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Introduction

DM Translator (DMT) is a deformable mirror emulator that converts a series of
optical phase-difference (OPD) images into a series of voltage patterns for the emulated
mirror. These voltages deform the mirror into identical shapes to the OPD wavefronts.
Once generated, the voltages can be saved to a pattern file, which can be read by other
AgilOptics DM programs, such as Pattern Player™.
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Figure 2. Unifi Deformable Mirror

What DMT Does

DMT converts optical phase difference (OPD) matrices of a laser wavefront into
voltage patterns. These voltage patterns can be used by AgilOptics deformable mirrors to
either duplicate the OPD wavefront matrix or invert it.

Duplicating the wavefront allows a pattern to be recorded and played back far
from the source of the pattern. Airflow patterns can be duplicated for testing away from
expensive wind tunnels. Optical path aberrations can be copied, allowing multiple work
sites to simultaneously study the cause of such aberrations.

By inverting the voltage pattern, a recorded OPD wavefront matrix can be
corrected. With OPD wavefront correction, the aberration naturally found in an optical
setup can be recorded and removed. Repeating patterns can be recorded, converted, and
corrected.

Both the number of matrices and the size of each matrix determines how quickly
DMT can create voltage patterns from them. Correcting a 40x40 OPD matrix takes about
1.2 seconds with DMT. Converting 1000 40x40 OPD matrices takes approximately 20
minutes. The maximum recommended OPD matrix size is 200x200. The maximum
recommended number of OPD matrices in one sequence of patterns is 10,000.

Output pattern scaling is not an issue with DMT. The voltage patterns scale with
the size of the mirror selected. If the user selects a 50-61 mirror (50 mm meter, 61
actuators), the pattern will fit in a 50mm diameter. If a 25-37 mirror is selected (25 mm
diameter, 37 actuators), the pattern will fit in a 25 mm diameter.

The size of the input beam compared to the OPD matrix is important. If the beam
is larger than the OPD matrix, data is lost wherever the beam goes outside the OPD
matrix and the voltage patterns will not be accurate. It is recommended that the beam
generating the OPD matrix fits just inside the OPD matrix.

All OPD matrices should be in microns.
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How A Membrane Deformable Mirror Works

A deformable mirror is a very thin, very flexible mirror. Using electrostatic
attraction, actuators placed behind the mirror attract portions of the mirror. The more
voltage put on an actuator, the more it attracts the mirror near it. As the mirror is
attracted to an actuator, or many actuators, it deforms. This deformation can create or
correct aberrations in a beam or image reflecting off of the mirror.
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Figure 3. Cross-Section of a Membrane Deformable Mirror
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How DMT Works

DMT reads in a series of optical phase difference (OPD) matrices, taken at
different times, representing frames in a movie of a dynamic disturbances. Each OPD
matrix represents a wavefront from a laser beam going through a dynamic environment
(disturbing environmental factors like heat or airflow, etc.). First, the background optical
aberration, or tare, is removed from the OPD matrices. Tare is the optical aberration that
remains constant throughout all of the OPD matrices. Then DMT reads each OPD matrix
individually and calculates the slope of the wavefront at each point in the matrix. DMT
maps the OPD matrix locations to actuator locations, using algorithms from DM
Model™ and actuator influence functions calculated for a chosen mirror. DMT
calculates how much force each actuator must apply to create the proper slope on the
deformable mirror. This force is then translated into voltages and stored into a voltage
pattern. The voltage pattern is displayed on the mirror actuator array, and DMT advances
to the next OPD pattern in the series. A sequence of patterns becomes a “movie” of the
event.
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Figure 4. OPD before tare removal. Raw data in a 40x40 matrix is displayed in the
background.

AAGHOPrics (505) 268-4742 v. 2.0 November 22, 2006



0 1} 1]
0 1] 1}
0 0 o
[1] 0242814 0.30918 0,360062
0 0086267 0163185 0275752 0333057 0.393541

1] 0 -072085) DOUEYFT 0114923 0212048 02300581 0352590 U 406595

0 Oz 00921 0034749 043851/ 0.26118 0230387 0356232 0405167
03133 017565 -0.04409 0073253 016941 004606 0311043 0362581 0 400934

coccooooo
coccooooo
cococooooo
Ccocooooo
leccoocee
coocoao
cocoo
coocoo
cooo

coo

cooo

coooooooa

cocoocooooooOD Do

(3447 038085 [ 415386
037818 040778 [ 436069
D 4E074 04475 [ 4818
045272 0 4B45SET 0 S01ERS
0497540 0527426 0543043
DEIBA4T DSRITT | 0 5805AT
0571123 0594395 0.600109
064010 0621677 0630400
0620011 0643025 0651529
064740 0661520 0.662801
D.6E2796 0675602 0671701
DE75226 0.682881 0.E7I76T
D.E24766 0BE7615 0684812
0620533 0692269 0F31192
0632663 0696077 DE35125
DE35263 0701242 0.701037
OBSAE DEH0ea] | 0 F%2r

