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Warnings and Updates

Warning!

Warning!

1.1

Note

Warnings and Updates

A complete list of the warnings, classifications, and approvals that apply to the Polaris,
Polaris Accedo, and Optotrak Systems is included in the “System Guide” shipped with each
system.

The following two warnings also apply:

If a rigid body is dropped, the relative positions of markers may change. Changes in the positions of
IRED markers will be detected if the change is greater than the Max3D error set when the rigid body
definition was set in the rigid body file. If the rigid body includes imaginary markers, changes in these
markers will not be detected and incorrect transformations may be reported that could cause personal
injury and/or property damage. It is a good practice to pivot a probe before using it to confirm that no
bending of the probe tip has occurred.

Ensure that the correct rigid body file is used with the corresponding rigid body. If the rigid body
definition does not match the rigid body, the rigid body may still be tracked but will report incorrect
data. If arigid body definition contains imaginary markers, but is used with the incorrect rigid body, the
rigid body may still be tracked, but will report incorrect data for the imaginary points. Incorrect data
could cause personal injury and/or property damage.

Updates

NDI is committed to continuous improvements in the quality and versatility of its software
and hardware. To obtain the best results with your NDI system, please download the latest
software from the Partner Site section of our website:

www.ndigital.com/login.php

You will need to obtain a User ID and Password for the Partner Site if you do not already have one.
Please allow two business days for activation of your login account.

NDI 6D Architect User Guide 1
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Warnings and Updates

1.2 Questions?

Please contact NDI Technical Support at:

<'NDI

INTERNATIONAL HEADQUARTERS: EUROPEAN OFFICE: ASIA PACIFIC OFFICE:

NORTHERN DIGITAL INC. NDI EUROPE GmbH NDI ASIA PACIFIC

103 Randall Drive Fritz-Reichle-Ring 2 Room 2603, 26th Floor

Waterloo, ON, Canada N2V 1C5 D-78315 Radolfzell Office Tower, Convention Plaza
Germany 1 Harbour Road

Phone: +(519) 884-5142 Wanchai, Hong Kong

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

Global: + (800) 634-634-00 Global: + (800) 634 634 00 Phone: + 852 2802 2205

Fax: +(519) 884-5184 Fax: +49 (77 32)939 19 09 Fax: + 852 2802 0060

Email: support@ndigital.com Email: support@ndieurope.com Email: APsupport@ndigital.com

Website: www.ndigital.com Website: www.ndieurope.com Website: www.ndigital.com
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Welcome to NDI 6D Architect

2.1

Welcome to NDI 6D Architect

NDI 6D Architect software helps you characterize tools and rigid bodies for the following
NDI measurement systems:

Polaris The Polaris family of optical tracking systems is a highly versatile, real-time
tracking technology. By measuring the 3D positions of markers, the Polaris System
determines the real-time positions and orientations of each tool.

Polaris Accedo The Polaris Accedo System differs from the Polaris System in that it only
supports passive tools. In addition, it has a different measurement rate and can track a
maximum of four tools at once.

Optotrak The Optotrak Systems are designed to track diodes that emit infrared light within
a large characterized measurement volume. This functionality is valuable to both industrial
and research markets.

6D Architect helps you perform the following tasks:
» characterize tools and rigid bodies using a wizard-based interface

» create and edit SROM Image Files ((ROM) and Rigid Body files (.RIG)

» create snapshots of single-faced wireless tools without using engineering data or a
previously created SROM Image File

» save and reuse characterization settings
» view a graphical representation of the tool or rigid body
* test SROM Image Files before programming them onto SROM devices

This section explains the following topics:

*  What is characterization?
» Explaining .RIG and .ROM

+ Installing the Software

What is characterization?

The process of characterization creates a file that describes each feature of a tool or rigid
body. These files are an important part of the measuring process, as they provide NDI
measurement systems with the tool or rigid body’s dimensions and marker placements.
Without this information, a system cannot accurately interpret the data it has collected. It is
one thing to find markers; it is another to know that they belong to a particular object, and
where on that object they are located.
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Welcome to NDI 6D Architect

2.2

Note

Explaining .RIG and .ROM

6D Architect offers you the option of working with either .RIG files or .ROM files. Make
your selection based on which NDI measurement system and what type of tool or rigid body
you are working with:

Measurement System Tool Category | Tool Types File Required
Polaris Wired tools Active tools .ROM
Wireless tools | Passive tools .ROM
Active wireless tools | .ROM
Polaris Accedo Wireless tool | Passive tools .ROM
Optotrak Systems Rigid bodies .RIG
Tools .ROM

Table 2-1 Selecting .ROM or .RIG

Essentially, when you characterize rigid bodies, you are creating a Rigid Body file (.RIG);
when you characterize tools, you are creating an SROM Image File (ROM).

Although it is not explicit in the table above, active tools and active wireless tools that are normally
associated with Polaris Systems can also be characterized with an Optotrak Certus System.

This guide is written with the assumption that you have an understanding of these different
tool categories and types. For more information about the different tools listed above, refer
to the following tool design documentation:
Polaris System and Polaris Accedo System

»  Wiring Guide for Polaris Active Marker Tools

* NDI TB-0004 Polaris Tools Unique Geometry Specification

* NDI TB-0010 Technical Description of the Polaris Wireless Tool

* NDI TB-0011 Polaris Rigid Body Definition - Polaris Specific Parameters

* NDI TB-0021 Design and Manufacturing - Tools Incorporating IRED Markers

Optotrak Systems
»  Optotrak Certus Rigid Body and Tool Design Guide

Note For the latest releases of NDI documents, software, and firmware, please visit the NDI Partner Site.
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Welcome to NDI 6D Architect

2.3

Note

Installing the Software

NDI 6D Architect uses an automatic installation wizard that, by default, stores all program
files on C:\Program Files\Northern Digital Inc\NDI 6D Architect. This location can be
changed during installation.

Follow the steps as directed by the installation wizard.

Once the installation is complete, you will be prompted to restart your computer; as such, it is
recommended that you close all other programs before installing NDI 6D Architect.

About File Locations

NDI data files used and created by 6D Architect are stored in the ‘ndigital’ directory. The
‘ndigital’ directory is defined by the ND DIR environment variable. This directory can
typically be found in c:\ndigital.

NDI recommends that this directory not be changed during installation. All NDI programs
use the ND_DIR environment variable. Changing the default settings may affect other NDI
software.
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3 Exploring 6D Architect Main Window

This section explains the following topics:
*  Opening the Main Window
* The Main Toolbar
* The Marker Viewer Window
* The Orientation Toolbar
* SROM Image File Functionality

* Rigid Body File Functionality

3.1 Opening the Main Window

Before you start characterizing tools and rigid bodies, use this section to familiarize
yourself with the 6D Architect interface.

All software functions are accessed through the 6D Architect main window.

1. Open 6D Architect. A pop-up dialog appears, asking you which characterizing task you
wish to preform.

2. For now, close this dialog. The 6D Architect main window opens, displaying functions
and fields specific to the last session (either .ROM or .RIG functionality).

6 NDI 6D Architect User Guide



Exploring 6D Architect Main Window

=10l x|

EX NDI 6D Architect :
File Build Tool Operations  Transf ngs Help

DESH &S * K"

2l

NDI ROM Infarmation

Marker Pasitions | Marker Normalsl Face Normalsl

[ [ =z |

Item | Walue -
RO Tag

ROM Revision
Tool Type

Tool Sub Type
Tool Revision

Tool Date
Sequence Mumber
b aximum Angle
Mumber of Markers
Minirurn M arkers LI

L (4, ¥ 100 mm (-Z, %) 100 mm

Face Mask | Group Mask | Firing Sequence I

b arker | Walue | | «

[~ Allow figlds to be manually edited [Advanced)

x| | 30100 mm (%,-Z3 100 mm

Ready [ om v

Figure 3-1 6D Architect Main Window (currently showing .ROM functionality)

3.2 The Main Toolbar

The following table describes the buttons on the main toolbar.

Command Icon Description

| A The Characterization Wizard button launches a
characterization wizard. If tool information is already loaded,
running the wizard will allow you to modify this information.

= The Test Tool button lets you test the tracking of the tool within
@ the measurement volume.

The Program SROM button lets you program the SROM Image

™ File into the SROM device of a wired tool.

Table 3-1 Main Toolbar
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Command Icon Description

% The User-Specified Transformation button lets you manually
transform the orientation of the tool.

HE The Alignment Parameter Transform button lets you align the
Rigid Body onto a local coordinate system.

i The Pivot Algorithm Transform button launches the Pivot
Alignment Wizard. This wizard is used to calculate the tool-tip
offset of a tool.

Table 3-1 Main Toolbar

3.3 The Marker Viewer Window

The Marker Viewer Window, located on the left-hand side of the main window, illustrates
tool marker geometry for the currently loaded SROM Image File or Rigid Body file.

(4, ¥ 100 mm (-Z, %) 100 mm

30100 mm (4,-Z3 100 mm

Figure 3-2 Marker Viewer Window
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Four tool geometry viewer panes make up the Marker Viewer Window. Three of the four
panes provide a two-dimensional representation of the tool’s geometry (one for each axis
plane). The remaining pane provides a three-dimensional representation of the same
information.

Note Information is displayed relative to the tool or rigid body’s local coordinate system.

To Manipulate the Two-dimensional Views

The xy, xz, and yz panes are views of each respective plane. You can manipulate a pane
while keeping the others in view, or you can maximize a pane so that it covers the entire
Marker Viewer Window.

Change to View Action to perform

Maximize/minimize a pane Double-click any pane.

Change the way the markers are  Right double-click on any pane.
displayed (squares, boxes or
marker numbers)

Reset the markers to their Press the 'O' key.

original positions

Translate the view Hold the left mouse button and drag the cursor.
Zoom Hold the right mouse button and move the

cursor vertically.

Table 3-2 Manipulating Two-Dimensional View

To Manipulate the Three-dimensional View

The bottom left pane is a three-dimensional representation.You can manipulate this view in
the following ways:

Change to View Action to Perform

Zoom Hold the 'Z' key and the left mouse button, and
drag the cursor vertically.

Rotate the view Hold the right mouse button and drag the cursor.

Rotate about the x-axis Hold the 'Y" key and the left mouse button, and

drag the cursor.

Rotate about the y-axis Hold the 'R' key and the left mouse button, and
drag the cursor.

Table 3-3 Manipulating Three-Dimensional View
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Change to View Action to Perform

Rotate about the z-axis Hold the 'P' key and the left mouse button, and
drag the cursor.

Rotate about all axes Hold the 'Z' and the right mouse button, and drag
the cursor.

Table 3-3 Manipulating Three-Dimensional View

34 The Orientation Toolbar

The following table describes the buttons used to manipulate the orientation of the tool.
Display these buttons by clicking the arrow at the top of the Marker Viewer Window.

Command Icon Description

J

o The Reset button resets the view of the markers to their
original position.

The Centroid button moves the view to the marker centroid.

oo
+
oo

The Lock Centroid button locks/unlocks the view to the
marker centroid.

*

— The Frame of Reference button toggles the system frame of
'EI reference.
a4 The Display Type button toggles the marker display type.
ﬂ—l-z

The Help button opens accompanying navigation help.

Table 3-4 Orientation Toolbar

3.5 SROM Image File Functionality

If you are working with SROM Image Files, select File > New > ROM File. The main
window updates its contents to reflect SROM Image File functions and fields.
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#3 NDI 6D Architect ——

File Build Tool Operations  Transform  Settings  Help

DESH &S * K"

2l

NDI ROM Infarmation

Marker Pasitions | Marker Normalsl Face Normalsl

[ [ =z |

Item | Walue -

RO Tag
ROM Revision
Tool Type — (3, %1100 mm (-Z, %7100 mm
Tool Sub Type

Tool Revision

Tool Date

Sequence Mumber

b aximum Angle

Mumber of Markers
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Face Mask | Group Mask | Firing Sequence I
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[~ Allow figlds to be manually edited [Advanced)

x| | 30100 mm (%,-Z3 100 mm

Ready [ om v

Figure 3-3 6D Architect Main Window (showing .ROM functionality)

Note See “Rigid Body File Functionality” on page 13 for information about changing the main window to
reflect .RIG information.

NDI ROM Information Tables

Once the characterization of a tool is complete, you can view the configuration parameters
and edit the values before applying the SROM Image File to the tool and its applications.
This information is located to the left of the Marker Viewer Window:
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Figure 3-4 NDI ROM Information section

NDI ROM Infarmation

Marker Pasitions | Marker Normalsl Face Normalsl

| % 12 |z |
A B9.826302  0.000000 0.000000
B -6.359300  -0067400  -0.043200
C 63466933 0.067400 0.043200

Item | Walue -

RO Tag

ROM Revision 01

Tool Type 0x2 —
Tool Sub Type 1

Tool Revision 1

Tool Date 200201411

Sequence Mumber noo

b aximum Angle B0

Mumber of Markers 3

Minirurn Markers 3 LI

Face Mask | Group Mask | Fiing Sequence I

Marker | Walue |
A 1
B 1
G 1

[~ Allow figlds to be manually edited [Advanced)

NDI ROM Information is divided into three separate tables:

Table

Description

Marker Positions, Marker

Normals, and Face Normals

This table allows you to view and edit marker and

face information.

Items and Values

This table lists all of the attributes of what will

become the SROM Image File.

Marker Face Masks, Group

Masks, and Firing
Sequence:

This section allows you to view and edit each
marker's Face Mask, Group Mask, and the Firing

sequence.

Table 3-5 SROM Image File Information

The value assigned to ROM Tag will always be “ NDI”.

12
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Some of the NDI ROM Information fields are coloured differently than others:

Colour Meaning

Green This field contains an integer value in decimal form.
Blue This field contains an integer value in hexidecimal form.
White This field contains a floating point value or a string.

Table 3-6 Field Colours

3.6 Rigid Body File Functionality

If you are working with Rigid Body files, select File > New > Rigid Body File. The main
window updates its contents to reflect Rigid Body file functions and fields.

