetization transfer block that uses the parameterspnt , nt pat , and

nt pwr.

'y' meansturn on magnetization transfer, ' n* meansturn it off.

nt pat M agnetization transfer pulse rf shape (P)
nt pwr M agnetization transfer pulse power level (P)
prmt M agnetization pulse length (P)

Automatic sequence calculation

Specifies automatic or manual calculation of gradient refocusing levelsin
imaging pul se sequences. The automatic mode pul se sequence calculations are
generally quite reliable, but it may sometimes be of interest to verify these
calculations by arraying the parameters with pi | ot set to the manua mode.
Operating at the extreme limits of the pul se sequence, such as ultra-short echo
times, may also require some fine adjustment of refocusing gradient levels.
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Values:
Related:
pr esat
Description:
Values:
Related:
rfspoil
Description:
Values:
Related:
ws
Description:
Values:
Related:

'y' setsthe automatic mode that uses internally computed refocusing levels;
'n' setsthe manual modethat bypassesinternal calculations and directly uses
the values found in the parameters gssr and gr or .

gror Read out dephasing gradient (P)
gssf Slice selection fractional refocusing (P)
gssr Slice selection refocusing gradient (P)

Presaturation pulse execution on/off

Sets whether to turn on or off execution of a presaturation pulse in sequences
that include this capability. This parameter is generally used to control a
presaturation block that uses the parameterspsat , sat f r g, sat pat , and
sat pwr.

'y' meansturn on execution; ' n' meansturn it off.

psat Saturation pulse length (P)

satfrq Presaturation frequency (P)

sat pat Presaturation pulse rf shape (P)

sat pwr Saturation/presaturation pulse power level (P)

RF spoiling on/off

Sets whether to turn on or off rf spoiling in sequences that include this
capability. Thisparameter isgenerally used to control an rf spoiling block in fast
gradient echo sequences.

"y' meansturnonrf spoiling; ' n' meansturn it off.
rf phase Phase angle (P)
Water suppression on/off

Sets whether to turn on or off water suppression in sequences that include this
capability.

"y' meansturn on water suppression; ' n' means turn off water suppression
or to specify additional charactersin some pulse sequences that provide more
than one water suppression technique.

wsfrq Water suppression (P)

Acquisition Loop Control

Several special parameters common to all imaging experiments exist for providing
information for automated setup or controlling pul se sequence execution. These are
seqgcon and thelist parametersf |l i plist,patlist,plist,pwlist,and

ssl i st . Thelist parameters(covered inthe next section) allow linking rel ated parameters,
suchaspl,t pw 1, plpat, together for use by automated setup macros.
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seqcon Acq

A5 Parameters

uisition loop control

Description:  Controls the status of various

possible looping processes in most
imaging sequences.

Position Loop

Values: 5-character string. The table on the First Multiecho
right shows how each character Second Multislice
position has* placevalue’ and affects Third 1st Phase Encode (2D)
adifferent looping operation. Fourth 2nd Phase Encode (3D)
The value of each character controls Fifth 3rd Phase Encode (4D)

the type of loop used during pulse

sequence execution for the

corresponding sequence function (not all looping functions are present in most
sequences):

n specifiesthat this particular looping operation isnot used in the sequence.

s setsthelooping operation to occur during the execution of pul se sequence
generation in the host computer as a standard arrayed acquisition. Each
pass through the loop generates a new acode set for execution in the
acquisition computer, in turn returning a new data block in the FID file. A
standard loop therefore lies outside the signal averaging (transient counter)
loop. Parameter arrays and the implicit 2D loop are standard loops. The
multiecho loop cannot be a standard loop because of the rapid timing
restrictions normally associated with multiecho data acquisition.

¢ setsthe looping operation to occur dynamically in the acquisition
computer, controlled by real-time pulse sequence variables. Each pass
through a compressed |oop generates a new datatrace that is concatenated
with datafrom previous passesthrough that |oop to form asingle data bl ock
in acquisition memory. Acquisition data memory must therefore be large
enough to hold the total amount of data from any compressed acquisition
loops before it is ultimately sent back to the host computer. Compressed
loops lie inside the signal averaging loop.

Pul se sequence loop execution can be easily toggled between compressed and
standard modes by changing the appropriate character field in seqcon.
Changing the character field allows the same pul se sequence code to be used for
different applications. For example, time course imaging studies are easily
achieved by using a compressed phase encode mode, which completes each

image before the next begins.
Examples: The following table lists some common seqcon settings.. e

nD seqcon Application

1 'nnnnn' 1D spectroscopy

2 'ncsnn’ 2D imaging with compressed multislice, standard phase
encode

2 'nscnn' 2D imaging with compressed phase encode and arrayed
slice position (common in fast imaging sequences)

2 'cssnn' 2D imaging with compressed multiecho and arrayed
dlice position

2 'ccsnn' 2D imaging with compressed multiecho and multislice

3  'nncsn’ 3D imaging with compressed phase encode loop in 2D,

and standard phase encode loop in 3D
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Related:

nD Application dimension (P)

ne Number of echoes to be acquired (P)

ns Number of slices to be acquired (P)

nv Number of phase encode steps for 1st indirectly detected dim. (P)
tr Total repetition time of an acquisition sequence (P)

Pulse and Gradient List Parameters

Thelist parameters provide information used in automated computation of rf power levels,
and dlice or voxel selection gradient levels. Each of these parameters can be arrayed to form
a series of parameter names or values (arraying these parameters does not cause arrayed
data acquisition). Every list has an entry corresponding to each rf pulse in the sequence,
providing sets of information about other parameters that are linked to each pulse event,
such as power level, shaped pattern name, etc. All but the parameter f | i pl i st arestring
parameters, and the entriesin these string lists are the names of the parametersthat describe
the corresponding attribute (which can be inferred from the list parameter name itself).
Examples are given for the parameter set found in the SEM S imaging sequence.

fliplist
Description:
Related:
pl
Description:
Values:
Related:
patli st
Description:
340

Flip angle list

Containsalist of the desired flip anglesfor each rf pulse. Of the list parameters,
fliplist istheonly numerical parameter, the rest are string parameters.
Eachentry infli pl i st specifiesthetarget flip angle that the corresponding
pulse should achieve in the sequence. The automated setup routines use this
information, together with the pulse calibration database to compute the
required power level. SEM S is a spin-echo imaging sequence, which typically
uses 90° and 180 ° pulses, giving f | i pl i st =90, 180.

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
patli st Pulse shape parameter list (P)

plist Pulse length parameter list (P)

pw i st Pulse power level parameter list (P)

ssli st Gradient parameter nameslist (P)

First pulse width
Length of first pulsein the standard two-pul se sequence.

