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FCC Statement

All components of the G’ system comply with Part 15 of the FCC rules. Operation is subject to the following two
conditions:
1. This device may not cause harmful interference; and
2. This device must accept any interference received, including interference that may cause undesired
operation.

Class B Digital Device. This equipment has been tested and found to comply with the limits for a Class B digital
device pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection against
harmful interference in a residential installation. This equipment generates, uses, and can radiate radio frequency
energy and, if not installed and used in accordance with the instructions, may cause harmful interference to radio
communications. However there is no guarantee that interference will not occur in a particular installation. If this
equipment does not cause harmful interference to radio or television reception, which can be determined by
turning the equipment off and on, the user is encouraged to try to correct the interface by one or more of the
following measures.

EC — Declaration of Incorporation

This product complies with the following European Community Directives:
G” RF transceiver in the Hub and USB dongle conform with R&TTE Directive (1999/5/EC)
Wideband transmission equipment operating in the 2.4GHz ISM band and using spread spectrum modulation

techniques: EN 300 328 v1.7.1 (2006-10)

EMC Emission Requirements: EN 301 489-1 v1.8.1:2008/EN 301 489-3 v.1 2002
EN 55022-2006 Conducted Emissions

Immunity Requirements: EN 301 489-1 v1.8.1:2008/EN 301 489-3 v.1 2002

EN61000-4-2:2001 Electrostatic Discharge
EN61000-4-3:2002 Radiated Immunity
EN61000-4-4:2004 EFT/Burst Power Leads
EN61000-4-5:2001 Surge Immunity
EN61000-4-6:2003 Conducted Immunity, Power Leads
EN61000-4-11:2004 Voltage Dips and Interrupts

The G* Source complies with the EMC directive 2004/108/EC
Radiated and Conducted Emissions: EN61326-1 Clause 7.2 Class B

Immunity Requirements: EN 61326-1 Table 2

EN61000-4-2: 2001 Electrostatic Discharge
EN61000-4-3:2002 Radiated Immunity
EN61000-4-4:2004 EFT/Burst Power Leads
EN61000-4-5:2001 Surge Immunity
EN61000-4-6:2003 Conducted Immunity, Power Leads
EN61000-4-8:1993 A1 2000 Power Frequency Magnetic Fields
EN61000-4-11: 2004 Voltage Dips and Interrupts

EMC Directive 2004/108/EC Low Voltage Directive 2006/95/EC

Note: The conducted emission herein only applies if a Polhemus-supplied power supply is used with the G* unit.
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How To USE THIS MANUAL

Rev. D

This user manual serves as a reference guide for the setup and operation of the Polhemus G” tracker.

To quickly set up and run a new G* system, refer to Section 3. Getting Started.
This section offers a step-by-step approach to guide you in installing, configuring and running your device

in a simplified scenario of one Source and one Hub.
The manual is divided into several parts:

Section 1. G4 System Overview provides detailed descriptions and physical information about the

hardware and software components and accessories that make up the G* system.

Section 2. Operation provides general description of how the tracker can be deployed and some advice on
physical installation.

Section 3. Getting Started is a detailed step-by-step guide to installation, setup and simple operation of a

minimal system. This section is designed to familiarize you with the basic process of setting up a system
without delving into details of larger or more complex installations.

Section 4. Troubleshooting covers installation and operation troubleshooting help.

Section 5. Programming and Alternate Platforms provides a brief listing of programming tools and

packages for supported host platforms.

APPENDIX A. , APPENDIX B. , APPENDIX C. and APPENDIX D. provide more detailed step-by-step guides
and tutorials for more complex setup and installation scenarios as well as in-depth examinations of

magnetic tracker science:

Finally, APPENDIX E. , APPENDIX F. and APPENDIX G. provide specifications, warranty and Customer
Service contact information.
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SAFETY NOTICES

This apparatus has been designed and tested in accordance with Low Voltage Directive 2006/95/EC.

WARNINGS

Before powering up the instrument, be aware that the mains plug shall only be inserted in a socket outlet
provided with a protective ground contact. You must not negate the protective action by using an extension
cord (power cable) without a protective conductor (grounding). Grounding one conductor of a two-conductor
outlet is not sufficient protection.

Whenever it is likely that the ground protection is impaired, you must make the instrument inoperative and
secure it against any unintended operation.

This instrument contains no user serviceable parts. Do not attempt to service the unit. Return it to Polhemus
for repair.

Do not perform any unauthorized modification to the instrument.

Do not operate the instrument in the presence of flammable gasses or fumes. Operation of any electrical
instrument in such an environment constitutes a definite safety hazard.

Do not use the instrument in a manner not specified by the manufacturer.

TO CLEAN THE INSTRUMENT

If the instrument requires cleaning:

(1) Remove power from the instrument.

(2) Clean the external surfaces of the instrument with a soft cloth dampened with a mixture of mild
detergent and water.
Make sure that the instrument is completely dry before reconnecting it to a power Source.

THE G* HUB CONTAINS A LITHIUM ION BATTERY (which is not accessible to the user)*

GENERAL GUIDELINES AND HANDLING RECOMMENDATIONS
FOR LITHIUM ION OR LITHIUM POLYMER BATTERIES

Keep Lithium ion/Lithium polymer batteries away from children. If a battery is swallowed promptly call your doctor.

Do not allow any Lithium ion/Lithium polymer battery to come into contact with water or liquid of any kind. Do not leave the battery
near flames, heaters, (microwave) ovens, stoves, fireplaces or other high-temperature locations. Excessive heat could cause the
battery to deteriorate. Do not heat the battery or throw it into a fire. This can damage the safety vent and cause the electrolyte to
catch fire.

Do not leave the battery in a hot condition like strong direct sunlight, inside automobiles behind the windscreen, etc. This can overheat
the cell and will reduce the battery’s performance.

Do not damage the battery in any way by nailing, hammering, crushing, etc. This can cause the cell to leak and/or to short circuit
internally.

Do not combine batteries of different capacities, types or brands.

If a battery leaks or emits a strange odor during use or storage, stop using the cell immediately. Leaking electrolytes are flammable.

If any fluid that has leaked from the battery comes into contact with skin or clothing, rinse with tap water or other clean water
immediately. Contact with skin can cause irritation or burns.

If fluid from a battery gets into a person’s eye, rinse the eye immediately with clean water and seek medical attention promptly. Do not
rub the eye.

*If battery becomes unusable, see APPENDIX G.
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1.

G” SYSTEM OVERVIEW

Congratulations on your purchase of the Polhemus G*. With a system electronics unit the size of most
mobile phones, G” harnesses the powerful performance that only AC electromagnetic technology offers.
Incorporating a sleek, compact design, G” allows for uninhibited movement. It boasts true 6 Degree-Of-
Freedom (6DOF) technology, and delivers consistent, high-quality data, without the complications of
hybrid technologies. As you read through the set-up and operations, you will find the G* to have
numerous configuration capabilities and flexibility to succeed in countless motion tracking and
measurement applications.

3 Sensors
Multiple per Hub
Wireless Hubs

RF/USE Module

Upto8
4" Sources
expand the tracking area

- -])))))

Proprietary
RF Protocol

Host-resident
Tracking Engine
computes P&O

1.1

Rev. D

INTRODUCTION

The Polhemus G tracking system is comprised of wireless tracking electronics driven by PC-hosted
software. Proprietary RF communication with each tracking unit is achieved via an RF/USB Module on the
host PC. Each wireless tracking unit (“Hub”) drives up to three magnetic Sensors. The tracking area is
defined by the placement of up to eight (8) standalone G* electromagnetic Sources.

The modular nature of this architecture offers unprecedented scalability and versatility in Polhemus
motion tracking.

G System Overview 1 JULY 2013
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1.2 COMPONENTS

1.2.1 G*Hus

The G* Hub is a lightweight and compact wireless tracking unit. It can be worn comfortably on the body
via the belt attachment. It drives up to three (3) Polhemus Sensors at 120 samples per second. The Hub
delivers tracker data to the host PC wirelessly via the RF Module, but
wired operation is also possible by connecting it directly to the PC’'s USB
port.

Figure 1 depicts and identifies the controls and connection ports on the
Hub chassis.

usB
Power For wired operation
OFF — 0N and battery charging Sensor Ports
Top / Side / \
x / - —~
['4 v N
SENSOR 2 SENSOR 3

Battery Status Indicators RF Signal Strength Indicators (Blue) Digital Accessory Port
Red = Low 4 Lights = Strongest
Orange = Charging Strobing = Searching

FIGURE 1. G HUB

The G* Hub lithium ion rechargeable battery powers the Hub for more than 10 hours. It is recharged by
the Host PC or an included AC wall charger, via the micro-USB port on the top of the Hub. The battery is
not intended to be user-replaceable.

NOTE: As with all batteries, capacity (run-time) will diminish over time due to battery age and charging
cycles.

413
(10.49)

257 076
(6.53) (1.93)

L W/

FIGURE 2. G' HUB DIMENSIONS, INCHES (CM)
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1.2.2 RF/USB MODULE

The G* RF/USB Module enables wireless communication with multiple G* Hubs. The Module aggregates
raw tracker data received from detected wireless Hubs and delivers it via USB to the G* Tracker Engine
Software residing on the host computer. The RF/USB Module communicates with
multiple Hubs using the proprietary Polhemus G' RF protocol by ‘pairing’ the
Module with each Hub in its domain.

NOTE: The RF/USB Module extension cable should always be used for optimum
performance.

214
(5.44)
0.66 = 036
(1.68) - 091)
FIGURE 3. RF/USB MODULE DIMENSIONS, INCHES (CM)
1.2.3 SOURCE

Rev. D

The G” Source produces the electromagnetic (EM) field necessary to track the position and orientation of
the Sensors within range of the Source. The three-dimensional space in which this field is detectable by
the Sensors is known as the motion tracking area. Up to eight (8) Sources may be employed
to define and expand this area. When more than one Source is used, each Source must
operate at a different frequency so that it can be detected and distinguished from others by
the Sensors. (Source frequency is not a configurable feature; Sources are manufactured to
operate at specific frequencies, and may be purchased accordingly.)

The G* Source is a standalone 4-inch cube that is powered by a DC power supply plugged into a
110V/240V AC outlet. Each Source is factory calibrated and is shipped with a unique calibration file (.g4s)
that is used by the tracking system. The Source is normally mounted off the floor on a non-metallic
surface or on a stand in a fixed location in proximity to where the Sensor tracking takes place. The usable
motion tracking area around a G* Source is dependent on the EM quality of the environment. An
environment with few or no large metal structures/furniture (‘distorters’) in close proximity to the
tracking hardware produces the most optimal distortion-free usable space. Don’t be afraid of most
metals: For example, Polhemus uses aluminum tripods to mount sources without any degradation of
signal. For more information about magnetic distortion, see APPENDIX B.

In addition, the usable motion tracking area depends heavily upon the needs of the application in which
G* motion tracking is employed. If an application depends more heavily on the accuracy of the position
and orientation (P&0) data collected, then the usable tracking area around a single Source is generally
smaller. When a Sensor is close to a Source, the P&0O measurements are more accurate. As the Sensor
moves away, the collected data may become noisier or more distortion-prone. When the Sensor is about
15 feet away, the detected Source signal will be very weak and the Sensor will discard signal from that

G System Overview 3 JULY 2013
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Source. Here the usable area may be extended by employing additional Sources. If an application relies
less on accuracy and more on coverage area, a single Source may be sufficient, or multiple Sources may
be placed farther apart to extend the usable motion tracking area. Refer to Section 2.4 for further
discussion of Source placement. In general, the Polhemus G’ system can be configured to operate well in
most environments.

4.07 134__ 1.40
(10.34) (3.40) 6]
2,04 0.70
\ (5.17) ‘ 178

f © @

407 140 -~ i}
(1034) @56) = EM Center
(1.78) 1/4-20 UNC THD
+ © | 0.45(1.14)
© > MAX DEPTH
4 PLACES

SIDE BOTTOM

FIGURE 4. G* SOURCE DIMENSIONS, INCHES (CM)

1.2.4 SENSORS

Rev. D

G* Sensors detect the electromagnetic field generated by the G Source(s). Up to three Sensors may be
driven by a single wireless G” Hub. Sensor cables are available in a variety of lengths.

P&O is calculated from the electrical center of the Sensor device, relative to a user-
defined location in the tracking area. This chosen Cartesian origin may be the
location of a G Source, so all calculated P&O is relative to that Source, or it may be
another location chosen for the specific needs of the application employing the G’
tracking technology. Physical dimensions of the Sensor are detailed in Figure 5.

G System Overview 4 JULY 2013
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0.90
(2.29)

| 043

(1 .09)1 EM Center \I

0%7 //A (?'ng) L | B \
111 081 0. . —
4 1

(282)  (2.06) (LW — So—
l o ©0.12 031 025

(0.30) (0.80) (0.64)

0.13
(0.32)

FIGURE 5. G* SENSOR DIMENSIONS, INCHES (CM)

1.2.5 PowerTRAK 360™

The G* PowerTRAK 360 is a handheld device that combines a sensor with four push buttons. It connects
to any Sensor Port and the Digital Accessory Port on the G* Hub. The push
buttons can be pressed individually or in combination to produce events on the
Hub’s Digital Accessory Port. The state of these digital inputs is reported in the
“Digital Accessory State” field of the G* P&O data frame. In effect, each button

& or button-combination can be given a different function in custom application.
-

Physical dimensions of the PowerTRAK 360 are detailed in Figure 6 and Figure 7.

(1.80)

FIGURE 6. POWERTRAK 360 DIMENSIONS, INCHES (CM)
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FIGURE 7. POWERTRAK 360 EM CENTER, INCHES (CM)

1.2.6 DiIGITAL ACCESSORY CABLE ASSEMBLY

For custom-made digital input applications, the G’ Digital Accessory Cable Assembly is available to take
advantage of all 8 digital inputs in the G’ Hub Digital Accessory Port.

'7 — ~ For details about using this option, see Section 3.7.2.

1.2.7 HoST TRACKING ENGINE SOFTWARE
The final major component in the Polhemus G* tracking system is the tracking engine software resident on
the host computer: the G4Track DLL. Host applications using G’ technology link to this DLL at runtime or
compile time. G4Track manages the USB runtime session with the G* RF/USB Module, collecting tracker
data gathered from active wireless Hubs and computing P&O. The user application accesses P&O data and
applies tracking parameters such as filtering, boresighting, offsets and frames of reference via G4Track
DLL functions.