EX untitled - NDI 6D Archite . 10l =|
File Edit Build Transform Settings Help
IR S IEE 1Y
ox FA
[, 1100 mm (-Z, 1 100 mm
4] | i
Marker O oy —————— ® L%
arker Dperations t -[Z
Inzert | Edit | Eemove |
™ Include Hormals Edit Hormals |
300100 mm [¥,-Z1100 mm
Ready [ um 4

Figure 3-5 6D Architect Main Window (showing .RIG functionality)

NDI Rigid Body Information Tables

Once the characterization of a rigid body is complete, you can view the configuration
parameters and edit the values in the main window. This information is located to the left of
the Marker Viewer Window:
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152 |z

# | * | Mame =
1 1294344 4243686 2939150 1

2 -153.9894 4328240 2936743 2

3 -BF.hE07 4153996 2897228 3

4 1061730 4140513 2905066 4

5 181803 4071627 2890415 B

E 24229 4132271 2884321 B

7 185414 2376119 1660924 7

8  BE.O034 -238.0885  -175.0604 8

9 BEO03A 2882479 1726586 9

10 1186326 -287.59030 -163.8078 10

11 35370 -285.4485  -1BB.F3BE 11 T
12 350393 -286.2297 1648268 12

13 378812 2429338 17E1TE 13

14 401132 -199.6281 1871761

Inzert

Marker Operations
=

Eemoye |

™ Include Normals

EditHormals |

Figure 3-6 NDI Rigid Body Information

The NDI Rigid Body Information section has only one table, listing all the markers in the
rigid body. This table includes the markers’ assigned names and coordinates.

The NDI Rigid Body Information section also has several Marker Operations that you can
perform: you can edit, remove and insert additional markers to table above. You can also

change a marker’s normals.

For more information about rigid body marker normals, see “Add Marker and Face

Normals” on page 57.
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4.1

Note

Note

Tool Characterization: The First Step

NDI 6D Architect provides you with a characterization wizard to guide you through the
process of characterizing a tool and creating an SROM Image File.

If you want to characterize a rigid body instead of a tool, see “Rigid Body Characterization: The First
Step” on page 18.

This section explains the following topics:

¢ Start the ROM Creation Wizard

*  What Is Next?

Start the ROM Creation Wizard

The first screen of the ROM Creation Wizard allows you to choose the type of tool you are
characterizing, and the method you plan to use.

1. Select File > New > ROM File.

2. Select Build > ROM Creation Wizard. The ROM Creation Wizard dialog opens,
displaying a Welcome screen.

6D Architect also gives you the opportunity to go directly to the ROM Creation Wizard’s Welcome
screen whenever you start the software. In the pop-up that appears upon opening 6D Architect, select
“l want to create a new .ROM file.”

3. From the Tool Classification list, select the appropriate tool type. For example, if you
want to create an SROM Image File for an active tool, select Active.

4. From the Characterization Method list, select the appropriate method. For example, if
you plan to characterize your tool using data collected with an Optotrak Certus System,
select Optotrak.
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LT BT
Tool RO

3 Thiz wizard guides vou through a tool characterization. Begin by choosing the tool
Creation Wizard class and the characterization methad.

Welcome to the ROM Creation Wizard

If you already know the exact marker positions, the ‘Engineering Data’ method allows
you to enter them manually.

r Tool Clazsification
@ Active

€ Passive (-3 (-]

0 Active wirdless

r Characterization Method

" Polaris Spstem
% Polaris Accedo System M
& Optotrak System M

" Engineering D ata

r Optatrak Collection Type

@& STATIC: The tool remains stationary during each trial
0 DYNAMIC: The tool may be in motion during each tial,

Fleaze ensure that your Optatrak spstem iz connected and that all
components are powered on,

< Back I Mest > I Cancel

Figure 4-1 Starting the ROM Creation Wizard

Note You can characterize a tool using the tool’s design specifications. This method requires that you enter
its marker information manually. To do this, select Engineering Data as your characterization method.

5. Click Next.

4.2 What Is Next?

At this point, 6D Architect customizes ROM Creation Wizard procedures to match your
tool type and system selections.

This guide is organized in a similar fashion, so that you can jump ahead to only the
information relevant to your tasks:

If you have selected... Go to:

Active Tool/Polaris System “Active Tools: Characterizing with a Polaris
System” on page 21

Active Tool/Optotrak System “Active Tools: Characterizing with an

Optotrak System” on page 42

Table 4-1 What Is Next?
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If you have selected...

Go to:

Active Tool/Engineering Data

“Active Tool: Characterizing with
Engineering Data” on page 63

Passive Tool/Polaris System

“Passive Tools: Characterizing With A Polaris
System” on page 84

Passive Tool/Polaris Accedo
System

“Passive Tools: Characterizing With A Polaris
Accedo System” on page 104

Active Wireless Tool/Polaris
System

“Passive Tools: Characterizing With A Polaris
System” on page 84

Table 4-1 What Is Next?

4.3 About .CRM Files

Once you have completed characterizing a tool, 6D Architect allows you to save all the
ROM Creation Wizard selections that you have made, in case you want to repeat the
characterization process for additional tools using similar parameters. For more information
about creating this file, see “Complete the Tool Characterization” on page 39.

You can open a .crm file at any time while working in the 6D Architect main window.

1. From the main window toolbar, click Build > Load Characterization Template File.
The Auto-Characterization File dialog opens.

2. In the File Name field, enter the desired .crm file, or browse to it by clicking .

3. Click Proceed. The System Connection dialog opens.

4. Continue the characterization process with the ROM Creation Wizard.

NDI 6D Architect User Guide
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5 Rigid Body Characterization: The First Step

NDI 6D Architect provides you with a characterization wizard to guide you through the
process of characterizing a rigid body and creating a Rigid Body file (.RIG).

This section explains the following topics:

+ Start the Rigid Body Creation Wizard

*  What Is Next?

5.1 Start the Rigid Body Creation Wizard

1. Select File > New > Rigid Body File.

2. Select Build > Build Rigid Body. The Rigid Body Creation Wizard dialog opens.

I x|
Welcome to the Rigid Body File Wizard

RI g Id B Od‘l\' Thiz wizard guides you through a Rigid Body build. Chooze the marker collection
Greatil]n Wilﬂrd method and the desired build algorithm method.

r Marker Collection Method
& Optotrak Collection

0 Previously collected NDI Data Filefs) [CH* " R#* ]
' Previously collected CSY Data Fils(s)

r Build Algorthim
@ DYNAMIC  Uses collected data of the Rigid Body in motion.

0 STATIC Uses collected data of the stationary Rigid Body.
Several trialz may be required if all markers are not
vigible in each static position.

0By e

Fleaze ensure that your Optatrak spstem iz connected and that all
components are powered on,

Example:

< Hack I Mest > I Cancel |

Figure 5-1 Rigid Body Creation Wizard Welcome Dialog

Note 6D Architect also gives you the opportunity to go directly to the Rigid Body Creation Wizard’s Welcome
screen whenever you start the software. In the pop-up that appears upon opening 6D Architect, select
“l want to create a new .RIG file.”

3. From the Marker Collection Method section, select one of the following options:
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Optotrak Collection Selecting Optotrak Collection allows you to perform data collections
with an Optotrak System. This collected data will be used to characterize the rigid body.

Previously Collected NDI Data File Previously collected data files can also be used to
characterize a rigid body. There are three types of data files that can be used:

NDI File Type

Description

Full Raw Data Files An NDI data file containing the numeric values of

the marker centroids, signal strength (high and
low), and amplification measured over a specified
period of time.

Raw Data Files An NDI data file containing the numeric values of

the marker centroids measured over a specified
period of time.

3D Data Files

An NDI data file containing the x, y, z coordinates
of markers measured over a specified period of
time.

Table 5-1 NDI Data Files

Previously Collected CSV File CSV (Comma Separated Values) Files are text files
containing a header and 3D marker data. This file must have been previously collected with

an Optotrak System.

4. Select the Build Algorithm type:

Option Definition

Static The rigid body will not move during data collection. If it does,
that data collection trial becomes invalid. Select this option if the
Position Sensor can see all markers when the rigid body is
stationary and in a single pose.

Dynamic The rigid body can move during data collection.Select this

option if the Position Sensor cannot see all markers when the
rigid body is stationary and in a single pose.

5. Click Next.

Table 5-2 Build Algorithm Types

NDI 6D Architect User Guide
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5.2

5.3

Note

What Is Next?

6D Architect customizes the following Rigid Body Creation Wizard procedures to match
the collection method chosen in the Rigid Body Creation Wizard Welcome dialog. This
guide is organized in a similar fashion:

If you have selected... Go to:

Optotrak Collection “Rigid Bodies: Characterizing with an
Optotrak System” on page 137

Previously Collected NDI Data Files “Rigid Bodies: Characterizing with
Previously Collected Data” on page 124

Previously Collected CSV Files “Rigid Bodies: Characterizing with
Previously Collected Data” on page 124

Table 5-3 What Is Next?

About .CRG Files

Once you have completed characterizing a rigid body, 6D Architect allows you to save all
the Rigid Body Creation Wizard selections that you have made, in case you want to repeat
the characterization process for additional rigid bodies using similar parameters.

For more information about creating this file, see “Complete the Characterization” on page 151.

You can open a .crg file at any time while working in the 6D Architect main window.

1. From the main window toolbar, click Build > Load Characterization Template File.
The Auto-Characterization File dialog opens.

2. In the File Name field, enter the desired .crg file, or browse to it by clicking .

3. Click Proceed. The System Connection dialog opens.

4. Continue the characterization process with the Rigid Body Creation Wizard. For
instructions, see “Rigid Bodies: Characterizing with an Optotrak System” on page 137.

20
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6 Active Tools: Characterizing with a Polaris System

The following sections direct you through each window of the ROM Creation Wizard, to
help you characterize an active tool with a Polaris System.

This section explains the following steps:

1. Start the Wizard

2. Enter Collection Settings

3. Describe Tool Properties

4. Define Marker Setup

5. Save Parameters

6. Collect Tool Marker Data

7. Define Groups and Faces

8. Align the Tool’s Coordinate System
9. Add Marker and Face Normals

10. Complete the Tool Characterization

11. What Is Next?

6.1 Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing an
active tool with a Polaris System. For instructions, see “Tool Characterization: The First
Step” on page 15.

Once this step is completed, you can continue the characterization process.

6.2 Enter Collection Settings

The ROM Creation Wizard’s second screen is the Collection Settings dialog. Collection
settings tell 6D Architect which port the tool is connected to, how many frames of data to
collect, and what kind of Polaris System measurement volume you are using.
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Tool ROM

Creation Wizard

POLARIS Collection Settings

Thiz page allows you to specify the POLARIS zettings to use during collections.

r Collection Setting:

POLARIS Tool Port: ‘ * Port1 Pt 2 © Part 3

Callection Frames:

r POLARIS System

St 500,00, : 0.00,%: 0.00, Z: - Hefresh...l
COM Port: IEDM‘I 'l Baud Rate: ISBDD 'l Advanced Settings...l

| Use Positioning Device [Advanced}
& Part 1 € Ptz € Potd

[revice Settings... |

< Back I Mest > I

Cancel

Figure 6-1 Collection Settings Dialog

1. Complete the Collection Settings section:

Field/Option

Definition

Polaris Tool Port

The tool port that the tool is plugged into.

Collection Frames

measurement volume.

The number of frames 6D Architect will collect from the
Polaris System as it tracks the tool. A frame is a single 3D
measurement of the positions of all the markers in the

Table 6-1 Collection Settings Section

2. Complete the Polaris System section:

Field/Option  Definition
Volume Your Polaris System’s measurement volume type.
COM Port The host computer’s communications port to which the Polaris

System is connected.

Table 6-2 Polaris System Section
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Field/Option  Definition

Baud Rate The host computer’s baud rate. The default setting is 9600 to
ensure communications can be established for all computer

configurations.

Table 6-2 Polaris System Section

3. (Optional) If you are using a positioning device, refer to 7B-10029.

4. (Optional) If you want to apply advanced system settings, see “Polaris/Polaris Accedo

System Settings” on page 170.

5. Click Next. The Tool Description dialog appears.

6.3 Describe Tool Properties

In this screen, the ROM Creation Wizard will ask you to enter the parameters about the tool.
This includes information such as the tool type, marker type, and the tracking algorithm.

Tool Description

Tool ROM

Creation Wizard

withir the RO file.

Thiz step allows you to define the tool properties. These settings are saved

r Tool Description

Part Mumber: |1 23456

Manufacturer: INDI— Hevision:l@
Tool Type:  |REFERENCE =]

Toal Subtype: I Femovable Tip

=

arker Type: INDlSSD active Marker - ceramic base j

r Enhanced Tracking Algorithm —
™ Lock using only 3 markers
[ Stray marker tracking
[T ‘wireless tracking
[T Unique geometry tracking

Serial Mumber Settings

Drate (MM DDA
[2E] /[0 / [2003E
Sequence Number: |1 3:

x|

< Back I Mest > I

Cancel

Figure 6-2 Tool Description Dialog
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1. Complete the Tool Description section:

Field/Option Action

Part Number Assign a part number to your tool. You can use a maximum of 20
characters.

Manufacturer Assign a manufacturer name to your tool. You can use a
maximum of 12 characters.

Revision Assign a revision number to your tool.

Tool Type From the list, select the entry that reflects the tool type.

Tool Subtype

From the list, select the entry that reflects the tool subtype.

Marker Type

From the list, select the entry that reflects the tool marker type.

Table 6-3 Tool Description Fields

Note The part number, manufacturer, and revision number are mandatory fields. This information uniquely
identifies the tool’s design, and associates it with a particular application.

2. Complete the Enhanced Tracking Algorithm section:

Field/Option Action

Lock using only 3 markers If you want to reduce the acquisition time, choose
this option.

Stray marker testing If you want the Polaris System to track a single

stray marker which may move with respect to the
tool, select this option.

Wireless tracking

This is disabled for active tools.

Unique geometry tracking If the tool meets unique geometry constraints,

choose this option. This will result in a reduction
of acquisition time for the tool.

Table 6-4 Algorithm Options

Note A tool must meet the unique geometry constraints in order to use the Unique Geometry Tracking
functionality. If you use Unique Geometry Tracking for a tool that does not meet the constraints, the
tool cannot be tracked. For more information, see “Unique Geometry” on page 164.
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3. Complete the Serial Number Settings section:

Field/Option Action
Date (MM/DD/YYYY) Enter today’s date using the format indicated.
Sequence Number Enter 1 to indicate an increment of one for each

serial number created.

Table 6-5 Serial Number Settings
The software will automatically calculate a unique serial number for your tool using
these settings.