On MERCURY systems: 0, 0.2 ps to 4095 pus. On GEMINI 2000 systems: 0, 0.2
to 4095 ps, in 100-ns steps. On systems with a Data Acquisition Controller
board: 0, 0.1 to 8190 ys, in 12.5-ns steps. On systems with Pulse Sequence
Controller or Acquisition Controller boards: 0, 0.2 to 8190 s, in 25-ns steps.
On systems with Output boards: 0, 0.2 to 8190 us, in 0.1-us steps. (Refer to the
acqui r e statement in the manual VNMR User Programming for adescription
of these boards.)

pl Enter pulse width p1 in degrees (C)

Pulse shape parameter list

Contains alist of the parameters that define the rf shapes used for each rf pulse
in the sequence. The SEM S sequence uses two parameters to define the shapes
used by thefirst and second rf pulses, p1 and p2. These parametersare p 1pat
and p2pat ,withpat | i st="plpat',6 ' p2pat"'.
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Related:
pli st
Description:
Related:
pwli st
Description:
Related:
ssli st
Description:

Related:

A5 Parameters

patli st isalist of the shape file names, not the shape file names themselves
(e.g., pat | i st would not be set to the explicit namessi nc, gauss).

fliplist Flip anglelist (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
pli st Pulse length parameter list (P)

pw i st Pulse power level parameter list (P)

ssli st Gradient parameter nameslist (P)

Pulse length parameter list

Containsalist of the rf pulselength parameter names used by the sequence For
example, the SEM S sequence has a90° pulse (p1) and a 180° refocusing pulse
(p2), withpl i st="pl"',"' p2'.

fliplist Flipanglelist (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
patli st Pulse shape parameter list (P)

pw i st Pulse power level parameter list (P)

ssli st Conjugate gradient list (P)

Pulse power level parameter list

Contains alist of the rf power parameter names used for each pulse in the
sequence. The SEM S sequence uses the parameterst pwr 1 and t pwr 2 to

specify the power for the two corresponding pulses p1 and p2, for example:
pwlist="tpw1l , 6 '"tpw2'.

fliplist Standard flip angle list (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
patli st Pulse shape parameter list (P)

pli st Pulse length parameter list (P)

ssli st Gradient parameter nameslist (P)

Gradient parameter names list

Containsalist of the gradient parameter names used for slice or voxel selection
with each rf pulsein the sequence. The SEM S sequence usesthe parameter gss
to define the dlice select gradient level for both rf pulses, giving
sslist="gss', ' gss'.Somerfpulsesinasequence may not be slice or
voxel selective, such as a presaturation or inversion pulses. The corresponding
entry inssl i st for these pulses should be 'n' .

Another exampleisthe | SIS sequence, which hasatotal of four pulses. Thefirst
three are voxel selective, with levels specified by the parametersgvox1,
gvox2,andgvox3,asin ssli st =" gvoxl','gvox2','gvox3' ,'n'

fliplist Standard flip anglelist (P)

gss Slice selection gradient strength (P)

i mprep Set up rf pulses, imaging and voxel selection gradients (M)
patli st Pulse shape parameter list (P)

pli st Pulse length parameter list (P)

pw i st Pulse power level parameter list (P)

Target Parameters
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Each imaging and localized spectroscopy experiment contains a group of parameters that
are used to hold information on atemporary basis during the planning of new imaging slices
or spectroscopy voxels. These are called target parameters, because they are used to
transfer positional and orientational values planned from an existing scout image to a new
target experiment. Each of the normal parameters that describe positions, dimensions, and
orientations has a corresponding target parameter, with anamethat isformed by adding the
prefix t _. For example, slice positionsthat are planned for anew target experiment are held
intheparametert _pss; orientationsfor anew target dice plane are held in the parameters
t _phi,t_psi,andt _t heta, etc.

Miscellaneous Parameters

This section lists miscellaneous parameters that do not belong in the previous categories.

appnode Application mode
Applicability: All systems except GEMINI 2000.

Description:  Allows selection of specialized system applications modes, such asimaging, by
setting the global parameterssysnacl i bpat h, sysnenul i bpat h, and
syshel ppat h. For example, in/ vnimr / macl i b isasubdirectory
macl i b. i magi ng that contains macros used primarily with imaging
applications. Similarly, in/ vnnr / menul i b isasubdirectory
menul i b. i magi ng for imaging-related menus. By separating the imaging
macros and menus into subdirectories, access to imaging-specific macros and
menus is more convenient. This separation also allows minor modifications to
some macros and menus while retaining the names that are in common use or
required by other VNMR commands.

Thedconi menuillustrateshow appnode works. In normal 2D spectroscopy
operation (defined by setting appnode=' st andar d' ), thedconi menu
displays a button labeled Peak that provides access to interactive 2D peak-
picking. With appnode="i nagi ng' , however, thisbutton is labeled Mark
instead and now performsthe 1D or 2D mar k function, which is more
appropriatefor imaging data. Thedconi menutailored for imagingisfoundin
menul i b. i magi ng, which is searched by VNMR before searching the /
vnnr / menul i b directory whenappnode issetto' i magi ng' . Thesearch
orderisuserdi r+' /?' followed by vnnr sys/ macl i b, macl i bpat h,
sysmacl i bpat h, andthen/ vnnr/ macl i b.

Thevalue of appnode can be set either by entering its value directly from the
command line or by selecting the Setup button from the Main Menu and then
clicking on the App Mode button. New applications modes can be added by
creating the appropriate subdirectoriesin/ vnnr / macl i b,/ vnnr/

menul i b,and/ vnnt / hel p, and adding the desired applications mode name
tothe _appnode macro. Subdirectories should be named by adding the file
extension .appnodenane to the corresponding parent directory name (for
example, macl i b. sol i ds, menul i b. aut omati on).

Values: ' standard' setsstandard application mode.' i nagi ng' setsimaging
application mode.

Related: config Display current configuration and possibly change it (M)
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fn Fourier number in directly detected dimension

Description:  Selects the Fourier number for the Fourier transformation aong the directly
detected dimension. This dimension is often referred to as the fo dimension in
2D data sets, the f3 dimension in 3D data sets, etc.

Values: ' n' or anumber equal to a power of 2 (minimum is 32). If f n is not entered
exactly asapower of 2, it isautomatically rounded to the nearest higher power
of 2 (e.g., settingf N=32000 givesf n=32768). f n can belessthan, equal to,
or greater than np, the number of directly detected data points:

e If f nislessthan np, only f n points are transformed.

* If f n isgreater than np, f N minus np zeros are added to the data table
(“zero-filling”).

e Iff n="n',fnisautomatically set to the power of 2 greater than or equal

tonp.
Related: fnl Fourier number in 1st indirectly detected dimension (P)
fn2 Fourier number in 2nd indirectly detected dimension (P)
np Number of data points (P)
fnl Fourier number in 1st indirectly detected dimension

Description:  Selects the Fourier number for the Fourier transformation along the first
indirectly detected dimension. This dimension is often referred to asthe f1
dimension of amulti-dimensional dataset. The number of incrementsalong this
dimension is controlled by the parameter ni .

Values. f nlissetinamanner analogoustotheparameter f n, with np being substituted

by 2* ni .
Related: fn Fourier number in directly detected dimension (P)
fn2 Fourier number in 2nd indirectly detected dimension (P)
ni Number of incrementsin 1st indirectly detected dimension (P)
np Number of data points (P)
hono Homodecoupling control for first decoupler

Applicability: All systems except MERCURY and GEMINI 2000; however, MERCURY and
GEMINI 2000 automatically use gated decoupling whent n and dn are bothin
the high band (i.e., if t n and dn is*H or 1°F, and dme' y' ).

