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Read Me First!

Read Me First!

This guide describes the Application Program Interface (API) commands that can be used with the

Polaris Vicra System, and the Polaris Spectra System. Before sending any commands to the system,
read the user guide that accompanied your system to ensure that you have afull understanding of the
functionality.

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

Warnings and Cautions

Warnings

In all NDI documentation, warnings are marked by this symbol. Follow the information in the accompanying

Warning! paragraph to avoid personal injury.

1. When using reply option 0800 with the BX (page 47) or TX (page 146) command, you must
take appropriate action to detect the following events: the tool or marker is out of volume, the
bump sensor has been tripped, or the system is outside of the optimal operating temperature
range. You must determine whether these events are detrimental to your application. If one or
more of the events listed occurs, reply option 0800 enabl es the system to return data that may
lead to inaccurate conclusions and may cause personal injury.

Cautions

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

1. Before aninput/output line on a synchronization port can be used as an input, its output value
must be set to ahigh level with SETIO (page 127). If you set the input to low and use theline as
an input, there will be incorrect status readings and you may cause damage to the interface
electronics.
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About This Guide

About This Guide

This guide describesfirmware revisions G.001.002, G.001.003, G.001.004 and G.001.005 of the API.
To determine the API revision number programmed into your system, use the APIREV command.

Conventions

Terminology

System refers to the Polaris Vicra System, or Polaris Spectra System.

Compatibility

This API guide describes several versions of the API. Some commands or options are not available
for each revision of the API. In this case, compatibility isindicated in columns at the right hand side
of the page. (See, for example, “List of Commands’ on page 1.)

At the beginning of each command description, the systems compatible with the command are
listed. Where necessary, specific compatibility differences are listed in the Compatibility Notes near
the end of the command description.

Contact Information

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

@ NDI

INTERNATIONAL HEADQUARTERS: EUROPEAN OFFIGE: ASIA PACIFIC OFFICE:

NORTHERN DIGITAL INC. NDI EUROPE GmhH NDI ASIA PACIFIC

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

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

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

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

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

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

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

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

1 List of Commands
Table 1-1 lists all the API commands, and whether they are supported by each revision of the API.
Compatibility isindicated as follows:
X indicates that the command is supported.

* indicates that the command is deprecated. Deprecated commands will no longer be enhanced to
support new hardware devices or new API features. Support for deprecated commands may be
discontinued in future releases.

Table 1-1 Alphabetical List of Commands

Command Page Description

1 G.001.002
> G.001.003
=1 G.001.004
> G.001.005

3D 39 Returnsthe latest 3D position of either asingle marker or multiple

markers.
APIREV 44 Returns the API revision number that functions with your system. X | X | X
BEEP 45 Sounds the system beeper. X | X | X
BX 47 Returns the latest tool transformations, individual marker posi- X | X | X | X

tions, and system statusin binary format.
COMM 58 Sets the serial communication settings of the system.
DFLT 61 Restores the user parameters to factory default values.
DSTART 63 Starts Diagnostic mode.
DSTOP 64 Stops Diagnostic mode.
ECHO 65 Returns exactly what is sent with the command.

GET 66 Returns the user parameter values.

X X[ X[ X| X| X| X
X X| X[ X| X| X| X

GETINFO 68 Returns descriptive information about the user parameters.

X| X X| X[ X]| X| X| X
X| X X[ X[ X| X| X| X

GETIO 72 Returns the current status of the input/output lines of a synchroni-

zation port.
GETLOG 74 Returns the contents of asystem log file. X[ X | X]|X
HCWDOG 76 Sets up ahost communication timeout check. o R B B
INIT 78 Initializes the system. X | X | X ]| X
IRATE 79 Setstheilluminator rate. S I I
IRED 81 Turns the markers on awired tool on or off. X | X
LED 83 Changes the state of visible LEDs on awired tool. X | X
PDIS 85 Disables the reporting of transformations for aparticular porthan- | X | X | X | X

dle.
PENA 86 Enables reporting of transformations for a particular port handle. XX | X]|X
PFSEL 88 Sets which faces to use to track a multi-faced tool. XX | X]|X
PHF 90 Releases system resources from an unused port handle. X | X | X | X
PHINF 91 Returns port handle status, and information about thetool associ- | X | X | X | X

ated with the port handle, including physical port location.
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List of Commands

Table 1-1 Alphabetical List of Commands (Continued)

[aN} o™ < Lo
o o o o
. S |S|S |5
Command Page Description Slg|g| g
S| S |9 | S
Ojlolo|lo
PHRQ 99 Assigns a port handle to atool or GPIO device. XX | X]X
PHSR 101  Returnsthe number of assigned port handles and the port statusfor | X | X | X | X
each one. Assigns a port handle to awired tool, GPIO device, or
strober.
PINIT 104  Initializes aport handle. X | X | XX
PPRD 106  Reads datafrom the SROM devicein awired tool or GPIO device. X | X
PPWR 108  Writes datato the SROM devicein awired tool or GPIO device. X | X
PSEL 110  Selectsan SROM device as the target for reading or writing with X | X
PPRD or PPWR.
PSOUT 111  Setsthe states of the general purpose input/output (GPIO) linesin X | X
aGPIO device.
PSRCH 112  Returnsalist of valid SROM device IDs for awired tool or GPIO X | X
device.
PURD 114  Reads datafrom the user section of the SROM devicein awired X | X
tool or GPIO device.
PUWR 116  Writes datato the user section of atool SROM devicein awired X | X
tool or GPIO device.
PVWR 118  Assignsatool definition file to awirelesstool, overrides atool XX | X]|X

definition file in awired tool or GPIO device, and can be used to
test atool definition file before permanently recording the tool def-
inition file onto the SROM device.

RESET 120  Resetsthe system (can specify either a hard reset or a soft reset). XX | X]|X

SAVE 122  Savesall non-volatile user parameters that have been changed. X[ X | X]|X

SENSEL 123  Setsthe R sensitivity level, or returns the current IR sensitivity S O I
level.

Seridl 37 Resets the system (soft reset). X | X | X | X

break

SET 125  Setsuser parameter values. XX | X]|X

SETIO 127  Setsthe current status of the input/output lines of a synchroniza- X | X
tion port.

SFLIST 129  Returnsinformation about the supported features of the system. X | X | X | X

SSTAT 136  Returnsthe status of the system processors. o I I

SYSLOG 138 Writesdatato the Position Sensor or System Control Unit log file. | X | X

TCTST 140  Returns diagnostics on the active markers of awired tool.

TSTART 140  Starts Tracking mode. X | X

TSTOP 143  Stops Tracking mode. X | X

X | X| X| X| X
X| X| X| X| X

TTCFG 144 Setsup aconfiguration for awired tool, so that you can test the
tool without using atool definition file.
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List of Commands

Table 1-1 Alphabetical List of Commands (Continued)

Command Page Description

= G.001.002
>G.001.003
> G.001.004
> G.001.005

X 146  Returnsthe latest tool transformations, individual marker posi-
tions, and system statusin text format.
VER 158 Returnsthe firmware revision number of critical processors X| X | X|X
installed in the system.
VGET 160 Retrieves datapreviously captured with VSNAP. X | X | X|X
VSEL 163  Selects a characterized measurement volume. Lo L N

VSNAP 165 Captures one complete frame sequence of video datafromthesen- | X | X | X | X
sors.
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2 Changes in Implementation

This chapter describes the changes in implementation from previous versions of the API. Read this
chapter if you have written an application and you wish to update it to function with a more recent
version of the API.

To update an application written for: To function with: Read:
Polaris Vicra Polaris Vicra or Polaris Spectra Page 5
APl revision G.001.002 API revision G001.003

Polaris Vicra or Polaris Spectra Polaris Vicra or Polaris Spectra Page 7
APl revision G001.003 API revision G001.004

Polaris Vicra or Polaris Spectra Polaris Vicraor Polaris Spectra Page 7
API revision G001.004 API revision G001.005

Note If you have written an application for a Polaris combined firmware revision not listed above, contact NDI technical
support.
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Changes in Implementation

2.1

Differences Between Polaris Vicra/Polaris Spectra API Revision G.001.002
and G.001.003

This section lists the changes between revisions G.001.002 and G.001.003 of the API. Read this
sectionif:

e you have written an application compatible with revision G.001.002 of the API for the
Polaris Vicra or Polaris Spectra System, and

e you wish to update the application to use some or all of the new featuresin revision
G.001.003 of the API.

These changes are additions to the API. Any applications written to function with revision
G.001.002 of the API will still function with revision G.001.003.

Addition to GETINFO

The GETINFO command has the following addition: GETINFO + will return top-level user
parameter categories. GETINFO <category>.+ will return the next level of categories under the
specified category. For example:

Command: Command: Command:

GETINFO + GETINFO PS-0.+ GETINFO PS-0O.Features.+

Reply: Reply: Reply:

Device=;4;0003;;;; Features=;4;0003;;;; Hardware=:4:0003:: : :

Config=;4;0003;;;; Info=;4;0003;;;; Firmware=;4;0003;;;;

PS-0=;4;0003;;;;2D77 Param=;4;0003;;;; Tools=;4;0003;;;;
Cmd=;4;0003;;;;31E6 Keys=;4;0003; ;;;1DF5

Change to PHINF

Reply option 0010 in the PHINF command now returns a value of 010 for atool with marker
wavelength 930 nm if the tool was characterized using NDI 6D Architect version 2.02 or later. Tools
characterized with earlier versions of NDI 6D Architect will still have a value of 000 for a marker
wavelength of 930 nm.

Changes in Concepts

1. Device Names. Each device in the system configuration has a device name. Use the device
name as a prefix to auser parameter. This allows you to read or set user parameters for each
system component separately. If you omit the device name, the system will default to the
parametersfor the first Position Sensor in the configuration (PS-0). In the case of aone-Position
Sensor passive system, thisis the only Position Sensor. See “Device Names’ on page 21 for
details.

2. Keyed Features: The system may use optional keyed features which, if enabled, may require
specia consideration. For details on keyed features, see “Keyed Features’ on page 171 and the
user guide that accompanied your system.
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New User Parameters

New user parameters are as follows:

New User Parameter Description Access Rules
Param.Laser.Laser Status Startg/stops firing the positioning laser. Use this Read, write
parameter when the Positioning Laser keyed featureis
enabled. See “Positioning Laser” on page 174 for
details.
Config.Multi Firmware.Load Combined firmware revision to load on next reset Read, write

Combined Firmware Revision

(selection automatically saves when set). Usethis
parameter when the Multi Firmware keyed feature is
enabled. See “Multi Firmware Feature” on page 172
for details.

Config.Multi Firmware.Update
Combined Firmware Revision

Combined firmware revision to replace on next
upgrade or downgrade. Use this parameter when the
Multi Firmware keyed feature is enabled. See “ Multi
Firmware Feature” on page 172 for details.

Read, write, save

Config.Password Enter the password to enable the ability to changeand Read, write
save the system configuration. Use this parameter
when the Password Protect keyed feature is enabled.
See “Password Protect Feature” on page 174 for
details.
Config.Combined Firmware Combined firmware revision of the current system Read
Revision configuration.
Device. Type.0 Type of devicein the system configuration. Read
Device.Instance.0 Instance of thistype of device in the system configu- Read

ration.
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Changes in Implementation

2.2

Differences Between Polaris Vicra/Polaris Spectra API Revision G.001.003
and G.001.004

This section lists the changes between revisions G.001.003 and G.001.004 of the API. Read this
sectionif:

e you have written an application compatible with revision G.001.003 of the API for the
Polaris Vicra or Polaris Spectra System, and

e you wish to update the application to use some or all of the new featuresin revision
G.001.004 of the API.

These changes are additions to the API. Any applications written to function with revision
G.001.002 or G.001.003 of the API will still function with revision G.001.004.

New Commands

New commands are as follows:

New Command  Description

GETIO (page 72)  Returnsthe status of the input/output lines of a synchronization port.

IRED (page 81) Turns the markers on awired tool on or off.
LED (page 83) Changes the state of visible LEDs on awired tool.
PPRD (page 106)  Reads data from the SROM devicein awired tool or GPIO device.

PPWR (page 108)  Writes data to the SROM device in awired tool or GPIO device.

PSEL (page 110) Selects atool SROM device as the target for reading or writing with PPRD or PPWR.

PSOUT (page 111) Setsthe states of the general purpose input/output (GPIO) linesin a GPIO device.

PSRCH (page 112) Returnsalist of valid SROM device IDsfor awired tool or GPIO device.

PURD (page 114)  Reads data from the user section of the SROM device in awired tool or GPIO device.
PUWR (page 116)  Writes data to the user section of the SROM devicein awired tool or GPIO device.

SETIO (page 127)  Setsthe status of the input/output lines of a synchronization port.

TCTST (page 140) Returns diagnostics on the active markers of awired tool.

TTCFG (page 144) Sets up aconfiguration for awired tool, so that you can test the tool without using a
tool definition file.

Changes in Concepts

1. Datarate: In API revisions G001.002 and G.001.003, it was possible to get repeated
information from the system if you requested information at a faster rate than the system could
update. This behaviour has been changed for the commands 3D (page 39), BX (page 47), and
TX (page 146), so that the system will return a maximum of one reply per frame. This matches
the behaviour of Polaris combined firmware revisions 018 and 024. For all other commands, it
is still possible to request and receive areply more than once per frame.

2. GPIO devices: GPIO devices can be used with the hybrid Polaris Spectra System, and are
connected to the System Control Unit (SCU) or strobers. Like active tools, GPIO devices are
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10.

11

assigned a port handle, which must be initialized and enabled before the GPIO device can be
used.

Srobers: Strobers provide an interface for active tools, and can be used with the hybrid Polaris
Spectra System. Like active tools, strobers are assigned a port handle. It is not necessary to
initialize and enable the port handle for a strober. The SCU contains an “internal strober”; the
tool ports and GPIO port on the front of the SCU are part of thisinternal strober. The internal
strober is aso assigned a port handle.

L og files: The Position Sensor and SCU now each have their own log file. Previous versions of
the API supported only the Position Sensor and so the system only had onelog file. This change
resultsin a change in the log name specified in the commands GETLOG (page 74) and
SYSLOG (page 138). See these commands for details.

Alerts: Thedertsin the Info.Satus.Alerts and I nfo.Satus.New Alerts user parameters are
defined differently for the SCU and strober than for the Position Sensor. For details, see“ Alerts
User Parameters’ on page 23.

L ED behaviour: The behaviour of the LEDs on the Position Sensor has changed. To see which
alerts now have different LED behaviour, see “Position Sensor Alerts’ on page 24.

Diagnostic pending bit: The “diagnostic pending” bit (bit 8 in the BX or TX system status)
now indicates whenever an alert is detected or cleared in the Info.Status.New Alerts user
parameter. Previously, the “diagnostic pending” bit was set only when an aert was detected.

VSnap User Parameters. The user parameters Cmd.V Snap.llluminated Frame and

Cmd.V Snap.Background Frame, used to specify which frames to capture with the VSNAP
(page 165) command, can now only be set when the system isin Setup mode. Previously these
parameters could be set in any mode, but did not take effect until the next DSTART (page 63) or
TSTART (page 142) commmand was issued.

Param.Tracking.Sensitivity and Param.Tracking.Selected Volume: These two user
parameters can now be set only when the system isin Setup mode. Previously these user
parameters could be set in any mode, but would not take effect while the system wasin Tracking
or Diagnostic modes.

Alerts Parameters: The system response (LEDs and error codes) to some of the Position
Sensor aderts has changed. See Table 4-2 on page 24 for details. New alerts have been defined
for the SCU and strobers. See Table 4-3 on page 27 and Table 4-4 on page 29 for details.

Alerts System Response: Some of the alertsindicated in the alerts parameters result in the
system not returning data unless reply option 0x0800 is used with the BX or TX command (see
“Alerts User Parameters’ on page 23 for details). Previously, the system resumed returning data
once the Info.Satus.New Alerts parameter was read, regardless of whether the alert was
actually resolved. Now the system will not return data in these cases until the alert is resolved.

Changed Commands

1

BX (page 47) and TX (page 146)

e Bits6 and 7 in <System Status> report when a port handle has become occupied or
unoccupied due to an active tool, strober, or GPIO device being connected or disconnected.

* Reply option 0x0001: For GPIO devices, <Port Status> bits 1, 2, and 3 report the status of
GPIO lines defined as inputs. (For wired tools, these bits report switch status).
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* Reply option 0x0004 reports the 3D position of asingle, stray marker on an active tool.

2. GETLOG (page 74): The way the log name is specified has changed, to allow access to the
logs in both the Position Sensor and the SCU. If you specify the log name using the format from
previous versions of the API, the system will retrieve the log file for the Position Sensor. This
maintains backwards compatibility with previous versions of the API.

3. PHINF (page91)

* Reply option 0x0001: Strobers are reported as <main type> 08 and GPIO devices are
reported as <main type> OC.

¢ Reply option 0x0001: For GPIO devices, <Port Status> bits 1, 2, and 3 report the status of
GPIO lines defined asinputs. (For wired tools, these bits report switch status).

* Reply option 0x0008: For GPIO devices, bits 1, 2, and 3 report the status of GPIO lines
defined asinputs, and bits 5, 6, and 7 report the status of GPIO lines defined as outputs with
feedback. (For wired tools, bits 1, 2, and 3 report switch status, and bits 5, 6, and 7 report
LED status.)

*  Reply option 0x0020: For Polaris, Polaris Vicra, and passive Polaris Spectra, <hardware
device> is the Position Sensor serial number. For hybrid Polaris Spectra, thisisthe device
name of the strober that the tool is plugged into (STB-1 or STB-2). If the tool is plugged
into the SCU, thisis STB-0.

e Reply option 0x0040: This new reply option reports the status of the four GPIO linesin a
GPIO device.

4. PHRQ (page 99): For hybrid Polaris Spectra, specifying al wildcards for the <hardware
device> for awired tool or GPIO device will default to STB-0 (the tool ports on the SCU).

5. SYSLOG (page 138): A log name must now be specified, to allow accessto the logsin both the
Position Sensor and the SCU. If you do not specify alog name, the system will write to the log
file for the Position Sensor. This maintains backwards compatibility with previous versions of
the API.

6. TCTST (page 140): The low threshold for marker current is now OxOA.

7. VER (page 158): Reply option 3 now reports information for the System Control Unit. The
second line of the response was the Tool Interface Unit part number for Polaris. For Polaris
Spectra, the second line of the response is the serial number of the System Control Unit.

New Error Code

A new error code, 0x42, indicates when the command is specific to adevice that is not connected to
the system.

New Device Types

The following new device types are supported:

Device Type Hardware Device
SCU System Control Unit
STB Strober
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In G.001.003, only adevice type of PS (Position Sensor) was supported. For details on device types,
see “Device Names’ on page 21.

New User Parameters

New user parameters are as follows:

New User Parameter Description Access Rules Hardware Device
Param.Seria Port Hardware configuration of the serial port. Read SCU
Param.Strober Name  User-defined strober name (up to 31 chars). Read, write Strobers
Features.Firmware. Current firmware package number Read Position Sensor,
Package Number SCU
Features.Firmware. List of firmware revisions |oaded in the Read Position Sensor,
Available Versions device SCU
Features.Firmware. List of combined firmware revisionsloaded Read Position Sensor,
Available Combined  inthe device. SCU

Firmware Revisions

Features.Firmware. Current combined firmwarerevision of the  Read Position Sensor,
Combined Firmware device. SCU

Revision

Param.System Ext Enables/disables the external sync mode Read, write SCU

Sync Mode (seethe user guide for details).

Config.Multi List of combined firmwarerevisionsloaded Read Config (no hardware
Firmware.Available  inthe system. device specified.)
Combined Firmware

Revisions
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2.3 Differences Between Polaris Vicra/Polaris Spectra API Revision G.001.004
and G.001.005

This section lists the changes between revisions G.001.004 and G.001.005 of the API. Read this
sectionif:

e you have written an application compatible with revision G.001.004 of the API for the
Polaris Vicra or Polaris Spectra System, and

e you wish to update the application to use some or all of the new featuresin revision
G.001.005 of the API.

These changes are additions to the API. Any applications written to function with revision
G.001.002, G.001.003 or G.001.004 of the API will still function with revision G.001.005.

New User Parameters

New user parameters are as follows:

New User Parameter Description Access Rules Hardware Device
Param.Default Enables/disables returning awarning on Read, write Position Sensor
wavelength. PINIT if the default wavelength was
Return Warning selected for the tool corresponding to the

port handle.
Features.Firmware. Current safeloader firmware revision Read Position Sensor,
Safeloader Version  number. Scu

Changed Commands

1. GET (page 66) and GETINFO (page 68): On amulti-line GET or GETINFO command, thereis
no longer a<LF> beteen the last parameter=value pair and the <CR>.

2. PINIT (page 104): WARNINGO5 (In combined firmware 006 and later, WARNINGO05 is
returned when the system selects a default marker wavelength to track atool (if the tool’s tool
definition file did not specify a marker wavelength)).
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3

3.1

3.2

Note

Communicating with an NDI System
This chapter describes various aspects of communicating with an NDI system. It contains the
following sections:

e “Communication Overview” on page 12

e “Operating Modes” on page 12

e “General Syntax” on page 13

e “Receiving System Replies’ on page 14

e “Best Practices’ on page 15

e “Port Handles’ on page 16

Communication Overview

From the application perspective, the Polaris Vicra, or Polaris Spectra System is a serial device,
which islistening for incoming commands. Upon receiving a command, the system performs some
action and returns the status of this action. The system never initiates communication with the
application except on power up or reset, when it returns RESET<CRC16><CR>. (If only an SCU is
connected it will return SCUONLY<CRC16><CR>.)

Immediately after sending a command, the application can begin to poll the serial buffer for areply.
Most commands reply amost instantaneously. After reaching the end of the reply, the application
can send another command. There may be some delay in the response of the PINIT command, and
the commands used to read from and write to an SROM devicein awired tool.

The application must read the complete response from the system before sending another command. Failure to
do so may result in an error or in unpredictable system behaviour.

Operating Modes

The system has three modes of operation: Setup, Tracking, and Diagnostic. Some commands will
only work if they are sent while the system is in a specific mode of operation. If acommand is sent
when the system isin amode not valid for that command, the system returns ERROROC.

Setup

Setup mode allows you to configure the system and tools. Tasks done while the system isin Setup
mode may include initializing the system, writing to the SROM device on atool, or checking the
system firmware revision.

The order of the commands sent while in Setup mode isimportant. For example, a port handle must
beinitialized (PINIT) before it can be enabled (PENA).

The system enters the Setup mode either on successful power up, on sending areset, or on exiting
from Tracking or Diagnostic modes.

12
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3.3

Tracking

In Tracking mode, the system measures the positions and orientations of toolsin real time and
returns the information to the host computer when requested. The BX and TX commands are the
most commonly used commands in Tracking mode.

The system enters Tracking mode on successful TSTART command and exits Tracking mode on
TSTOP command.

Diagnostic
Diagnostic mode allows you to control and observe tools, but not track them.

The system enters Diagnostic mode on successful DSTART command and exits Diagnostic mode on
DSTOP command.

General Syntax

Commands must be sent from the host computer to the system in one of the two following formats.
To ensure the integrity of data transmission, NDI recommends using format 1, aswell as verifying
the returned CRC on the host computer.

Format 1

<Command><:><Parameterl><Parameter2>. . .<ParameterN><CRC16><CR>

A <:>must be sent with every command even if no parameters are required. There are no characters
or spaces separating the parameters or the individual parts of the commands, except in user
parameter names and string values used with the SET, GET, GETINFO, DFLT, and SYSLOG
commands. Commands and parameters are not case-sensitive, except for user parameter names and
string values used with the SET, GET, GETINFO, DFLT, and SY SLOG commands.

Thisformat requires a 16-bit CRC value and therefore may be more useful in application software.
The application software can incorporate a CRC calculation and add it to the command each time a
command is sent to the system. Including a CRC provides a communications check to ensure that
there are no communication problems between the system and the host computer. The CRC is used
in both the commands and replies. It is based on al the characters in the command, up to the CRC

itself. It is calculated using the polynomial x1 + x1° + x2 + 1. See “Sample C Routines’ on
page 175 for sample code to calculate the CRC.

Format 2

<Command><SPACE><Parameterl><Parameter?2>. . .<ParameterN><CR>

A <SPACE> must be sent with every command even if no parameters are required. There are no
characters or spaces separating the parameters or the individual parts of the commands, except in
user parameter names and string values used with the SET, GET, GETINFO, DFLT, and SYSLOG
commands. Commands and parameters are not case-sensitive, except for user parameter names and
string values used with the SET, GET, GETINFO, DFLT, and SY SLOG commands.

It is not necessary to calculate a Cyclic Redundancy Check (CRC) value when using this format, so
this format is useful for sending commands to the system in an application such as aterminal
program.
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34 Receiving System Replies
Binary Replies
Commands BX, GETLOG, and VGET return binary replies. All other commands return ASCI|
replies.
If a complete command is received by the system, replies are sent back in the format:
<Reply><CRC16>
The system always returns <CRC16> in the reply regardless of whether the command was sent in
format 1 or format 2. The <Reply> will be either the requested data, or ERROR<error code>. The
<error code>isatwo-digit hexadecimal error number. See“Error Code Definitions’ on page 167
for alisting of all the error messages associated with error numbers.
Binary replies are returned in little endian format. For example, a 32-bit reply is returned in the
format:
Bits 7-0 15-8 23-16 31-24
Reply byte n n+l n+2 n+3
ASCII Replies
All commands return ASCI| replies except BX, GETLOG, and VGET, which return binary replies.
If a complete command is received by the system, replies are sent back in the format:
<Reply><CRC16><CR>
The system always returns <CRC16> in the reply regardless of whether the command was sent in
format 1 or format 2. The <Reply> will be either the requested data, OKAY, WARNING,
WARNING<warning code>, or ERROR<error code>.
e WARNING isreturned only with the PINIT command. See PINIT (page 104) or “Warning
Code Definitions’ on page 170 for details.
e WARNING<warning code> isreturned only with the PENA command. See“Warning Code
Definitions” on page 170 for alisting of the warning messages.
* The<error code>isatwo-digit hexadecimal error number. See“Error Code Definitions’
on page 167 for alisting of al the error messages associated with error numbers.
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3.5 Best Practices

This section provides guidelines on how to write an application in order to minimize updates
required when there are changes to the API. If your application iswritten correctly, it will still work
when additions are made to the API; you will only need to update your application if you wish to
take advantage of the new features.

Ignore the value of any returned field that is listed as “reserved” in the APl guide. The
values of reserved fields may changein future API releases.

Program the application to allow al possible values of areturned field, not only the values
that are currently defined. This allows for future expansion. For example, if afield returns
one character, but currently only characters 0 and 1 are defined, do not write your
application such that 0 and 1 are the only acceptable values; more values may be defined in
the future.