4. Click Next. The Marker Setup dialog opens.

6.4 Define Marker Setup

Once the tool description is defined, the ROM Creation Wizard will ask you to specify
where the markers are within the wiring matrix, and if switches or LEDs are present on the
tool. You can determine the firing sequence of the markers automatically, or by assigning a
number manually.

Note You can use the Auto-Detect feature to determine the location of the active markers and LEDs within
the matrix. If you choose this option, the firing sequence is arbitrary.
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T o Marker Setup (Active Type)
Tool ROM

Creation Wizard

Specify the tool wiring layout [active markers, visible LED 2] and switch states [zwitch
flagz). Each marker must hawve a matrix letter.

Auto-Detect Active Markers and LED s I

r&ctive Markers

i i T T rann]
Markers: E A I— F _I— K _I— F _I— Iﬂ
Firing 5 equence: ! ! ! !  rowd
e — 52
1: Mot Set BJ" GJ" L—L B—L —
2:Mat Set T T T T S rowd
3: Mot Set ':J—< HJ_< M—L F‘—L |E
i T T T S rawd
o H L H w_H s_N
1 1 T T P~
3 R O D D
zoll col2 cold cold
—izible LED= Switch Flags
1E
2. :2:2 l ™ Fresent
: Switch 2
3: none Switch 3 [~ Tool Engage
4 none

KEYBOARD HINT: “You can alzo type the matrix position of the selected marker.

< Back I fdewt > Cancel

Figure 6-3 Marker Setup Dialog

To Automatically Detect the Active Markers

1. Click Auto-Detect Active Markers and LEDs. The system will automatically populate
the matrix with the active markers (shown in white), and the visible LEDs (shown in
green) associated with the tool.

Note The software distinguishes between markers and LEDs using settings that you can change. See
“Polaris/Polaris Accedo System Settings” on page 170 for more information.

2. Ifyou are not setting switch flags, click Next. If you are setting switch flags, see below.

To Manually Set the Firing Sequence of the Markers
1. In the Markers field, select the number of markers on your tool.

2. From the Firing Sequence field, click, drag, and drop each marker from the list to the
appropriate lettered square in the wiring matrix.
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When adding a marker to the wiring matrix, you can also use any of the following short-
cuts:

* double-click the marker to select the appropriate letter in the matrix
» right-click the marker to select the appropriate letter in the matrix
» click the marker and enter the letter on the keyboard

3. If you are not setting switch flags, click Next. If you are setting switch flags, see below.

To Set the Switch Flags

You can set up to three different switches for each tool.
1. In the Switch Flags section, select the switch for which you are defining parameters.
2. Choose Present to let the software know that a switch is present.

3. Choose Tool Engage if the tool has a removable tip. With this enabled, the system will
disable the tool if its tip is removed and the switch is activated, during tracking. You will
not be able to use the tool again until the tip is replaced or re-attached.

4. Click Next. The Save Parameters dialog opens.

6.5 Save Parameters

6D Architect saves the collected data in a .csv (Comma Separated Value) file, and stores it
in the location indicated in this Save Parameters dialog. Once you have finished the entire
characterization process, you can open and review the .csv file’s contents.
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Xl
i - Sawve Parameters
Tool ROM
g Each trial will be zaved a3 a separate Corma Separated Walue [CSW] file. Specify
Creation Wizard the following save parameters.,
Iffiles already exist will the same parameters, the collection fles will continue with the
exizting naming convension. |tz suggested that you specify an extenzion that iz
unique to thiz collection set.
r Save Parameters
Directory: I EI
File: Mame: IEDAﬂ [e.q. BDAH)
File Extenzion:  |caw [ cav)
[the trial number will be appended to pour file name for each trial)
< Back I P et I Cancel
Figure 6-4 Save Parameters Dialog
1. Complete the Save Parameters section:
Field/Option Action
Directory Enter the directory location where you wish the

files to be saved, or browse to a location by

clicking .

File Name Enter the name for the data collection.

File Extension Enter csv.

Table 6-6: Save Parameters Section

2. Click Next. The Data Collection dialog opens.

Note You will now be prompted to connect the Polaris System to the computer and ensure that the tool is
connected to the correct port on the Tool Interface Unit.
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6.6

Collect Tool Marker Data

L Data Collection
ToolROM

Grea til]l'l lea rd poszition your markers.

TRIAL 2 of 2

Olutput File:
E:\ndigital\EDARDT 9. cav

Trial Frames: 100
Collect Delay: Os

A

The Data Collection dialog allows you to view the tool within the measurement volume
during each trial frame.

Click Collect when you are ready to start the collection. At least three [3] markers must be
vigible during each collection frame. The realtime display can be uzed to preview and

] Thig is a STATIC Collection, the Rigid Body must be stationary during the collection,

(4, Y1100 mm
F it 3
e
% )
o1mamm (%,-23 100 mm
Progre
crkcrgub' & = K I
chlolctiobean.- | |oy s 27322 1949924 17895979
[ |||[@¢& aunzs 1essss  a7saiise
@ F 2943243 1552432  -1797.8838
@ G 373731 1395163 -1800.0963
@ K 3075032 1088973 17712513
Change Tiial Length | @ L 3211238 1045452 17740875

13

< Back I Callect » I

Cancel |

Figure 6-5 Data Collection Dialog

The tool must remain motionless during collection trials. If the tool is moved even slightly
during a collection, the Polaris System cannot determine accurate positions of all markers
with respect to each other. The tool characterization will likely fail.

Note Figure 6-5 shows a Polaris System using a standard measurement volume.

software’s data interpretations.

markers are visible, observe the marker status in the bottom right of the window:

Marker Colour

Marker Status

The marker is visible to the system and is inside the
measurement volume.

Table 6-7 Marker Status Colours

1. (Optional) If you want to edit the collection trial length, click Change Trial Length and
enter the new value. Increasing the trial length may increase the accuracy of the

Position the tool within the measurement volume. If you are unsure whether or not your

NDI 6D Architect User Guide
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Marker Colour Marker Status
Yellow The marker is visible, but not in the measurement volume.
Red The marker is not visible to the system.

Table 6-7

Marker Status Colours

Each coloured circle corresponds to a marker. The number of circles should match the
number of markers that are on the tool.

3. Click Collect. The system proceeds to collect information about each marker’s position,
for the number of frames specified. You can view this action in the marker status section

of the dialog.

The Current Collection Status dialog opens, displaying this collected information. Use this
dialog to view the collection results or record another trial:

Tool ROM

Creation Wizard

r Collection Statu

Current Collection Status

Thiz statuz page appears after each collection trial. From here, pou can modify current
collections or stop collecting and proceed with the tool characterization.

Filename
C:Andigital\EDARDT T cav

Move Up

| Froperties

4 Markers in 51 frames

I ove Do Remove Re-collect

i

r Choose Your Mest Step

" RECORD Ancther Diata Trial

Fietumn to the data collection page to perform another collection.

& S5TOP Recording

Complete the collection process and proceed.
™ Wiew BUILD LOG file upon successiul completion of build.

< Back I Mest > I

Cancel

Figure 6-6 Current Collection Status Dialog

1. Select the newly-created .csv file from the Collection Status list.

2. (Optional) Click View. The .csv file results open for viewing. When you have finished

reviewing the results, click Close.

3. (Optional) You can record additional data trials:

30
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» Ifyou want to collect another data trial, select RECORD Another Data Trial. You
will be returned to the Data Collection dialog to begin the process again.

+ Ifyou want to overwrite an existing data trial, select the file that you wish to
overwrite from the list, and click Re-collect. You will be returned to the Data
Collection dialog to begin the process again.

4. When you are satisfied with the data collection, select STOP Recording.

5. (Optional) If you want to view the Build.log file at the end of the build (when you have
completed the ROM Creation Wizard), choose View BUILD.LOG upon successful
completion of build.

6. Click Next. The Groups and Faces dialog opens.

6.7 Define Groups and Faces

Once the firing sequence for the active markers has been defined, you can organize the
markers into groups and faces.

I x|

Marker Setup (Groups and Faces)

TO 0 I RO M Irv thiz step, you may organize the markers into ‘'Faces' and 'Groups’. Double-click the
- list below to toggle the group and face states for each marker.
Greation Wizard

GROUPS define which markers within a face can be fired simulatenously. 1F markers
within a face are less than 50mm apart, they must be placed in separate groups.

FACES are zeparate Rigid Bodies that can each be uzed for racking. Each face
muszt have at least 3 markers; each marker must belong to at least 1 face.

Mumber of Groups: |2 _,::' Mumber of Faces: |2 _,::'

Marker | Group[2] | F1] F2]
T %

B 2 #
F 1 #
G 2 #
k. 1 #
L 2 #

Reset tarker List to DE%‘I"S |

KEYBOARD HIMT: You can also uge the 'G' key to toggle groups and the 18"
keys to toggle the face states for the selected marker.

< Back I Mest > I Cancel |

Figure 6-7 Marker Setup (Groups and Faces) Dialog

To Select the Number of Groups

1. Inthe Number of Groups field, select the number of groups you want to create.
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2. Assign each marker in the table to group: in the table, double-click on a marker’s
Group[N] entry to toggle between group selections. By default, all markers are
assigned to group 1.

3. (Optional) If you want to restore the groups to the original settings, click Reset Marker
List to Defaults.

To Select the Number of Faces
1. Inthe Number of Faces field, select the number of faces.

2. Assign a marker to a face: in the table, double-click the marker’s F column entry to
change it to X. This means that this marker is included on the face.

3. (Optional) If you want to restore the faces to the original settings, click Reset Marker
List to Defaults.

4. Click Next. The Tool Alignment dialog opens.

6.8  Align the Tool’s Coordinate System
Before any measurement system can calculate the position and rotation of your tool, you
will need to assign the tool a local coordinate system. Assigning a local coordinate system is
an important step in producing accurate transformations.
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1.

I x]
S = - Tool Alignment
The tool waz successfully characterized. To align the tool to a local coordinate system,
To 0 I RO M uze the "Alignment Methods" below.
Greation Wizard :
Alignment Methods — 5
: [k [25] 2| 335337 |
| Alignment P. b I
Aligns the tool onto .y "
uzer-defined axes "R i
or planes.
Manual Transform | 1
(3,110 mm | (-Z, 110 mm
Perfarms a user-
defined tranzform
[tranzlation and
rotation). i
YormZ ,g_x
Undo |
300100 mm (¥,-Z110 mm
r Algorithm
T v =z |
Adjust Congtraints | A -2.4169 394214 -20.1096
B -11.5331 55.9328 40,7414
Edit the transform F 36.8331 -B.3716 -41.1034
algorithim G -19.359%% 7.4935 -27.0478
cohstraints. K E.5091 37380 B.9417
L 96326 591612 40.5838
< Back | Mest > Cancel
Figure 6-8 Tool Alignment Dialog
To Assign a Local Coordinate System Using Alignment Parameters
Click Alignment Parameters. The following dialog appears:
x
To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,
Alignment Positions 4 J]:+ g‘: E‘ ::; 3?
# | Use in Origin | Alignment Setting |
1 b Unknown
2 H [+ [+ ] Quadrant o
3 otz (+) + L
4 Unknown
(3,110 mm '| [-Z, %110 mm i
4] 3
" Template Mode LLead Template | Saye Template | « 11_)(
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm |

Figure 6-9 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of
your tool , 6D Architect will place the origin at the geometric centre of these markers.
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Note

To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or
Z-axis.

To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

(Optional) If you want to either save these alignment settings to a template or open an
existing alignment template and apply it to your tool, enable Template Mode to activate
template functions.

When you are finished, return to the Tool Alignment dialog:
+ If you want to return to the original position and orientation, click Cancel.
» If you are satisfied with the alignment parameters, click Apply.

(Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

9. Click Next. The Marker and Face Normals dialog appears.

34
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To Adjust the Local Coordinate System Manually
1. Click Manual Transform. The following dialog appears:

x

| Tranzlation

Tu: Im 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:

_1 BI:I | I T T Y O B B | 1 1 BI:I
b | 00000 3:
_-I BI:I | I T T Y O B B | 1 -I BI:I
i | 0.0000 3:
1 BI:I | I T T Y O B B | 1 1 BI:I

{ Degees { Radians

Apply I Cancel |

Figure 6-10 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Tool
Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

» Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note The Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.

3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints™ on page 167.
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Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Marker and Face Normals dialog appears.

6.9 Add Marker and Face Normals

For each marker and face on your tool, you will need to assign a vector that defines which
way they are facing. The system uses this vector, or normal, to help determine where the
marker or face is pointing in the measurement volume. With this information, the system
can determine if the marker or face is pointing at an angle that no longer provides accurate
data.

Marker and Face Normals
Thiz dialog allows wou to et marker and face narmals for the tool,

Tool ROM

Creation Wizard

— Mormal Operations —

Edit Selected |
Edit Face Homals | (=¥ 1 00mm || [-Z,-¥)100mm I

Unda |

s —
r Tracking Tolerances: —
Edit Tolerances... |
3D 100mm £ -I) 100mm i
| % | |z ¢ v [z |

A 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

B 53.8000 0.0000 0.0000 0.0000 1.0000 0.0000

C

104.7000 E.4000 0.0000 0.0000 1.0000 00000
o o 0.0000 1.0000 0.0000

Click the Back button ta re-alian the tool and itz narmals.

< Back I et > I Cancel

Figure 6-11 Marker and Face Normals Dialog

About Determining Normals

Note You need to assign normals to all markers and all faces.
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Note

Note

Note

6D Architect performs several calculations and displays the results at the bottom of the
Marker and Face Normals dialog, to guide you in selecting the right normal values. These
suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 6-8 Marker Information Provided By 6D Architect

The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

A face normal must be perpendicular to its face. Individual marker normals, however, do not need to be
perpendicular to the face that marker is assigned to.

To Create a Normal for Individual Markers
1. Inthe View list, select All Markers.

2. In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

3. Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.

4. Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).
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Note

5. Click Edit Selected.

6. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

7. Click OK.

To Create Normals for Faces
1. Inthe View list, select the appropriate face.

2. Inthe table at the bottom of the dialog, press Ctrl and select three markers that are
assigned to the face.

3. Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.

4. Click Face Normals.
5. From the drop-down list, select the appropriate face.

6. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

7. Click OK.

8. (Optional) If you want to restore all of the normals and tolerances to the default settings,
click Undo.

9. Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances
1. In the View list, select All Markers.
2. In the table at the bottom of the dialog, select a marker.

