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Read Me First

Read Me First

Read this section before continuing with the rest of the guide.

Warnings

In all NDI documentation, warnings are marked by this symbol. Follow
A the information in the accompanying paragraph to avoid personal
Warning! injury.

For a complete list of warnings, refer to the documentation that
accompanied your system.

Cautions

Caution! In all NDI documentation, cautions are marked with the word
"Caution!" Follow the information in the accompanying paragraph to
avoid damage to equipment.

For acomplete list of cautions, refer to the documentation that
accompanied your system.

Contact Information

If you have any questions regarding the content of this guide or the
operation of this product, please contact us:

&NDI

INTERNATIONAL HEADQUARTERS: EUROFEAN OFFIGE: ASIA PAGIFIC OFFICE:

NORTHERN DIGITAL INC. NDI EUROPE GmbH NDI ASIA PACIFIC

103 Randall Drive Fritz-Reichle-Ring 2 Unit 301, 3/F Core Building 1

Waterloo, ON, Canada N2V 1C5 D-78315 Radolfzell No. 1 Science Park East Avenue,
Germany Hong Kong Science Park,

Phone: + 1 (519) 884-5142 Shatin, New Territories,

Toll Free: + 1 (877) 634-6340 Phone: + 49 (77 32) 939 19 00 Hong Kong

Global: + (800) 634-634-00 Global: + (800) 634 634 00

Fax: + 1 (519) 884-5184 Fax: + 49 (77 32) 939 19 09 Phone: + (852) 2802 2205

Fax: + (852) 2802 0060
Email: support@ndigital.com Email: support@ndieurope.com Email: APsupport@ndigital.com
Website: www.ndigital.com Website: www.ndieurope.com Website: www.ndigital.com
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Read Me First

Updates

NDI is committed to continuous improvements in the quality and
versatility of its software and hardware. To obtain the best results with
your NDI system, check the NDI Support Site regularly for update
information:

http://support.ndigital .com
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About This Guide

About This Guide

Introduction

This guide isintended for users of the Optotrak® or Optotrak Certus®

measurement system who wish to use First Principles™ software to
collect and manipul ate the data produced by experiments.

Assumptions

It is assumed that you are familiar with the M icrosoft® Windows®
environment. It is also assumed that you are familiar with the Optotrak
System, in particular:

you know what markers, rigid bodies, and tools are
you know what strobers are

you know the difference between global and local coordinate
systems

you understand what atool definition fileis

if you are using an ODAU I1, you understand how it works

Related Documentation

Refer to the documentation that was delivered with your system for
detailed information on the use of the Optotrak System.

Vi
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1 What is First Principles?

First Principlesis an application software package that provides you with
an easy way to observe, record, play back and manipulate the data
produced by an experiment.

Note An experiment is a specific Optotrak System setup that uses markers,
rigid bodies, tools, and/or ODAU Il units to measure the movement and/or
location of a subject/object.

Record and play back data Use First Principles to observe and record the
data that your experiment produces. The software includes asimple
interface to enable you to play back recorded data. You can save and
export a collection at any time during (or after) an experiment. In
addition, you can open previously collected datato review and analyze.

Manipulate data First Principles provides you with the power to
manipulate data at any time. You can change the physical setup of the
experiment and observe the effects of these changes on the experiment
without having to re-initialize the Optotrak System or stop tracking. You
can also apply calculations to the collected datain real time or when
playing back the data.

Manage the system First Principles provides you with the ability to test
specific elements of an experiment, before performing the experiment
itself. For example, you can check that markers are being measured
properly, that the current registration is accurate, and that the softwareis
communicating with the Optotrak System correctly.

1.1 Working with Experiments

A First Principles experiment may comprise a number of sessions, which
in turn may comprise a number of collections. For example, consider an
experiment named “ Gait Analysis’. On day one, you take a number of
“collections” from subject A and save those collections as“ Session 1”.
On day two, you open the “Gait Analysis’ experiment and take a number
of “collections’ from subject B and save those collections as “ Session 2".

Thefollowing paragraphs provide an overview of the processfor working
with experiments. With First Principles you can create a new experiment,
or open an existing one. Figure 1-1 shows a flowchart of the process.
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Start

A
Create a new experiment/
Open an existing experiment

/

Environment Setup

/

Experiment Setup

A

Session Setup

\
| Work with Collected Data |

/

Close/Save Experiment
/
Finish

Figure 1-1 Experiment Process Overview

1. Start
a) Connect and power on the Optotrak hardware components.

b) Open First Principles.
2. Create/Open an Experiment

Choose either to create a new experiment, or to open and continue
work on an existing experiment.

Note The experiment file extension is .exp.
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3. Environment Setup

a) If you have multiple Position Sensors connected to your system,
you must perform aregistration, if it was not done recently.

b) If youwant to movethe global coordinate system to anew
location, you can perform an alignment.

First Principles provides an easy-to-use wizard to perform both these
steps.
4. Experiment Setup

If you are working with an existing experiment, you can either make
changes to the experiment setup already created for it, or you can skip
over this step and proceed directly to step 5.

a) Connect the hardware components of the experiment —
strobers, markers, rigid bodies, and/or tools.

b) Inthe Experiment Setup window, describe the components
being used, so that your system can track them properly.

5. Session Setup

a) Choose afilelocation for saving collections.

b) If you chose to create temporary imaginary markers, digitize
these points using the simple procedure provided with First
Principles.

6. Work with Data
*  View the data produced by the experiment in real time.

e Perform collections of produced data. If you choose to do so,
datais automatically exported to predefined file formats.

«  Manipulate your experiment both by changing your setup or by
adding calculations to the data produced.

*  Saveand/or export data collections for future analysis.

7. Save Experiment

Save the experiment setup for future sessions.
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8. Finish

1.2 Working with Collected Data

To open and work with previoudly collected data, First Principles
provides the following process:

Start

Y

Open Collection

A
Work with Data

Y
Finish
Figure 1-2 Reviewing Data Overview

1. Start
Open First Principles.

2. Open Data Collections

Browse to and select data collections made in a previous experiment.

Note The data collection file extension is .nco.

3. Work with Data

a) Usethe view settings to customize the main window to display
your selected data collections in amanner useful to your
particular analysis.

b) Review the data collections using playback functionality.

¢) Manipulate the data collections by adding or removing
calculations.
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d) Export data collections for future analysis.
€) Savenew view settings and calculations by saving the
collection.

4. Finish

1.3 Installing First Principles

System Requirements

To run First Principles, you must have the following:
O Windows XP/Vistal7 (32 or 64 Bit)

Internet Explorer 5.0 or above

video card with Open GL support

monitor that supports aresolution of 1024 x 768

O o 0o d

Pentium 4 Processor or better
0 256 MB RAM

To run First Principles, NDI also recommends having the following:
0 2GB RAM or more

300 GB or more free hard drive space

monitor that supports aresolution of 1600 x 1200

wheel mouse

O o o d

17-inch monitor or larger

Installation Procedure

1. Closeal other programs before installing First Principles; once the
installation is complete, you will be prompted to restart your
computer.

2. Insert the First Principles CD into the computer’s CD drive.
3. Follow the steps as directed by the automatic installation wizard.
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By default, this wizard stores all program files on C:\Program
Files\Northern Digital Inc\NDI First Principles. You must be able
to read and write to this location.

Some NDI data files used and created by First Principles are stored
in the ‘ndigital’ directory. This directory is defined by the ND_DIR
environment variable, and can typically befoundin C:\ndigital. You
must be able to read and write to this location.

Note NDI recommends that this directory not be changed during installation.

4. If prompted, restart the computer.

5. Start First Principles. The licence update dialog will appear. Refer to
the following section for details on licences.

About Licences

First Principlesis distributed free for atrial period of 120 days from the
day you install it. During the trial period, all product features are
available. You may purchase the full version or activate afree version at
any time during the trial period. The free version provides only playback
functionality.

When you start First Principles for the first time, the licence update
dialog appears:
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NDI First Principles Licence Update

This is the trial version of NDI First Principles and includes
all features. Please purchase this product before your trial
uns out!

" Continue with trial

" Purch fActivate NDI First Principles

+ ‘Activate free version [Playback Only):

Trial Information:

Days left: 119

Continue with Trial

Figure 1-3 Licence Update

Thisdiaog displays the number of daysleft inyour freetria and presents

three options as follows:

1. Continuewith Trial. This option provides access to al features,
providing thetrial period has not expired. Once the trial period
expires, this option is not available.

2. Purchase/Activate NDI First Principles. This option guides you

through the purchase and activation procedure.

3. Activatefreeversion (Playback Only).This option activates the
free, playback only, version. (If you activate the free version, you
till have the option to purchase the full version at any time.)

Note You may select Continue with Trial at any time from any licence dialog.

Select the desired option and click Next. If you select Continue with
trial or Activate free version, the dialog will close and First Principles
will start. If you select Purchase/Activate NDI First Principles, the

activate dialog appears:
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NDI First Principles License Update

Purch NDI First Principl

Morthem Digital Inc.
103 Randall Drive
Wateroo, ON, Canada N2V 1C5

Phone: +(519) 884-5142
Toll Free: +(B77) 634-6340
Global: +(B0D) 634 634 00
Fan: +(515) 884-5184
Email: sales@ndigital com
Website: www ndigital.com
Activate NDI First Principl

™ Activate online

" Activate manually

Continue with Trial | < Back | | Exit

Figure 1-4 Activate Dialog

Thisdialog displays NDI contact information and two activation options,
online and manual. Select the desired option and click Next. Proceed to
online activation or manual activation as appropriate.

Note NDI contact information is also listed under “Contact Information” on
page iv. You will need to contact NDI to purchase First Principles and to
obtain the necessary activation information.

Online Activation

If you select Online Activation, the following dialog appears:
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For online activation please enter the Licence |0 and
Pazsword.

Licence ID: [0
Pazsword:

Continue with Trial < Back | Finizh | Exit

Figure 1-5 Online Activation

1. Make surethat your computer is connected to the internet. Enter the
Licence I D and Password as supplied by NDI.

2. Click Finish. If activation is successful, the dialog closes and First
Principles starts.
Manual Activation

If you select Manual Activation, the following dialog appears:
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Manual Activation

For manual activation of NDI First Prinicples, contact
Morthem Digital Inc. by phone or email and provide user
code 1and 2 shown below. A sales representative will
provide you with Registration code 1and 2.

User Code1: 228282077
User Code2: 1568165654
Registration Code 1: g
Registration Code 2: g

Continue with Trial | < Back | Finish | Exit

Figure 1-6 Manual Activation

1. Contact NDI and provide user code 1 and user code 2. NDI will
supply you with registration code 1 and registration code 2.

2. Enter the information supplied by NDI in the appropriate fields.
Click Finish. If activation is successful, the dialog closes and First
Principles starts.

Licence Management

Licence status information and update options are also accessible when
First Principlesisrunning. To view the current licence status, select Help
> Licencing I nfo. The following dialog appears:

10
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NDI First Principles License Update

License status:

Collection: Trial active

[ Activate Additonal Features

Continue with Trial | Exit |

Figure 1-7 Licence Status

The Licence status box displaysthe current status. To Activate
additional features, select the associated checkbox and click Next. The

Activate dialog appears as previously described, refer to “ Activate
Dialog” on page 8.
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2 Getting Started

To start using First Principles, complete the following tasks:

1. Set up hardware and start software

2. Adjust communication settings

Note If you are only going to open and review existing data collections, you do
not need to be connected to an Optotrak System or be concerned with
communication settings.

2.1 Set Up Hardware and Start Software

1. Refer to the system documentation and place and connect the main
hardware components of your Optotrak System:

O
O
O
O

O

SCU

Position Sensor(s)
link cables

power cables

communication cables to host computer

2. Power on the system.

3. Start First Principles.

When you start First Principles, the software automatically attempts to
connect to the Optotrak System, establish communication, and determine
what hardware components are being used in your setup.

2.2 Adjust Communication Settings

Check the communication settings to ensure that they are correctly
assigned. From the main menu, select Settings > Communication
Settings. The Communication Settings Dialog appears:
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Communication Settings

X

Interface:  |PCI hd

Interface Settings

There are no configurable parameters for thiz interface.

()3 | Cancel |

Figure 2-1 Communication Settings Dialog

If you are you using a PCI card:

1. Fromthe Connection Type drop-down list, select PCI.
2. Click OK (no other input required).

If you are using a SCSI card:

1. Fromthe Connection Type drop-down list, select SCSI. The SCSI
Settings Dialog appears:

Communication Settings Pz|

Interface: (TS I_—_

Interface Settings

Host ID: 0
Target |D: 4
Time Out: 10

()3 | Cancel |

Figure 2-2 SCSI Settings Dialog

2. EntertheHost ID. You can determine the Host 1D using the program
NDI SCSI Check. This program is available from NDI Technical

Support.

14
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3. Enter the Target I D found on the back of the SCSI box. SCSI IDs
are numbered from 0 though 7, and are used by the workstation to
distinguish between the devices connected to the SCSI bus.

4, Enter the Time Out. Set this value to the time that the system will
wait for communication until it times out. A recommended default

valueis 10 (seconds).

If you are using an Ethernet connection:

Note For detailed information about using Ethernet to communicate with an
Optotrak System, refer to the documentation delivered with your system.

1. Fromthe Connection Type drop-down list, select Ethernet. The
Ethernet Settings Dialog appears:

Communication Settings @

Interface:  [{SE0E

Interface Settings

* |P Address: 172 016 01 104

" Hostname:

Figure 2-3 Ethernet Settings Dialog

2. If youareusing astatic |P address, set the | P Address to that of the
SCU. If you are using DHCP, set the Hostname instead of | P
Address. (The Hosthame is SCU's serial number string without a
dash "-".)

Note Depending on your facility setup, a network using DHCP may
automatically assign an IP address to the SCU. Please consult your
network administrator for information specific to your facility setup.

3. Click OK.
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2.3 Query System

If you decide to change your hardware setup after starting First
Principles, use the Query System utility to ensure that the software is
aware of your changes. This function is aso useful to check that the
software is communicating correctly with the system and that all devices
are correctly connected.

After making your changes, select Utilities > Query System. The
software re-initializes the connected Optotrak System and attemptsto
determine its new hardware configuration. The Sample Query System
Results Dialog appears:

Detected System Devices

System Unit SU-07663
Camera C3-03634 Sensor 3
Camera C3-03634 Sensor 2
Camera C3-03694 Sensor 1
Camera C3-03450 Sensor 1
Camera C3-03450 Sensor 2
Camera C3-03450 Sensor 3
Camera C3-04-31 3 Sensors

Figure 2-4 Sample Query System Results Dialog
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3 Environment Setup

Before performing an experiment, you must set up the global coordinate
system in which the experiment will be tracked. This process can be as
simple as deciding to use the default global coordinate system of asingle
Position Sensor. Alternatively, this process can be as complicated as
using several Position Sensors to track a marker using a common global
coordinate system that, in addition, has been moved to a customized
location.

First Principles provides you with an easy-to-use wizard that walks you
through an environment setup and automatically saves your choices for
future sessions.

3.1 Understanding the Environment Setup Wizard

The environment setup wizard allows you to review the current global
coordinate system setup before using the system. Environment setup
involves two possible processes; registration and alignment.

What is Registration?

If the software detects two or more Position Sensors connected to the
system, you must perform aregistration procedure. Registration isthe
process of aligning all the Position Sensors' coordinate systems to that of
one of the Position Sensors, producing a single global coordinate system
against which the position and orientation of rigid bodies, tools, and
markers are measured.

For more information about registration, refer to the system user guide.

What is Alignment?

Alignment isthe process of changing the default global coordinate system
(placed at a Position Sensor) to the location of either arigid body’s
coordinate system, or that produced by a combination of digitized points.

For more information about alignment, refer to the system user guide.
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Note If you choose to perform both a registration and an alignment, remember
that registration always comes first and that it invalidates any previous
alignment.

What is the Environment Setup Process?

The Environment Setup wizard walks you through both registration and
alignment using the following process:

Environment Setup
start

Would you like
to perform a new
alignment?

Would you like
to perform a new
registration?

No

Registration Process > Finish

Registration Process

A

Would you like
to perform a new > Alignment Process
alignment?

Y

Finish

Finish

Figure 3-1 Environment Setup Process

3.2 Accessing the Environment Setup Wizard
There are two ways to access the Environment Setup wizard:
1. Select Settings > Coordinate System Details or,

2. Create either anew experiment or open an existing experiment:

18 First Principles User Guide - Revision 3



e Select File > New Experiment to create an entirely new
experiment.

¢ Select File > Open Experiment to browse to and open an
existing experiment (.exp).
Environment Setup E‘

Query System

New Multiple Position Sensor configuration detected.
Registration is required.

Multiple Position Sensor Registration

Registration is the process of aligning multiple Postion Sensors’
global coordinate systems to that of one Position Sensor,
producing @ single global coordinate system against which objects
can be measured

Current Registration:

Unregistered Postion Sensors e
C3-03694
0304031
& Perfomn New
Registration

Global Coordinate System Alignment

Alignment is the process of changing the dlobal coordiate system
to match either an cbject’s coordinate system, or that produced by
& combination of digtized poits.

A Current Aignment - Lse Cumert
Defautt Alignment Alignment
[Aprl 19, 2006 - 07:56:29 AM

Postion Sensors: ¢ Use Default

iy Aignment
c3.04031
Perfom New
Aignment

Click 'Next' to perform actions defined above.

Next > Cancel

Figure 3-2 Environment Setup Window

3.3 Choosing to Perform a Registration

If the system has detected two or more Position Sensors connected to the
system, the Environment Setup window enables the Position Sensor
Registration dialog:
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Multiple Position Sensor Registration

Mew Multiple Position Sensor configuration detected.
Registration is required.

Registration is the process of aligning multiple Position Sensors’
global coordinate systems to that of one Position Sensor,
producing a single global coordinate system against which objects
can be measured.