Description:  Enables time-shared decoupling. Unlike thedm dmm and hs parameters,
hono isnot under “status’ control. On systemswith type 2 or 3 interface board
(api nt erf ace=2 or api nt er f ace=3), hono does not control any signal
routing; the position of therel evant relaysis controlled by whether homonuclear
decoupling (t n equalsdn) or heteronuclear decoupling (t n not equal todn) is
in effect.

Values: OnYNTYINOVA and UNITY plus, thevaluesare' n' or'y' , where:
* 'n' specifiesno gating.
« 'y' specifiesthat thereceiver isgated, which is done by controlling the
observe L.O. (local oscillator) line. If dm="y" , first decoupler rf,
amplifier (blanked/unblanked), and preamplifier are gated. If

dm=' n' , no gating of these signals takes place. When hono is set to
"y',dnmshould besetto’ ¢' for continuous wave (CW) modulation.

On UNITY and VXR-S, thevaluesare' n' or'y' , where:
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* 'n' disables decoupler time-sharing, which is appropriate for
heteronuclear decoupling or for cases in which the decoupler is off
during acquisition.

« 'y' selectstime-shared decoupling, which is appropriate for
homonuclear decoupling in which the receiver is gated off when the
decoupler is on. On systems with the type 1 interface board
(api nterface=1),hono="y' alsocausesthedecoupler signal to be
combined with the observe signal before being sent to the probe.

Related: api nterface AP Interface board type (P)

dn Nucleus for first decoupler (P)
hono2 Homodecoupling control for second decoupler (P)
hono3 Homodecoupling control for third decoupler (P)
tn Nucleus for observe transmitter (P)

nD Application dimension

Description:  Setsthe number of spatial dimensions. nDisused in automated setup to specify
the number of phase encode dimensions that must be computed.

Vaues: 1,2,3,0r4.nDis2in 2D imaging, and 3 in 3D imaging.

Related: i nprep Set up rf pulses, imaging and voxel selection gradients (M)
seqcon Acquisition loop control (P)
pet abl e Table name in tablib

Description:  Specifies the name of atableint abl i b. The table named by pet abl e is
normally used to control the phase encode (k-space) order during data
acquisition in sequences that offer this capability. Sequences written to support
external phase encodetablesgenerally allow pet abl e=' n' , inwhich casethe
phase encode order is computed internally in the conventional monotonic order.
t abc, theroutinethat reordersdataacquiredin tableorder, alsousespet abl e
to obtain the name of the table to be used in the reordering process.

Related: tabc Convert datain table order to linear order (M)

presig Preamplifier signal level selection

Applicability: “NTINOVA and UNITY plus imaging systems, or “NTYINOVA and UNITY plus
spectrometers with selectable large-signal mode preamplifiers.

Description:  Controls preamplifier signal level selection.

Values: ' h' gignifies high-signal mode at the preamplifier. If the signal level is
unusually high, this value providesincreased signal handling capacity, at some
reduction in signal-to-noise. This mechanism is separate from the receiver gain
control, which should be optimized before changing pr esi g.

"1"' dignifieslow signal mode at the preamplifier. This value provides the best
signal-to-noise performance and should be used in normal operation for low to
moderate signal levels

''n' signifiesnot used. pr esi g defaultsto low-signal mode at the preamplifier
if the hardware is present.

Related: gai n Receiver gain (P)
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rfcoil
Description:

Related:

rf phase
Description:
Description:

Related:

A.6 Image Browser Commands Not in VNMR

RF pulse calibration identity

Specifiesan entry inthe pul secal (pulse calibration) database. Information
from pul secal isused for automated computation of rf power levels.

i mprep
pul secal

Set up rf pulses, imaging and voxel selection gradients (M)
Create, modify, or delete entry in pulsecal rf caibration file (M)

Phase angle
Phase angle used for rf spoiling in sequences that include this capability.
Number, in degrees.

rfspoil RF spoiling on/off (P)

A.6 Image Browser Commands Not in VNMR

dat a_header _set

Syntax:
Description:

Arguments:

Examples:

See also:

vol _extract
Syntax:

Description:

Arguments:

Related:

vol _mp

Syntax:

01-999163-00 A0800

Create and set float header variables (C, not in VNMR)
dat a_header _set (' parnanme','command')

Provides away of creating and setting new “float” type header variablesin
images that have aready been loaded in to Image Browser.

par nane isthe header parameter name that is created (if it does not exist) in
all selected images.

conmmand isthe command line sent to the UNIX shell by

dat a_header _set . Thestandard input of command isalist of namesof the
selected images (in the order that the images were sel ected).

frane_select ('none',1,2,3)

data_header _set ('nyparm ,'cat data')

In the previous example, thef r ame_sel ect command selects frames 1, 2,

and 3. Thendat a_header _set setsthe header mypar min thefirst three
images to the respective values of the three numbersin the dat a file.

Chapter 4, “Image Browser,”

Extract one plane orientation (C, not in VNMR)

vol _extract (['xt'|'yz'|'xz'],
[.last_slice [, incr]])

first_slice

Extracts one orientation of planesasselected by ' xy' (the default),' xz' , or
'yz' ; used to process 3D data.

first__sli ce extracts only that plane number.

| ast __sliceextractsplanes>=first_sliceand<=l ast_slice.
i ncr istheincrement between successive dices; it should be positive.
vol _m p Extract one slice (C)
Extract one slice (C, not in VNMR)
vol _mp (['xy"|"yz"|"xz'],

[, incr]])

first_slice [,last_slice
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Description: Extracts only one slice, which is the pixel-by-pixel maximum of al the slices
that vol _ext ract would have extracted; used to process 3D data.

Arguments. first__slice extractsonly that plane number.
| ast __slice extractsplanes>=first_sliceand<=l ast_slice.
i ncr istheincrement between successive slices; it should be positive.

Related: vol _extract  Extract one plane orientation(C)
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Symbols

.par directory parameters, getting, 62
.par directory, saving parametersin, 63
.par parameters, getting, 62

xpan file suffix, 197

_gcoil macro, 20

Numerics

18000 pulse
length, measuring, 62
measuring, 285
1D data, Fourier transforming, 62
1st indirectly detected dimension, 334, 335
Fourier number, 343
2D and 3D backprojection, 225
2D data
acquiring, 290
compressed, converting to standard, 285
displaying, 278
displays, interactively adjusting, 62
Fourier transforming, 62, 288
2D experiments
acquisition, submitting to, 291
gray scale image, 292
2D images, 29
acquiring, 237
reconstructing, 232
2D spin-warp imaging sequence, 26
2nd indirectly dimension, 336
3D datafile, displaying, 279
3D data set, changing a 2D plane within a, 289
3D experiments
display 3D datafile, 279
3D images
acquiring, 237
calculating volume, 93
loading, 105
reconstructing, 232
3rd indirectly detected dimension, 336