Use the frame number, and not the host computer clock, to identify when data was collected.
The frame number isincremented by 1 at a constant rate of 60 Hz. Associating atime from
the host computer clock to replies from the system assumes that the duration of time
between raw data collection and when the reply isreceived by the host computer is constant.
Thisis not necessarily the case. The frame number is returned with the command BX
(page 47) or TX (page 146).

Use both the shape type and the shape parameters to represent the characterized
measurement volume graphically. There may be multiple volumes with the same shape
type. All volumes of the same shape type use the shape parameters the same way. The shape
type and shape parameters are returned with the command SFLIST (page 129).

When checking the firmware revision, check only the combined firmware revision, not the
firmware revision of the individual components. The combined firmware revision ensures
that all componentsin asystem have compatible firmware. To check the combined firmware
revision, read the value of the user parameter Config.Combined Firmwar e Revision or use
the command VER 5 (page 158). See “User Parameters’ on page 20 for information on
reading user parameters.

When checking for protocol compatibility, check for the API revision instead of the
combined firmware revision. An application written for a particular API revision will
function with any system that supports that API revision. See the command APIREV
(page 44) for details.

Use an application-specific parameter file to set the user parameter values every time the
systemisinitialized. This ensures that the settings are consistent every time, and allowsyou
to adopt new values or incorporate new parameters without having to update the application
software. See “ User Parameters” on page 20 for information on setting user parameters.

Use device names to access user parameters. See “Device Names’ on page 21 for
instructions on how to determine the device names of the hardware devicesin your system
and how to access user parameters using device names.

Use GET Device.* to determine which devices are in the system configuration, instead of
programming device names directly into the application. Thiswill allow the addition or
removal of devices without breaking the application. When setting or reading a user
parameter value for every hardware device in the system, create aloop to repeat the action
for every device name determined using GET Device.*. See “Device Names’ on page 21
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for instructions on how to determine the device names of the hardware devicesin your
system and how to access user parameters using device names.

* Read the timeout values of the API commands from the user parameter
Info.Timeout.<command name>; do not program the timeout values directly into the
application. See “ User Parameters’ on page 20 for information on user parameters. Note:
since the timeout values are the same for every system configuration, it is not necessary to
prefix the Info. Timeout user parameters with a device name unless you are communicating
with an SCU that is not connected to a Position Sensor. (In this case you must use the SCU’s
device name.)

¢ Do not use the system log to record minor system events. The system log is intended for
major milestones only, and may not have enough space to accommodate numerous minor
entries. For minor entries, use the user parameters Param.User.Sring0 to
Param.User.String4 as required. These parameters can be used for any purpose; the system
does not make use of them. For example, an incoming inspection result might be a major
milestone to be saved in the system log; a cleaning schedule might be a minor entry to be
saved in auser parameter. See “ User-Defined User Parameters’ on page 30 for information
on these user parameters.

3.6 Port Handles

About Port Handles

The system assigns each tool, GPIO device, and strober a port handle. Port handles are two

charactersin hexadecimal format, OxO1 to OXFF.

Port handles can be assigned to tools only while the system is in Setup mode.

Port Handle Commands

The following commands are used for port handles:

Command Description

PHSR (page 101)  Returnsthe number of assigned port handles and the port status for each one.
Assigns aport handle to awired tool or GPIO device.

PHRQ (page 99) Assigns aport handle to atool or GPIO device. PHRQ isfollowed by
PVWR.

PVWR (page 118) Assignsatool definition file to atool, overrides atool definition filein a
wired tool or GPIO device, and can be used to test atool definition file before
permanently recording the tool definition file onto the SROM device of a
wired tool or GPIO device.

PINIT (page 104)  Initializes a port handle.

PHINF (page 91) Returns port handle status, and information about the tool, GPIO device, or
strober associated with the port handle, including physical port location.
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Command Description

PHF (page 90) Releases system resources from an unused port handle. Thisisrequired if a
tool, GPIO device, or strober is disconnected. If atool, GPIO device, or
strober is disconnected and then reconnected, the system assignsit anew port
handle. The old handleis reported as disabled and should be freed using PHF.

PENA (page 86) Enables reporting of transformations for a particular port handle.

PDIS (page 85) Disables the reporting of transformations for a particular port handle.

The order in which these commands are used is detailed in Figure 3-1 on page 18 (for wired tools)
and Figure 3-2 on page 19 (for wireless toals).

Disabled Transformations
A transformation may be reported as DISABLED if:
« the port handle was not enabled with PENA (page 86),
¢ the port handle has been disabled with PDIS (page 85), or

« awiredtool, GPIO device, or strober has been disconnected and the port handle has not
been freed.

Unoccupied Port Handle

A port handle may be reported as UNOCCUPIED if:

* thetool, GPIO device, or strober has been disconnected and port handle information is
requested using PHINF (page 91), or

¢ you have requested a port handle with PHRQ (page 99) but you have not yet used PVYWR
(page 118) to associate atool definition file with the port handle.
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Flow Charts for Port Handle Usage

Figure 3-1 detailsthe logic for using port handles with wired tools, GPIO devices, and strobers.
Initializing and enabling a strober is optional .

Get port handles
that need to be freed
(PHSR 01)

Are there port
handles to be
freed?

no

Free port handle
(PHF)

Get port handles that
need to be initialized [«
(PHSR 02)

Are there
port handles
to be initialized?

Initialize handles
(PINIT)

Get port handles
to be enabled |«
(PHSR 03)

Are there
port handles
to be enabled?

Enable port
handles (PENA)

Start tracking
(TSTART)

«

Figure 3-1 Flow Chart for Port Handle Usage - Wired Tools
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Figure 3-2 details the logic for using port handles with wireless tools.

that need to be freed

Get port handles

(PHSR 01)

Are there port
handles to be
freed?

Free port handle
(PHF)

(PVWR)

no
Request port handle Do I need a P
(PHRQ) handle fW‘
no
Do | need to no
load a tool definitio
file?
v
Load tool Get port handles that
definition file need to be initialized

(PHSR 02)

Are there
port handles
to be initialized?

Get port handles
to be enabled |«

Initialize handles
(PINIT)

(PHSR 03)

Are there
port handles
to be enabled?

Start tracking

Enable port
handles (PENA)

(TSTART)

Figure 3-2 Flow Chart for Port Handle Usage - Wireless Tools
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4 User Parameters

This chapter contains the following sections about user parameters:

“About User Parameters’ on page 20

“User Parameter Commands’ on page 21
“Device Names’ on page 21

“Alerts User Parameters’ on page 23

“Bump Sensor User Parameters’ on page 30
“User-Defined User Parameters’ on page 30
“Complete List of User Parameters’ on page 31

4.1 About User Parameters

The user parameters store values for different aspects of the Polaris Vicraor Polaris Spectra System.
Some user parameters store values for the full system configuration; others store values pertaining to
aparticular hardware device in the system. Some user parameters are read-only parameters that store
useful information about the system; some user parameter values can be changed, to allow you to
configure the system.

User parameters fall under the following categories:

Image Capture User Parameters: These user parameters are used in conjunction with the
VSNAP and VGET commands to store settings and values related to image capture.

Settings User Parameters: These user parameters store settings for each hardware devicein
the system. For example, the illuminator rate and the available characterized measurement
volumes are stored in the settings user parameters.

Information User Parameters: These user parameters store status information for each
hardware device in the system, and command timeout val ues.

Features User Parameters: These user parameters store information about the features of
each hardware device in the system.

System Configuration User Parameters: These user parameters store information about the
configuration of the system. These user parameters describe the configuration of the entire
system, not a particular device.

Hardware Device Information User Parameters: These user parameters store information
about which hardware devices are part of the system.

For afull list of user parameters, see page 31.

20
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4.2

4.3

Note

Note

Note

User Parameter Commands

The following commands are used with the user parameters:

Command Description
DFLT (page 61) Restores the user parameters to factory default values.
GET (page 66) Returns user parameter val ues.

GETINFO (page 68)  Returns user parameter values and descriptive information
about the user parameters, including use details, possible
values, and access rules.

SET (page 125) Sets user parameter values.

SAVE (page 122) Saves all non-volatile user parameters that have been changed.

See theindividual commands for more details.

Device Names

Device names are supported in API revisions G.001.003 and later.

Each hardware device in the system configuration has a unique device name. For passive systems,
the Position Sensor is the only hardware device. For hybrid systems, the Position Sensor, System
Control Unit, and strobers each have a device name.

Each hardware device hasits own set of user parameters. Each Position Sensor and System Control
Unit hasitsown log file. Device names allow you to specify for which hardware device you wish to
access the user parameters or log file.

For information on the log files, see GETLOG (page 74) and SYSLOG (page 138).

Determining the Devices in the System Configuration

Use the GET command to determine which hardware devices are in your system. To ensure future
compatibility if more devices are integrated into your system, your application should read the list of
devices every time you connect to a system, or whenever a component is connected or disconnected.

The list of devices does not update while the system is in tracking mode. If a strober is connected while the
system is in tracking mode, the list of devices will not show the change until the system exits tracking mode.

The most general method of reading the list of devicesto ensure consistent behaviour in the futureis
asfollows:
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Command:
GET Device.*

Reply:
Device.Type.0=SCU
Device. Instance.0=0
Device.Type.1=PS
Device. Instance.1=0
Device.Type.2=STB
Device. Instance.2=0
Device.Type.3=STB
Device. Instance.3=1
Device.Type.4=STB
Device. Instance.4=2C845

The reply givesinformation about every device in the system configuration. For each device, there
are two parameters:

« DeviceType.X describes the type of connected device. Device types are as follows:

Device.Type Parameter Hardware Device

PS Position Sensor
SCU System Control Unit
STB Strober

« Devicelnstance.X describes the instance of that type of device in the configuration.

Parameters with the same X index value (for example, Device.Type.0 and Device.Instance.0)
describe the same device.

In the example above, the reply isfor ahybrid Polaris Spectra System with an a System Control
Unit, a Position Sensor, and two strobers. Since the System Control Unit also contains an internal
strober, atotal of three strobers are enumerated.

Constructing Device Names

User parameters for a particular device can always be accessed using the full device name. To
construct the device name for a particular device, use the following syntax:

<Device.Type.X>-<Device. Instance.X>

For the configuration in the example above, the device names are SCU-0, PS-0, STB-0, STB-1, and
STB-2. Theinterna strober in the System Control Unit is always STB-O0.

Accessing User Parameters Using Device Names

Each device hasits own set of user parameters. To ensure that the user parameters for the correct
device are accessed, prefix the parameter with the device name. All referencesto user parametersfor
adevice can be made using the device name. To access the user parameters for a particular device,
use the following syntax:

<Device.Type.X>-<Device.Instance.X>_.<User Parameter>

For example, use GET PS-0.Param.Tracking.Sensitivity to check the sensitivity level for
the Position Sensor.

22
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To view information about the parameters supported by the device, use the following commands:

GET PS-0.*
GETINFO PS-0.+
GETINFO PS-0.*

Note See the GET (page 66) and GETINFO (page 68) commands for details.

The system configuration user parameters (beginning with Config) and the hardware device user
parameters (beginning with Device) describe the configuration of the entire system. Do not prefix
these user parameters with a device name.

4.4 Alerts User Parameters

The alerts user parameters describe the status of a particular hardware device in the system. To
access the user parameters for a particular device, prefix the parameter with the device name as
described in “Device Names” on page 21.

Alerts User Parameters
Table 4-1 describes the alerts user parameters.

Table 4-1 Alerts User Parameters

User Description

Parameter P

Info.Status. This user parameter describes the current state of the hardware device by reporting the aertslisted in

Alerts Table 4-2 (for the Position Sensor), Table 4-3 (for the System Control Unit), or Table 4-4 (for the
strobers).
The bit corresponding to a particular alert is set when the system first detects the condition. Thisis
accompanied by the system response detailed in Table 4-2, Table 4-3, or Table 4-4. The bit is cleared
when the condition no longer exists. Note: the “bump detected” bit will be cleared only when you set the
Param.Bump Detector.Clear Position Sensor user parameter to “1”.

Info.Status. Read this user parameter when the diagnostic pending bit is set (bit 8 in the BX or TX system status).

New Alerts This user parameter lists the current alerts status whenever an alert is set or cleared. The act of reading
this parameter clears both this parameter and the diagnostic pending bit.
The bit corresponding to a particular alert is set when the system first detects the condition, and is cleared
when the system first detects that the condition has been resolved. Thisis accompanied by the system
response detailed in Table 4-2, Table 4-3, or Table 4-4. The act of reading this user parameter clearsit.

Info.Status. Read this user parameter if the overflow bit is set in the user parameter Info.Status.Alerts or

Alerts Overflow Info.Status.New Alertsfor aparticular hardware device. No bits are currently defined in this parameter.

Param.Simu- Simulates the I nfo.Satus.Alerts parameter for the hardware device specified, for testing purposes. To
lated Alerts test the response of a particular aert, set the value of this parameter to the value of the alert (see
Table 4-2, Table 4-3, or Table 4-4).
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Position Sensor Alerts

Table 4-2 describes the Position Sensor alerts that are returned by the Info.Satus.Alerts and
Info.Status.New Alerts user parameters. The returned value is an integer, which you must convert
to an 8-character hexadecimal number. The hexadecimal number is made up of the following
individual alert values OR’ d together:

Table 4-2 Position Sensor Alerts

Hexadecimal Position Sensor LED
Alert System Response o

Value Indication

0x00000001  Non-recoverable parameter fault  INIT returns ERROR15 Error LED: on
The system parameter file or Status LED: off
some other critical fileismissing
or has been corrupted (CRC
check failed).

0x00000002  Sensor parameter fault INIT returns ERROR15 Error LED: on
The sensor parameters were not Status LED: off
programmed properly, or cannot
be read by the system.

0x00000004 Main voltage fault Sets diagnostic pending bit (bit  Power LED: off
The input vol tageto the Position 8) inTX or BX system status. Status LED: on
Sensor is outside of the operating  Need reply option 0800in TX or  Error LED: on
range. Thismay becausedby a  BX to return data.
problem with the power supply.

0x00000008  Sensor voltage fault Sets diagnostic pending bit (bit  Error LED: on
One of the V0|tages supp“ed to 8) in TX or BX system status. Status LED: off
the sensor is outside of the Need reply option 0800in TX or
operating range. This may be BX to return data.
caused by a hardware failure.

0x00000010  IHluminator voltage fault Sets diagnostic pending bit (bit  Error LED: on
Theilluminator voltageisoutside 8) in TX or BX systemstatus. ~ Status LED: off
of operating range. This may be
caused by a hardware failure.

0x00000020  IHluminator current fault Sets diagnostic pending bit (bit  Error LED: on
Theilluminator currentisoutside  8) in TX or BX system status. ~ Status LED: off
of operating range. This may be
caused by a hardware failure.

0x00000040  Left sensor temperature fault INIT returns ERROR15 Error LED: on

The left sensor temperature
sensor is outside of functional
range.

Sets diagnostic pending bit (bit
8) in TX or BX system status.
The system will not return
tracking data, even if reply
option 0800 in TX/BX isused.

(API revision G.001.003 and
earlier: INIT ispossible; system
returnsdatain TX and BX if
0800 option is used.)

Status LED: off

24
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Table 4-2 Position Sensor Alerts (Continued)

Hexadecimal

Position Sensor LED

Value Alert System Response Indication
0x00000080 Right sensor temperature fault INIT returns ERROR15 Error LED: on
The right sensor temperature Sets diagnostic pending bit (bit ~ Status LED: off
sensor is outside of functional 8) in TX or BX system status.
range. The system will not return
tracking data, even if reply
option 0800 in TX/BX is used.
(API revision G.001.003 and
earlier: INIT is possible; system
returnsdatain TX and BX if
0800 option isused.)
0x00000100 Main temperature fault INIT returns ERROR15 Error LED: on
The main board temperature Sets diagnostic pending bit (bit ~ Status LED: off
sensor is outside of functional 8) in TX or BX system status.
range. The system will not return
tracking data, even if reply
option 0800 in TX/BX is used.
(API revision G001.003 and
earlier: INIT ispossible; system
returns datain TX and BX if
0800 option is used.)
0x00000200 Reserved
to
0x00080000
0x00100000  System battery fault Sets diagnostic pending bit (bit  Status LED: on
The system battery power istoo ~ 8) in TX or BX system status. Error LED: flashing
low. This may be caused by a Need reply option 0800in TX or
worn-out battery, or the battery BX to return data.
may not be connected. This
battery powers the bump sensor
and the system clock.
0x00200000 Bump detected Sets diagnostic pending bit (bit ~ Status LED: on
The bump sensor hasdetecteda ~ 8) in TX or BX system status. Error LED: flashing
bump. Need reply option 0800in TX or
BX to return data.
0x00400000 Reserved
0x00800000 Firmware incompatible INIT returns ERROR2E Status LED: on

The combination of firmware on
the Position Sensor is not
compatible. This may be caused
by afailed attempt to update the
firmware.

Error LED: on

(API revision
(G.001.003 and earlier:
statusLED ison; error
LED isflashing.)
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Note

Table 4-2 Position Sensor Alerts (Continued)

Hexadecimal

Position Sensor LED

Value Alert System Response Indication
0x01000000 Recoverable parameter fault INIT returns ERROR15 Status LED: on
The user parameter file has been Error LED: on
corrupted (CRC check failed) or
ismissing. To correct this (AP revision
problem, check that the settings G.001.003 and earlier:
of the user parameters are set status LED ison; error
correctly, and save them (use LED isflashing.)
SAVE (page 122)).
0x02000000 Internal flash memory isfull Sets diagnostic pending bit (bit  Status LED: on
The system cannot store any 8) in TX or BX system status. Error LED: off
additional datato the file system.
The flash memory can only be (AP revision
cleared by NDI. G.001.003 and earlier:
status LED ison; error
LED isflashing.)
0x04000000 Positioning Laser battery fault Sets diagnostic pending bit (bit  Status LED: on
The laser battery power is too 8)inTX or BX system status.  Error LED: off
low. Thismay be caused by a
worn-out battery, or the battery (AP revision
may not be connected. G.001.003 and earfier:
status LED is off;
error LED isflashing.)
0x08000000 Reserved
and
0x10000000
0x20000000 Temperature characterized high  Setstemperature bit (bit 9) in Status LED: on
The Position Sensor temperature  TX or BX system status.
is above the optimal operating Need reply option 0800in TX or
range (see the user guide for BX to return data.
details).
0x40000000 Temperature characterized low Sets temperature bit (bit 9) in Power LED: flashes
The Position Sensor temperature  TX or BX system status. during warm-up when
isbelow the optimal operating ~ Need reply option0800in TX or ~ Systemisfirst
range (see the user guide for BX to return data. powered on.
details). Status LED: on
0x80000000 Overflow. Status LED: on
Read the value of the user

parameter | nfo.Satus.Alerts
Overflow.

Some of the alerts indicated in Table 4-2 result in the system not returning data unless reply option 0x0800 is
used with the BX or TX command. In API revision G.001.003 and earlier, the system resumed returning data once
the Info.Status.New Alerts parameter was read, regardless of whether the alert was not resolved. In API revision
G.001.004 and later, the system will not return data in these cases until the alert is resolved.
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System Control Unit Alerts

Table 4-3 describes the

alertsthat are returned by the Info.Satus.Alerts and Info.Satus.New

Alerts user parameters. The returned value is an integer, which you must convert to an 8-character
hexadecimal number. The hexadecimal number is made up of the following individual alert values

OR'd together:
Table 4-3 System Control Unit Alerts
Hexadecimal SCU LED
Value Alert System Response Indication
0x00000001  Non-recoverable parameter fault INIT returns ERROR15 Error LED: on

The system parameter file or some
other critical fileis missing or has been
corrupted (CRC check failed).

Status LED: off

Rear LED: amber

0x00000002 Position Sensor current fault Setsdiagnostic pending bit (bit Status LED: on
The Position Sensor current isoutside  8) in TX or BX system status.  Error LED: on
of the expected range. This may be
caused by a problem with the Position Rear LED: amber
Sensor, SCU, or cables.

0x00000004  Position Sensor communication fault  Setsdiagnostic pending bit (bit  Status LED: on
The SCU can detect the Position 8) in TX or BX system status.  Error LED: on
Sensor, but cannot communicate with
it. This may be caused by a problem Rear LED: amber
with the Position Sensor or cable.

0x00000008 Reserved

0x00000010 Internal strober communication fault Setsdiagnostic pending bit (bit Error LED: on
The SCU can detect the internal 8) in TX or BX system status.  Status LED: off
strober, but cannot communicate with
it. Rear LED: amber

0x00000020  Strober communication fault Setsdiagnostic pending bit (bit Status LED: on
The SCU can detect the strober 8) in TX or BX system status.  Error LED: on
connected to the SCU, but cannot
communicate with it. Rear LED: amber

0x00000040  Strober communication fault Setsdiagnostic pending bit (bit Status LED: on
The SCU can detect the second 8) in TX or BX system status.  Error LED: on
connected strober, but cannot
communicate with it. Rear LED: amber

0x00000080 Reserved

to

0x00080000

0x00100000 Too many strobers Setsdiagnostic pending bit (bit Status LED: on

Too many strobers are connected to the
system.

8) in TX or BX system status.

Error LED: off

Rear LED: green
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Table 4-3 System Control Unit Alerts (Continued)

Hexadecimal Alert Svstem Response SCU LED
Value y P Indication
0x00200000 No strober connected to strober cable  Setsdiagnostic pending bit (bit  Status LED: on
The SCU can detect a strober cable 8) in TX or BX system status.  Error LED: off
with no strober connected.
Rear LED: green
0x00400000 System firmware incompatible INIT returns ERROR2E Status LED: on
Not all components in the system have Error LED: on
compatible firmware. To correct this,
update the firmware, or load a different Rear LED: amber
firmware revision (if the Multi
Firmware feature isinstalled).
0x00800000 Firmware incompatible INIT returns ERROR2E Status LED: on
The combination of firmware on the Error LED: on
SCU isnot compatible. This may be
caused by afailed attempt to update the Rear LED: amber
firmware.
0x01000000 Recoverable parameter fault INIT returns ERROR15 Status LED: on
The user parameter file has been Error LED: on
corrupted (CRC check failed) or is
missing. To correct this problem, check Rear LED: amber
that the settings of the user parameters
are set correctly, and save them (use
SAVE (page 122)).
0x02000000 Interna flash memory isfull Setsdiagnostic pending bit (bit Status LED: on
The System cannot store any additional 8) inTX or BX system status. Error LED: off
datato thefile system. The flash
memory can only be cleared by NDI. Rear LED: green
0x04000000 External sync frequency out-of-range  Setsdiagnostic pending bit (bit Status LED: on
The system will have diased theout- ~ 8) in TX or BX system status. ~ Error LED: off
of-range external sync frequency in
order to continue to operate. Rear LED: green
0x08000000 Reserved
to
0x40000000
0x80000000 Overflow. Status LED: on

Read the value of the user parameter
Info.Satus.Alerts Overflow.

Rear LED: green
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Strober Alerts

Table 4-4 describes the strober aerts that are returned by the Info.Satus.Alerts and

Info.Status.New Alerts user parameters. The returned value is an integer, which you must convert
to an 8-character hexadecimal number. The hexadecimal number is made up of the following
individual alert values OR'’ d together:

Table 4-4 Strober Alerts

Hexadecimal Strober LED
Alert System Response Lo

Value Indication

0x00000001 Non-recoverable parameter fault Sets diagnostic pending bit Status LED: off
The system parameter data or some other (blt 8) inTX or BX system Error LED: on
critical datais missing or has been status.
corrupted (CRC check failed).

0x00000002 Marker current fault Sets diagnostic pending bit Status LED: off
The marker current is above the limit (bit8) in TX or BX system  Error LED: on
when no markers are activated. Thisisa  Status.
strober hardware fault.

0x00000004 Input voltage fault. Sets diagnostic pending bit Status LED: off
Theinput voltage to the strober isoutside  (bit 8) inTX or BX system  Error LED: on
of the expected range. This may be status.
caused by a problem with the strober,
SCU, or cables.

0x00000008 Internal voltage 1 fault Sets diagnostic pending bit Status LED: off
Theinternal voltage 1isoutside of the ~ (bit 8) in TX or BX system  Error LED: on
expected range. Thismay be caused by a  Status.
problem with the strober, SCU, or cables.

0x00000010 Internal voltage 2 fault Sets diagnostic pending bit Status LED: off
Theinternal voltage 2 isoutside of the ~ (bit 8) in TX or BX system  Error LED: on
expected range. Thismay be caused by a  Status.
problem with the strober, SCU, or cables.

0x00000020to  Reserved

0x00400000

0x00800000 Firmware incompatible Sets diagnostic pending bit Status LED: on
The combination of firmware on the (bit8) in TX or BX system  Error LED: on
strober is not compatible. Thismay be ~ Status.
caused by afailed attempt to update the
firmware.

0x01000000 Recoverable parameter fault Sets diagnostic pending bit Status LED: on
The user parameter data has been (bit 8) in TX or BX system  Error LED: on
corrupted or ismissing. To correct this ~ Status.
problem, check that the settings of the
user parameters are set correctly.

0x02000000to0  Reserved

0x80000000
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4.5 Bump Sensor User Parameters

Table 4-5 liststhe user parameters that relate to the bump sensor. For details on the bump sensor, see
the user guide that accompanied your system.

Table 4-5 Bump Sensor User Parameters

User Parameter Description

Info.Status.Bump This user parameter indicates when the system has detected a bump.

Detected
The system setsthis user parameter to “1” upon detecting a bump. The system resets
this user parameter to “0” once you have set the Param.Bump Detector.Clear user
parameter to “1”.

Param.Bump Set this user parameter to clear all bumps detected up to that point. This clearsthe

Detector.Clear “bump detected” bit in the Info.Status.Alerts user parameter, and sets the
Info.Satus.Bump Detected user parameter and the
Param.Bump Detector.Bumped user parameter to “0”.
Values. “1" clears al detected bumps. The system will automatically reset this user
parameter to “0".

Param.Bump This user parameter indicates when the system has detected a bump.

Detector.Bumped
The system sets this user parameter to “1” upon detecting a bump. The system resets
this user parameter to “0” once you have set the Param.Bump Detector.Clear user
parameter to “1.”

Param.Bump This user parameter enables the bump detector.

Detector.

Bump Detection

Values:
“1” bump detector enabled (default).
“0” bump detector disabled.

4.6 User-Defined User Parameters

There are five user parameters, Param.User.String0 to Param.User.Sring4, that can be used to
store user-defined information. For example, these parameters could be used to keep track of the
system maintenance or cleaning schedule. These parameters can be used for any purpose; the system
does not make use of them.