Cumrent Registration:

Unregistered Position Sensors: ol
C3-03634
c3-04031

5+ Perform New
Registration

Figure 3-3 Position Sensor Registration Dialog

The Position Sensor Registration dialog provides the following
information and options:

» Itconfirmsthat you have multiple Position Sensors connected to
your system.

» It displaysthe details of the last time the detected Position
Sensors were registered and their serial numbers.

« It offersyou the option of reusing the current registration. For
example, select this option if you are performing an experiment
in which you are certain that the Position Sensors have not been
moved since the last registration. You will not need to re-
register.

Note NDI recommends that you perform a registration daily and each time you
move the Position Sensor(s), or change the physical setup of the Position
Sensor(s).

Using the information provided in this section, choose one of the
following actions:

e Choose Use Current Registration if you do not wish to make
any change from the last settings. If you select this option, the
previous registration information will be applied to the global
coordinate system, and you are moved on to Experiment Setup.
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¢ Choose Perform New Registration if you wish to perform a
new registration. See “Performing a Registration” on page 23.

3.4 Choosing to Perform an Alignment

The Global Coordinate System Alignment dialog offers you the
opportunity to perform an alignment before collecting any experiment
data:

Note Make sure you perform an alignment before you collect data. Unlike
previous versions of NDI software, you will not be able to re-align the
coordinate system once data has been collected.

Global Coordinate System Alignment

} Alignment is the process of changing the global coordinate system
to match either an object’s coordinate system, or that produced by
a combination of digitized points.
X
[ . Cument Alignment: ~ Use Curert
Default Alignment Alignment
" April 19, 2006 - 07:56:29 AM
Position Sensors: * kl'"senzeef;uh
303694 s
| 304031
— Perform New
Alignment

Figure 3-4 Global Coordinate System Alignment Dialog
The Global Coordinate System Alignment dialog provides the following
information and options:

e It showsyou the details of the last time an alignment was
performed.

« It offersyou the option of reusing the current alignment.

« It offersyou the option of resetting the alignment to the default
global coordinate system (the Position Sensor).

Using theinformation provided in the dial og, choose one of the following
actions:
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e Choose Use Current Alignment if you do not wish to make
any changes from the last settings. If you choose this option, the
previous alignment information will be applied to the global
coordinate system, and you are moved on to the next step.

*  Choose Use Default Alignment if you want to change the
alignment to the global coordinate system, with its origin in the
Position Sensor.

e Choose Perform New Alignment to perform a new alignment
procedure. See “Performing an Alignment” on page 31.

3.5 What Next?

Performing a new registration? Go to “Performing a Registration” on
page 23.

Performing a new alignment? Go to “Performing an Alignment” on
page 31.

Using existing alignment/registration information (either customized or
default)? Go to either “Experiment Setup for an Optotrak 3020” on
page 41, or “Experiment Setup for an Optotrak Certus’ on page 53.

22
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4 Performing a Registration

Registration is the process of aligning multiple Positions Sensors
coordinate systems to that of one Position Sensor, producing asingle
global coordinate system against which rigid bodies, tools, and markers
can be measured.

The registration process consists of the following:

1. Multiple Position Sensors track markers on the same rigid body or
tool (known as aregistration object) throughout a shared
measurement volume area. “ Shared” can mean any of the following:

Multiple measurement volumes overlapping a common area.

If two measurement volumes do not overlap a common area,
they must both overlap in areas with a third measurement
volume.

For astring of Position Sensors, a common link must exist
between their measurement volumes in order to be considered
sharing. For example, for an environment setup involved four
Position Sensors, measurement volume 1 must overlap
measurement volume 2, which must overlap measurement
volume 3, which must overlap measurement volume 4. In this
manner, measurement volume 4 is sharing with measurement
volume 1.

2. Using the tracking information returned from each Position Sensor,
the software cal cul ates the location of each Position Sensor’s
coordinate system with respect to each other.

3. The software calculates and applies the transformations required to
shift al coordinate systemsto that of only one of the Position
Sensors thus creating one global coordinate system. (The Position
Sensor will be the furthest one physically connected to the SCU)

Note For more information about registration and rigid bodies/tools, refer to
the system documentation.
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4.1 Registration Procedure

The Environment Setup wizard provides you with the following
registration procedure:

Choose to perform a
new registration

y

Set up the hardware
appropriately

Y
Pick the registration
rigid body’s tool
definition file

Y

Perform a dynamic collection of the
registration rigid body to produce a
new coordinate system

A

Finish
Figure 4-1 First Principles Registration Procedure
Once you have chosen to perform a new registration, the Environment

Setup wizard begins. Refer to “ Registration Welcome Window” on
page 25:
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®

Registration Setup

Before performing a registration, you must check for the following:

1. The registiation rigid body is plugged into the System Control Unit.

2. Mo other markers. rigid bodies. or tools are plugged into the system.

<Back Cancel

Figure 4-2 Registration Welcome Window

1. Following the on-screen instructions, connect the registration rigid
body or tool to the SCU. (If you are using an Optotrak 3020 system,
connect the rigid body or tool to Port 1 on the SCU.) Make sure that
there are no other tools, rigid bodies, or markers plugged into the
system.

2. Click Next. The following window appears:
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Select Tool Definition 3]

Select a Tool Definition File

Please select the tool's definition file [ -rig ]

|D:uocaldatavigrom\HA-0B153 AIG

" Use the tool definition file programmed in the tool's SROM device

<Back Hest> Cancel |

Figure 4-3 Registration Procedure — Select a Tool Definition File

3. Choose from the options provided:

« If you areusing aregistration rigid body, choose Select the tool
definition file from a directory and browse to the desired tool
definition file (.rig).

« If you are using aregistration tool with a programmed SROM
device, select Usethetool definition file programmed in the
tool’s SROM device. Thisoption is not available for Optotrak
3020 systems, as they do not support SROM devices.

Note If you wish to use a tool definition file other than that programmed in the
SROM device of a connected tool, select the tool definition file from a
directory.
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4. Click Next. The following window appears:

Registration ®

Register Multiple Position Sensors

After clicking "Register’, slowly
move the rigid body throughout
the combined measurement

volume, ensuring to cover the POSITION SENSORS:

areas of the volume that are O3 B
I o 1-C3-03450

common to multiple Position 2 C3036594

Sensors. 3-c3-04031

The graphic on the right will
indicate the following:

3
0 - Directly Registered
Position Sensors
2
o - Indirectly Registered
Position Sensors 1
- Markers Visible
by Position Sensor Callection Time Collection Delay
o seconds o seconds
Register
< Back ‘ Eares] |

Figure 4-4 Registration Procedure — Collect Registration Data

5. Preregistration check. The Position Sensors are numbered and
listed by serial number at the right side of the display. They are also
represented graphically by their number. Slowly move the
registration object throughout the combined volume and notice that,
as each Position Sensor sees at |east three markers of the object, a
green background appears behind the Position Sensor number. Using
this method you can determine the limits of the combined volume
that you will cover during the actual registration procedure.

6. Enter aCollection Timein seconds. Enter atime that will allow you
to cover the combined volume during the registration process.
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7.

(Optional) Enter a Collection Delay, in seconds. Enter a time that
will alow you time to position the registration object before the
collection begins.

Click Register and begin to slowly move the registration object
throughout the combined volumes, as determined in step 5. Asthe
overlapping volumes of two Position Sensors are registered, a“blue
sphere” icon appears between the two applicable Position Sensors. If
two Position Sensors are registered because they share acommon
volume with athird Position Sensor, a small “blue sphere” icon

appears.

Move the registration object throughout the combined volume,
making sure that all combinations of overlap contain either large or
small “blue sphere” icons.

At the end of the collection, a Registration Results section appears at
the bottom of the window, displaying either “ Registration
Successful” or “Registration Failed”.

« If your registration failed, click Register to try again. Also see
“Registration Hints’ on page 29.

» If your registration is successful and you are satisfied with the
resulting RMS Error, click Finish. If you wish to review the
result details, click View L og.

An example of a successful registration is shown in “ Successful
Registration” on page 29.
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Registration

Regqister Multiple Position Sensors

After clicking ‘Register”, slowly
move the rigid body throughout
the combined measurement
volume, ensuring to cover the
areas of the volume that are
common to multiple Position
Sensors.

The graphic on the right will
indicate the following:

0 - Directly Registered
Position Sensors

. - Indirectly Registered
Position Sensors

- Markers Visible
by Position Sensor

Results

’ Registration Successful

POSITION SENSORS:
1 - C3-03450
2 - C3-03694
3 - c3-04031

3
: @
1 @ 0
Collection Time Collection Delay

20 seconds 0 seconds

Register

RMS Registration Error: 0.34mm

Wiew Log

{

<Back |{Heds

Cancel

Figure 4-5 Successful Registration

What Next?

Performing an Alignment? Continue on with “Performing an Alignment”

on page 31.

Not performing an Alignment? The Environment Wizard closes and the
Experiment Setup window appears. Go to either “Experiment Setup for
an Optotrak 3020” on page 41, or “Experiment Setup for an Optotrak

Certus’ on page 53.

4.2 Registration Hints

* Besurethat each Position Sensor has some overlapping
measurement volume with at least one other Position Sensor in

the setup.
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Be sure that the markers on the registration object are plugged
into the SCU, can be seen by the Position Sensors, and are in the
shared measurement volume area.

Be sure that you selected the proper tool definition file for the
registration object.

When moving the registration object throughout the shared
measurement volumes, be sure that @) you are moving it
SLOWLY, and b) you have moved it at least 500 mm in each
direction (up, down, and sideways).
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5 Performing an Alignment

Alignment is the process of transforming the global coordinate system to
anew location that is more meaningful to your experiment.

There are two ways to perform an alignment:

« Aligntodigitized points: Collect snapshots of specific pointsin
the measurement volume using a digitizing probe. Use the
location of these points to calculate a new global coordinate
system.

« Aligntoarigid body or tool’s coordinate system: Perform a
collection of astatic rigid body/tool (also known as an alignment
object). Use the resulting transformations to calculate the
alignment object’s local coordinate system, and then transform
the global coordinate system to this location.

Note For more information about alignment objects, refer to the system user
guide.

5.1 Alignment Procedure

The Environment Setup wizard provides you with the following
alignment procedure:
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Choose to perform a
new alignment

Y )
” Alignto Digitized
Set up the hardware D|g|t|zca)eg Points Points Pick the appropriate tool
appropriately Align to Rigid definition file
Body?
Rigid Body
A

Pick the appropriate tool

definition file Digitize three points to define

to a new coordinate system

y

Perform a static collection
of the alignment rigid bodyj
to produce a new
coordinate system

/

P Finish

Figure 5-1 First Principles Alignment Procedure

Once you have chosen to perform anew alignment, the Alignment wizard
begins, as shown in “ Alignment — Welcome Window” on page 33:
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®

Alignment Setup

Before performing an alignment, you must check for the following:

1. The alignment rigid body or digitizing probe is plugged into the System Contiol Unit.

2. Mo other markers. rigid bodies. or tools are plugged into the system.

<Back Cancel

Figure 5-2 Alignment — Welcome Window

1. Connect either the aignment object or the digitizing probe to the
SCU. (If you are using an Optotrak 3020 system, connect the
alignment object of digitizing probe to Strober Port 1 on the SCU.)
Asinstructed, make sure that there are no other tools, rigid bodies, or
markers plugged into the system.

2. Click Next. The following window appears.
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Alignment

Select an Alignment Method

¢ Align To Digitized Points
Collect snapshts of specific points in the measurement volume using &

digttizing probe. Use the location of these points to calculate a new
coordinats system to apply to the Postion Sensoris).

& Align to a rigid body's / tol's coordinate spstem
Perform a static callection of  figid body /todl. Use the resulting

ransformations to calculate the figid body /todl's local coardinate
system, and apply it to the Position Sensoris).

< Back Next > Cancel

Figure 5-3 Alignment — Select an Alignment Method

3.  Select how you wish to perform the alignment:

Align to digitized points: Collect snapshots of specific pointsin
the measurement volume using a digitizing probe.

Aligntoarigid body or tool’s coor dinate system: Perform a
static collection of an alignment object.

4. Click Next.

If you choseto use digitized points, go to “Using Digitized
Points’ on page 35.

If you choseto use an alignment rigid body/tool, goto “Using
an Alignment Object” on page 37.
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5.2 Using Digitized Points

If you have chosen to perform an alignment using digitizing points, the
following appears:

®

Select Tool Definition

Select a Tool Definition File

Please select the tool's definition file [ .rig )

 Select the taal definition fle fram a directons
[DMlacaldatatrigram\HR-0B 153 RIG .

" Use the toal definition file programmed in the tool's SROM device

< Back Mext > Cancel

Figure 5-4 Alignment — Select a Tool Definition File

1. Choose from the options provided:

* If youareusing adigitizing rigid body, choose Select the tool
definition file from a directory and browse to the desired tool
definition file.

e If youareusing adigitizing tool with a programmed SROM
device, select Use the tool definition file programmed in the
tool’s SROM device. Thisoption isnot available for Optotrak
3020 systems, as they do not support SROM devices.
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Note If you wish to use a tool definition file other than that programmed to a
connected probe, select the tool definition file from a directory.

2. Click Next. The following window appears:

Alignment El

Align To Digitized Points

Stepl: Digitize the Drigin

 [mm] ¥ [mm] 2 [mm]

| 15517 4924 299210

4

= x
 [mm] y [mm] z [mm] l\
| v L
z
« [mm] ¥ [mm] z fmm]
‘ 30100 mm
Digitize (F5)

< Back ‘ Cancel

Figure 5-5 Alignment — Align to Digitized Points

3. Sep 1: Digitizethe Origin:
a) Placethedigitizing probe'stip at the new origin of the desired
global coordinate system.

b) Click Digitize or press F5. The software collects asingle frame
of datato determine the location of that point. Thislocation will
serve as the new origin of the global coordinate system.
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4, Sep 2: Digitize an Axis.
a) Select an axisfrom the drop-down list provided.

b) Placethedigitizing probe stip on this new axis of the global
coordinate system.

¢) Click Digitize or press F5. The software collects asingle frame
of datato determine the location of that point. The software uses
this location to determine the selected axis of the new global
coordinate system.

5. Sep 3: Digitizea Plane:

a) Select aplane from the drop-down list provided. Notice that the
options provided are automatically limited to planes that extend
from the selected axis determined in the previous step.

b) Placethedigitizing probe stip on this new plane of the global
coordinate system.

c) Click Digitize or press F5. The software collects asingle frame
of datato determine the location of that point. The software uses
thislocation to determine the plane of the new global coordinate
system.

6. Once you have completed the three steps in the Alignment dialog,
the software calculates a new global coordinate system based on the
location of the digitized origin, axis and plane. Click Finish.

What Next?

Go to either “ Experiment Setup for an Optotrak 3020” on page 41, or
“Experiment Setup for an Optotrak Certus’ on page 53.

5.3 Using an Alignment Object

If you have chosen to perform an alignment using an alignment object,
the following windows appears:
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®

Select Tool Definition

Select a Tool Definition File

Please select the tool's definition file [ -rig ]

|D:uocaldatavigrom\HA-0B153 AIG

" Use the tool definition file programmed in the tool's SROM device

< Back Mext » Cancel

Figure 5-6 Alignment — Select a Tool Definition File

1. Choose from the options provided:

» If you areusing an alignment rigid body, choose Select the tool
definition file from a directory and browse to the desired tool
definition file.

« If youareusing an alignment tool, select Usethetool definition
file programmed in the tool’s SROM device. Note that this
optionisnot available for Optotrak 3020 systems, as they do not
support SROM devices.

Note If you wish to use a tool definition file other than that programmed to an
alignment tool, select the tool definition file from a directory.
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2. Click Next. The following window appears.

Alignment Fg\
Align to Rigid Body / Tool
Place the rigid body / tool at the location of the
desired coordinate system, and click collect
Marker Postions F
x[mm] ¥ [mm] z fmm]
13262 61427 233240 =
@ 15 61363 238340
@ 1643 65799  -2387.80
@ 18512 0259 -2387.34 «
@ 1n7 0300 239151
@ 13302 £5269 299177
300100 mm
Tool Transformation
Rz [deg] Ry [deg] R [deg] x fmm] ¥ fmm) 2 fmm]
Collection Defay: |0 seconds Collsct
< Back | cancel

Figure 5-7 Alignment — Collect Alignment Object Data

3. Using both the real-time M arker Positionstable and spatial view
provided for guidance, place the alignment object in the
measurement volume so that the rigid body/tool’ s transformation can
be seen.

4. Move the aignment object to the location of the new global
coordinate system, so that its own origin matches the origin of the
desired new global coordinate system.

5. Rotate the alignment object until its own coordinate systemisin the
orientation of the desired new global coordinate system.

6. Click Collect.
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Note Do not move the alignment object during the collection, or the alignment
will fail.

7. At the end of the collection, an alignment results section appears at
the bottom of the window, displaying either “ Alignment Successful”
or “Alignment Failed”.

» If your alignment failed, click Collect to try again. Also see
“Alignment Hints” on page 40 to learn more about possible
reasons why it was not successful.

» If your alignment is successful and you are satisfied with the
resulting RMS Error, click Finish.

What Next?

Go to either “Experiment Setup for an Optotrak 3020” on page 41, or
“Experiment Setup for an Optotrak Certus’ on page 53.

5.4 Alignment Hints

Be sure the alignment object's markers are plugged in, and in view of the
Position Sensor(s) and in the measurement volume.

Be sure you select the correct tool definition file.

Be sure the alignment object is completely stationary when the system is
collecting the alignment datafile.
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6 Experiment Setup for an Optotrak 3020

This section details the procedure required to set up an experiment using
an Optotrak 3020 System. (For details on setting up an experiment using
an Optotrak Certus System, refer to “Experiment Setup for an Optotrak
Certus’ on page 53.)

Experiment Setup

Please connect your markers and tools to be used in the experiment.

< Back Next » Cancel

Figure 6-1 Experiment Setup Initial Window

1. Asdirected by theinitial window, set up your experiment by
plugging in all markers, rigid bodies, and/or ODAU s required for
your experiment.