OBG167 0EENEd 067934

DB237! DEB33545 0647423
OAMEHE (1568544 OEINE
(511443 05274901 (1542424
i (447063 0 4R07SS | [ 47BESE
(35518 (37416 [ 397898
0253777 028474 0306444
0141704 0177029 0 200806
O0197RT 00S3947 N 0ESTS6
011456 007120 004020

micions 12

il

coo
—coo

coooooo
lolo

coooosoocoooo

o [] 1] [1] a [1] a 1] 0 1] [1] 05514 021165 Q172G
o a o o a 0 a 1] 1] o o 1] a o
1] o o o a 0 a o 1] o o 0 1] o
1] 1] o [1] a (1] a o 1] o o (1] a o
Figure 5. The tare that was removed
a a o a a o 1] o o o o o a a a
a 1] 1) a o o [1] 1] o o o 1] 1} a 1]
] 1] 1] ] ] ] [} 0 1) o 1] 1] U o ]
1] 0 1] ] o o o o o o 1] 0 048807 | 00838 (1085158
0 0 n 0 0 0 1]} 0 1] 0 006S7 002308 0031766 0038757 0049614
a a 1] a 1] 1] (1] 0 -0.00265 0001574 0002577 001066 0.021514 0031122 004175

Ma526 0.012217) 0.022665 0.032552
10171 000963 001923 0.0256
14431 0.012744 0.017975 0.020011
JI5S7 | DOVEES 0013525 0.016544
1514) (1013474) 1018535 [ (1MBEE2

=53 0 Mmas 00m7eEE
10232 0.002309 0003157
0641 -0.00343 0.000007
1153 001052 00832
w0.080.1 1o 00n7 001847

mO0G000 | NUBE 00NEE D06 o0
1147 07 0088 00
172 0me 007 00
mOZ004 |loe) 002951 003284 00419
80002 | log 004105 004113 001073
w0020 [M778 00457 DO0M4I8 004435

4332 004377 004342 004429
0004002 L5y Dz Qumds 0w
0000 g nimas 0uEsr 00ESA
BOUS-006| e 00 O0H7 008
B0.1-008 | 1028 001974 002207 003545
1073 001160 001379 00158
0053 000334 000404 000358
7505 0.002055 0003855 0004529
3500 0007571 .00SEE2 0010845
S| (0121 [1LOEME | (1011647
AL (1685 110 (01
0956 0.016041 0.013768 | 0.015059
0920 0.024513 0.021770 0.021539

0 4.0 06

microns

olo o olololololo o olololo/lolo o oojolojolo o o ololololo oo ololooloa

coooosSoooooo

. 0703 0.035431 0.032387 0.032458
[1] [1] [1] [1] [1] [1] [1] [1] [1] [1] [1] 0 0043520 0044435 0044029
1] u 1] 1] o o [} L1} L1} o 1) 1] L 1] ]
0 ] U] i i 0 o o o o 1] 1] 1} ] 1]

1} 0 1] 0

Figure 6. The OPD with tare removed
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DMT Layout
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Figure 7. DMT Layout

Array

The DMT GUI is divided into three main sections. They are the main display, the
control panel, and the user output window. The main display shows the currently loaded
mirror and the current pattern being emulated on the mirror. The control panel shows the
current control options for DMT. The controls shown are dependent on the tab currently
selected. The user output window shows information of use to the user, informing the
user of errors or telling the user when a particular processing step is finished.
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Mirror Setup

Available Mirrors

Selected Mirror

Mirror = 50-61 Concentric Circle
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Figure 8. Mirror Setup Screen

Loaded Mirror
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Loaded Mirror
Display

The Mirror Setup Screen can be reached from the Settings tab in the main GUI.
The Mirror Setup screen controls the currently loaded mirror. The available
mirrors are shown on the upper-left window. Selecting one will show its information in
the lower-left window. Double-clicking on a mirror, or selecting it and pressing “Load”
will load the mirror. Information on the loaded mirror shows up in the upper-right
window, and the loaded mirror’s actuator display will appear in the lower-right window.
The loaded mirror is the mirror the voltage patterns will be generated for. Note that just
because the number of actuators on two different mirror types are the same doesn’t mean
that the actuator numbers map to the same actuators. Make sure the stored pattern’s
mirror type identically matches the emulation mirror’s type before playing a pattern file.
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Control Panel