The user-defined user parameters are associated with a particular hardware device in the system. To
access the user parameters for a particular device, prefix the parameter with the device name as
described in “Device Names’ on page 21.
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4.7 Complete List of User Parameters

The following tables list the user parameters for the Polaris Vicraand Polaris Spectra Systems. If
you have upgraded the firmware in your system, you may have access to additional user parameters.
To view acomplete list of user parameters for your system, use the command GET * (for parameter

names and values) or GETINFO * (for parameter names, values, and usage details).

Image Capture User Parameters

The following user parameters are used in conjunction with the VSNAP and VGET commands. See
VSNAP (page 165) and VGET (page 160) for details. These user parameters apply only to the
Position Sensor. To access these user parameters, prefix the user parameter name with the device

name of the Position Sensor.

Table 4-6 Image Capture User Parameters

User Parameter Name Description Access Rules
Cmd.V Snap.|lluminated Frame Forces the collection of aframe with illuminatorson. Read, write
API revision G.001.004 and later: can only be setin
Setup mode.
API revision G.001.003 and earlier: takes effect on
next DSTART or TSTART.
Cmd.V Snap.Background Frame Forces the collection of a background frame with Read, write
illuminators off.
API revision G.001.004 and later: can only be set in
Setup mode.
API revision G.001.003 and earlier: takes effect on
next DSTART or TSTART.
Cmd.V Snap.Manua Shutter Exposure time for illuminated and background Read, write
frames [usec]
Cmd.V Snap.Frame Types Enumeration of tool classes reported in aframe Read
sequence
Cmd.VGet.Threshold.Shutter Time  Exposure time for threshold cal culations [usec] Read, write
Cmd.VGet.Threshold.Trigger Spot detection trigger threshold [% full scal€] Read
Cmd.VGet.Threshold.Background  Background suppression threshold [% full scal€] Read
Cmd.V Get.Sensor.Color Depth Number of bits per pixel on the video sensor Read
Cmd.V Get.Sensor.Width Number of horizontal pixels on the video sensor Read
Cmd.V Get.Sensor.Height Number of vertical pixels on the video sensor Read
Cmd.VGet.Start X Image capture start column Read, write
Cmd.VGet.End X Image capture end column Read, write
Cmd.VGet.Color Depth Image capture returned bits per pixel Read, write
Cmd.VGet.Stride Image capture horizontal pixel step Read, write
Cmd.VGet.Sample Option Image capture sample option for the stride; see Read, write
VGET (page 160) for details.
Cmd.V Get.Compression Image capture returned data compression Read, write
Polaris Application Program Interface Guide - Revision 5 31



User Parameters

Settings User Parameters

The following user parameters store settings for the hardware devices indicated in the Hardware
Device column. To access the user parameters for a particular device, prefix the user parameter
name with the device name (see “Device Names’ on page 21 for details).

Table 4-7 System Settings User Parameters

User Parameter Name Description Access Rules Har(_jware
Device
Param.Laser.Laser Status Starts/stops firing the positioning Read, write Position Sensor
laser. Use this parameter when the
Positioning Laser keyed featureis
enabled. See“Positioning Laser” on
page 174 for details. The laser will
turn off automatically after 60 s.
Param.User.String0 User-defined string (up to 63 chars)  Read, write, save Position Sensor,
SCU
Param.User.Stringl User-defined string (up to 63 chars) Read, write, save Position Sensor,
SCU
Param.User.String2 User-defined string (up to 63 chars) Read, write, save Position Sensor,
SCU
Param.User.String3 User-defined string (up to 63 chars)  Read, write, save Position Sensor,
SCU
Param.User.String4 User-defined string (up to 63 chars)  Read, write, save Position Sensor,
SCU
Param.Firmware. Current firmware revision number  Read Position Sensor,
Current Version SCU
Param.Tracking. Available characterized measure- Read Position Sensor
Available Volumes ment volumes
Param.Tracking. Selects a characterized measure- Read, write Position Sensor
Selected Volume ment volume.

Can only be set in Setup mode.

Param.Tracking.Sensitivity Background IR sensitivity level (1- Read, write, save Position Sensor
highest, 7-lowest)

Param.Tracking.llluminator [lluminator activation frequency Read, write Position Sensor
Rate [HZ]
Can only be set in Setup mode.
Param.Default Wavelength. Enables/disablesreturning awarn-  Read, write Position Sensor
Return Warning ing on PINIT if the default wave-
length was selected for the tool
corresponding to the port handle.
Param.Bump Detector. Enables the bump sensor. Read, write, save Position Sensor
Bump Detection
Param.Bump Detector.Clear Set to 'Clear’ (1) to acknowledge Read, write Position Sensor
reported bumps.
Param.Bump Detec- Indicatesif the system has detected Read Position Sensor
tor.Bumped abump.
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Table 4-7 System Settings User Parameters

Param.System Beeper Enables/disables the beeper Read, write, save Position Sensor,
seguence on system reset. SCU
Param.Watch Dog Timer If non-zero, the Position Sensor Read, write Position Sensor
beepsif no host communication
occurs after this amount of time
(sec).
Param.Simulated Alerts Simulates the 'Info.Status.Alerts Read, write, save Position Sensor,
parameter, for testing purposes. (read/writeonly ~ SCU, strobers
on strobers)
Param.Host Connection Communication port being used for Read Position Sensor,
this connection SCU
Param.Seria Port Hardware configuration of theserial  Read SCU
port.
Param.Strober Name User-defined strober name (upto 31 Read, write Strobers
chars). (saves on write)
Param.System Ext Sync Mode Enables/disablesthe external sync  Read, write SCU

mode (see the user guide for
details).

Information User Parameters

The following user parameters store status information for the hardware devices indicated in the
Hardware Device column, and command timeout values. To access the user parameters for a
particular device, prefix the user parameter name with the device name (see “ Device Names’ on

page 21 for details).

Table 4-8 Information User Parameters
User Parameter Name Description Access Harqlware
Rules  Device
Info.Timeout.<command>  Timeout for the specified command (sec). For the Read Position Sensor,
SCU, only the following commands have timeout SCU
values: APIREV, COMM, DFLT, ECHO, GET,
GETINFO, GETIO, GETLOG, INIT, SETIO,
SYSLOG, RESET, SAVE, SET,VER.
Info.Status.System Mode ~ System operating mode Read Position Sensor
Info.Status.Alerts System hardware and operating status flags; see  Read Position Sensor,
“Alerts User Parameters’ on page 23 for details. SCU, strobers
Info.Status.New Alerts System hardware and operating status flags; see  Read Position Sensor,
“Alerts User Parameters’ on page 23 for details. SCU, strobers
Info.Status.Alerts Overflow System hardware and operating status flags over- Read Position Sensor,
flow; see“ Alerts User Parameters’ on page 23 SCU
for details.
Info.Status.Bump Detected Indicates if the system has detected a bump. Read Position Sensor
Info.Status.New Log Entry  Indicates anew system log entry has been made; Read, Position Sensor,
set to 'False’ (0) to clear. write SCU
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Features User Parameters

The following user parameters store information about the features for the hardware devices
indicated in the Hardware Device column. To access the user parameters for a particular device,
prefix the user parameter name with the device name (see “ Device Names’ on page 21 for details).

Table 4-9 Features User Parameters

User Parameter Name Description Access Rules HarQWare
Device
Features.Keys.Installed 'Value' isthe name of theinstalled fea= Read Position Sensor,
Keys.0 ture. SCU
Features.Keys.Disabled Keys List of disabled keyed features, change Read, write, Position Sensor,
takes effect on next reset. Seepage 171  save SCU
for details.
Features. Tools.Enabled Tools Maximum number of tools that can be Read Position Sensor
enabled simultaneously
Features. Tools.Active Ports Maximum number of wired active Read Position Sensor
tools that can be enabled simultane-
ously
Features.Tools.Passive Ports ~ Maximum number of passivetoolsthat Read Position Sensor
can be enabled simultaneously
Features.Tools.Wireless Ports  Maximum number wirelessactivetools Read Position Sensor
that can be enabled simultaneously
Features.Firmware.Version Current firmware revision number Read Position Sensor,
SCU, strobers
Features.Firmware. Current firmware major revision Read Position Sensor,
Major Version number SCU
Features.Firmware. Current firmware minor revision Read Position Sensor,
Minor Version number SCU
Features.Firmware. Current firmware build revision Read Position Sensor,
Build Number number SCU
Features.Firmware. Available List of firmwarerevisionsloadedinthe Read Position Sensor,
Versions device SCU
Features.Firmware. Number of firmwarerevisionsthat may Read Position Sensor,
Maximum Versions be stored in the device simultaneously SCU
Features.Firmware. System configuration checksum (for Read Position Sensor,
Configuration Check NDI use only) SCuU
Features.Firmware.Package  Current firmware package number Read Position Sensor,
Number SCU
Features.Hardware. Hardware device seria number Read Position Sensor,
Serial Number SCU, strobers
Features.Hardware. Hardware device customer number Read Position Sensor,
OEM Number SCU, strobers
Features.Hardware.Model Hardware device model name Read Position Sensor,
SCU, strobers
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Table 4-9 Features User Parameters (Continued)

Features.Firmware. Current safeloader firmware revision Read Position Sensor,
Safeloader Version number. SCU
Features.Firmware. List of combined firmware revisions Read Position Sensor,
Available Combined loaded in the device. SCU

Firmware Revisions

Features.Firmware. Current combined firmwarerevisionof Read Position Sensor,
Combined Firmware Revision the device. SCU

System Configuration User Parameters

The following user parameters store information about the configuration of the system. These user
parameters describe the configuration of the entire system, not a particular device. Do not prefix
these user parameters with a device name.

Table 4-10 System Configuration User Parameters

User Parameter Name Description Access Rules
Config.Multi Firmware. Combined firmware revision to load on next reset Read, write
Load Combined Firmware (selection automatically saves when set). Use this
Revision parameter when the Multi Firmware keyed feature is

enabled. See“Multi Firmware Feature” on page 172 for

details.
Config.Multi Firmware. Combined firmware revision to replace on next upgrade  Read, write, save
Update Combined Firmware  or downgrade. Use this parameter when the Multi Firm-
Revision ware keyed feature is enabled. See “Multi Firmware

Feature” on page 172 for details.
Config.Password Enter the password to enable the ability to changeand  Read, write

save the system configuration. Use this parameter when
the Password Protect keyed feature is enabled. See
“Password Protect Feature” on page 174 for details.

Config.Multi Firmware. List of combined firmwarerevisionsloaded inthesyss Read
Available Combined tem.

Firmware Revisions

Config.Combined Firmware  Current combined firmware revision of the system. Read
Revision
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Hardware Device Information User Parameters

The following user parameters store information about the hardware devices in the system. Do not
prefix these user parameters with a device name. See “ Device Names’ on page 21 for information
on how to use the hardware device user parameters.

Table 4-11 Hardware Device User Parameters

User Parameter Name Description Access Rules
Device.Type.O Type of device in the system configuration Read
Device.Instance.0 Instance of this type of device in the system configuration Read
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5 Commands

Before sending any commands to the system, read the user guide that accompanied your system to
ensure that you have afull understanding of the system functionality. The user guideis available on
the NDI Support Site at http://support.ndigital .com.

Resetting the System with a Serial Break

Resets the system.

Operating Mode

All modes

Compatibility
All systems

Syntax

The method depends on the host computer.

Reply
RESET<CRC16><CR>

Usage Notes

1. Theseria break isaspecial condition, and is specific to the host computer operating system.
Refer to your computer manuals to determine how to generate a serial break.

2. The seria break isagood recovery method in the following situations:

»  System warm boot: the system is powered up, but you don’t know the communication setup,
or which mode the systemiisin.

e Synchronization error: while in the Tracking mode, the BX or TX reply status returns that
synchronization errors have occurred.

e Lossof communication: the host computer and the system can no longer communicate.
3. After aserial break:
» All processorsreceive a soft reset. Use RESET 1 to perform a hard reset.

e The system serial communication settings return to the default values. 9600 baud, 8 data
bits, no parity, 1 stop bit, and no hardware handshaking.

e Uponinitialization, the SCU emits one beep, and the Position Sensor emits a distinctive 2-
beep sequence. To disable the beep, use the command SET (page 125) to set the value of the
user parameter Par am.System Beeper to 07, then use the command SAVE (page 122). For
more information on user parameters, see “ User Parameters’ on page 20.
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Compatibility Notes

1. A serial break will reset the system if it is physically connected to the host computer. For
systems that use a wireless connection, use RESET (page 120) to reset the system.

2. After aserial break, all processors receive a soft reset. Use RESET 1 to perform a hard reset.
3. If only an SCU is present, the reply string will be SCUONLY C3E3.

Example

Command:
N/A

Reply:
RESETBEG6F
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3D

Returns the latest three-dimensional marker position of a single marker or multiple markers.

Operating Mode

Diagnostic, Tracking)

Compatibility
All systems

Prerequisite Command

IRED (page 81), only for active markers in Diagnostic mode

Syntax

3D<SPACE><Port Handle><Reply Option><CR>

Parameter Description
Port 2 hexadecimal characters.
Handle
Specifies for which type of marker the system will report data (see “Usage Notes’ on
page 43 for details). The specified port handle must beinitialized (PINIT) and enabled
(PENA).
Reply Specifies which information will be returned.
Option
The reply options cannot be OR’d.
Valid Values:
1 Single marker 3D data, with error value
2 Single marker 3D data, with error value and out-of-volume information
3 Single marker 3D data, with line separation value
4 Single marker 3D data, with line separation value and out-of-volume information
5 3D datafor up to 50 markers, with line separation and out-of-volume information
Replies

Upon Success:

<Number of Visible Markers><LF>
<Reply Option n Data><CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.
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Reply Component | Description

Number of 3 characters

Visible (asign and 2 decimal digits)
Markers

The number of markers detected by the system.

For reply options 1 to 4, only one marker can bein view. If more than one marker isin
view, the system will return 00 for the number of markers.

Reply Option
n Data

The data specific to the requested reply option. Seethe reply option information below
for details:

Reply option 1 (3D datafor a single marker, with error value)

Reply option 2 (3D data for a single marker, with error value and out-of-volume infor-
mation)

Reply option 3 (3D data for asingle marker, with line separation value)

Reply option 4 (3D data for a single marker, with line separation value and out-of-vol-
ume information)

Reply option 5 (3D datafor up to 50 markers, with line separation and out-of-volume
information)

Reply Option 1 - 3D data for a single marker, with error value

<Reply Option 1 Data> = <Tx><Ty><Tz><Error Value>

Reply Component

Description

™%, Ty, Tz

9 characters each
(asign, and 8 decimal digits with an implied decimal in the position X XXX . XXXX)

Position of the marker, in the coordinate system of the Position Sensor.

Error Value

4 characters
(asign, and 3 decimal digits with an implied decimal in the position X . XX)

The normalized error number associated with the calculation for this marker position.
Note: The Polaris Vicraand Polaris Spectra Systems will not calculate an error, and
will return +000 instead.

Possible Values:
+000 (best case) to +100 (worst case)
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Reply Option 2 - 3D data for a single marker, with error value and out-of-volume information

<Reply Option 2 Data> = <Tx><Ty><Tz><Error Value><Out of Volume>

Reply Component

Description

™%, Ty, Tz

9 characters each
(asign, and 8 decimal digits with an implied decimal in the position X XXX . XXXX)

Position of the marker, in the coordinate system of the Position Sensor.

Error Value

4 characters
(asign, and 3 decimal digits with an implied decimal in the position X . XX)

The normalized error number associated with the cal culation for this marker position.
Note: The Polaris Vicraand Polaris Spectra Systems will not calculate an error, and
will return +000 instead.

Possible Values:
+000 (best case) to +100 (worst case)

Out of Volume

1 hexadecimal character

Indicates whether the marker is outside the characterized measurement volume.

Possible Values:

0 The marker isinside the characterized measurement volume.

1 The marker is out of volume.

Reply Option 3 - 3D data for a single marker, with line separation value

<Reply Option 3 Data> = <Tx><Ty><Tz><Line Separation>

Reply Component | Description

™, Ty, Tz 9 characters each
(asign, and 8 decimal digits with an implied decimal in the position XXXX . XXXX)
Position of the marker, in the coordinate system of the Position Sensor.

Line 4 characters

Separation (asign, and 3 decimal digits with an implied decimal in the position X . XX)

The minimum distance (in mm) between the two lines of sight calculated from the
marker image on the left and right sensor to the IR source.

Possible Values:
+000 (best case) to +999 (worst case)
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Reply Option 4 - 3D data for a single marker, with line separation value and out-of-volume information

<Reply Option 4 Data> = <T,><T,><T,><Line Separation><Out of Volume>

Reply Component | Description

™, Ty, Tz 9 characters each
(asign, and 8 decimal digits with an implied decimal in the position XXXX . XXXX)

Position of the marker, in the coordinate system of the Position Sensor.

Line 4 characters
Separation (asign, and 3 decimal digits with an implied decimal in the position X . XX)

The minimum distance (in mm) between the two lines of sight calculated from the
marker image on the left and right sensor to the IR source.

Possible Values:
+000 (best case) to +999 (worst case)

Out of Volume |1 hexadecimal character
Indicates whether the marker is outside the characterized measurement volume.

Possible Values:

0 The marker isinside the characterized measurement volume.

1 The marker is out of volume.

Reply Option 5 - 3D data for up to 50 markers, with line separation value and out-of-volume information

<Reply Option 5 Data> =
<Tyx1><Ty1><T,;><Line Separation 1><Out of Volume 1><LF>

<Tx50><Ty50><T 50><Line Separation 50><Out of Volume 50><LF>

Reply Component | Description

Txn, Tyn, Tzn |9 characterseach
(asign, and 8 decimal digits with an implied decimal in the position XXXX . XXXX)

Position of the n' marker, in the coordinate system of the Position Sensor. The system
will report up to 50 3D positions, including phantom markers. If the system detects
more than 50 IR sources, it will only report the first 50. The IR sources are not reported
in any particular order.

Line 4 characters
Separation n | (asign, and 3 decimal digitswith an implied decimal in the position X . XX)
Line separation of the nt" marker. The minimum distance (in mm) between the two

lines of sight calculated from the marker image on the left and right sensor to the IR
source.

Possible Values:
+000 (best case) to +999 (worst case)
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Reply Component | Description

Out of Volume |1 hexadecima character
n

Indicates whether the n'h marker is outside the characterized measurement volume.

Possible Values:

0 The marker isinside the characterized measurement volume.

1 The marker is out of volume.

Usage Notes

1

The specified port handle must be initialized using PINIT (page 104) and enabled using PENA
(page 86).

You may need to use the 3D command about ten timesif it is sent immediately after using IRED
(page 81). This allows time for the system to implement the activation signature and optimize
the signal by adjusting the range control.

Reply Options 1 to 4: You cannot have more than one marker in view. Any other IR sourcesin
view will prevent the system from returning marker data.

Reply Option 5: The system does not distinguish between real markers, phantom markers, or
other IR sources. You must determine whether the reported marker positions are valid. See the
user guide for more information on phantom markers.

The 3D command returns data regardless of the bump status, temperature status, and other
system status conditions. Before trusting the marker positions returned by the 3D command, you
should check these conditions by reading the | nfo.Status.Alerts user parameter. (Use the GET
(page 66) command to check the value of user parameters.) You can usethe BX (page 47) or TX
(page 146) command to request 3D data that is filtered when the bump status, temperature
status, or other system conditions are not ideal.

Compatibility Notes

Reply Option 1 and Reply Option 2: The system will not calculate an error, and will return an error
value of +000.

Example

Command:
3D 011

Reply:
+01-12345678+12345678-12345678+0954B7B

In this case, one marker isin view.
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APIREV

Returns the API revision number that functions with your system.

Operating Mode

All modes

Compatibility
All systems

Syntax

AP IREV<SPACE><CR>

Replies

Upon Success:
<Family>_.<Major revision number>._.<Minor revision number><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component | Description

Family 1 ASCII character. This character isaways G.. (Other types of NDI measurement
systems use other characters.)

Major revision |3 ASCIl characters

number The mgjor revision number isincremented whenever thereis an incompatible change
in the API. (Whenever acommand is deprecated or when itsresponseis changedin a
way that may break an application.)

Minor revision |3 ASCII| characters

number The minor number isincremented whenever there is an addition to the API that is
compatible with all existing applications and usage. (Compatible changes are addi-
tions to the APl command or option set that will not affect any existing applications.)

Compatibility Notes
The APIREV command is compatible with the Polaris Vicra System and the Polaris Spectra System.

Example

Command:
APIREV

Reply:
G.001.004A0C0

44

Polaris Application Program Interface Guide - Revision 5



BEEP

BEEP

Sounds the system beeper.

Operating Mode

All modes

Compatibility
All systems

Syntax

BEEP<SPACE><Number of Beeps><CR>

Parameter Description

Number of Beeps | Valid Values:
1t09

Replies

Upon Success:
<Beep Status><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component | Description

G.001.002
G.001.003
G.001.004
G.001.005

Beep Status Possible Values:

0 | Thesystem is busy beeping.

>
x
X
x

1 Beeping has started.

Usage Notes

1. The beep duration is shorter than the beep used for reset and fatal error conditions.

2. Disabling the system beeper (by setting the value of the user parameter Param.System Beeper)
does not affect the BEEP command.

Compatibility Notes

The system will never return a beep status of 0. If you send the BEEP command while the systemis
busy beeping, the system will return a beep status of 1, but will not initiate the second sequence of

beeps.
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Example

Command:

BEEP 1

Reply:
1D4C1

46
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BX

Returns the latest tool transformations, individual marker positions, and system statusin binary

format.

Operating Mode

Tracking

Compatibility

All systems

Syntax

BX<SPACE><Reply Option><CR>

N (3.2 < Lo
o o o o
- S |S |9 | S
Parameter | Description Sld|d|d
SS9 |S
CHEEORRORENO
Reply Optional. Specifies which information will be returned. If no reply option
Option |isspecified, the system returnsinformation for reply option 0001.
The reply options are hexadecimal numbers that can be OR'd. If multiple
reply options are used, the replies are returned for each port handle in order
of increasing option value, with the following exceptions:;
Reply option 0800 is not reported separately from the other options; it sim-
ply enables the system to return certain information in the other options.
Reply option 1000 is reported after all handle-specific options but before
the <system status> and <CRC16>.
Valid Values:
0001 | Transformation data (default) X | X | X [X
0002 | Tool and marker information X | X | X [X
0004 | 3D position of asingle stray active marker X | X
0008 | 3D positions of markers on tools X | X [ X | X
0800 | Transformations not normally reported X | X [ X | X
1000 | 3D positions of stray passive markers X | X [ X | X
Replies

Upon Success:
<Start Sequence><Reply Length><Header CRC><01(Number of Handles)>
<Handle 1><Handle 1 Status><Reply Opt 0001 Data>...<Reply Opt 0008 Data>

<Handle n><Handle n Status><Reply Opt 0001 Data>...<Reply Opt 0008 Data>
<Reply Option 1000 Data>
<System Status><CRC16>
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Note The reply for the BX command is binary data.

Note If a handle status is “disabled,” the system will not return any of <Reply Option 0001 Data>...
<Reply Option 0008> for that port handle.

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

N ™ < Lo
o o o o
. ISEESHR<N RS
Reply Component | Description dig|d|d
S| S| S| S
Oololo|lo
Start 2 bytes: A5C4 X | X | X | X
Sequence
Indicates the start of the BX reply.
Reply Length |2bytes X | X | X [ X
Indicates the number of bytesin the reply body between the
<Header CRC> and the <CRC16>, exclusive.
Header CRC 2 bytes X | X | X | X
CRC16 of <Start Sequence> and <Reply Length>
Number of 1 byte X | X | X [X
Handles
The number of port handles for which information is returned.
Handle n 1 byte X | X | X |X
The port handle whose information follows.
Handle Status |1byte
Possible Values:
01 Valid X | X | X [ X
02 Missing X | X | X | X
04 Disabled X [ X | X |X
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N (a0} < Lo
o o o o
. SHEESER=T K=
Reply Component | Description S|lg|g| g
Qe | e |e
CRNOCREGCRRU]
Reply Option | The dataspecific to the requested reply option. See the reply
m Data option information below for details:
Reply option 0001 (transformation data) (default) X X
Reply option 0002 (tool and marker information) X | X | X |X
Reply option 0004 (latest 3D position of single, stray, active X | X
marker)
Reply option 0008 (3D position of markers on tools) X | X | X | X
Reply option 0800 (reporting al transformations) X | X | X |[X
Reply option 1000 (3D position of stray passive markers) X | X | X |[X
System Status |2 bytes
The status of the system.
Bit field:
bit 0 System communication synchronization error X | X | X [X
bitsl1and 2 | Reserved
bit 3 Recoverable system processing exception. X | X | X |X
bits4and5 | Reserved
bit 6 Some port handle has become occupied X | X
bit 7 Some port handle has become unoccupied X | X
bit 8 Diagnostic pending X | X | X [X
bit 9 Temperature (system is not within operatingtem- | X | X | X [X
perature range)
bits 10to 15 | Reserved

Note The “diagnostic pending” bit is set whenever an alert is detected or cleared. To view the alerts status and clear

the diagnositc pending bit, use GET (page 66) to check the Info.Status.New Alerts user parameter for every

hardware device in the system. See “Usage Notes” on page 56 for more details. (For API revision G.001.003 and
earlier, the diagnositc pending bit did not indicate when an alert was cleared.)
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Reply Option 0001 - Transformation Data

<Reply Option 0001 Data> = <Qu><Q,><Qy><Q,><T,><T,><T,><Error><Port Status>
<Frame Number>

or

<Reply Option 0001 Data> = <Port Status><Frame Number>

Reply Component | Description

>1G.001.002
>1G.001.003
>1G.001.004
>1G.001.005

Q0, Qx, Qy, Qz |4byteseach

Rotational components of the transformation, quaternion, unit-
less, reported as | EEE 32-hit, single precision, floating point
numbers. The value for QO is always non-negative.

™, Ty, Tz 4 bytes each X [ X [X [X

Translational components of the transformation, in mm,
reported as | EEE 32-bit, single precision, floating point num-
bers.