2. Click Next when you are ready. The Experiment Setup window
appears. Thiswindow provides three tabs that allow you to set up:

*  markers

e rigid bodies
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« ODAUIIs

Note If you have opened a previously created experiment, its setup information
will be loaded and the software will provide you with a list of expected
rigid bodies and/or markers. Check against this list before clicking Next.

Experiment Setup g
Experiment Setup
Marker Selup | Rigid Body Setup | DDAU Setup
Describe how individual markers are connected to your spstem. Remember ta
account for empty marker channels on any cornected stiober,
Total Mumber of Markers Per Strober Port
Port 1 B Port2: | 0O Pot3 | 0O Potd: | 0
Individual Marker Settings
Collection Frame Frequency: |30 Hz
Marker Power/Frequency
Power: T ; ; N =
min 45% max
Frequency: 3000 Hz
Advanced Marker Setiings
Back | MNex> Cancel

Figure 6-2 Experiment Setup Window

6.1 Marker Setup

Describe the markers connected to your system—nboth individual markers
and those attached to arigid body.
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1. Clickthe Marker Setup tab.

Matker Setup | Rigid Body Setup | ODAU Setup |

Describe how individual markers are connected to your spstem. Remember to
account for empty marker channelz on any connected strober,

Tatal Mumber of arkers Per Strober Port

Port 1: W Port 2 ’T

Collection Frame Frequency:

Marker Power/Frequency

Individual Markers Settings |

Fower:
ity

Frequency. 3000 Hz

Advanced Marker Settings

Figure 6-3 Optotrak 3020 Marker Setup Tab

2. Enter the Total Number of Markers Per Srober Port. For

example, if you have two rigid bodies with six markers each plugged

into strober port 1, you would assign the value 12 to Port 1.

Make sure that you account for empty channels on any connected
strober. For instance, if you have two 6-channel strobers daisy

chained on Port 1 and you have connected three markers on the first
strober and five markers on the second strober, you should specify 11

(6+5) asthe total number of markers on Port 1.

3. (Optional) To rename markers, or to apply aframe of referenceto a
particular marker that is different than that of the global coordinate

system, click Individual Marker Settings. The following dialog

appears:
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Individual Marker Settings

Marker Mame Frame of Refersnce
1 Marker_1 Global
2 Marker_2 Global
3 Marker_3 Global
4 Marker_4 Global
5 Marker_5 Global
E Marker_E Global
()3 | Cancel

Figure 6-4 Individual Marker Settings

This dialog is automatically populated with all the markers entered
for each strober port. To change amarker’s frame of reference, select
anew Frame of Reference from the drop-down list (if this optionis
available). Click OK when you are finished.

What isaframe of reference? Frame of reference refersto the
coordinate system within which a marker is being tracked and
measured. By default, markers are measured relative to the global
coordinate system; however, you can change thisif you want to
know the location of a marker relative to another object, typically
another rigid body or tool already defined in the experiment. (A
marker will be reported as missing if its reference object goes
missing.) All markers belonging to arigid body will be changed if
that rigid body has its frame of reference changed to that of another
rigid body.

Note You can rename markers in this window by double-clicking on a marker
and typing in its new name.
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4, SettheMarker Power using the slider provided.

What ismarker power? Marker power isthe overal “brightness’
of amarker. The marker power value represents the combination of
both marker voltage and duty cycle. The minimum marker power
value (0%) represents 7.0 V at a 10% duty cycle. The maximum
marker power value (100%) represents 12.0 V at an 85% duty cycle.

If marker power is set too low, the Position Sensor may not be ableto
detect a marker in the measurement volume. For example, marker
power may need to be higher if the markers are at the back of the
measurement volume. Inversely, if amarker is at the front of the
measurement volume, the marker power must be lower so as not to
saturate the Position Sensor. The Raw Data view can be used to
check if the marker emits sufficient IR signal; refer to “ Raw Data
View” on page 87 for details.

5. Setthe Marker Frequency.

What is marker frequency? Marker frequency isthe rate at which
markers are activated within a frame. Increasing marker frequency
increases the rate at which marker positions are measured within a
frame. This may be useful when tracking fast moving objects.
However, a high marker frequency reduces the effectiveness of
marker power (making it more difficult for the Position Sensor to
detect markers at the back of the measurement volume). If you must
use a high marker frequency, you should also increase the duty cycle.

6. (Optional) Click Advanced Marker Settingsto adjust marker
voltage and duty cycle directly (instead of simply applying a
combined Marker Power value):

Advanced Marker Settings

Dty Cycle: 50 (11 -85)
Woltage: 8 VE5-120)

()3 | Cancel |

Figure 6-5 Advanced Marker Settings Dialog

What isduty cycle? Duty cycleis the percentage of the marker
period (time between two markers being activated) during which a
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marker is activated. If thisvalueis set too high, the life span of the
marker may be diminished; an activated marker in your hand should
not feel hot.

What ismarker voltage? Marker voltage isthe voltage that strobers
use to activate markers. If this value istoo high, the life span of the
marker may be diminished. If this value istoo low, there may not be
enough marker power for the Position Sensor to be able to detect the
marker in the measurement volume.

6.2 Rigid Body Setup

Some of the markers you have assigned to a strober may be part of arigid
body:

Note You must define all the rigid bodies in your experiment before you collect

any data. Otherwise, you will not be able to use First Principles to perform
rigid body calculations.
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1. Click the Rigid Body Setup tab.

Marker Setup  Rigid Body Setup l oDal Setup]

Connected Toolz/Rigid Bodies:

Figid Body Mame | Markers | Imaginary Markers | Start Marker Frame of Reference

REB-06145.10 6 o1 JGlba |

Add Femove Faoints To Digitize... Dretailz

Figure 6-6 Optotrak 3020 Rigid Body Setup Tab

2. Toassign arigid body, click Add. Browse to and select the

appropriate tool definition file (.rig) that represents the rigid body
plugged into the system. The software adds the rigid body and its

relevant tool definition file name to the Connected Toolg/Rigid
Bodieslist.

3. Enter the Sart Marker — the marker location of the first marker on
therigid body, relative to all markers connected to the system. Notice

that the software provides you with a suggested value.

Note You can remove rigid bodies from this list by selecting a rigid body and
clicking Remove. You can also view the contents of a rigid body’s tool

definition file (.rig) by selecting it from the list and clicking Details.
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How to Add Imaginary Markers to a Rigid Body

Imaginary markers are points assigned to arigid body whereit is difficult
or undesirable to attach an actual marker. Their locations are appended to
therigid body’stool definition file and are tracked asif they were real
markers.

Some rigid bodies include imaginary markersin their tool definition file.
These markers are “ permanent” as their positions are recorded in the tool
definition file and cannot be edited. These markers are created using NDI
6D Architect software, as part of the characterization process.

Some situations call for “temporary” imaginary markers — imaginary
markers that are associated with arigid body’s design but that may
change in location, for instance segment endpoints associated with a
segment rigid body attached to different subjects. Use First Principlesto
create these temporary points and save them as part of your experiment
setup.

1. Select arigid body from the Connected Tools/Rigid Bodies list.

2. Click Pointsto Digitize. The following window appears:

CU-01015 - Imaginary Markers To Digitize

arker | Label | Use In Origin | Use In Axis/Plane |
1 Medialénkle es
2 Lateraltinkle Centroid an #-Axiz [+]
3 Medialk nee Centroid an #-Auxiz [+]
Lateralk.nes
Used in Origin
Undefined ‘
w-Bis (4

RY-Plane
¥Z-Plane » XY (-) |

1 Add | Remove | ok | Cancel

Figure 6-7 Adding Imaginary Markers

3. Click Add to add placeholders for each imaginary marker your
experiment requires.
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4. Double-click each label in turn and rename the imaginary markers as
desired for your experiment.

5. IntheUseln Origin column, select Yesfor each marker you want to
include when determining the origin. The origin will move to the
centroid of all selected markers. If no markers are selected in this
column, the origin will remain unchanged. (Markers may also be
selected by right-clicking and selecting Use in Origin from the drop-
down list.)

6. IntheUseln Axis/Plane column, select the marker(s) you want to
define as the new X-axis, followed by the marker(s) you want to
define asthe XY plane and XZ plane. If no markers are selected in
this column, the tool coordinate system orientation will remain
unchanged.

7. Click OK. The Imaginary Markersto Digitize dialog closes. If your
experiment includes an ODAU 11, proceed with ODAU Il setup
below, otherwise click Next to continue and compl ete the session
setup procedure. (Refer to “ Session Setup” on page 68 to complete
the session setup.)

6.3 ODAU Il Setup

You might also have Optotrak Data Acquisition Units |1 (ODAU lls)
connected to the Optotrak System, to record additional data about your
experiment, in conjunction with marker data. For example, your
experiment may involve capturing marker data attached to a subject’s
legs. At the same time, your experiment might also employ aforce plate
to record analog signals created when the subject walks acrossit.

Note These instructions assume that you understand the concepts and
terminology used in the operation of ODAU Il devices. For more
information, see the “Data Acquisition Unit Il Guide”.
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1. Click the ODAU Setup tab.

Marker Setup] Rigid Body Setup  0DAU Setup ]

Odau Name
oAUl 1

0DaU Details: 0DAUI_1
004U Hardware Model QDAL ]

Frame Frequency: 100 Hz Advanced

Analog Input Settings
Input Mode:

Mumber of Analog Channelz; |8 SingleEnded -

Input Rangs:  |-10t010 = |y

Figure 6-8 ODAU Setup Tab

From the list of ODAU Units Detected, select an ODAU unit. Its
information is loaded into the fields provided.

Set the Frame Frequency to the frequency at which the ODAU 1
will record frames of data. By default, thisvalueis set at 100 Hz.

In the Analog Input Settings section:

from the drop-down list, indicate whether the Input Modeis
differential or single-ended.

indicate the Number of Analog Channelsthat the ODAU II
will be recording data from. Without multiplexer boards, the
maximum value for single-ended connectionsis 16; the
maximum value for differential connections 8.
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« from the drop-down list, set the Input Range to the voltage

range the ODAU Il should sample.

5. (Optional) Click Advanced to access additional settings. The

following dialog appears:

Advanced ODAU Il Settings 53

Scan Frequency: 90000 Hz
Multiplexer Present [
Part & / Port B
Digital Mode: 0f / OFf -
Drigital Dutput:
PotB [T
Pota [T
0x00
()3 | Cancel |

Figure 6-9 Advanced ODAU Il Settings

a) Enter aScan Frequency. The maximum scan rates vary with the
Input Range that you have selected:

Table 6-1 Scan Frequency Chart

Input Range (V) Max Recommended Scan Rate (Hz)
-10to 10 90 000
-2t02 90 000
-1tol 70000
-0.1t00.1 20000

b) Indicate whether or not thereisaMultiplexer Present.
(Selecting this option changes the Digital M ode options.)

c) Digital Mode: Select the Digital M ode for Port A/Port B from
the following list of options.
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Note The options available depend on whether the Multiplexer Present option
is selected. The multiplexer uses the first 4 digitized channels.

Table 6-2 Digital Mode - Selection Options

Multiplexer Present No Multiplexer Present
Port A/Port B Port A/Port B
Mux/Off Off/Off
Mux/In In/In
Mux/Out In/Out
Out/Out
In Out/In Out

d) Digital Output: Select the Digital Output channelsfor Port A
and/or Port B. The corresponding hexadecimal codeis
displayed as selections are made. (These options are only
accessible if the applicable port has been selected as an output
from the Digital M ode drop-down list.)

€) Click OK to apply these settings and close the dialog.

6.4 Setup Completion

When you have entered all applicable settings for your experiment, click
Next. The Session Setup wizard appears. Refer to “ Session Setup” on
page 68 to compl ete the session setup.
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7 Experiment Setup for an Optotrak Certus

This section details the procedure required to set up an experiment using
an Optotrak Certus System. (For details on setting up an experiment
using an Optotrak 3020 System, refer to “Experiment Setup for an
Optotrak 3020" on page 41.)

1. Asdirected by theinitial window, set up your experiment by

plugging in all markers, rigid bodies, tools, and/or ODAU s
reguired for your experiment.

Experiment Device Setup

®

Experiment Setup

Flease connect the markers and tools to be used in the experiment.

Show Latest Wireless Configuration..

< Back Newt > Cancel

Figure 7-1 Experiment Setup Initial Window

Note If you have opened a previously created experiment, the software will
provide you with a list of expected tools, rigid bodies and markers. Check
your setup against this list before clicking Next.
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2. Click Next when you are ready. The following window appears.

®)

Experiment Setup

Experiment Setup

Maiket Setup | Figid Body Setup | DDAU Setup

Discribs haw individusl markers ars connested to your system, Remember to
account for emply marker channels on any cannected Optetrak 3020 strober.

Total Number of Markers Per Stiober Port

Potl [+ Patz [T Paz [0

Configure Tooks/Strobers
Collection Frame Frequency: |30 Hz

Marker Power/Frequency

Power: i i i i o .
i 5% ma

Advanced Marker Settings

Frequency: | 3000 Hz

< Back Next > Cancel

Figure 7-2 Experiment Setup Window

Use this window to describe to the software the details of each item
connected to the system.

Note If you have opened a previously created experiment, and have not
changed the setup that was listed in the previous step, you can click Next
to skip past this window. Alternatively, you can use this window to
describe changes that you have made.

If you disconnect and then reconnect tool(s) while the system is tracking,
select File > Edit Experiment and update the experiment setup to detect

the tool(s).
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7.1 Marker Setup
Describe the strobers, markers and tools connected to your system:

1. Clickthe Marker Setup tab.

Matker Setup | Rigid Body Setup | ODAU Setup |

Describe how individual markers are connected to your spstem. Remember to
account for empty marker channelz on any connected strober,

Tatal Mumber of arkers Per Strober Port

Part 1: ’T Part 2: ’T Part 3: ’T

Configure Tools/Strobers |

Collection Frame Frequency: 30 Hz

Marker Power/Frequency

Power: ; ; ; ; —

ity 5% ma

Frequency. 3000 Hz
Advanced Marker Settings

Figure 7-3 Optotrak Certus Marker Setup Tab

The software automatically determines the Total Number of
MarkersPer Srober Port based on the tools plugged into the
system. Smart Marker configurations are automatically detected.
Note that the software does not automatically detect any connected
rigid bodies or individual markers connected to marker strobers, or
those connected to Optotrak 3020 strober adapters. These must be
added manually by clicking on Configure Tools/Strobers, as
described below.

2. Click Configure Toolg/Strobers. The following window appears:
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Advanced Strober Setup

= Port1 Marker Name Marker Part Frame of Reference
=I Wireless Strober (6 markers] 1 Marker_1 1 Global
f S & I 2 Marker_2 2 Global
3 Marker_3 3 Global
4 Marker_4 4 Global
5  Marker 5 5 Global
B Marker £ E Global
Switch Action
I | |

Figure 7-4 Advanced Strober Setup

The software retrieves and displays how the following are connected

to the system:
* strobers
* tools

*  markers

Wireless strober setups are displayed in a configuration tree:
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Advanced Strober Setup

=1 Part1 Marker Marme arker Port Frame of Reference
—I- WWireless Strober [44 markerg]
= SPort1 (44 markers)
=1 Smart Marker Hub [44 markers]
HPort1 [9 markers)
HPort3 [1 marker]
=|- HPortd [34 markerg]
=I- Smart Marker Hub [34 markers)
HPont2 (8 markers]
+- HPort3 [24 markers]
HPortd 2 markers]

-
# Optatrak, 3020 Strober Adapter

Switch Action

= | |

Figure 7-5 Wireless Strober Setup

Note Make sure that the devices listed reflect your experiment setup. Unplug
any device not listed, wait two seconds and then plug in the device and
reconfigure the tool/strober. (Close the Setup window, click Back, then
click Configure Tools/Strobers.)

Note that the software does not automatically detect any connected
rigid bodies or individual markers connected to marker strobers, or
those connected to Optotrak 3020 strober adapters. You must
manually add these to the setup.

a) Select astrober that hasindividual markers or arigid body
attached to it, and click Add Marker to add the total number of
markers connected to it—both individual markers and those that
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are part of arigid body. To quickly add a number of markers,
select the Alt-A keys.

b) Toremove markers, highlight them and select Remove M arker
or the Alt-R keys. Alternatively, press the Delete key.

Advanced Strober Setup

= Port1 Marker Name Marker Part Frame of Reference
= Wireless Strober (6 markers] 1 Marke 7 1 Global
+|- SPort3 6 markers) 2 Marker 8 2 Global
o Poit2 3 Marker 9 3 Global
Marker Straber [3 markers)
Switch Action
Switch_1 Maone
Switch_2 MNone
’1_ {"Edd Marker " Remove Marker | LClose

Figure 7-6 Adding Markers to a Marker Strober Setup

3. (Optiona) You can rename a marker by double-clicking on its name
and typing in anew one.

4. (Optional) You can change amarker’s Frame of Reference. To
change amarker’sreference, select anew Frame of Reference from
the drop-down list provided.

What is aframe of reference? Frame of reference refersto the
coordinate system within which a marker is being tracked and
measured. By default, markers are measured relative to the global
coordinate system; however, you can change this if you want to
know the location of a marker relative to another object, typically
another rigid body or tool already defined in the experiment. (A
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marker will be reported as missing if its reference object goes
missing.) All markers belonging to arigid body will be changed if
that rigid body hasits frame of reference changed to that of another
rigid body.

Changing Marker Firing Sequences

Markers are fired in the order they are listed. You can indirectly change
this order by changing the Marker Port address of the markersin
question.

Individual Markers

1. Double-click anindividual marker’'s Marker Port entry.

2. Typeinanew number to change that marker’s Marker Port.

Note Only change the Marker Port entry on markers that are associated with a
Marker Strober. Changing the Marker Port entry on any other markers
may prevent the markers from firing.

Rigid Body Markers

All markers associated with arigid body must be fired consecutively; you
should not change their firing sequence.

Smart Markers

Smart Markers are automatically assigned Marker Port numbers and they
cannot be changed.