3. Click Edit Tolerances. The following dialog opens.
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Set Tolerances

b i b arker Angle: [0

kirirmunn Murmber of b arkers: |3

b i 30 Error:

If & marker failz to zatisfy any of these tolerances, it
iz tagged as ‘invalid' and the transformation will be
re-calculated without it

o]

B

degrees

mm

T

Cancel |

Figure 6-12 Set Tolerances Dialog

4. Complete the fields provided:

Field

Action

Maximum Marker Angle

Enter the maximum angle that a marker

normal can be pointed away from the Position

Sensor. Any marker turned away more than
this value will not be used to compute a tool
transformation.

Minimum Number of Markers

Enter the minimum number of markers that
must be counted as present in the
measurement volume, before the system
produces a transformation for the tool.

Maximum 3D Error

Enter the maximum distance between where
the marker is observed by the system and is
expected to be in the tool’s SROM Image
File. If a marker exceeds this value, it is not
used to compute a tool transformation.

Table 6-9 Tolerance Fields

5. Click OK.

6. Click Next. The Characterization Completion dialog opens.

6.10 Complete the Tool Characterization

6D Architect allows you to save all the ROM Creation Wizard selections that you’ve made,
in case you want to repeat the characterization process for similar tools using similar

parameters. Remember that although you can use the same wizard selections for similar

tools, you will still need to perform separate and unique data collections for each

NDI 6D Architect User Guide
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I x|

Congratulations... you have successfully characterized the
Tool ROM EREH
Grea tion mlﬂ rd After exiting this wizard, the ROM information will be loaded inta the main program

] window to perform the following tasks:
1] Save the ROM file
2] Test that Polaris and/or Optotrak Certus spstems can track the tool
3) Active Tool ROM filez can be programmed directly to the tool
Be sure to validate the tool to confirm it iz operating as you expect
and that it is i t b i ki

It iz suggested that you go through the wizard again to change any ROM fields or
options.

To automatically repeat the characterization process, save the wizard
zettings to an output file,

v Save Wizard Settings

Olutput File: ID:\4markersHDMmacro.crm ﬂ

Drescription: Itool with 4 markers

< Back I Finizh I Cancel

Figure 6-13 Characterization Completion Dialog

1. Enable Save Wizard Settings.

2. Inthe Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a ROM Characterization Macro (.crm)
file.

Note The saved parameter file contains the tool’s characterization information. When applied to subsequent
tools, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the tool will be loaded into the main window. The tool parameters are loaded in the ROM
section of the main window.

For more information about the main window, see “Exploring 6D Architect Main Window”’
on page 6.
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6.11  What Is Next?

After you have created and saved the SROM Image File ((ROM) file, you must perform the
following tasks:

1. Test the SROM Image File to ensure that the Polaris System can track the tool correctly.
For more instructions, see “Testing Tools” on page 161.

2. Load the SROM Image File onto the tool’s SROM device. For instructions, see “Active
Tools: Programming SROM Devices” on page 79.
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7

Active Tools: Characterizing with an Optotrak System

The following sections direct you through each window of the ROM Creation Wizard, to

help you characterize an active tool with an Optotrak System.
This section explains the following steps:

l.
2.
3.

8.
9.

Start the Wizard

Enter the Collection Settings
Describe Tool Properties

Define Marker Setup

Save Parameters

Collect Tool Marker Data

Define Groups and Faces

Align the Tool’s Coordinate System

Add Marker and Face Normals

10. Complete the Tool Characterization

11. What Is Next?

42
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71 Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing an
active tool with an Optotrak System. For instructions, see “Tool Characterization: The First
Step” on page 15.

When you select Optotrak System, the wizard automatically updates your options to include
collection types:

: = Welcome to the ROM Creation Wizard
Tool ROM

v 3 Thiz wizard guides vou through a tool characterization. Begin by choosing the tool
Creation Wizard class and the characterization methad.

If you already know the exact marker positions, the ‘Engineering Data’ method allows
you to enter them manually.

r Tool Clazsification

@ Active
€ Passive | e (-]

0 Active wirdless

r Characterization Method

' Polaris Spstem
€ Polariz &ccedn System |
& Optotrak System

" Engineering D ata

r Optatrak Collection Type

& STATIC: The tool remains stationary during each trial
0 DYNAMIC: The tool may be in motion during each tial.

Fleaze ensure that your Optatrak spstem iz connected and that all
components are powered on,

< Back I Mest > I Cancel

Figure 7-1 Updated ROM Creation Wizard Dialog

1. Select the Optotrak Collection Type:

Option Definition

Static The tool will not move during data collection. If it does, that data
collection trial becomes invalid.

Dynamic The tool can move during data collection.

Table 7-1 Collection Type Options

Note Select Dynamic if not all tool’s markers can be seen by the Position Sensor when the tool is in a single
pose. You will need to be able to change the tool pose in order to collect information on all its markers.

2. Make sure that the Optotrak System is connected and powered on.
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7.2

3. Click Next.

At this point, 6D Architect connects to the Optotrak System to determine its type (Optotrak
Certus or Optotrak 3020). Once this has been determined, the Collection Settings dialog
appears, adjusted to reflect which Optotrak System was detected. From here, you can

continue the characterization process.

Enter the Collection Settings

The ROM Creation Wizard’s second screen is the Collection Settings dialog. Collection
settings tell 6D Architect which what tool is being characterized, and how the Optotrak

System reads the tool’s markers.

Tool ROM

Creation Wizard

Optotrak Certus Collection Settings

Tool Selection

Select tool to be used for ROM file creation:

Port_02_01, SubPort_02 : NDI_8700223_33312005 j

Refresh Tool List |

Optotrak System Settings:

- Owerall Marker Power: sets the marker emission strength.
- Collection Time: seconds of data that will be recorded for each trial.
- Frame Frequency: the rate of data collection.

— Optatrak System

Ovwverall Marker Power:
3

Min
Collection Timne [s]: lﬁ
Frame Frequency [Hz): |3UUU 3:

i) I

Camera Parameter File: ID:\IocaIData\Architect\camfiles\stant ﬂ

Advanced Options... |
Usze Positioning Device [Advanced)
Starting M arker: |1 [evize Setings. . | ‘

< Back I Mest > I

Cancel

Figure 7-2 Collection Settings Dialog

Note Figure 7-1 shows the Collection Settings dialog of an Optotrak Certus System. This contents of this

dialog is slightly different for Optotrak 3020 Systems.

1. From the Tool Selection drop-down list, select the tool you wish to characterize.

Each selection is formatted in the following way:
Port_A_B, Subport_C: Tool, where
A is the port number on the SCU

44

NDI 6D Architect User Guide



Active Tools: Characterizing with an Optotrak System

B is the strober order number (assigned sequentially to each strober connected to the
indicated port)

C is the strober’s subport number

6D Architect automatically generates the Tool Selection list using information that it
gathered when it first connected to your Optotrak System. If tools are switched or added
to a port, click the Refresh Tool List button. 6D Architect will reconnect and update the
selections available.

2. Complete the Optotrak System Settings section:

Field Action

Overall Marker Power scale Use this scale to indicate the intensity of light
emitted from the markers.

Collection Time(s) Enter the length of collection time required for each
data collection trial (in seconds).

Frame Frequency Enter the frame frequency (in Hz) used during data
collection.

Camera Parameter File Select the camera parameter file to be used to
calculate 3D and 6D data.

Table 7-2 Optotrak System Settings

Note The parameters for the Optotrak System must match the marker wavelength for the markers on the

7.3

tool. These parameters are stored in the camera parameter file that you must select in the Collection
Settings dialog.

(Optional) If you are using a positioning device, refer to 7B-10029.

(Optional) If you want to apply advanced system settings, see “Optotrak System
Settings” on page 173.

Click Next. The Tool Description dialog appears.

Describe Tool Properties

In this screen, the ROM Creation Wizard will ask you to make selections about the tool.
This includes information such as the tool type and marker type.
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I x|

Tool Description

Tool ROM

Creation Wizard

Thiz step allows you to define the tool properties. These settings are saved
withir the RO file.

r Tool Description

Part Mumber: |1 2342

Manufacturer: ILALN Revisior: E
ToolType:  |REFERENCE =
Taol Subtype: IHemovabIe Tip j
arker Type: INDlSSD active Marker - ceramic base j

r Enhanced Tracking Algarithrm — Serial Mumber Settings
I Lock using only 3 markers Drate (MDD YY)

I Stray marker tracking I‘]U 3: ,.-’|22 3: / |2003 3:

[T ‘wireless tracking
. . : |1 3:
I Urique geometry tracking Sequence Number:

< Back I Mest > I Cancel

Figure 7-3 Optotrak Tool Description Dialog

1. Complete the Tool Description section:

Field/Option Action

Part Number Assign a part number to your tool. You can use a maximum
of 20 characters.

Manufacturer Assign a manufacturer name to your tool. You can use a
maximum of 12 characters.

Revision Assign a revision number to your tool.

Tool Type From the list, select the entry that reflects the tool type.

Tool Subtype From the list, select the entry that reflects the tool subtype.

Marker Type From the list, select the entry that reflects the tool marker

type.

Table 7-3: Tool Description Section

Note The part number, manufacturer, and revision number are mandatory fields. This information uniquely
identifies the tool’s design, and associates it with a particular application.
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Note Because you cannot use Enhanced Tracking Algorithms with an Optotrak System, that section is
disabled.

2. Complete the Serial Number Settings section:

Field/Option Action
Date (MM/DD/YYYY) Enter today’s date using the format indicated.
Sequence Number Enter 1 to indicate an increment of one for each

serial number created.

Table 7-4: Serial Number Section

The software will automatically calculate a unique serial number for your tool, using
these settings.

3. Click Next. The Marker Setup dialog opens.

1.4 Define Marker Setup

Once the tool description is defined, the ROM Creation Wizard will prompt you to specify
where the markers are within the wiring matrix, and if switches or LEDs are present on the
tool. You must also indicate the firing sequence of the markers.

Note You cannot use the Auto-Detect feature with an Optotrak System. This button is disabled.
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Marker Setup (Active Type)

Tool ROM

Creation Wizard

Specify the tool wiring layout [active markers, visible LEDs] and switch states [switch
flagz]. Each marker must have a matrix letter,

r Active Markers

SutaVetectictve Markers and|LELs |

T T T T Tow]
Manrkers: |3 3: _AQJ F I— K I— F I— 'ﬂ
e
.. . T T T T b 2
F[Irlr??;equence. B | G 2| L | ) | . T,
. e
26 T T T T I %]
30 el Wl Wil R & ™
| —
1 T T T  romd
[a| I 1z I M I 5 I
1 T T T 1
e@ly o1 o[l TLH
call col2 col3 cold
—izible LEDs Switch Flag:
1. =
2l Switch 1 ¥ Present
3: none itk 3 [ Tool Engage
4: none

KEYBOARD HIMT: You can alzo type the matrix position of the selected marker.

< Back I Mest » I

Cancel

Figure 7-4 Marker Setup Dialog

To Set the Firing Sequence of the Markers

1. In the Markers field, select the number of markers on your tool.

2. From the Firing Sequence list, click, drag, and drop each marker from the list to the

appropriate lettered square in the wiring matrix.

When adding a marker to the wiring matrix, you can also use any of the following short-

cuts:

* double-click the marker to select the appropriate letter in the matrix

* right-click the marker to select the appropriate letter in the matrix

» click the marker and enter the letter on the keyboard

3. If you are not setting switch flags, click Next. The Save Parameters dialog opens.

If you are setting switch flags, see below.

To Set the Switch Flags

You can set up to three different switches for each tool.

1. In the Switch Flags section, select a switch.
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2. Choose Present to let the system know that this switch is present.

3. Choose Tool Engage if the tool has a removable tip. When enabled, the system will
disable the tool if its tip is removed and this switch is activated, during tracking. You
will not be able to use the tool again until the tip is replaced or re-attached.

4. Click Next. The Save Parameters dialog opens.

7.5 Save Parameters

6D Architect saves the collected data in a .csv (Comma Separated Value) file, and stores it
in the location indicated by this Save Parameters dialog. When you have finished the entire
characterization process, you can open and review the .csv file’s contents.

; - Sawve Parameters
Tool ROM
; Each trial will be zaved as a separate Comma Separated YWalue [CSW] file. Specify
Creation Wizard the following gave parameters,

If filez already exizt will the same parameters, the collection files will continueg with the
exizting naming convenzion. |t iz suggested that pou zpecify an extension that iz
unique ta thiz collection zet.

r Save Parameters

Drirectony: I EI
File M arne: IEDM& [e.0. EDAH]

File Extenzion:  |cay [e.g. cev)

[the: trial nurmber will be appended ta pour file name for each trial]

¢ Back I Mext > I Cancel

Figure 7-5 Save Parameters Dialog
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7.6

1. Complete the Save Parameters section:

Field/Option Action

Directory Enter the directory location where you wish the
files to be saved, or browse to a location by
clicking .

File Name Enter the name for the data collection.

File Extension

Enter csv.

Table 7-5 Save Parameter Fields

2. Click Next. The Data Collection dialog opens.

Collect Tool Marker Data

The Data Collection dialog allows you to check if all tool markers are visible to the Position
Sensor both before and during data collection trials. The software requires accurate data
collection in order to produce accurate information about each marker detected.

Tool ROM

Creation Wizard

Data Collection

poszition your markers.

] Thig is a STATIC Collection, the Rigid Body must be stationary during the collection,

Click Collect when you are ready to start the collection. At least three [3] markers must be
vigible during each collection frame. The realtime display can be uzed to preview and

x|

TRIAL 1 af1 BV B ] B e
Olutput File:
E:\ndigital\EDARDZT cav
Trial Frames: 30 Sass
Collect Delay: 15
3,110 mm [-Z, %110 mm
b
* +
300100 mm (%2110 mm |
Progre
Click. ED|[|:§E ta begin | L | = | I | z |
A @ & EETH4S -427.3522 -2249.5410
I @ 5 3o -428.4478 -2223.5906
@ M Z5ET -478.5807 -2221.5833
@ 5 gz -477.7638 -2247 5857
Change Trial Length |
< Back | Callect » Cancel

Figure 7-6 Data Collection Dialog
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1. (Optional) If you want to edit the collection trial length, click Change Trial Length and
enter the new length (in seconds). Increasing the trial length may increase the accuracy
of the software’s data interpretation.