Error 4 bytes X [ X [ X [X

The error isan RMS value, given in mm. It isthe result of the
least squares minimization between the marker geometry in the
tool definition file and the data from the tool’s markers meas-
ured by the system. Reported as | EEE 32-hit, single precision,
floating point number.
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X

N (a0} < o
o o o o
- S |S|S |3
Reply Component | Description p= = =R =
S |S |8 |3
olojlo|lo
Port Status 4 bytes
Bit field:
bit 0 Occupied X | X [X |X
bit 1 Switch 1 closed/GPIO line 1 active X | X
bit 2 Switch 2 closed/GPIO line 2 active X | X
bit 3 Switch 3 closed/GPIO line 3 active X | X
bits 4 Initialized X | X | X |X
bit 5 Enabled X | X [ X |[X
bit 6 Out of volume X | X | X |X
bit 7 Partially out of volume X | X [ X |X
bit 8 Algorithm limitation (processing requiresmore | X | X [ X |X
buffer than is available)
bit 9 IR interference (alarge bright IR object) X | X [ X |X
bits 10 and 11 | Reserved
bit 12 Processing exception (same astool information | X [ X [ X [X
bit 7 in reply option 0002)
bit 13 Reserved
bit 14 Fell behind while processing (same as tool X | X [ X |X
information bit 3 in reply option 0002)
bit 15 Data buffer limitation (too much data; for X | X [ X |X
example, too many markers)
bits16t0 31 | Reserved
Frame Number 4 byte unsigned number X [ X [ X [X
The frame number is an internal counter related to data acquisi-
tion. The counter starts at power up and does not reset until the
system isreset (either with RESET or aserial break), the system
is powered up again, or reply option 80 is sent withthe TSTART
command. The frame rate is 60 Hz. The frame number corre-
sponds to the frame in which the raw data, used to calculate the
accompanying transformation, was collected.
Note If the handle status is “missing,” the system returns only the port status and the frame number.
- Tools are reported as missing if a transformation cannot be determined.
- GPIO devices and strober port handles that are initialized and enabled are reported as missing.
- In the event of a system error that prevents tracking, all tools and GPIO devices are reported as missing.
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Reply Option 0002 - Tool and Marker Information

<Reply Option

0002 Data> = <Tool Information><Marker Information>

N (a0} < Lo
o o o o
_— S|S|S|S
Reply Component Description dlg|g|dg
e e e e
Ojlolo|o
Tool 1 byte
Information
Bit field:
bit 0 Bad transformation fit X | X | X |X
bit 1 Not enough acceptable markers for transformation | X | X | X | X
bit 2 IR interference—environmental IR isinterfering [ X | X | X | X
with the system (combination of port status bits 9
and 15 in reply option 0001)
bit 3 Fell behind while processing (sameasport status | X [ X [ X [ X
bit 14 in reply option 0001)
bits4to 6 | Tool face used X | X | X |X
bit 7 Processing exception (same as port statusbit 12in | X | X | X [X
reply option 0001)
Marker 10 bytes (4 bits per marker)
Information See below for an example.
Possible Values:
0000 Not used because it was missing X [ X | X [X
0001 Not used because it exceeded the maximum X [ X [ X [X
marker angle
0010 Not used because it exceeded the maximum 3D X | X | X |X
error for the tool
0011 Used to calculate the transformation X | X | X |X
0100 Used to calculate thetransformation, butitisoutof | X | X | X [X
volume
0101 Not used because it was outside the characterized | X | X | X [ X
measurement volume and was not needed to calcu-
late atransformation.

Example - Marker Information: A tool with markerslocated at T, R, C, and A, where all four markers
were used to determine the calculation, would have the following reply:

Marker
Reply

T S
0011 0000

R Q .. D C B
0011 0000 .. 0000 0011 0000

A
0011

Reply Option 0004 - 3D Position of Single Stray Active Marker

<Reply Option
or

0004 Data>

= <Status><T,><T><T,>
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<Reply Option 0004 Data> = <Status>

Reply
Component

Description

G.001.002
G.001.003
G.001.004
G.001.005

Status

1 byte

The status of the stray active marker. A stray marker on an active tool
is not fixed with respect to the other markers that make up the tool.

Bit field:

bit 0 Valid stray active marker

bit 1 Marker is missing

bit 2 Reserved

bit 3 Marker is out of volume

bits4to 7 | Reserved

Tx, Ty, Tz

4 bytes each

Position of the marker in the coordinate system of the Position Sen-
sor, reported as |EEE 32-hit, single precision, floating point numbers.
The marker position isreported only if the marker statusis*“valid,” or
“out of volume” and reply option 0800 is used.

Note If no stray active marker is defined (for example, for wireless port handles, GPIO devices, strobers, or wired tools
with no stray marker defined in the tool definition file), the status is 00, and no position information is returned. If
the marker is missing, or if the marker is out of volume and reply option 0800 is not used, the system returns only

the status.
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Reply Option 0008 - 3D Position of Markers On Tools

<Reply Option 0008 Data> = <Number of Markers><Out of
Volume><T,,><Tyn><T,,>

Reply Component | Description

< 1G.001.002
> 1G.001.003
< G.001.004
<1 G.001.005

Number of 1 byte
Markers

Number of markers used in tool transformations.

Out of Volume |1 byte/8 markers (1 bit per marker) X | X | X [X

The bit is set when the marker is outside the characterized meas-
urement volume (see example below).

Reply size = (number of markers)/8, rounded up to the nearest
integer.

Txn, Tyn, and |4 byteseach X | X | X [X
Tzn

Position of the n" marker, reported in the coordinate system of
the Position Sensor, reported as |EEE 32-bit, single precision,
floating point numbers. The system will report the positions of
markers used in tool transformations, as well as markers that
exceeded the maximum marker angle or maximum 3D error spec-
ified in the tool definition file.

See “Usage Notes” on page 56 for more information.

Example - Out of Volume Theinformation is returned in the format illustrated in the following
example: one bit per marker, in little endian format. In this example there are nine markers, all of
which are out of volume:

Marker Number 98 7 6 5|4 3 2 1
Bit Field 0ooo0oo0l0O0OO0O0O1ITI1 1112111
Reply 0 1 F F
Reply Byte n n+1

Reply Option 0800 - Reporting All Transformations

This option enables the reporting of transformations or translations in situations where translations
or transformations are calculated, but by default are not reported by the system. Such situations
include:

* Thetool or marker is outside of the characterized measurement volume.
e The bump sensor has been tripped.

e The system is outside of the optimal operating temperature range.
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e Other system conditions are not ideal; see“ Alerts User Parameters’ on page 23 for afull list
of these conditions.

This reply option must be OR’d with reply option 0001 to obtain transformations for tools in the

situations listed above. It must be OR’d with reply options 0004, 0008, or 1000 to obtain position
information for markers in the situations listed above.

When using reply option 0800 with the BX command, you must take appropriate action to detect the events listed
A above, and determine whether they are detrimental to your application. If one or more of the events listed above
Warning! occurs, reply option 0800 enables the system to return data that may lead to inaccurate conclusions and may

cause personal injury.

Appropriate action to detect the events listed above includes:

» reading the out-of-volume flag in reply options 0001 and 0002 when tracking tools

« reading the out-of -volume information in reply options 0004, 0008, and 1000 when tracking

stray markers

» reading the temperature flag in the system status

« reading the diagnostic pending bit in the system status

e reading thelnfo.Satus.New Alerts user parameter for every hardware devicein the system
when the diagnostic pending bit is set. See “Usage Notes” on page 56 for details.

Reply Option 1000 - 3D Position of Stray Passive Markers

<Reply Option 1000 Data> = <Number of Markers><Out of
Volume><T,,><Ty,><T,,>

(aN) (a2} < Lo
o o o o
. S |S |5 | S
Reply Component | Description Slg|g|g
Qe | <
OCREOENORNG]
Number of 1 byte X | X [ X |X
Markers
Number of stray markers.
Out of Volume |1 byte/8 markers (1 bit per marker) X | X | X |X
The bit is set when the marker is outside the characterized meas-
urement volume (see example below).
Reply size = (number of markers)/8, rounded up to the nearest
integer.
Txn, Tyn, Tzn |4byteseach X | X | X |X
Position of the n" marker in the coordinate system of the Posi-
tion Sensor, reported as |IEEE 32-bit, single precision, floating
point numbers.
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Note At least one passive port handle must be enabled, to activate the illuminators on the Position Sensor. If no
passive port handles are enabled, <Number of Markers> will return 00 and no other data will be returned.

Stray passive markers are defined as markers which are not used to calculate any of the
transformations for any enabled, passive tools. Stray active wireless tool markers are not reported.

Example - Out of Volume Theinformation is returned in the format illustrated in the following
example: one bit per marker, in little endian format. In this example there are nine markers, all of
which are out of volume:

Marker Number 98 7 6 5|4 3 2 1
Bit Field 0ooo0O0O0OO0OO01I2 1112721112
Reply 0 1 F F
Reply Byte n n+1

Usage Notes

1

The BX reply format requires fewer characters than the text format; this alows transformations
to be reported more quickly. For repliesin text format, use TX (page 146).

To use the BX command, the data bits parameter must be set to 0 (8 bits) using COMM
(page 58).

Replies are returned in little endian format.

By default, transformationswill not be reported if thetool is either partially or wholly out of the
characterized measurement volume, if the bump sensor has been tripped, if the systemisoutside
of the optimal operating temperature range, or if certain other alerts have occurred (see “Alerts
User Parameters’ on page 23 for details). To report these transformations, you must use reply
option 0800 OR'’ d with the desired reply option(s). The accuracy of these transformationsis
unknown.

Reply Option 0001:

«  When the “diagnostic pending” bit is set in the system status, use GET (page 66) to read the
Info.Status.New Alerts user parameter for every hardware device in the system. The act of
reading these parameters clears the parameters and the “diagnostic pending” bit. For more
information on aerts and their associated user parameters, see “Alerts User Parameters’ on

page 23.

e For wired tools, bits 1, 2, and 3 in the port status report switch status. For GPIO devices,
these bits report the status of GPIO lines defined as inputs.

Reply Option 0008: Markers are returned in al phabetical according to how they are labelled in
the tool definition file. For example, for atool with markerslabelled A, G M and S, the system
will return the marker positionsin the order A G M S. Reply option 0008 only returns data for
markers that the system detects. To identify which marker iswhich, compare the reply option
0008 data to the data returned with reply option 0002. The marker order is the same for both
replies; each marker that does not have a <marker information> status of 0000 (“missing”) in
reply option 0002 corresponds to a marker in reply option 0008.
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Compatibility Notes

1. System Satus:
e Theexterna IR hit (bit 1) and system CRC error bit (bit 2) are not used by the system.

* InAPI revison G001.004 and later, the diagnostic pending bit (bit 8) is set whenever an
alert isdetected or cleared. In API revision G001.003 and earlier, the diagnostic pending bit
is set only when an alert is detected.

2. Reply Option 0002:

* Reply 0010 means that the marker was not used because it exceeded the maximum 3D error
for thetool.

Example

Command:
BX 0801

Reply:
A5C4005723130201013F3AF3CABE5B7209BF1C07713E635592C39E831F43332973C500511
33DA5BD9F00000031000002CC02013EA1B5D03D137D21BD787C673F72394A4286B6CB4360
6EF4C50468C13ED4E74100000031000002CD0O00059C9

Thisisthe hexadecimal representation of the binary data being returned. This example returns data
for two tools.
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COMM

Sets the serial communication settings for the system.

Operating Mode

All modes
Compatibility
All systems
Syntax
COMM<SPACE><Baud Rate><Data Bits><Parity><Stop Bits><Hardware
Handshaking><CR>
N o™ < Lo
8|88 |8
Parameter Description = =N ==
S| S |S | S
Ololo|lo
Baud Rate The data transmission rate between the system and the host compu-
ter, in bits per second. The default baud rate is 9600 bps.
Valid Values:
0 9600 bps X | X [ X |X
1 14 400 bps X | X [ X | X
2 19 200 bps X | X [ X |X
3 38 400 bps X | X [ X |X
4 57 600 bps X [ X | X |X
5 115 200 bps X [ X [ X |X
6 921 600 bps X | X | X | X
7 1228 739 bps X | X [ X |X
Data Bits The data bits must be set to 8 bitsin order to use any command that
returns binary data (BX, GETLOG, or VGET). The default is 8 data
bits.
Valid Values:
0 8 bits X [ X | X |X
1 7 bits X | X | X |X
Parity The default is no parity.
Valid Values:
0 None X | X | X [X
1 Odd X [ X [ X |X
2 Even X [ X | X |X
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N o™ < Lo
o o o o
L. o | oo | S
Parameter Description Slg|g|g
S |S |9 S
Ololo|lo
Stop Bits The default is one stop bit.
Valid Values:
0 1 bit X X
1 2 bits X | X | X |X
Hardware The default is no hardware handshaking.
Handshaking
Valid Values:
0 Off X | X | X |X
1 On X | X | X |X
Replies
Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1

The system serial communication parameters have a default setting of 00000 (i.e. 9600 baud, 8
data bits, no parity, 1 stop bit, hardware handshaking off).

To use any command that returns binary data (BX, GETLOG, or VGET), you must set the data
bitsto 0 (8 hits).

If you change the baud rate using the COMM command, you must aso change your host
computer baud rate; otherwise, a system reset or other unexpected communication behaviour
will occur. The host application should wait approximately 100 ms after receiving the OKAY
reply from the system before changing its own communication parameters.

NDI strongly recommends using hardware handshaking when using the higher baud rates.

Most Windows applications do not allow you to choose 1.2 Mbaud. To allow you to
communicate at this speed, NDI has aliased 19 200 baud to 1.2 Mbaud when using a USB
connection. Thus, to communicate at 1.2 MB:

a) Connect the system using a USB connection (thisisthe only option for passive systems).
b) Set the system to 1.2 Mbaud (<baud rate> parameter value 7).

c) Set the application on the host computer to 19 200 baud. The virtual COM driver maps the
communications speed to 1.2 Mbaud, so the application will actually communicate with the
system at 1.2 Mbaud.
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Do not set the System to 19 200 baud when using a USB connection; if the system is set to
19 200 baud, it will be unable to communicate with the host computer, because setting the host
application to 19 200 baud will result in the aliased rate of 1.2 Mbaud.

Example

Command:
COMM 30001

Reply:
OKAYA896

This changes the serial communication parameters to 38400 baud, 8 data bits, no parity, 1 stop bit,
hardware handshaking on.

60 Polaris Application Program Interface Guide - Revision 5



DFLT

DFLT

Restores the user parameters to factory default values.

Operating Mode

All modes

Compatibility
All systems

Syntax

DFLT<SPACE><User Parameter Name><CR>

Parameter Description
User Parameter | A string, identifying the name of the user parameter. May include atrailing wild card
Name character (*)
Use DLFT * torestore al user parameters to default values.
User parameter names are case-sensitive.
Replies
Upon Success:
OKAY<CRC16><CR>
On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. The user parameter name may include atrailing wild card character (*).

2. UseDFLT * toreturn all user parameters to their default values.

3. The user parameter values set using the DFLT command persist until the system is reset or
initialized. To save the user parameters at their factory default values, use SAVE (page 122)
after using the DFLT command.

4. Toview alist of user parameters and their current values, use GET *.

User parameter names are case-sensitive.

6. For moreinformation on user parameters, see “ User Parameters’” on page 20.

Example

Command:
DFLT *
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Reply:
OKAYA896
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DSTART

Starts Diagnostic mode.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

INIT (page 78)

Syntax

DSTART<SPACE><Reply Option><CR>

Parameter Description

Reply Option |80 (Optional, resetsthe frame counter to zero)

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

If the reply option 80 is not used, only resetting the system resets the counter for the frame number.

The frame number is reported in reply option 0001 of the TX (page 146) and BX (page 47)

commands.

Example

Command:
DSTART

Reply:
OKAYAB896
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DSTOP

Stops Diagnostic mode.

Operating Mode
Diagnostic

Compatibility
All systems

Prerequisite Command

DSTART (page 63)

Syntax

DSTOP<SPACE><CR>

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Example

Command:
DSTOP

Reply:
OKAYA896
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ECHO

Returns exactly what is sent with the command.

Operating Mode

All modes

Compatibility
All systems

Syntax

ECHO<SPACE><Any ASCII characters><CR>

Replies

Upon Success:
Exactly what is sent with the command, with <CRC16><CR>.

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Compatibility Notes

The ECHO command can handle a maximum of 1037 characters. Exceeding this number will cause

the system to return error 02.

Example

Command:
ECHO Testing!

Reply:
Testing!A81C
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GET

Returns the user parameter values.

Operating Mode

All modes

Compatibility
All systems

Syntax

GET<SPACE><User Parameter Name><CR>

Parameter Description

User Parameter | A string, identifying the name of the user parameter. May include atrailing wild card
Name character (*).

Use GET * toreturn all user parameter values.

User parameter names are case-sensitive.

Replies

Upon Success:

<User Parameter Name>=<value><LF> (repeated for each user parameter name,
but no line feed after the last parameter)

<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component Description

User Parameter Name | Variablesize
Full name of the user parameter

Value Value of the user parameter

Usage Notes

1. The user parameter name may include atrailing wild card character (*).
2. Use GET * to return the names and values of all user parameters.

3. Numeric user parameter values are returned as decimal strings.
4

User parameter names are case-sensitive.
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5. For descriptive information about each user parameter, including type, attributes, and possible
values, use the GETINFO command.

6. For moreinformation on user parameters, see “User Parameters’ on page 20.

Compatibility Notes
Accessing parameters by prefixing them with adevice name (e.g. GET PS-0.*) is hot supported
by API revision G001.002 or earlier.

Example

Command:
GET PS-0.Info.Status.New Alerts

Reply:
PS-0.Info.Status.New Alerts=06E75
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GETINFO

Returns descriptive information about the user parameters.

Operating Mode

All modes

Compatibility
All systems

Syntax

GETINFO<SPACE><User Parameter Name><CR>

Parameter Description

User Parameter | A string, identifying the name of the user parameter. May include atrailing wild card
Name character (*).

Use GETINFO * to return information for all user parameters.
Use GETINFO + to return top-level user parameter categories.

Use GETINFO <category>.+ to return the next level of categories under the speci-
fied category. See the examples on page 70.

User parameter names are case-sensitive.

Replies

Upon Success:

<User Parameter Name>=<Value>;<Type>;<Attribute>;<Minimum>;<Maximum>;
<Enumeration>;<Description><LF> (repeated for each user parameter, but no
line feed after last parameter)

<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component Description

User Parameter | Variablesize
Name Full name of the user parameter

Value Variable size
Value of the user parameter
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Reply Component Description

Type 1 hexadecimal character
Describes the data type.

Possible Values:

0 Boolean

1 Integer

2 Float

3 String

4 Category
Attribute 1 to 4 hexadecimal characters

Describes the access rules.

Bit field:
bit 0 Read
bit 1 Write
bit 2 Save
bit 3 Volatile
bit 4 Keyed (cannot be changed unless key is supplied)
bit 5 Enabled keyed parameter
bits6to 15 | Reserved (may not all be set to 0)
Minimum Minimum allowed value of the user parameter. For a string, the minimum number

of characters allowed.
If minimum = maximum = 0, no range check is performed.

Maximum Maximum allowed value of the user parameter. For a string, the maximum number
of characters allowed.

If minimum = maximum = 0, no range check is performed.

Enumeration Comma-separated enumeration list. Thisisalist of possible values that the user
parameter can take, and corresponds to the values in the <Value> field (thefirst
item in thelist correspondsto value 0, the second item correspondsto value 1, etc.).

Description Describes the user parameter’s function.

Usage Notes

1. Theuser parameter name may include atrailing wild card character (*).
2. Use GETINFO * toreturn information for all user parameters.

3. Use GETINFO + toreturn top-level user parameter categories. Use GETINFO <category>.+
to return the next level of categories under the specified category. See the examples on page 70.

4. Numeric user parameter values are returned as decimal strings.
5. User parameter names are case-sensitive.

6. For list of user parameters and values without descriptive information, use the GET command.
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7. For more information on user parameters, see “ User Parameters’ on page 20

Compatibility Notes

Accessing parameters by prefixing them with a device name (e.g. GETINFO PS-0.*) is not
supported by API revision G.001.002 or earlier.

Example 1

Command:
GETINFO PS-0.Info.Status.Bump Detected

Reply:
PS-0.Info.Status.Bump Detected=0;1;D;0;1;False,True; Indicates if the
system has detected a bumpl865

The system returns descriptive information for the specified parameter.

Example 2

Command:
GETINFO +

Reply:

Device=;4;0003;;;;

Config=;4;0003;;;;

PS-0=;4;0003;;;;2D77

The system returns the top-level user parameter categories.

Example 3

Command:
GETINFO PS-0.+

Reply:

Features=;4;0003;;;;

Info=;4;0003;;;;

Param=;4;0003;;;;

Cmd=;4;0003;;;;31E6

The system returns the next level of user parameter categories for the device PS-0 (the first Position
Sensor in the configuration).

Example 4

Command:
GETINFO PS-0.Features.+

Reply:
Hardware=;4;0003;;;;
Firmware=;4;0003;;;;
Tools=;4;0003;;;;
Keys=;4;0003; ;; ;1DF5
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The system returns the next level of user parameter categories under the “ Features’ category for the
device PS-0 (thefirst Position Sensor in the configuration).
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GETIO

Returns the current status of the general purpose input/output lines of a synchronization port.

Operating Mode

All modes

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

GETIO<SPACE><CR>

Replies

Upon Success:
<Input/Output Line Status><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component Description
<Input/Output Line |4 hexadecimal characters (16 bits)
Status>

Each bit in the 16-hit flag field represents one possible input/output line. The
reply is1for ahighlevel and O for alow level at theinput line (positive logic).
Currently, only bit zero of the status field is used. All unused bits will be
reported as zero by default.

Usage Notes

Caution!  Before an input/output line on a synchronization port can be used as an input, its output value must be setto a
high level with SETIO (page 127). If you set the input to low and use the line as an input, there will be incorrect
status readings and you may cause damage to the interface electronics.

1. The System Control Unit on the hybrid Polaris Spectra System each have one general purpose
digital input/output line, on pin 2 of the synchronization port.

2. To set the GPIO line of a synchronization port to either a high or low value, use SETIO
(page 127).
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Compatibility Notes
The GETIO command is compatible with the hybrid Polaris Spectra System.

Example

Command:
GETI0

Reply:
0001<CRC16>
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GETLOG

Returns the contents of the Position Sensor or System Control Unit log file.

Operating Mode

All modes

Compatibility
All systems

Syntax

GETLOG<SPACE><0Offset><Length><Lognhame><CR>

Parameter | Description

Offset 8 hexadecimal character string

Specifies the offset of the data requested within the file.
Length 4 hexadecimal character string

Specifies the requested amount of data, in bytes. A maximum of 2048 bytes may be
requested at one time.

Logname String identifying the name of the log. Log names are case-sensitive.

API revision Name of log file
API revision G.001.003 and sysinfo
earlier

API revision G.001.004 and \<Device Name>\sysinfo
later (See“Device Names’ on page 21 for device name details.)

Replies

Upon Success:
<Header><Length><Header CRC><Data><Data CRC>

Note The reply for the GETLOG command is binary data.

On Error:
ERROR<Error Code><CRC16><CR>
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See page 167 for error code definitions.

Reply Component | Description
Header 2 bytes: A5C4

Indicates the start of the GETLOG reply.

Length 2 bytes

The number of bytes of data being returned.

Header CRC 2 bytes

CRC16 for header.
Data Up to 2048 bytes of binary data
Data CRC 2 hexadecimal characters

CRC16 of the <Data> section.

Usage Notes

1. Tousethe GETLOG command, the data bits must be set to 0 (8 bits) using COMM (page 58).
2. Toreadtheentirelogfile:

a) Start with an offset of 0, and request 2048 bytes of data.

b) Increment the offset by 2048, and request another 2048 bytes of data.

C) Repeat step b) until the reply length of the datais less than 2048. This indicates that you
have reached the end of thelog file.

3. Repliesarereturned in little endian format.
4. Towritetoalog, use SY SLOG (page 138).

Compatibility Notes

1. For API revisions G.001.003 and earlier, the log nameis sysinfo. For API revisions G.001.004
and later, the log name is\<Device Name>\sysinfo. If the \<Device Name>\ is omitted, the
system will retrieve the log file for hardware device PS-0 (the Position Sensor).

2. For passive systems, only the Position Sensor log fileis available.

Example

Command:
GETLOG 000000000800\PS-0\sysinfo
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HCWDOG

Sets up a host communication timeout check.

Operating Mode
Setup

Compatibility

All Systems (deprecated)

Syntax

HCWDOG<SPACE><Timeout Value><CR>

Parameter

Description

Timeout Value

4 hexadecimal characters

The number of seconds that the system waits for a host command. A value of ‘0000’

does not perform a check.

Replies

Upon Success:

OKAY<CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. If avalueisset, and no host command is received before the timeout expires, the system will
sound two quick beeps every three seconds until a host command is received by the system or
the valueis set to 0000.

2. Thiscommand provides a method to determine if the application has stopped functioning. For
example, if atimeout of 10 seconds (000A) has been set and the system does not receive a
command from the application within 10 seconds, the system will beep twice every three

seconds.

Compatibility Notes

The HCWDOG command has been deprecated for the Polaris Vicraand Polaris Spectra Systems. To
set avalue for the timeout check for the Polaris Vicra or Polaris Spectra System, use the command
SET (page 125) to set the user parameter Param.Watch Dog Timer.
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Example

Command:
HCWDOG OO0O0A

Reply:
OKAYAB96
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INIT

Initializes the system.

Operating Mode

All modes

Compatibility
All systems

Syntax

INIT<SPACE><CR>

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. During power up or system reset, the system configuration is determined. The configuration
includes firmware revisions and the characterized measurement volumes for which the Position
Sensor has been calibrated. The INIT command ensures that the system configuration was
determined successfully.

2. Thesystem will automatically return to Setup mode after using the INIT command.

3. ThelINIT command sets any modified user parameters back to the saved values. To prevent
modified values from being reset, send the SAVE command before sending INIT.

4. |f ERRORZE or ERROR15 isreturned, there may be asystem fault that isindicated by the alerts
inthe Info.Status. New Alertsor Info.Status.Alerts user parameter on one or more devices.
Use GET to read these user parameters. See “ Alerts User Parameters’ on page 23 for details.

Example

Command:
INIT

Reply:
OKAYA896
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IRATE

Sets the illuminator rate.

Operating Mode
Setup

Compatibility
All Systems (deprecated)

Prerequisite Command

INIT (page 78)

Syntax

IRATE<SPACE><II1luminator Rate><CR>

Parameter Description

G.001.002
G.001.003
G.001.004
G.001.005

Il luminator Rate | Setsthenumber of times per second that the illuminators

emit IR.

0|20 Hz L T N
1|30Hz L T N
2 | 60 Hz o L L

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

The circuitry in the NDI active wireless tool kit limitsits activation rate to 20 Hz.

Compatibility Notes

1. ThelRATE command has been deprecated for the Polaris Vicraand Polaris Spectra Systems. To
set the illuminator rate for the Polaris Vicra or Polaris Spectra System, use the command SET
(page 125) to set the user parameter Param.Tracking.llluminator Rate.

2. PolarisVicra: The Polaris Vicra System does not support illuminator rates of 30 Hz or 60 Hz.
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Example

Command:
IRATE O

Reply:
OKAYAB896
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IRED

Turns the markers on awired tool on or off.