Tool Markers

Tool markers are automatically assigned Marker Port numbers according
to their placement in the tool’s internal wiring.

Note Do not change the port order on tool markers, as the tools will go
missing.
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Changing Marker Power/Frequency

On the Marker Setup tab:

1

Set the Marker Power using the slider provided.

What ismarker power? Marker power isthe overall “brightness’
of amarker. The marker power val ue represents the combination of
both marker voltage and duty cycle. The minimum marker power
value (0%) represents 7.0 V at a 10% duty cycle. The maximum
marker power value (100%) represents 12.0 V at an 85% duty cycle.

If marker power is set too low, the Position Sensor may not be ableto
detect a marker in the measurement volume. For example, marker
power may need to be higher if the markers are at the back of the
measurement volume. Inversely, if amarker is at the front of the
measurement volume, the marker power must be lower so as not to
saturate the Position Sensor. The Raw Data view can be used to
check if the marker emits sufficient IR signal; refer to “Raw Data
View” on page 87 for details.

Set the Marker Frequency.

What ismarker frequency? Marker frequency isthe rate at which
markers are activated within a frame. Increasing marker frequency
increases the rate at which marker positions are measured within a
frame. This may be useful when tracking fast moving objects.
However, a high marker frequency reduces the effectiveness of
marker power (making it more difficult for the Position Sensor to
detect markers at the back of the measurement volume). If you must
use a high marker frequency, you should also increase the duty cycle.

(Optional) Click Advanced Marker Settings to adjust marker
voltage and duty cycle directly (instead of simply applying a
combined M arker Power value):
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Advanced Marker Settings

Dty Cycle: 50 (11 -85)
Woltage: 8 VE5-120)

()3 | Cancel |

Figure 7-7 Advanced Marker Settings Dialog

What isduty cycle? Duty cycleis the percentage of the marker
period (time between two markers being activated) during which a
marker is activated. If this valueis set too high, the life span of the
marker may be diminished; an activated marker in your hand should
not feel hot.

What ismarker voltage? Marker voltage is the voltage strobers use
to activate markers. If this value is too high, the life span of the
marker may be diminished. If thisvalue is too low, there may not be
enough marker power for the Position Sensor to be able to detect the
marker in the measurement volume.

7.2 Rigid Body Setup

.rig files are automatically created and added for any connected/detected
tools (.rom). However, you must add .rig files for any connected rigid
body attached to a strober that does not automatically detect tools (such
as the Optotrak 3020 strober adapter or marker strober), as the system
cannot automatically detect these.

Note If you are planning to incorporate an Optotrak 3020 digitizing probe in
your experiment, you must add it at this stage. This is to enable the
correct option during Digitize Probe setup.
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1. Click the Rigid Body Setup tab. The following window appears:

Marker Setup  Rigid Bock Setup | DA Setup |

Conmected Tools/Rigid Bodies:

Figid Bady Name Markers | Imaginary M... | Start Mar.. | Frame of Reference
1 Frobe 4 0 1 Global
2 Lefileg 3 2 5 Global

Add

Figure 7-8 Optotrak Certus Rigid Body Setup Tab

2. Toassignarigid body, click Add. Browse to and select the
appropriate tool definition file (.rig) that represents the rigid body
plugged into the system. The software adds the rigid body and its
information to the Connected Tool§Rigid Bodies list.

3. Enter the Sart Marker—the marker location of the first marker on
therigid body, relative to all markers connected to the system. Notice
that the software provides you with a suggested value.

Note You can remove rigid bodies from this list by selecting a rigid body and
clicking Remove. You can also view the contents of a rigid body’s tool
definition file (.rig) by selecting it from the list and clicking Details.

How to Add Imaginary Markers to a Rigid Body

Imaginary markers are points assigned to arigid body whereit is difficult
or undesirable to attach an actual marker. Their locations are appended to
the rigid body’s tool definition file and are tracked asif they were real
markers.
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Some rigid bodies include imaginary markersin their tool definition file.
These markers are “ permanent” as their positions are recorded in the tool
definition file and cannot be edited. These markers are created using NDI

6D Architect, as part of the characterization process.

Some situations call for “temporary” imaginary markers — imaginary
markers that are associated with arigid body’s design but that may
changein location, for instance segment endpoints associated with a
segment rigid body attached to different subjects. Use First Principlesto
create these temporary points and save them as part of your experiment

setup.

1. Select arigid body from the Connected Tools/Rigid Bodies list.

2. Click Pointsto Digitize. The following window appears:

CU-01015 - Imaginary Markers To Digitize

Marker | Label | Usze In Origin | Usze In Axiz/Plane

1 Medialtnkle es

2 Lateraltnkle Centroid on ¥-Axiz [+]
3 Medialk.nee Centroid on -4z [+]
Lateralk.nee

Used in Origin

Undefined
W-Axis (+)

#Z-Plane

3

P

Bemove |

B

Figure 7-9 Adding Imaginary Markers

3. Click Add to add placeholders for each imaginary marker your

experiment requires.

4. Double-click each label in turn and rename the imaginary markers as

desired for your experiment.

5. IntheUseln Origin column, select Yesfor each marker you want to
include when determining the origin. The origin will move to the
centroid of all selected markers. If no markers are selected in this
column, the origin will remain unchanged. (A marker may also be
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selected by right clicking and selecting Use in Origin from the drop-
down list.)

6. IntheUseln Axis/Plane column, select the marker(s) you want to
define as the new X-axis, followed by the marker(s) you want to
define asthe XY plane and XZ plane. If no markers are selected in
this column, the tool coordinate system orientation will remain
unchanged.

7. Click OK. The Imaginary Markers to Digitize dialog closes. If your
experiment includes an ODAU I, proceed with ODAU Il setup
below; otherwise, click Next to continue and complete the session
setup procedure. (Refer to “ Session Setup” on page 68 to complete
the session setup.)

7.3 ODAU Il Setup

You might also have Optotrak Data Acquisition Units 11 (ODAU lls)
connected to the Optotrak System, to record additional data about your
experiment, in conjunction with marker data. For example, your
experiment may involve capturing marker data attached to a subject’s
legs. At the same time, your experiment might also employ aforce plate
to record analog signals created when the subject walks across it.

Note These instructions assume that you understand the concepts and
terminology used in the operation of ODAU Il devices. For more
information, see the “Data Acquisition Unit Il Guide”.
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1. Click the ODAU Setup tab.

Marker Setup] Fiigid Body Setup  ODAU Setup l

Odau Mame

BDAUT T

0Da&l Details: ODAUI_1
0DAU Hardware Model: 0DAL I

Frame Frequency: 100 Hz Advanced

Analog Input Settings
Input Mode:

Mumber of &nalog Channels: |2 Single-Ended -

Input Range:  |-10ta 10 |

Figure 7-10 ODAU Setup Tab

2. Fromthelist of ODAU Units Detected, select an ODAU Il unit. Its
information is loaded into the fields provided.

3. Set the Frame Frequency to the frequency at which the ODAU II
will record frames of data. By default, thisvalueis set at 100 Hz.

4. Inthe Analog Input Settings section:

« from the drop-down list, indicate whether the Input Modeis
differential or single-ended.

¢ indicate the Number of Analog Channelsthat the ODAU II
will be recording data from. Without multiplexer boards, the
maximum value for single-ended connections is 16; the
maximum value for differential connections 8.

« from the drop-down list, set the Input Range to the voltage
range the ODAU Il should sample.

5. (Optional) Click Advanced to access additional settings. The
following dialog appears:
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Advanced ODAU Il Settings 53

Scan Frequency: 90000 Hz
Multiplexer Present [
Part & / Port B
Digital Mode: 0f / OFf -
Drigital Dutput:
PotB [T
Pota [T
0x00
()3 | Cancel |

Figure 7-11 Advanced ODAU Il Settings

a) Enter aScan Freguency. The maximum scan rates vary with the
Input Range that you have selected:

Table 7-1 Scan Frequency Chart

Input Range (V) Max Recommended Scan Rate (Hz)
-10to 10 90 000
-2t02 90 000
-1tol 70000
-0.1t00.1 20000

b) Indicate whether or not thereisaMultiplexer Present.
(Selecting this option changes the Digital M ode options.)

c¢) Digital Mode: Select the Digital M ode for Port A/Port B from
the following list of options.

Note The options available depend on whether the Multiplexer Present option
is selected. The multiplexer uses the first 4 digitized channels.

66 First Principles User Guide - Revision 3



Table 7-2 Digital Mode — Selection Options

Multiplexer Present

No Multiplexer Present

Port AlPort B Port AlPort B
Mux/Off Off/Off
Mux/In In/In
Mux/Out In/Out
Out/Out
In Out/In Out

d) Digital Output: Select the Digital Output channelsfor Port A

and/or Port B. The corresponding hexadecimal codeis
displayed as selections are made. (These options are only
accessible if the applicable port has been selected as an output

from the Digital M ode drop-down list.)

e) Click OK to apply these settings and close the dial og.

7.4 Setup Completion

When you have entered all applicable settings for your experiment, click

Next. The Session Setup wizard appears. Refer to “ Session Setup” on

page 68 to compl ete the session setup.
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8 Session Setup

Thefinal step in the experiment setup is session setup. The Session Setup
wizard appears when you select Next from Experiment Setup. Session
setup consists of:

»  Specifying the collected data location

» Digitizing imaginary markers (If any pointsto be digitized have
been defined in the rigid body part of the Experiment Setup
wizard.)

These steps are detailed in the following paragraphs.

8.1 Collected Data Location

The Collected Data L ocation window allows you to name the session
and specify the directory location.

Session Setup &

Segsion Setup

Mame this session of the experiment, and select a directory for saving this session’s collected data.

Collected Data Location

Session Name: |0

Directory: o =

Data Locatior: |- *+Faul Gait Analysis

I Use Timestamp to make diector name unique

< Back Finish Cancel

Figure 8-1 Collected Data Location
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1. Browseto the desired directory.
2. Typeinaname for the session.

The datalocation line is automatically filled in to show the data
location.

Check Use Timestamp to make directory name unique to add the
time to the directory name.

3. Click Next. If any pointsto be digitized have been defined in the
rigid body part of the Experiment Setup wizard, the Digitizing
Probe Setup window appears. (See “Digitizing Imaginary Markers’
on page 70.). Otherwise, the Session Setup is complete and the
application opensin Text View displaying the real-time data
measured by the system. Refer to “Viewing Experiment Data” on
page 82.
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8.2 Digitizing Imaginary Markers

Digitizing Imaginary Markers 3]

Digitizing Probe Setup
IF it is ok aheady part of the experiment setup, please plug in the dighizing probe,

Digitzing Probe Information

Plugin the probe and click “Detect Probe’ j Detect Probe

-~
" Digitzing probeis alteady par of the experiment setup
o] Markers: Start Marker.
Fivoting Option
I 1 wank to re-pivat the probe before Lsing it
<Back Cancel

Figure 8-2 Digitizing Probe Setup

To digitize imaginary markers, follow the procedure detailed below:

1. Select the Digitizing probe information from one of the following
three options:

* (Certusonly) Select the Add an extra digitizing probeto my
experiment setup (Certus only) option.

a) Pluginthe probeto any freetool strober port. (If there is no tool
strober port available, add another tool strober with a probe
attached anywhere in the configuration.)

b) Click Detect Toolsto identify the probe you have just plugged
in. (It will always find this probe.)

70
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¢ (Optotrak 3020 only) Select the Add an extra digitizing probe
to my experiment setup (3020 only) option to select a tool
definition that matches the probe:

a) Pluginthe probeto the port that is pre-selected by the
application, asindicated in the Port drop down list. (If you did
not connect the tool to the SCU port pre-selected by the
application, select the appropriate Port from the drop down list.)

b) Browseto, and select, the appropriate rigid body file for the
chosen digitizing probe.

¢) TheMarker field displays the number of markers associated
with the selected rigid body file.

d) The Sart Marker field displays the next available marker
position.

¢ Check the Digitizing probeisalready part of the experiment
setup option. From the drop down list, select the tool that you
will use as the digitizing probe. (Thislist contains only rigid
bodies that do not contain imaginary markersto be digitized.) If
thisoption is“greyed out” and you are using a Certus system,
make sure that you added the probe during the Rigid Body Setup
procedure. Refer to “Rigid Body Setup” on page 61.

2. Check thel want tore-pivot the probebeforeusing it optionif you
want to re-pivot the probe.

3. Select Next.

« If you checked the pivoting option, the pivot collection dialog
will open. Refer to “Pivot Procedure” on page 74. Complete the
pivot procedure and then continue with Step 4.

¢ If you did not check the pivoting option, the following dialog
appears. Continue with digitizing the imaginary markersin Step
4.
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Digitizing Imaginary Markers:

®

Digitize Imaginary Markers
Using a digitizing probe, digitize a poirt for sach imaginary marker as indicatsd below.

Digitizing Trigger
& Fokey  Distance m " Stabilty

" Switch " Time Interval sec

&
%
o
30100 mm
[T of4 < Ereviaus Paint
Kneg of Left Leg Digice P

< Back | cancel |

Figure 8-3 Digitizing Imaginary Markers

Select aDigitizing Method:

Select F5 if you want to use either First Principles’ Digitize
Point button or the F5 shortcut key to initiate a collection.

Select Switch if your digitizing tool/rigid body designincludesa
switch that when activated, initiates a collection.

Select Distance if you wish to ssmply move the digitizing probe
and have the software automatically collect a point at specific
distance intervals. Enter the desired interval in millimetres.

Select Time Interval if you wish to simply move the digitizing
tool/rigid body and have the software automatically collect a
point at specific time intervals. Enter the desired interval in
seconds.

72

First Principles User Guide - Revision 3



e Select Sability if you want First Principlesto initiate a
collection when the tool or rigid body has stopped moving for
about two seconds, relative to the digitized tool/rigid body.

5. Atthispoint, the system is producing realtime data of the digitizing
probe and the tool containing the marker being digitized. Notice the
spatial view showing the markers in the measurement volume.

Using the spatial view for guidance, move the probe into the
measurement volume and place itstip at the first point.

6. Using whatever digitizing method you selected, collect a snapshot of
that point. An imaginary marker is created and added to the spatial
view (in adifferent colour than existing markers).

The bottom of the dialog displays aprogress bar that increments each
time you digitize a point. Below the progress bar, a prompt displays
the name of the point you are digitizing. Thisis the name you
specified when you set up the experiment.

The counter at the |eft of the progress bar shows the current point
number out of the total number.

If necessary, select < Previous Point to go back one point.

7. Repeat this process until you have finished creating all desired
imaginary markers. The Next button will now be enabled. After al
points have been digitized, you can highlight and change the current
point by selecting the sequence number field and entering the
required point. For instance, you may wish to re-digitize a specific
point because the subject moved.

8. Click Next. The dialog closes and the experiment starts with a
default text view displaying real-time data.

8.3 What Next?

Now that you are collecting data, you will want to customize the views.
Refer to “Viewing Experiment Data’ on page 82.
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9 Pivot Procedure

First Principles provides a stand-alone pivot utility that enables you to
calculate atool tip offset without having to run or start an experiment.
One example of use would beif atool or rigid body is dropped and you
want to quickly apply anew tool tip offset.

The pivot procedure is as follows:

1. From the main menu, select Utilities > Pivot Tool/Rigid Body. The
following appears:

Pivot

&

Before performing a tool alignment using pivot algorithm. you must check
for the following:

1. The tool is plugged inte Strober Port 1 of the System Control Unit.

2. No other markers. rigid bodies. or tools are plugged into the system

Next > Cancel

Figure 9-1 Pivot Procedure - Initial Dialog

2. Following the on-screen instructions, make sure that the tool or rigid
body is connected to port 1 on the SCU and that no other markers,
tool, or rigid bodies are connected to the system.

3. Click Next. The following window appears:
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Select Tool Definition,

&)

Select a Tool Definition File

Please select the tool's definition file ( .rig )

& Belect the tool defirnition hie from a diecton

‘D Mocaldataigrom'HR-06153.RIG

" Use the tool definition file programmed in the tool's SROM device

<Back Mot >

Cancel

Figure 9-2 Pivot Procedure - File Location

4. Browseto, and select, the appropriate tool definition file.
5. Click Next. The following dialog appears:
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to pivot the tool sowly and smoathy
. The end tip of the tool must

283090 o
07 50713 282746 o
4963 51537 283298

5
76 Mesle 2814 k F
a

Pivot Algorthm Parameters

Transformation Information
Re [deg] Ry ldeg] Fox [deg] yInm] 2 ]

*[mm] )]
‘ U5 R e BN B3 28802
Collestion Time: [10_ sec  Delay: [0 sec Collect

30400 mm

Figure 9-3 Pivot Collection Dialog

The pivot collection dialog displays a 3D spatia view that allows
you to visualize the tool or rigid body as you perform the pivot
procedure.

Note You can manipulate the spatial view with the toolbar located on the
dialog. For further information, refer to “Using the Spatial View” on
page 91.

The marker x, y and z positions are shown on the left of the dialog.
The indicatorsin the left column show green when the associated
marker is visible to the Position Sensor and red when not in view.
Transformation data for the tool or rigid body is displayed at the
bottom of the dialog.

6. (Optional.) To adjust the pivot algorithm parameters, complete this
step; otherwise, proceed to step 8. Click Pivot Algorithm
Parameters.... The following dialog appears.
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Pivot Parameters @

Fivat statuz information will be displayed based on the
comparizon of these values to the pivat results.

¥ Use pivot pass parameters

M awirnum 30 RS Eror: (Y- mm

Minirmum kinor Angle: degrees

B

Mainum 3D Ene: 05 mm
T
T

Minirmum b ajor Angle: degrees

Reset to Defaults | ()3 | Cancel |

Figure 9-4 Pivot Parameters Dialog

7. Select the Use pivot pass parameter s checkbox to use the pivot pass
parameters. If this option is not checked, the pass parameters will not
be used when the pivot results are calculated. Refer to Table 9-1 and
set the parameters as desired. (Selecting Reset to Defaults will reset
the parameters to default values.)