The G* system software set includes Windows® and Linux versions of G4Track with full documentation.
Both versions of G4Track can be used directly. On Windows®, the comprehensive Polhemus Developer
Interface (PDI) SDK can also be used.

Rev. D G’ System Overview 6 JULY 2013
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2.

2.1

2.2

2.3

2.4
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OPERATION

The central hardware component of the G’ tracking system is the wireless Hub. Each Hub drives up to
three (3) wired G* Sensors. This design allows one or more Hubs to be worn on the body or on any
untethered object. The three Sensors are connected to the Hub via customizable cable lengths so that
each moving body can be outfitted in an orderly ergonomic fashion.

WIRELESS

Wireless management of the G Hubs is accomplished using a 2.4 GHz radio frequency (RF) link. The
proprietary RF protocol operates on twenty (20) frequencies in a pseudo-random sequence to ensure
compatibility with other RF devices. Multiple channel groups are provided so that multiple G’ systems
may be operated on different channels in the same environment, or in different tracking areas within RF
range of one another.

WIRED

If wireless operation is not a viable option in the operating environment due to excessive interference, an
individual G* Hub may be managed directly by connecting the micro-USB port on the Hub to the host
computer USB port. When connected this way, the G4Track host software module manages the Hub
directly and seamlessly. Only one Hub may be managed when using this connection method.

HuB AND SENSOR MOUNTING AND CONNECTIONS

The G* Hub features an optional belt clip attachment.

G’ Sensors feature two mounting holes for #4 threaded fasteners (supplied) for applications that require
fixed Sensor mounting. G” Sensors are available in a variety of cable lengths.

SOURCE PLACEMENT

When arranging one or more Sources in the tracking area, keep the following in mind:

G! performance is best when Sensors are within 2 to 6 feet (0.6 to 1.83 m) of a Source, but more than 4
inches (10 cm) away.

Sources should be arranged and mounted no more than 16 feet (4.88 m) apart. The tracking area can be
expanded by installing more Sources and placing them strategically.

The G* Source features mounting holes for attachment to fixed surfaces, which should fit a camera-style
tripod perfectly.

Sources should not be mounted directly on metal and should be placed away from magnetic distorters if
possible. For more information about magnetic distortion, refer to Section 3.4.1 (see page 20).

Do not place the Source’s power supply directly on the G’ Source.
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3.

3.1

GETTING STARTED

The setup and operation procedures detailed below demonstrate the use of the Windows software
utilities that accompany the G system. Polhemus also provides a set of Linux utilities, applications and
libraries for use with G*. Refer to Section 5.2 for an overview of the Linux utilities.

Whether your target platform is Windows or Linux, the procedures described here are worth studying to
get an understanding of the overall operation of the Polhemus G system. In fact, the entire setup process
can be performed on Windows. A system set up on Windows can be operated on Linux without error.

INSTALLATION AND SETUP OVERVIEW

Installation and setup of the G* tracking system involves the following operations:
Install host software on the computer.
Perform the RF configuration procedure.
The purpose of this procedure is to

a) Jointhe G* RF/USB Module (RFM) and Hub(s) to each other for wireless communication; and
b) To assign an identity to each Hub.

This is done by first configuring the RFM and then configuring each of the G* Hubs that will be joined
with it. The Hub IDs configured in this step are used at runtime to identify Hubs when processing G’
Position and Orientation (P&O) data.

The RF configuration may be preserved in a file on the host computer but this is not a requirement.

3. The last step to complete G* installation is to place the Source(s) and define the G* Source
configuration.

In this step, the position and orientation of each Source in the system is measured and stored in a
source configuration file (.g4c) on the host computer. Proper definition of this file is crucial for
correct tracking. This procedure is described in detail in Section 3.4 (see page 20).

3.2 INSTALL HOST SOFTWARE

Rev. D

This section details installation of the G* Host Software on Windows systems.
To install Linux G* Host Software, refer to 5.2, page 44.

See Section 4.1 for additional Install tips on Windows Vista, Windows 7 and Windows 8.

Getting Started 8 JULY 2013
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1. The G* Host Software CD contains all of the software
and drivers needed to begin using the system or
developing software for it. Begin by loading the CD
into the host computer’s CD or DVD drive. If the
computer is configured to auto-run disks when they
are loaded into the drive, the G' Host Software
Installation screen will appear automatically. If it does
not, navigate to the CD using Windows Explorer and
run the Setup program found on the CD.

Installatlon
Software Tool-kit

P/N 140322-01
Versian 1.9.0

POLHEMUS

INNOVATION IN MOTION ™

3 ' 2. From the Host Software Installation screen you can
@a review the contents of the CD, view system manuals
64 HOST SOFTWARE PACK 1.0.08 and install the host software. Select Install Host

Software to proceed.

POLHEMUS

INNOVATION IN MMOTION ™

(159 setup - Polhemus 64 Host Sofware o [E— 3. The Host Software Setup wizard will appear. Select
Walcaina ta the Palhenins: Ga Hast Next to advance the wizard to the next step.
Software Setup Wizard

Thes will nstall Polhermus G4 Hosl Software Pack v1.00 on your
camguler

Ris lose all other app betore
conbivung

Chck Meod 10 conanue. or Cancel io et Setup.

Rev. D Getting Started — Install Host Software 9 JULY 2013
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{5 setup - Polhemus G8 HostSoftware | e 4. Review and accept the license agreement and select
License Agreement Next.
Flaase conanuing
Plase i Lit dagr el [ this agreemant
bedore continuing with the instaliabon.
Thi Lictnaed Matorials se p pryrigh pytig ibes, 4
and trade socrotkaws, a5 well as other ntellecisal propery kaws and reaties The
Licensod Matesial are §censed, not sold fo you Alken Inc. dba Polhemus retains tde and | =
ownedship of he Pohemus SOK Matenats, inchuding all intellectal proparty nghts m the
[Palhamus SOK Matenals and all eopias thassat
 The Licansed L rade secrets and proprstary
Aty ot ol A s s
i by ya d by contract, you may not unkack,
i, gnear, any binary orobjact
2ocis varsana of he sohwars peograms eeiudsd i the Licenasd Matanal b human -
@ seoopt he sgrismest
I do notaccept the agregafont
T @) e
9 Setup - Polhemus G HastSattware | e e 5. Browse to highlight the destination location. The
ool s default location is C:\Program Files\Polhemus. The
most common practice is to use the default location.
o Cue e o b Select Next.
To comtinue. chick Next i you would like 10 select a difetent folder. chck Browse:
| Beowsn
Mleastl7 MB of freo sk space is required.
6. Select the components to install. By selecting Full
Select Companer Installation in the drop-down box, all software
‘Which components should be nstaliad?
components on the CD will be installed. The available
zl;kdev\Mnroumnwndy‘ownm.dw" Se|eCti0nS are:
[ - 4 .
e, . - f e G Software Components — These are the drivers,
V| Polhemus G4 Soltwate Compondnts DImB|
Palhamus r Flas 59 1 i+ H H
B Poams FOAY i b utilities and the G4Track trackmg4 engine
necessary to configure and run the G system,
plus documentation for these.
e PiMgr Files — Executables and help files associated
Curment splection requies atkoast H.7 MB of disk spate. . .
= — - with the PiMgr tracker management
I_z8eet sl demonstration utility for Polhemus trackers.
S— . . . .
e SDK Files — Libraries, sample programs and online
help associated with the Polhemus Developer
Interface  (PDI), Polhemus’ comprehensive
Windows software development kit.
Select Next.
Rev. D Getting Started — Install Host Software 10 JULY 2013
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15 Setup - Polhernus 64 Host Software = 7. Before installation of the selected components
Ready i fnstall commences, a summary page is displayed. Review the
Sotup is now ready o bogn instaling Polhomus G4 Host Sofwaee on your computes
selections made and select Back to change the
g cosfambie Saisiaon. o ik Ly el s hangn selections. Select Install to begin the installation.
Destnaton locabon.
€ \Program Fées (86)P clhemus
lup type
Full Installation
Selected companants
¥ emus G4 Sofware Componants
Polh e Fitan
Polhe: DK Files
«Back leaeall Cancal
Iy
[ Poihermus G2 Windews USE Driver Package Insialier = 8. Installation of the Windows device files cannot
. ops . 4
Welcome to the Polhemus G4 proceed without specific user input. The Polhemus G
1 . .
et X Windows USB Driver Package Installer Welcome page
o = teough updating the drivers foe your
will display. Select Next to continue.
Prlnarus 64 Weckes U3 Drer Package it 9. Driver installation continues with the display of the
Inwtalling thu USE Drivers for your Polhenus G4 device . .
Driver Installation Page.
Windows Security displays a confirmation window to
verify that you wish to add device software to your
Windows system. If you anticipate future installations
e — : _ . of Polhemus devices and software, opt to “always
trust” Polhemus software installation.
¥ Bhways trast goftwaee frem “Polhemuns” .(lﬂmll | .
! | Select Install to continue.
| r ..?.u“:.._.!.d. ' rerio‘»gle‘mmpu ToTErs you trust. bow can] |
Polhemus G4 Windows USB Drver Package Installer 10. Driver installation ends with the display of the Driver
Congratulations! You are finished Installation Finish page. Select Finish to complete the
installing your Polhemus G4 device. installation
e diivers were successfuly installed on this computer 4 . .
l" ) '”d”y '”: o 'j” : When the G” RF/USB Module is plugged into the host
‘ou can now connect your device to this computer. ifyour device came . . .
W eenicions; pesss teec Saan et computer’s USB port for the first time, the Windows
USB driver will be loaded automatically.
Driver Name Status
&/ Polhemus Polhem.. Readyto use
@L Cancel
Rev. D Getting Started — Install Host Software 11 JULY 2013
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Polhemus G4 Setup Utilities

J| Please waitwhile Windows configures Polhemus G4 Setup Utilities

| 52

Gathering required information

G* USER MANUAL

A progress window appears briefly, indicating that G

Setup Utilities are being installed.

The G* Setup Utilities require that Microsoft .NET 3.5 be installed on the host computer.
Windows 7 and Windows 8 already include .NET 3.5.

However, Windows XP and Vista systems that do not already have it require .NET 3.5 to be installed before
the G* Setup Utilities installation can continue.

The .NET installation begins automatically, and requires a system restart upon completion.
When the restart is completed, the G’ Setup Utilities installation resumes.

You may choose to restart your PC immediately or you may postpone the restart. Either approach is
acceptable, but the PC must be restarted before continuing to Section 3.3 (see page 14).

For detailed step-by-step guide to .NET 3.5 installation, see Section 4.3 (page 41).

25 Setup - Polhemus G4 Host Software [ ——]

Completing the Polhemus G4 Host
Software Setup Wizard

Satup has inishad instaling Polemus G4 Most Safwase an your
conmpuer

Finish

{2

11. G* Host Software Installation concludes with the
display of the completion page. Select Finish to
complete the installation, and to display any release

notes associated with the installation.

Rev. D Getting Started — Install Host Software 12
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 roremus e e 12. G" Host Software Release Notes are presented in an

@] C\Program Files St = 28 Google x5 . .

el ©) o o M‘ 2 HTML file displayed by your default browser.

70 @ Polhemus G4™ Host Software Release.. R W@

Polhemus 64™ Host Software 1.0.0 Release Notes . . .

_ The Release Notes are also accessible via the Windows

i E UG R ‘ Start menu:

SDKY Polhemus Developer Interface (PDI) Software Development Kit v4.0.0

User Manuall GA™ Manuals [.pdf) | l

Polhemus Control Panel

‘ 4F CreateSrcCgFileMFC

3] G4 Host Software Release Noggjs

& Default Programs
What's néw in v1.0.0
- Initial release supports 32- and 64-bit Windows operating systems. (20000P/VistaMWinT

Wi 2xB4abd) Locatlon G4HostSWReleaseNotes (C! \Program Flles\Poihemus\G4)

Back 1o Top v
64™ System Setup and Maintenance Utilities for Windows v1.0.0

Whars new in vi.0.0

4 Back

* Intal releata. This package incluses the idlwing
+ GASystemSetup - Utilty for configuning R link batween G4 RF Module and Hubs
+ CreatoSreClgFile - Utiity for prepating Source Conguration File (.g4¢) thal describes
layout position and enentation of G4 Sources in your motian capture emironmant.

|Strm‘ Search

Back 1o Top

Polhemus From USA or Canada: (0} 1574777
40 Hercules Drive swwPolhenuscom  Ousids USA o Canad: $42) 8553438
Colchester, VT 054460560 Fax (802) 655-

Copyright © 2004 2010 [Alken, Inc. dba Pomhemus]. ATl Ights reserved.

W Computer | Protected Mode: Off v R100% v

13. If Microsoft .NET 3.5 was installed but the computer

! Maintenance Switch User has not been restarted (Postpone was selected),
. PDI Online Hel Default Proc . .

T —— R oo restart the computer now via the Windows Start
! Startup Help and Support button.

@ e

4
—— - 14. When the restart has completed, the G™ Setup

Utilities installation will resume.
Preparing to install...

Continue to the Configure RF Setting section (see
page 14).

Rev. D Getting Started — Install Host Software 13 JULY 2013
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3.3 CONFIGURE RF SETTINGS

The procedure detailed below configures the RF communication between the RFM (dongle) and Hub(s)
using the Windows G4SystemSetup utility. On a Linux system, the G4DevCfg utility is used. The
instructions below do not apply to the Linux utility. However, a G’ system that has been configured with
the Windows utility can be operated on a Linux host without error. See 5.2, page 44 for more information
about the Polhemus G” utilities for Linux.

1. Start the RF Configuration process by launching the

# G4SystemSetup utility. This utility steps you through
Shorteut to the process of assigning an RF Channel Group and
G4System.._ joining the G* RF/USB Module (RFM, or ‘Dongle’) to

each G* Hub in your system.

A Windows shortcut to this utility is installed on the
desktop.

2. The G'RF Setup start window is displayed, and the
POLHEMUS _ Lo
INNOVATION IN MOTION ™~ first instruction is presented.

Select Start Setup.

3. Plug the G* RFM (the ‘RF Dongle’) into any USB port
on the host computer.

The setup program will wait for the RFM to be
plugged in.

The first time the RFM is plugged in after the host
software is installed, Windows will install the G* UsB
drivers, which requires user input.

m Installing device driver software ™ *
Click here for status.

When the device driver has been installed, Windows
displays a success notification as shown below.

ﬁ 1.0.04 amd64 Polhemus G4 Windows RF/USB Dongle (G4WinDrv_amdé4 % X
Device driver software installed successfully.