Operating Mode
Diagnostic

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

PENA (page 86)

Syntax

IRED<SPACE><Port Handle><Marker Activation Signature><CR>

Parameter Description

Port Handle 2 hexadecimal characters

Marker Activation Signature | 8 hexadecimal characters (32 bits)

you wish to activate. See example in Usage Notes.

One bit for each marker. Set the bits corresponding to the markers

Bit field:

bit 0 Marker A
bit 1 Marker B
bit 2 Marker C

bit 19 Marker T

bits20to | Reserved
31

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.
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Usage Notes

There are 20 marker positions, labelled “A” to “T.” To specify that a marker should be turned on, set
the bit corresponding to that marker to 1. For example, you will need to set the bit field asfollows if
you wanted to activate markersB, G M and T:

Marker Location TIS|IRIQ|P|OIN|M|L|K|J|I|H|G|F|E|D|C|B|A
Bit 31-20|19(18|17|16|15|14|13|12|11|10/ 9|8 | 7|6 |5|4|3|2|1]|0
Bit Value 0 110|000 |0O|0Ofj2|0|]0|0O|O|0O|1|0O|0O|O|Of12]0
Activation Signature 000 1 0 4 5

Parameter Value

Compatibility Notes

The IRED command is compatible with the hybrid Polaris Spectra System.

Example

Command:

IRED 0OA00081042

Reply:
OKAYAB96
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LED

Changes the state of visible LEDs on awired tool or GPIO device.

Operating Mode

All modes

Compatibility

hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

LED<SPACE><Port Handle><LED Number><State><CR>

Parameter Description
Port Handle | 2 hexadecimal characters
LED Number | Specifiesthe LED.
Valid values:
1to3
State Sets the state of the specified LED.
B Blank (not on)
F Flash
S Solid on
Replies
Upon Success:
OKAY<CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. For aGPIO device:

e TheLED command can only be used on a GPIO linethat is defined as output, or output with
feedback, in the tool definition file.

e TheLED command can only be used to set GPIO lines 1, 2, and 3.
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« The“flash” state does not cause an LED on a GPIO device to flash, this state behaves like
the “solid on” state.

2. Thevisible LEDs are only activated while the system isin Tracking and Diagnostic modes.

Compatibility Notes
The LED command is compatible with the hybrid Polaris Spectra System.

Example

Command:
LED OA1S

Reply:
OKAYA896
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PDIS

Disables the reporting of transformations for a particular port handle.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PENA (page 86)

Syntax

PDIS<SPACE><Port Handle><CR>

Parameter Description

Port Handle | 2 hexadecimal characters

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Example

Command:
PDIS 01

Reply:
OKAYA896
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PENA

Enables the reporting of transformations for a particular port handle.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PINIT (page 104)

Syntax

PENA<SPACE><Port Handle><Tool Tracking Priority><CR>

Parameter Description

Port Handle 2 hexadecimal characters

Tool Tracking Priority | Describesthe type of tool.

Valid Values:

S | Static: adtatic tool is considered to be relatively immobile, e.g. a
reference tool.

D | Dynamic: adynamic tool is considered to bein motion, e.g. aprobe.

B | Button box: abutton box can have switches and LEDs, but no mark-
ers. No transformations are returned for a button box tool, but
switch statusis returned.

Replies

Upon Success:
OKAY<CRC16><CR>
or

WARNINGO2<CRC16><CR> (Indicatesthat the tool you are trying to enableis a unique geometry tool
that doesn’t meet the unique geometry requirements.)

WARN INGO3<CRC16><CR> (Indicates that the tool you are trying to enable is a unique geometry tool
that conflicts with another unique geometry tool aready loaded and enabled.)

WARNINGO4<CRC16><CR> (Indicatesthat the tool you are trying to enableis a unique geometry tool
that doesn’t meet the unique geometry requirements, and conflicts with another unique geometry
tool already loaded and enabled.)

On Error:
ERROR<Error Code><CRC16><CR>
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See page 167 for error code definitions.

Usage Notes

1. Itisnot necessary to enable the port handle for a strober.

2. Select atool tracking priority of “button box” for a GPIO device.

3. A tool with atool tracking priority of “button box” does not affect the tracking rate of the
system.

4. Strober port handles and GPIO port handles do not affect the tracking rate of the system.

5. The system does not make use of the tool tracking priority. You must still specify avalue, but it
does not matter which tool tracking priority you choose.

6. When the PENA command isissued, the system compares the tool being enabled with currently
enabled tools for conflicting unique geometry constraints. This process is almost instantaneous.
If the tool doesn’t meet the unique geometry constraints, or conflicts with atool that is already
enabled, the system will issue aWARNINGO2, WARNINGO3, or WARNINGO4.

7. The system will still enable the tool when the system returns WARNINGO2, WARN INGO3 or
WARN INGO4; however, the tool may not track properly since the unique geometry is
compromised.

8. For more information on unigue geometry tools and unique geometry constraints, see the
“Polaris Tool Design Guide.”

Example

Command:

PENA 01D

Reply:

OKAYA896

Polaris Application Program Interface Guide - Revision 5 87



Commands

PFSEL

Sets which tool facesto use to track a multi-faced tool.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PINIT (page 104)

Syntax

PFSEL<SPACE><Port Handle><Face Selection Mask><CR>

Parameter Description

Port Handle 2 hexadecimal characters

Face Selection |2 hexadecimal characters (8 hits)

Set the bits corresponding to the faces you wish to track.

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. When atool isinitialized, the face selection defaults to a value of OxFF, so all faces are tracked
by defauilt.

2. Toinclude atool face to be tracked, set the corresponding bit. For example, if you wish to track
faces 0 and 5, the face selection value is 0x21, as shown in the following table:

Tool Face Number 7 6
Bit Value 00
Face Selection Hexadecimal Value |2

5 4 210
10 001

= O Ww

3. If thesystemreturnserror code 23, the face selection did not include any of the valid faces of the
selected tool.
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Example

Command:
PFSEL 0121

Reply:
OKAYA896

Polaris Application Program Interface Guide - Revision 5

89



Commands

PHF

Releases system resources from an unused port handle.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PHRQ (page 99)

Syntax

PHF<SPACE><Port Handle><CR>

Parameter Description

Port Handle | 2 hexadecimal characters

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. The PHF command should be used whenever atool, GPIO device, or strober is disconnected.
This optimizes the use of system resources. If PHF is not used, the system will be unable to
assign a port handle after the maximum number of port handles has been reached.

2. If atool, GPIO device, or strober is disconnected then reconnected, it is a assigned a new port
handle. The old port handle is no longer in use and should be freed using PHF.

Example

Command:
PHF 01

Reply:
OKAYA896

Thisfrees port handle 01, so it is no longer assigned.
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PHINF

Returns port handle status, information about the tool associated with the port handle, and the
physical location of a port handle.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PHSR (page 101) or PHRQ (page 99)

Syntax

PHINF<SPACE><Port Handle><Reply Option><CR>

Parameter

Description

G.001.002
G.001.003
G.001.004
G.001.005

Port
Handle

2 hexadecimal characters

Reply
Option

Optional. Specifies which information will be returned. If no reply
option is specified, the system returns information for reply option
0001.

The reply options are hexadecimal numbers that can be OR’d. If multi-
plereply optionsare used, the replies are returned in order of increasing
option value.

Valid Values:

0001 | Tool information (default)

0002 | Wired tool electrical information

0004 | Tool part number

0008 | Switch and visible LED information

0010 | Tool marker type and wavelength

0020 | Physical port location

X| X| X| X| X]| X

X | X | X[ X[ X| X

0040 | GPIO device status

XX | X| X| X| X| X

X | X | X[ X| X]| X| X
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Replies
Upon Success:
If thereisatool definition file assigned to the port handle:

<Reply Option 0001 Data><Reply Option 0002 Data>...<Reply Option 0020
Data><CRC16><CR>

Note The physical location of a port handle is the only information available unless PHINF has been preceded by PINIT
(page 104).

If notool definition fileisassigned to the port handle:
UNOCCUP IED<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.
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Reply Option 0001 - Tool Information

<Reply Option 0001 Data>

<Tool Type><Manufacturer’s ID><Tool

Revision><Serial Number><Port Status>
Reply Component | Description
Tool Type 8 characters
<Tool Type> = <Main Type><Number of Switches><Number of
Visible LEDs> <Reserved><Subtype>
Main Type 2 hexadecimal characters
Possible Values:
01 Reference
02 Probe
03 Button box or foot switch
04 Software-defined
05 Microscope tracker
06 Reserved
07 Calibration device
08 Strober or Tool Docking Station
09 I solation box
OA C-arm tracker
OB Catheter
oC GPIO device
0D to FF | Reserved
Number of 1 character
Switches
Number of 1 character
Visible LEDs
Reserved 2 characters
Subtype 2 characters
Manufacturer’s |12 characters
ID
Tool Revision |3characters
Serial Number |8hexadecimal characters (32 bits)
Bit field:
bitsOto 9 Seguence number (one-based)
bits 10 to 18 Day of year (zero-based, e.g. Jan 1isday 0 and Dec 31 isday
364)
bits 19 to 22 Month (zero-based)
bits 23 to 31 Year (year is <current year> - 1900, e.g. the year 2009 is 109)
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Reply Component | Description

Port Status 2 hexadecimal characters (8 bits)
Bit field:
bit 0 Tool-in-port
bit 1 Switch 1 closed/GPIO line 1 active
bit 2 Switch 2 closed/GPIO line 2 active
bit 3 Switch 3 closed/GPIO line 3 active
bit 4 Port initialized
bit 5 Port enabled
bit 6 Reserved
bit 7 Tool-in-port from current sensing

Reply Option 0002 - Wired Tool Electrical Information

Reply Component

Description

Reply Option 0002 Data

8 hexadecimal characters

Wired tool electrical information. The electrical current is tested for two
conditions: over and under. An “over” current condition indicates that
thereisashort circuit in either the cable or the marker. An “under” cur-
rent condition indicates that there is either a break in the cable or the
marker has burnt out.

Bit field:

bits0to 19 | Marker failed. Bit 0 = marker A, ..., bit 19 = marker T

bits 20 to 29 | Reserved

bit 30 Under

bit 31 Over

You can test the electrical current of all the markers on atool using TCTST (page 140).

Reply Option 0004 - Tool Part Number

Reply Component

Description

Reply Option 0004 Data

20 characters
The part number of the tool.

94

Polaris Application Program Interface Guide - Revision 5




PHINF

Reply Option 0008 - Switch and Visible LED Information

Reply Component Description
Reply Option 0008 Data |2 hexadecimal characters (8 bits)

This option reports the information found in the tool description. Itisnot
information sensed by the hardware. GPIO lines defined as inputs are
reported in bits 1, 2, and 3. GPIO lines defined as outputs with feedback
arereported in bits 5, 6, and 7.

Bit field:

bit 0 | Tool-in-port switch supported

bit1 | Switch 1/GPIO line 1 supported

bit 2 | Switch 2/GPIO line 2 supported

bit 3 | Switch 3/GPIO line 3 supported
bit 4 | Tool tracking LED supported

bit5 |LED 1/GPIO line 1 supported

bit6 | LED 2/GPIO line 2 supported

bit7 | LED 3/GPIO line 3 supported
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Reply Option 0010 - Tool Marker Type and Wavelength

Reply Component Description

G.001.002
G.001.003
G.001.004
G.001.005

Reply Option 0010 |2 hexadecimal characters (8 bits)

Data

Bits 0 to 2 giveinfor mation on the marker wavelength:

000 9x0 nm (See “ Compatibility Notes’ on X | X | X |X
page 98.)

001 880 nm X | X | X |X

010 930 nm X | X |X

100 870 nm X | X | X |X

Bits3to 7 give information on the marker type:

00000 Reserved

00001 NDI active X [ X | X |X

00010 NDI ceramic X [ X | X | X

00011 Unknown active X | X | X [X

00100 Unknown passive X | X | X [X

00101 Passive sphere X [ X | X | X

00110 Passive disc X [ X | X |X

00111 NDI Radix X [ X | X |X

01000 to Reserved

11111

Reply Option 0020 - Physical Port Location

<Reply Option 0020 Data> = <Hardware Device><System Type><Tool Type>
<Port Number><Reserved>

Reply Component | Description

Hardware 8 characters

Device For Polaris Vicra, and passive or active wireless tools used with the Polaris Spectra,
thisisthe Position Sensor serial number.

For Polaris Spectra active toals, thisis the device name of the strober that the tool is
plugged into (STB-1 or STB-2). If thetool is plugged into the System Control Unit,
thisis STB-0.

System Type 1 character

Possible values:
Reserved
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Reply Component | Description

Tool Type 1 character

Possible values:
0 Wired
1 Wireless

Port Number 2 ASCII characters

Possible values:

01to 03 | Used for Polaris Spectrawired tools

04 Used for Polaris Spectra GPIO devices

00 Used for Polaris Spectra or Polaris Vicrawireless tools, and strobers

Reserved 2 characters

Reply Option 0040 - GPIO Device Status

<Reply Option 0040 Data> = <GPIO line 1><GPIO line 2><GPIO line 3>
<GPIO line 4>

Reply Component | Description

GPI10O line n 1 hexadecimal character

Status of the nth GPIO linein a GPIO device.

Possible Values:

0 | Not available, or defined as atool tracking LED
1 Input

2 Output

3 | VishleLED

4 | Alwayshigh

Usage Notes

1

The physical location of a port handle is the only information available unless PHINF has been
preceded by PINIT (page 104).

Port handles for tools that have been disconnected will be reported as UNOCCUPIED and no
additional information will be returned.

Reply option 0001: For wired tools, bits 1, 2, and 3 in the port status report switch status. For
GPIO devices, these bits report the status of GPIO lines defined as inputs.

Reply option 0008: For wired tools, bits 1, 2, and 3 report switch status, and bits 5, 6, and 7
report LED status. For GPIO devices, bits 1, 2, and 3 report the status of GPIO lines defined as
inputs, and bits 5, 6, and 7 report the status of GPIO lines defined as outputs with feedback.
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Compatibility Notes

1. Reply option 0010: A value of 010 for marker wavel ength can be returned only for tools
characterized using NDI 6D Architect version 2.02 or later. Tools characterized with earlier
versions of NDI 6D Architect will have avalue of 000 for a marker wavelength of 930 nm.

2. Reply option 0040: This option is only supported by the hybrid Polaris Spectra System.

Example

Command:
PHINF 040001

Reply:

<0

\ \
08000000NDI 00132C3D301110893
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PHRQ

Assigns a port handle to atool or GPIO device.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

INIT (page 78)

Syntax

PHRQ<SPACE><Hardware Device><System Type><Tool Type><Port Number>

<Reserved><CR>

Parameter

Description

Hardware
Device

8 characters

The hardware device must match the one returned by PHINF (page 91) reply option
0020, or use wild card characters (*). For active tools and GPIO devices connected to
the Polaris Spectra, specifying all wildcards will default to hardware device STB-0
(the tool ports on the System Control Unit).

System Type

1 character

Valid Values:
Use awild card character (*).

Tool Type

1 character

This must be specified for wirelesstools.

Valid Values:
0 Wired
1 Wireless (passive or active wireless)

Or use wild card characters (*) for wired tools.
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Parameter Description

Port Number 2 characters

The physical port number where awired tool is plugged in. This must be specified for
wired tools.

Valid Values:

01to 03 | Used for Polaris Spectrawired tools
04 Used for Polaris Spectra GPIO devices
00 or** | Used for wirelesstools

Reserved 2 characters

Use wild card characters (*).

Replies

Upon Success:
<Port Handle><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. UsePHRQ to assign aport handle to awirelesstool or to awired tool that has neither atool-in-
port diode or amarker in position A of the tool wiring matrix. If awired tool has atool-in-port
diode or amarker in position A of thetool wiring matrix, use PHSR (page 101) to detect the tool
and assign it a port handle.

2. Wirelesstools: You must specify the tool type. All other parameters may be left as wild card
characters (*).

3. Wired toolsand GPIO devices: You must specify the port number. All other parameters may
be left aswild card characters (*).

4. After using PHRQ, you must use PVWR (page 118) to assign atool definition fileto the tool. If
you do not assign atool definition file to the tool, the port handle will be reported as unoccupied
when it isinitialized with PINIT (page 104).

Example

Command:

Reply:
04D715

This requests a port handle for awirelesstool.
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PHSR

Returns the number of assigned port handles and the port status for each one. Assigns a port handle
to awired tool, GPIO device, or strober.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

INIT (page 78)

Syntax

PHSR<SPACE><Reply Option><CR>

Parameter

Description

Reply Option

Specifies which information will be returned. If no reply option is specified, the system
returns information for reply option 00.

The reply options cannot be OR’d.

Valid Values:

00

Reports al allocated port handles (default)

01 | Reports port handles that need to be freed

02 | Reports port handles that are occupied, but not initialized or enabled
03 | Reports port handles that are occupied and initialized, but not enabled
04 | Reports enabled port handles

Replies

Upon Success:

<Number of Port Handles>
<15t port Handle><1St Port Handle Status>
<2"d port Handle><2"™ Port Handle Status>

<nt Port Handle><n®™" Port Handle Status>

<CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions
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Reply Component Description

Number of Port Handles |2 hexadecimal characters

The number of allocated port handles of the type specified in the reply
option. If no reply option is specified, the number returned is the total
number of allocated port handles.

nth Port Handle 2 hexadecimal characters

Specifies the port handle whose status follows.

nth Port Handle Status 3 hexadecimal characters (12 hits)
Bit field:
bit 0 Occupied
bit 1 Switch 1 closed
bit 2 Switch 2 closed
bit 3 Switch 3 closed
bit 4 Initialized
bit 5 Enabled
bit 6 Reserved
bit 7 Tool detected from current sensing
bit 8to 11 Reserved

Usage Notes

1. Whenyou send the PHSR command, the system will detect and assign port handlesto any wired
tools, GPIO devices and strobers that do not aready have a port handle assigned (i.e. any wired
tools, GPIO devices or strobers that were plugged in after the last PHSR call). It will then return
the requested port handle information.

2. Thesystem will detect awired tool if thetool has atool-in-port diode, or amarker in position A
of thetool wiring matrix. If you are using awired tool that does not meet this criteria, you will
need to request a port handle for the tool using PHRQ.

3. If you unplug awired tool, GPIO device, or straber while the system isin tracking mode, the
port handle will be reported as “disabled” in the repliesto the BX and TX commands. If you
reconnect the tool, it will need a new port handle.

4. If you connect awired tool, GPIO device, or strober to the system while the systemisin
tracking mode (either reconnecting a tool/GPIO device/strober that was just unplugged, or
connecting anew tool/GPIO device/strober), you will have to take the following steps before the
system will report the tool, GPIO device, or strober:

a) Exit tracking mode (TSTOP).

b) Assign, initiaize, and enable aport handle for the tool, GPIO device, or strober, as outlined
in Figure 3-1 on page 18. (Initializing and enabling is optional for strobers.)
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¢) Re-enter tracking mode (TSTART).

5. PHSR will report wireless tool ports as unoccupied if you have requested a port handle (using
PHRQ (page 99)) but have not yet associated atool definition file for the port handle (using
PVWR (page 118)).

6. To obtain aport handle for awirdesstool, use PHRQ.

Examples

Command:
PHSR

Reply:
001414
In this case, there are no occupied port handles.

Command:
PHSR

Reply:
0101031F1AF

In this case, there is one occupied port handle, which isinitialized and enabled.
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PINIT

Initializes a port handle.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PVWR (page 118) or PHSR (page 101)

Syntax

PINIT<SPACE><Port Handle><CR>

Parameter Description

Port Handle | 2 hexadecimal characters

Replies

Upon Success:
OKAY<CRC16><CR>

or
WARNING (Indicates that a non-fatal tool error has been encountered, e.g. aburnt out marker.)
or

WARNINGO5 (In combined firmware 006 and later, WARNINGO5 is returned when the system
selects adefault marker wavelength to track atool (if the tool’stool definition file did not specify a
marker wavelength)).

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. UsePINIT in thefollowing cases:

a) Wired tool: Use PINIT to initialize a port handle for awired tool or GPIO device after you
have assigned a port handle using PHSR. If you are using PVWR to override an SROM
device, use PINIT after assigning atool definition file using PVWR.

b) Wirelesstool: Use PINIT to initialize a port handle for awireless tool after you have
assigned a port handle using PHRQ and assigned atool definition file using PVWR.
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2. Itisnot necessary to initialize the port handle for a strober.

3. If thetool description is drawn from atool definition file that has been loaded using PVWR
(page 118), initialization involves unpacking and verifying the tool definition file. This process
is almost instantaneous.

4. If thetool description is drawn from an SROM device, initialization involves reading,
unpacking, and verifying the tool definition file contents, and testing electrical current through
al the markers to detect burnt out markers. This process takes approximately two seconds if
successful, or several seconds longer if a problem is encountered and retries are attempted by
the system.

5. The port handle will still initialize when the system returns WARNING. or WARNINGO5.

Example

Command:
PINIT 01

Reply:
OKAYAB96

Thisinitializes port handle 01.
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PPRD

Reads data from the SROM device in awired tool or GPIO device.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

PSEL (page 110)

Syntax

PPRD<SPACE><Port Handle><SROM Device Address><CR>

Parameter Description

Port Handle 2 hexadecimal characters
SROM Device Address |4 hexadecimal characters

Valid Values:
0x0000 to 0x07CO

Replies

Upon Success:

<SROM Device Data><CRC16><CR>

The SROM device datais 64 bytes (128 hexadecimal characters) of data.
On Error:

ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. The SROM deviceisa2-KB write-once device that must be read in 64-byte chunks. An SROM
deviceis considered blank if its contents are all OXFFs.

2. PPRD reads 64 bytes of datafrom the SROM device starting at a specified SROM device
address.

3. You must select the SROM device as the reading target with PSEL (page 110) before sending
the PPRD command.
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Compatibility Notes
The PPRD command is fully compatible with the hybrid Polaris Spectra System

Example

Command:
PPRD 010000

Reply:
0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF012345678
9ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF66A5
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PPWR

Writes data to the SROM device in awired tool or GPIO device.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

PSEL (page 110)

Syntax

PPWR<SPACE><Port Handle><SROM Device Address><SROM Device Data><CR>

Parameter Description

Port Handle 2 hexadecimal characters

SROM Device Address |4 hexadecimal characters

Valid values:
0x0000 to 0x07CO
SROM Device Data 64 bytes (128 hexadecimal characters) of data
Replies
Command:
OKAY<CRC16><CR>
On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. PPWR writes 64 bytes of datato the SROM device starting at a specified SROM device address.

2. You must select the SROM device as the reading target with PSEL (page 110) before sending
the PPWR command.

3. Thedatamust be formatted into unsigned ASCII characters. Each byte of binary data can be
represented by two hexadecimal characters, which are then sent to the system in ASCII (4 bits
per ASCII character).

4. Thetool description section of tool SROM device is a 1-Kbyte, write-once area that must be
written in 64-byte chunks. If the information being written to the system isless than 64 bytesin
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size, then the remainder of the chunk must be padded out with ones to maintain the 64-byte size
before being written to the system.

5. An SROM deviceis considered blank if its contents are all OxFFs.

6. Therecommended procedure to follow for updating an SROM deviceis:
a) Read the contents of the SROM device using PSEL (page 110) and PPRD (page 106).
b) Maodify the data
c) Writethe modified data back to the SROM device using PSEL (page 110) and PPWR.

Compatibility Notes
The PPWR command is fully compatible with the hybrid Polaris Spectra System.

Example

Command:

PPWR 0100C000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000009731

Reply:
OKAYAB896
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PSEL

Selects an SROM device as the target for reading or writing with PPRD or PPWR.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

PSEL<SPACE><Port Handle><SROM Device ID><CR>

Parameter Description

Port Handle 2 hexadecimal characters

Tool SROM Device ID |16 characters

Use PSRCH (page 112) to determine the SROM device ID.

Replies

Command:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Compatibility Notes
The PSEL command is fully compatible with the hybrid Polaris Spectra System.

Example

Command:
PSEL 010B3876530000005B

Reply:
OKAYA896
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PSOUT

Sets the states of the output linesin a GPIO (general purpose input/output) device.

Operating Mode

All modes
Syntax
PSOUT<SPACE><Port Handle><GP10 1 State><GPI10 2 State><GPI10 3 State><GPI0O 4
State><CR>
Parameter Description
Port Handle 2 hexadecimal characters
GPIO n State State of the nth GPIO line
Valid Values:
N No change
S Solid on
(0] Off
Replies
Upon Success:
OKAY<CRC16><CR>
On Error:

ERROR<Error Code><CRC16><CR>
See page 84 for error code definitions.

Usage Notes

You can check the status of a GPIO line using PHINF (page 91), BX (page 47), or TX (page 146).

Example

Command:
PSOUT OANSNN

Reply:
OKAYA896
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PSRCH

Returns alist of valid SROM device IDs for awired tool or GPIO device.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

PSRCH<SPACE><Port Handle><CR>

Parameter Description

Port Handle | 2 hexadecimal characters

Replies

Upon Success:
<Number of SROM devices><SROM device 1 ID><SROM device 2 ID>...<SROM
device 7 I1D> <CRC16><CR>

Note For a single tool or GPIO device, only the first SROM device ID is reported and the remainder are blank. The
remaining six positions are reserved for special functionality.
On Error:
ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.
Reply Component Description
Number of SROM devices | 1 character
SROM device n ID 16 characters
Usage Notes
The SROM device has an embedded ID, which is a unique, 16 character, alphanumeric identifier.
The SROM device ID is used to select an SROM device as atarget with PSEL (page 110).
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Compatibility Notes

The PSRCH command is fully compatible with the hybrid Polaris Spectra System.

Example

Command:
PSRCH 01

Reply:
10B3876530000005B 7FFF

There are 96 spaces between B and 7. The spaces are place holders for the SROM device ID
numbers2to 7.
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PURD

Reads data from the user section of the SROM device in awired tool or GPIO device.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

PURD<SPACE><Port Handle><User SROM Device Address><CR>

Parameter Description

Port Handle 2 hexadecimal characters

User SROM Device Address | 4 hexadecimal characters

Valid values:
0x0000 to 0x03CO0

Replies

Upon Success:
<SROM Device Data><CRC16><CR>

The SROM device datais 64 bytes (128 hexadecimal characters) of data.

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. The SROM deviceisautomatically selected as the reading target when this command is issued,
so you do not need to find and specify the SROM device ID. The SROM device address has an
implied offset in the command which places the user information at the correct SROM device
address.