Table 9-1 Pivot Parameters

Pivot
Parameter

Maximum3D Thisfield defines the acceptable threshold for 3D RMS

RMS Error Error values produced by a pivot. The 3D RMS Error is
produced by applying the result of the pivot procedure to
each frame of the pivot procedure, and calculating an
overall RMS error for the collection.

Maximum3D Thisfield defines the acceptable threshold for 3D error

Error values produced by a pivot. The 3D Error is produced by
applying the result of the pivot procedure to each frame of
the pivot procedure, and calculating an error for that
frame.

Description

Minimum Thisfield defines the acceptabl e threshold for amagjor

Major Angle angle produced during a pivot. The major angle isthe
greatest angle the tool was moved during the pivot
procedure.
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Pivot

Parameter

Description

Minimum Thisfield defines the acceptable threshold for a minor
Minor Angle angle produced during a pivot. The minor angle is defined

as being orthogonal to the plane of the major angle.

8.

10.
11

Set a Collection Time of between 5 sand 60 s and a Delay of
sufficient time (between 0 s and 60 s) to allow you to correctly
position the tool or rigid body and begin the collection.

Position the tool or rigid body in the measurement volume with its
tool-tip placed on afixed point (such asadivot in a pivot block).
Ensure that the markers are visible and that the software is reporting
valid transformation of the tool.

Click Collect to begin the data collection trial.

As the system collects the data, continuously pivot the tool or rigid
body back and forth and side to side, with itstip remaining stationary
at the fixed point. Ideally, the angles of the pivot movements should
be between 30° and 60°.

Note It is very important that the tip remains stationary while the tool or rigid
body is being pivoted. The design of the pivot block should take into
account the shape of the tool’s end-tip. For more information about
designing a pivot block, contact NDI.

12.

At the end of the collection period, the Pivot Collection dialog will
show either apass or afail. An example of a successful pivot is
shown on page 79:

78
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Pivot

E3

Pivot Collection

Please remember to pivat the tool slowly and smoothly
in at least two directions. The end tip of the tool must
remain stationary during collection.

Marker Positions

«fmm] ¥ fmm] 2 fmm]
e 28510 3210 191085
42261 1597 -1910.30 =
@ 438 2926 15204 4\ a
@ a2 1887 192230 B’
a
Pivot Algorithm Parameters
30100 mm
Transfomation Information
Rz [deg] Ry [deg] Fix [deg] xfmm] y ] 2 fmm]

| 9200 (TRES 18622 48656 11804 -192166
Collection Time: [10 ssc ~ Delay: [I sec Collect

Pivot Successful.
Click 'Finish' to apply.

View Details

< Back Firish Cancel |

Figure 9-5 Successful Pivot Dialog

13. To view the pivot results click View Details. The following dialog
appears:
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Pivot Result Details @

PFivat Status

Calculated Tip Offset

Error Information Angle Information
30 RMS Error: 0.47 T

Mean Erar:

Minar duds: | 6370 d
W aimum 3D Eror: 077 mm fnar s egrees

| The tip offzet was successfully calculated.

Tw: -6.22 mm

Ty 1.01 mm

Tz 93.20 mm

b ajor Auis: 71.95 degrees
0.44 mm

Cloze

Figure 9-6 Pivot Results Dialog

Note If the pivot failed, the results dialog will appear by default and any errors
or angle information that is outside parameters is displayed in yellow.

The pivot results dialog provides the following information:

Table 9-2 Pivot Results

Results Description

Calculated Tip  Thissection displaysthe x, y, and z position of the tool

Offset tip, relative to the origin of the tool’slocal coordinate
system.

Error This section displays the 3D RM'S, mean, and maximum

Information 3D errors of the collection, in millimetres.

Angle This section displays the maximum and minimum angles

Information of the pivot you performed. The maximum angleisthe
greatest angle created by the pivot movements; the
minimum angle is defined as being orthogonal to the
plane of the maximum angle.
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Note If the Use pivot pass parameters option was not checked, the pivot
procedure will pass, but any error or angle information that is outside
parameters will be highlighted in yellow.

14. Click Finish to apply the calculated tip offset and close the dialog.
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10 Viewing Experiment Data

First Principles provides a comprehensive list of options for viewing
experiment data. A view isawindow that allowsyou to seedatain real
time, asit isproduced by the Optotrak System and the experiment
setup. To add anew view, simply select it from the View menu. You can
customize views in severa ways:

» select thetype of view to display
»  select how many views are open
» select thetype of datato display in each view

When you collect a set of data, your customized view settings will be
recorded along with the data they display. You may play back data
collections using the same viewsin which they were originally displayed.
(For information on data collection and playback, refer to “ Data
Collection and Playback” on page 106.)

An example of the main experiment window is shown in“Main
Experiment Window” on page 83 below. In this example three views
have been sel ected; two text views and one spatial view. You may view as
many different views as desired. The following view options are
provided:

o textview
*  missing dataview
* raw dataview
»  gpatia view
e trip chart view
»  probeview
*  video view
Each view is described in detail in the following paragraphs.

To increase viewing area, the toolbar and control bar may be toggled as
desired. Select View > Toolbar or View > Control Bar and click to
toggle on and off.
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*% First Principles - New Experiment
Fle Colecton Vew Settngs Utites Window Help

ype
Transformation

Transfomaton  ~179.857

Positon
Positon
Positon
Positon
Positon
Positon
Positon
Positon
Positon

Scalar

Celm r oomosons

For Help, press F1

Duston:[5_ %0 Dm0 s I MakemAawe I BaTig

Figure 10-1 Main Experiment Window

10.1 Text View

Select View > Text View from the main menu bar. Thetext view provides
atable listing data and their corresponding realtime values as their
sources are tracked in the measurement volume. An example of atext
view is shown in Figure 10-2.

% New Experiment TextView

[ | Name Type Rz [deg] Ry [deq] Rx [deq] X [mm] y [mm] 2 [mm] Value | |
@ NDI_8700... Transformation -40.549 45,190 87.312 619,523 -66.448 -2156.308

@ NDI_8700... Transformation 1317 -118.907 84.347 677.848 -375.853 -2381.434

@ Marker_1 Position 619,548 66,412 -2156.283

@ Marker_2 Position 569.526 -66.752 -2158.107

@ Marker_3 Pasition 569,745 -116.625 -2158.527

@ Marker_4 Position 619,738 -116.464 -2154.798

@ Marker_5 Position 677.832 -375.863 -2381.438

@ Marker_& Pasition 720.934 -350.717 -2377.111

@ Marker_7 Position 695,745 -307.483 -2379.510

@ Marker_8 Pasition 852,762 -332.811 -2383.816

@ Analog_1 Scalar 10,000
@ Analog_2 Sialar 10.000
@ analog_3 Scalar 10,000
@ Analog_4 Scalar 10.000
@ Analog_5 Sicalar 10,000
@ analog & Scalar 10,000
@ Analog_7 Sialar 10.000
@ Analog_& Scalar 10,000

Figure 10-2 Text View
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You can choose to display markers, rigid bodies and tools, the results of
calculations, and ODAU Il output. In the example (“Text View” on
page 83), the view displays tools, markers and ODAU Il data. To select
the data to display, right-click within the view window. The following
menu appears:

v 30 Data Cirl+Alt+3
v 60 Data Cirl+Alt+6
v Odau Voltage Data  Ctrl+Alt+0

Calculations Ctrl+Alt+C

View Properties...

Figure 10-3 Text View Options

Click the datatypesfilter to toggle them on and off. Alternatively you can
select the desired data types filter options from the View option on the
main menu bar.

You can also define the way that datais displayed. Click either View
Properties from the Text View Options dialog or View > View
Properties from the main menu bar. The following dialog appears:

Text View Properties @

Fiotation Settings
Angle Units: + Degrees { Radians
Farmat: * Euler " Quaternion
Precision: 3 decimal points
()3 | Cancel |

Figure 10-4 Text View Properties Dialog

Use the radio buttons to select the desired rotation settings and set the
decimal point precision as desired within the range 0-16.

10.2 Missing Data View

Select View > MissingData View from the main menu bar. The missing
data view provides a strip chart-like display of markers being tracked in
real time, flagging those that go missing. Thisfacility is useful in

First Principles User Guide - Revision 3



identifying any component of the system that is not collecting data. An
example of amissing data view is shown in Figure 10-5:

‘B Session_2006_05_24_112340_001.nco:2 MissingDataView

NDI_B700223_3208b401 e MDI_port 1_34cchl0] e Marker_1 o
Marker_2 dm—— Marker_3 - Marker_d -
Marker_5 dm—— Marker_& Marker_7 dmm——
Marker_& Marker_3 Marker_10
Marker_17 m— Marker_12 S— Marker_13 mm—
Marker 14 Marker 15 S Marker 16 m—

Figure 10-5 Missing Data View

In the example, two tools and sixteen markers are selected. The legend at
the top of the window relates to the data on the chart. It can be seen that
both toolsand all but markers one and two had periods when data was
missing, denoted by the gaps in the data lines.

You can define the way that datais displayed. Right-click within the
missing data view and select View Properties or select View > View
Properties from the main menu bar. The following window appears:
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E]]

View Properties

Graph Settings l Datasets]

Style: | Salid -
width: [ =]
coor

Graph

Iv Dizplay Legend

History: 10 seconds
Default

()3 | Cancel |

Figure 10-6 Missing Data View Properties — Graph Settings Tab

Graph Settings

The missing data view default settings are adequate for most situations,
but they may be configured as follows:

1

From the Line drop-down list, select the object whose graph view
properties you want to edit. (For example, the object may be a
marker, atool, or an ODAU Il channel.)

From the Syle drop-down list, select the desired line style. (Notice
that the adjacent representative graphic view changesto reflect your
selection.)

From the Width options, select the desired width, in pixels.
From the Colour drop-down list, select the desired line colour.

In the Graph section, select the Display L egend and History
options as desired. (History is set in seconds from 1 sto 3600 s.)
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6. Select the Datasetstab. The following window appears:

Graph Settings g|
Graph Settings D atasets l
= 0] Select Range
Marker_01 Items: |

+- [ Marker_02

* Marker_03 Subitems: |

+- [#] Marker_04

+- [# Marker_05

- Appl Clear

+- [#] Marker_0& pRY

+- [ Marker_07

+- [ Marker_08

+- [#] Marker_09

+- [ Marker_10

+ Marker_11 Select the items and subitems to be dizplayed.

* Marker 12 Enter items and/or item ranges separated by
COMmas.
For example: 1, 3,512
If one of the fields is blank the range in the
other field iz applied to all items/subitems.

Select Al Clear &l
()3 | Cancel |

Figure 10-7 Missing Data View Properties — Dataset Tab
The Datasets tab allows you to select which datato monitor. You can
select datain two ways:

1. Select the check box directly next to the desired data source. (You
can also use the default Select All and Clear All buttons as desired.)

2. Follow the on-screen instructions and type the item numbersin the
Itemsline. Click Apply.

When you have made your selections, click OK to close the window and
return to the missing data view.

10.3 Raw Data View

The raw data view provides atext view of the full raw data being
produced by the system, before it is processed into 3D and 6D data. The
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software can report, in real time, the following datafor each sensor on the
Position Sensor:

Centroid (0 to 2047) isthe centre point of animagined three-dimensional
volume created by the selected markers. The mean position of the
infrared light emitted by a marker across an Optotrak sensor.

Peak (0 to 100) represents the strength of amarker’s signal received by
the sensor.

Amplification represents the amount of “boost” required to obtain a
marker reading. A value of 0% indicates that a minimum amount of
amplification was required for sensor to detect the marker, while avalue
of 100% indicates that the maximum amount of amplification was
required. If markers have amplification levels close to 100%, these
markers may be too dim for the Position Sensors to determine their
positions. If markers have amplification levels close to 0%, these markers
may be too bright for the Position Sensors to determine their positions.
You can adjust marker power in Settings> Marker Settings/Frequency.

Code indicates the status of the signal being received from a marker. For
example, if amarker ismissing, the code for that marker will indicate the
reason that the Position Sensor cannot determineits position. The
following table lists these codes:

Table 10-1 Raw Data View — Code Definitions

Error Definition
Centroid acceptable The sensor successfully calculated the marker centroid.
Waveform too wide The amount of light visible is above the noise threshold for

the system to determine the marker centroid. The marker is
too close to the Position Sensor. Move the marker farther
away from the Position Sensor to correct this problem.

Peak too small The marker signal istoo weak. This may be due to the marker
being obscured or the marker having insufficient power.
Increase the strober voltage and/or duty cycle to strengthen
the marker signal. For further information, refer to “ Experi-
ment Setup for an Optotrak 3020" on page 41 or “ Experiment
Setup for an Optotrak Certus’ on page 53 as appropriate.
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Table 10-1 Raw Data View — Code Definitions (Continued)

Error

Definition

Peak too large

The marker signal istoo strong. Decrease the strober voltage
and/or duty cycle to weaken the marker signal. For further
information, refer to “Experiment Setup for an Optotrak
3020" on page 41 or “Experiment Setup for an Optotrak Cer-
tus’ on page 53 as appropriate.

Waveform out of vol-
ume

The marker waveform is partially out of the field of view of
the sensor. Check the measurement volume of the Position
Sensor on the name plate located at the back. (See the system
user guidefor details.) Relocate the marker so that the marker
waveform is within the measurement volume.

Fell behind

The sensor fails to process the current marker's signal before
required to process the next marker's signals. Lower the
marker frequency to correct this problem. For further infor-
mation, refer to “ Experiment Setup for an Optotrak 3020” on
page 41 or “ Experiment Setup for an Optotrak Certus’ on
page 53 as appropriate.

Bad last centroid

Interpolation cannot be carried out because a marker was not
visible in the previous frame. Thiswould only occur if the
collection was configured to perform interpolation on the raw
sensor values.

Buffer full

Theinternal centroid data buffer on the sensor isfull and the
sensor failsto store the current marker data. Lower the frame
rate to correct this condition. For further information, refer to
“Experiment Setup for an Optotrak 3020 on page 41 or
“Experiment Setup for an Optotrak Certus’ on page 53 as
appropriate.

Missed sensor

The sensor has determined that it has missed a time control
signal from the Optotrak System Control Unit, probably
because of acommunication error.

Corrupted data

The sensor failed to process the marker data due to an internal
communication error.

Has reflection

Multiple centroids were detected. Thisis usualy the result of
reflection caused by a highly reflective surface, which was
detected by the sensor asan IR source. Other sourcesof IR in
the room can also cause this.

Two examples of the raw data view are shown in “Raw Data View” on
page 90. In the top example, Centroid and Peak + Amplification are
selected. In the lower example, Code is selected. Also, in the lower
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example markers were obscured to produce the Peak too small error. Use
the check-boxes at the top of the window to select the data you wish to
view.

# New Experiment:4 RawDataView

W Centroid W Peak+Amplification |~ Code

Name Type Centroid 01| Centroid 02 | Centroid03 | Peak01| Pesk02| Peak03| Ampif01| Ampif02| Ampif03
@ Marker_1 Raw Data 450,933 1053.598 1555.661 76.386 65,300 73,435 56,264 59.683 70.818
@ Marker_2 Raw Data 395.346 1050.991 1617.189 68.327 76.239 75.824 48.645 63,492 72112
@ WMarker_3 Raw Data 398.838 1108.305 1619.933 74,457 70,672 75.775 48,767 55,189 67.326
@ Marker_4 Raw Data 454.158 1111127 1558.619 73.504 73.578 71,429 51.038 57.167 62,515
@ Marker_5 Raw Data 169.020 396.468 1398.155 75.311 72.552 76.679 60.733 61.685 66.276
@ Marker_& Raw Data 152.485 366.396 1394.092 73.309 74.139 74.408 71.990 74.896 84.347
@ Warker_7 Raw Data 86.947 367.450 1473.061 73.382 74432 69,573 87.643 78,681 76,825
@ Marker 3 Raw Data missing 369.689 1551.267 16,703 73.260 73919 87.643 78.828 80.830
@ Marker_9 Raw Data 40,502 400.065 1553.538 74.603 639.792 74.457 78.120 71.160 75.604
@ WMarker_10 Raw Data 104.079 397.887 1476.041 75.775 74750 75.263 71648 69,060 72,308

[~ Centroid [~ Peak+Amplificaon W Code

Name Type Code 01 Code 02 Code 03
© Marker 1 RawData
@ Marker 2 RawData

@ Marker 3 RawData

@ Marker_4 RawData WaveformT... PeakTooSmal Peak Too Small
@ Marker 5 RawData

@ Marker 6 RawData

@ Marker 7 Raw Data

@ Marker 3 RawData  LastCenBad

@ Marker 9 Raw Data

@ Marker_10  Raw Data

Figure 10-8 Raw Data View

10.4 Spatial View

The spatial view provides the functionality to visualize experiments by
means of 3D and 2D graphical panes, showing views of the markersin
the measurement volume. The default spatial view isthe 3D pane. An
exampl e of the 3D pane is shown below:

Note If you experience any problems with the graphical panes, review the

Windows settings related to your graphics card. Changing these settings
may solve the problem.
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Note Selecting View>Video View overlays real-time video over the spatial view.
For details on the video view, see “Video View” on page 102.

Thisview can display only 3D and 6D data, including calculations. It
cannot display scalar values such as ODAU Il voltages and scalar
calculations.

‘B Experiment1_2005_12_08_130940_001.nco:3 SpatialView
| e | 2| 092237

Markers Global Coordinate

<

30100 mm

Figure 10-9 Spatial View — 3D Pane

Using the Spatial View

The spatia view window incorporates a toolbar. This toolbar allows you
to control the major functionality of the view with a single mouse click
on the appropriate icon. You can toggle the toolbar with the arrow button
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on the left of the toolbar. Refer to Table 10-2 for a description of each

icon.
Table 10-2 Spatial View Toolbar Icons
Icon Description
Toggles the menu display

Resets the view back to the coordinate system origin

Moves the view to the marker centroid (the geometric

o g
o' centre of the markers)
;h: L ocks or unlocks the view to the marker centroid

Toggles the coordinate system frame of reference in 90°
steps

Toggles between different marker display types

ﬂ-l-"

ﬂ-rz

j" Launches the navigation help
Marker Views

The spatial view can display markersin a number of different formats.