Rev. D Getting Started — Configure RF Settings 14 JULY 2013
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== (G4 Setup: Configuring RF Dongle

POLHEMUS

INNOVATION IN MOTION™

~ Step 2: Select the RF Channel Group for this 9)
= Dongle.

@1 02 O3 O4

Restart Dongle Setup Skip Dongle Setup

G* USER MANUAL

4. The G*RF Setup utility detects the RFM. This status

is displayed at the bottom of the G* Setup screen.

The next step to perform is displayed in the
highlighted area at the top: “Select the RF Channel
Group.”

Selection of the RF channel group is determined by
the number of G systems that are to be operated
within RF range of one another. If there are no
other G* systems in the environment, any selection
will do. It is often simplest in this case to choose the
default selection, channel group 1.

Select Next to continue.

o~ At any time during the G’ Setup process, additional detail about the process step or an input field is accessed
by hovering the cursor over the help icon or over any input field.

| it B Step 2: Select the RF Channel Group for
" this Dongle.

m1 02 O3 O4

it

ﬂ Select RF Channel Group
Select the Radio Frequency Group that this Dongle will
use to communicate with its associated hubs,

Click 'Mext’ to move to the next step.

Step 3: When Ready, Program this Dongle (7))

Program Dongle Configuration Now
N

[

Rev. D Getting Started — Configure RF Settings

5. Select Program Dongle Configuration Now to

configure the RF/USB Module.
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= (4 Setup: Configuring RF Dongle e S

POLHEMUS

INNOVATION IN MOTION™

RF Dongle Setup

Rev. D

] Dongle Configured Successfully. (7)
= %
RF Dongle Serial Num: SNUM
RF Channel Group: 1
Hub Count: 0
RF Address: 316cabelb7
Device ID: gL
Step 4: When Ready, Continue to Hub Setup. @
| Continue to Hub Setup ‘
(s
G4 Setup: Configuring Hubs C=NEE X
POLHEMUS
INNGVATION IN MOTION™
Hub Setup
= First Hub: L)
G Plug in first G4 Hub to USB and power on.
(If possible, leave RF Dongle plugged in.)
Joining Hubs ta RF Dongle Serial Num SNUM 9)

B3 RrChonnel Group: 1
RF Address:  316cabelb7

Joined Hubs:

ka'.)

@rﬂhing for Hub..
Back to Dongle Setup J I Skip Hul up

Getting Started — Configure RF Settings

G* USER MANUAL

The RF configuration summary for the RF/USB
Module is now displayed as depicted in the
screenshot to the left.

e RFM Serial Number — The factory serial number
assigned by Polhemus to the RFM hardware.

e RF Channel Group — The channel group selected
in the previous steps.

e Hub Count — The number of Hubs currently joined
with these RF settings. (Zero)

e RF Address — Automatically generated unique
address that is used in conjunction with the
channel group identifier to uniquely identify
components joined to this RFM. A new RF address
is assigned each time an RFM is configured.

e Device ID — Automatically generated RFM
identifier for internal use.

You are now ready to configure the RF settings for

each Hub that will be joined with this RFM.

Each Hub will be plugged into the host computer
USB port successively until all Hubs are joined. To
prepare, have the first Hub ready to connect via
USB.

It is not necessary to disconnect the RFM.

Select Continue to Hub Setup.

The G* Hub Setup screen appears. The status display
at the bottom of the screen indicates that it is
searching for a Hub to join.

Connect the first Hub to join to the computer’s USB
port using the Hub USB cable connected to the

micro-USB port on the top
of the Hub. l ] 71'

il 3 ?
I
Power USB

Power ON the Hub.

It is not necessary to
disconnect the RFM if there is an additional USB
port available on the host computer.

As with the RFM, the first time a G’ Hub is plugged
in to a new USB port after the host software is
installed, Windows will again install the G* UsB
drivers for the device. No user input should be
required.

When the device driver installation has completed,
the G* Hub Setup will detect the Hub.

If the Hub is not detected, make sure that the Hub’s
power switch is in the ON position.
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G4 Setup: Configuring ubs

POLHEMUS

INNOVATION IN MOTION™

Hub Serial Num SNUMxooox Found
Click to join as Hub 1

Join Hub 1
s

Back to Dongle Setup Skip Hub Setup

o= Do you have more hubs to join or @)
Gi Are you finished?
| More Hubs * | Finished |
-:Gji " Unplug Hub 1 now. 9)
LE;}E i Next Hub: 9

Plug in and power on next G4 Hub.

P Hub Serial Num SNUMsoox Found (7))
Gi Click to join as Hub 2

Rev. D Getting Started — Configure RF Settings

10.

11.

12.

13.

G* USER MANUAL

The serial number of the detected Hub is displayed
in the highlighted area.

The first Hub to be joined to the RFM will be
identified as Hub 1. Select Join Hub 1 to configure
the Hub and join it to the RFM.

If the Hub hardware connected at this time is not
intended to be designated as Hub 1, select Skip to
ignore this Hub and move on to another one. The
Hub will not be configured.

The Joined Hubs summary in the lower half of the
screen is updated to include the Hub that has just
been joined.

Each time a new Hub is joined during the G’ setup
process, it is added to the display.

The list of joined Hubs may be cleared at any time
by selecting the Clear button. Subsequent Hub
numbering will begin with Hub 1.

Select More Hubs to continue to the next Hub to be
joined.
Select Finished if all Hubs have been joined.

If more Hubs are to be joined, unplug Hub 1 and
select Next.

Connect the next Hub to configure to the
computer’s USB port using the Hub USB cable
connected to the micro-USB port on the top of the
Hub.

The serial number of the detected Hub is displayed
in the highlighted area.

Select Join Hub 2 to configure the Hub and join it to
the RFM, or select Skip to ignore this Hub.

17 JULY 2013
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If it is preferred that the Hub be configured with a duplicate ID so that there will be more than one Hub
joined with the same ID, specify this by selecting the Hub ID that you wish to duplicate in the Joined Hubs
display.

Note that Hubs joined with duplicate IDs should not be used at the same time, as they will be
indistinguishable from one another by the RFM. Duplicate IDs are allowed for the purpose of pre-configuring
backup or alternate hardware.

‘b Hub ID 1

hubSNUMoox
7 A hub has already been joined to this dongle as Hub ID 1
Avre sure you wish to duplicate this Hub ID?

G4 Setup: Configuring Hubs b | 14. When all Hubs have been joined, select Finished.

POLHEMUS

INNOVATION IN MOTION™

Do you have more hubs to join or
Are you finished?

| More Hubs | [ Finished

Back to Dongle Setup Skip Hub Setup

Rev. D Getting Started — Configure RF Settings 18 JULY 2013
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5 G4 Setup: Storing Configuration
a8

Step 5: When Ready, Update Dongle with new Hub IDs. 9)
Update Dongle Configuration Now | (s |

Restart G4 Setup Back to Hub Setup

lj Step 6: Save G4 Configuration to file
=4 SNUMsoocx.g4d

In Folder: C:\Users\Suzanne\Deskiop\G4 Files

PoLHEMUS ||

INNOVATION IN MOTION™

POLHEMUS

INNOVATION IN MOTION™

Restart G4 Setup Back to Hub Setup

Rev. D Getting Started — Configure RF Settings
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15. After the Hub has been joined, select Update

RF/USB Module Configuration Now to save the
Joined Hub List back to the RFM.

Select Skip to bypass this step. It is not
functionally necessary for the Joined Hub list to
be saved on the RFM; it is a ‘housekeeping’
convenience for the operator to recall this list.

16. The final step is to save the G' RF Configuration

17.

to a .g4d file on the host computer. The name
given to the configuration file is the RFM factory
serial number. The location of the file may be
selected by the operator.

Select Save to proceed with saving the .g4d file.

Select Skip to bypass this step. It is not
functionally necessary to preserve the G’ system
RF configuration in a file; it is a housekeeping
convenience for the operator.

G! System RF Configuration is complete. Select
Exit.
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3.4

34.1

Rev. D

SOURCE SETUP AND CONFIGURATION

Each G* Source set includes a factory calibration file (.g4s) produced by Polhemus manufacturing. For
optimal performance in each installation, the G’ tracking engine requires this Source calibration data, as
well as the location and attitude of each Source. Together this information describes the unique Source
configuration of the G” installation. This data is provided to the G4Track Tracker Engine Software in a
custom-compiled Source Configuration (.g4c) file.

The procedure for G* Source installation, setup and generation of the Source Configuration (.g4c) file is
detailed in this section. The procedure is detailed here using the Windows G4CreateSrcCfg and
G4SrcOrientMeasApp utilities.

The instructions below do not apply to the Linux utilities. On a Linux system, the CreateCfgFile utility is
used. However, a G" Source Configuration (.g4c) created using the Windows utilities may be used
successfully on a Linux-hosted G* system at runtime. See Section 5.2, page 44 for more information about
the Polhemus G* utilities for Linux.

DEFINITIONS
In the sections that follow, the following terms are used frequently. It is important to understand their
meanings. Refer back to this section as you proceed with setting up your system.

P&O. Position and Orientation. Cartesian position coordinates (x, y, z) of an object in three dimensions
and Euler angle coordinates Azimuth, Elevation, and Roll (a, e, r) describing the attitude of the object.
(Orientation may also be expressed as an Orientation Quaternion for mathematical disambiguation, but
the discussions to follow in this manual will discuss orientation in terms of Euler angles exclusively.)

Origin. The position where (x, y, z) equals (0,0,0). The origin is the point from which all positions are
measured: Sensor positions calculated by the tracker are measured from the origin. Position of Sources
installed in the tracking area is measured from the origin. The physical location of the origin in the
tracking area is selected by the human operator installing and setting up the G* system.

Frame of Reference. The position and orientation in physical space in which an object placed there would
measure (0, 0, 0) in position and (0, 0, 0) in orientation. When speaking of the Frame of Reference, the
positional Origin of (0,0,0) is usually implied. But the term may be used when discussing orientation
angles specifically. The Frame of Reference that the G system uses for measuring sensor P&O is
established by the operator during setup. Also called “Reference Frame” or “Reference Location.”

Virtual Frame of Reference. Same as Frame of Reference. This term is used specifically when the Frame
of Reference established during setup is a point outside of a physical G* source. In the simplest system
demonstration in Section 3.4.3, a G’ source is used as the Frame of Reference, so that all measured P&O is
relative to the center of that physical source cube. If a point in space outside of that cube is defined as
the Frame of Reference, it may be referred to as a Virtual Frame of Reference. This scenario is explored in
depth in APPENDIX A.

XYZAER. Abbreviation for (x,y,z) position and (a,e,r) orientation coordinate inputs.
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3.4.2 SOURCE PLACEMENT

34.2.1

Rev. D

Refer to the following guidelines when installing G” Sources:

To minimize magnetic distortion (see inset below), secure Sources away from magnetic distorters.

Mount Sources at least three (3) feet off the floor.

Use only nylon, fiberglass or stainless steel 302 screws. The G” Source features mounting holes for
attachment to fixed surfaces or a camera-style tripod.

Do not mount Sources directly on metal surfaces.

Sources should be arranged no more than 16 feet (4.88 m) apart.

Do not place the power supply directly on the Source.

About Magnetic Distortion and Floor Compensation

For best accuracy, it is recommended to use the G system in an environment that is free of large
amounts of conductive metal. While it is often possible to move items such as metal desks, a common
obstacle in many types of buildings is the structure of the floor. Rebar or corrugated steel can affect the
magnetic field generated by the G* Source.

Polhemus Engineers have approximated this effect and have developed compensation algorithms that
have been shown to dramatically improve performance in many situations where the floor has been
determined to be altering P&O data. If needed, these floor compensation algorithms are applied to the
G4 system in the Source Configuration File (.g4c) based on the distance of the G4 Source from the floor.
This process is detailed in Section 3.4.3, page 22.

For more detailed information about magnetic distortion, refer to APPENDIX B.

SELECT REFERENCE LOCATION

For proper measurement, first determine a reference location (origin) from which the position and
orientation (P&O) of each Source will be measured. It does not matter where this location is, but it is
important that the P&O of each Source in the system be measured accurately from this location.

The reference location can be the actual location of one of the Sources in your installation. In such a
scenario, all sensor P&O would be in reference to that Source.

Note that the tracking frame of reference can be modified at runtime with the
Translation and Rotation Frame Of Reference runtime parameters, which are
)\ described in Section 3.9.4. Details on how to apply these parameters at runtime
J with the PiMgr application or with custom software through the PDI or G4Track DLL
are found in online help and other documentation accompanying those host
software components.

—
y — N

/-'—w-.
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3.4.2.2 MEASURE CAREFULLY

3.4.3

Carefully measure the position and orientation of each Source from the reference location. When

measuring Source position, you are measuring the distance of the Electro-Magnetic (EM) center of the
source from the reference location in 3 dimensions X, Y, and Z. Refer to Figure 4 for the location of the
Source’s EM center. Use the most accurate means possible of measuring Source position.

The orientation of the Sources in your installation can be measured with the help of the Source
Orientation Measurement App (G4SrcOrientMeasApp). G4SrcOrientMeasApp can be run independently
from your Windows Start Menu or as a step in the creation of your Source Configuration (.g4c) file. This
process is detailed below and in APPENDIX A., APPENDIX C. and APPENDIX D.

CREATE SOURCE CONFIGURATION FILE

In order to determine the Position and Orientation of each Sensor, the G" Tracker requires information
about (a) the placement and physical characteristics of Sources in the tracking area, and (b) the frame of
reference (or origin) from which P&O is measured. This information is provided at startup in a G" Source
Configuration (.g4c) file.

On Windows, the .g4c file is created with the Create Source Configuration File (G4CreateSrcCfg) utility
that is automatically installed with the G” Host Software (see G4 System Overview, page 1.)

This section details the creation of the .g4c file using G4CreateSrcCfg.

This procedure will configure the simplest possible setup: a single Source system in which P&O is
referenced to the Source itself.

For an example of a multi-Source system setup using a Virtual Frame of Reference (in which the frame of
reference is not a physical Source) please see APPENDIX A. and APPENDIX D.
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3 Choose startup hemisphere.

1. Start the G Source configuration file creation

process by launching the G4CreateSrcCfg utility.

A Windows shortcut to this utility is installed on
the desktop.

Instructions for using the utility are listed at the
top of the display.

The screen displays fields for each possible
Source. A G* system may employ up to eight (8)
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Enable a Source.

POLHEMUS

INNOVATION IN MOTION™

It does not matter which Source is first. For this
demonstration, the first Source will be our single
and only Source.

conasTle)

Set Measurement Units. The G4CreateSrcCfg
POLHEMUS . )

INNOUATION 1N MOTION = utility defaults to measurements in Inches for
position and degrees for orientation. If you will
be using different units to express the measured
position and orientation of your source(s), change
the settings now.