2. Position the tool within the measurement volume. If you are unsure whether or not the
markers are visible, observe the marker status in the bottom right of the window:

Marker Colour Marker Status

Green The marker is visible to the system and is inside the
measurement volume.

Red The marker is not visible to the system.

Table 7-6: Marker Status

Each coloured circle corresponds to a marker. The number of markers detected should
match the number of markers that are on the tool.

Note If you have set this to be a static collection, the tool must remain motionless during all collection trials.
If the tool is moved during a static collection, the data collection trial becomes invalid. To set this as a
dynamic collection rather than a static collection, see “Start the Wizard” on page 43.

3. Click Collect. The system proceeds to collect data about each marker’s position.The
Current Collection Status Dialog opens, displaying this collected information.
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R 5. Current Collection Status
ToolROM

Creation Wizard

Thiz statuz page appears after each collection trial. From here, pou can modify current
collections or stop collecting and proceed with the tool characterization.

r Collection Statu

Filename | Froperties
C:Andigital\EDARDT T cav 4 Markers in 51 frames
Move Up Move Down Fremove Fre-collect Wiew

r Choose Your Mest Step

" RECORD Anather Data Trial

Fietumn to the data collection page to perform another collection.
& S5TOP Recording

Complete the collection process and proceed.

™ Wiew BUILD LOG file upon successiul completion of build.

< Back I Mest > I Cancel

Figure 7-7 Current Collection Status Dialog

Use this dialog to view the collection results or record another trial:

1. Select the newly-created .csv file from the Collection Status list.

2. (Optional) Click View. The .csv file results open for viewing. When you have finished
reviewing the results, click Close.

3. (Optional) You can record additional data trials:

+ Ifyou want to collect another data trial, select RECORD Another Data Trial. You
will be returned to the Data Collection dialog to begin the process again.

« If you want to overwrite an existing data trial, select the file that you wish to
overwrite from the list, and click Re-collect. You will be returned to the Data
Collection dialog to begin the process again.

4. When you are satisfied with the data collection, select STOP Recording.

5. (Optional) If you want to view the Build.log file at the end of the build (when you have
completed the ROM Creation Wizard), choose View BUILD.LOG upon successful
completion of build.

6. Click Next. The Groups and Faces dialog opens.
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1.7 Define Groups and Faces

Once the firing sequence for the active markers has been defined, you can organize the
markers into groups and faces.

I x|

Marker Setup (Groups and Faces)

Tool ROM

Creation Wizard

Irv thiz step, you may organize the markers into ‘'Faces' and 'Groups’. Double-click the
list below to toggle the group and face states for each marker.

GROUPS define which markers within a face can be fired simulatenously. 1F markers
within a face are less than 50mm apart, they must be placed in separate groups.

FACES are zeparate Rigid Bodies that can each be uzed for racking. Each face
muszt have at least 3 markers; each marker must belong to at least 1 face.

Mumber of Groups: |2 _,::' Mumber of Faces: |2 _,::'

1] Fz]
7 ¥

Marker | Group [2]| F

B 2 #
F 1 #
G 2 #
k. 1 #
L 2 #

Reset tarker List to DE%‘I"S |

KEYBOARD HIMT: You can also uge the 'G' key to toggle groups and the 18"
keys to toggle the face states for the selected marker.

< Back I Mest > I Cancel

Figure 7-8 Marker Setup Dialog

To Select the Number of Groups
1. In the Number of Groups field, select the number of groups you want to create.

2. Assign each marker in the table to group: in the table, double-click on a marker’s
Group|[N] entry to toggle between group selections. By default, all markers are
assigned to group 1.

3. (Optional) If you want to restore the groups to the original settings, click Reset Marker
List to Defaults.

To Select the Number of Faces
1. Inthe Number of Faces field, select the number of faces.

2. Assign a marker to a face: in the table, double-click the marker’s F column entry to
change it to X. This means that this marker is included on the face.
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3. (Optional) If you want to restore the faces to the original settings, click Reset Marker
List to Defaults.

4. Click Next. The Tool Alignment dialog opens.

7.8  Align the Tool’'s Coordinate System

Before any measurement system can calculate the position and rotation of your tool, you
will need to assign the tool a local coordinate system. Assigning a local coordinate system is
an important step in producing accurate transformations.

I x]
Tool Alignment
The tool waz successfully characterized. To align the tool to a local coordinate system,
uze the "Alignment Methods" below.
Greation Wizard :
Alignment Methods —
: VS EH B e ::;|3?|
| Alignment P. b I
Aligns the tool onto
uzer-defined axes e, a3
or planes. H
Manual Transform |
[, 1100 mm | (-Z, 110 mm
Perfarms a user-
defined tranzform
[tranzlation and
rotation).
—ty £+
Undo | -
300100 mm (¥,-Z110 mm
r Algorithm
T v =z |
Adjust Congtraints | A 436570 -0.0000 0.0000
G 0.0000 -25.3866 0.0000
Edit the transform M £.2923 -36.4029 -48.6009
algorithim 5 50.0503 -11.0188 -48.8653
cohstraints.
< Back | Mest > Cancel

Figure 7-9 Tool Alignment Dialog

To Assign a Local Coordinate System Using Alignment Parameters

1. Click Alignment Parameters. The following dialog appears:
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Alignment Transformation

To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,

Alignment Positions

# | UseinDrigin| Alignment Setting

b Unknown

Hobis [ +]
Unknown

=0y —

1

H [+ [+ ] Quadrant

|

" Template Mode LLead Template | Saye Template |

Freview | Apply I

Cancel |

™ Wiew ¥FORM.LOG upon successful alignment.

VS B B

£ i
(3, Y110 mm | CZ10m )
b 1

30100 mm (¥,-Z)10 mm

Figure 7-10 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that

marker’s entry under Use in Origin. If you select more than one marker as the origin of

your tool , 6D Architect will place the origin at the geometric centre of these markers.

3. To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or

Z-axis.

4. To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

5. Click Preview to view the changes that you make in the marker window. This can help

you visualize the chosen orientations and help trouble-shoot any conflicting alignments

you may have accidentally made.

6. When you are finished, return to the Tool Alignment dialog:

+ If you want to return to the original position and orientation, click Cancel.

» Ifyou are satisfied with the alignment parameters, click Apply.

7. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.
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To Adjust the Local Coordinate System Manually
8. Click Manual Transform. The following dialog appears:

x

| Tranzlation

Tu: Iﬁm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:

_1 BI:I | I T T Y O B B | 1 1 BI:I
b | 00000 3:
_-I BI:I | I T T Y O B B | 1 -I BI:I
i | 0.0000 3:
1 BI:I | I T T Y O B B | 1 1 BI:I

{ Degees { Radians

Apply I Cancel |

Figure 7-11 Manual Transform Dialog

9. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Tool
Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

* Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.

10. Once you are satisfied, click Apply to save your changes.

11. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

56

NDI 6D Architect User Guide



Active Tools: Characterizing with an Optotrak System

Note The algorithm constraints are advanced option parameters. If the intended result is not fully

7.9

understood, do not perform this step and simply continue with the default settings.

12. Click Next. The Marker and Face Normals dialog appears.

Add Marker and Face Normals

For each marker and face on your tool, you will need to assign a vector that defines which
way they are facing. The system uses this vector, or normal, to help determine where the
marker or face is pointing in the measurement volume. With this information, the system
can determine if the marker or face is pointing at an angle that no longer provides accurate

data.

Tool ROM

Creation Wizard

Marker and Face Normals

Thiz dialog allows wou to et marker and face narmals for the tool,

Click the Back button ta re-alian the tool and itz narmals.

Wiew
¥
— Mormal Operations — = H
Edit Selected |
Edit Face Homals | (% - 100mm || [-Z,-¥)100mm
Unda |
IS —
r Tracking Tolerances: — 1
Edit Tolerances... |
3D 100mm £ -I) 100mm
[ v [z (e e |z |
A 0.0000 0.0000 0.0000 0.0000 1.0000 00000
B 53.8000 0.0000 0.0000 0.0000 1.0000 0.0000
C 104.7000 E.4000 0.0000 0.0000 1.0000 00000
[Facel] - - 0.0000 1.0000 0.0000

< Back I et > I

Cancel

Figure 7-12 Marker and Face Normals Dialog

About Determining Normals

Note You need to assign normals to all markers and all faces.
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Note

Note

Note

6D Architect performs several calculations and displays the results at the bottom of the
Marker and Face Normals dialog, to guide you in selecting the right normal values. These
suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 7-7 Marker Information Provided By 6D Architect

The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

A face normal must be perpendicular to its face. Individual marker normals, however, do not need to be
perpendicular to the face that marker is assigned to.

To Create a Normal for Individual Markers
1. Inthe View list, select All Markers.

2. In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.

3. Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

4. Click Edit Selected.
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5. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

6. Click OK.

To Create Normals for Faces
1. Inthe View list, select the appropriate face.

2. Inthe table at the bottom of the dialog, press Ctrl and select three markers that are
assigned to the face.

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

Note The first three coefficients listed for the imagined plane can be used as coordinates for a vector
perpendicular to the imagined plane.

3. Click Face Normals.
4. From the drop-down list, select the appropriate face.

5. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

6. Click OK.

7. (Optional) If you want to restore all of the normals and tolerances to the default settings,
click Undo.

8. Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances
1. In the View list, select All Markers.
2. In the table at the bottom of the dialog, select a marker.

3. Click Edit Tolerances. The following dialog opens:
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Set Tolerances x|

b airniarn b arker Angle: |=11] degrees

kdirirum Mumber of barkers: |3

b &xirnurn 30 Errar;

T

mm

If & marker failz to zatizfy any of thesze tolerances, it
iz tagged az 'invalid’ and the transformation will be
re-calculated without it

ak I Cancel |

Figure 7-13 Set Tolerances Dialog

4. Complete the fields provided:

Field Action

Maximum Marker Angle Enter the maximum angle that a marker
normal can be pointed away from the
Position Sensor. Any marker turned away
more than this value will not be used to
compute a tool’s transformation.

Minimum Number of Markers Enter the minimum number of markers that
must be counted as present in the
measurement volume, before the system
produces a transformation for the tool.

Maximum 3D Error Enter the maximum distance between where
the marker is observed by the system and is
expected to be in the SROM Image File. If a
marker exceeds this value, it is not used to
compute a tool’s transformation.

Table 7-8 Tolerance Fields

5. Click OK.

6. Click Next. The Characterization Completion dialog opens.

710 Complete the Tool Characterization

6D Architect allows you to create a macro file that contains all the ROM Creation Wizard
selections that you’ve made, in case you want to repeat the characterization process for
additional tools using similar parameters. Remember that although you can use the same
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wizard selections for similar tools, you will still need to perform separate and unique data
collections for each.

I x|

Congratulations... you have successfully characterized the
Tool ROM EREH
Grea tion mlﬂ rd After exiting this wizard, the ROM information will be loaded inta the main program
window to perform the following tasks:
1] Save the ROM file
2] Test that Polaris and/or Optotrak Certus spstems can track the tool
3) Active Tool ROM filez can be programmed directly to the tool

Be sure to validate the tool to confirm it iz operating as you expect
and that it is i t b i ki

It iz suggested that you go through the wizard again to change any ROM fields or
options.

To automatically repeat the characterization process, save the wizard
zettings to an output file,

v Save Wizard Settings

Olutput File: ID:\4markersHDMmacro.crm ﬂ

Drescription: Itool with 4 markers

< Back I Finizh I Cancel

Figure 7-14 Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. In the Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a ROM Characterization Macro (.crm)
file.

Note The saved parameter file contains the tool’s characterization information. When applied to subsequent
tools, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the tool will be loaded into the main window. The tool parameters are loaded in the ROM
section of the main window.

For more information about the main window, see “Exploring 6D Architect Main Window”’
on page 6.
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711  What Is Next?

After you have created and saved the SROM Image File ((ROM) file, you must perform the
following tasks:

1. Test the SROM Image File to ensure that the Optotrak System can track the tool
correctly. For more instructions, see “Testing Tools” on page 161.

2. Load the SROM Image File onto the tool’s SROM device. For instructions, see “Active
Tools: Programming SROM Devices” on page 79.
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8 Active Tool: Characterizing with Engineering Data

The following sections direct you through each window of the ROM Creation Wizard, to
help you characterize an active tool with engineering data.

This section explains the following steps:

1. Start the Wizard

2. Describe Tool Properties

3. Define Marker Setups

4. Enter Tool Marker Values

5. Define Groups and Faces

6. Align the Tool’s Coordinate System
7. Add Marker and Face Normals

8. Complete the Tool Characterization

9. What Is Next?

8.1 Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing an
active tool with engineering data. For instructions, see “Tool Characterization: The First
Step” on page 15.

Once this step is completed, you can continue the characterization process.

8.2 Describe Tool Properties

The ROM Creation Wizard’s second screen is the Tool Description dialog. You will need to
enter tool parameters, including information such as the tool type, marker type, and the
tracking algorithm.
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Tool ROM

Creation Wizard

Tool Description

Thiz ztep allows you to define the toaol properties.  These zettings are saved
within the ROM file for uze with the POLARIS System.

r Tool Description

Part Mumber: |1 23456

M anufacturer: INDI Hevision:l 13:
Tool Type:  |REFERENCE =]
Tool Subtype: IHemDvable Tip j
Marker Type: INDlEED active Marker - metaliic base j

r Enhanced Tracking Algorithm Serial Mumber Settingsz
[ Lock using only 3 markers Date [MMADDAYYY):
[ Stray marker tracking |12 j / |-| 3 ::I / |2003 j
[T wireless tracking
[T Unigue geometry tracking Sequence Nurnber. |1 3

¢ Back I Mext > I Cancel

Figure 8-1 Tool Description Dialog

1. Complete the Tool Description section:

Field/Option Action

Part Number Assign a part number to your tool. You can use a maximum of
20 characters.

Manufacturer Assign a manufacturer name to your tool. You can use a
maximum of 12 characters.

Revision Assign a revision number to your tool.

Tool Type From the list, select the entry that reflects your tool’s type.

Tool Subtype

From the list, select the entry that reflects your tool’s subtype.

Marker Type

From the list, select the entry that reflects your tool’s marker
type.

Table 8-1: Tool Description Section
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Note The part number, manufacturer, and revision number are mandatory fields. This information uniquely
identifies the tool’s design, and associates it with a particular application.