A

acqfil directory, 46, 304
acqqueue directory, 197
acquiring
data, 333
number of data points, 335
acquisition
loop control parameters, 338
number of echoes, 333
number of scans, 335
number of dlices, 334
number of transients, 335
of FID with no processing, 291
preparation, 227
setting number of data points, 335
ADC overload error message, 42
adding images, 67, 77, 90, 95
addps macro, 273
ADJUST button, 70, 135
adjusting image brightness and contrast, 51
amplitude values, changing, 204
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angiography, 48

angled brackets (< or >) notation, 16

angular span of projections, 236

animated image, creating, 67

annotating text, 69, 90

Annotation tool, 154

aperiodic saturation (aps), 229, 235, 238, 240, 242,
244

application mode, 342
appmode parameter, 17
arithmetic functions, 67
array of values, setting, 62
arrayed data, acquiring, 333
arrayed spectra
showing, 42
showing a set of, 62
artifacts, EPI, 53
at parameter, 243
attenuating incoming signal, 42
auto on ROI change and drag modes, 91
automated setup, providing information for, 338
automatic sequence setup for gradients, 337
automatic teller machine (ATM) cards caution, 13
AV Sfileformat, 107

B

BO field shift, 248
backprojection
3D acquisition start and end angle values, 252
data management, 228
data, measuring, 228
distorted images, 245
dynamic range limitations, 244
first image, obtaining, 248
image acquisition phase, 236
image, creating, 226
imaging, 234
imaging artifacts, 244
imaging phantom setup, 248
measurement, starting, 231, 236
object size and field of view, 244
preparation phase, 236
programs, 249
pulse sequences, 229
reconstruction, 225, 228
references, 252
requirements, 225
routine usage, 229
bandpass filter
adjustment, 219
type, 251
baseline correction, 159
battery replacement, PGM preamplifier, 209
bind/unbind function, 81, 87
bins, setting the number of, 103
bitmap files, 68
blood flow studies, 48
BMP file format, 107
bore size of magnet, 307
Box ROI tool, 89, 147, 154
bp_2d
program, 225, 249
reconstruction, 240
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bp_3d program, 226, 249
bp_cmd file, 249
bp_image
.C parameters, 233
.par directory, 233
macro, 225
pulse sequence, 230
bp_mc program, 226, 249
bp_reco macro, 225, 228
bp_setup macro, 225, 234, 236, 250
bp_sort program, 226, 249
bp2d scheme, 235
macro, 225
measurement setup, 230
parameters, 227
pulse sequence, 229
bp2ds
excitation scheme, 235
pulse program, 240
bp3d macro, 225
bp3d scheme, 235
measurement setup, 230
bphelp file, 249
bptype parameter, 244
brightness, adjusting image, 51

C

calculating

dlice gradient, 300

statistics, 66
calibrating

pulse powers, 42
calibration file for gradient set, 19
cardiac

anatomy, 207

electrode leads, 215

PGM signal conditioning, 223

preamplifier, 210

trigger, 218
cautions defined, 11
cf parameter, 24
change bar, 16
changing

color of ROI tool, 88

directories, 73, 104, 135, 168
channel gain, 191
checking gradient strength, 236
chemical shift

artifacts, EPI, 55

image, See CSl
circular or spherical modulation, 246
clearing graphic frames, 72, 81, 137
collecting EPI data, 61, 284
colormap

.init file, 68, 133

definition, 68, 133
commands, Image Browser, not in VNMR, 100
compensation

amplitudes, 197

setting gain on, 205
compressed data

2D, converting, 285

acquisition, 333
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changing to standard, 45
process, 62
compressed GEMS
data, process, 50
dataset, convert, 62
Compute Target button, 23
contrast
agent studies, 47
image, adjusting, 51
controls
cardiac preamplifier, 210
PGM receiver, 213
conventions used in manual, 16
converting
compressed 2D data to standard format, 285
datain table order to linear order, 303
convolution filters, 69
corona image orientation, 20, 63
cos _low_passfilter, 251
counters, 333
create command, 99
creategtable macro, 19, 43, 256
createpfgtable macro, 256
creating
animated images, 67
backprojection images, 226
gradient calibration file, 43
graphic frames (Gframes), 70
markers, 130
metabolic maps, 132
credit cards caution, 13
CSsl
command panel, 130, 135
csi command, 134
Metabolic Map Display window, 164
startup files, 133
cubic spline interpolation, 81
curecc
file, 266
parameter, 194
current FID data block, 333
current gradient coil, 308
cursor, 77, 97
data processing, 88
data window, 97
functions, 97
tolerance function, 81
curve mode, 84, 150

D

d1 parameter, 21, 43, 63
DAC resolution, 23
data
acquiring, 333
acquiring points, 335
collecting, storing, and processing EPI, 61
converting to linear order, 303
enhancing, 77
getting and Fourier transforming, 62
saving in selected frames, 102
valuesrange, 83, 149
data_commands, 102
datasets, displaying, 232
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date and time message, 131
dconi command, 46, 51
deccgo

macro, 256

parameter, 257
decctool

macro, 62, 257

program, 43
decoupler

disabling, 43

homodecoupling control, 343
default parameters, loading, 62
degradation of image, 245
delay

first, 315

preacquisition, 316
deleting graphic frames (Gframes), 72, 81, 100
deselecting graphic frames, 101
destroy command, 99
destroygroup command, 99
deuterium lock, 22
dgm macro, 279
diastole period, 209

Digital Eddy Current Compensation (DECC), 43, 62,

199—206
dimensions
application, 344
spatial, setting, 344
voxel, 328
disabling lock, spinner, and decoupler, 43
disp3d program, 232, 279
display contrast, setting, 101
Display Control window, 170
display_ commands, 101
displaying
2D data, interactively, 278
3D FDFfile, 279
datasets, 232
EPI data, 284
GEMSimages, 51
Image Browser menus, 70
noninteractive gray scaleimage, 292
stacked spectra horizontally, 280
dividing images, 67, 77, 95
dmi macro, 51, 62, 280
double Fourier-transform datasets, 51
dpss macro, 280
drawslice macro, 273
drawvox macro, 273
dslice command, 24
dssh command, 42, 62, 280
dssl macro, 282
duty cycle, 194
and heat dissipation, 189
setting, 62
dynamic range limitations, backprojection, 244

E

ECC
boards, 181
decctool, 62
files, loading, 43, 203
files, saving, 203
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gain, setting on SDAC board, 204
hardware, 57
performance specification, 189
preemphasis theory, 199
procedures, GEMS requirements, 44
eccsend macro, 197
eccTool program, 43, 49, 62, 191, 194, 197, 282
ECG detection voltage threshold, 219
echo
command, 99
position, determining, 311
echo planar imaging, See EPI experiments
echo time, 39, 245, 317
specifying, 63
echoes, acquisition number, 333
eddy current compensation, See ECC
eddy currents, 191
effects, 48, 57
setting, 62
eddy.out file, 197
eddylib directory, 196, 197
eddysend macro, 191, 194
electrocardiography, 207, 208
electrode connections, cardiac electrode leads, 215
electromechanical coupling, 209
enhancing
data, 77
images, 67, 97
environment variables, 133
EPI, 51
advantages, 58
artifacts, 53
chemical shift effects, 55
data processing, 52
data, collecting, storing, and processing, 61
experimental procedure, 59
field inhomogeneity effects, 56
half-FOV ghosts, 53
imaging parameters, 59
interleaved sequences, 58
limitations, 52, 56
phase coherence, lost, 52
phase correction, 57
pulse sequence, 53, 54
sequence variations, 58
time-course experiments, 58
waveform shapes, 58
EPI experiments
acquisition delay time, 317
control phase encoding gradient, 313
data, collecting, 283
echoes, centering, 317
effective echo position, 283
EPI data, displaying and processing, 283
image, displaying, 283
image, processing, 283
images in FDF, saving, 284
number of EPI images to collect, 313
parameters, setting up, 284
phase file, generating, 283
readout dephasing gradient adjuster, 312
readout gradient adjuster, 311
readout gradient dephaser, 283
reverse spectral data, 283
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dlice gradient, calculating, 300
slice selection parameters, calculating, 300
EPSfile format, 107
equilibrium magnetization, 40
Error Messages option, 171
Euler angles, 24
parameters, 20
set imaging orientation, 268
excitation pulse
length, calculating, 63
shape, specifying, 63
excitation schemes pulse sequences, 236
exp* .xpan file, 197
exparray macro, 51, 62, 257
experiment
control parameters, 333
experiments
acquire and Fourier transform, 290
animal preparation, 217
counters, 333
hardware preparation, 216
macros and parameters, 32
obtain cardiac gated images, 221
repetition time, 318
retrieve FIDs from afile, 264
retrieve parameters from file, 264
save FIDs, 301
save parameters, 302
setting up, 44, 183, 216
single-pulse sequence, using a, 41
submit to acquisition, 291
submitting to acquisition, 62
experiments, starting ecc, 203
explib2
command, 24
macro, 284
exponential
array list, setting up, 62
pre-emphasis, 191
expr, executing, 103, 297
extracting one dice, 345