The formats are toggled with the 122! icon as described above. The
various formats are as follows:

displays as a point
displays as a number, representing the marker number, as
defined in the experiment setup

displays as the marker label defined in the experiment setup.
This option will aso display any 3D or 6D information that is
displayed in the text view
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« displaysaslarge 3D boxes. Thisoption isuseful for viewing the
spatial view from a distance.

* makesmarkersinvisible, which may be useful if linesare drawn
between markers.

The markers can be sel ected and de-selected by clicking. The marker will
change colour when it is selected. This feature is useful in designating
markers of particular interest.

3D and 2D Views

When it isfirst selected, the spatial view defaultsto a 3D pane. Double-
click that paneto display the three corresponding 2D panes, in addition to
the 3D pane. Double-click any paneto maximizethat panein the window.
Another double-click will again display all panes. An example of the
spatial view with both 3D and 2D panesis shown in Figure 10-10.

The 2D panes show the top, bottom and side views of the markers. The
coordinate system is also displayed and this can be useful for orientation.
The coordinates and scale of each pane are displayed in the bottom left
hand corner of each pane.
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% New Experiment SpatialView

4;:*:+:5-:::19?[ y

2D View 2D View
= T
y,~-x) 100 mm (-Z,-x) 100 mm
3D View 2D View

. =

30100 mim -z, %) 100 tmm

Figure 10-10 Spatial View — 3D and 2D Views

Manipulating Views

Thereis considerable flexibility provided to allow you to manipulate the
spatial view to best meet your requirements. Each 3D and 2D pane can be
mani pulated independently, and easily, by means of mouse and keyboard
shortcuts.
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The following table describes the keyboard and mouse shortcuts you can
use to manipulate the 3D and 2D panes:

Table 10-3 Spatial View — Keyboard and Mouse Shortcuts

To: Do this:

Zoom in/out Use the mouse scroll wheel, or hold ‘2’ +
left mouse button + drag

Move view Hold left mouse button + drag

Rotate view Hold ‘ Ctrl” + left mouse button + drag

(This contral is not applicable in the 2D
views.)

Reset view to thetool origin @~ Press‘O’
Reset view to geometric Press'C’
centre of markers

Lock/unlock the view to Press‘L’

geometric centre of markers

Maximize/minimize a pane

Double-click the pane

Toggle anti-aliasing

Press '~

Toggle grid

Press'G’

Drawing Lines Between Markers

The spatial view also provides the functionality for you to draw lines
between markers. This feature can be useful if you want to visualize the
relationship between markers. For instance, if markers are placed on a
limb, then joining the markers along the limb at the joints will aid in
visualizing movement of the limb. An example of a 3D pane with lines
between markersis shown in Figure 10-11.
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‘Bl Experiment1_2005_12_08_130940_001.nco:3 SpatialView =3
4| Je| 25 | 5| G| a3 37

'._

30100 mm

Figure 10-11 Spatial View — Drawing Lines Between Markers

To draw lines between markers:

1. Holdthe‘Shift’ key and click the first marker. The marker will
“flash” to show it is selected.

2. Moveto the second marker and click to select. A line will appear
between the two markers. Continue selecting the desired markersin
this way.

3. After thefinal selection, hold down the ‘ Shift’ key and click in the
pane away from the markers. The “flashing” marker will become
desel ected.

To change the colour of the lines between markers, right-click the line
and select the desired colour from the palette that appears. (It is possible
to define custom colours in this pal ette using normal Windows
conventions.) The current line and all subsequent lineswill be drawnin
the latest selected colour.
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To delete aline, select it and pressthe ‘Delete’ key

10.5 Strip Chart View

The strip chart view provides a graphical representation of several traces
of data, to which you can add or remove as desired. You can customize
colours, names, and ranges. An example of astrip chart view is shown in
Figure 10-12. In this example the x, y, and z positions are displayed for
each of four markers.

# New Experiment:4 StripChartView

Marker_1_s — Marker 1y — Marker_1_z Marker_2_s —

Marker_2_y — Marker 2 z — Marker 3 & —— Marker_3 v —
Marker 3z — Marker 4 x — Marker_4 y Marker 4z —

-2D_?985WMWWW

-20.8277
452'0390MM/\/\W/¥/\[\WVWV\/\[L«/VWW~—M—=—~
461.8279

-2698.7400

-2693.9242
-18.7447

o11.6000 AP oA A e
B4 e Ve A e

2B3EHE00, e

2R96.7200 It e e e e
-B5.9881 WWWMW
-EE.0156

314.4370 MWV\ ,\_/V\/\/\/-\/\M/\/\/”\/\,—\/\/\,\MMH_‘_«._
514.2418

27123501 \.-—-/‘—'—/-\/\/\_/“\/\_/V‘

717 5ERY B e PR o TN
581487 e T T e T e e e T e e
681840

464.5420
4643417

FIHATTN, A i, AL e P S o i e
Z714.4507

Figure 10-12 Strip Chart View

Similar to the other views, you can configure the strip chart view to
display various forms of data. Right-click and, from the list of options,
select the data to display. The list of view options can also be accessed
from View on the main menu bar. The view options can be further
defined from the View Properties option, described in the following

paragraphs.
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Strip Chart Options
To set the view options for the strip chart view:

1. Right-click the strip chart view and select View Properties.
Alternatively select View > View Properties from the main menu
bar. The following dialog appears:

Graph Settings PZ|
Graph Settings | Datasets |
Line Marker_1_x =
Y-fods
Style: | Solid - Max: ’7
Min:
width: [1 =
¥ Auto Scale Up
oo
Graph
[~ Common Y-fuds Rotation Settings
o e Angle Units: ™ Degrees  ( Radians
¥ Display Legend Format: " Euler " Quatemion
History: 10 seconds
Default
OK | Cancel

Figure 10-13 Strip Chart View — Graph Settings

2. Select the data line that you want to edit from the Line drop-down
list.

3. Select theline Syle, Width and Colour asdesired. Your revised
settings are displayed in the preview window.

4. IntheY-Axissection, select Auto Scale Up asdesired. With this

selection checked, all data lines are auto-scaled upwards (it does not
scale down). If it is de-selected, you must set the Y-axis scale, in the
Max and Min fields, for each dataline.
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5.

In the Graph section, select Common Y-Axis, Show Grid and
Display L egend as desired. If you select Common Y-Axis, al data
lineswill be set to acommon Y-axis. Thisfeature is useful if you
want to compare rel ative measurements between two or more data
lines. In History, select the time that you want to display, within the
range 1 sto 3600 s (1 hour).
Inthe Rotation Settings section, select the Angle Unitsand Format
asdesired.
Click OK to apply your settings and return to the strip chart view, or
click Datasetsto edit the data. If you choose to edit the datasets, the
following window appears:
Graph Settings rz|
Graph Settings Datassts l
= [ARB061281g R
RB-051481ig_x ems: |
RB-06148.rig_y
RB-06148ig_z Subitems: |
RB-06148rig_qgl
RB-06148rig_gx
RE-0614810_ay = Cler
RB-06143rg_qz
S W Hiarker 1
O Marker_1_x
O Marker_1_y
[ Marker_1_z Select the items and subitems to be displayed.
£ [ Marker 2 Enterit d/orit rated by
F D Marker_3 Con-lerl'nazl.'ns and/or nem ranges separate
+- [ Marker_4 For example: 1, 3, 5-12
+- [ Marker_5
+- [ Marker_& %
If one of the fields is blank the range in the
other field is applied to all tems./subitems.
Select All Clear All
oK | Cancel

Figure 10-14 Strip Chart View — Datasets

The Datasets window allows you to select what items and what data
from those items, to display on the strip chart. In the example above, it
can be seen that arigid body position (X, y, z) and transformation (g0, gx,
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ay, gz) is selected and that individual markers are de-selected. You can
select data in a number of ways:

 Usethe Select All and Clear All buttonsto select or clear all
items.

e Click anitem or sub-item to select/desel ect it.

»  Enter theitem and sub-item numbersin the appropriate field and
click Apply. (The items and subitems are numbered from the top
of thelist.) For example:

To select items 1, 2, 3, 4, 10 and their third subitems enter:
tems: 1-4, 10

Subitems: 3

To select the first and third subitems of al items, enter:
Items: (Ileave empty)

Subitems: 1, 3

Note Any changes you make in the Dataset window are also applied to the View
menu.

When you have completed your changes, click OK to apply the changes
and return to the strip chart view.

10.6 Probe View

Select View>Praobe View from the menu bar. The probe view alowsyou
to “capture” or “digitize” random points using any tool. You can then
copy and paste the pointsinto your desired application, for example,
Excel, Word, Notepad. You can aso add the captured (digitized) points as
imaginary markersinto arigid body file. The probe can be measured in
the global frame of reference, or relative to any other tool. An exampl e of
aprobe view is shown below.

Note The probe view is a general utility that allows you to use the system as a
3D “rule”. It has no function as part of the experiment process.
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% New Experiment ProbeView g@g|
@ Probe: MDI_8700310_3511080: «
@ Reference: Global FOR =

x [mm] y [mm] z [mm]

184 18357 3TN
Capture (F5)

Foint % [mm] y [mm] z [mm]
-219.70 -511.75 -2879.80
-292.76 -455.04 -2900.02
-362.80 -380.57 -2937.18
-334.16 -416.86 -2909.58
-266.08 -509.39 -2871.29

(LS.

Figure 10-15 Probe View

The probe view is configured and manipulated as follows:

1. Select the probe that you will useto collect data points, from the
Probe drop-down list. The Probe indicator will “light” as follows:

e Green - The selected probeisin view and tracking correctly

¢ Red- The selected probeis not in view, or at least one of its
markersis obscured. The associated x y z coordinates will

display --- --- ---
e Grey - no probe has been selected

2. Select areference in which to measure the probe, from the
Reference drop-down list. The probe can be measured in the global
frame of reference, or relative to any other (loaded) tool.

The Reference indicator will “light” asfollows:

*  Green - Another tool is selected as the frame of reference and is
tracking correctly

* Red- Another tool is selected as the frame of reference and that
tool isnot in view, or one or more of its markers are obscured

e Grey - (Default) Global frame of reference is selected
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3. Themanx,y, zfield displays the current coordinates of the probe.
Select the Capture button or press F5 as required to add the current
coordinates to the Point list. To delete individual points, select them
with the left mouse button and press Delete.

To define the capture trigger select View>Options and select the capture
trigger asfollows:

» Select F5if you want to use either First Principles Capture
button or the F5 shortcut key to initiate a collection.

»  Sdlect Distanceif you wish to simply move the probe and have
the software automatically collect a point at specific distance
intervals. Enter the desired interval in millimetres.

* Select Timelnterval if you wish to simply move the probe and
have the software automatically collect a point at specific time
intervals. Enter the desired interval in seconds.

*  Select Sability if you want First Principlestoinitiate a
collection when the probe has stopped moving for about two
seconds, relative to the reference.

10.7 Video View

The video view provides the functionality to overlay video with the
motion data, allowing you to see the video of the experiment run
synchronized with the motion data. If video recording is not included as
standard on your system (video playback isfree), you will need to
purchase this feature. A prompt will appear during tracking if akey is
required to activate the feature.

The synchronization of video and motion data can be either simple start/
stop or frame by frame. Start/stop synchronization only requires a
“webcam” and is sufficient for a visual indication of markers overlaid
with video. Frame by frame synchronization requires a high specification
camera and custom cable. Frame by frame synchronization provides very
precise synchronization of markers and video. Refer to your system user
guide for details on hardware selection and setup.
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Using Video View

Note All the controls and features used in video view are identical to those
used in spatial view. See “Spatial View” on page 90.

Select View>Video View from the menu bar. A video view appears. In
the example shown in Figure 10-17 there are three video sources, two
recorded video sources and one camera source. You can select any of the
available video sources.

Each time you select View>Video View, anew video view will open.
Right click on the video view and select the required source from the pop
up menu.

Figure 10-16 illustrates an example of arecorded video menu and a
cameravideo menu. The camera video menu displays resolution settings
specific to the camera. In addition, right click on Camera Properties... to
access camera specific settings.

camera_l
camera_z
& camera_3
w 30 Data Chrl+alk+3
® camera_l v 60 Data Ctrl+alt+6
camera_z
camera_3 v Calculations Crl+alk+C
v 3D Data Chrl+alk+3 ‘iew Properties. ..
v 60 Data Chrl+-alk+6 Camera Properties. ..
v Calculations Chrl4+-AlE4+C QLo
RGE24-352x255
View Properties. .. RGE24-640:480
Recorded Video Camera Video

Figure 10-16 Video Source Menus

If First Principles detects any camera(s) that supports the DirectShow
interface, they will automatically record video, in addition to motion data.
To prevent the video from being recorded, disconnect any camera
connected to the host computer. In this case, the video view content will
be empty.

In the example shown in Figure 10-17, the controls have been set to
illustrate varying degrees of video opacity. To adjust video opacity, press
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“t” on the keyboard, select and hold the left mouse button and move the
mouse vertically. Video opacity can also be adjusted from the video view
properties, see below.

As video opacity isincreased beyond a certain threshold the spatial
control buttons become unavailable and “ greyed out”. Thisisto prevent
the inadvertent movement of the spatial view settings, relative to the
video. See Video View Properties below for detailed information on this
feature.

To save your settings for collections or experiments, select Ctrl-s or
File>Save Experiment or Save Collection.

OREEDES

Figure 10-17 Video View

Video View Properties

To view the video view properties, right click in the required video view
and select View Properties.... The video view properties dialog appears,
see Figure 10-18. Thefirst two settings, Default Line Thickness and
Default Point Size relate to markersin the spatial view, see “ Spatial
View” on page 90.
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Set the Default Refresh Rate asrequired. This setting will be applied to
al subsequent video views that you open. Higher refresh rates will
require more host computer processing power.

Set the Video Opacity dider as required. Video opacity can also be
adjusted by pressing the “t” key, clicking and holding the left mouse
button and moving the mouse vertically.

Check the Unlock 3D View Manipulation to access the spatial view
control buttons. This check box isonly available at settings below 90%
opacity. Thisisto prevent the inadvertent movement of spatial view
settings.

VideoView Properties @
Default Video Yiew Settings
Default Line Thickness 2 (1-5)

Defaul Point Size 3 (1-10)

Default Refresh Rate |
Low ™ 30Hz “"Hgh
Video Opacky ———————

Min 2% Max
I Unlack 3D Yiew Manipulation

Figure 10-18 Video View Properties

10.8 What Next?

Now you have your experiment set up and running, with the views set as
desired you will want to record and play back data collections. Refer to
“Data Collection and Playback” on page 106.
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11 Data Collection and Playback
First Principles enables you to record and play back the data you collect
during experiments.

The record and playback interfaces are very simple and intuitive. The
toolbars for both record and playback are context-sensitive and use
universal controls.

The record and playback functions are detailed in the following sections.

11.1 Data Collection

First Principles allowsyou to record all the real-time datawith one mouse
click. Therecord toolbar islocated at the bottom of the main window and
is active whenever aview of the real-time datais active.

(e ] m 0.00f 5.05ec Durtion:[5_ sec Delay: [] sec ¥ Markew Actve [ Bxt.Trig

Figure 11-1 Record Toolbar

To set collection properties, follow the procedure detailed bel ow:

1. Open the view(s) that you want to record. (Refer to “ Viewing
Experiment Data” on page 82.)

2. Right-click the record toolbar and select Collection Properties....
The following dialog appears. (Collection properties can aso be
accessed from the main menu bar. Select Collection > Collection
Properties.)
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Collection Properties @

Collection Duration: 5 360
Pre-Collection Delay: 1] B0

W Markers Active

W Automatic Marker Deactivation

Time Period: 20 miry

™ Exemnal Trigger
E

[~ Exemal Clock

()3 | Cancel |

Figure 11-2 Collection Properties

Set the Collection Duration, within the range 0 sto 99999 s.

4, Setthe Pre-Collection Delay, within the range 0 sto 60 s. (This
feature can be used to allow timeto position the experiment before
recording begins.)

5. Make surethe Markers Active option is checked. This feature can
be used to switch markers off when not required. Thiswill maximize
their life. (This option can also be selected from the record toolbar.
When the markers are deactivated, the toolbar option will be
highlighted.)

6. Select Automatic Marker Deactivation as desired. Set the Time
Period. This option is automatically selected for Smart Markersin
wireless mode.

7. Select External Trigger asdesired. If you select this option, the
record button is greyed out and the record function is controlled by
the SCU. Refer to the system documentation for information on how
to use the external trigger function.

The external trigger option allows you to define a specific event, for
example adoor opening, to trigger recording. Additionally, when this
option is selected, you can select Automatically Rearm. Thiswill
set the system to again trigger recording when the same externa
event occurs.
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8.

10.

Select External Clock if you have applied an external clock to the
SCU. If you select this option, the application will not respond until
the SCU receives the clock signal.

Select the record button to initiate the data collection and recording.
The datawill be recorded for the selected time period. Select the stop
button at any time to stop recording.

The recorded datawill be stored with the name and at the location
defined during the session setup. The collections will aso save al
views and view settings, so that playback of this collection will look
the same as when it was recorded. Refer to “Collected Data
Location” on page 68. The recorded datais stored with a.nco
extension and automatically exported to the file formats defined in
Settings > Auto Export. Refer to “Exporting Data” on page 129.

Note The record functionality can also be accessed from the Collection drop-
down menu.