2. Complete the Enhanced Tracking Algorithm section:

Field/Option Action

Lock using only 3 markers If you want to reduce the acquisition time, choose
this option.

Stray marker testing If you want the Polaris System to track a single
stray marker which may move with respect to the
tool, select this option.

Wireless tracking This is disabled for active tools.

Unique geometry tracking If the tool meets unique geometry constraints,
choose this option. This will result in a reduction
of acquisition time for the tool.

Table 8-2: Enhanced Tracking Algorith Section

Note A tool must meet the unique geometry constraints in order to use the Unique Geometry Tracking
functionality. If you use Unique Geometry Tracking for a tool that does not meet the constraints, the
tool cannot be tracked. For more information about unique geometry, see “Unique Geometry” on
page 164.

3. Complete the Serial Number Settings section:

Field/Option Action
Date (MM/DD/YYYY) Enter today’s date using the format indicated.
Sequence Number Enter 1 to indicate an increment of one for each

serial number created.

Table 8-3: Serial Number Settings

The software will automatically calculate a unique serial number for your tool, using
these settings.

4. Click Next. The Marker Setup dialog opens.
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8.3 Define Marker Setups

Once the tool description is defined, the ROM Creation Wizard will ask you to specify
where the markers are within the wiring matrix, and if switches or LEDs are present on the

tool.

Tool ROM

Creation Wizard

r Active Markers

Markers: |3 3:

Firing Sequence:
1: Mot Set
2 Mot Set
3 Mot Set

Marker Setup (Active Type)

Specify the tool wiring layout [active markers, visible LEDs] and switch states [switch
flagz]. Each marker must have a matrix letter,

Suto-Detect Sctive Markers and LEDs |

rawe]
1

w

A

Towd

BLL G;L L1 Q;L

rowd

Ta e

e} vl Wil m ]
T T

rowed

ot} i) i s

Yisible LED

1: none
none

2:
3! none
4: none

KEYBOARD HIMT: You can alzo type the matrix position of the selected marker.

e o o v 7

call cold cold cold

Switch Flag:

[T Present
Switch 2
Switch 3 7 ToolEngage

< Back I et Cancel

Figure 8-2 Marker Setup Dialog

Note You cannot use the Auto-Detect feature to supply the active markers and LEDs with a matrix letter
when characterizing with Engineering Data. This button is disabled.

To Manually Set the Firing Sequence of the Markers

1. In the Markers field, select the number of markers on your tool.

2. From the Firing Sequence field, click, drag, and drop each marker from the list to the
appropriate lettered square in the wiring matrix.

When adding a marker to the wiring matrix, you can also use any of the following short-

cuts:

* double-click the marker to select the appropriate letter in the matrix

» right-click the marker to select the appropriate letter in the matrix

» click the marker and enter the letter on the keyboard
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3. If you are not setting switch flags, click Next. If you are setting switch flags, see below.

To Set the Switch Flags

You can set up to three different switches for each tool.
1. In the Switch Flags section, select the switch for which you are defining parameters.
2. Choose Present to let the software know that a switch is present.

3. Choose Tool Engage if the tool has a removable tip. With this enabled, the system will
disable the tool if its tip is removed and the switch is activated, during tracking. You will
not be able to use the tool again until the tip is replaced or re-attached.

4. Click Next. The Enter Marker Values dialog opens.

8.4 Enter Tool Marker Values

6D Architect requires that you enter information about where each marker is placed on the
tool. These coordinates can be entered using one of two different methods: load a Rigid
Body file that has been previously created for the tool, or enter in each coordinate manually.

ot Enter Marker ¥alues (Engineering Data)
Tool ROM

Creation Wizard

Click one of the methods below to enter the marker position values.

r Marker Entry Method

Manual Input: use Engineering D ata |

Fazsive Snapshot: uze values from a POLARIS callection |

Fiigid Body File: uze values from a Rigid Body file. |

4

r Marker v alue:
s v [z |
A 10.0000 0.0000 0.0000
G 75.0000 0.0000 0.0000
M 150.0000 0.0000 0.0000
Remove Edit Undo Last Wigw 30

If necessary, you can remove of edit values, and view the markers in 30 to verify the
tool shape. Click Mext.

< Back I Mest > I Cancel

Figure 8-3 Enter Marker Values Dialog
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To Enter Marker Values Using a Rigid Body File
1. Click Rigid Body File: use values from a Rigid Body.
2. Select the desired file.

3. Click Open. 6D Architect reads the Rigid Body file and plugs its marker values into the
Marker Values list.

4. Click Next.

To Enter Marker Values Using Engineering Data

1. Click Manual Input: use Engineering Data. The following dialog opens:

Edit Marker Information . x|
b arker I £
% |0 ¥ |0 zZ: |0

ak I Cancel |

2. Edit Marker Information Dialog

3. Enter the x, y, and z positions for the marker indicated in the Marker field.
4. Click OK. The Edit Marker dialog closes.

5. Repeat this process for all markers on the tool.

To Edit Marker Values

Once you have entered marker values, you can edit them in the following ways:

Edit or Change Action

Edit a marker’s values Select the marker and click Edit.

Remove a marker from the list  Select the marker and click Remove.
Undo the last edit action Click Undo Last.
View the marker(s) in 3D Select the marker and click View 3D.

Table 8-4 Editing Marker Values

6. Click Next.
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8.5  Define Groups and Faces

Once the firing sequence for the active markers has been defined, you can organize the
markers into groups and faces.

I x|

Marker Setup (Groups and Faces)

Tool ROM

Creation Wizard

Irv thiz step, you may organize the markers into ‘'Faces' and 'Groups’. Double-click the
list below to toggle the group and face states for each marker.

GROUPS define which markers within a face can be fired simulatenously. 1F markers
within a face are less than 50mm apart, they must be placed in separate groups.

FACES are zeparate Rigid Bodies that can each be uzed for racking. Each face
muszt have at least 3 markers; each marker must belong to at least 1 face.

Mumber of Groups: |2 _,::' Mumber of Faces: |2 _,::'

1] Fz]
7 ¥

Marker | Group [2]| F

B 2 #
F 1 #
G 2 #
k. 1 #
L 2 #

Reset tarker List to DE%‘I"S |

KEYBOARD HIMT: You can also uge the 'G' key to toggle groups and the 18"
keys to toggle the face states for the selected marker.

< Back I Mest > I Cancel |

Figure 8-4 Marker Setup (Groups and Faces) Dialog

To Select the Number of Groups
1. In the Number of Groups field, select the number of groups you want to create.

2. Assign each marker in the table to group: in the table, double-click on a marker’s
Group|[N] entry to toggle between group selections. By default, all markers are
assigned to group 1.

3. (Optional) If you want to restore the groups to the original settings, click Reset Marker
List to Defaults.

To Select the Number of Faces
1. Inthe Number of Faces field, select the number of faces.

2. Assign a marker to a face: in the table, double-click the marker’s F column entry to
change it to X. This means that this marker is included on the face.
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3. (Optional) If you want to restore the faces to the original settings, click Reset Marker
List to Defaults.

4. Click Next. The Tool Alignment dialog opens.

8.6  Align the Tool’s Coordinate System

Before any measurement system can calculate the position and rotation of your tool, you
will need to assign the tool a local coordinate system. Assigning a local coordinate system is
an important step in producing accurate transformations.

I x]
S = - Tool Alignment
The tool waz successfully characterized. To align the tool to a local coordinate system,
To 0 I RO M uze the "Alignment Methods" below.
Greation Wizard :
Alignment Methods — 5
: [ 2] 20 )2
| Alignment P. b I
Aligns the tool onto .y "
uzer-defined axes "R i "
or planes.
Manual Transform | 1
(3,110 mm | (-Z, 110 mm
Perfarms a user-
defined tranzform
[tranzlation and
rotation). i "
. LYot ,g_x
Undo | .
300100 mm (¥,-Z110 mm
r Algorithm
ERES |t |z |
Adjust Congtraints | A -2.4169 394214 -20.1096
B -11.5331 55.9328 40,7414
Edit the transform F 36.8331 -B.3716 -41.1034
algorithim G -19.359%% 7.4935 -27.0478
cohstraints. K E.5091 37380 B.9417
L 96326 591612 40.5838
< Back | Mest > Cancel

Figure 8-5 Tool Alignment Dialog

To Assign a Local Coordinate System Using Alignment Parameters

1. Click Alignment Parameters. The following dialog appears:
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Alignment Transformation =l

To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,

Alignment Positions 4 J]:+ g‘: m 54; 39
o - .
# | Usze in Origin | Alignment 5 etting |
1 b Unknown
2 H [+ [+ ] Quadrant o
3 otz (+) + L
4 Unknown

(4, %310 mm | CZ¥)10mm i

1 |

" Template Mode LLead Template | Saye Template |

i 12
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm

Figure 8-6 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of
your tool , 6D Architect will place the origin at the geometric centre of these markers.

3. To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or
Z-axis.

4. To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

5. Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

6. (Optional) If you want to either save these alignment settings to a template or open an
existing alignment template and apply it to your tool, enable Template Mode to activate
template functions.

7. When you are finished, return to the Tool Alignment dialog:
» If you want to return to the original position and orientation, click Cancel.
» If you are satisfied with the alignment parameters, click Apply.

8. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.
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Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

9. Click Next. The Marker and Face Normals dialog appears.

To Adjust the Local Coordinate System Manually
1. Click Manual Transform. The following dialog appears:

anua Teansform Y

| Tranzlation

Tu: Imm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-‘l'-.:-:is:l 0.0000 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
Y-.-'l'-.:-:is:l 0.0000 3:
_-I BI:I | I T T Y O B B | 1 -IBI:I
2-.-'1'-.:-:is:| 0.0000 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
{ Degees { Radians

Apply I Cancel |

Figure 8-7 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Tool
Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

» Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note The Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.
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3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Marker and Face Normals dialog appears.

8.7 Add Marker and Face Normals

For each marker and face on your tool, you will need to assign a vector that defines which
way they are facing. The system uses this vector, or normal, to help determine where the
marker or face is pointing in the measurement volume. With this information, the system
can determine if the marker or face is pointing at an angle that no longer provides accurate
data.

Marker and Face Normals
Thiz dialog allows wou to et marker and face normals far the toal,

Tool ROM

Creation Wizard

— Maormal Operations —

Edit Selected |
Edit Face Marmals | (- 100mm Il (-Z -%7100mm |

Urdo |

s $—
r Tracking Tolerances —
Edit Talerances... |
30 100mm £ -Z) 100mm ,
[% I [z e v iz |
A 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
B 53.8000 0.0000 0.0000 0.0000 1.0000 0.0000

C 104.7000 E.4000 0.0000 0.0000 1.0000 0.0000
[Facel] - = s 0.0000 1.0000 0.0000

Click the Back button to re-align the tool and it normals.

< Back I MHest = I Cancel

Figure 8-8 Marker and Face Normals Dialog
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Note

Note

Note

Note

About Determining Normals

You need to assign normals to all markers and all faces.

6D Architect performs several calculations and displays the results at the bottom of the
Marker and Face Normals dialog, to guide you in selecting the right normal values. These
suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 8-5 Marker Information Provided By 6D Architect

The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

A face normal must be perpendicular to its face. Individual marker normals, however, do not need to be
perpendicular to the face that marker is assigned to.

To Create a Normal for Individual Markers
1. In the View list, select All Markers.

2. In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.
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3. Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

4. Click Edit Selected.

5. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

6. Click OK.

To Create Normals for Faces
1. Inthe View list, select the appropriate face.

2. In the table at the bottom of the dialog, press Ctrl and select three markers that are
assigned to the face.

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

Note The first three coefficients listed for the imagined plane can be used as coordinates for a vector
perpendicular to the imagined plane.

3. Click Face Normals.
4. From the drop-down list, select the appropriate face.

5. In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

6. Click OK.

7. (Optional) If you want to restore all of the normals and tolerances to the default settings,
click Undo.

8. Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances
1. In the View list, select All Markers.
2. In the table at the bottom of the dialog, select a marker.

3. Click Edit Tolerances. The following dialog opens.
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Set Tolerances E x|

b amirnumn b arker Angle: |=11] degrees

kirirmunn Murmber of b arkers: |3

b i 30 Error: T

T

If & marker failz to zatisfy any of these tolerances, it
iz tagged as ‘invalid' and the transformation will be
re-calculated without it

ak I Cancel |

Figure 8-9 Set Tolerances Dialog

4. Complete the fields provided:

Field Action

Maximum Marker Angle Enter the maximum angle that a marker
normal can be pointed away from the Position
Sensor. Any marker turned away more than
this value will not be used to compute a tool
transformation.

Minimum Number of Markers Enter the minimum number of markers that
must be counted as present in the
measurement volume, before the system
produces a transformation for the tool.

Maximum 3D Error Enter the maximum distance between where
the marker is observed by the system and is
expected to be in the tool’s SROM Image
File. If a marker exceeds this value, it is not
used to compute a tool transformation.

Table 8-6 Tolerance Fields

5. Click OK.

6. Click Next. The Characterization Completion dialog opens.

8.8 Complete the Tool Characterization

6D Architect allows you to save all the ROM Creation Wizard selections that you’ve made,
in case you want to repeat the characterization process for similar tools using similar
parameters. Remember that although you can use the same wizard selections for similar
tools, you will still need to perform separate and unique data collections for each.
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I x|

Congratulations... you have successfully characterized the
Tool ROM EREH
Grea tion mlﬂ rd After exiting this wizard, the ROM information will be loaded inta the main program
window to perform the following tasks:
1] Save the ROM file
2] Test that Polaris and/or Optotrak Certus spstems can track the tool
3) Active Tool ROM filez can be programmed directly to the tool

Be sure to validate the tool to confirm it iz operating as you expect
and that it is i t b i ki

It iz suggested that you go through the wizard again to change any ROM fields or
options.

To automatically repeat the characterization process, save the wizard
zettings to an output file,

v Save Wizard Settings

Olutput File: ID:\4markersHDMmacro.crm ﬂ

Drescription: Itool with 4 markers

< Back I Finizh I Cancel

Figure 8-10 Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. Inthe Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a ROM Characterization Macro (.crm)
file.

Note The saved parameter file contains the tool’s characterization information. When applied to subsequent
tools, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the tool will be loaded into the main window. The tool parameters are loaded in the ROM
section of the main window.