The Control Panel has two tabs that determine what control options are available
to the user. The first tab is the Patterns tab, giving the control panel the ability to load
OPD files, save voltage patterns, and name voltage patterns and voltage sets. The second
tab, the Settings tab, gives the user control over the currently emulated mirror, the
wavelength of the OPD data, and the maximum voltage of the output pattern. The
Pattern Manipulation tab controls voltage pattern mirroring and bias voltages. The
Custom OPDs 1 tab lists some of the Zernikes for creation of custom Zernike-based
OPDs. The Custom OPDs 2 tab lists the rest of the available Zernikes as well as a few
control buttons for the custom OPDs. The user can also input the gap, or separation, of
the mirror and start the influence calculations for the current mirror.

Patterns Tab

Patterns l Settings] Pattern Manipulati 4] *

OPD File: Bronse

LaadoFn | [ Femove Backaround
[ lrvert OPD
[~ Limit %oltages to bMax
[ Usze Matriz Center

Fattern Set Marne: |Default Pattern M ame

Patterm Prefis: |F'attern

Total Patternz: 0
[ HWDD Compatible
Currently Dizplayed Fattern;

4l =

birror lnaded.

Please verify the corect max voltage and
geparation under the Settings Tab, and then
lmad pour OPD.

Figure 9. The Patterns Tab

The Patterns tab controls the viewing, loading, and saving of patterns. Loaded
patterns must be OPD matrix files that are to be converted to voltage patterns. The files
must contain comma or space separated values or be .kwf files. .kwf files are Kestrel
Wavefront files. Kestrel Wavefront files are stored in binary, with a 1024 byte header
and the data saved in waves. Comma or space separated value files have no header and
the data is in microns. Saved patterns are voltage pattern files for use in programs like
Pattern Player™ and Clarifi 3D™. The Patterns tab controls are as follows:
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OPD File field

Load OPD button

Remove Background

Invert OPD

Limit Voltages To Max

Browse

Pattern Set Name

Pattern Prefix

Save Pattern

- Allows the user to type the name of
the OPD file to be loaded.

- Loads the currently selected OPD and
calculates voltage patterns for each OPD matrix
in the OPD file. This process can take some
time.

- Finds the average value for each position in the
OPD matrices across all the slices, and removes
it. If selected, the background removed is saved,
along with the new OPD matrices. See DMT
Output (pg. 9) for more information.

- Negates each value in each OPD matrix. This
effectively causes DMT to create an inverted
voltage pattern for the OPD wavefront instead of
a voltage pattern copy of the OPD wavefront.

- When selected, each voltage that goes above the
maximum voltage is reduced to the maximum
voltage.

- Allows the user to select the OPD file they wish
to load from a directory browser. Once the
OPD file is selected, it is automatically loaded
and DMT begins calculating voltage patterns for
it.

- The name the current pattern set will be given.
Useful for recognizing a pattern set from inside
the pattern file or using a pattern file browser.

- The prefix each pattern in the sequence will
have. All patterns are numbered in order, with a
default prefix of “Pattern”.

- Saves the current patterns to a pattern file,

using the user-specified pattern sequence name
and pattern prefix.
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Currently Displayed
Pattern

Use Matrix Center

13

- Allows the user to select which of the calculated
patterns is shown on the mirror display. This
allows the user to view the voltage patterns
before they save them to a file.

- With this set, the very center of the OPD
matrix is calculated and used. Without this set,
the center is actually the nearest integration
area to the center, biased towards the lower-
right corner.

(505) 268-4742 v.2.0 November 22, 2006



14
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Figure 10. The Settings Tab

The Settings tab controls the various values that will be used in calculating the
influence functions of the mirror and in converting the OPD matrices to voltage patterns.
These options don’t usually change after being initially set. These include the
wavelength used in the OPD matrices, the maximum voltage of the output patterns, and
the separation (or gap) of the currently selected mirror. These values are automatically

saved when you leave DMT.

The controls for the Settings tab are as follows:

Mirror Setup

Max Voltage

- Brings up a list of mirrors for the user to choose from.

The selected mirror will b
output voltage pattern wil

e emulated by DMT, and the
| be tailored to it.