©

Note that if unit selections are changed after
data is input into the XYZAER fields, the values in
the fields are converted to the new units
automatically.

In defining the position and orientation of the Source, we are establishing the Origin/Frame of Reference for the G’
system as a whole.

For this simple example, we set the origin to be the center of this Source and maintain the reference orientation to match
its physical orientation.

To do this, enter X,Y,Z as 0,0,0 and A,E,R as 0,0,0.

By doing this, we are saying that the Source is positioned at (0,0,0) in the tracking area and oriented at O degrees in
Azimuth, Elevation, and Roll.

These values may be pasted in from another program such as notepad or the G4SrcOrientMeasApp. This is helpful in a
multiple-Source installation. See the inset below or APPENDIX C. for more information.

For a multiple Source example with the origin outside of the Source and the Sources turned, requiring a virtual frame of
reference, see APPENDIX A. and APPENDIX D.
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confusing to determine the orientation of the Sources relative to the chosen frame of reference. In scenarios like

this, at this point it may be helpful to use the G” Source Orientation Measurement utility to automatically
determine the orientation of the Sources. This application uses the G’ itself to detect and save the orientation of sources.
GA4SrcOrientMeasApp can be launched either from the Windows Start menu or directly from GACreateSrcCfgFile.

@ G4SrcOrientMeasApp : For multi-Source installations and with sources mounted in various orientations, it may be
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The Source orientation information gathered by G4SrcOrientMeasApp can then be pasted back into the XYZAER input fields in
the G4CreateSrcCfg utility.
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See APPENDIX C. for details on using G4SrcOrientMeasApp.
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it ol N 6. Select the Source’s Startup Hemisphere. The
~OLHEMUS

INNOVATION I MOTION™ startup hemisphere of a Source describes the
direction with respect to that Source from which
Sensors enter the tracking area or approach that

D s B it Source.
Use Source Orientation ‘Aop i desired.

XVZAER

In this example, the startup hemisphere for the
e S POC X __w Source is +Y (POS Y) because tracked objects

10w o o 0 o o 0
a [ 0 [} 0 ) o 0 ]
) W | | W | G ¢ (Sensors) are going to enter the space (or be initially
] o 0 1] 0 o o o S X
B e o e [ (e powered on) on the +Y side of the Source.
| [ 0 o 0 o 0 0
b e e Note: After power up, Sensor tracking is not confined to
e R the +Y side of the Source. This is only a requirement for
| ‘Save Source Configuration File.. | o - @t

initial startup.

See inset below.

About Startup Hemisphere

e At runtime, Sensors begin tracking by detecting the presence of the magnetic field produced by one or more
Sources in the tracking area. Correct computation of the Sensor’s position relative to a detected Source
depends upon prior knowledge about which side of the Source the Sensor is expected to be on when the
Source is initially detected. (This moment of initial detection may occur dynamically, when a powered ON Hub
and Sensor moves into the tracking area, or if the Hub is powered on when it is already in the tracking area.)

e When Startup Hemisphere is not configured correctly, sign errors in calculated sensor position may result, or
the sensor may appear to jump from one quadrant in the tracking area to another.

e After the initial detection, the Sensor may pass above, below or around to any side of the Sources and the
position will always be computed correctly. This behavior is known as “hemisphere tracking.”

e When more than one Source is employed, the system will automatically align the Sensor to the correct P&O
and hemisphere once the Sensor detects more than one Source.

e |n many circumstances, it is not practical to dictate from which side of a Source the Sensors will always begin
tracking. In scenarios such as these, the placement of Sources is very important to the practicality and usability
of the tracking area. Depending on what is being tracked, a solution to this problem might be to mount the
Sources above the tracking area rather than around the perimeter or throughout. This allows tracked bodies to
move freely about through the area and always on one side of the Source or Sources.

7. Select Floor Compensation level (if needed).

Floor compensation is an optional feature to
compensate for magnetic distortion caused by
building floor structures. See the inset below.

The Source in the sample setup is 3 feet above the
floor. If Floor Compensation is desired, choose a
level that is closest to the actual distance of the
Source from the floor.
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About Floor Compensation
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Ideally, Sources would be mounted at 50- 75- or 100
cm above the floor if Floor Compensation is used.

However, in our example the Source is assumed to
be 3 feet (91.4 cm) above the floor, so the closest
Floor Compensation level is 100 cm.

In an actual G* installation, it may be necessary to
experiment with different Floor Compensation
levels, starting with None.

For best accuracy, it is recommended to use the G’ system in an environment that is free of large amounts of
conductive metal. While it is often possible to move items such as metal desks, a common obstacle in many types
of buildings is the structure of the floor. Rebar or corrugated steel can affect the magnetic field generated by the G*

Source.

Polhemus Engineers have approximated this effect and have developed compensation algorithms that have been
shown to dramatically improve performance in many situations where the floor has been determined to be altering
P&O data. Floor compensation algorithms are available for 50-, 75- and 100-cm distances from the floor.

Not all rebar and floor materials are the same and floor compensation may or may not improve performance. For

this reason, when applying Floor Compensation in your G4 installation, the best approach is to experiment with

different levels, starting with None.
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8.

For more detailed information about magnetic distortion, refer to APPENDIX B.

Load the calibration file for the Source by removing
the Software Install CD and loading the Source
Calibration CD.

Each G* Source is calibrated during manufacture.
The unique calibration data associated with each
Source is provided on a CD-ROM accompanying the
Source. In this step, the calibration file is selected
and loaded into the G4CreateSrcCfg program.
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Choose the G* Source Calibration .g4s file that
corresponds with the Source being configured.

Each .g4s file is named with the serial number of
the G* Source to which it applies. The serial
number can be read from the label on the
bottom of the G* Source.

10.

When the Source Calibration file is loaded, the
serial number is displayed, as well as the frequency
ID of the Source.

The Source’s configuration information is now
complete.

11. The last step is to create and save the new .g4c file.

Select the Save button and choose a name for the
.g4c file that reflects the purpose of this Source
configuration.
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(=) 12. Exit the G4CreateSrcCfg program by selecting the
POLHEMUSS Close button at the bottom of the display or the
Window Close control.

13. Unplug Dongle.

14. Unplug Hub.
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You have now created a custom source configuration file for your G’ setup, but the file is not yet being
used. The file you have created will be employed at system startup in Section 3.6 ahead.
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3.5 MAkKE CONNECTIONS

e Plug asingle Source into an AC outlet and power on.
e  Plug RF/USB Module (“RFM” or “Dongle”) into host PC USB port (if you have unplugged it).
e Plug one or more Sensors into Sensor ports of G” Hub. Start install of Sensors with Sensor Port 1.

Hot Swapping Sensors
If the GUI and the Hub are running in
Continuous mode and you wish to add or
remove a Sensor, stop continuous mode,
add or remove the Sensor, and restart
Continuous mode.

RF Signal Strength Indicators (Blue)
4 Lights = Strongest
Strobing = Searching

. Power on Hub. Observe the blue signal strength LEDs display a power-up sequence of one long flash
followed by two short flashes. Next, the Hub searches for an RF connection. The LEDs strobe while
the Hub searches.

When an RF connection is established the blue signal strength LEDs stop strobing and stay lit: more lit
LEDs indicate a stronger RF signal. Experiment with signal strength by moving the Hub away from the RFM
and observing a change in the signal strength indicators.

3.6 START A G* TRACKING SESSION

Here is where all the setup and configuration comes together. Start a custom G* tracking session
using the Polhemus PiMgr and the Source Configuration (.g4c) you created in Section 3.4.3.

EER 1. Launch the PiMgr application from
i . the desktop shortcut.

[ of .

PiMgr{")

To employ the Source Configuration, the created .g4c file is supplied to the G4Track Tracker Engine Software at
startup. For custom applications, the file path for the .g4c file is specified when starting the G4Track DLL. For
experimentation and testing on Windows, apply the .g4c file created in Section 3.4.3 with the PiMgr application.
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| File View [Device| Motion Graphics Tools Help 2. Open the Source Configuration dialog
Tracker Configuration... Ctrl+Z from the Device Menu.
Sensor Configuration... Sh+Ctrl+Z
Source Configuration... h Ctrl+A
Reload Default Configuration Ctrl+Q
v Toggle Connection Alt+X
[ Pt Tracker Config =B8] X] 3. The G* Source Configuration dialog
‘FIIE View Device Motion Graphics Tools Help a ears
B([EOME o/ R 00lc21 1|t berg I BBAM XD ppears.
Polhemus G4 = ™

Browse to the new .g4c file.

Source Config File:  C:\Program Files (x86)\Polhemus\G4\G4 Files\default. géc

ID  0Freg 0 Fos (In) 0000 0000 000D
. Hub 1 Sens Ori (Deg) : 0.000 -0.000 0.000
ID  1Freq 1 Pos (Im) :  0.000 0000  0.000
[E Hub 1 Sens Bl o= EDQ;J 0.000 -0.000  0.000
D 2 Freq 2 Pos (In) : 0.000 0.000 0.000
Py Ora (Ded) 0000 -0.000 0 000
None ID  3Freq 3 Fos (In) 0000 0000 000D
OFames Ori (Deg) .  0.000 -0.000  0.000
0Bytes 1) 4 Freq 4 FPos (In) 0.000 0.000  0.000
00:00:00 Ori (Deg) : 0.000 -0.000 0.000
D S Freq 5 Pos (In) : 0.000 0.000 0.000 v
ora (Dea) 0000 -0.000 0 000 :
Fos 0000 0

Reset Display Apply

HostFrame Count 0

For Help, press F1 Tracker connected via USB. -
Pl Tracker Conf =8 % T
= 3 4. Open the .g4cfile.
File View Device Motion Graphics Tools Help |
BE(ACMN=) » o ~ &% @Bl 1l|ld bergdd|EBRHG - xE|
Polhemus G4 - J i
) G4 Source Configuration
G4 Trackerver0.0.0) —
CiProgram Files (e ff 5™
B Hub 1 Sens L | = Program Files (xB6) » Polhemus » G4 » GAFiles » v | &g || Search G4 Fites o
1D |
[ Hub 1 Sens COrganize * New folder £~ 1 @
P = . Microsoft Works B Name . Date modified Type ’
None: 1 ). Microsoft NET R s 798010858 Pod i
{mnes b MsBuild - L
0Bytes m & defaultgéc yster
00.00:00 ). MSDN =
1 b MSXML40
- 4. MWsnap
). National Instruments 0
« v
). NoS 3 pen o
o ). Notepad++
= | e
J. Polhemus
J. BienetecG4Alpha
Host Frame Count 0 LG
). GA Files
ol L G5 &l i | B
File name: SampleSetup.gdc b &zl
open |v| ) cancel |
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8 P Tracker Config =B X ] 5. Apply the .g4c file.
File View Device Motion Graphics Tools Help
B([EOME(<)] = a 7 ¢ | @O|lcor | b+ BB XE

Polhemus G4

G4 Tracker ver 0.0.0
CAProgram Files (x. SEEAETRE
B Hub 1 Sens
E Hub 1 Sens

Recording
None

0 Frames
0Bytes
00:00:00

Host Frame Count 0

For Help, press F1 Tracker connected via USB. -fE:
-

'@ Would you like to restart the G4 now?

6. The G Tracker Engine Software reads
the .g4c file upon startup. To apply
the Source configuration, restart the
G"

This may take several seconds to

update.
‘ Yes Q | No
- . . 4 .
[ P1 Tracker Config (== 7. When the PiMgr connection to G is
File View Device Motion Graphics Tools Help I h h
B (ECME) e/ o0 e R e W ) re-established, the new Source

Polhemus G4

Configuration .g4c file path is
observed in the Status View pane.
The configured Sources are depicted
in the graphics pane.

G4T]

C\Program . \Sampl

o CA\Program ..\SampleSetup.g4c

H Hub 1

Faeawing - From this point forward, until a
None

g different .gdc is selected, PiMgr

000000 defaults to this new .g4c.

This .g4c may also be applied to G*
via a custom application using the PDI
Software Development Kit. It is the
responsibility of the application to
employ the correct .g4c when
launching G

Host Frame Count 0

|For Help, press F1
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Collect a single P&0O data frame
from G* by selecting the 0é1 Single
Frame toolbar icon, or by typing “P”.

The text pane at the top of the PiMgr
screen displays the P&O of the active
G* Sensors.

The fields displayed there are:

e HubID

e Sensor Num

e Frame Count

e Digital Accessory State

e Position X Coordinate (Inches)
e Position Y Coordinate (Inches)
e Position Z Coordinate (Inches)
e Azimuth (Degrees)

e Elevation (Degrees)

e Roll (Degrees)

Collect continuous P&O frames by
selecting the M Toggle Continuous
Mode toolbar button, or type “C”.

Experiment with the P&O data.
Move Sensors to known positions at
known attitudes and verify the data
displayed on the PiMgr screen and in
the graphical display.
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—

/ -
(’@ Two things to be aware of when viewing P&O data with PiMgr:
NS

e Point of View (POV). The default PiMgr POV uses tracker
coordinates from the origin. In this example, the Source is
located at (0,0,0) and so the POV also coincides with the
Source. The PiMgr’s POV has the eye looking in the direction
of Positive X (+X) from the Source. Positive Y (+Y) is to the

+Z

rlght, and Positive Z (+Z) is down. |Fi|e View | Device Motion Graphics Tools Help
v | Graphics Pane
The PiMgr POV can be manipulated using the controls on the V| TextPane
Graphics Toolbar. Enable the graphics toolbar via the ¥ )| Statis Pane
View=>Toolbars menu. Refer to PiMgr online help for details Toolbars 2L E;:t';dz;mmmar
about the use of this toolbar. Y 2?::&2 culsg | ¥ Graphics Toolbar
;

[@elc o1 13 ¢ B@EHE <X H]

o Display Update. The frame data displayed in the upper text portion of the PiMgr includes a frame count
field. It is possible that data displayed in this text field may appear to ‘skip’ one or more frames. The
reason for this is that PiMgr is NOT guaranteed to display every frame of data received from the
tracker. PiMgr is designed to run cooperatively with other processes and applications running in the
Windows operating system. Therefore, PiMgr renders graphics and displays frames only during system
idle time. This generally produces no noticeable gaps in the animated graphics portion of the display,
but it may be observed by studying the actual frame count data displayed in the text portion.
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3.7

3.7.1

Rev. D

USING DIGITAL ACCESSORIES

The G* Hub’s digital accessory port allows up to eight (8) digital inputs to be collected and reported
alongside P&O output. The state of these inputs is reported in the Digital Accessory State field of the
PiMgr P&O record as a hexadecimal number.