F

fast Fourier transform, 131
faulty projections, 245
FAX fileformat, 107
FDF, 65, 67, 74, 108, 133, 137
commands, 109, 173
files, 279
utility functions, 117
fdfgluer command, 109, 173
fdfsplit command, 173
FIDs
button, 291
current data block, 333
data, saving, 63
fid and fid.orig files, 46, 304
Fourier transform 1D FIDs, 287
getting, 47, 62
number acquired, 334
retrieve from afile, 264
savein current experiment, 301
showing, 50
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field inhomogeneity effects, EPI, 56
field of view
phase encode, 323
readout, 324
File Data Format (FDF)
commands, 173
file formats, 106
FDF, 67, 108
FITS, 106
ImageBrowser, 107
portable gray map, 107
PostScript, 107
VNMR phasefile, 67
FileBrowser, 73, 104, 168
files
FIDs, retrieving from, 264
FIDs, saving in experiment, 301
input/output, 104
parameters retrieving from, 264
parameters, saving from experiment to, 302
saving, 105
filter macro, 285
Fllter window, 96
filter_ parameter keywords, 251
filtering
functions, 77
images, 67
tool, 156
filters
data, 77
directories, 68, 69
saving to afile, 105
types of, 251
findpw macro, 42, 62, 285
first delay in pulse sequence, 315
first pulse width, 340
FITSfileformat, 107, 108
flag parameters, 337
flags, 333
flammable gases warning, 12
flash macro, 47, 49
flash3d macro, 258
flashc command, 45, 50, 51, 62, 285
Flexible Data Format, See FDF
Flexible Image Transport System, See FITSfile
format
flipangle
list, 340
set rf power levels, 265
fliplist parameter, 50, 63, 64
float type header, creating, 102
flow studies, 47
fn parameter, 63, 343
fnl parameter, 63, 343
format
command, 100
conversion, 45
Fourier number, 343
selecting phase and read dimensions, 63
Fourier transform, 231
1D data, 62, 287
2D data, 288
data, collecting and displaying, 42
signal, showing, 50
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frame
directories, 68
properties button, 71
properties menu, 80
Frame Props window, 136
Frametool, 70, 80, 147
frame_ commands, 100
frequency
difference maps, 131
encoding, 32
of NMR resonance offset, 330
offset to cursor location, set, 62
offset, determine, 42
offset, setting to cursor location, 62
ranges, 28
settings, 22
ft command, 46, 50, 62, 228, 234
ft2d command, 22, 24, 51, 62
ftnf macro, 50, 62, 290
full and fullt commands, 51
functional imaging, 48

G

gamacro, 21, 62, 290
gain parameter, 50, 234
gain, controlling incoming shims, 205
gains, setting on SDAC board, 204
gamma
correction property, 151
property, 82
Gamma button, 75
Gamma Correction
tool, showing, 101
window, 85, 151
gated spin echo imaging, 222
gating, PGM, 223
gcal parameter, 191
gcoil parameter, 20, 50, 63, 308
GEMS
data, processing compressed, 50
limitations, 48
requirements for using, 44
gems macro, 62, 258
getting and Fourier transforming data, 62
Gframes, 66, 69, 70, 81, 134, 136, 148
clearing, 72, 81
creating and manipulating, 70
deleting, 72, 81, 100
directory, 69
layout, loading and saving, 81
loading, 81, 101
manipulation tool, 74
mathematical expressions, 87
moving, 71, 137
operations, 135
refreshing and redisplaying, 108
related commands, 71
removing images from, 101
resizing, 72
saving, 81, 101, 105
selected, splitting, 80
selecting, 71, 81
selecting/deselecting, 101
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splitting, 72
splitting into rows and columns, 100
splitting selected frames, 80
tools, 80

GIF file format, 107

GIF87 file format, 107

gmax parameter, 309

Go button, 292

go macro, 22, 24, 50, 51, 62, 291

Go,Wft button, 291

gpe parameter, 21

gradient
2nd phase encode increment, 310
3rd phase encode increment, 311
amplifier, 43
calibration constant, 265
calibration file, creating, 43
calibration files, 19
calibration parameters, 307
coil, 189, 191, 308, 310
compensation, 191, 194, 197
control system cabinet, 190
echo, 33, 34
echo imaging sequence, 45
-echo sequence, EPI, 58
field display, 195
fields, spurious, 56
junction unit, 191
parameters, 314
phase encode dephasing, 311
phase encode increment, 310
power amplifiers, 191

recalled echo, multi-slice imaging sequence, 44

riserate, 310
risetime, 189
set, interna usable diameter, 307
spoiling time, 319
step size, 309
strength, 189, 309, 311, 313
strength, checking, 236
switching, EPI, 56
waveform generators, 191
waveshaping, 23
gradient pulses, setting limits for, 204
gradient strength, EPI, 56
gradients, setting gain on, 205
gradtables directory, 19
graphic frames See Gframes
graphical display, 93
graphics
functions, 132
G-Toolswindow, 136, 147
region of CSl window, 130
toals, 74, 80

gray scale image, displaying a noninteractive, 292

gro parameter, 21, 243, 311

grof parameter, 243

groupcopy command, 100

gss parameter, 21, 243, 312
0ss2,0ss3 parameters, 313

gssf parameter, 243
G-Toolswindow, 147
gvox1,gvox2,gvox3 parameters, 313
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H ImageMagick program, 106, 107
half FOV ghosts, EPI, 53 :m%i‘fgm command, 292
Hamming filter, 251 i

hardware application mode, 342

. basic concepts, 25
GEMS requirements, 48 coil, 190

PGM description, 209
header variables, creating and setting, 345
helium contact with body, 12
helium gas flowmeters caution, 14
high performance auxiliary gradients, 175
high-power amplifiers cautions, 14