Thefirst timein each session that you record data, a Session Summary
dialog will appear. Thisdialog displays data and the name and location of
each file you record and the dialog increments as the session progresses.
Thisinformation is useful as areference for the current session. Double-
click acollection to open that collection. An example of a Session
Summary is shown below:

[ ) |
= Experiment]_2006_0&_30_144114 b arker Visible|
‘=] Experiment]_2006_06_30_144114_001.nco Marker_1 100.00 %
‘=] Experiment]_2006_06_30_144114_002.nco Marker_2 100.00 %
= & Experiment2_2005_08_20_144201 Marker_3 100.00 %
2] Experiment2_2006_06_30_144201_001.nco | Marker d 100.00 7%
-] Evperiment2_2005_05_30_144201_002nca | 11keLS 1o0.00 %
= = = = = Marker_E 100.00 %
Frames: 150

Duratior: 5.00s

Avg Visible: 100,00 %

Figure 11-3 Session Summary
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11.2 Data Playback

To play back previously recorded data, follow the procedure detailed
below.

1. Select File> Open Collection....

2. Browseto and select the desired data collection (.nco extension). The
recorded collection(s) will open and the playback bar appears.

| | | (] = | w -t 1,600 of 5,000 sec [reatine =] T Loop
Figure 11-4 Playback Bar

3. From the drop down box, select the desired playback option:

real time plays data back in seconds
If the frame frequency is high, some frames
may be skipped during playback.

marker frames  plays data back in frames according to the
marker frame rate

Collections containing ODAU data have two more options:

ODAU frames plays data back in frames according to the
ODAU framerate

fastest frames  picksthe datafile (marker datafile or voltage
datafile) with the highest frame rate and plays
back all its frames

4. Right-click the playback bar and select Playback Properties.... The
following dialog appears.
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Playback Properties @

Playback based on  |[EEILINES

i =

[~ Play data in a loop

Cancel

Figure 11-5 Playback Properties

5. Select playback based on real time or frames. If framesis selected,
the Show Time and Show Frames buttons are active. Select the
desired option.

6. |If desired, check Play datain aloop.

7. Select OK. The Playback Properties dialog closes and the playback
bar updates to reflect the edits you have made.

Note Apart from the Show Time and Show Frames options, all playback
properties can be set directly on the playback bar or from the Playback
option on the main menu bar.

8. Dataplayback is controlled using the standard control buttons on the
playback bar. The following keyboard shortcuts may also be used
during playback:

 Uparrow — play data

» Down arrow — pause data

*  Left arrow — move back (in pause mode only)

* Right arrow — move forward (in pause mode only)
*  Home— move to beginning of data

e End — moveto end of data

Notes If you are playing a strip chart view, you can click anywhere along any
data line to move the progress bar to that position.
If you are playing spatial view, the spatial view toolbar is available and
fully functional.
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12 Calculations

Asyou are producing or reviewing data, First Principles provides you
with the power to manipulate that datawith calculations. Calculations are
user-defined operations that use collection datato produce additional
information in real time. The available calculations are as follows:

Angle

ASL EyeTracker

Constants (3D and 6D and constant float)
Distance

Transform

Inverse Transformation

Relative

Force Plate 6

Force Plate 8

Force Plate 8 Hall

Centre of Pressure

12.1 About the Calculations Dialog

You can apply acalculation at any time during the experiment or during
playback:
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1. From the main menu, select Collection/Playback > Calculations.,
The Calculations dialog appears:

Calculations

Existing Calculations:
Calculation Parameters

Apply
Calculation Input
Add Remove

Figure 12-1 Calculations Dialog

2. Click Add, and from the list that appears, select a calculation type.
For more information about each type, see “Calculation Types’ on
page 114.

3. Click OK. A new calculation is created and added to the list in the
Calculation dialog and activated in the current views, when the
calculation dialog is closed. The background colour of each
calculation in the list denotes its status as follows:

» Black — Currently selected calculation
*  White— All inputs have been defined
* Yelow — Not all inputs have been defined

Note To rename the new calculation with a more relevant title, double-click it
and type in a new name. Press Enter when you have finished, to save
your changes.
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4, Select the new calculation. The Calculation Dialog updates to
provide you with appropriate fields for this calculation type:

¢ Cdculation Parameters
e Cdculation Input

An example of the Calculations Dialog with a Transform calculation
selected is shown in “ Calculation Dialog — Transform Example” on
page 113.

Calculations

Existing Calculations:
Calculation Parameters

Distance2
Angle?
ASLEyeTrackers Mumber of D inputs |1 ﬂﬂ

Constant3D3

ConstantsD10 Mumber of 30 inputs [0 jj

Distanceld

| Transform2

Apply
Calculation [nput
Transfarmation |- undefined -- - ED 1 |- undefined - -
Add Remove

Figure 12-2 Calculation Dialog — Transform Example

5. Usethe descriptions provided in “ Calculation Types’ on page 114 to
modify the Calculation Parameters available for your chosen
calculation type.

6. Click Apply to update the desired Calculation Input fields so that
they reflect the chosen Calculation Parameters.

7. Enter the desired Calculation Input.

8. Click Closeto close the Calculations dialog and add the calculation
to the experiment.
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12.2 Calculation Types

Angle

Angle calculates the angle between two vectors. These vectors are
defined using 3D pointsin the measurement volume (for example,
markers). For example, abiomedical researcher might apply the Angle
calculation to the experiment data to calculate the angle of rotation of a
specific joint on a person’s body.

Angle calculations include the following calculation parameters:

Table 12-1 Angle Calculation Parameters

Parameter Description
Units Angle can be represented as either degrees or
radians.

Angle Type Angle Type dictates the way the angle is calcul ated:
» Angle between 2, 3D vectors

« Angle between 2, 2D vectors, created by
projecting 3D vectors onto a selected plane.

Angle calculations requires that you create two vectors using the
following calculation input:

Table 12-2 Angle Calculation Input

Input Description

Head Head is a 3D point in the measurement volume that
represents the head of a vector.

Tail Tail isthe 3D point in the measurement volume that
represents the tail of a vector.

114 First Principles User Guide - Revision 3



ASLEyeTracker

ASLEyeTracker calculations include the following calculation
parameters:

Table 12-3 ASLEyeTracker Calculation Parameters

Parameter Description

COM port COM port defines which COM port on the host
computer the eye tracker is plugged into. (Default 1)

Baud Rate Baud Rate isthe communication rate between the eye
tracker and the host computer. (Default 19200)

Stop Bits Stop Bits are bits set for each byte of data
transmitted. (Default 1)

Data Bits DataBits dictate the number of bitsthat create a byte.
(Default 8)

Parity Parity enables parity checking: the use of parity bits

to check that data has been transmitted accurately.
The parity bit is added to every data unit (typically
seven or eight bits) that are transmitted. The parity bit
for each unit is set so that all bytes have either an odd
number or an even number of set bits. (Default No)

HW Hardware flow control. If No is selected, software
Handshaking flow control is used (Default No)

ASLEyeTracker calculations require the following calculation input:

Table 12-4 ASLEyeTracker Calculation Input

Input Description

Transform01 TransformO1 is the transformation produced by a
tool/rigid body attached to the subject’s head. This
transformation is transmitted to the ASLEyeTracker
using the communication parameters set listed in
Table 12-3. ASLEyeTracker will then use thisdata, in
combination with the movement of the subject’s eye,
to calculate the location of the subject’s gaze.
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Constants

Constant isavalue placeholder that you can apply in other calculations. It
does not perform a calculation. First Principles provides three different
formats for constants:

Constant3D Constant3D value consists of an x, y and z value. This can
included in any calculation that manipulates 3D data.

Constant6D Constant 6D value consists of an x, Y, z, Rx, Ry, and Rz
value. This can beincluded in any calculation that manipulates 6D data.

ConstantFloat ConstantFloat valueis an integer that can be included in
any calculation that manipulates scalar values.
Distance

Distance calculates the distance (in mm) between two pointsin the
measurement volume.

Distance calculations include the following calculation parameters:

Table 12-5 Distance Calculation Parameters

Parameter Description

Input Type Input Type dictates the kind of points you will be
selecting. The software can calculate the distance
between any combination of 3D and 6D points.

The calculation input required reflects the Input Type you selected. If you
change the Input Type, click Apply to update the calculation inputs

Transform

Transform applies a transformation to an existing value. For example,
Transform could be used to apply onerigid body’s transformation to
another rigid body in the experiment.
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Transform calculations include the following calcul ation parameters:

Table 12-6 Transform Calculation Parameters

Parameter Description
Number of 6D Inputs An integer between 0-7

Number of 3D Inputs An integer between 0-7

The calculation input required reflects the number of 3D and 6D inputs
you selected. These represent the number of 3D (markers) or 6D (rigid
bodies) to which you wish to apply the transformation. If you change the
number of 3D or 6D inputs, click Apply to update the cal culation inputs.

Table 12-7 Transform Calculation Input

Input Description

Transformation From the Transfor mation drop-down list, select the
transform you want to apply to the remaining
calculation inputs. The remaining calculation inputs
reflect the number of 3D and 6D inputs you select.
Select each input from the corresponding drop-down
list.

Inverse Transformation

Inverse transformation cal culates the inverse of the selected
transformation input.

Inverse transformation cal culations require the following calculation
input:

Table 12-8 Inverse Transform Calculation Input

Input Description

Transformation From the Transfor mation drop-down list, select the
transformation for which you want to calculate the

inverse.
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Relative

Relative calculation calculates a new position or transformation in a
coordinate system of another reference transformation. It can also
calculate a new position relative to reference position.

Relative calculations include the following calculation parameters:

Table 12-9 Relative Calculation Parameters

Parameter

Description

Tnput Type

Input Type dictates the kind of points you
will be selecting. The software can calculate
arelative position or transformation between
any combination of 3D and 6D points. Click
Apply whenever you change this setting to
appropriately update the calculation inputs.

Relative calculations require the following calculation inputs:

Table 12-10 Relative Calculation Input Type 6D-6D)

Input

Description

Reference
Transformation

From the Ref Transform drop-down list, select the
transformation to be used as reference.

Transformation

From the Transfor m drop-down list, select the
transformation to be calculated, relative to the
reference.

Table 12-11 Relative Calculation Input Type 6D-3D

Input Description
Reference From the Ref Transform drop-down list, select the
Transformation required transformation to be used as reference.
Position From the Position drop-down list, select the position
to be calculated, relative to the reference.
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Table 12-12 Relative Calculation Input Type 3D-3D

Input Description

Reference From the Ref Position drop-down list, select the
Position required position to be used as reference.

Position From the Position drop-down list, select the position

to be calculated, relative to the reference.

Force Plate 6

Force plate 6 calculation re-interprets the force plate output analog
signalsto force and moment vectors. This calculation is meant for use on
force plates with six analog output channels (for example, Bertec,
AMTI). The outputs of this calculation consist of force and moment
vectors in the force plate local coordinate system and the force plate
transformation in the global coordinate system.

Input: six voltage values representing Fx, Fy, Fz, Mx, My, Mz outputs
from the force plate.

Output: (Fx, Fy, Fz, Mx’, My’, Mz, Transformation); [N, Nm, mm)]

Force and Moment Vector Part of the Output

Force and moment vector values are calculated from anal og inputs using
the following formula:

FM = Cal * A/ (1000000* Vexc* G)
where:

FM isthe resulting 6 element force and moment vector, (Fx, Fy, Fz, Mx,
My, M2)

Cal isthe 6x6 calibration matrix provided by the plate manufacturer. Top
half of the matrix isassumed to bein [VN/uV] and the bottom half in
[VNmM/uV] units,

A istheinput 6 element analog signal vector measured and provided by
the force plate (Fxv, Fyv, Fzv, Mxv, Myv, Mzv) [V]

V excisthe amplifier excitation voltage

G isthe amplifier gain setting
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The resultant moment vector represents moment above the surface of the
force plate and is calculated as follows:

Mx' = Mx - Fy * Zoffset

My' =My + Fx * Zoffset

where Zoffset is the user supplied vertical offset from the top planeto the
origin of the force platform. (It is the z coordinate of the user supplied
Centre Offset (mm) calculation parameter.) The calculation

automatically adjusts the Centre Offset such that the z value is always
positive, as assumed by all equations.

The resulting force and moment output vector isthen (Fx, Fy, Fz, Mx’,
My’, M2) [N, Nm].
Transformation Part of the Output

Transformation output provides the information of where the force plate
isin the Optotrak measurement volume

The transformation value is important only in the following two
circumstances:

»  The SpatialView (see page 90) is required to show the real
orientation of the force plate in the measurement volume

or

» Themultiple force plates are inputs into another calculation
where their relative position information isimportant (for
example Centre of pressure calculation).

Note The information below is only applicable if you need this calculation to
provide the correct transformation value.

The transformation value provided by this calculation is based on three
force plate corner coordinates, measured on the plate surface and
corrected by the Centre Offset value supplied by the manufacturers.

Set the correct transformation output of the force plate as follows:
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1. Enter the manufacturer supplied Centre Offset (in mm) in the force
plate coordinate system.

2. Enter 3D coordinates of corners 1, 2 and 3 on the top plane of the
plate (refer to Figure 12-3) in that order, measured in the Optotrak
coordinate system. The corners can be measured by using the
digitizing probe and ProbeView (see page 100). The corners
description in the force plate coordinate space are:

L(X+,YH+); 2:(X-,Y+); 3:(X-, Y-).

1 2

R

X
L 3
Corners to be digitized
Figure 12-3 Force Plate Coordinate Space
Centre Offset value is supplied by the manufacturer, and is the result of

the calibration procedure. It represents the offset of the force plate
coordinate space from the physical centre of its sensors.

Note The Centre Offset value is sometimes reported from the real centre to the
top of the plate, and not from the top to the centre, as assumed by the
application. First Principles automatically recognizes the right orientation
of the offset vector, based on the value of the Z coordinate of the offset.

Force Plate 8

Force plate 8 calculation re-interprets force plate output analog signals to
force and moment vectors. This calculation is meant for use on piezo-
electric force plates with eight analog output channels (for example
Kistler). The outputs of this calculation are force and moment vectorsin
the force plate local coordinate system and the force plate transformation
in the global coordinate system.
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Input: Eight analog values Vx12, Vx34, VWy14, Vy23,Vz1, Vz2,Vz3,
Vz4 representing Fx12, Fx34, Fy14, Fy23, Fz1, Fz2, Fz3, Fz4 outputs
from the force plate.

Output: (Fx, Fy, Fz, Mx', My', Mz, Transformation); [N, Nm, mm].

Force and Moment Vector Part of the Output

Force and moment vector values are calculated from analog inputs using
the following formul ae:

Fx12 =Vx12/ Sx* XYRange/ 5
Fx34 =Vx34/ Sx* XYRange/ 5
Fyl4=VWyl14/ Sy * XYRange/5
Fy23=Wy23/ Sy * XYRange/5
Fz1 = Vz1/Sz* ZRange / 5
Fz2 = Vz2/ Sz* ZRange / 5
Fz3 = Vz3/Sz* ZRange / 5
Fz4 = Vz4 | Sz* ZRange / 5

where VX, Vy, Vz [V] are voltage outputs from the force plate, Sx, Sy, Sz
[PCIN] are sensitivity values for respective channels and XY Range,
ZRange [pC/5V] are the force plate output ranges for particular channels.

Measured forces at sensors are then used to produce the overall force and
moment vectors as follows:

Fx = Fx12 + Fx34

Fy = Fyl4 + Fy23
Fz=Fz1+Fz2+Fz3+Fz4

Mx =b* (Fzl + Fz2 - Fz3 - Fx4)

My =a* (-Fz1+ Fz2 + Fz3 - Fz4)

Mz=b* (-Fx12 + Fx34) + a* (Fyl4 - Fy23)

where a isthe half of the sensor’s X distance [m] and b isthe half of the
sensor’'sY distance [m], in the plate coordinate system.
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The moment vector represents moment above the surface of the force
plate and is calculated as follows:

Mx' = Mx - Fy * Zoffset
My' =My + Fx * Zoffset

where Zoffset isthe user supplied vertical offset from the top planeto the
origin of the force platform. (It isthe z coordinate of the user supplied
Centre Offset (mm) calculation parameter.) The calculation
automatically adjusts the Centre Offset such that the z value is always
positive, as assumed by all equations.

The resulting force and moment output vector isthen;
(Fx, Fy, Fz, Mx’, My’, M2) [N, Nm].

Transformation Part of the Output

Transformation output provides the information of where the force plate
isin the Optotrak measurement volume

The transformation value is important only in the following two
circumstances:

e The SpatialView (see page 90) is required to show the real
orientation of the force plate in the measurement volume

or

«  Themultiple force plates are inputs into another calculation
where their relative position information is important (for
example Centre of pressure calculation).

Note The information below is only applicable if you need this calculation to
provide the correct transformation value.

The transformation value provided by this calculation is based on three
force plate corner coordinates, measured on the plate surface and
corrected by the Centre Offset value supplied by the manufacturers.

Set the correct transformation output of the force plate as follows:
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1. Enter the manufacturer supplied Centre Offset (in mm) in the force
plate coordinate system.

2. Enter 3D coordinates of corners 1, 2 and 3 on the top plane of the
plate (refer to Figure 12-3) in that order, measured in the Optotrak
coordinate system. The corners can be measured by using the
digitizing probe and ProbeView (see page 100). The corners
description in the force plate coordinate space are:

L:(X+,Y+); 2:(X-,Y4); 3:.(X-, Y-).

Centre Offset value is supplied by the manufacturer, and is the result of
the calibration procedure. It represents the offset of the force plate
coordinate space from the physical centre of its sensors.

Note The Centre Offset value is sometimes reported from the real centre to the
top of the plate, and not from the top to the centre, as assumed by the
application. First Principles automatically recognizes the right orientation
of the offset vector, based on the value of the Z coordinate of the offset.

Force Plate 8 Hall

Force plate 8 Hall calculation re-interprets the force plate output analog
signalsto force and moment vectors. This calculation is meant for AMTI
Hall-effect force plate, using the 8-channel analog output. It is applicable
to AMTI's AccuSwayPlus, AccuGait, HE6x6, and other AMTI Hall-
effect based force plates with anal og voltage outputs.

The outputs of this calculation consist of force and moment vectorsin the
force plate local coordinate system and the force plate transformation in
the global coordinate system.

Input: eight voltage values representing FzC, FzD, FzA, FzB, FyAC,
FxDC, FxAB, FyBD outputs from the force plate.