PowerTRAK 360

When using the PowerTRAK 360, plug the connectors into Sensor Port 1, 2 or 3 and the Digital Accessory
Port.

The four buttons on the PowerTRAK 360 correspond to digital Inputs 1-4, represented by bits 0-3 in the
Digital Accessory field of the P&O frame. The buttons can be pushed individually or in combination to
produce 16 unique digital input states.

In PiMgr, the digital accessory field appears in hexadecimal notation. The table below details the button
states and their appearance in PiMgr.

TABLE 1. POWERTRAK 360 BUTTON STATES

Button Pressed Digital Accessory field PiMgr Display
1 0000 0001 0x0001
2 0000 0010 0x0002
3 0000 0100 0x0004
4 0000 1000 0x0008
1&2 0000 0011 0x0003
18&3 0000 0101 0x0005
1&4 0000 1001 0x0009
2&3 0000 0110 0x0006
284 0000 1010 0x000a
3&4 0000 1100 0x000c
1&2&3 00000111 0x0007
1&28&4 0000 1011 0x000b
1&3&4 0000 1101 0x000d
2&38&4 0000 1110 0x000e
1&2&3&4 0000 1111 0x000f
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3.7.2 DIGITAL ACCESSORY CABLE AND CONNECTOR
For custom-made digital input applications, use the G’ Digital Accessory Cable Assembly.

G* USER MANUAL

The input lines in this assembly are represented by bits 0-7 in the Digital Accessory field of the P&O frame.

The digital inputs are pulled up in the hub through a 22K resistor to 3.3V.

Input 1 —'l\
Input2 | 2
Input3 | 3 RED
Input4 | 4 p=={ BROWN j=—
Input5 | 5
Input & 6 YELLOW
Input 7 7 ORANGE
Input & | 8 f——f GREEN J—
MC 9
R
L L~

FIGURE 8. DIGITAL ACCESSORY CABLE WIRING DIAGRAM

3.8 RF RANGE

The G* system utilizes a radio frequency (RF) data link that moves data between each active Hub and the

Rev. D

RF/USB module in real time. The RF link can operate reliably up to 40-60 feet in optimal

conditions. Various circumstances may affect performance such as environmental factors and other

2.4GHz RF devices. The proprietary protocol includes a pseudo-random frequency hopping pattern over

20 different frequency channels to ensure good coexistence with other devices in the 2.4GHz band.

The RF/USB Module extension cable should always be used for optimum performance.

The RF data rate can accommodate 8 G* Hubs and still maintain a 120Hz update rate per hub. If less than

eight Hubs are active, the RF protocol implements multiple transmissions for the most robust

performance.

Whenever possible, maintain a clear line of sight between the RF/USB module and the Hub. An extension

cable is provided to facilitate this.

A Single-Hub system offers the highest reliability to avoid data frame drops. As additional Hubs are added

to the system, random data frame drops can occur.

Getting Started —Using Digital Accessories
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3.9 RUNTIME TRACKING PARAMETERS

All tracker parameters are runtime settings only. Settings must be re-applied each time the G” session is
started in the PiMgr or a custom application.

The application of tracking parameters varies in scope. Table 2 summarizes the scope of these
parameters.

Some parameters can be applied to Hubs and Sensors that are not yet detected by the tracking engine.

The purpose of this section is to describe the configurable features of G’ tracking. Details on how to apply
these parameters at runtime with the PiMgr application or with custom software through the PDI or
G4Track DLL are found in the reference documentation and online help accompanying those host
software components.

TABLE 2. RUNTIME TRACKING PARAMETER SCOPE

PARAMETER SCOPE
Filters Applied per-Hub or for all Hubs in system.
Boresight Applied per Sensor or for all detected Hubs and Sensors in system.
Increment, auto-increment Applied per Sensor or for all Hubs and Sensors in system.
Frame of reference Affects entire system. Not Hub- or Sensor-specific.
Tip Offset Applied per Sensor or for all Hubs and Sensors in system.
Units of measure Affects entire system. Not Hub- or Sensor-specific.
3.9.1 FILTERS

Rev. D

The G* tracking engine contains an adaptive filter that is designed to control noise (jitter) in the data
output. The filter can be applied to position or orientation or both. It may be applied on a per-Hub basis
or for all Hubs in the system. With heavy filtering, P&O data may appear to have a slightly slower dynamic
response, even though the data are transferred at the normal rate of 120 frames per second. Default
setting is Heavy.

About Polhemus Filters

The filter used by G'isa single-pole, low-pass filter with an adaptive pole location. The pole
location is constrained within user-specified boundary values FLow and FHigh but is
continuously self-adaptive between these limits as a function of a user-specified sensitivity
parameter F and the sensed input conditions (ambient noise plus rotational rate). For input
“rate” conditions that fall within the adaptive range, the adaptive feature varies the pole
location between the FLow and FHigh limits to maximize the output resolution for static
inputs while minimizing the output lag for dynamic inputs. Whenever the input conditions
cause the filter to make a transition to a narrower bandwidth (i.e., increased filtering), the
transition rate of the pole location is constrained to a user-specified maximum allowable
rate.

Getting Started —Runtime Tracking Parameters 36 JULY 2013
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3.9.2

3.9.3

394
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G* filtering is controlled by the adjustment of four parameters: boundary values Flow and Fhigh,
Sensitivity F, and a Maximum Transition Rate. To simplify the use of G’ Filtering at the user level, the
Polhemus PiMgr application (Windows) uses application-level filtering presets defined in Table 3.

TABLE 3: PIMGR FILTER PRESETS FOR G*

FILTER PRESET | SENSITIVITY (F) | BOUNDARY( FLow) | BOUNDARY (FHIGH) | MAX TRANSITION RATE
Light 0.2 0.2 0.8 0.95
Medium 0.05 0.05 0.8 0.95
Heavy 0.02 0.02 0.8 0.95

The default position and orientation filter setting for all Hubs is Heavy.

BORESIGHT

Boresighting causes one or more Sensors to be mathematically aligned in orientation with user system
coordinates, regardless of the physical orientation of the Sensor. The effect of boresighting a Sensor is
that orientation outputs for the Sensor will equal the specified boresight reference angles at the current
physical orientation of the Sensor hardware.

Boresight reference angles may be specified in all orientation units of measure supported by the G’
interface. See Section 3.9.6 to review the supported units of measure.

Boresight reference orientation may be applied to any active Sensor or to all Sensors in the system.
Sensors that are not detected by the G* tracking engine cannot be boresighted.

Sensor boresighting can be reset (undone) at any time.

INCREMENT AND AUTO-INCREMENT

Position and orientation data output for any Sensor or collection of Sensors can be configured to be
updated only when a specified delta threshold has been exceeded. When position and/or orientation
increment is applied, P&O data are reported in a continuous stream as usual but do not change unless the
change is greater than the increment threshold. Position data for each axis changes only when the
position threshold has been exceeded on that axis, and only that axis’ position changes. Orientation
changes when the total rotation vector changes by the attitude threshold.

The G tracking engine may be configured to operate in Auto-Increment mode. In this mode, new P&O
data are reported only when changes in the position and/or orientation data have satisfied internal pre-
defined criteria. The criteria are dynamic, depending on electromagnetic (EM) signal strength and noise
values. The effect of auto-increment is virtual jitter-free performance with coarse resolution at large
separation distances.

Increment threshold values applied to G are expressed in the unit of measure configured for P&O output.
See Section 3.9.6 to review the supported units of measure.

FRAME OF REFERENCE

A rotation and/or translation frame of reference can be applied to G* P&O data output as a whole. Frame
of reference may be specified in all units of measure supported by the G” interface. See Section 3.9.6
below.
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3.9.5

3.9.6
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TiP OFFSET

The tip offset parameter is a means of causing the G tracking engine to produce P&O for a point other
than the electromagnetic (EM) center of a Sensor. This is useful when a Sensor is mounted on an
instrument. In this type of scenario, the P&O of the tip of the instrument is of interest, not the P&O of the
Sensor itself. The tip offset is applied to G'asa floating-point 3-tuple describing the location of the ‘tip’
with respect to the Sensor. The tip offset is specified in any position unit of measure (see Section 3.9.6)
supported by the G" interface. Tip offset can be applied to any or all Sensors.

P&O OuTPUT UNITS OF MEASURE
For expressing position in Cartesian coordinates, G’ supports the following units of measure:
e Inches (Default)
e Feet
e (Centimeters
e Meters

Orientation may be expressed as:
e  Euler Angles, Degrees (Default)
e  Euler Angles, Radians
e  Orientation Quaternion

Units of measure parameters are applied to all G'P&O output.

Certain other runtime parameters expressed as position coordinates or orientation (Boresight, Increment,
Frame Of Reference, Tip Offset) may be applied in units other than configured P&O units. Doing so does

not change the current setting of the P&O output units of measure.
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4. TROUBLESHOOTING

The Polhemus G* tracker is supported by a variety of management utilities and tools for setup and data
collection on the Windows platform.

4.1 INSTALLATION ON WINDOWS VISTA, WIN7 AND WINS

On Windows Vista, Windows 7 and Windows 8 systems, Windows User Account Control (UAC) may prevent the
install from starting. An error box like the one below appears.

If this happens, proceed with the following steps to run the G” Host Installation as Administrator:

— ) Select OK to exit the error window.

l_' Failed! The requested operation requires elevation.
i 0N

© (Codeis740)

Eﬁ&’ n ‘ Select Exit to end the G* Host Software Installation.

» " s Right-click the Setup program on the CD and select
=P om_. rive (09 G... w| 44 B Search DVD AW Drrive (D3 G4 . .

@O" e Do L D A e £l Run as Administrator from the menu.
| Ovganize = Burn to disc == o i @
| P |

micHhadi 1 1 A Application exten [;

mecmB0.dil 1 v Pr ¢

mecmabu.dll 12 1205 A Application extens

Microsalt VCI0CRT.manifest

- Open

¥ Run as administrator &

s
4 mgverdl
PDIBUg
PoiHisy B WinMerge v
POIReie @ WinZip o

Edit with Notepad + +

@ Scan for threats...

Fitgre Send to
PiddgrH Copy
PMARE Create shortcut
B, polnem - I
Progerties
< By Setupeas =5
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4.2 .NET 3.5 INSTALLATION ON WINDOWS VISTA AND WINDOWS XP
The G* Setup Utilities requires that Microsoft .NET 3.5 be installed on the host computer.

Windows 7 and later already includes .NET 3.5.

However, Windows XP and Vista systems that do not already have it require .NET 3.5 to be installed

before the G* Setup Utilities installation can continue.

The .NET installation begins automatically, and requires a system restart upon completion.

When the restart is completed, the G’ Setup Utilities installation resumes.

You may choose to restart your PC immediately or you may postpone the restart.

acceptable, but the PC must be restarted before continuing.

L) Polhemus G4 Setup Utilities Setup

=)

For the following components:

-NET Framework 3.5 SP1

Please read the following license agreement. Press the page down key to see the rest
of the agreement.

Notwithstanding any other agreement you may have with >
Microsoft, if you disclose such benchmark test results, Microsoft

shall have the right to disclose the results of benchmark tests it
conducts of your products that compete with the applicable .NET
Component, provided it complies with the same conditions set

forth at <http://go.microsoft. com/fwlink/?LinkID=66406&clcid=
0x409=.

1 [m

View EULA for printing

Do you accept the terms of the pending License Agreement?

If you choose Don't Accept, install will close. To install you must accept this

agreement.
I Accept Dont Accept
——
L) Polhemus G4 Setup Utilities Setup =
‘—:' L Sctup must reboot before proceeding.
Choose Yes'to reboot now or "No'to manually reboot Iater. o
w (w

Windows Update

F— . . .
@ Restart your computer to finish installing
important updates
Windows can't update important files and services while the
system is using them. Make sure to save your files before

restarting.

Remind me in:

2.

If Microsoft .NET 3.5 is not present on the installing
computer, it is installed after G' Drivers are
installed.

Select Accept to allow the installation .NET 3.5 to
continue.

Progress windows appear as the installation
proceeds:
&) Polhemus G4 Setup Uiilites Sctup )
T
Micrasafk Windews, (25
Flrase walt whis Setup configures the components. This might take sewrral
e |

When .NET 3.5 installation is complete, the system
must be restarted.There may be multiple windows
requesting permission to restart.

The system may be restarted immediately by
selecting Yes or Restart Now, or the restart may be
postponed by selecting No or Postpone. Either
option is fine.

If you choose to restart immediately, refer to
Section 3.3 (see page 14).

Either approach is

Postpone D

[ Restart now Q [
~1

2
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3. If you choose to Postpone, restart manually via the Windows start button:

Maintenance Switch User

PDI Online Help Defautt Programs Log Off

Polhemus
Startup Help and Support

Back L
Sleep

P T e

4. When the restart has completed, the G’ Setup Utilities installation will resume:

Windows Installer

5. Continue G* setup with as per Section 3.3 Configure RF Setting (see page 14).

4.3 ADDITIONAL HELP

Problem Solutions and Workarounds

1. P&O datareported is all zeros, or '90.0 -0.00 Make sure Source(s) are powered on.

90.00" in orientation. Make sure Hub/Sensor is in range of configured

Source(s).
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2. Hubs that are no longer active appear in
PiMgr graphics and Status views. (And in the
G4Track Active Hub Map.)

RFM discovers new Hubs continuously and reports
them in the Active Hub Map. Criteria are not yet
established for ‘aging’ inactive Hubs out of the Active
Hub Map. Start Hub installs with Sensor Port 1.

Solution:

As of version 1.0.4, the only way to clear the Active
Hub Map of ‘old’ Hubs is to stop the G4Track DLL and
reset the RF module by unplugging it. If using the
PiMgr, quit and restart the PiMgr as well:

1. Shut down PiMgr

Turn off Hub(s).

Unplug RF module from USB port.
Plug RF module back into USB port.
Turn on Hub(s).

6. Restart PiMgr.

vk wnN

Workaround:

P&O data never includes inactive Hub data. Using
assumptions appropriate to the end-user application,
it is possible to develop logic to ignore Hubs in the
Active Hub Map based on Hubs reporting P&O.

3. Hub does not appear in Active Hub Map and
does not produce P&O.

Make sure that the Hub is powered ON and that the
battery is not depleted.

Make sure that the Hub is joined with the RF module.
See Section 3.3.