collecting data, 44

concepts, 25

experiments, 25

macros and parameters, 32
orientation Euler angles, setting, 268
parameters, 38

histogram _ plane orientation, defining, 63
display limits, setting, 91 pulse sequences, 41
e”haf.‘c' ng, 97 reference frequency parameter, setting, 42
function, 77 setting up, 62
homo parameter, 22, 63, 343 dlice plan, 20
disabling, 43 imark macro, 292

homodecoupling control, 343
for first decoupler, 63
homonuclear decoupling, 22
horizontal projection of trace, 278
horizontally stacked spectra, 280
HPAG-183 accessory, 175, 178, 180, 185, 187, 189

imcalc macro, 293
imcalci macro, 294
imconi macro, 295
imconn macro, 295
imfit macro, 295
imprep
command, 21, 24
| macro, 42, 50, 62, 64, 231, 258
in_memory_prof parameter keyword, 251

i_size parameter keyword, 251 increased temperature, EPI, 57

ib_ui process, 69 indicators, PGM, 223

ileft macro, 297 info messages, 108

image Info-Messages option, 171
animating, 67 window, 94
arithmetic, 95 information displays, 104
brightness and contrast, adjusting, 51 inhibit delay feature, 213, 214, 218, 219, 220, 221,
calctool, 132 222
constructing an, 103 inhomogeneity effects, 48
degradation, 245 initial scout image, 17
displaying an, 51 initialization directory, 133
distortion, 48 input
dividing an, 67, 77, 95 /output jacks, PGM receiver, 214
enhancing, 67 data formats, 67
enhancing an, 67, 97 PGM, 223
filtering, 96 integer formats, 106
generation, 226 intensity trace, 97
getting image files, 104 interactive
intensity modulation, 246 fitting tool, 163
math tool, 75 planning, 275
reconstruction, 38, 132 interactive image planning, 253
reconstruction, off resonance spin echoes, 247 interleaved sequences, EPI, 58
rescaling an, 101 inverse Fourier transform, 287
resolution, 35, 48 inversion
rotation, 90, 95 prepulse recovery time, 317
segmentation, 92 pulse power, 321
storing an, 106 time parameter, 40

Image Browser, 65—109 inversion recovery, 229, 241
file formats, 107 experiments, 317
math tool, 111 mode, 337
Math, problems with, 127 sequence, 40
opening Math, 111 iplan macro, 253

imagefiles ir excitation, 229, 235, 240, 241
storing and getting, 104 ir pulse, 243

image planning, interactive, 253 isis macro, 259

Image Reconstruction window, 165
image_file parameter keyword, 251
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J
JPEG file format, 107

L

labels
storing, 76
|dof
macro, 42, 49, 62
parameter, 260
length command, 100
line
data processing, 87, 97
functions, 97
intensity traces, 97
ROI tool, 153
ROIs, 77, 97
linear
monotonic order data, 46, 303
scaling of image intensity, 292
liquid relaxation times, 39
list button, 99
load frames
button, 78
layout, 81
loading
eddy current compensation files, 43, 203
files, 104
graphic frames, 81
image parameter file, 41, 43
images, 73, 74, 105
macro text, 99
parameter, 22
parameters for imaging, 41
ROI into Gframe, 100
ROls, 88
location macro, 274
lock parameter, 42
disabling, 43
lockpower parameter, 43
looping processes control, 339
lost phase coherence, 52
|pe parameter, 63
Iphase dimension length, specifying, 63
Iright macro, 297
Iro parameter, 63

M

m_center parameters, 251
m_size parameter keyword, 250
maclib

directory, 255

imaging subdirectory, 17, 255
macros, 98

capabilities, 99

directory, 68, 134

imaging, 17

parameters as, 99

recording, 98

startup, 103

storage, See maclib

user-created, running, 290
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MAGICAL Il macro programming language, 67, 98

magnet quench warning, 12
magnetic

resonance spectroscopy, 26
magnetic media caution, 13
magnetization recovery, 315
magnitude calculation on profiles, 249
main magnetic field strength, 307
makephf macro, 297
manipulating graphic frames, 70
mapping function, 83, 149
markers, creating, 130
markvs macro, 297
math command, 103
Math tool, 87
maximum gradient DAC value, 309
maximum gradient strength for each axis, 309
maximum intensity projection, 98
mchelp command, 249
mean filtering, 96
measurement setup, 227
median filtering, 96
memory warnings threshold level, setting, 102
mems macro, 260
MENU button, 70, 135
menus, displaying, 70
message area, 131
meta_image filter, 251
metabolic map, 132

calculation, 144

processing function, 131
metal objects warning, 11
microimaging

gradient calibration constant, 266

gradients, 175

hardware, 190

phase encoding, 310, 311
MIFF file format, 107
mixing time constant definitions, 197
modifying the instrument, 12
modulation

causes of, 246

circular or spherical, 246
mouse buttons, 134
movepro macro, 21, 24, 260
movetof macro, 42, 62
movie mode, 77
moving

graphic frames, 71, 137

transmitter offset, 260
mp command, 22
multiple images

displaying, 62

statistics, 95
multiplying images, 67, 77, 95
multislice spin echo imaging, 222
multivoxel spectra (MVS) data, 131
mvfov macro, 261

N

n_ parameters, 251
ne parameter, 333
nf parameter, 334
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ni parameter, 243, 334
ni2 parameter, 243
nitrogen contact with body, 12
nitrogen gas flowmeters caution, 14
NMR
checking for signal, 41
excitation schemes, 229
imaging, 25
resonance offset frequency, 330
noninteractive gray scale image, displaying a, 292
nonsteady state artifacts, 48
non-time-course GEM S images, collecting, 49
notational conventions, 16
np parameter, 63, 335
ns parameter, 21, 32, 334
nsat parameter, 238, 242, 244
nt parameter, 63
nucleus for observe transmitter, 268
number of points, averages, phase encoding steps, 63
nv parameters, 21, 24, 35, 45, 49, 63, 335, 336

o

object size and field of view, backprojection, 244
oblique plane, setting orientation to, 63
oblique slice
plane, 23
selection, 20, 324
off-resonance spin echoes, 247
offset
frequency, determining, 18
macro, 18, 42, 62, 261
one scan, acquiring, 234
on-resonance condition, 234
orient parameter, 20, 63, 244
orientation
dliceplane, 324
to oblique plane, setting, 63