- The maximum voltage the selected mirror allows.
This voltage will determine the maximum voltage
each voltage pattern will have.
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Max Avg. Voltage

Mirror Separation

Mirror To Beam
Ratio

Zernike Scale

Coefficient

Create Zernike
OPDs
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- The maximum average voltage allowed across the
whole mirror. If an actuator would be given a voltage
that would put the average over the maximum average,
it is set to whatever is needed to keep the maximum
average.

- The distance between the mirror membrane and the
actuators on the mirror. This can vary between mirrors
of the same type, so this value must be entered
manually.

- The scale difference between the size of the
deformable mirror and the size of the incoming beam.
For example, a scale of 1.2 means the mirror is 1.2 times
the size of the beam. For a 50mm mirror, the beam
would be 40mm in diameter.

- Used to scale the Zernikes generated with the Create
Zernike OPDs button. A scale of 1.0 means each
Zernike will be 1 micron in magnitude.

- Create 14 Zernikes with scales set by the Zernike
Scale Coefficient value. The Zernikes start with
Piston and end with Quadrafoil (or Tetrafoil)
land 2.
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Pattern Manipulations Tab

Settings  Pattern Manipulations: | Cush 4 | ¥

[ Swap® and*
[ Ruotate OPD S0
[ FRotate OPD 180
[ FRotate OPD 270

Biaz Volage: 0.0

Wirrar loaded.
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jaep._aratiu:un_u_rlder the Settings Tab, and then

Figure 11. The Pattern Manipulations Tab

The Pattern Manipulations tab allows the user to rotate or mirror their OPDs. It
also allows them to set a bias voltage for the resulting voltage patterns. The bias voltage
is set as the target average voltage for all of the voltage patterns. If a pattern’s maximum
voltage is too high, however, the bias voltage will be ignored in preference with keeping
the deformable mirror’s shape accurate.

Mirror Voltages in X

Mirror Voltages in Y

Swap X and Y

- Mirror the OPD so that the left side data is
instead on the right side, and the right side
data is on the left side.

- Mirror the OPD so that the upper data is
instead on the bottom of the mirror and the
lower OPD data is on the top of the mirror.

- Swap the X and Y axes in the OPD. The top

of the OPD is now on the left side and the left
side of the OPD is now on the top. Likewise, the
OPD data that was originally on the right side
will be on the bottom and the OPD data that
would have been on the bottom will appear on
the right side of the deformable mirror.
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Rotate OPD 90

Rotate OPD 180

Rotate OPD 270

Bias Voltage

17

- Rotate the OPD 90 degrees clockwise before
calculating the resulting voltage patterns.

- Rotate the OPD 180 degrees clockwise before
calculating the resulting voltage patterns.

- Rotate the OPD 270 degrees clockwise before
calculating the resulting voltage patterns.

- The target average voltage for each voltage
pattern generated by the input OPDs.
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Custom OPDs 1 Tab
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Figure 12. The Custom OPDs 1 Tab

The Custom OPDs 1 tab lists the first 10 available Zernikes for generating a
custom OPD based on the first 15 Zernikes. The values are labeled in Z[m, n] format.
Z[0, 0] is Piston, Z[1, 1] is X-Tilt, Z[1, -1] is Y-Tilt, etc. The resulting OPD will be in
waves, based on the wavelength entered in the Settings tab.
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Custom OPDs 2 Tab
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Z14, 01 [0.0 = waves
214, 2 [0.0 = waves
Z[4, 4] ||:|.|:| :I waves

OPD Height [pisels) |12

OPD ‘width [pisels] 1128
Create Cuzstom OPD

Clear Custam Lernikesz

[ Append Cugtomn OPD to File

Mirror loaded.

Fleaze werify the corect max volage and
zeparation under the Settings Tab, and then
[mad pour OPD.

Figure 13. The Custom OPDs 2 tab

The Custom OPDs 2 tab finishes off the list of 15 Zernikes with Quadrafoil (or
Tetrafoil) 1 and 2, 90 degree and 45 degree 2" Astigmatism, and Sphere. The height and
width of the resulting OPD can be set here, and the current Zernike values can be cleared
from all of the entries here.

OPD Height (pixels) - Determines the height of the resulting OPD, in
pixels. Each OPD is scaled to the size of the
incoming beam, so the size here merely gives
resolution to the OPD.

OPD Width (pixels) - Determines the width of the resulting OPD,
In pixels.
Create Custom OPD - Generates the custom OPD in a file called

Custom OPDs.csv. This file is readable in
Microsoft Excel.