4. Hub does not complete the full startup LED
flash sequence.

The Hub battery may be depleted. Recharge the unit.

5. Hub strobes continuously, never discovers
RFM.

Solutions:
Make sure Hub and RF module have been joined
properly with the RF Setup Utility (Section 322.)

Make sure RF module is seated properly in USB port
and end LED is illuminated.

Make sure Hub is within RF range of the RF module.
Make sure other RF devices are not interfering.

Workaround:
If the RF environment prohibits wireless connection
with the Hub, plug the Hub directly into the PC.

Caveat: You can only run one Hub at a time this way.
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6. RFlink only works at very short distances.

Solutions:
Be sure to use the extension cable on the RFM.

Position the RFM in an unobstructed area.

The RF signal should have objects to reflect off of for
good performance when human body blocks the Hub
from the RFM. Make sure that there are walls and/or
ceilings to provide this reflection.

7. P&Oisincorrect, especially in Z, elevation
and/or roll as Sensors move away from
Source, and Source is near the floor.

Distortion from rebar or steel-reinforced flooring may
be affecting accuracy.

Solutions:
Raise Source higher off floor, or

Add Floor Compensation to Source Configuration
(.84c)

8. P&AO data is missing, frames are dropped, etc.

Determine if the problem is occurring on the Host PC
or in the tracking electronics. To eliminate the Host PC
as the problem, make sure no other Source-intensive
applications are running on the PC. Disable graphical
display or real-time processing of the data if possible.

If the PC is not the problem, verify that the RF
environment is not causing frame drops and retries.
Reposition the RFM antenna by using the USB
extension cable to move the RFM away from the PC
and/or other RF shields. Bring the Hub in close to the
RFM and, or plug the Hub directly to the PC.

9. Random non-existent Hub IDs appear in
Active Hub Map.

RF collisions may have caused an erroneous Hub
‘discovery.” The invalid Hub will not produce P&O
data, but will appear in the Hub map. To clean the
Hub map, see Step 2 (above).
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5.

51

5.2
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PROGRAMMING AND ALTERNATE PLATFORMS

WINDOWS

Like all the Polhemus trackers, the Polhemus G'is accompanied by the comprehensive Polhemus
Developer Interface (PDI) SDK and programming APIls for Windows. These tools are installed automatically
by the G” Host Software CD installer, along with the management and configuration utilities.

For programming reference, please refer to Online Help and sample code projects included in the SDKs for
all supported platforms.

LINUX
The Polhemus G” set also includes a software toolkit for Linux. The Linux kit is found on the Host Software

CD that accompanies a new G’ system. It contains the following:

GA4Track_lib_dist APls: e  GA4Track library to manage G*
e  SrcCfglLib library used to create .g4c files
e  MAN pages for all libraries

Setup Utilities: e G4DevCfg Hub-RFM pairing application
e CreateCfgFile .g4c creation application (open source)

User Applications: e GA4Term console/terminal application (open source)
e  GA4Display graphical Ul application (open source)

The Linux toolkit does not include a USB driver. It depends on the public Linux libusb-1.0 and SDL libraries
which are available for download online.

To install the Linux tools, find the G4_Linux.tar.gz archive file on the G* Host Software CD and extract it
onto a Linux system.

Please refer to the MAN pages and README files included in the toolkit for more Polhemus G’ Linux
documentation.
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APPENDIX A. Source Configuration

This Appendix examines in detail the discovery and configuration of the Position and Orientation (P&0O) and
Hemisphere values for Sources in hypothetical one- and two-Source G’ system installations. These values
would be input into the G4CreateSrcCfg utility during the setup of these systems.

1. EXAMPLE 1 — SINGLE SOURCE SETUP

Setting up the Source Configuration file can be simple for a single Source system.

In the simplest case the origin (the point (0,0,0) where X, Y, and Z are zero) and the reference frame (the
directions of the X, Y, and Z axes) are aligned with a single physical Source. To use this default scenario, enter
X,Y,Z as 0,0,0 and A,E,R as 0,0,0 in the XYZAER fields of the CreateSrcCfgFile utility.

With this set of numbers the system will calculate Sensor position from the center of the source cube, and it
will calculate Sensor orientation relative to the Source’s reference frame described by the markings on the
Source shell.

Moving the Origin
Alternately, the origin could be mathematically translated to a virtual point that is not in the center of the
physical Source. For example, you may want G'to report 0 in X and Y at a new origin point in space 12 inches
in front (+X) of the physical Source and 24 inches to the right (+Y) of the physical Source. When a Sensor is
placed at that point it will report a position of (0,0,0). To do this, you measure from the origin to the Source
and enter (-12,-24,0) for X,Y,Z. For this example you want the sensor orientation to remain relative to the
Source’s reference frame so you leave 0,0,0 for A E,R.
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2. EXAMPLE 2 — DUAL SOURCE SETUP
For a multiple Source system the setup process can become confusing because there is greater flexibility (both

physically and virtually) in setting up the system.

The G* system offers huge flexibility for tracking over large areas by referencing multiple Sources placed
around the area to be tracked. This keeps a strong magnetic signal that will always be available to the Sensors
within the tracked area and allows for shaping the area of coverage (such as a long narrow area, a rectangular
area, or an L-shaped area.). The system is similar to a cell phone system in that the Sensors (cell phones) listen
to the closest Sources (cell towers)—as the Sensors move out of one Source’s area of coverage they move into
another’s coverage. The G* software keeps track of this geometry and reports the Sensors’ P&O within the

coverage space.

In order to report the P&O data, a frame of reference needs to be established by the user. In this example two
Sources are set 10 feet (120 inches) apart on a stage 10 feet wide by 20 feet long. One Source (frequency A) is
located on a pedestal 4 feet (48 inches) tall, placed 5 feet (60 inches) left of center stage and another Source
(frequency B) is located on a similar pedestal 5 feet to the right of center stage. Both Sources are 10 feet back
from the front of the stage and they are mounted on the pedestal with the mounting screw holes down and
the power switch is toward the rear of the stage.

In this example, the frame of reference for P&O will be defined as follows: the horizontal axis of the stage is to
be the X direction, the vertical axis is to be the Y direction, and the front-to-rear axis is to be the Z axis, as in a
traditional graphics coordinate frame. Center stage will be Zero X, the floor will be Zero Y, and the Zero Z plane
will be 7 feet (84 inches) from the front of the stage.

Eye Level View (Two Sources) HinEl e
| 60.0° (5 | 60.0° (5)

Source A __ ________________ @Sour‘:eB

Y — i +Y
fn b
= ' =Y
2 g X

120" (101)
1200 (1)

=

oA

%
84" (7)

+Z -

~
“
a0
/ I'w
_______________ . T . SR
s
LN
Enter from here Enter from here

To understand this frame of reference, use a Right Hand Rule. The pointing finger is the +Z Axis, the thumb is
the +Y Axis and the middle finger is the +X Axis:
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Standing on the stage and facing the audience, using your right hand to match the desired output reference
frame, +Z (pointing finger) will be pointing at the audience, +Y (thumb) will be pointing up and +X (third finger)
will be pointing left.

This sets a virtual frame of reference (VFR) that is not only translated but also rotated from all of the actual
physical Sources. To calculate correct P&O in this new VFR, the G” needs to know the position and orientation
of each Source relative to the VFR.

Measure Source Position
Determining the position of each Source relative to the VFR is straightforward. Using the Bird’s Eye View
above we see that:

Source A position is physically translated from the origin/VFR by X=-60, Y=+48 and Z=-36.

Source B position is physically translated from the origin/VFR by X=+60, Y=+48 and Z=-36.

The key question to answer here is “How far is the Source FROM the origin?”’

Always measure source position FROM the origin/VFR TO the Source.

Do NOT measure from the Source to the VFR!

Measure Source Orientation

Note: The discussion that follows is a detailed examination of how to determine a Source’s
orientation referenced to a Virtual Frame of Reference. It is important to have a general idea
about how these angles are calculated, and Polhemus recommends studying the process
below.

7 ' \ In large systems with several Sources or with a different Virtual Frame of

L@ Reference than the hypothetical system used here, it may be preferable and less

- error-prone to use Polhemus’ automated method with the G4SrcOrientMeasApp.
This method is detailed in APPENDIX C.

The orientation of each Source relative to the VFR is arrived at by calculating (in order) the azimuth, elevation
and roll rotations needed to apply to the VFR to equal each physical Source’s native frame of reference.
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Definitions — Rotations in the Source’s Frame of Reference

Positive Azimuth Rotation Positive Elevation Rotation Positive Roll Rotation
A rotation from the +X-axis A rotation from the +Z axis A rotation from the +Y axis
toward the +Y axis around the Z- toward the +X axis around the Y- toward the +Z axis around the X-
axis axis. axis.

I +Y +Y - »
Azimuth
+X +x Roll
+X Elevation
+Z +Z
+Z

These rotations must be applied in the frame of reference that we are working in. That is, we apply (in order)

azimuth, elevation and roll rotations in the new VFR:

Elevation

Source A
Look carefully at the Source A Frame of Reference below and determine the relationship between the X, Y, Z
axes with the X, Y, Z axes of the VFR:
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Source A Frame of Reference Virtual Frame of Reference

+X

+Z

1. Rotate in Azimuth

A
(in gray) can be rotated 90 degrees to align with the +Y /—
Y-axis of Source A (black). N

+
+X

By superimposing the axes of the two coordinate
systems together, we see that the Y-axis of the VFR

'+Z
Remember that the rotation must occur in the VFR coordinate system. The rotation we require is a 90
degree rotation from the Y-axis to the negative X-axis (Y->-X) of the VFR coordinate system. From the

definitions above we know that a rotation from the positive X-axis to the Y-axis (X=Y) is positive rotation
in azimuth. This is equivalent to the rotation we want here: a 90 degree rotation in azimuth (-90° Az).

The entire VFR is rotated 90 degrees in Azimuth. The
result of this rotation in Elevation in the VFR: >[ +X
+Y
+Z

2. Rotate in Elevation

Superimpose again. Now it can be seen that the X-axis

20 ‘
of the VFR can be rotated 90 degrees to align with the
X-axis of Source A. +Y .y
In the VFR coordinate system, this is a rotation from +7
+X v

the X-axis to the Z-axis. A rotation from the Z-axis to
the X-axis is a positive rotation in elevation. +Z

Therefore the rotation we want here is a negative 90
degree rotation in elevation (-90° El).

This final rotation aligns the VFR with the Source A frame of reference:
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Rotated VFR Physical Source Orientation
+Y +Y

+X +X
+Z +z

The sum of these rotations is azimuth, elevation and roll of
(90, -90, 0)

Source B
Refer again to the Birds-Eye View above. In our setup, Source B is physically oriented the same as Source A, so
the orientation of Source B in the VFR is the same as that of Source A.

The final Source Position and Orientation values are:
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I,//___'“\I Note: The process described above arrives at the Source A orientation by first determining the Azimuth
L-@- rotation and then the Elevation rotation. No Roll rotation was required in this example. However, the
A resulting orientation of (90, -90, 0) is not the only solution! There is another equally valid Source
Orientation that could be used here.

In general, it is best to start the rotation process with an Azimuth rotation as we did in this solution. However, if
there is no Azimuth rotation, one could start with Elevation. If we do that with this hypothetical Source A
orientation, the process proceeds like this:

Virtual Frame of Reference Physical Source
Coordinate System Orientation
1. +Y

-90° Hevation

2 +90° Rol +Y +Y +
+Z +X
» » >] = +X
+Z
+X +Z

The resulting orientation using this approach is (0, -90, 90), which is equivalent our previous result of (90, -90, 0). In

+Z +X

this hypothetical system, either could be used successfully as inputs to the CreateSrcCfgFile utility.

This dual solution a result of the ambiguity of Euler Angles at cardinal angles. More often this ambiguity may be
encountered when tracking P&O in Euler Angle units, and in those cases the use of Quaternion orientation will
eliminate the problem. It is not practical or intuitive to use Quaternions in a tutorial example of this nature and so
we chose to use a method more instructive of the concepts herein.

This ambiguity and complexity can be avoided in most cases by employing the G4SrcOrientMeasApp utility
described in APPENDIX C.
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3.
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HEMISPHERES

As with other magnetic trackers, G’ computes position with two possible answers due to the symmetry of
magnetic fields; these answers are equal and opposite to each other. Obviously only one answer is
correct, so the system requires definition of which hemisphere is correct at the start of tracking; from that
point on, the system will keep track of the hemisphere and produce the correct answer.

G will automatically figure out the correct hemispheres when there is more than one Source configured
and in use. However, in order to do this G* needs to sense at least two Sources. It may not always be the
case that upon initial entry into a tracking space multiple Sources are within range of the Sensor, so G’
may momentarily self-select the wrong hemisphere until it senses another Source; once found, the
hemisphere ambiguity is resolved automatically.

The starting hemisphere selection in the CreateSrcCfgFile utility is offered to eliminate the confusion time
for multi-Source setups and is important for a single Source setup. The starting hemisphere selection is
relative to each individual Source. Use the markings on the Source shell to determine which hemisphere
of coverage the Sensor will be in at startup.

Source Hemispheres

Once the system starts in the indicated hemisphere, all hemispheres are automatically tracked for total
freedom of movement.

In the stage example above, at initial startup (before the VFR has been mathematically recalculated by

G4), when tracking a user’s head, entry into the tracking area would always be above the Sources on the
pedestal, so the —Z starting hemisphere would be selected for each Source. This would produce non-
ambiguous tracking from the start (no auto-correction would occur). If a starting hemisphere cannot be
defined, use the best guess and let the system resolve the hemispheres automatically, but realize that
there can be a short period of time required before the hemisphere is resolved.
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APPENDIX B. Understanding Distortion
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The AC magnetic tracking technology employed by G* and by other Polhemus trackers is based on the
presence of a magnetic dipole field created by a closed loop of electric current. G” Sources produce these
dipoles on three axes, and Sensors detect them on three axes.

In an ideal benign environment, the dipole fields produced by the Source behave predictably according to
theoretical models, and position and orientation (P&O) solutions can be found with a high degree of
accuracy. However, the theoretical dipole behavior may be disrupted by the presence of magnetic
distortion in the tracking environment.

There are two kinds of magnetic distortion that are explained by material physics: eddy current distortion
and permeability distortion. In practice, AC magnetic tracking technology is usually more susceptible to
eddy current distortion. Eddy current distortion is created by the presentation of large loops of
conductive material (e.g., a window frame made of conductive material or a sheet of highly conductive
metal, such as aluminum, copper or silver). The conductive loop tends to create a magnetic field (B). To
counteract this unstable condition, the material supports small, closed-loop electronic eddy currents that
produce a reverse magnetic field to counteract B. In situations where eddy currents are strong enough,
they might distort the pure dipole produced by the Source by combining with it.