2. The PURD command returns 64 bytes of data at atime.

Compatibility Notes
The PURD command is fully compatible with the hybrid Polaris Spectra System.
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Example

Command:
PURD:010000

Reply:
0022446688AACCEE0022446688AACCEE0022446688AACCEE0022446688AACCEE002244668
8AACCEE0022446688AACCEE0022446688AACCEE0022446688AACCEE3CCO
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PUWR

Writes data to the user section of the SROM devicein awired tool or GPIO device.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

PUWR<SPACE><Port Handle><User SROM device address><User SROM device
Data><CR>

Parameter Description

Port Handle 2 hexadecimal characters

User SROM device address | 4 hexadecimal characters

Valid values:
0x0000 to 0x03C0

User SROM device data 64 bytes of data to write (128 hexadecimal characters)

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. The SROM deviceisautomatically selected as the reading target when this command is issued,
so you do not need to find and specify the SROM device ID. The SROM device address has an
implied offset in the command which places the user information at the correct SROM device
address.

2. The data must be formatted into unsigned ASCII characters. Each byte of binary data can be
represented by two hexadecimal characters, which are then sent to the system in ASCII (4 bits
per ASCII character).
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3. The user section of SROM devicesis a 1-Kbyte, write-once area that must be written in 64-byte
chunks. If the information being written to the system is less than 64 bytes in size, then the
remainder of the chunk must be padded out with ones to maintain the 64-byte size before being
written to the system.

4. The recommended procedure to follow for updating an SROM device is outlined below:
a) Read the contents of the SROM device using PURD (page 114).
b) Maodify the dataread.
c) Writethe modified data back to the SROM device using PUWR.

Compatibility Notes
The PUWR command is fully compatible with the hybrid Polaris Spectra System.

Example

Command:

PUWR 01008000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000A927

Reply:
OKAYAB896
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PVWR

Assignsa to awirelesstool, or overrides the SROM device in awired tool or
GPIO device.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

PHRQ (page 99) or PHSR (page 101)

Syntax

PVWR<SPACE><Port Handle><Start Address><Tool Definition File Data><CR>

Parameter Description
Port Handle 2 hexadecimal characters
Start Address 4 hexadecimal characters

Increment the start address by 64 bytes with each chunk of data sent
for aparticular port handle.

Valid values:
0x0000 to 0x03CO

Tool Definition Data 64 bytes (128 hexadecimal characters) of data

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes
1. UsePVWRinthefollowing cases:
e Toassign atool definition file to awirelesstool after using PHRQ.

« Toassign atool definition fileto awired tool or GPIO device, to override the SROM device
in the tool.
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» Toassign atool definition fileto awired tool or GPIO device, to test the tool definition file
before permanently recording the tool definition file onto the SROM device.

2. The data must be formatted into unsigned ASCII characters. Each byte of binary data can be
represented by two hexadecimal characters, which are then sent to the system in ASCII (4 bits
per ASCII character).

3. Datais sent to the system in 64-byte chunks (128 hexadecimal characters). The last chunk must
be padded out with zeroes to maintain the 64-byte size before being written to the system.

4. If awirelesstool port isthetarget of this command, the port becomes occupied when the first 64
bytes of information is written. Any previousinitialization for the port is lost.

5. Use PVWR to assign atool definition file to awirelesstool after using PHRQ (page 99).

6. After using PYWR, initialize (PINIT) and enable (PENA) the port handle in order to track the
tool.

7. To permanently write atool definition file to an SROM device, use PPWR (page 108).

Example

Command:

PVWR 0200004E444900551C000001000000000000010100000001A419335A000000030000
000300000000000040000000000000000000000000000000000000000000000000

Reply:
OKAYA896
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RESET

Resets the system.

Operating Mode

All modes

Compatibility
All systems

Syntax

RESET<SPACE><Reset Option><CR>

Parameter

Description

Reset Option

Optional. Specifiesthe type of reset. If no reset option is specified, the system performs
aRESET 1.

The reset options cannot be OR’d.

Valid Values:

0

Generates a soft reset, and resets the baud rate to 9600. Does not power cycle the
Position Sensor.

Performs a board-level reset of all hardware devices, and resets the baud rate to
9600. (Default)

Replies

Upon Success:

RESET<CRC16><CR>

or

SCUONLY<CRC16><CR>
(If the SCU is connected and no Position Sensor is connected.)

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. RESET can only be used when the host computer and the system are at the same baud rate. To
reset the system when the baud rates do not match or when the system isin an unknown state,

use aseria break.

2. Thereply will be sent at the default communications settings (9600 baud, 8 data bits, no parity,
1 stop hit, hardware handshaking off).
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Example

Command:
RESET O

Reply:
RESETBEGF
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SAVE

Saves al non-volatile user parameters that have been changed (on all connected devices).

Operating Mode

All modes

Compatibility
All systems

Syntax

SAVE<SPACE><CR>

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. Torestorethe user parametersto factory default values, use the DFLT (page 61) command. To
save the user parameters at their factory default values, use the SAVE command after using the
DFLT command.

2. On systemsthat have the Password Protect keyed feature enabled, user parameters can only be
saved after the correct password is entered. To enter the password, use SET Config.Passwor d=
<passwor d>, where <password> is the correct password. For more information on the
Password Protect keyed feature, see the user guide.

To set user parameter values, use the SET (page 125) command.

4. For more information on user parameters, see “User Parameters’ on page 20.

Example

Command:
SAVE

Reply:
OKAYA896
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SENSEL

Setsthe IR sengitivity level, or returns the current IR sensitivity level.

Operating Mode
Setup

Compatibility
All systems (deprecated)

Prerequisite Command

INIT (page 78)

Syntax

SENSEL<SPACE><Option><CR>

Note For sensitivity levels corresponding to the Polaris Vicra or Polaris Spectra System, refer to the appropriate user
guide. To set the sensitivity level for the Polaris Vicra or Polaris Spectra System, use the command SET to set the
user parameter “Param.Tracking.Sensitivity.”

Parameter Description
Option Valid Values:
0 Returns the current sensitivity level

1-7 | Refer to the appropriate user guide

(Sensitivity level 4 isthe default level for the Polaris Vicraand Polaris
Spectra Systems.)

Replies
Upon Success:
For option O:

<Current sensitivity level><CRC16><CR>
For options1to 7:

OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>
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See page 167 for error code definitions.

Reply Component Description
Current sensitivity 1 character
level

Theinfrared light sensitivity level currently being used by the system.

Usage Notes

1. Sensitivity level 4 isthe default level for the Polaris Vicra and Polaris Spectra Systems. See the
user guide for full details on the sensitivity levels for these systems.

2. Thelevel set using SENSEL persists until aRESET or INIT (page 78) command is issued.

Compatibility Notes

The SENSEL command has been deprecated for the Polaris Vicraand Polaris Spectra Systems. To
set the sensitivity level for the Polaris Vicraor Polaris Spectra System, use the command SET
(page 125) to set the user parameter Param.Tracking.Sensitivity.

Examples

Command:
SENSEL 3

Reply:
OKAYA896

Command:
SENSEL O

Reply:
31540
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SET

Sets user parameter values.

Operating Mode

All modes

Compatibility
All systems

Syntax

SET<SPACE><User Parameter Name>=<Value><CR>

Parameter Description
User Parameter | A case-sensitive string, identifying the name of the user parameter.
Name
Value The value to set.
Numerical values are decimal unless preceded by Ox. For boolean values, 1 istrue
and Oisfalse.
Replies
Upon Success:
OKAY<CRC16><CR>
On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

1. Toview alist of user parameters and their current values, use GET *. For a description of the
user parameters, use GETINFO *.

2. The user parameter values set using the SET command persist until the system isreset or
initialized. To save the user parameter values, use SAVE (page 122). To reset user parametersto
their default values, use DFLT (page 61).

3. User parameter names are case-sensitive.

4. For more information on user parameters, see “User Parameters’ on page 20

Compatibility Notes

Accessing parameters by prefixing them with a device name (e.g. SET
PS-0.Param.Tracking.Sensitivity=1) is not supported by API revision G.001.002 or earlier.
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Example

Command:
SET PS-0.Param.Tracking.Sensitivity=1

Reply:

OKAYA896

This setsthe infrared light sensitivity level to level 1 on the first Position Sensor in the
configuration.
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SETIO

Sets the general purpose input/output lines of a synchronization port to either a high or low value.

Operating Mode

All modes

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

SETI10<SPACE><Input/Output Line Status><CR>

Parameter Description

Input/0utput |4 hexadecimal characters (16 bits)
Line Status

Each bit in the 16-bit flag field represents one possible input/output line. Use 1 for a
high level and O for alow level at the input line (positivelogic). Currently, only bit zero
of the statusfield is used.

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. The System Control Unit on the hybrid Polaris Spectra System has one general purpose digital
input/output line, on pin 2 of the synchronization port.

2. Torequest the current status of the general purpose input/output lines of a synchronization port
use GETIO (page 72).

Compatibility Notes
The SETIO command is compatible with the hybrid Polaris Spectra System.
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Example

Command:
SET10 0001

Reply:
OKAYAB896
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SFLIST

Returns information about the supported features of the system.

Operating Mode
Setup

Compatibility
All systems

Syntax

SFLIST<SPACE><Reply Option><CR>

Parameter Description

G.001.002
G.001.003
G.001.004
G.001.005

Reply Option | Specifies which information will be returned.
The reply options cannot be OR'd.

Valid values:

00 | Summary of supported features

01 | Number of activetool ports

02 | Number of wirelesstool ports

X | X| X| X
X| X | X| X
X | X| X| X
X | X X| X

03 | Number of characterized measurement volumes and wave-
lengths; volume shapes and supported wavel engths

04 | The number of wired tool ports availablewhich supporttool- | X [ X [X |X
in-port detection from current sensing

05 | Number of active wireless tool X | X [X [X

The reply options cannot be OR’ d.

Replies

Upon Success:
<Reply Option n Data><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.
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Reply Component

Description

Reply Option n Data

The data specific to the requested reply option. See the reply option informa-
tion below for details:

Reply option 00 (Summary of supported features)
Reply option 01 (Number of active tool ports)
Reply option 02 (Number of wireless tool ports)

Reply option 03 (Number of characterized measurement volumes and wave-
lengths; volume shapes and supported wavelength)

Reply option 04 (The number of wired tool ports available which support
tool-in-port detection from current sensing)

Reply option 05 (Number of active wireless tools)

Reply Option 00 - Supported Features Summary

Reply Component

Description

Reply Option 00 Data

8 hexadecimal characters (32 bits)

Bit field:

bit 0 Active tool ports available

bit 1 Passive tool ports available

bit 2 Multiple volume characterization parameters supported
bit 3 Tool-in-port from current sensing available

bit 4 Active wirelesstool ports available

bit 5 Reserved

bits 7 to 31 | Reserved

Reply Option 01 - Number of Active Tool Ports

Reply Component

Description

Reply Option 01 Data

1 hexadecimal character

The number of wired tool ports.

Reply Option 02 - Number of Wireless Tool Ports

Reply Component

Description

Reply Option 02 Data

1 hexadecimal character

The number of wirelesstool ports.
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Reply Option 03 - Volumes

<Reply Option 03 Data>

<Number of Volumes>

<15t Shape Type><1St Shape Parameter><1St Number of Wavelengths
Supported><1St Supported Wavelengths><LF>

<nt" Shape Type><nt" Shape Parameter><n" Number of Wavelengths
S.upported><nth Supported Wavelengths><LF>

Reply Component

Description

Number of Volumes

1 hexadecimal character

n Shape Type

1 hexadecimal character

Possible values:

5

Pyramid or extended pyramid measurement volume
(Polaris Spectra)

7

Polaris Vicra measurement volume

n" Shape Parameter

10 parameters, 7 characters each (asign, and six digits with an
implied decimal in the position XXXX . XX)

(See pages 132 to 133 for details.)

Supported

n™ Number of Wavelengths

1 hexadecimal character

n" Supported Wavelengths

1 character per wavelength supported

Possible values:

0

930 nm (see “Usage Notes’ on page 135)

1

880 nm

4

870 nm

Reply Option 04 - Number of Active Tool Ports Supporting Tool-in-Port Detection From Current Sensing

Reply Component

Description

Reply Option 04 Data

1 hexadecimal character

Reply Option 05 - Number of Active Wireless Ports

Reply Component

Description

Reply Option 05 Data

1 hexadecimal character
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Polaris Vicra System - Shape Parameters
<Shape Parameter> in reply option 03 returns the following values (illustrated in Figure 5-2):

Shape Parameter ~ Value Description
D1 100 mm Half baseline
D2 582.00° Outside volume angle - top view (scaled by 10)
D3 1099.00° Inside volume angle - top view (scaled by 10)
D4 194.00° Half volume angle - side view (scaled by 10)
D5to D7 Reserved
D8 -830 mm z-coordinate centre of back curve
D9 506 mm Radius of back curve
D10 -557 mm z-coordinate of front of volume

Top View

Side View

Figure 5-1 Polaris Vicra Volume Parameters

The back curve of the volumeisthe “visible” section of the torus defined by the equation

(D8 — X2 —Z%) +y? = D9?. “Visible’ means within the Position Sensor field of view, defined by
D1, D2, D3, and D4, for z < D8,
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Polaris Spectra System - Shape Parameters

For the pyramid measurement volume, <Shape Parameter> in reply option 03 returns the following

values (illustrated in Figure 5-2):
Shape Parameter ~ Value Description
D1 -2400 mm z-coordinate of back of volume
D2 -1532 mm z-coordinate where sides of volume change slope
D3 -950 mm z-coordinate of front of volume
D4 572 mm Half width of volume at z= D2
D5 398 mm Half height of volumez=D2
D6 0569.46 Slope of front part of volume sidesin the yz-plane (scaled by 1000)
D7 0243.03 Slope of back part of volume sidesin the yz-plane (scaled by 1000)
D8 0297.73 Slope of volume top and bottom in the xz-plane (scaled by 1000)
D9 9999.99 mm Maximum half width of volume (unrestricted)
D10 9999.99 mm Maximum half height of volume (unrestricted)
Top View

Side View

D6 = tan(o:) x 1000

\\\qu>\\ ~ D7=tan(B)x 1000

D8 = tan(y) x 1000

Figure 5-2 Pyramid Volume Parameters (Polaris Spectra)
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For the extended pyramid measurement volume, <Shape Parameter> in reply option 03 returns the
following values (illustrated in Figure 5-3):

Shape Parameter ~ Value Description
D1 -3000 mm z-coordinate of back of volume
D2 -1532 mm z-coordinate where sides of volume change slope
D3 -950 mm z-coordinate of front of volume
D4 572 mm Half width of volume at z= D2
D5 398 mm Half height of volumez= D2
D6 0569.46 Slope of front part of volume sides in the yz-plane (scaled by 1000)
D7 0243.03 Slope of back part of volume sidesin the yz-plane (scaled by 1000)
D8 0297.73 Slope of volume top and bottom in the xz-plane (scaled by 1000)
D9 9999.99 mm Maximum half width of volume (unrestricted)
D10 735 mm Maximum half height of volume
Top View
D6 = tan(ot) x 1000
\B\ ~ D7=tan(B)x 1000
T o
D4 \K
pl,,,,,,,,,,,lpz,,,*,D; ,,,,,, ,
Side View

Figure 5-3 Extended Pyramid Volume Parameters (Polaris Spectra)
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Usage Notes

1. Use both the shape type and the shape parameters to represent the characterized measurement
volume graphically. There may be multiple volumes with the same shape type. All volumes of
the same shape type use the shape parameters the same way.

2. Reply option 03: A characterized measurement volume that supports wavelength value O
(930 nm) supports the wavelength values of 000 (9x0 nm) and 010 (930 nm) returned with
PHINF (page 91).

Examples

Command:
SFLIST

Reply:
0OOO0003FEEEC

Command:
SFLIST 03

Reply:
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SSTAT

Returns the status of the system processors.

Operating Mode

All modes

Compatibility
All systems (deprecated)

Syntax

Syntax

SSTAT<SPACE><Reply Option><CR>

Parameter Description

Reply Option | Thereply options are hexadecimal numbers that can be OR'd. If multiple reply options
are used, the replies are returned in order of increasing option value.

Valid Values:

0001 Control processor status

0002 Left and right sensor processor status

0004 | Tool Interface Unit processor status

Replies

Upon Success:
<Reply Option 0001 Data><Reply Option 0002 Data><Reply Option 0004
Data><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Option 0001 - Control Processor Status

Reply Component Description
Reply Option 0001 Data | 2 hexadecimal characters (8 hits)

Bit field:

bitsOto 7 | Reserved
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Reply Option 0002 - Left and Right Sensor Processor Status

Reply Component Description
Reply Option 0002 Data | 2 hexadecimal characters (8 hits)

Bit field:
bitOto 7 Reserved

Reply Option 0004 - Tool Interface Unit Processor Status

Reply Component Description
Reply Option 0004 Data | 2 hexadecimal characters (8 hits)

Bit field:
bitOto7 | Reserved

Usage Notes

1. All statushitsare persistent for aslong asthe system isturned on. They can only be cleared by a
serial break or reset.

2. If any of the bitsindicate afailure, reset your system and then try SSTAT again. If the problem
persists, contact NDI.
Compatibility Notes

The SSTAT command has been deprecated for the Polaris Vicra and Polaris Spectra Systems. To
read the status of the Polaris Vicraor Polaris Spectra System, use the command GET (page 66) to
read the user parameter | nfo.Status.Alerts.

Example

Command:
SSTAT 0001

Reply:
001414
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SYSLOG

Writes data to the Position Sensor or System Control Unit log file.

Operating Mode

All modes

Compatibility
All systems

Syntax

SYSLOG<SPACE>\<Device Name>\<Category>=<Message><CR>
(API revision G.001.004 or later)

or

SYSLOG<SPACE><Category>=<Message><CR>
(API revision G.001.003 or earlier)

Parameter | Description

Device Selects a hardware device to write to. See “Device Names” on page 21 for information on
Name device names.

Category | A string, up to 12 characters

Specifies the log entry category or source. If you enter more than 12 characters, the system
will truncate the category to 12 characters.

Message A string, up to 256 characters.

Contains the log message. If you enter more than 256 characters, the system will truncate the
message to 256 characters.

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. Thesystem log in each hardware device can store up to 100 Kbytes of data. It isintended to
record events central to the life of the device. The system automatically records events such as
firmware updates, bump sensor events, and hardware faults in the log.

2. Toreadthelog, use GETLOG (page 74).
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Compatibility Notes

For passive systems, only the Position Sensor log fileis available.

Example

Command:
SYSLOG \SCU-O\Test=This is a SYSLOG test!

Reply:
OKAYA896
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TCTST

Returns diagnostics on the active markers of awired tool.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

TCTST<SPACE><Port Handle><CR>

Parameter Description

Port Handle | 2 hexadecimal characters

Replies

Upon success:
<Marker A Current><Marker B Current>...<Marker T Current><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component Description

Marker n Current | 2 hexadecimal characters

The electrica current of the markers.

Usage Notes

1. If theresult islessthan OXOA either there is no marker, or there is a problem with the diode that
has caused an open circuit.

2. If theresult is greater than OxOA the marker is either okay or it has short-circuited. The exact
value cannot be predicted asit depends upon the System Control Unit and the tool design (cable
length, number of markers, and marker configuration). This value should be determined on a
historical basis for each particular tool design.

3. You cannot test avisible LED, sincethe System Control Unit cannot reliably test the low current
of an LED because the LED current result may be corrupted from electrical noise.
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Compatibility Notes
The TCTST isfully compatible with the hybrid Polaris Spectra System.

Example

Command:
TCTST 01

Reply:
9400000000940100000092000000009400000000DF24
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TSTART

Starts Tracking mode.

Operating Mode
Setup

Compatibility
All systems

Prerequisite Command

INIT (page 78)

Syntax

TSTART<SPACE><Reply Option><CR>

Parameter Description

Reply Option |80 (Optional, resetsthe frame counter to zero)

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

If the reply option 80 is not used, only resetting the system resets the counter for the frame number.
The frame number is reported in reply option 0001 of the TX (page 146) and BX (page 47)

commands.

Example

Command:
TSTART

Reply:
OKAYAB96
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TSTOP

Stops tracking mode.

Operating Mode
Tracking

Compatibility
All systems

Prerequisite Command

TSTART (page 142)

Syntax

TSTOP<SPACE><CR>

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Example

Command:
TSTOP

Reply:
OKAYA896
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TTCFG

Sets up a configuration for awired tool, so that you can test the tool without using atool definition
file.

Operating Mode
Setup

Compatibility
hybrid Polaris Spectra System

Prerequisite Command

INIT (page 78)

Syntax

TTCFG<SPACE><Port Handle><CR>

Parameter Description
Port Handle | 2 hexadecimal characters

Replies

Upon Success:
OKAY<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. TTCFG internaly sets up atest configuration for awired tool, so that it can be tested without
having atool definition file. Thisis useful for testing the wiring in the tool before characterizing
the tool. For example, after sending TTCFG, you can:

e use TCTST to test the current
e indiagnostic mode, use IRED to individually activate the markers.

2. After sending the TTCFG command, you will need to initialize (PINIT) and enable (PENA) the
port handle before using any other commands that list these as prerequisites.

3. With thetest configuration, the tool cannot be tracked.

Compatibility Notes
The TTCFG command is compatible with the hybrid Polaris Spectra System.
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Example

Command:
TTCFG OA

Reply:
OKAYAB96
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X

Returns the latest tool transformations, individual marker positions, and system statusin text format.

Operating Mode
Tracking

Compatibility
All systems

Syntax

TX<SPACE><Reply Option><CR>

Parameter | Description

G.001.002
G.001.003
G.001.004
G.001.005

Reply Optional. Specifies which information will be returned. If no reply option
Option is specified, the system returns information for reply option 0001.

The reply options are hexadecimal numbers that can be OR’d. If multiple
reply options are used, the replies are returned for each port handlein
order of increasing option value, with the following exceptions:

Reply option 0800 is not reported separately from the other options; it sim-
ply enables the system to return certain information in the other options.

Reply option 1000 is reported after all handle-specific options but before
the <system status> and <CRC16>.

Valid Values:
0001 | Transformation data (default) X [ X
0002 | Tool and marker information X [ X

0004 | 3D position of asingle stray active marker

X | X| X[ X X| X
X | X| X[ X| X| X

0008 | 3D positions of markers on tools X | X
0800 | Transformations not normally reported X | X
1000 | 3D positions of stray passive markers X | X

Replies

Upon Success:
<# of Handles><Handle 1><Reply Opt 0001 Data>...<Reply Opt 0008 Data><LF>

<Handle n><Reply Option 0001 Data>...<Reply Option 0008 Data><LF>
<Reply Option 1000 Data><System Status><CRC16><CR>

Note If the port handle is disabled, the system returns the string DISABLED instead of
<Reply Option 0001 Data>...<Reply Option 0008 Data>.
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On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Reply
Component

Description

Number of
Handles

2 hexadecimal characters

The number of port handles for which information is returned.

>~1G.001.002
>~ 1G.001.003
>~ G.001.004
>~ G.001.005

Handle n

2 hexadecimal characters

The port handle whose information follows.

>

>

Reply
Option m
Data

The data specific to the requested reply option. See the reply option
information below for details:

Reply option 0001 (transformation data) (default)

Reply option 0002 (tool and marker information)

Reply option 0004 (latest 3D position of single, stray, active marker)

Reply option 0008 (3D position of markers on tools)

Reply option 0800 (reporting al transformations)

Reply option 1000 (3D position of stray passive markers)

X[ X| X| X[ X]| X

X| X X| X[ X[ X

System
Status

4 hexadecimal characters (16 bits)
The status of the system.

Bit field:

bit 0 System communication synchronization error

bitsl1and 2 | Reserved

bit 3 Recoverable system processing exception.

bits4and 5 | Reserved

bit 6 Some port handle has become occupied

bit 7 Some port handle has become unoccupied

bit 8 Diagnostic pending

bit 9 Temperature (system is not within operating temper-
ature range)

X | X| X| X

X | X| X| X

bits 10 to 15 | Reserved

Note The “diagnostic pending” bit is set whenever an alert is detected or cleared. To view the alerts status and clear

the diagnositc pending bit, use GET (page 66) to check the Info.Status.New Alerts user parameter for every

hardware device in the system. See “Usage Notes” on page 56 for more details. (Note: For API revision G.001.003
and earlier, the diagnostic pending bit did not indicate when an alert was cleared.)
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Reply Option 0001 - Transformation Data

<Reply Option 0001 Data> = <Qu><Q,><Qy><Q,><T,><T,><T,><Error><Port Status>
<Frame Number>

or
<Reply Option 0001 Data> = MISSING<Port Status><Frame Number>

Reply

Component Description

>1G.001.002
>1G.001.003
>1G.001.004
>1G.001.005

Q0, Qx, Qy, |6 characterseach
Qz (asign, and 5 decimal digits with an implied decimal in the posi-
tion X . XXXX)

Rotational component of the transformation, quaternion, unitless.
The value for QO is aways non-negative.

™, Ty, Tz 7 characters each X | X | X |X
(asign, and 6 decimal digits with an implied decimal in the posi-
tion XXXX . XX)

Translational components of the transformation, in mm.

Error 6 characters X [ X | X |X
(asign, and 5 decimal digits with an implied decimal in the posi-
tion X . XXXX)

The error isan RMSvalue, given in mm. It isthe result of the least
squares minimization between the marker geometry in the tool def-
inition file and the data from the tool’s markers measured by the
system.

148 Polaris Application Program Interface Guide - Revision 5



—

X

The frame number isan internal counter related to data acquisition.

The counter startsat power up and does not reset until the systemis

reset (either with RESET or a serial break), the system is powered
up again, or reply option 80 is sent with the TSTART command.

The frame number corresponds to the frame in which the raw data,
used to calculate the accompanying transformation, was collected.

N (a0} < o
o o o o
Reply Description i R s
Component P 8181818
Port Status |8hexadecimal characters (32 bits)
Bit field:
bit 0 Occupied X | X [ X |X
bit 1 Switch 1 closed/GPIO line 1 active X | X
bit 2 Switch 2 closed/GPIO line 2 active X | X
bit 3 Switch 3 closed/GPIO line 3 active X | X
bit 4 Initialized X [ X | X |X
bit 5 Enabled X | X | X [X
bit 6 Out of volume X | X | X [X
bit 7 Partialy out of volume X | X [ X |X
bit 8 Algorithm limitation (processing requires more X | X [ X |X
buffer than is available)
bit 9 IR interference (alarge bright IR object) X | X [ X |X
bits 10 and 11 | Reserved
bit 12 Processing exception (same astool information bit | X | X [ X |X
7 in reply option 0002)
bit 13 Reserved
bit 14 Fell behind while processing (sameastool infor- | X | X | X |X
mation bit 3 in reply option 0002)
bit 15 Data buffer limitation (too much data; for example, | X | X [ X | X
too many markers)
bits16t0 31 | Reserved
Frame Number | 8 hexadecimal characters X | X | X |X

Note The system returns the string MISSING, followed by the port status and frame number, in the following situations:
- Tools are reported as missing if a transformation cannot be determined.