Clear Custom Zernikes - Sets all the Custom OPDs Zernikes to 0.0.
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Append Custom OPD
to File

- When set, the next created custom OPD will be
added to the end of the current Custom
OPDs.csv file instead of completely overwriting
It. This allows the user to generate multiple
Zernike-based OPDs without having to copy the
Custom OPDs.csv file to a new name for each
one.
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DMT Output

When successfully run, DMT saves a pattern sequence file for use in Pattern
Player™ . This file contains a sequence of patterns. Each pattern contains a set of
voltages. Each set of voltages consists of one voltage for each actuator on the mirror
installed using the Settings tab.

If “Remove Background” is checked, the background from the OPD matrices is
removed. This background, or tare, consists of the average voltage for each OPD matrix
position across all slices of data. The data represents the background OPD naturally in
the optics system used to generate the OPD files. Think of it as a fixed aberration. This
data is saved for user perusal in a file called removed_background_matrix.csv. The
removed_background_matrix.csv file is in comma-separated-values format, and can be
easily read using Microsoft™ Excel. If you have Microsoft™ Excel installed, just
double-click on the new .csv file, and it should load automatically. Each matrix stored is
the same size as the matrices found in the OPD input file. The matrices are stored in
units of microns.

In addition to saving the background average, new OPD matrices are created and
saved in a file named OPDs_after_bkg_removal_all.csv. These matrices represent the
OPD data after the background is removed, for your records.

Note that both of these files will be overwritten when DMT runs another OPD
file, unless the user saves them to different file names.

i i i i i i i i i i i i i i i i i i
i i i i i i i i i i i i i i i i i i
i i i i i i i i i i i i i i i i i i
i i i i i i i i i i i i i i 0 0046507 0.050138 0055159
i i i i i i i i i i i 0 0016257 0.02309 0.031766 0039757 0.049614
i i 0 0 0 0 0 0 0 0 0 0.00265 0.001574 0.002577 0.01086  0.021514 0031122 0.041175
i i L) 4526 0.012317 | 0.022665| 0032562
i i 0171 0.009696 001923 00256
i i 4431 0.012714) 0.017975| 0.020011
i i 0597 0.013666 0.015525 0.016544
i i 1514 0.013474) 0.015535 0016562
i i 0033 0.010185 0.012972) 0.017603
i i 0232 0002389 0.00339) 0.009157
i i i 0R41 0.00343 -0.00302) 0.000R07
i i 1158 -0.01062 -0.01027) -0.00862
i i Al mO0E-01 | 01| 001179 001594 -0.01847
i i "',’,li” mOOE008 | 11084 001186 001645 -0.02219
i i L _.d_‘.._ oo040os | 1147 -DDIZSF 001864 002635
i i : 1720 0019 002264 0.02964
i i 002004 | lnog1| 002051 003284 -0.03413
i o | microns @0002 | 0426 004105 004113 004073
i i w0020 | M7PE 00457 004418 -0.04495
i i 4332 004377 004342 004428
0 0 D000 oo D095 003ME 0039
i i 0-008-004) 345 03243 003262 -0.03255
i i m-0.06-006| |2454 002536 002617 -0.02857
i i m-01-008 | 1820 001974 002207 -0.02545
i i 1079 001168 001379 0.01566
i i 0093 -0.00334 -0.00404| -0.00368
i i 7506 0.003956 0003856 0.004929
i i 3604 0.007571 0.008852| 0.010646
i i 5082 0.009121) 0.009246 0.011647
i i 6501 0.011585 0.010304) 0.012336
i i 0956 0.016041) 0.013789) 0.015059
i i 5026 0.024513 0.021778) 0.021539
i i u 0703 0.036491 | 0.032367| 0.032458
i i i i i i i i i i i i i i 0| 0049580 0.044495 0044029
i i i i i i i i i i i i i i i i i i
i i i i i i i i i i i i i i i i i i
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [

Figure 14. Sample OPD file output from DMT
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Running DMT

If this is your first time running DMT, the following steps should get you on your
way.

1. Start DMT by double-clicking DMT.exe. The main window should be
displayed, with a blank Main Display.

our EE%

[Piafisma | Setangs | Pastem banpuiss 4 |+

0PD Pl |

Parten Puafc [Pttt
L — |

™ HVDD Compable
Cunmeily Displaped Fateere

«

Figure 15. DMT started for the first time.