The extent of the effect of magnetic distortion depends on the material, its size and shape, and its
proximity to the Source-Sensor field path. Polhemus has found that the effects of eddy current distortion
on P&0O measurement can be eliminated by placing large eddy current distorters away from the Source-
Sensor field lines on the order of three times the distance between Source and Sensor (p>3d); often the
effects are negligible at a distance of 1d—2d, depending on the size of the distorter.

source

distorter

FIGURE 9. COMPONENT PLACEMENT FOR EDDY CURRENT ELIMINATION

Polhemus finds that in the majority of cases consideration of the above guidelines results in a successful
implementation.

Magnetic permeability distortion is produced by ferromagnetic materials such as iron, nickel or cobalt.
These materials exhibit strong attraction to one another and are easily magnetized. Electrons in these
materials act as tiny electromagnets, aligning themselves so that their magnetic fields reinforce one
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another. When the fields produced by magnetic tracker electronics come near a ferromagnetic material,
the dipole field geometry is distorted by the tendency of the field to couple with the ferromagnetic field.
AC magnetic tracking technology is not immune to this type of distortion, but circumstances that produce
it are very rare in practice. To cause magnetic permeability distortion, would require an unusual
circumstance such as placing the magnetic material directly on the sensor.
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APPENDIX C. Using the G" Source Orientation Measurement App
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(Windows)

One of the two fundamental operations in setting up a G* System is to create the Source Configuration
File (.g4c) that identifies the location, orientation and calibration data of the sources in the G* installation.

This operation is performed by using the Create Source Configuration File utility (CreateSrcCfgFile):
Manually enable and input each Source’s Position and Orientation, load a unique Source Calibration File
(.g4s), configure the Startup Hemisphere and select an optional Floor Compensation setting.

When there are multiple G” Sources installed, it can be confusing to figure out the correct orientation to
apply for each source, relative to the overall system frame of reference. This is especially true if the
Sources are mounted at different orientations from one another. (APPENDIX A. provides a good example
of this.) To make this task easier, Polhemus has developed the G* Source Orientation Measurement App
for Windows (G4SrcOrientMeasApp). This app can be launched directly from the CreateSrcCfgFile utility,
right when you need it. With the G4SrcOrientMeasApp, you can detect and save the orientation of all
installed sources using the G’ itself. In addition, CreateSrcCfgFile allows you to input the Source P&O
measurements all at one time with a single “paste” operation.

How it works

After connecting to the G4, the task of G4SrcOrientMeasApp is to determine the orientation of each
Source in the installation. It uses Sensor 1 to do this. You will move the Sensor around your installation,
approaching each Source. As you move the Sensor around, the app will tell you when the Sensor is too
close or too far away from a Source. When a Source is detected, the app will tell you that it is “Ready To
Measure,” at which time you will click a button to take the measurement and move on to the next Source.

The measurements can be saved to a text file or to the Windows clipboard. If you save to the clipboard
then you can go back to the CreateSrcCfgFile utility and paste the measurements directly into the
program in one operation.

If you save the measurements to a text file, you can then edit the text file by adding the Position
information for each Source. Then copy the entire contents of the file and paste it directly into the
CreateSrcCfgFile XYZAER fields in one paste operation.

Preparation

The instructions that follow will familiarize you with the process of using the default features of the
G4SrcOrientMeasApp.
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e To get started, you should already have the
Dongle and one Hub paired using the
G4SystemSetup utility.

e There should be a sensor plugged in to the
0 Sensor 1 position on the Hub.

. e If you have a PowerTrak360, plug that in too.
- It can be used as the Sensor 1 position
g (above), but this is not a requirement; it may

also be used as an addition to a standard
Sensor plugged into the Sensor 1 position.

e Your source(s) should already be mounted in your tracking area, aligned with the X, Y, and Z axes of the
desired frame of reference.
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IMPORTANT Note: This utility will detect source orientation to the nearest 90°. If the sources in
your installation are not aligned on the axes, you will not get precise measurements. However, it may
be possible to use these measurements to find the correct quadrant. Then you would need to do
manual fine-tuning of the measurements to your actual source orientation.

Rev. D C-2 JULY 2013



Eﬂﬁﬁﬁ‘!ﬂﬁ G* USER MANUAL

P:. TENTE e Next, launch the CreateSrcCfgFile utility.

INNOVATION I MOTION™

e Select the desired Position Units
(inches/cm/feet/meters) and Orientation
Units (degrees/radians/quaternion).

e Y
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e  Start the G4SrcOrientMeasApp by clicking
on the big square button on the lower right.
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G4SrcOrientMeasApp — Step By Step

p )

POLHEMUS

INNOVATION IN MOTION ™

r'. GASrcCrientMeashpp -
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Measure Source Orientation

1. ConnecttoG".

When a connection has been established,
the status message changes from Not
Connected to Connected.
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INNOVATION IN MOTION™

2. Review Orientation Units.

These fields already contain the
Orientation Units that you selected
previously in CreateSrcCfgFile.

saved in the new units. Measurements already saved to the clipboard or to a file cannot be

o\ Note: When you change the Orientation units, only measurements taken subsequently will be
]
converted to the new units.

If you have already taken several measurements and you wish to change orientation units, the best
course of action is to either:

Start over by clearing the Clipboard (step 3 below)

or

Continue collecting source orientation measurements in the current units. Later, after you paste all of the
measurements into the CreateSrcCfgFile program, you can change the units of all the measurements in that
program. Just be sure that when you paste the measurements that the Units setting in the CreateSrcCfgFile
program is set to the units that the measurements were collected in with G4SrcOrientMeasApp.

3. Review Save Options.

By default, measurements will be saved
to the Windows Clipboard. At any time
you can Clear the Clipboard or View the
measurements that you have collected.
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4, Position Sensor 1 in alignment with the desired system Frame of Reference.

The orientation of your sensor is very important. It must be oriented in alignment with the desired system
frame of reference that you are now configuring:

The +X direction of Sensor 1 should be aligned with the +X direction of the desired system frame of reference.
b. The bottom of Sensor 1 should point in the +Z direction of the desired system frame of reference.

3}

+X
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Example:
Recall the hypothetical dual-Source G’ system setup described in APPENDIX A.

Source A Frame of Reference Virtual Frame of Reference

+Z

Sensor 1 should be oriented in alignment with the virtual frame of reference:

+Y
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Move Sensor 1 toward a Source.

G* USER MANUAL

Move toward a Source from any direction. While you are too close or too far away from a Source, messages
will be displayed in red telling you to get closer or move away. A Ready To Measure message will appear when

your distance from the Source is just right.

Rev. D

Measure when Ready.

When the green Ready To Measure
message is displayed, save the
measurement by clicking on the Measure
Source Orientation button. This may
require the help of another person to
click the button while you position the
Sensor near the Source.

Note: If you have a PowerTrak360
connected to the hub, you can take the
measurement remotely by clicking on
any button on the PowerTrak360.
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180,000 -0.000 0.000
80.000 -0.000 0.000
0.000 -90.000 0.000
0.000 0.000 -90.000
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Repeat Steps 5 and 6 with the rest of the
installed Sources.

If you wish to review the measurements
you have already taken, click on the
“View..” button in the Save
Measurements To box.

If you wish to start over, click on the
“Clear” button next to the Clipboard
option.
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8. Paste the collected measurements.

G* USER MANUAL

In CreateSrcCfgFile, enable a Source, then hover your mouse over the first Orientation field. A Tooltip appears,

indicating that you can paste source orientation data there.

Paste Source Orientation

Type or paste Orientation data output from Source Onentation Measurement App here.

Multiple sources allowed.

Right-click and select Paste.
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Show Unicode control characters
Insert Unicode control character

All of the measured source orientations in the clipboard are pasted into the correct fields and

enabled.
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Note: In order for the Paste operation to work, the source measurements must be in

the Windows Clipboard memory: Take care to go directly from the
G4SrcOrientMeasApp to the CreateSrcCfgFile without doing any Windows copy

operations that would overwrite the Clipboard.
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INNOVATION IN MOTION™

9. Continue your .g4c file creation as usual.

Measure Source Positions. Select the Startup Hemisphere and Floor Compensation. Load the Calibration File.

Save the .g4c.

Don’t forget to close the G4SrcOrientMeasApp that is still running with an active G* connection.

.

f@}' Note: It is possible to paste ALL source measurements (position and orientation) into the
NS J CreateSrcCfgFile program at one time. To do this, Select Save Measurements to File when you
start G4SrcOrientMeasApp (step 3). Then after you have collected all of the Source Orientation
measurements, open the file you saved with a text editor and type in the position measurements for each
source. Then copy the text contents of the file and paste into the first X position field in CreateSrcCfgFile.
Now all Source position and orientation measurements are pasted in at once.
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APPENDIX D. Another Two-Source Setup and Sample

Configuration

Each G* Source set includes a factory calibration file (.g4s) produced by Polhemus manufacturing. For
optimal performance in each installation, the G’ tracking engine requires this Source calibration data, as
well as the location and attitude of each Source. Together this information describes the unique Source
configuration of the G” installation. This data is provided to the Tracker Engine Software in a custom-
compiled Source Configuration (.g4c) file.

The procedure for G* Source installation, setup and generation of the Source Configuration (.g4c) file is
detailed in this section.

The Sources in this system are mounted facing each other three (3) feet off the floor and seven (7) feet
apart. (The measurements shown in these diagrams are in inches.) The tracked objects (upon which
Hubs/Sensors are mounted) enter the tracking area from the direction depicted.

Bird's Eye View Eye Level View
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Source Jak i ety Source - - -
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FIGURE 10. SAMPLE SOURCE SETUP, BIRD’S EYE PERSPECTIVE

Rev. D

PLACEMENT
When arranging one or more Sources in a tracking area, keep the following in mind:

G’ performance is best when Sensors are within 2 to 6 feet (0.6 to 1.83 m) of a Source but not closer than
4 inches (10 cm). Sources should be arranged and mounted no more than 16 feet (4.88 m) apart. The
tracking area can be expanded by installing more Sources and placing them strategically.

To minimize magnetic distortion (see inset below), secure Sources at least three (3) feet off the floor to
non-metallic surfaces with nylon, fiberglass or stainless steel 302 screws. The G* Source features
mounting holes for attachment to fixed surfaces. Do not place the power supply directly on the Source.
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About Magnetic Distortion and Floor Compensation

For best accuracy, it is recommended to use the G system in an environment that is free of large
amounts of conductive metal. While it is often possible to move items such as metal desks, a common
obstacle in many types of buildings is the structure of the floor. Rebar or corrugated steel can affect the
magnetic field generated by the G* Source.

Polhemus Engineers have approximated this effect and have developed compensation algorithms that
have been shown to dramatically improve performance in many situations where the floor has been
determined to be altering P&O data. If needed, these floor compensation algorithms are applied to the
G4 system in the Source Configuration File (.g4c) based on the distance of the G4 Source from the floor.
This process is detailed in Section 3.4.

For more detailed information about magnetic distortion, refer to APPENDIX B.

For more detailed information about magnetic distortion, refer to the POLHEMUS G’
SYSTEM MIANUAL.

SELECT FRAME OF REFERENCE

For correct motion tracking, the fixed P&O of the Sources in the tracking area must be measured and
input to G" at runtime.

For proper measurement, first determine a reference location from which the position and orientation of
each Source will be measured. It does not matter where this location is, but it is important that the P&O
of each Source in the system be measured accurately from this location. In this example, the reference
orientation, the Virtual Frame of Reference

The reference point in the layout depicted above is in the middle of the tracking area. This reference point
is the chosen origin, with coordinates (0,0,0). The orientation of this re

Alternatively, the reference location may also be located at the center of one of the Sources, so that one
Source is positioned at the origin, and the others are measured in relation to it. This simplifies the Source
setup somewhat. However, it is often advantageous to choose a different point in the tracking area to
which the Sensor P&O will be referenced.

Note that the tracking frame of reference can be modified at runtime with the

/’—‘“\\ Translation and Rotation Frame Of Reference runtime parameters. Details on how

|| to apply these parameters at runtime with the PiMgr application or with custom

J software through the PDI or G4Track DLL are found in the reference documentation
and online help accompanying those host software components.

/-'—w-.

MEASURE CAREFULLY

Carefully measure the position and orientation of each Source relative to the reference location.
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SOURCE CONFIGURATION FILE

GENERATE SOURCE CONFIGURATION FILE

G* USER MANUAL

Information about the placement and characteristics of the Sources is needed by the G* tracking engine to
produce P&O solutions. The Source Configuration (.g4c) file is generated and supplied to the tracking

engine on startup. The .g4c file is created with the Create Source Configuration File utility that is
automatically installed with the G* Host Software. (See G4 System Overview.)

in Figure 10 and Figure 11 (see page D-1).

The instructions that follow demonstrate generation of a .g4c file for the sample Source setup depicted

Shortcut @
CreateSrc.™

POLHEMNUS

INNOVATION IN MOTION ™
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INNOVATION IN MOTION™

Rev. D D-3

Start the G* Source configuration file creation
process by launching the G4CreateSrcCfg utility.

A Windows shortcut to this utility is installed
on the desktop.

Instructions for using the utility are listed at the
top of the display.

The screen displays fields for each possible Source.
AG* system may employ up to eight Sources. With
this utility you will enable fields for each Source in
your system, and fill in the fields you enable.

Enable fields for the first Source.

It does not matter which Source is first. For this
demonstration, the first Source will be Source C,
the one on the left in Figure 10 and Figure 11.

JULY 2013
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Input XYZAER measurements for the Source. These
may be entered individually or pasted from the
Windows clipboard as a block. (See below.)

Measuring from the reference location, the
position coordinates of Source C are (30, -42, 0),
measured in inches.

Source C is turned 90 degrees to the right, so the
Euler orientation coordinates in degrees with
respect to the reference are (90, 0, 0).

The orientation of Sources C and D in this example are easily determined because they differ from the

virtual frame of reference by only one rotation in Azimuth. A more complex scenario is described in

APPENDIX A. with a detailed step-by-step description of how the Source Orientation inputs for the AER
fields in the G4SrcCfgFile utility are discovered.

Alternatively, Source Orientation values can be measured automatically using the G4SrcOrientMeasApp. The
process for using this tool is detailed in APPENDIX C.