For more information about the main window, see “Exploring 6D Architect Main Window”’
on page 6.
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8.9  Whatls Next?
After you have created and saved the SROM Image File ((ROM) file, you must perform the
following tasks:
1. Test the SROM Image File to ensure that the Polaris System can track the tool correctly.
For more instructions, see “Testing Tools” on page 161.
2. Load the SROM Image File onto the tool’s SROM device. For instructions, see “Active
Tools: Programming SROM Devices” on page 79.
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Note

9.1

9.2

Active Tools: Programming SROM Devices

The SROM device is located inside an active tool’s connector. Use 6D Architect to load the
SROM Image File ((ROM) onto the SROM device, so that the tool can carry its own
information. Whenever the tool connects to an NDI measurement system, the SROM Image
File is automatically retrieved from the SROM device for interpretation.

Because the SROM device can only be programmed once, it is essential to view the tool parameters
and test the tracking ability before programming. For instructions, see “Testing Tools” on page 161.

This section explains the following steps:

1. Open the SROM Image File

2. Edit the SROM Image File

3. Test Tool Tracking

4. Program User-Specified SROM Tags
5. Program the SROM Device

Open the SROM Image File

1. Plug the tool into a port of either your Optotrak System or Polaris System.

2. If you do not already have the tool’s SROM Image File open in the main window, open
it using one of the following methods:

* Ifyou are reading the SROM Image File directly from the connected tool, select File
> Load ROM From Tool. In the dialog that appears, select the system you are
using, and the desired tool from the drop-down list.

* Ifyou are opening an SROM Image File saved on the host computer from previous a

previous characterization session, select File > Open and select the appropriate
.ROM file.

Edit the SROM Image File

You have the option of manually editing SROM Image File information directly in the 6D
Architect main window, but only after enabling the Allow fields to be manually edited
(Advanced) option, located at the bottom of the ROM Information table.

After choosing this option, double-click a value in any of the NDI ROM Information tables
to edit that value.
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Note For more information, see “SROM Image File Functionality” on page 10.

9.3  Test Tool Tracking

Before the SROM Image File information is programmed into the SROM device, you
should test its tracking ability. For instructions, see “Testing Tools” on page 161.

9.4 Program User-Specified SROM Tags

You can add four additional tags to a tool’s SROM Device, to further identify the
parameters of your tool:

Tag Type Description

Tip Location This tag sets the location of the tool’s end tip, and
consists of X, y, and z coordinates.

Trajectory This tag sets the tool’s trajectory, and consists of
quaternion coordinates.

Type This tag assigns a tool type number to the tool, with a
maximum value of 65,535.

Manufacturing This tag assigns a manufacturing name to the tool, with
a maximum of 12 characters.

Table 9-1 Tag Types

1. Click Tool Operations > SROM Tags. The Port Selection dialog opens.
2. From the Select System list, choose the system you are testing the tool with.
3. Indicate where the tool is located:

+ Ifyou are testing with a Polaris System, select the appropriate tool port from the
drop down menu.

+ Ifyou are testing with an Optotrak Certus System, click the Find Tools button. The
system will collect data information from the measurement volume, and report back
which tools were found. Select the appropriate tool from the drop-down list.

Note If you change the tools connected to the Optotrak System during this procedure, you must click the
Find Tools button to refresh the list.

4. Click OK. The User-Specified ROM dialog opens.
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User-Specified Rom x|

— Tag Command

Tag Type: IT}'DE j Add Tag |
Tag # | Address | Tag type | Tag length | Tag
1100 00000 Manufacturi... 13 MHDI

202 0x0020 Tiplocation ... 13 453043
303 (0x002E Type [0x11] 3 5

()3 | Cancel

Figure 9-1 User-Specified ROM Dialog

Note If pre-existing information resides on your SROM Image File, that information will appear inside the
Tag Viewer section of the User-Specified ROM dialog.

The following describes this dialog’s table in more detail:

Column Description

Tag# The first number lists the currently existing tags. The bracketed
number is a zero-based index of all tags on the ROM (including
any previously deleted tags).

Address The address in memory.

Tag Type The tag description with corresponding tag identification.
Tag length The tag length in bytes.

Tag The tag contents.

Table 9-2 SROM Tag Table

5. From the Tag Type field, select the type of tag you wish to add.

6. Click Add Tag. A brief dialog will appear with the appropriate data fields for the tag
type you selected.

7. Complete these fields and click OK.
8. (Optional) To remove a tag, select the tag from the SROM Tag table and click Delete.

9. When you have finished adding and editing the SROM tags, click OK. The Changes to
SROM File dialog appears.

NDI 6D Architect User Guide 81



Active Tools: Programming SROM Devices

Note

9.5

Note

Warning!

Changes to SROM File x|

‘fou have made changes to the SROM File, would you
like: ko program these changes ko the tool?

Yes Mo | Cancel |

Figure 9-2 Changes to SROM File dialog

10. Click Yes to program the changes to the tool.

No changes will be made to the SROM Image File until you click Yes. Any changes made without
clicking Yes will be lost.

Program the SROM Device

Once you are satisfied with the SROM Image File, you can use 6D Architect to write it onto
the tool’s SROM device.

1. Inthe 6D Architect main window, select Tool Operations > Program SROM.
2. From the Select System list, choose the system you are testing the tool with.
3. Indicate where the tool is located:

» If you are testing with a Polaris System, select the appropriate tool port from the
drop down menu.

+ Ifyou are testing with an Optotrak Certus System, click the Find Tools button. The
system will collect data information from the measurement volume, and report back
which tools were found. Select the appropriate tool from the drop-down list.

If you change the tools connected to the Optotrak System during this procedure, you must click the
Find Tools button to refresh the list.

4. Click OK. The Programming Tool dialog opens asking if you are sure you want to
program the tool in the selected port.

Do not interrupt the communication between the host computer and the measurement system once
you beginning transferring the SROM Image File to the SROM Device. If there is an interruption, the
SROM Device may be permanently damaged.

5. Click OK.
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6. Ifyour tool already contains a SROM Image File, a Warning dialog appears stating that
your tool is already programmed and that continuing the action may corrupt the tool. If
you wish to continue programming the SROM, click Yes. If not, click No.

If your tool does not contain a SROM Image File, a dialog appears stating that
programming the SROM device was successful.
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10

Note

10.1

10.2

Passive Tools: Characterizing With A Polaris System

The following sections walk you through each window of the ROM Creation Wizard, to

help you characterize an passive tool with a Polaris System.

This section also applies to characterizing active wireless tools with a Polaris System; all screens and
procedures are the same.

This section explains the following steps:

l.
2.
3.

8.
9.

Start the Wizard

Enter Collection Settings

Describe Tool Properties

Enter Tool Marker Values
Saving Parameters

Define Faces

. Align the Tool’s Coordinate System

Add Marker and Face Normals

Complete the Tool Characterization

10. What Is Next?

Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing a
passive tool or an active wireless tool with a Polaris System. For instructions, see “Tool

Characterization: The First Step” on page 15.

Once this step is completed, you can continue the characterization process.

Enter Collection Settings

The ROM Creation Wizard’s second screen is the Collection Settings dialog. Collection
settings tell 6D Architect how many frames of data to collect, and what kind of

measurement volume is supplying this data.
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Tool ROM

Creation Wizard

Polaris Collection Settings

Thiz page allows you to specify the Polaris zettings to use during collections.

r Collection Setting:

Puolariz Tool Port: ‘ Uzing Diefault [ 'wireless Port 4 |

Collection Frames: Iﬁ 3:

r Polariz System

olume: I[Stnd] R: 500, 0.%: 0,2 -1900

j Hefresh...l
COM Port: IEDM‘I 'l Baud Rate: |1152DD 'l Advanced Settings...l

| Use Positioning Device [Advanced}

& Part 1 @ Poatz @ Potd

[evize Setings. . |

< Back I Mest > I Cancel

Figure 10-1 Collection Settings Dialog

1. Complete the Collection Settings section:

Field/Option

Definition

Polaris Tool Port

Port A”.

This field is disabled, with its default value set to “Wireless

Collection Frames

measurement volume.

The number of frames 6D Architect will collect from the
Polaris System as it tracks the tool. A frame is a single 3D
measurement of the positions of all the markers in the

Table 10-1 Collection Settings Section

2. Complete the Polaris System section:

Field/Option  Definition
Volume Your Polaris System’s measurement volume type.
COM Port The host computer’s communications port to which the Polaris is

connected.

Table 10-2 Polaris System Section
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Field/Option  Definition

Baud Rate The host computer’s baud rate. The default setting is 9600 to
ensure communications can be established for all computer
configurations.

Table 10-2 Polaris System Section
3. (Optional) If you are using a positioning device, refer to 7B-10029.

4. (Optional) If you want to apply advanced system settings, see “Polaris/Polaris Accedo
System Settings” on page 170.

5. Click Next. The Tool Description dialog appears.

10.3 Describe Tool Properties

In the following screen, the ROM Creation Wizard will ask you to enter the parameters
about the tool. This includes information such as the tool type, marker type, and the tracking
algorithm.

I x|

Tool Description

Tool ROM

Creation Wizard

Thiz step allows you to define the tool properties. These settings are saved
withir the RO file.

r Tool Description

Part Mumber: |1 23456

Manufacturer: INDI Hevision:l 3

1=
ToolType:  |REFERENCE =]
Taol Subtype: IHemovabIe Tip j
arker Type: INDlUD2 passive Marker - 11.5mm sphere j

r Enhanced Tracking Algorithm — Serial Mumber Settings
™ Lock using only 3 markers Drate (MDD YY)
W Straw marker tracking |12 3: l,.'lm 3: ; |2003 3:
[T ‘wireless tracking
¥ Urique geometry tracking Sequence Number: |1 3'

< Back I Mest > I Cancel

Figure 10-2 Tool Description Dialog
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1. Complete the Tool Description section:

Field/Option Definition

Part Number Assign a part number to your tool. You can use a maximum
of 20 characters.

Manufacturer Assign a manufacturer name to your tool. You can use a
maximum of 12 characters.

Revision Assign a revision number to your tool.

Tool Type From the list, select the entry that reflects the tool type.

Tool Subtype

From the list, select the entry that reflects the tool subtype.

Marker Type

From the list, select the entry that reflects your tool’s marker
type.

Table 10-3: Tool Description Section

Note The part number, manufacturer, and revision number are mandatory fields. This information uniquely
identifies the tool’s design, and associates it with a particular application.

2. Complete the Enhanced Tracking Algorithm section:

Field/Option

Definition

Lock using only 3 markers If you want to reduce the acquisition time, choose

this option.

Stray marker testing

This is disabled for passive tools.

Wireless tracking

This is automatically disabled.

Unique geometry tracking This is automatically enabled.

Table 10-4: Enhanced Tracking Algorithm Section

Note For more information about unique geometry, see “Unique Geometry” on page 164.

3. Complete the Serial Number Settings section:

Field/Option

Action

Date MM/DD/YYYY) Enter today’s date using the format indicated.

Sequence Number

Enter 1 to indicate an increment of one for each
serial number created.

Table 10-5: Serial Number Settings
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The software will automatically calculate a unique serial number for your tool, using
these settings.

4. Click Next. The Marker Setup dialog opens.

10.4  Enter Tool Marker Values

6D Architect requires that you enter information about where each marker is placed on the
tool. These coordinates can be entered using one of three different methods:

* load a Rigid Body file (.RIG) that has already been created for the tool
* use data collection through the Polaris System

* enter in each coordinate manually

Marker Setup {Passive Type)

TO 0 I RO M To collect tool position data, the software must have an initial estimate of the marker
Creation Wizard positions. Click one of the methods below to enter these estimate values.

Marker Ertry Method

Marwal Input: uge Engineering Data |

Pazzive Snapshot uze values from a POLARIS collection |

Rigid Body File: use values from a Rigid Body file. |

r Marker Values

i I |z

Remove Edit Udo Last Wiew 30

If necessary, you can remove of edit values, and view the markers in 30 o verify the
tool shape. Click Mext.

< Back I et Cancel

Figure 10-3 Marker Setup Dialog

To Enter Marker Values Using a Rigid Body File

1. Click Rigid Body File: use values from a Rigid Body.
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2. Select the desired file from the directory.

3. Click Open. 6D Architect reads the Rigid Body file and plugs its marker values into the
Marker Values list.

4. Click Next.

To Enter Marker Values Using Engineering Data

1. Click Manual Input: use Engineering Data. The Edit Marker Information dialog

opens.
Edit Marker Information . x|
b arker I £
(i ¥ |0 zZ: |0

ak I Cancel |

Figure 10-4 Edit Marker Information Dialog

2. Enter the X, y, and z positions for all markers on the tool.
3. Click OK. The Edit Marker dialog closes.

4. Once you have entered marker values, you can edit them in the following ways:

Edit or Change Action

Edit a marker’s values Select the marker and click Edit.

Remove a marker from the list  Select the marker and click Remove.
Undo the last edit action Click Undo Last.
View the marker(s) in 3D Select the marker and click View 3D.

Table 10-6 Changing Marker Values

5. Click Next. The Marker Setup (Groups and Faces) dialog appears.

6. Proceed directly to section “Define Faces” on page 94.

To Enter Marker Values Using the Tool Snapshot Method

1. Click Passive Snapshot. The following dialog opens:
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POLARIS Passive Yiewer x|
Thiz dialog collects an estimate of your pazsive marker pozitions: Place your tool in front of the POLARIS spstem.
‘wihen all of its markers are visible, click 'Collect Snapshot' to get their positions.

K3 I [z [
P
[ s E +
L . L
\
Frart (¥, ) 100mm Right (-Z, ) 100mm
[Eollect Shapstat I i 84 1 (5 B
Bemuye Selected|i ezl el | T
30 100mm Top (%,-Z) 100mm
1] | Cancel

Figure 10-5 Passive Viewer Dialog

2. Position the tool in front of the Position Sensor until ALL markers are within the
measurement volume. Ensure that the tool is perfectly stationary.

Note If the number of markers that appear are greater than the number of markers on your tool, the system
may be detecting phantom markers. You can eliminate phantom markers by slightly repositioning the
tool.

3. Click Collect Snapshot.

4. If there are phantom markers that need to be removed, select the marker from the list
and click Remove Selected Marker(s).

5. Once you are satisfied with the collection, click OK. The Polaris Passive Viewer dialog
closes and you are returned to the Marker Setup dialog.