- GPIO devices and strober port handles that are initialized and enabled are reported as missing.

- In the event of a system error that prevents tracking, all tools and GPIO devices are reported as missing.
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Reply Option 0002 - Tool and Marker Information

<Reply Option 0002 Data> = <Tool Information><Marker Information>

measurement volume and was not needed to calculate
atransformation.

[aN} o™ < [Te]
o o o o
Reply Description 22123
Component P 8181|188
Tool 2 hexadecimal characters (8 bits)
Information
Bit field:
bit 0 Bad transformation fit X | X | X |X
bit 1 Not enough acceptable markers for transformation X | X | X [X
bit 2 IR interference—environmental IR isinterferingwith | X | X [ X | X
the system (combination of port status bits 9 and 15 in
reply option 0001)
bit 3 Fell behind while processing (sameasport statushit 14 | X | X | X | X
in reply option 0001)
bits4 to 6 | Tool face used X | X | X |X
bit 7 Processing exception (same as port status bit 12 in X | X | X [X
reply option 0001)
Marker 20 hexadecimal characters (1 per marker)
Information | Seebelow for an example.
Possible Values:
0 Not used because it was missing X | X | X [X
1 Not used because it exceeded the maximum marker X [ X | X | X
angle
2 Not used because it exceeded themaximum 3D error | X | X | X | X
for the tool
Used to calculate the transformation X | X | X [X
4 Used to calculate the transformation, but it is out of X | X | X [X
volume
5 Not used because it was outside the characterized X | X | X [X

Example - Marker Information: A tool with markerslocated at T, R, C, and A, where all four markers

were used to determine the calculation, would have the reply 30300000000000000303, as

illustrated:
Marker Letter T S R Q D C B A
Reply Char (Hex) 3 0 3 0 0 3 0 3

Reply Option 0004 - 3D Position of Single Stray Active Marker

<Reply Option 0004 Data> = <Status><T,><T><T,>
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or

<Reply Option 0004 Data> = <Status>

Reply Component

Description

G.001.002
G.001.003
G.001.004
G.001.005

Status

2 hexadecimal characters (8 hits)

The status of the stray active marker. A stray marker on an active
tool is not fixed with respect to the other markers that make up the
tool.

Bit field:

bit 0 Valid stray active marker

bit 1 Marker ismissing

bit 2 Reserved

bit 3 Marker is out of volume

bits4to 7 | Reserved

T, Ty, Tz

7 characters each
(asign, and 6 decimal digits with an implied decimal in the posi-
tion XXXX . XX)

Position of the marker, reported in the coordinate system of the
Position Sensor. The marker position is reported only if the
marker statusis“valid,” or if the statusis “out of volume” and
reply option 0800 is used.

Note If no stray active marker is defined (for example, for wireless port handles, GPIO devices, or strobers, or wired

tools with no stray marker defined in the tool definition file), the status is 00, and no position information is

returned. If the marker is missing, or if the marker is out of volume and reply option 0800 is not used, the system
returns only the status.
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Reply Option 0008 - 3D Position of Markers on Tools

<Reply Option 0008 Data> = <Number of Markers><Out of
Volume><T,,><Tyn><T,,>

Reply Component | Description

< 1G.001.002
> G.001.003
< G.001.004
< G.001.005

Number of 2 hexadecimal characters
Markers

Number of markers used in tool transformations.

x
>
x

Out of Volume |1 hexadecimal character per 4 markers (1 bit per marker) X

The bit is set when the marker is outside the characterized meas-
urement volume (see example below).

Reply size = (number of markers)/4, rounded up to the nearest
integer.

Txn, Tyn, and |7 characterseach X | X | X [X
Tzn (asign, and 6 decimal digits with an implied decimal in the posi-
tion XXXX . XX)

Position of the n" marker, reported in the coordinate system of
the Position Sensor. The system will report the positions of
markers used in tool transformations, as well as markers that
exceeded the maximum marker angle or maximum 3D error
specified in thetool definition file.

See “Usage Notes’ on page 155 for more information.

Reply size:

If reply option 0800 is not used, reply size = (21 characters) x
(number of markersinside the characterized measurement vol-
ume).

If reply option 0800 is used, reply size = (21 characters) x (total
number of markers).

Example - Out of Volume: The information is returned in the format illustrated in the following
example: one bit per marker, in little endian format. In this example there are nine markers, all of
which are out of volume:

Marker Number 918 7 6 514 3 2 1
Bit Field 000111111111
Reply 1 F =
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Reply Option 0800 - Reporting All Transformations

This option enables the reporting of transformations or translations in situations where tranglations
or transformations are calculated, but by default are not reported by the system. Such situations
include:

e Thetool or marker is outside of the characterized measurement volume.
e The bump sensor has been tripped.
e Thesystem isoutside of the optimal operating temperature range.

e Other system conditions are not ideal; see“Alerts User Parameters’ on page 23 for afull list
of these conditions.

This reply option must be OR’d with reply option 0001 to obtain transformations for toolsin the
situations listed above. It must be OR’d with reply options 0004, 0008, or 1000 to obtain position
information for markersin the situations listed above.

When using reply option 0800 with the TX command, you must take appropriate action to detect the events listed
above, and determine whether they are detrimental to your application. If one or more of the events listed above
Warning! occurs, reply option 0800 enables the system to return data that may lead to inaccurate conclusions and may

cause personal injury.

Appropriate action to detect the events listed above includes:
* reading the out-of-volume flag in reply options 0001 and 0002 when tracking tools

« reading the out-of-volume information in reply options 0004, 0008, and 1000 when tracking
stray markers

« reading the temperature flag in the system status
» reading the diagnostic pending bit in the system status

e reading thelnfo.Satus.New Alertsuser parameter for every hardware device in the system
when the diagnostic pending bit is set. See “Usage Notes’ on page 155 for details.
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Reply Option 1000 - 3D Position of up to 50 Stray Passive Markers

<Reply Option 1000 Data> = <Number of Markers><Out of
Volume><T,,><Tyn><T,,>

(asign, and 6 decimal digits with an implied decimal in the posi-
tion XXXX . XX)

Position of the n" marker, reported in the coordinate system of
the Position Sensor.

Reply size:

If reply option 0800 is not used, reply size = (21 characters) x
(number of markers inside the characterized measurement vol-
ume).

If reply option 0800 is used, reply size = (21 characters) x (total
number of markers).

AN o™ < [Te]
o o o o
- S |S|S |93
Reply Component | Description did|g|dg
Qe e e
olo|lo|o
Number of 2 hexadecimal characters X [ X | X |X
Markers
Number of stray markers.
Out of Volume |1 hexadecimal character per 4 markers (1 bit per marker) X | X | X [X
The bit is set when the marker is outside the characterized meas-
urement volume (see example below).
Reply size = (number of markers)/4, rounded up to the nearest
integer.
Txn, Tyn, Tzn |7 characterseach X | X | X [X

Note At least one passive port handle must be enabled, to activate the illuminators on the Position Sensor. If no

passive port handles are enabled, <Number of Markers> will return 00 and no other data will be returned.

Stray passive markers are defined as markers which are not used to calculate any of the
transformations for any enabled, passive tools. Stray active wireless tool markers are not reported.

Example - Out of Volume Theinformation is returned in the format illustrated in the following
example: one bit per marker, in little endian format. In this example there are nine markers, all of
which are out of volume:

Marker Number 918 7 6 54 3 2 1
Bit Field 000111111111
Reply 1 F F
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Usage Notes

1. TheTX format iseasier to parse than the binary format; it is useful when troubleshooting, or
observing data asit is collected. For repliesin binary format, use BX (page 47).

2. By default, transformationswill not be reported if the tool is either partially or wholly out of the
characterized measurement volume, if the bump sensor has been tripped, or if the systemiis
outside of the optimal operating temperature range. To report these transformations, you must
use reply option 0800 OR’ d with the desired reply option(s). The accuracy of these
transformations is unknown.

3. Reply Option 0001.:

¢ When the “diagnostic pending” bit is set in the system status, use GET (page 66) to read the
Info.Status.New Alertsuser parameter for every hardware device in the system. The act of
reading these parameters clears the parameters and the “diagnostic pending” bit. For more
information on aerts and their associated user parameters, see “Alerts User Parameters’ on

page 23.

« For wired tooals, bits 1, 2, and 3 in the port status report switch status. For GPIO devices,
these bits report the status of GPIO lines defined as inputs.

4. Reply Option 0008: Markers are returned in a phabetical order according to how they are
labelled in the tool definition file. For example, for atool with markerslabelled A, G M and S,
the system will return the marker positionsin the order A G M S. Reply option 0008 only
returns data for markersthat the system detects. To identify which marker iswhich, compare the
reply option 0008 datato the data returned with reply option 0002. The marker order isthe same
for both replies; each marker that does not have a <marker information> status of 0 (“missing”)
in reply option 0002 corresponds to a marker in reply option 0008

5. Reply Option 1000: At least one passive tool definition file must be initialized and enabled in
order for the system to return stray passive marker data. If no passive tool definition files are
enabled, thisreply option will return 00.

Compatibility Notes
1. System Satus:

¢ InAPI revision G.001.004 and later, the diagnostic pending bit (bit 8) is set whenever an
aert is detected or cleared. In API revision G.001.003 and earlier, the diagnostic pending bit
is set only when an alert is detected.

2. Reply Option 0002:
* Marker information value 2 means that the marker was not used because it exceeded the
maximum 3D error for the tool.

Examples

Example 1

Command:
TX 0001

Polaris Application Program Interface Guide - Revision 5 155



Commands

Reply:

0102MISSINGOO00007100002211
0000D2A5

The system reports that there is one tool, which is missing. Notice the port status, which indicates
that the tool is occupied, initialized, enabled, and out of volume.

Example 2
Command:
TX 0801
Reply:
<
& & &
NI oy o) PR Q° <t
\ \ \ \ \ \ \ \ \ \ \
0102+08126+02988-02040+04568-031514+043184-117696+02981000000710000227A

00003F84

With the 0800 reply option applied, the system reports the missing tool. Notice the port status, which
indicates that the tool is occupied, initialized, enabled, and out of volume.
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Example 3

Command:
TX 0001

Reply:

The system reports that there is one tool, whose port handle is disabled. It aso reports the system

status.
Example 4
Command:
TX 1001
Reply:
<
< ) e
<© 'ed S
N g <+ ) PR Q© <t

‘Of0f+0856g—O1538L04254L0248ﬂ—006263L027579LO99121L02054B000003f00000368

0307005386+033057_098807(003108r036484[095986(000609T040221F092827P000P105

The system reports the transformation for one tool (first line of the reply), and the positions of three
stray passive markers (second line of the reply).
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VER

Returns the firmware revision number of critical processorsinstalled in the system.

Operating Mode
Setup

Compatibility
All systems

Syntax

VER<SPACE><Reply Option><CR>

Parameter Description

G.001.002
G.001.003
G.001.004
G.001.005

Reply Option | Specifies which information will be returned.

The reply options cannot be OR'd.

Valid Values:

0 | System Control Processor (Position Sensor) X | X | X [X
1 Reserved

2 Reserved

3 | System Control Unit Processor X | X
4 | System Control Processor (Position Sensor), with enhanced revi- | X | X | X [ X

sion numbering.

The revision numbering is XXX.Y Y'Y, where XXX = magjor revi-
sionand YYY =minor revision. The major revision number is
always the same as the revision number for parameter value 0.

5 | Combined firmware revision number. o R I
The revision numbering format is XX X. Only the number is
reported; there is no information about the type of system.

6 Reserved

Replies

Upon Success:
Reply Options0to 4, and 6:

<Type of Firmware><LF>

<NDI Serial Number><LF>

<Characterization Date><LF> (included only for Reply Option 0 and 4)
<Freeze Tag><LF>

<Freeze Date><LF>
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<Copyright Information><LF>
<CRC16><CR>

Reply Option 5:

<Combined Firmware Revision><CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Usage Notes

1. If you send the command VER 5 after the INIT command has replied with ERROR2E, the reply
will be " ???", because component versions are incompatible.

Compatibility Notes

1. You can aso obtain the combined firmware revision of the system by using the command GET
(page 66) to read the value of the user parameter Config.Combined Firmware Revision. See
“User Parameters’ on page 20 for more information on user parameters.

2. Reply Options 3: Is not supported by passive systems. For Polaris Spectra, the second line of
the response is the serial number of the System Control Unit.

Examples

Command:
VER 4

Reply:

Polaris Spectra Control Firmware

NDI S/N: P7-00733

Characterization Date: 06/04/08

Freeze Tag: Polaris Spectra Rev 006.001
Freeze Date: 03/26/08

(C) Northern Digital Inc.

4923

Command:
VER 5

Reply:
0124A94
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VGET

The VGET command retrieves data previously captured with VSNAP (page 165).

Operating Mode

All modes

Compatibility
All systems

Prerequisite Command

VSNAP (page 165)

Syntax

VGET<SPACE><Row><Sensor><Frame Index><Start Column><End
Column><Stride><CR>

Parameter

Description

Row

4 hexadecimal characters
Specifies the row of datato retrieve.

Valid Values:
0 to the value of the user parameter Cmd.V Get.Sensor.Height - 1.

Sensor

2 hexadecimal characters

Specifies which sensor’s data to return.

Valid values:

0 | Left sensor

1 | Right sensor

Frame Index

2 hexadecimal characters

Theindex into the array of frames captured by the VSNAP (page 165) command. Speci-
fieswhich frame's data to return. The frame index is zero-based.

Thetool classfor each frameisreturned in the VSNAP reply; to retrieve information for
aparticular tool class, use the frame index for that frame returned in the VSNAP reply.

Start Column

4 hexadecimal characters
Indicates the first column to retrieve. Optional (see “Usage Notes’ on page 162).

Valid Values:
0 to the value of the user parameter Cmd.V Get.Sensor.Width - 1.
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Parameter

Description

End Column

4 hexadecimal characters

Indicates the first column to retrieve. Optional (see “Usage Notes’ on page 162).

Valid Values:
0 to the value of the user parameter Cmd.V Get.Sensor.Width - 1.

Stride 2 hexadecimal characters
Indicates the stride count to use from start to end column. A lower stride count resultsin
a higher resolution. The stride options are described in “Usage Notes’ on page 162. To
specify which stride option to use, set the value of the user parameter Cmd.V Get.Sam-
ple Option. Optional (see“Usage Notes’ on page 162).
Replies

Upon Success:

<Header><Length><HeaderCRC><Data><DataCRC>

Note The reply for the VGET command is binary data.

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Reply Component | Description

Header 2 bytes: A5C4
Indicates the start of the VGET reply.

Length 2 bytes
Indicates data length.

Header CRC 2 bytes
CRC16 for header.

Data Up to 2048 bytes of binary data. The datais a sequence of greyscale pixel intensities.
Theintensity for each pixel is given by x bits of data, where x is the value of the user
parameter Cmd.VGet.Color Depth (see “Usage Notes’ on page 162). A pixel inten-
sity of O isblack, and an intensity of 2*-1 iswhite.

DataCRC 2 bytes
CRC16 of the <Data> section.
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Usage Notes

1

The VGET command retrieves one row of data. To retrieve an entire image, use a sequence of
VGET commands. For alower resolution image, retrieve fewer rows.

To use the VGET command, the data bits must be set to 0 (8 bits) using COMM (page 58).
Replies are returned in little endian format.

The parameters <Start Column>, <End Column>, and <Stride> are optional. You can instead set
the values of the user parameters Cmd.VGet.Sart X, Cmd.VGet.End X, and
Cmd.VGet.Sride for the start column, end column, and stride, respectively.

A lower stride count results in a higher resolution. To specify the stride option to use, set the
value of the user parameter Cmd.V Get.Sample Option. Options are as follows:

e Point (Cmd.VGet.Sample Option = 0): For astride of n, returns every nth pixel.

* Average (Cmd.V Get.Sample Option = 1): For a stride of n, returns the average of the n
pixels.

*  Peak (Cmd.VGet.Sample Option = 2): For astride of n, returns the maximum value of then
pixels.

To adjust the number of bits per pixel returned, set the value of the user parameter
Cmd.VGet.Color Depth. A higher value results in higher picture quality and longer reply
length.

For diagnostic purposes, it may be helpful to colour-code the image data according to the
internal thresholds used by the system. Since these thresholds are dynamic and vary with
exposure time and other factors, they have to be retrieved individually for each frame. To
determine the threshold values:

a) Set the value of the user parameter Cmd.V Get.Threshold.Shutter Timeto the exposure
time for the frame and sensor whose threshold you wish to determine. The exposuretimeis
returned in the VSNAP response.

b) Read thevalue of the user parameter Cmd.VGet.Threshold.Trigger. Thisvalueisa
function of the exposure time and the sensitivity level (described in the user guide). In order
for amarker to be detected by the system, at least on pixel must exceed this threshold.

¢) Read the value of the user parameter Cmd.V Get.Threshold.Background. Ideally only
markers exceed this threshold.

To read user parameter values, use GET (page 66). To set user parameter values, use SET
(page 125). For more information on user parameters, see “User Parameters’ on page 20.

Example

Command:
VGET 000100010010002001
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VSEL

Selects a characterized measurement volume.

Operating Mode
Setup

Compatibility

All systems (deprecated)

Prerequisite Command

INIT (page 78)

Syntax

VSEL<SPACE><Volume Number><CR>

Parameter

Description

Volume Number

1 hexadecimal character

Possible Values:

1 to the maximum returned by SFLIST (page 129)

Replies

Upon Success:

OKAY<CRC16><CR>

On Error:

ERROR<Error Code><CRC16><CR>
See page 167 for error code definitions.

Usage Notes

Use SFLIST (page 129) to determine which measurement volumes are available.

Compatibility Notes

The VSEL command has been deprecated for the Polaris Vicra and Polaris Spectra Systems. To
select a measurement volume for the Polaris Vicraor Polaris Spectra System, use the command SET

(page 125) to set the user parameter Param.Tracking.Selected Volume.
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Example

Command:
VSEL 1

Reply:
OKAYA896
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VSNAP

Captures one complete sequence of video data from the sensors. (See the “ Usage Notes’ on
page 166 for details.)

Operating Mode

Diagnostic, Tracking

Compatibility
All systems

Syntax

VSNAP<SPACE><CR>

Replies

Upon Success:

<Frame Number><Number of Frames><Number of Sensors>

<Frame O Type><Frame 0 Exposure Time O><Frame O Exposure Time 1>...
<Frame 1 Type><Frame 1 Exposure Time O><Frame 1 Exposure Time 1>...

<CRC16><CR>

On Error:
ERROR<Error Code><CRC16><CR>

See page 167 for error code definitions.

Reply Component | Description

Frame Number 8 hexadecimal characters

The frame number of the first frame in the sequence

Number of 2 hexadecimal characters
Frames

The number of frames in the sequence

Number of 2 hexadecimal characters
Sensors

The number of sensors for each frame. Thisis always 2.

Frame n Type 2 hexadecimal characters

Thetool class of frame n. Thelist of possible valuesis reported as the enumeration
list in user parameter Cmd.V Snap.Frame Types. (See GETINFO (page 68) for
details on reading the enumeration list of a user parameter.) A value of OF indicates
aframethat is used only for timing purposes, and contains no useful data.
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Reply Component

Description

Frame n
Exposure Time m

4 hexadecimal characters

The exposure time of the mt" sensor in psec. Sensor 0 isthe left sensor and sensor 1
isthe right sensor, from the point of view of the Position Sensor.

Usage Notes

1. The VSNAP command captures one complete sequence of video data from the sensors. The
captured datais stored in internal memory; to retrieve the data, use VGET (page 160). A
complete sequence of data consists of the following frames:

« A frame for each type of tool loaded (passive or active wireless). This allows you to see
exactly what the Position Sensor detects while it is tracking.

e Anilluminated frame (illuminators are activated), if the user parameter
Cmd.VSnap.llluminated Frameisenabled (set to 1). This alows you to detect any
infrared light sources caused by reflections.

« A background frame (illuminators are off), if the user parameter
Cmd.V Snap.Background Frameis enabled (set to 1). This allows you to detect any
environmental infrared light.

Note The “Cmd.VSnap.llluminated Frame” and “Cmd.VSnap.Background Frame” user parameters can only be set
when the system is in Setup mode.

2. Theexposure time (the amount of time during which the sensors collect light) for the
illuminated and background frames is the value of the user parameter
Cmd.VSnap.Manual Shutter.

3. Toread user parameter values, use GET (page 66). To set user parameter values, use SET
(page 125). For more information on user parameters, see “User Parameters’ on page 20.

Example

Command:
VSNAP

Reply:

] \ \
00000D9C03020208070807040FFBOFFBOS0FFBOFFB1263
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6 Error and Warning Code Definitions

6.1 Error Code Definitions

If the system receives an invalid command, it responds to the host with the message
ERROR<Error Code>. Table 6-1 identifies the error codes and their definitions.

Table 6-1 Error Code Definitions

Error
Code

Definition

01

Invalid command.

02

Command too long.

03

Command too short.

04

Invalid CRC calculated for command; calculated CRC does not match the one sent.

05

Time-out on command execution.

06

Unable to set up new communication parameters. This occurs if one of the
communication parametersis out of range.

07

Incorrect number of parameters.

08

Invalid port handle selected.

09

Invalid mode selected. Either the tracking priority is out of range, or an incorrect priority
was selected (e.g. the tool has markers defined and “ button box” was sel ected).

0A

Invalid LED selected. The LED selected is out of range.

0B

Invalid LED state selected. The LED state selected is out of range.

0oC

Command isinvalid while in the current mode.

0D

No tool is assigned to the selected port handle.

OE

Selected port handle not initialized. The port handle needs to be initialized before the
command is sent.

OF

Selected port handle not enabled. The port handle needs to be enabled before the
command is sent.

10

System not initialized. The system must be initialized before the command is sent.

11

Unable to stop tracking. This occurs if there are hardware problems. Please contact NDI.

12

Unable to start tracking. This occursif there are hardware problems. Please contact NDI.

13

Hardware error: unable to read the SROM device.

14

Invalid Position Sensor characterization parameters.

15

Unableto initialize the system. This occursif:
» the system could not return to Setup mode
» thereareinternal hardware problems. Please contact NDI.
» thereareinternal parameter errors. Use GET to read the Info.Status. Alerts
parameter for more details.
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Table 6-1 Error Code Definitions (Continued)

Error .
Code Definition
16 Unable to start Diagnostic mode. This occurs if there are hardware problems. Please
contact NDI.
17 Unable to stop Diagnostic mode. This occursif there are hardware problems. Please
contact NDI.
18 Reserved
19 Unable to read device's firmware version information. This occurs if:
» the processor selected is out of range
» the systemisunable to inquire firmware version information from a processor
1A Internal system error. This occurs when the system is unable to recover after:

e toomuchIR
e asystem processing exception

1B Reserved
1C Unable to set marker activation signature.
1D Unable to find SROM device IDs.

1E Unable to read SROM device data. This occursif the systemis:
» unableto auto-select the first SROM device on the given port handle as atarget to
read from
» unableto read a page of SROM device data successfully

1F Unable to write SROM device data. This can occur if:
» thesystem isunableto auto-select the first SROM device on the given port handle as
atarget for writing to
» an SROM device on the given port handle has not previously been selected with the
PSEL command as atarget to writeto
* thesystemisunableto write a page of SROM device data successfully

20 Unable to select SROM device for given port handle and SROM device ID.
21 Unable to test electrical current on tool.
22 Enabled tools are not supported by selected volume parameters. For example, a Position

Sensor cannot track atool if the volume parameter set does not include the marker
wavelength of an enabled tool.

23 Command parameter is out of range.

24 Unable to select measurement volume. This occursif:

* the selected volumeis not available
* thereareinternal hardware errors. Please contact NDI.

25 Unable to determine the system’s supported features list. This occursif the systemis
unable to read all the hardware information.

26-27 Reserved

28 Too many tools are enabled, or the configuration of tools loaded requires too many
frames.
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Table 6-1 Error Code Definitions (Continued)

Error -

Code Definition

29 Reserved

2A No memory is available for dynamic allocation (heap is full).

2B The requested port handle has not been allocated.
2C The requested port handle has become unoccupied.
2D All handles have been allocated.

2E Incompatible firmware versions. This can occur if:
« afirmware update failed
» components with incompatible firmware are connected

To correct the problem, update the firmware. If the Multi Firmware feature isinstalled,
select avalid combined firmware revision.

2F Invalid port description.

30 Requested port is already assigned a port handle.

31 Invalid input or output state.

32 Invalid operation for the device associated with the specified port handle.
33 Feature not available.

34 User parameter does not exist.

35 Invalid value type (e.g. string instead of integer).

36 User parameter value set is out of valid range.

37 User parameter array index isout of valid range.

38 User parameter sizeisincorrect.

39 Permission denied; file or user parameter is read-only.
3A Reserved

3B File not found.

3C Error writing to file.

3D-3F Reserved

40 Tool definition file error. This occurs if:

 theCRCfailed
o thefileformatisinvaid

41 Tool characteristics not supported. This occurs when one of the following fields in the
tool definition fileis outside of the range supported by the system:
e number of markers
* number of faces
e number of groups
» number of markers per face (unique geometry tools only)

42 Device not present. This occurs when the command is specific to adevice that is not
connected to the system.
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Table 6-1 Error Code Definitions (Continued)

Error

Code Definition
43-A1 Reserved
A2 General purpose input/output access on synchronization port failed.

A3-FO Reserved
F1-FF Reserved

6.2 Warning Code Definitions

Table 6-2 Warning Code Definitions

Warning Definition

WARNING A non-fatal tool error has been encountered, e.g. a burnt out marker.

WARNINGO2 Thetool you are trying to enable is a unique geometry tool that doesn’t meet the
unique geometry requirements.

WARNINGO3 Thetool you are trying to enable is a unique geometry tool that conflicts with
another unique geometry tool already loaded and enabled.

WARNINGO4 Thetool you are trying to enable is a unique geometry tool that doesn’t meet the
unique geometry requirements, and conflicts with another unique geometry tool
already loaded and enabled.

WARNINGO5 The system has selected a default marker wavelength to track atool (if the tool’s
tool definition file did not specify a marker wavelength). Applicable to Combined
revision 006 or later.

WARNING and WARNINGOS are returned with the returned with the PINIT command.
WARNINGO2, WARNINGO3, and WARN INGO4 are returned with the PENA command.
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Appendix A Keyed Features

This section describes how to use the APl commands and user parameters with the keyed features.
For more information on keyed features, see the user guide that accompanied your system. For more
information on user parameters, see “ User Parameters’ on page 20.

Al Disabling and Enabling Keyed Features

Disabling a keyed feature makes that feature unavailable. Enabling a keyed feature makes the
feature available. A keyed feature is enabled upon installation.