Orientation units in the lower right-hand corner of the display. The current selections are displayed in

@ To express Source P&0O measurements in units other than inches and degrees, select input Position and
the XYZAER field heading.

& Creote Source Configuration Fie

|

N N N (OO O O 1 C
e o | e o e o o
| e | | o
o o o -7 -
S5 B | | o
{ | o | e | | ]
P B | | I | [ W ]
| | | e e [/ (]

Note that if unit selections are changed after data is input into the XYZAER fields, the values in the fields
are converted to the new units automatically.
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INNOVATION IN MOTION™

If you have Source Position and Orientation values saved to the Windows clipboard, you can paste them
directly into the XYZAER fields in CreateSrcCfgFile.

POLHEMUS

INNOVATION IN MOTION™

Paste Source Position AND Orientation
Type or paste Source Position and Orientation measurements here.
Multiple sources allowed,

For example, if you have edited the P&O for multiple Sources in Windows Notepad, you can select and copy all of
the numbers from Notepad into CreateSrcCfgFile as one block of data.

- — o
Qﬂ Untitled - Natepad hEE!bE;E!!EE!‘ POLHEMUS

InNOVATION 1N MCTION™

30 -42 0 80 0 O
30 42 0 -80 O O
-30 -42 0 90 O O
-30 42 0 -90 O &

Undo

Cut

. Paste
Delete

POLHEMUS

INNOVATION IN MOTION ™
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it ol N Select the Source C Startup Hemisphere. The
o He startup hemisphere of a Source describes the
direction with respect to that Source from which
Sensors enter the tracking area or approach that
e s Source.
s Hemisphere
LT',, s ":mu |~ = T In this example, the startup hemisphere for Source
g D N S = R WpOc Y - C is +Y (POS Y) because in the tracking area
21 | || | | | ' : described by this Source layout, tracked objects
O 1 o (Sensors) are meant to enter the space (or be
s T initially powered on) on the +Y side of Source C.
: L == ) 1 "E".".':_ Note: After power up, Sensor tracking is not
— confined to the +Y side of Source C. This is only a
requirement for initial startup.

When more than one Source is employed, the system will automatically align
the Sensor to the correct P&0 and hemisphere once the Sensor detects more
than one Source.

About Startup Hemisphere

e At runtime, Sensors begin tracking by detecting the presence of the magnetic field produced by one or more
Sources in the tracking area. Correct computation of the Sensor’s position relative to a detected Source depends
upon prior knowledge about which side of the Source the Sensor is expected to be on when the Source is initially
detected. (This moment of initial detection may occur dynamically, when a powered ON Hub and Sensor moves
into the tracking area, or if the Hub is powered on when it is already in the tracking area.)

e In the depicted sample setup, tracked objects enter the area from the left-hand side of Source D and from the
right-hand side of Source C. The axes of the Cartesian coordinate system around each Source are displayed in the
diagrams: +X is always in the forward direction away from a Source, +Y is to the right, and +Z is straight down.
Using these axes, the tracked objects in this setup always enter the tracking areas from +Y side of Source C;
therefore the startup Source hemisphere for Source C is the +Y hemisphere. Likewise, the approach is from the -Y
side of Source D and the startup Source hemisphere for Source D is the -Y hemisphere.

e When Startup Hemisphere is not configured correctly, sign errors in calculated sensor position may result, or the
sensor may appear to jump from one quadrant in the tracking area to another.

e After the initial detection, the Sensor may pass above, below or around to any side of the Sources and the position
will always be computed correctly. This behavior is known as “hemisphere tracking.”

e When more than one Source is employed, the system will automatically align the Sensor to the correct P&0O and
hemisphere once the Sensor detects more than one Source.

e In many circumstances, it is not practical to dictate from which side of a Source the Sensors will always begin
tracking. In scenarios such as these, the placement of Sources is very important to the practicality and usability of
the tracking area. Depending on what is being tracked, a solution to this problem might be to mount the Sources
above the tracking area rather than around the perimeter or throughout. This allows tracked bodies to move freely
about through the area and always on one side of the Source or Sources.
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Select Floor Compensation height, if needed.

POLHEMUS

INNOVATION IN MOTION™

The Sources in the sample setup are 3 feet above the
floor. If Floor Compensation is desired, choose a level
that is closest to the actual distance of the Source from
the floor.

(

Ideally, Sources would be mounted at 50- 75- or 100
cm above the floor if Floor Compensation is used.

00000008
LO00C00E
UO00000
Q0000008
LO00000M
QO000000N
(oo0ooan

However, in our example the Sources are 3 feet (91.4
cm) above the floor, so the closest Floor Compensation
level is 100 cm.

In an actual G* installation, it may be necessary to
experiment with different Floor Compensation levels,
starting with None.

Load the calibration file for the Source.
POLHEMUS

INNOVATION IN MOTION™

Each G* Source is calibrated during manufacture. The
unique calibration data associated with each Source is
provided on a CD-ROM accompanying the Source. In
this step, the calibration file is selected and loaded into
the G4CreateSrcCfg program.

[
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HO00000N
000000
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0000000

Choose the G* Source Calibration .g4s file that
corresponds with the Source being configured.

& » Computer » DVD RW Drive (D:) G4 Src Cal v | 43 || Search DVD RW Drive (.. R

. Organize = - 1 @

). Polhe: < Name ’ ate modifie o . . .

~Jrwin . s Each .g4s file is named with the serial number
A Projects # Files Currently on the Disc (3) a4 . . . .

S o of the G” Source to which it applies. The serial

 braries e b number can be read from the label on the
. Documents = E-532B00001.g4s 7/9/2010 8:32 AM 2

& Music bottom of the G” Source.

% Pictures L

& videos
& Computer

& Local Disk (C)
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J
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When the Source Calibration file is loaded, the Loaded
status is displayed, as well as the frequency ID of the
Source.

The first Source’s configuration information is now
complete.

T S

N

U00000OR
00000008
ssssses

E EEENEEENDGQD

Enable the input fields for the next Source configuration to be entered. This time, the information for Source D in
sample diagrams is input.

Source D is placed symmetrically to Source C. The values input here differ only in sign.

: The last step is to create and save the new .g4c file.
POLHEMUS

INNOVATION IN MOTION™

Select the save button and choose a name for the
.g4c file that reflects the purpose of this Source
configuration.
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(e Exit the GACreateSrcCfg program by selecting the
POLHEMUS Close button at the bottom of the display or the

INNOVATION IN MOT =

Window Close control.
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APPENDIX E. Specifications

COMPONENTS
System Electronics Unit (Hub)
The Hub contains embedded hardware and software necessary to compute the position and orientation
of each Sensor and wirelessly transmit this data to your PC.

Dimensions: Approx. 4.2 in. (10.6 cm) Lx 0.75in. (1.9 cm) W x 2.6 in. (6.6 cm) H
Weight: Approx. 4 ounces (114 grams)

Source (See Figure 4)
Dimensions: Approx. 4.07 in. (10.34 cm) L x 4.07 in. (10.34 cm) W x 4.05 in. (10.29 cm) H
Weight: 1.60 Ibs. (726gm) Thread size 1/4” x 20

Sensor (See Figure 5)
Dimensions: Approx. .90in. (2.29 cm) Lx 1.11 in. (2.82 cm) W x.60 in. (1.52 cm) H
Weight (approximate weight of Sensor head only): 0.32 oz. (9.1 gm)

PowerTRAK 360 (See Figure 6)
Dimensions: Approx. 2.92 in. (7.42 cm) Lx 1.73in. (4.39 cm) W x .71 in. (1.80 cm) H
Weight: Approx. .08 lbs. (37.0gm) without cable; .11 Ib (50.0gm) with cable

SPECIFICATIONS
Update Rate
120 Hz per Sensor, simultaneous samples, with optimal RF communication conditions.

Latency
Less than 10 milliseconds in optimal RF communication conditions

Static Accuracy

Range Orientation Position
1 meter/3.3 ft 0.50 degrees RMS 0.08 inches/0.20 cm RMS
2 meter/6.5 ft 0.75 degrees RMS 0.25 inches/0.64 cm RMS
3 meter/9.8 ft 1.00 degrees RMS 0.50 inches/1.27 cm RMS

Interface
Proprietary RF Link; 2.4 GHz frequency-hopping architecture

Software Tools
e PiMgr Graphical User Interface (GUI) for Windows®
e Setup and Configuration Utilities for Windows
e PDI Software Development Kit for Windows
e CProgramming APIs for Windows

Operating Temperature
10°C to 40°C at a relative humidity of 10% to 95%, noncondensing

Power Requirements
Source: 5 volt, 1 amp
RF/USB Dongle: 5 volt, 30 ma
Hub: 5 volt, 500 ma Internal battery, rechargeable via USB or included power supply. Battery is not user

serviceable.
Regulatory
FCC Part 15, Class B EN61326-1: 2006 emission EN61326-1: 2006 immunity
2.4 GHz Radio Approval: FCC Part 15 EN301489-1 V1.8 2008 emission
ICRSS 210 EN301489-3 V1.4.1 2002 immunity
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APPENDIX F. Limited Warranty

Polhemus warrants that the Product shall be free from defects in material and workmanship for a period of two
years from the date of Polhemus’s delivery to the Buyer, or two years and 30 days from the date ownership of
Product passed to the Buyer, whichever occurs first, with the exception of Hub battery which has a warranty
period of one year against material defects. As with all batteries, capacity (run-time) will diminish over time due to
battery age and charging cycles. Diminished battery capacity does not constitute material defect. Polhemus shall,
upon notification within the warranty period, correct such defects by repair or replacement with a like serviceable
item at Polhemus's option. This warranty shall be considered void if the Product is operated other than in
accordance with the instructions in Polhemus's User Manual or is damaged by accident or mishandling. Parts or
material which are disposable or expendable or subject to normal wear beyond usefulness within the warranty
period such as lamps, fuses, etc., are not covered by this warranty.

In the event any Product or portion thereof is defective, Buyer shall promptly, and within the warranty period,
notify Polhemus in writing of the nature of the defect and return the defective parts to Polhemus at the direction
of Polhemus’s Customer Service representative. Upon determination by Polhemus that the parts or Products are
defective and covered by the warranty set forth above, Polhemus, at its option shall repair or replace the same
without cost to Buyer. Buyer shall be responsible for any import/export duties/tariffs and pay all charges for
transportation and delivery costs to Polhemus's factory for defective parts where directed to be sent to Polhemus,
and Polhemus shall pay for transportation costs to Buyer's facility only for warranty replacement parts and
Products. Removed parts covered by claims under this warranty shall become the property of Polhemus.

In the event that allegedly defective parts are found not to be defective, or not covered by warranty, Buyer agrees
that Polhemus may invoice Buyer for all reasonable expenses incurred in inspecting, testing, repairing and
returning the Products and that Buyer will pay such costs on being invoiced therefor. Buyer shall bear the risk of
loss or damage during transit in all cases.

Any repaired or replaced part or Product shall be warranted for the remaining period of the original warranty or
thirty (30) days, whichever is longer.

Warranties shall not apply to any Products which have been:

e repaired or altered other than by Polhemus, except when so authorized in writing by Polhemus; or

e used in an unauthorized or improper manner, or without following normal operating procedures; or

e improperly maintained and where such activities in Polhemus's sole judgment, have adversely affected
the Products. Neither shall warranties apply in the case of damage through accidents or acts of nature
such as flood, earthquake, lightning, tornado, typhoon, power surge(s) or failure(s), environmental
extremes or other external causes. Warranties shall not apply to any Products if the Products are
defective because of normal wear and tear; or

e used for any purpose without obtaining any applicable regulatory approvals.

POLHEMUS DOES NOT WARRANT AND SPECIFICALLY DISCLAIMS THE WARRANTY OF MERCHANTABILITY OF THE
PRODUCTS OR THE WARRANTY OF FITNESS OF THE PRODUCTS FOR ANY PARTICULAR PURPOSE. POLHEMUS
MAKES NO WARRANTIES, EXPRESS OR IMPLIED, EXCEPT OF TITLE AND AGAINST PATENT INFRINGEMENT, OTHER
THAN THOSE SPECIFICALLY SET FORTH HEREIN.

IN NO EVENT SHALL POLHEMUS BE LIABLE UNDER ANY CIRCUMSTANCES FOR SPECIAL INCIDENTAL OR
CONSEQUENTIAL DAMAGES, INCLUDING, BUT NOT LIMITED TO LOSS OF PROFITS OR REVENUE. WITHOUT
LIMITING THE FOREGOING POLHEMUS'S MAXIMUM LIABILITY FOR DAMAGES FOR ANY CAUSE WHATSOEVER,
EXCLUSIVE OF CLAIMS FOR PATENT INFRINGEMENT AND REGARDLESS OF THE FORM OF THE ACTION (INCLUDING
BUT NOT LIMITED TO CONTRACT NEGLIGENCE OR STRICT LIABILITY) SHALL BE LIMITED TO BUYER'S ACTUAL DIRECT
DAMAGES, NOT TO EXCEED THE PRICE OF THE GOODS UPON WHICH SUCH LIABILITY IS BASED.
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The Products are not certified for medical or bio-medical use. Any references to medical or bio-medical use are
examples of what medical companies have done with the Products after obtaining all necessary or appropriate
medical certifications. The end user/OEM/VAR must comply with all pertinent FDA/CE and all other regulatory

requirements.
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APPENDIX G. Customer Service

If problems are encountered with the G orif you are having difficulty understanding how the commands work,
help is just a telephone call away.

Call Polhemus at the numbers listed below and select “2” for Customer Service and then “1” for Technical Support.
Polhemus is open Monday through Friday, 8:00 AM to 5:00 PM, Eastern Standard Time (US). For the most part, our
customer service representatives are usually able to solve problems over the telephone and get you back into the
fast lane right away.

Help is also available on our web page at www.polhemus.com. Simply double-click Technical Support, and then

select techsupport@polhemus.com to send us an email describing the problem or question.

If a problem requires repair of your system, the customer service representative will issue a Return Merchandise
Authorization (RMA) number and you may then return the system to the factory. Do not return any equipment
without first obtaining an RMA number. Please retain and use the original shipping container, if possible, to avoid
transportation damages (for which you or your shipper would be liable). If your system is still under warranty,
Polhemus will repair it free of charge according to the provisions of the warranty as stated in APPENDIX F. of this
document. The proper return address is:

Polhemus
40 Hercules Drive
Colchester, VT 05446
Attention RMA #

From within the U.S. and Canada: (800) 357-4777

From outside the U.S. or Canada: (802) 655-3159
Fax #:(802) 655-1439
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