2. Select the Settings tab above the control panel. The controls in the
Control Panel should change.

DMT [=]l;:3]
Eatienny [ 558001 | Pustors Morspudon 4| ¥
Hino Sehp

M Votaga ||'|'m';m'""
Mg Viehge: [3000 1

Minor Seperation [unk [0

|
F31000 4rm

Tombie Sesks Coettisend [1 000 2| miesers

Crvatn Tk 06013 |

Figure 16. DMT Settings selected
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Choose Mirror Setup from the Control Panel. A new window should pop

up with mirrors listed on the left side of it. This is the Mirror Setup window.

4.

2537 Unéi
| 2561 Concentic Cicks
| 2561 Rectangds
037
537
5061 Concentic Crcie [ufece]
S1ET Lnsar

e
75755 Reclargin
MuwLams 1610

MimorS eleciorDinplayBon

Load

Close

Figure 17. Mirror Setup Window

Find your particular mirror from the list of available mirrors and double-

click it. When selected, information about the mirror should appear on the right side of
the window, including a small image of the mirror’s actuator pad array.

Mirror = 50-61 Concentric Circle

Mimer Lint Cument Miner
7] |nm 63 Lorcanne Crcin
16-37 D001 Homnal M asamum Vokage 2000
{1837 Unk Date: 10/27/2006 30402 A4
%537 D401 Creator, Agilipticy
2537 Unk Fi Vosmm (1
12561 Concentric Circle [Map Prefec M50_61TH
{2561 Finctangud
3037

15037

S0E1 Concentic Crcle [Surfsce]
{5061 Lo

50 i {

TV
Dt VIN7S005 904 02 AM

Craator. Agi0pcs
File Verion 0
M Prefec MB0_E1TH
L
Load
Close

Figure 18. Mirror successfully loaded
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5.

Close the Mirror Setup window.

DT
Fanera  Setings | Patem Manpulss 4 | ¢

[ Maris Sehgr

MasWokeger [=000

M A Vobage: (T80

. o
Beers sk [533.000 i

Zemika Senle Cooticent |1 000 wicson|

6.

Muror Drameter, 0050m

C——— T

0

Slmm = %

Figure 16. Main Window with Mirror Loaded

Set the wavelength for your OPD data. The wavelength is used in
converting the OPD patterns to voltage patterns.

7.
particular mirror.

Set the max voltage, max average voltage, and mirror separation for your

8. Select the Patterns tab once again. The controls in the control window
should change.
DMT EIER
Pamens | Sotings | Pattom Maripeiati 4 0] [ |
0P Fie:[ e |
ol il
F U o
Paftesn St Nase: [Dielnust Patiean Home ma Q ao
Pateen Prefoc  |Patbem Q@@ QQQ
e Op 0% 5©
Cusrenty Dinplayed Patteim: Q a a e &
g = 092999 ¢%4
L T— 0,060,066
I:;'r;‘nnulmni.-llhr..ﬂllwh\h.vﬂlm e Qaaaﬁee 9
O avo0%a O
@ QQ o0 @Q
6006
Mirror Disemeter; 0.050m 0.250mem = ——
< L = |

Figure 17. The Patterns tab once again.
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9. Now would be the best time to set the Pattern Prefix. If not set, the prefix
will default to the last used prefix, or “Pattern “. If the OPDs each have a label on the
line before their data, the labels will be used instead. Note that the labels must not begin
with a number.

10. Decide whether or not you want to remove the background average, aka
“tare”. Then check or uncheck the Remove Background checkbox, as appropriate.

11. Decide whether you are correcting the OPDs by inverting them, or
emulating them with the mirror. Then check or uncheck the Invert OPD checkbox, as
appropriate.

12, Click the Browse button. A new window should pop up with a standard
file selection interface.

Load OPD File mm
Lock e [0 5L 5P 7500z b bl ie_svs x| « @ ek @
LY BRJorDs sfter_bhig_removel.csv
’ S 0r0s_before_bhg_remaval.csy
MyRecent  Eremuved_background_mekis.
Decianeers 'I.t.ur.ul b r_bhg fre c»:
H P 7E0Hz b Waveironts.
Deshicp
=/
My Docunerks
‘_‘jg
My Comenses
3
My etwork  File pae: T T —— |
Places
Fiescttpe  [UFD Fies omd) =] Ea

Figure 18. Browsing for an OPD file

13.  Find and double-click your OPD matrices file. The browsing window
should close, and a blank section will show up on the main window. This will go away
once all the values in the OPD matrices are loaded. If this is the first pattern you’ve run
with this mirror, DMT will first calculate the influence functions, as seen below.

w1 EIBE
Patems | Soitrgs | Poiton Moot 41 *
OPD Fie 7 m[ """‘“J
Lows0py | I~ Renavs Bachond
ervet 0T
T Limk Vokages fo M
S 890
Pt St arre [ atovit Pt Narr Q . Q
Patien Fackx [Pattom Qo. QQQ
oot @, "0 L0
~ HVOD Compaitle.  ————1 e .
x| 050 .0
e 0 209% a2 Q
I 0 " Q
Meror Diamatar: 0.050m 0250mms—
A—— , =)

Figure 19. Calculating the Influence Functions for the mirror
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14.