P

pl parameter, 63, 240, 243
plpat parameter, 63, 240, 244
pacemaker warning, 11
pad parameter, 63
panels
cardiac preamplifier, 210
PGM receiver, 213
parameters, 306—345
experiment control, 333
flag, 337
frequency, 330
getting, 47
image field-of-view, 323
library, 49
power level, 341
pulse and gradient list, 340
pulse length, 341
pulse shape, 340
retrieve from file, 264
saving, 63, 302
special purpose orientation, 329
spectral width, 331
standard two-pulse sequence, setting up, 264,
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285, 300
target, 341
voxel dimension, 327
parameters, setting, 62
parlib directory, 49
saving parametersin, 47
PCD file format, 107
pcmap commands, 56, 63, 298, 299
pcmapgen command, 56, 63, 298
PCX file format, 107
PEAK file, 134
pestep parameter, 35
petable parameter, 344
PFG calibration constant, 266
PGM
cardiac signal conditioning, 223
component functions, 210
file format, 107
gating, 223
hardware description, 209
indicators, 223
input, 223
outputs, 223
performance specifications, 223
power, 223
preamplifier battery replacement, 209
receiver, 213
signal detection, 223
signal modulation, 223
signal transfer, 223
pH maps, 131, 132, 166
phantom
for gradient calibration constant, 266
setup, 248
phase adjustment, 142
phase correction, 131, 159
EPI, 58
map, 63, 298, 299
map commands, 56
map files, 51, 56
window, 141
phase encoding, 34, 49, 310, 311, 318, 323, 336
dimension resolution, 36
steps, 21
time, 34
phasefiles, 171, 296
phi parameter, 24, 243
phi__ parameters, 252
physical gradient set, specifying, 63
physiological gating module, See PGM
pi parameter, 237, 238, 241, 242
Picking tool, 155
PICT file format, 107
pilot parameter, 20
pixel
interpolation, 75, 81
replication, 75, 81
resolution, 235
Pl
parameter, 243
pulse, 238, 242
plan macro, 23, 32, 62, 63, 275
plane orientation, extracting, 102, 345
plane_decode macro, 275
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playlist
definition of a, 77
generating a, 78
PNG file format, 107
point intensities, 97
point ROI drawing tool, 74, 88
polygon ROI drawing tool, 74, 89
polyline ROI tool, 89
posl,pos2,pos3 parameters, 327
post-trigger delay, 315
power
amplifiers, 190
level, 18
PGM, 223
preacquisition delay, 63, 316
preamplifier signal level, 63, 344
preemphasis
function, 191
theory, 199
prep parameter, 244
presig parameter, 42, 63
Print Stats button, 94
printing statistics, 103
pro parameter, 21, 326
probe
diameter, 235
preparation, 248
vibration, 194
processing
EPI data, 61, 284
functions, 131, 156
profile
degradation, 247
file, 250
file parameters, 251
magnitude calculation of, 249
storing data, 251
profilefile
parameters, 251
projection reconstruction, 225
properties button, 80
prospective gating, 207
prosthetic parts warning, 11
protection circuitry, 49
proton resonance offset frequency, 18
PSfile format, 107
PS2 file format, 107
psi parameter, 24
pss parameter, 21, 23, 24, 32, 44, 63
puls
shape, 322
pulse
caibration, 18, 63
computing powers, 42
conditions for sequences, 42
control, 238, 241, 242
duration, 240, 242, 320
flipanglelist, 63
number control, 238, 242
pattern control, 240
power level parameter list, 341
power output, 63
power, calibrating, 42
sequence execution, controlling, 338
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seguence parameters, 233
setting power, 43

shape, 42

shape parameter list, 340

specifying power for excitation pulse, 64

specifying power output, 63
width, 285

pulse width
of first pulse, 340
specifying, 63

pulseca
command, 18

creating, modifying, deleting entry in rf

calibration file, 285

database, 42, 44

file, 18, 263

macro, 62

updating database, 62, 285
pulses

gradient, setting limits for, 204
pw parameter, 42, 63, 234, 240
pwpat parameter, 42, 240, 244

Q

QRS complex, 208
QT interval, 209

R

r_center parameters, 251
r_size parameter, 251
radio-frequency emission regulations, 14
read button, 195
readout
compensation gradient, 312
dimension resolution, 36
field of view, 324
gradient, 33
gradient strength, 311
position, 326
specifying dimension length, 63
receiver gain, 42, 50, 63
reconstructed volume size, 251
reconstruction
backprojection process, 225
macros, 249
selecting filter type process, 251
recovery time, 240
recycletime
adjusting, 43
specifyiing, 64
reference
images, reconstructing, 132
parameters, 233
reflect images, 77, 103
refocusing
gradient for slice selection, 313
parameters, 20
refresh graphics frames, 108
regions of interest, See ROIs
relief valveswarning, 13
removable quench tubes warning, 13
removing graphic frames, 72, 81, 100
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repetition time, experiments, 318
requirements for using GEMS, 44
rescal macro, 263
rescaling an image, 51
resizing graphic frames, 72
resolution
EPI, 57
phase encode dimension, 36
readout dimension, 36
resonance
frequency definition, 27
offset frequency, 330
offset frequency, loading, 268
resto parameter, 20, 22, 24, 32, 42, 49, 62, 63
retrieving
FIDs, 264
parameters, 264
Return key, 16
rf power for desired flip angle, 265
rf pulses
calibration identity, 345
loading power calibration parameters, 62
setting up, 62
rfcoil parameter, 19, 24, 44, 49, 63
rise-time, setting on SDAC board, 204
rm command, 100
ROI tools
ROI, 87
selector, 153
roi_ commands, 100
ROls, 66, 69, 75, 153
annotation tool, 90
area, 91
binding, turning on/off, 100
button, 76
directories, 638
directory, 69
file, 134
getting statistics from, 77
intensities histogram limits, spanning, 91
manipulation tool, 74
math tool, 87
roi_ commands, 100
save, 105
saving, 100
select and adjust, 87
selector tool, 87
set font size, 88
spectrum, 132
statistics, 90
storing, 76
tools, 130
updating stetistics, 91
rotate command, 103
rotating images, 67, 77, 95, 103
rotation
function, 77
panel, 95
rt macro, 62, 264
rp
command, 47
macro, 62, 264
rtphf command, 299
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S2PUL button, 264
s2pul macro, 41, 43, 62, 264
s2puls macro, 42
safety interlock board, 194
safety precautions, 11, 13
sagittal image orientation, 20, 63
sample
probe preparation, 248
temperature, 316
sat parameter, 238, 242, 244
saturation function, 86
saturation recovery, 229, 241
Save Check window, 146
saving
data, 102, 301
ECC files, 203
EPI data, 61
FIDsin current experiment, 301
files, 105
graphic frames, 81, 101, 105
image files, 104
images, 105
parameters from current experiment, 302
ROIs, 69, 88, 105
VNMR images, 73
scout image, 17
screen graphics region, 66
SDAC board, 204
sediff macro, 264
SELECT button, 69, 134
selectable large-signal mode preamplifier, 344
selecting graphic frames, 71, 81, 101
SEMS
.PAR parameter set, 19
macro, 264
pulse sequence, 17
seqcon parameter, 21, 336, 339
sequentially display images, 67
setarray macro, 42, 51, 62, 265
setflip macro, 265
setgcal macro, 265
setgcoil macro, 266
setgn macro, 42, 50, 63, 300
setloop macro, 267
setof macro, 42, 49, 62, 63
setorient macro, 268
setpgrad macro, 268
setrgrad macro, 269
setsgrad macro, 270
setting
compensation, 205
duty cycle, 62, 204
eddy current, 62
gain on gradients, 205
imaging orientation Euler angles, 268
limits for gradient pulses, 204
reference frequency parameter, 42
risetime, 204
shims, 205
dew rate, 62
setting up
array of pulse width values, 42
experiments, 44