To disable or enable a keyed feature:

1. Usethe API command SET to set the value of the user parameter
Features.K eys.Disabled Keys.

The value of this parameter is a comma-separated list. To disable a keyed feature, add its name
to the comma-separated list. To re-enable a keyed feature, remove its name from the comma-
separated list. For example:

“SET PS-0.Features.Keys.Disabled Keys=Multi Firmware” will disable the Multi Firmware
feature. “ SET PS-0.Features.Keys.Disabled Keys=Multi Firmware,Password Protect” will
disable both the Multi Firmware and the Password Protect features.

“SET PS-0.Features.Keys.Disabled Keys=" will re-enable al the installed features keys.

2. Usethe APl command SAVE to save the settings.

3. Reset the system (use the APl command RESET or perform a serial break). The changed
settings take effect upon system reset.
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A2 Multi Firmware Feature

Themulti firmware feature allows the system to contain more than one combined firmware revision.

When the multi firmware feature is enabled, you can specify which combined firmware revision the

system will use on its next reset or power up.

Changing the Combined Firmware Revision Currently in Use

Procedure Example

1. (Optiona) Determine which combined Command: GET Config.Combined Firmware
firmwarerevision is currently in use; usethe Revision
API command GET to read the user parameter Reply: Config.Combined Firmware
Config.Combined Firmware Revision. Revision=002<CRC16>

2. Determine which combined firmware
revisions are available:
API revision G.001.004 and later: usethe ~ Command: GET Config.Multi Firmware.
APl command GET (page 66) to read theuser Available Combined Firmware Revisions
parameter Config.Multi Firmware.Available Reply: 002,003,7???<CRC16>
Combined Firmware Revisions.
Thelist of possible firmware revisionsis
given in the enumerated list. In this example,
the firmware revisions are 002, 003, and ?7??.
API revision G.001.003 or earlier: use Command: GETINFO Config.Multi
GETINFO (page 68) to read the user Firmware.Load Combined Firmware Revision
parameter Config.Multi Firmware.L oad Reply: Config.Multi Firmware.lLoad
Combined Firmware Revision.) Combined Firmware

Revision=0;1;3;0;255;002,003,?77?;
Thelist of po$| blefirmwarerevisionsis Combined firmware revision to load on
given in the enumerated list returned by next reset (selection automatically
GETINFO. In this example, the firmware saves when set)<CRC16>
revisions are 002, 003, and ???.
Note: In order to be available for usein a
hybrid Polaris Spectra system, a combined
firmware revision must be present in both the
Position Sensor and the SCU, and must be
located in the same position in the enumerated
list for both components.
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Procedure Example

3. Select the desired combined firmware Command: SET Config.Multi Firmware.Load
revision: use the APl command SET to setthe Combined Firmware Revision=1
value of the user parameter Reply: OKAY<CRC16>

Config.Multi Firmware.Load Combined
Firmware Revision.

The enumeration is zero-based. For example,
to select second item in thelist (revision 003),
set the value of the user parameter to 1.

This parameter value is automatically saved
when set. The selected combined firmware
revision isloaded on the next reset.

4. Reset the system: use the APl command Command: RESET 0
RESET, or perform a serial break. Reply: RESET<CRC16>
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A3

Note

A4

A5

Password Protect Feature

The password protect feature provides security against changes to the system configuration. When
the password feature is enabled, you must enter the correct password before you can:

e saveuser parameter values,
e update the firmware, or
e instal, disable, or enable akeyed feature.

If the correct password has not been entered, user parameter values can be changed (using the
command SET) but not saved (using the command SAVE). The user parameters will return to their
previous values upon system reset or initialization.

To enter the password, use the command SET (page 125) to set the value of the user parameter
Config.Password to the correct password. If the system is subsequently reset or initialized, you will
have to re-enter the password before you can make changes to the system configuration.

When thisfeature isinstalled, GET Config.Password will always return the reply
Config.Password=******<CRC16>.

The password is obtained from NDI.

If the multi firmware feature is also installed, you can switch between different combined firmware revisions
already installed on the system without setting the password.

RS-422 Feature

The RS-422 feature configures the serial port on the rear of the SCU to use RS-422 protocol. (When
thisfeature is not installed or enabled, the serial port on the rear of the SCU is configured to use RS-
232 protocol.)

To determine the current configuration of the serial port, read the value of the user parameter
Param.Serial Port.

Positioning Laser

The positioning laser islocated in the Polaris Spectra Position Sensor, and indicates the centre of the
characterized measurement volume. This feature allows you to properly position the Position
Sensor, or position objects in the measurement volume. Unlike the other keyed features, the
positioning laser feature cannot be purchased after you obtain the system; the laser hardware must
be installed when the system is manufactured. For full details on the positioning laser, see the user
guide that accompanied your system.
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Appendix B Sample C Routines

The following sample C routines are included for reference:

Table 6-3 Sample C Routines

Routine Description

CalcCRC16 Calculates arunning CRC16 using the polynomial X~16 + X"15 + X2 + 1.
EulerAngleTrig Determines the sine and cosine of the Euler angles.

DetermineR Calculates the 3x3 rotation matrix which corresponds to the given Euler angles.

CvtQuatToRotationMatrix  Determines the rotation matrix that corresponds to the given quaternion values.

DetermineEuler Calculates the Euler angles given the 3x3 rotation matrix.

CvtQuatToEulerRotation  Determines the rotation in Euler angles (degrees) that corresponds to the given
guaternion rotation.

The following defines are used by the sample C routines:

/*

* Conversion factors.

*/
#define RAD_TO_DEGREES (180 / 3.1415926)
/*

* Defined data types.

*/

typedef float

RotationMatrix[3][3];

typedef struct Rotation

{
float
fRoll, /* rotation about the object®s z-axis (Euler angle) */
fPitch, /* rotation about the object®s y-axis (Euler angle) */
fYaw; /* rotation about the object®"s x-axis (Euler angle) */

} Rotation;

typedef struct QuatRotation

{
float
fQO0,
fQX,
fQv,
QzZ;
} QuatRotation;
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B.1 CalcCRC16

The following is a sample C routine, for calculating arunning 16 bit CRC, asused in
communications between the host computer and the Polaris System.

/*****************************************************************

Name: CalcCRC16

Input Values:

int

data :Data value to add to running CRC16.
unsigned int

*puCRC16 :Ptr. to running CRC16.

Output Values:
None.

Returned Value:
None.

Description:
This routine calculates a running CRC16 using the polynomial
XN16 + XNM5 + X2 + 1.

xxxxxxxx *AXAXAK /
void CalcCRC16( int data, unsigned int *puCRC16 )

{

static iInt
oddparity[16] = {0, 1, 1, 0, 1, 0, O, 1, 1, 0, O, 1, O, 1, 1, O };

data = (data ™ (*puCRC16 & Oxff)) & OxFf;
*puCRC16 >>= 8;

if ( oddparity[data & OxOf] ™ oddparity[data >> 4] )

{
*PuCRC16 ~=0xc001

Yy /xaf */
data <<= 6;
*puCRC16 "= data;
data <<= 1;
*puCRC16 "= data;

} /7* CalcCRC16 */
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B.2 EulerAngleTrig

Yt ass oo e ek

Name: EulerAngleTrig

Input Values:
Rotation
*pdtRotationAngle :Ptr to struct containing the roll, pitch, yaw
Euler angles which define the required rotation.

Output Values:
Rotation
*pdtSinAngle :Ptr to struct containing the sine of the roll, pitch,
yaw Euler angles.
*pdtCosAngle :Ptr to struct containing the cosine of the roll, pitch,
yaw Euler angles.

Returned Value:
None.

Description:
This routine determines the sine and cosine of the Euler angles.

* * KXk *hhkhdhk *hXhdkhk )\/

static void EulerAngleTrig( Rotation *pdtRotationAngle,
Rotation *pdtSinAngle,
Rotation *pdtCosAngle )

{
pdtSinAngle->fRoll= sin( pdtRotationAngle->fRoll );
pdtSinAngle->fPitch=  sin( pdtRotationAngle->fPitch );
pdtSinAngle->fyaw = sin( pdtRotationAngle->fyaw );
pdtCosAngle->fRol = cos( pdtRotationAngle->fRoll );
pdtCosAngle->fPitch=  cos( pdtRotationAngle->fPitch );
pdtCosAngle->fYaw= cos( pdtRotationAngle->fYaw );

} /* EulerAngleTrig */
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B.3 DetermineR

JFFFIAAK FeAKAK

Name: DetermineR

Input Values:
Rotation
*pdtRotationAngle :Ptr to struct containing the roll, pitch, yaw
Euler angles which define the required rotation.

Output Values:
RotationMatrix
dtRotationMatrix :The 3x3 rotation matrix to be determined.

Returned Value:
None.

Description:
This routine calculates the 3x3 rotation matrix which corresponds to the
given Euler angles.

void DetermineR( Rotation *pdtRotationAngle, RotationMatrix
dtRotationMatrix )

{
Rotation
dtSinAngle, /* the sine of the roll, pitch, and yaw angles */
dtCosAngle; /* the cosine of the roll, pitch, and yaw angles */
/*

* Might as well determine the sine and cosine of the given Euler
*angles right from the start

*/

EulerAngleTrig( pdtRotationAngle, &dtSinAngle, &dtCosAngle );

/*

* Fill in the rotation matrix.

*/

dtRotationMatrix[0][0] = dtCosAngle.fRoll * dtCosAngle.fPitch;

dtRotationMatrix[0][1] = dtCosAngle.fRoll * dtSinAngle.fPitch *
dtSinAngle.fYaw - dtSinAngle.fRoll * dtCosAngle.fYaw;

dtRotationMatrix[0][2] = dtCosAngle.fRoll * dtSinAngle.fPitch *
dtCosAngle.fyaw + dtSinAngle.fRoll * dtSinAngle.fYaw;

dtRotationMatrix[1][0] = dtSinAngle.fRoll * dtCosAngle.fPitch;

dtRotationMatrix[1][1] = dtSinAngle.fRoll * dtSinAngle.fPitch *
dtSinAngle.fYaw + dtCosAngle.fRoll * dtCosAngle.fYaw;

dtRotationMatrix[1][2] = dtSinAngle.fRoll * dtSinAngle.fPitch *
dtCosAngle.fYaw - dtCosAngle.fRoll * dtSinAngle.fYaw;

dtRotationMatrix[2][0] = - dtSinAngle.fPitch;

dtRotationMatrix[2][1] dtCosAngle._fPitch * dtSinAngle.fYaw;

dtRotationMatrix[2][2] = dtCosAngle.fPitch * dtCosAngle.fYaw;

} /* DetermineR */
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B.4

CvtQuatToRotationMatrix

/nnn * X x
Name: CvtQuatToRotationMatrix

Input Values:
QuatRotation
*pdtQuatRot :Ptr to the quaternion rotation.

Output Values:
RotationMatrix
dtRotationMatrix :The 3x3 determined rotation matrix.

Returned Value:
None.

Description:

This routine determines the rotation matrix that corresponds
to the given gquaternion.

Let the quaternion be represented by:

le)

1
OO0 00
N X O

and the rotation matrix by:

| MOO MOl MO2 |
M =] M10 M11 M12 |
| M20 M21 M22 |

then assuming the quaternion, Q, has been normalized to convert

Q to M we use the following equations:

MOO = (Q0 * Q0) + (Qx * Qx) - (Qy * Qy) - (Qz * Q2)
MOl = 2 * ((Qx * Qy) - (Q0 * Qz))
MOZ2 = 2 > ((Qx * Qz) + (Q0 * Qy))
M10 = 2 * ((Qx * Qy) + (Q0 * Qz))
M1l = (Q0 * Q0) - (Qx * Qx) + (Qy * Qy) - (Qz * Q2)
M12 =2 > (Qy * Qz) - (Q0 * Qx))
M20 = 2 * ((Qx * Qz) - (Q0 * Qy))
M21 =2 * (Qy * Qz) + (Q0 * Qx))
M22 = (Q0 * Q0) - (Qx * Q) - (Qy * Qy) + (Qz * Q2)

void CvtQuatToRotationMatrix( QuatRotation *pdtQuatRot,
RotationMatrix dtRotMatrix )

{
float
£Q0Qo,
fQxQx,
TQyQy,
TQzQz,
TQOQx,
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* Determine some calculations done more than once.

TQOQy,
Q0Qz,
TOxQy,
TOxQz,
QyQz;
/*

*/
fQ0Q0 = pdtQuatRot->fQ0 *
TOxXQx = pdtQuatRot->fQX *
fQyQy = pdtQuatRot->fQY *
fQzQz = pdtQuatRot->fQz *
fQOQx = pdtQuatRot->fQ0 *
fQOQy = pdtQuatRot->fQ0 *
TQ0Qz = pdtQuatRot->fQ0 *
TOxQy = pdtQuatRot->TfQX *
fOxQz = pdtQuatRot->fQX *
fQyQz = pdtQuatRot->fQY *

/*

* Determine the

*/
dtRotMatrix[0][0] = fQO0QO
dtRotMatrix[0][1] = 2.0 *
dtRotMatrix[0][2] = 2.0 *
dtRotMatrix[1][0] = 2.0 *
dtRotMatrix[1][1] = fQO0QO
dtRotMatrix[1][2] = 2.0 *
dtRotMatrix[2][0] = 2.0 *
dtRotMatrix[2][1] = 2.0 *
dtRotMatrix[2][2] = fQOQO

} /* CvtQuatToRotationMatrix */

pdtQuatRot->fQ0;
pdtQuatRot->fQX;
pdtQuatRot->fQY;
pdtQuatRot->fQZ;
pdtQuatRot->fQX;
pdtQuatRot->fQY;
pdtQuatRot->fQZ;
pdtQuatRot->fQY;
pdtQuatRot->fQZ;
pdtQuatRot->fQZ;

rotation matrix elements.

+ TQxQx - TQyQy - TQzQz;
(-fQ0Qz + TQxQy);
(fQOQy + TQxQz);
(fQ0Qz + TQxQy);
- fOxQx + TQyQy - TQzQz;
(-fQ0Qx + TQyQz);
(-FQ0Qy + fQxQz);
(fQOQx + TQyQz);
- TQxQx - TQyQy + TQzQz;
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B.5 DetermineEuler

/nnn * kK
Name: DetermineEuler

Input Values:
RotationMatrix
dtRotationMatrix :The 3x3 rotation matrix to convert.

Output Values:
Rotation
*pdtEulerRot :Rotation is Euler angle format.
Roll, pitch, yaw Euler angles which define the required rotation.

Returned Value:
None.

Description:
This routine calculates the Euler angles given the 3x3 rotation matrix.

xxxxxxxx *AXAXAK /
void DetermineEuler( RotationMatrix dtRotMatrix, Rotation *pdtEulerRot )
{
float
fRoll,
fCosRoll,
fSinRoll;
TRoll = atan2( dtRotMatrix[1][0], dtRotMatrix[O][0] );
fCosRoll = cos( fRoll );
fSinRoll = sin( fRoll );
pdtEulerRot->fRoll = fRoll;
pdtEulerRot->fPitch = atan2( -dtRotMatrix[2][0],
(fCosRoll * dtRotMatrix[0][0]) + (FfSinRoll *
dtRotMatrix[1][0D) ):
pdtEulerRot->fyaw = atan2(
(fSinRoll * dtRotMatrix[0]1[2]) -
(fCosRoll * dtRotMatrix[1][2]),
(-fSinRoll * dtRotMatrix[O0][1]) +
(fCosRoll * dtRotMatrix[1][1]) );
} /* DetermineEuler */
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B.6 CvtQuatToEulerRotation

/nnnn *
Name: CvtQuatToEulerRotation

Input Values:
QuatRotation
*pdtQuatRot :Ptr to the quaternion rotation.

Output Values:
Rotation
*pdtEulerRot :Ptr to the determined rotation Euler angles.

Returned Value:
None.

Description:
This routine determines the rotation in Euler angles (degrees)that
corresponds to the given quaternion rotation.

xxxxxxxx *AKAAKAXK /
void CvtQuatToEulerRotation( QuatRotation *pdtQuatRot, Rotation *pdtEulerRot )
{
RotationMatrix
dtRotMatrix;

CvtQuatToRotationMatrix( pdtQuatRot, dtRotMatrix );

DetermineEuler( dtRotMatrix, pdtEulerRot );

pdtEulerRot->fyaw  *= RAD_TO_DEGREES;
pdtEulerRot->fPitch *= RAD_TO_ DEGREES;
pdtEulerRot->fRoll *= RAD_TO_ DEGREES;

} /* CvtQuatToEulerRotation */
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Abbreviations and Acronyms

Abbreviation
or Acronym

Definition

API

Application Program Interface

CPLD

Complex Programmable Logic Device

CRC

Cyclic Redundancy Check

EPROM

Erasable Programmable Read Only Memory

GPIO

General Purpose | nput/Output

|EEE

Institute of Electrical and Electronic Engineers

IRED

Infrared light Emitting Diode

LED

Light Emitting Diode

oov

Out of Volume

Rev xx

Combined firmware revision. For example, rev 24
refers to combined firmware revision 024.

RMS

Root Mean Square

SCU

System Control Unit

SROM

Serial Read Only Memory

TIP

Tool-In-Port
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Numerics

3D command, 39

3D marker positions, 39

3D position
markers on tools, 54, 152
single stray active marker, 52, 150
stray passive markers, 55, 154

A

activation signature, 81
active tools

activation signature, 81

electrical information, 94

number of ports available, 34, 130
active wireless tools

number of ports available, 34, 130
derts, 23, 33

simulated, 33
algorithm limitation, 51, 149
API changes

see changes in implementation
API revision, 44
APIREV command, 44
assigning

aport handle, 99, 101

atool definition file, 118

B

bad transformation fit, 52, 150
battery, 153
baud rate, 58
BEEP command, 45
beeper, 33
buffer limitation, 51, 149
bump sensor
reporting data when triggered, 54, 153
user parameters, 30, 32, 33
button box, 86, 93
BX command, 47

C

C routine defines, 175
cdlibration device, 93
C-arm tracker, 93
catheter, 93
cautions, iii
changes in implementation, 4—10
(G.001.002 to G.001.003, 56
(G.001.003 to G.001.004, 7—10
(G.001.004 to G.001.005, 11
characterized measurement volume
Polaris Spectra, 133
Polaris Vicra, 132
selecting, 163
shape types and parameters, 131
user parameters, 32
combined firmware revision, 35, 158
COMM command, 58
commands
completelist, 1
deprecated, 1
reply format, 14
syntax, 13
timeouts, 33
used with user parameters, 21
communication
loss of, 37
parameters, 58
timeout check, 76
with an NDI system, 12
compatibility, iv
configuration of atool, 144
contact information, iv
control processor status, 136
conventions, iv
CRC
calculating using a C routine, 176
reply format, 14
current sensing, 94
current test, 140
customer number, 34

D

data bits, 58
data buffer limitation, 51, 149
default user parameter values, 61
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defines, 175 F
deprecated commandslist, 1
device
information, 36 faces, selecting, 88
instance, 36 feature keys, 34
names, 21 enabling and disabling, 171
type, 36 multi firmware, 172
DFTL command, 61 password protect, 122, 174
Diagnostic mode, 13 positioning laser, 174
start, 63 features of the system, 129
stop, 64 fell behind while processing, 51, 52, 149, 150
diagnostic pending, 49, 147 firmware
disabled port handle, 17, 48, 146 multiple versions, 172
disabling versions, 158
keyed features, 171 foot switch, 93
port handles, 85 frame number, 51, 149
DSTART command, 63 freeing port handles, 90
DSTOP command, 64
dynamic tool, 86
/ G
E
G.001.002
changes from G.001.002 to G.001.003, 56
ECHO command, 65 G.001.003
electrical current test, 140 changes from G.001.002 to G.001.003, 56
electrical information, 94 changes from G.001.003 to G.001.004, 7—10
email NDI, iv G.001.004
enabled tools, 34 changes from G.001.003 to G.001.004, 7—10
enabling G.001.005
keyed features, 171 changes from G.001.004 to G.001.005, 11
port handles, 86 general purpose input/output
enumeration list, 69 setting, 127
error status, 72
algorithm limitation, 51, 149 GET command, 66
bad transformation fit, 52, 150 GETINFO command, 68
codes, 167 GETIO command, 72
data buffer limitation, 51, 149 GETLOG command, 74
fell behind while processing, 51, 52, 149, 150 GPIO
IR interference, 51, 52, 149, 150 see general purpose input/output
not enough markers, 52, 150 setting the status, 2, 7
processing exception, 49, 51, 52, 147, 149, status, 111
150 GPIO device, 93
RMS error, 50, 148 status, 97
synchronization, 49, 147 GPIO status, 51
temperature out of range, 49, 147
Euler angles
converting from quaternion, 182 H
converting to rotation matrix, 178
determining from rotation matrix, 181
determining sine and cosine, 177 handles
see port handles
hard reset, 120
hardware device
see device

hardware handshaking, 59
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hardware model, 34
HCWDOG command, 76

illuminator rate, 32, 79
image capture

commands, 160, 165

user parameters, 31
implementation changes

see changes in implementation
information user parameters, 33
INIT command, 78
initializing

port handles, 104

the system, 78
input/output line

setting, 127

status, 72
IR

interference, 51, 52, 149, 150

sensitivity level, 123
IRATE command, 79
IRED command, 81
IRED marker activation, 81
isolation box, 93

K

keyed features, 34
enabling and disabling, 171
multi firmware, 35, 172
password protect, 35, 174
positioning laser, 174

laser
keyed feature, 174
status, 32
LED
see also visible LEDs
LED command, 83
line separation, 41, 42
list of commands, 1
log file, 33
retrieving, 74
writing to, 138

M

manufacturer’'s ID, 93
markers
3D positions, 39
activating, 81
information, 52, 150
missing, 52, 150
wavelength, 96
maximum marker angle, 52, 150
microscope, 93
missing
marker, 52, 150
transformation, 51, 149
mode, 33
Diagnostic, 13
Setup, 12
Tracking, 13
model, 34
modes of operation, 12
multi firmware feature, 35, 172
multi-faced tool, selecting faces, 88

N

NDI, iv
not enough markers, 52, 150

O

operating modes, 12

out of volume
markers on tools, 54, 150, 152
reporting OOV data, 54, 153
stray active marker, 53, 151
stray passive markers, 55, 154
tools, 51, 149

output line
setting, 127
status, 72

parameters
see user parameters
parity, 58
part number of tool, 94
partially out of volume, 51, 149
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passive tools
number of ports available, 34, 130
password protect feature, 35, 122, 174
PDIS command, 85
PENA command, 86
PFSEL command, 88
phantom markers, 43
PHF command, 90
PHINF command, 91
PHRQ command, 99
PHSR command, 101
physical port location, 96
PINIT command, 104
port handles, 101
about, 16
disabled, 146
disabling, 85
enabling, 86
freeing, 90
information, 101
initializing, 104
physical location, 91
physical port location, 96
requesting, 99
status, 91, 101
tool information, 91
unoccupied, 17
usage, 18
port status, 51, 94, 149
positioning laser feature, 174
PPRD command, 106
PPWR command, 108
probe, 93

processing exception, 49, 51, 52, 147, 149, 150

processors status, 136
PSEL command, 110
PSOUT, 111

PSRCH command, 112
PURD command, 114
PUWR command, 116
PVWR command, 118

Q

guaternion
converting to Euler angles, 182
converting to rotation matrix, 179

R

reading the SROM device, 106, 114
receiving replies, 14

reference tool, 93

releasing port handles, 90

reply format, 14

requesting a port handle, 99

RESET command, 120

resetting the system, 37, 120

revision of API, 44

RMS error, 50, 148

rotation matrix
converting from Euler, 178
converting from quaternion, 179
converting to Euler angles, 181

S

SAVE command, 122
selecting an SROM device target, 110
selecting faces, 88
sending commands, 13
SENSEL command, 123
sengitivity level, 32, 123
serial break, 37
serial communication parameters, 58
serial number
Position Sensor, 34
tool, 93
SET command, 125
SETIO command, 127
settings user parameters, 32
Setup mode, 12
SFLIST command, 129
simulated aerts, 33
soft reset, 120
software-defined tool, 93
SROM device
ID, 110
reading, 106, 114
searching for IDs, 112
selecting, 110
writing to, 108, 116
SROM Imagefile
seetool definition file
SSTAT command, 136
start
Diagnostic mode, 63
Tracking mode, 142
static tool, 86
status
port handles, 51, 91, 149
switches, 51, 94, 149
system, 49
system processors, 136
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stop
Diagnostic mode, 64
Tracking mode, 143
stop hits, 59
stray markers
3D position, 154
active, 52
passive, 55
strober, 93
switches
number of, 93
status, 51, 94, 149
supported, 95
sync port
setting the value, 127
status, 72
synchronization error, 37, 49, 147
syntax, 13
SYSLOG command, 138
system aderts, 23, 33
system battery, 153
system beeper, 33, 45
system configuration user parameters, 35
system control processor, 158
system features, 129
system log, 33, 138
system mode, 33
system processors status, 136
system status, 49, 147

T

TCTST command, 140
temperature out of range

error, 49, 147

reporting data, 153
test configuration, 144
testing electrical current, 140
timeout

commands, 33

host communication, 33, 76
tool definition file, 118
Tool Docking Station, 93
Tool Interface Unit

processor status, 137
tool-in-port, 94, 100, 102, 130

tools
active wireless, 34
enabled, 34
information, 52, 150
part number, 94
passive, 34
physical location, 96
revision, 93
serial number, 93
SROM deviceID, 110
test configuration, 144
tracking LED, 95
tracking priority, 86
type, 93
tracking LED, 95
Tracking mode, 13
start, 142
stop, 143
tracking priority, 86
transformations
bad fit, 52, 150
binary, 47
disabled, 17
missing, 51, 149
text, 146
TSTART command, 142
TSTOP command, 143
TTCFG command, 144
TX command, 146
type of tool, 93

U

unique geometry requirements, 86, 170
unoccupied port handle, 17
user parameters
about, 20
alerts parameters, 23
bump sensor parameters, 30
commands, 21
device names, 21
enumeration list, 69
hardware device information, 36
image capture parameters, 31
information parameters, 33
restoring default values, 61
retrieving descriptive information, 68
retrieving parameter categories, 68
retrieving values, 66
saving values, 122
setting values, 125
settings parameters, 32
system configuration, 35
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V

VER command, 158
version of API, 44
versions of firmware, 158
VGET command, 160
video capture, 160, 165
visible LEDs

controlling, 83

number of, 93

supported, 95

tool tracking LED, 95
VSEL command, 163

VSNAP command, 165

W

warm boot, 37

warning codes, 86, 170
warning message, 105
warnings, iii

watch dog timer, 33
wavelength of markers, 96

writing to the SROM device, 108, 116
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