Calculating the influence function consists of setting each actuator, one at

a time, to the maximum possible voltage and determining how much it would deflect the
mirror. Once DMT is finished calculating the influence functions, it will calculate the
voltage patterns for each OPD matrix.

15.

Wait for DMT to finish calculating voltage patterns for each OPD matrix.

Once finished, a message will be displayed in the User Output window informing you
how many patterns were successfully generated.

DT

Pallens | Saings | PunesMarsgue 4 | ¥
PO Pl [ Bocumentz and Sefi Bhowme |
LosdPD ] Fieeres Dischgrtund
— Irveent OPD.
™ Limst Vidkages b Miw.
T U Mot Ceder ’ . gm
Pattem Set Name: [Tigizll Pamen Hane ﬁ . |W
Pattem Prefoc |Paiem G" ..
Tkl Poltrarss 15 : .
Save Py
I HVOD Compiptls  ——— | '
Cussantty Displipad Pasinss .
i —1c) w'o' ' a
LU(\.IMINMN Furchont. ~
Fnhed \*I‘MIMM e Funchorn. o
b 0
M fakaos 10V ' ' '
Tention 140 MP's '
s oy 1w s ' '
| Gererafing vokags patiein:
LLLLL 1l vty O OOOCNOOCNCD ’ “’
Paee o Voo .
Pt Min Villager 0 00000
| Fastteen Avatage Viokage: (1 000000
Horaorss T
| Starabard Devabon 0 35751 P90
rmu Volage: 127 223772
e i kg 00000 Mo Diamator 0050m 0 250 = ——
mnww\l-\lw I&M?‘m —

Figure 20. Voltage patterns calculated

16. Now you may view the voltages by changing the Currently Displayed
Pattern. You can use either the left or right arrow buttons or the drop-down menu to
select a voltage pattern. The selected voltage pattern will be displayed in the Main
Display.

Patiers, | Setings | Pottom Maripuderi 4 |+
OFD Fi (T30 ccumerts snd Seri Boere.

Losdip | T Meenovn Dackgpound
I tevert OFD
T~ Limk Viokages i Max
™ Use Mot Cordes

Piein Set Hame: [Cietsum Fatem Name

Pt Prefee  [Fattem

Total Patteme: 15
™ HVDD Compatible

P.dl vainu- ||m.|(||

0000000
F‘m ﬂvs:oe \folwe 0000000

Hoszontel T

Saandied Davastion: 67517000201
Padtemn Mo Village: 127 2234772
[Fatiem Min Viskage: 0.000000

Marror Diamed ter. 0 050m

Figure 21. Selecting a pattern to view

17.  Once you are finished viewing the patterns, set the Pattern Set Name.
This will name the pattern set in the file you are about to save.

AGHOrTIcs
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18. Select Save Patterns. This will open a file browser window.
Save Pattern File @@

Save jn ‘ |9 SLSP ¥50Hz b no_bkg_frc_avg j |‘j( v

I@OPDs_aFter_hkg_remm’a\.csv

I@OF'Ds_beFDra_bkg_rzamnval.csv

My Recent I@rErnn\u'En:l_ha[kgrnl.n‘ld_matri)(‘[s\u'

Documents ] 5L 5P 750Hz b no_bkg_Fre_avg pat
i 5L 5P 750Hz b Wavefronts kuf

[E] TestMmatric ket

&

Deskiop

3

My Documents

-

e

<

Iy Computer

3
My Network — File name: |Tast patterri] ﬂ Save |
Places
Save as bype: |F‘attem Files [*.pat) j Cancel

Figure 22. Saving your new pattern file

19.  Choose a name and save location for your file. The file will have a .pat
extension.

20.  You may load more OPDs if you wish. If so, return to step 11. If not,
exit the program by selecting the X in the upper-right corner of the window. Your
settings will be save for your next session with DMT. When you start DMT again, it will
auto-load the last used settings, allowing you to start at step 11 the next time you run it.