01-999163-00 A0800



imaging experiments, 41
imaging gradients, 62
rf pulses, 62
voxel selection gradients, 62
Setup button, 195
sfrq parameter, 234
SGl file format, 107
shell command, 100
shim coils, 190
shims, controlling gain of, 205
showing
2D data, interactively, 278
3D FDFfile, 279
datasets, 232
EPI data, 284
GEMSimages, 51
Image Browser menus, 70
si_low_passfilter, 251
signa
detection, PGM, 223
intensity, 39
loss, 39, 48, 56
PGM modulation, 223
PGM transfer, 223
restoring lost, 32
separating, 35
simulated data, generating, 137
single pul se sequence parameters, load, 62, 63
SISCO 93.1 software, 22
slew rate, 194, 197, 204
dew rate, setting, 62
slice
acquiring and reconstructing, 229
and voxel selection, 275
-based BP acquisition, 240
distances, 97
extracting one, 345
offset, 44
parameters, define, 62
plane, 23
plane orientation, 324
positions, 21, 24, 63, 326
-selective excitations scheme, 235
thickness, 44, 48, 63, 327
to be acquired, 334
Slice Extraction window, 105
slice gradient and slice selection calculation, 300
slice selection, 29
fractional refocusing, 312
gradient level, 313
gradient strength, 312
refocusing gradient, 313
slicemark macro, 275
sliceorder macro, 23, 275
dliceplan macro, 276
Smart DAC (SDAC) board, 199
Snapshot program, 94
solids high-power amplifiers caution, 14
solvent parameter, 22
spatial frame of reference, 37
spatial information, obtaining, 26
spatial reconstruction, 131, 157
spatial reference position
defining, 42
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setting, 63
spectra
extracting, 132
obtaining information, 26
phase and baseline correction, 131
rearranging in 2D data set, 304
rearranging, in a 2D data set, 304
reconstruction, 131
stacked spectra display, 280
Spectral Reconstruction window, 158
spectral width, 331, 332, 333
Spectrum tool, 142, 154
spectrum, collect, 268
spin
-echo multislice sequence, 17
-echo sequence, EPI, 58
echo time, 237, 240, 246
frequency definition, 28
lock pulse, 238, 242
parameter, 42, 43
spinner command, disabling, 43
splitting graphic frames
into rows and columns, 100
selected, 80
spoiling time for gradient, 319
spuls macro, 41, 42, 43, 63
spurious gradient fields, 56
s excitation, 229, 235, 241
s pulse, 243
sslist parameter, 341
stacked spectra display, 280
standard
2-pulse sequence, 264, 285, 300, 340
application mode, 342
deviation, 91
format to compressed format, 45

start and end angle values, 3D backprojection, 252

starting acquisition, 231
startup macro, 68, 103
stat_ commands, 103
static magnet field value, 307
statistics
calculating, 66
function, 77
getting from ROIs, 77
multiple image, 95
multiple ROIs window, 93
one ROl window, 91
output, 94
processing, 89
ROIs, 90, 91
updating, 103
writting to afile, 94
x-coordinate, setting, 103
y-coordinate, setting, 103
stats macro, 300
steam macro, 271
storing
EPI data, 61
imagefiles, 104
images, 74
profile data, 251
ROIsand labels, 76
straight line segment, drawing a, 87
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string command, 100
su command, 191, 197
substr command, 100
subtracting images, 67, 77, 95
SUN file format, 107
susceptibility effects, 39, 48
svdat command, 301
svf macro, 63
svib macro, 73, 94, 302
Svp macro, 63, 302
sw parameter, 331
sysgcoil parameter, 19, 20, 310
syshelppath global parameter, 256, 342
sysmaclibpath global parameter, 17, 342
sysmaclibpath parameter, 255
sysmenulibpath global parameter, 17, 256, 342
system

gradient coil, 180

-specific parameters, 234
systole time period, 209

T

T1 weighting, 237
aperiodic saturation, 238, 242
inversion recovery/saturation recovery, 241
tlimage macro, 303
T1r parameter, 229
T1rho weighting, 238, 242
T2 effectsand loss, 48
T2 weighting, 229, 240
pulse sequence, 237
T2* effects, 39
tabgen macro, 271
table conversion
commands, 47, 63
file, 305
files, 47, 63, 305
reformatting, 63, 304
table conversion file
read, sort, and store, 47
read, sort, store, 305
table-ordered data, converting, 46
tablib directory, 46, 303
target image, 17, 22
target imaging plane, 23
target parameters, 24
thox, 253
teclose command, 47
tcopen command, 47
te parameter, 21, 39, 63, 237, 240, 243, 245, 246
templates directory, 68, 133
text annotation, 69, 90
TGA fileformat, 107
theta loop, number of projections, 251
theta parameter, 24, 243
theta_ parameters, 252
thk parameter, 24, 32, 44, 63
ti ir imaging sequence, 40
ti parameter, 40
TIFF fileformat, 107
time constants, 197
time domain
data processing steps, 55
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to spatial domain conversion, 26
time-constants, changing, 204
time-course

collecting GEM S images, 51

EPI experiments, 58

GEMS sequence, 49

studies, 47
time-shared

decoupling, 343

homonuclear decoupling, 22
title macro, 305
tof parameter, 42
tofc parameter, 243
Tools panel, showing, 100
Toolswindow, 80
total repetition time, 21
tpe parameter, 243
tph parameter, 243
tpwr parameter, 63, 234
tpwrl parameter, 21, 50, 64, 234, 240, 243
tpwr2 parameter, 21
tpwrca macro, 272
tpwri parameter, 237, 238, 241, 242
tpwrj parameter, 243
tr parameter, 21, 38, 43, 64, 240, 243, 245
transfer macro, 276
Transform button, 288
transients to be acquired, 335
transmitter

frequency offset for observe, 268

nucleus of observe, 268

offset frequency, measuring and saving, 268

offset frequency, setting, 62

offset, moving, 260

setting frequency, 42
transverse

image orientation, 20

orientation, 63
transverse dlice specification tool, 253
triggering frequency, 220, 221
trise parameter, 243

U

uleft macro, 306
underflow and overflow menus, 85, 151
unweighted Fourier transform, 232
unzoom function, 81
update gradient characteristics, 63
updating

pulsecal database, 62

ROI satistics, 91

statistics, 103
updtgcoil macro, 272
upper barrel warning, 12
uright macro, 306

Vv

values, range of data, 83
ventricular diastole and systole periods, 209
vertical

line marker tool, 155

projection of trace, 278
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vertical scale (V-scale)
binding, turning on and off, 101
property, 82
vertical scaling, 75, 78
adjusting image, 51
bind/unbind, 153
gamma correction, 151
properties, 149
tool, 67, 74, 82, 148
window, 82, 83, 149
VIFF file format, 107
VNMR
files, 108
phasefile format, 67, 74
raw data format, 133, 137
VnmrIMAGE pulse sequence, 17
vol_commands, 102, 345
vol_extract command, 345
volume
calculation, 93
measurements, 93
volume-based BP acquisition, 236
vox1,vox2,vox3 parameters, 328
voxel
dimensions, 328
select tool, 154
selection, 313
setting up selection, 62
voxmark macro, 277
Vs Props window, 148
VT experiment warning, 12

W

warnings defined, 11

waveform shapes, EPI, 58
weighted Fourier transform, 232
weighting function, 231

wft2d command, 51

wildcards, 106

window.init file, 69, 133

wti command, 231

X
XBM file format, 107
X-coord list, 94

XPM file format, 107
XWD file format, 107

Y
Y-coord list, 94

Z

zero phase-encode projection, 21

zero-filling, 343

zooming, 78
_factor command, 100
factor, setting, 100
function, 75, 81
magnification, 79
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