Output: (Fx, Fy, Fz, Mx', My', Mz, Transformation); [N, Nm, mm]

Force and Moment Vector Part of the Output

M easured force and moment vector values are calculated from analog
inputs using the following formula:

FM=cCa * A
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where:

FM isthe resulting 6 element force and moment vector, (Fx, Fy, Fz, Mx,
My, M2)

Cal isthe 6x8 calibration matrix provided by the plate manufacturer. Top
half of the matrix is assumed to bein [N/V] and the bottom half in [Nm/
V] units,

A istheinput 8 element analog signal vector measured and provided by
the force plate (FzC, FzD, FzA, FzB, FyAC, FxDC, FXAB, FyBD) [V]

The resultant moment vector represents moment above the surface of the
force plate and is calculated as follows:

Mx' = Mx - Fy * Zoffset

My' =My + Fx * Zoffset

where Zoffset isthe user supplied vertical offset from the top planeto the
origin of the force platform. (It is the z coordinate of the user supplied
Centre Offset (mm) calculation parameter.) The calculation

automatically adjusts the Centre Offset such that the z value is always
positive, as assumed by all equations.

The resulting force and moment output vector isthen (Fx, Fy, Fz, Mx',
My', M2) [N, Nm].
Transformation Part of the Output

Transformation output provides the information of where the force plate
isin the Optotrak measurement volume

The transformation value isimportant only in the following two
circumstances:

e The SpatiaView (see page 90) is required to show the real
orientation of the force plate in the measurement volume

or

e Themultiple force plates are inputs into another calculation
where their relative position information isimportant (for
example Centre of pressure calculation).

First Principles User Guide - Revision 3 125



Note The information below is only applicable if you need this calculation to
provide the correct transformation value.

The transformation value provided by this calculation is based on three
force plate corner coordinates, measured on the plate surface and
corrected by the Centre Offset value supplied by the manufacturers.

Set the correct transformation output of the force plate as follows:

1. Enter the manufacturer supplied Centre Offset (in mm) in the force
plate coordinate system.

2. Enter 3D coordinates of corners 1, 2 and 3 on the top plane of the
plate (refer to Figure 12-3) in that order, measured in the Optotrak
coordinate system. The corners can be measured by using the
digitizing probe and ProbeView (see page 100). The corners
description in the force plate coordinate space are:

L(X+,Y+); 2:(X-,YH+); 3:(X-, Y-).

Centre Offset value is supplied by the manufacturer, and is the result of
the calibration procedure. It represents the offset of the force plate
coordinate space from the physical centre of its sensors.

Note The Centre Offset value is sometimes reported from the real centre to the
top of the plate, and not from the top to the centre, as assumed by the
application. First Principles automatically recognizes the right orientation
of the offset vector, based on the value of the Z coordinate of the offset.

Centre of Pressure

Centre of pressure calculation cal culates the position of the centre of
pressure from the outputs of force plate calculations. It can take up to
eight force plates as the input and cal cul ate the total centre of pressurein
the global coordinate system using transformations of each force plate
and their force and moment outputs.
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Centre of pressure calculations include the following calculation
parameters:

Table 12-13 Relative Calculation Parameters

Parameter Description

Number of plates Aninteger of 1to 8. Click Apply whenever
you change this setting to appropriately
update the cal culation inputs.

Fz Threshold [N] Sets the Fz threshold that the force plate has
to exceed, in order to beincluded in the
calculation. This avoids extraneous noise,
for example from an unloaded force plate,
being included in calculations. (If the force
plate does not exceed the Fz threshold, it
will be reported as missing.)

Input: force plate data
Output: 3D point in the Optotrak coordinate system

The centre of pressure of one force plate in the force plate local
coordinate system is calculated as

COPx =-My'/ Fz
COPy = Mx'/ Fz
COPz=0,

where My' isthey coordinate of the moment above the surface of the
force plate, Mx' isthe x coordinate of the moment above the surface of
the force plate (see force plate 6 or force plate 8 calculations for
information on how Mx', My' are calcul ated).

Centre of pressurein the Optotrak coordinate system, calculated from
multiple force plate data, is calculated as aweighted average of centres of
pressure of participating force plates:

COPx = (X (COPy;9* |Fzi|)) / =|Fzil

COPy = (X (COPyig * |Fzi)) ) / 2|Fzi|
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COPz = (S (COP,9* |Fzi]) ) / ZIFzl

where Fzi isthe z coordinate of the force vector in the force plate
coordinate system, COP;9isthe 3D location of the centre of pressure of
the force plate 'i' in the Optotrak coordinate system calculated as

@ig = T(@i),

where COP; is the 3D location of the centre of pressure of the force plate

in the force plate local coordinate system, T isthe transformation from
force plate coordinate system to the Optotrak coordinate system.
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13 Exporting Data

First Principles provides the functionality for you to export datain a
variety of file formats. The file export interface allows you to:

e quickly select source files and destination folders
«  select applicable export file formats
*  define export subsets by time or frame

First Principles can export datain two ways: viathe export dialog, or
using the auto export feature. For further information, refer to “ Exporting
Data’ on page 130

13.1 First Principles File Formats
First Principles produces the following file formats:
» collectionfile (.nco)
o experiment file (.exp)
» tool definition file (rig)
e raw datafile (.nrw, .nor) (Optotrak and ODAU Il raw data files)
First Principles can open and play the following file formats:
» collectionfile (.nco)
e 3D datafile (.n3d)
e 6D datafile (.n6d)
e raw datafile (.nrw, .nor) (Optotrak and ODAU Il raw datafiles)

13.2 Exported Data File Formats

First Principles can convert data and export it in the following file
formats:

e 3D datafile (.n3d) in NDI floating point format
e 6D datafile (.n6d) in NDI floating point format

« ODAU Il datafile (.nov) ODAU Il voltagein NDI floating point
format
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e ¢3d(.c3d)

¢ ASCII datafiles (.txt)

e Comma Separated Value files (.csv)
o tab separated value files (.xIs)

13.3 Exporting Data

First principles can export datain two ways; using an auto export feature
that exports data as soon as recording has finished and manually using the
export dialog. Both methods are described below.

Auto Export

To automatically export data from First Principles, follow the procedure
detailed below:

1. From the main menu, select Settings > Auto Export. The following

dialog appears:
Auto Export @
[~ MDI3D ™ MDI Odau [~ C3p
¥ &llta ASCI [~ MDIED
Delimiter: R otation Format:
[Tag | [Eukriden  +]
()3 | Cancel |

Figure 13-1 Auto Export Dialog

2. Check thefile types you want to export and select the delimiter from
the drop-down options. If you select either the NDI 6D, or All to
ASCII option, select a Rotation Format from the drop-down
options.

Notes NDI 6D files always contain Euler data in radians, even if Euler (deg) is
selected.
To export a collection file to C3D, the ODAU frame frequency must be an
integer multiple of the marker frame frequency.
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3. Select OK. Thediaog closes. When you next stop arecording
session, the data will be exported to the same directory defined
during session setup and in the formats defined above.

Manual Export

To manually export data from First Principles, using the export diaog,

follow the procedure detailed below:

1. Fromthe main menu, select File > Export Data. The following

dialog appears:

File Export

Export Properties
Destination Folder

Deestination Folder

L. | C:A 1ts and 5

fdd Fiefs) | Femove Fie(s] |

C:ADocuments and SettingsinarosiMy DocumentshoollzctionshSession_2008_05_24 112340

Euler [deg. ascii anly]

Quaternion
Ratation Matrix:

Expoart Tar
v NDI 3D r Iv C30
v ASCI W NDIED
Delimiter: Fiotation Format:
\ 5|

=l

Browse

Export Subset

Seconds Frames

Max ‘ ‘

Stan  [0.000 1

End ‘sn 000 ‘wsuu

Expant Cancel

E]

Figure 13-2 Export Data Dialog

Click Add File(s) and browse to and select the files that you want to

export. Thefile(s) location appears in the Source File column. (If
you want to remove files from the list, select the file and click
Remove File(s), or press the Delete key.)
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3. IntheExport Properties > Destination Folder section, click
Browse and browse to the location where you want to store the
exported data. The destination folder appears in the Destination
Folder column.

4. Inthe Export To section, check the desired file formats that will be
applied to the exported data. Read the notes bel ow.

Notes The Export To section is context-sensitive and the options for export file
formats will only be enabled if that file format is applicable to the selected
file.

The Delimiter drop-down options (TAB and Comma) is only enabled if
ASCIl is checked. Select TAB to export the file as Microsoft Excel (.xIs)
and Comma to export the file as .csv, or specify your own delimiter in the
drop-down list and export the data as a .txt file.

5. Inthe Export Subset section, typeinthe Sart and End limitsfor
the exported data. You can input limitsin either Time or Framesand
both columns will update. The M ax fields display the maximum
possible data length applicable to the selected file.

6. If you are exporting 6D data, select the desired Rotation Format
from the drop-down options.

7.  When you have completed your selections, click Export. Thedatais
exported to the selected destination folder.
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14 Quick Reference: First Principles Main Menu

Table 14-1 Main Menu Items

Menultem | Sub-menu Item | Description

File New Create a new experiment.
Experiment
Open Open apreviousy saved experiment to
Experiment continue work.
Edit Change the setup for the current
Experiment experiment.
Save Save the current experiment.
Experiment
Save Save the current experiment under a
Experiment As | different name/directory.
Close Close the current experiment and
Experiment disconnect the software from the

system.
Open Open acollection for playback, and/or
Collection manipulation.
Save Collection | Save the settings of currently used
views of the collection.

Close Close the current collection.
Collection
Export Data Export the selected data filesinto

different formats/directories for future
analysis.
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Table 14-1 Main Menu Items (Continued)

Menultem | Sub-menu Item | Description

Collection | Record Start a new collection.
(aﬁtlve Stop Stop the current collection or cancel
when External Trigger mode.
running
experimen | Markers Active | Turn on/off all connected markers.
tviewis | External Turn on an external trigger mode used
selected) Trigger to start new collections.
Collection Change collection settings, such as
Properties length, delay, and units.

Cadlculations Add calculations to the current
experiment/collection.

Playback | Play Play back the current collection.

(active Py Pauise a playback

when se se a playback.

collection | Stop Stop a playback and return the cursor

fileviewis to the start position.

selected) Playback Change playback settings, such as
Properties loop, speed, and units.

Cadlculations Add calculations to the current
experiment/collection.
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Table 14-1 Main Menu Items (Continued)

Menultem | Sub-menu Item | Description
View Toolbar Show/hide the main toolbar at the top
of the main window.

Control bar Show/hide the recording/playback
control bar at the bottom of the main
window.

Session Show/hide the session summary.

Summary (Active only after the first recording.)

3D Data Show/hide 3D datain the selected
view.

6D Data Show/hide 6D datain the selected
view.

ODAU Voltage | Show/hide ODAU |1 voltage datain

Data the selected view.

Calculations Show/hide applied calculationsin the

selected view.

View Properties

Change settings for the selected view.

Text View Open anew Text View window.
Missing Data Open anew Missing Data View
View window.

Probe View Open anew Probe View window.

Raw Data View | Open anew Raw Data View window.
Spatial View Open anew Spatial View window.
Strip Chart Open anew Strip Chart View window.
View

Video View Open anew Video View window.
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Table 14-1 Main Menu Items (Continued)

Menultem | Sub-menu Item | Description
Settings Marker Set the markers frequency, duty cycle
Settings/ and power
Frequency
Communication | Change the communication settings
Settings used to connect the host computer to
the Optotrak System.
Coordinate Open and review the Environment
System Details | Setup for the current experiment.
Default Exports | Create default exporting settings that
will be performed automatically with
each collection.
Utilities Query System | Re-initialize the communication
between the host computer and the
Optotrak System, to determine the
hardware setup.
Show Error Log | Show the last system error logged.
Show Latest Show the latest wireless mode Smart
Wireless Marker configuration tree.
Configuration
Pivot Tool/ Open the Pivot wizard to calculate a
Rigid Body tool/rigid body’stip offset.
Window Cascade Arrange the open windows in a
cascade fashion.
Tile Arrange the open windowsin atile
fashion.
Help Help Topics Open First Principles Online Help.
Licencing Info | Shows the licence state of the
application modules and alows you to
licence them if necessary
About First Open the software description window.
Principles
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15 Abbreviations and Acronyms

Table 15-1 Abbreviations and Acronyms

Abbreviation or

Acronym Meaning

DHCP Dynamic Host Configuration Protocol
IP Internet Protocol

ODAU Optotrak Data Acquisition Unit
RMS Root Mean Square

SCsSl Small Computer System Interface
SCU System Control Unit

SROM Serial Read Only Memory
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Glossary

Glossary

.csv File

A .csv fileis a Comma Separated Value file that stores characterization
datain ASCII format.

.rig File

A rigfileisarigid body’s tool definition file.

.rom File

A .rom fileisatool’stool definition file.

3D Data

3D datarefersto the x, y, and z positions of a marker.

3D RMS Error

3D RMS (Root Mean Square) Error is determined by calculating the
difference between the measured |ocations of markers on atool and the
marker positionsin the tool definition file.

Alignment

Alignment is the process of adjusting atool or Position Sensor's |ocal
coordinate system.

Centroid

A centroid is the centre point of an imagined three-dimensiona volume
created by the selected markers.

Collection

A collection is a set of datathat is saved to a session.
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Glossary

Euler Rotation

An Euler rotation is a mathematical method of describing arotation in
three dimensions: the rotation of the object around each axis (Rx, Ry, and
Rz), applied in a specific order.

Euler Transformation

An Euler transformation is a mathematical method of describing
tranglations and rotationsin three dimensions. Six values are reported for
an Euler transformation: the three tranglational valuesin the x, y, and z-
axes; and rotations around each of the axes, Rx, Ry, and Rz.

Experiment

An experiment is a specific Optotrak System setup that uses markers,
rigid bodies, tools, and/or ODAU Il units to measure the movement and/
or location of a subject.

Frame Frequency

The frame frequency is the number of frames of data per second
measured by the Optotrak System.

Frame

A frame contains the measured positions of the markersin the detection
region at a particular point in time.

Global Coordinate System

The global coordinate system isthe Optotrak System's coordinate system.
The global coordinate system is used by the measurement system as a
frame of reference against which tool transformations are reported. By
default, the global coordinate system's originis set at the Position Sensor.

Imaginary Marker

Animaginary marker is used to identify a point where it is difficult or
undesirable to affix an actual marker.
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Glossary

Local Coordinate System

A local coordinate system is a coordinate system assigned to a specific
tool or rigid body.

Marker

A marker is an object that can be detected and tracked with an Optotrak
System.

Marker Frequency

Marker frequency istherate (Hz) at which markers are activated within a
frame.

Marker Period

Marker period is the inverse of the marker frequency.

Marker Power

Marker power refersto the overall "brightness’ of the markers. Marker
power affects the strength of the signals received by the Position Sensor,
and is dependant on the marker frequency, duty cycle and voltage applied
to the marker.

Marker Voltage

Marker voltage is one of the factors that determine marker power. The
voltage can range from5- 12 V.

Pivoting

Pivoting is a procedure (of rotating atool about itstip) used to determine
the tool tip offset.

Position Sensor

The Position Sensor isthe component of the Optotrak Certus System that
collects marker position data and sends the raw data to the System
Control Unit.
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Glossary

Reference Tool

A reference tool isatool or rigid body whose local coordinate system is
used as a frame of reference in which other tools are reported/measured.

Registration

Registration is a process that aligns the coordinate systems of multiple
Position Sensors to a common coordinate system.

Rigid Body

A rigid body is an object on which three or more markers are fixed
relative to one another.

Rigid Body Definition

A rigid body definition is a description of the number and locations of
markers on arigid body.

Session

A session isan instance of an experiment.

Tool

A tool isarigid body that incorporatesitstool definition filein an SROM
device.

Tool Definition File

A tool definition file stores information about atool or rigid body. This
includes information such as the placement of the tool's markers, the
location of its origin, and its manufacturing data. A tool definition file
can be formatted in two ways: .rig for rigid bodies, or .rom for tools.

Tool Origin

Thetool origin isthe origin of the tool'slocal coordinate system.
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Glossary

Tool Tip Offset

Thetool tip offset is the vector between the tip of the tool and the tool
origin.

Transformation

A transformation is a combination of translation and rotation values that
describe a change of the tool or rigid body's position and orientation.

User-defined Coordinate System

A user-defined coordinate system is aglobal coordinate system in which
the user has changed the location of the default origin and/or the
orientation of its axes.
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Index
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record 1
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digitize points 100
digitized points 31, 35
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duty cycle 45, 61
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environment setup 3, 17
environment setup wizard 18
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experiment 1
dataviewing 82
process 2
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force plate 6 calculation 119
force plate 8 calculation 121
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Index

G
global coordinate system 3, 31

imaginary markers 48, 62
digitizing 70

installing First Principles 5

inverse calculation 117

L
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manipulate data 1
manipulating views 94
marker

advanced settings 45

firing sequences 59

frequency 45, 60

power 45, 60

rigid body 59

setup 42, 55

tool 59

view 92

voltage 46, 61
missing dataview 82, 84
multiplexer 51, 66

N
new registration 23
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ODAU Il 139

ODAU Il setup 49, 64
Optotrak 3020 41
Optotrak Certus 53

P

PCI card 14

pivot procedure 74
playback data 1
probe view 82, 100

R

raw dataview 82, 87
record data 1
Register 28
registration 3, 17, 24
relative calculation 118
rigid body 48, 61
setup 46
RMSerror 28

S

scan frequency 51, 66
SCSl card 14
session setup 3, 68
settings communication 13
Setup
environment 3, 17
experiment 3
marker 42
ODAU Il 49, 64
Optotrak 3020 41
Optotrak Certus 53
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rigid body 46, 61 V
session 3, 68 _ _
software video view 82, 102
installation 5 VIEWEr panes
licences 6 shortcuts 94
spatia view 82, 90 viewing experiment data 82
SROM device 26, 35 views

manipulation 94
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