21. Load your pattern onto Patter Player™ and watch the voltage pattern play.

= Pattern Player
Exit Pattern Sequence Browser Help
Mirror Dirivar
| 5061 Concentiic Cicle _~||Danoi |

Actuatar Map File Mame = |

| Fattern File Mame = |\\Server‘\users\DRH\pixDBZBQZ

Pattern Width = 61 Pattern Length = 1000

Average Voltage ! 1?3.63 Reset
Minimum “oltage J 0.0 ﬂ\/ Reset

Max Voltage 219.768543

Start ‘ Delayable Patterns Mode |Pat‘tern Delay =/10.0 :I me

Figure 23. Playing a pattern on Pattern Player™
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How Pattern Player™ Works

Pattern Player™ is a membrane deformable mirror controller. It loads a pattern
file and plays the pattern file back on the mirror. With Pattern Player™, the user can set
the average voltage of the pattern to change the maximum voltage the pattern uses. The
user can alter the range of voltages the pattern uses, allowing for sharp or smooth
curvature on the mirror. Finally, the user can alter the frame rate of Pattern Player™,
allowing a pattern to play back on the mirror faster or slower.

Pattern Player

Choose Exit Pattern Seqwm ;g,lp

Select your mirror
)

your ey Mirror

. ‘_‘_‘_‘—‘—d-
Driver e e

pattern et S '|50‘51 Concentric Circle

~~||DaoDI =l I_//)

file g

Actuator Map File Name = |

Pattern Width = 61

| Pattern Length = 1000 |

Pick !
your ———dAverage Voltage I [ {1736 Mf_’;>
average — “J— oo el
voltage @age A |00 }/ ife gf \?;E;Oeur
Max Voltage 219768548 9
range
Start | Delayable Patterns Mode |Pattern Delay =100 4ms |
8 . AT
Change the pattern’s playback speed
Figure 24. Pattern Player Capabilities
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Pattern Visualization With DMQO™

Pattern Player™ can play patterns back on a mirror, but it can’t show you what
the mirror’s surface looks like. With no image of the mirror’s surface, you can’t confirm
whether the pattern they’re playing will really correct or match the one their OPD file
represented. With DMO™, you can see both the pattern on the mirror’s surface and a
representation of the far-field spot. You can also see what the interferogram pattern
would be if the mirror was placed before an interferometer.

2D representation of the Interferogram

The mirror's surface mMiftors sutface image of the

with your voltage pattern

A 3D representation

The voltage pattern The far-field spot of the far-field spot

on the mirror

Figure 25. DMO™ and what it shows you
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To load your own pattern into DMO, select the “Pattern Library” button on the

voltage pattern window.

Channel I51 %“061 Concentric Circle ( Pattern Library

Voltage

Zero All

*l SetAll =

Step={10.0

o

D 0 R e T

Select Pattern Library
to load a pattern

Figure 26. Opening the Pattern Library

This will open a file browser window. Find the pattern file you wish to load and
select “Open”. This will load your pattern file into the pattern library.

My Recent
Documents

by Metwark
Flaces

Loak in: IE} Parabolic Mirror D ata

11 inch Membrane Interferometery, doc
% DMTSettings.ini

@Membrane OPD 260Y Copy .pat
@Membrane OPD 260Y Correction. pat

™ Membrane OPD Copy.pat
g‘lMembrane OPD Correction. pat
[Z] Membrane OPD.T=T

[Z] TestMatrix.kxt

File name; IMemhrane OFD Copy.pat

= Dpon

Files of type: |

[ 2o |
| Cancel 4'

Figure 27. Opening a pattern file
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The Pattern Library allows you to load pattern files, browse through the patterns,
and select the one you wish to use to set the main GUI mirror. Load pattern files by
selecting the “Browse” button. Select the pattern you wish to load and select “Open”.
Select the pattern you want from the list on the left side of the Pattern Library GUI. The
mirror voltage display on the right will update with the new pattern. If you found the
pattern you wanted, select “Set Mirror VVoltages” to set the main GUI mirror to your
voltage pattern.

1. Browse for
a new
pattern file

10 OPD Copy Pattern Sequence Browser
3.3

4. Send a Pattei Fie Nane = S ereruserp)

P =|OPD Cogy — 1
pattern 10™——{ s v uusovute: suors
1 List of Pattems
the main B | 3 See
- selected
pattern.

2. Selecta

pattern from
the list of Paen
patterns.

Figure 28. Selecting and loading a pattern using the Pattern Library.
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