6. Click Next. The Save Parameters dialog opens.

10.5 Saving Parameters

6D Architect saves the collected data in a .csv (Comma Separated Value) file, and stored it
in the location indicated by this Save Parameters dialog. Once you have finished the entire
characterization process, you can open and review the .csv file’s contents.
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Xl
i - Sawve Parameters
Tool ROM
g Each trial will be zaved a3 a separate Corma Separated Walue [CSW] file. Specify
Creation Wizard the following save parameters.,
Iffiles already exist will the same parameters, the collection fles will continue with the
exizting naming convension. |tz suggested that you specify an extenzion that iz
unique to thiz collection set.
r Save Parameters
Directory: I EI
File: Mame: IEDAﬂ [e.q. BDAH)
File Extenzion:  |caw [ cav)
[the trial number will be appended to pour file name for each trial)
< Back I P et I Cancel
Figure 10-6 Save Parameters Dialog
1. Complete the Save Parameters section:
Field/Option Action
Directory Enter the directory location where you wish the

files to be saved, or browse to a location by

clicking .

File Name Enter the name for the data collection.

File Extension Enter csv.

Table 10-7: Save Parameters Section

2. Click Next. The Data Collection dialog opens.

The Data Collection dialog allows you to view the tool within the measurement volume
during each trial frame.
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The tool must remain motionless during collection trials. If the tool is moved during a
collection, one or more of the markers may not be seen by the Polaris System and will be

reported as missing.

Tool

Grea til]l'l lea rd poszition your markers.
] Thig is a STATIC Collection, the Rigid Body must be stationary during the collection,

Data Collection

Click Collect when you are ready to start the collection. At least three [3] markers must be
vigible during each collection frame. The realtime display can be uzed to preview and

ROM

TRIAL 2 of 2 ﬂ

Output File: m
E:\ndigital\EDARDT 9. cav ¢
Trial Frames: 100 v

Collect Delay: Os
[, 1100 mm

oi00mm (¥,-Z) 100 mm |
Frogre:
Click. ED|[|:§E ta begin | H | S | I | z |
an-. @ & 327EIR 1949924 -1789.5973
I @ B 3412936 1895949 -1792.11498
@ F 2043249 156.2432 -1787.8838
@ G 347373 1395163 -1800.0963
@ k3075792 108.8973 A1771.2513
Change Trial Length | @ L 3123k 104.5452 -1774.0875

13

< Back I Callect » I Cancel |

Figure 10-7 Data Collection Dialog

Note Figure 6-5 shows a Polaris System that uses a standard measurement volume.

1. (Optional) If you want to edit the collection trial length, click Change Trial Length and

enter the new value. Increasing the trial length may increase the accuracy of the

software’s data interpretations.

2. Position the tool within the measurement volume. If you are unsure whether or not your

markers are visible, observe the marker status in the bottom right of the window:

Marker Colour Marker Status

Green The marker is visible to the system and is inside the
measurement volume.

Yellow The marker is visible, but not in the measurement volume.

Red The marker is not visible to the system.

Table 10-8: Marker Status
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Each coloured circle corresponds to a marker. The number of circles should match the

number of markers that are on the tool.

Click Collect. The system proceeds to collect information about each marker’s position,
for the number of frames specified. You can view this action in the marker status section
of the dialog.

The Current Collection Status Dialog opens, displaying this collected information.

R 5. Current Collection Status
ToolROM

Creation Wizard

Thiz statuz page appears after each collection trial. From here, pou can modify current
collections or stop collecting and proceed with the tool characterization.

r Collection Statu

Filename | Froperties
C:Andigital\EDARDT T cav 4 Markers in 51 frames
Move Up Move Down Fremove Fre-collect Wiew

r Choose Your Mest Step
" RECORD Ancther Diata Trial
Fietumn to the data collection page to perform another collection.
& S5TOP Recording
Complete the collection process and proceed.
™ Wiew BUILD LOG file upon successiul completion of build.

< Back I Mest > I Cancel

Figure 10-8 Current Collection Status Dialog

Use this dialog to view the collection results or record another trial:

Select the newly-created .csv file from the Collection Status list.

(Optional) Click View. The .csv file results open for viewing. When you have finished
reviewing the results, click Close.

(Optional) You can record additional data trials:

+ Ifyou want to collect another data trial, select RECORD Another Data Trial. You
will be returned to the Data Collection dialog to begin the process again.

» Ifyou want to overwrite an existing data trial, select the file that you wish to
overwrite from the list, and click Re-collect. You will be returned to the Data
Collection dialog to begin the process again.
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4. When you are satisfied with the data collection, select STOP Recording.

5. (Optional) If you want to view the Build.log file at the end of the build (when you have
completed the ROM Creation Wizard), choose View BUILD.LOG upon successful
completion of build.

6. Click Next. The Groups and Faces dialog opens.

10.6  Define Faces
Once the firing sequence for the active markers has been defined, you can organize the
markers into faces.
I x|
T o Marker Setup (Groups and Faces)
TO 0 I RO M Irv thiz step, you may organize the markers into ‘'Faces' and 'Groups’. Double-click the
Grea til]l'l mlﬂ rd list below to toggle the group and face states for each marker.
GROUPS define which markers within a face can be fired simulatenously. 1F markers
within a face are less than 50mm apart, they must be placed in separate groups.
FACES are zeparate Rigid Bodies that can each be uzed for racking. Each face
muszt have at least 3 markers; each marker must belong to at least 1 face.
Mumber of Groups: |2 _,::' Mumber of Faces: |2 _|::'
Marker | Group [2] | F1] F2 |
iy 1 #
B 2 R
F 1 R
G 2 R
K 1 R
L 2 R
Reset tarker List to DE%‘I"S |
KEYBOARD HIMT: You can also uge the 'G' key to toggle groups and the 18"
keys to toggle the face states for the selected marker.
< Back I Mest > I Cancel |
Figure 10-9 Marker Setup (Groups and Faces) Dialog
1. Inthe Number of Faces field, select the number of faces.
2. Assign a marker to a face: in the table, double-click the marker’s F column entry to
change it to X. This means that this marker is included on the face.
3. (Optional) If you want to restore the faces to the original settings, click Reset Marker
List to Defaults.
4. Click Next. The Tool Alignment dialog opens.
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10.7  Align the Tool’s Coordinate System

Before any measurement system can calculate the position and rotation of your tool, you
will need to assign the tool a local coordinate system. Assigning a local coordinate system is
an important step in producing accurate transformations.

I x]
S = - Tool Alignment
The tool waz successfully characterized. To align the tool to a local coordinate system,
To 0 I RO M uze the "Alignment Methods" below.
Greation Wizard :
Alignment Methods — 5
[k [25] 2| 335337 |
| Alignment P. b I
Aligns the tool onto .y "
uzer-defined axes "R i "
or planes.
Manual Transform | 1
(3,110 mm | (-Z, 110 mm
Perfarms a user-
defined tranzform
[tranzlation and
rotation). - "
. LYot ,g_x
Undo | .
300100 mm (¥,-Z110 mm
r Algorithm
ERES |t |z |
Adjust Congtraints | A -2.4169 394214 -20.1096
B -11.5331 55.9328 40,7414
Edit the transform F 36.8331 -B.3716 -41.1034
algorithim G -19.359%% 7.4935 -27.0478
cohstraints. K E.5091 37380 B.9417
L 96326 591612 40.5838
< Back | Mest > | Cancel

Figure 10-10 Tool Alignment Dialog

To Assign a Local Coordinate System Using Alignment Parameters

1. Click Alignment Parameters. The following dialog appears:
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Alignment Transformation =l

To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,

Alignment Positions 4 J]:+ g‘: m 54; 39
o - .
# | Usze in Origin | Alignment 5 etting |
1 b Unknown
2 H [+ [+ ] Quadrant o
3 otz (+) + L
4 Unknown

(4, %310 mm | CZ¥)10mm i

1 |

" Template Mode LLead Template | Saye Template |

i 12
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm

Figure 10-11 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of
your tool , 6D Architect will place the origin at the geometric centre of these markers.

3. To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or
Z-axis.

4. To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

5. Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

6. (Optional) If you want to either save these alignment settings to a template or open an
existing alignment template and apply it to your tool, enable Template Mode to activate
template functions.

7. When you are finished, return to the Tool Alignment dialog:
» If you want to return to the original position and orientation, click Cancel.
» If you are satisfied with the alignment parameters, click Apply.

8. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.
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Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

9. Click Next. The Marker and Face Normals dialog appears.

To Adjust the Local Coordinate System Manually
1. Click Manual Transform. The following dialog appears:

anua Teansform Y

| Tranzlation

Tu: Imm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
Y-.-'l'-.:-:is:l 0.0000 3:
_-I BI:I | I T T Y O B B | 1 -IBI:I
2-.-'1'-.:-:i$:| 0.0000 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
{ Degees { Radians

Apply I Cancel |

Figure 10-12 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Tool
Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

* Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note The Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.
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3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Marker and Face Normals dialog appears.

10.8 Add Marker and Face Normals

For each marker and face on your tool, you will need to assign a vector that defines which
way they are facing. The system uses this vector, or normal, to help determine where the
marker or face is pointing in the measurement volume. With this information, the system
can determine if the marker or face is pointing at an angle that no longer provides accurate
data.

Marker and Face Normals
Thiz dialog allows wou to et marker and face normals far the toal,

Tool ROM

Creation Wizard

— Maormal Operations —

Edit Selected |
Edit Face Marmals | (- 100mm Il (-Z -%7100mm |

Urdo |

s $—
r Tracking Tolerances —
Edit Talerances... |
30 100mm £ -Z) 100mm ,
[% I [z e v iz |
A 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
B 53.8000 0.0000 0.0000 0.0000 1.0000 0.0000

C 104.7000 E.4000 0.0000 0.0000 1.0000 0.0000
[Facel] - = s 0.0000 1.0000 0.0000

Click the Back button to re-align the tool and it normals.

< Back I MHest = I Cancel

Figure 10-13 Marker and Face Normals Dialog
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Note

Note

Note

Note

About Determining Normals

You need to assign normals to all markers and all faces.

6D Architect performs several calculations and displays the results at the bottom of the
Marker and Face Normals dialog, to guide you in selecting the right normal values. These
suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 10-9 Marker Information Provided By 6D Architect

The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

A face normal must be perpendicular to its face. Individual marker normals, however, do not need
to be perpendicular to the face that marker is assigned to.

To Create a Normal for Individual Markers
1. In the View list, select All Markers.

2. In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.
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Note

Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

Click Edit Selected.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

Click OK.

To Create Normals for Faces

l.
2.

In the View list, select the appropriate face.

In the table at the bottom of the dialog, press Ctrl and select three markers that are
assigned to the face.

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients listed for the imagined plane can be used as coordinates for a vector
perpendicular to the imagined plane.

Click Face Normals.
From the drop-down list, select the appropriate face.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

Click OK.

(Optional) If you want to restore all of the normals and tolerances to the default settings,
click Undo.

Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances

l.
2.
3.

In the View list, select All Markers.
In the table at the bottom of the dialog, select a marker.

Click Edit Tolerances. The following dialog opens.
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Set Tolerances

b i b arker Angle: [0

kirirmunn Murmber of b arkers: |3

b i 30 Error:

If & marker failz to zatisfy any of these tolerances, it
iz tagged as ‘invalid' and the transformation will be
re-calculated without it

o]

B

degrees

mm

T

Cancel |

Figure 10-14 Set Tolerances Dialog

4. Complete the fields provided:

Field

Action

Maximum Marker Angle

Enter the maximum angle that a marker

normal can be pointed away from the Position

Sensor. Any marker turned away more than
this value will not be used to compute a tool
transformation.

Minimum Number of Markers

Enter the minimum number of markers that
must be counted as present in the
measurement volume, before the system
produces a transformation for the tool.

Maximum 3D Error

Enter the maximum distance between where
the marker is observed by the system and is
expected to be in the tool’s SROM Image
File. If a marker exceeds this value, it is not
used to compute a tool transformation.

Table 10-10 Tolerance Fields

5. Click OK.

6. Click Next. The Characterization Completion dialog opens.

10.9

Complete the Tool Characterization

6D Architect allows you to save all the ROM Creation Wizard selections that you’ve made,
in case you want to repeat the characterization process for similar tools using similar

parameters. Remember that although you can use the same wizard selections for similar

tools, you will still need to perform separate and unique data collections for each.
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I x|

Congratulations... you have successfully characterized the
Tool ROM EREH
Grea tion mlﬂ rd After exiting this wizard, the ROM information will be loaded inta the main program
window to perform the following tasks:
1] Save the ROM file
2] Test that Polaris and/or Optotrak Certus spstems can track the tool
3) Active Tool ROM filez can be programmed directly to the tool

Be sure to validate the tool to confirm it iz operating as you expect
and that it is i t b i ki

It iz suggested that you go through the wizard again to change any ROM fields or
options.

To automatically repeat the characterization process, save the wizard
zettings to an output file,

v Save Wizard Settings

Olutput File: ID:\4markersHDMmacro.crm ﬂ

Drescription: Itool with 4 markers

< Back I Finizh I Cancel

Figure 10-15 Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. Inthe Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a ROM Characterization Macro (.crm)
file.

Note The saved parameter file contains the tool’s characterization information. When applied to subsequent
tools, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the tool will be loaded into the main window. The tool parameters are loaded in the ROM
section of the main window.

For more information about the main window, see “Exploring 6D Architect Main Window”’
on page 6.
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10.10 What Is Next?

After you have created and saved the SROM Image File (ROM) file, you must test the
SROM Image File to ensure that the Polaris System can track the tool correctly. For more
instructions, see “Testing Tools” on page 161.
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11

1.1

11.2

Passive Tools: Characterizing With A Polaris Accedo System

The following sections walk you through each window of the ROM Creation Wizard, to

help you characterize an passive tool with a Polaris Accedo System.
This section explains the following steps:

l.
2.
3.

8.
9.

Start the Wizard

Enter the Collection Settings
Describe Tool Properties

Enter Tool Marker Values

Save Parameters

Collect Tool Marker Data

Define Faces

Align the Tool’s Coordinate System

Add Marker and Face Normals

10. Complete the Tool Characterization

11. What Is Next?

Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing a
passive tool with a Polaris Accedo System. For instructions, see “Tool Characterization:
The First Step” on page 15.

Once this step is completed, you can continue the characterization process.

Enter the Collection Settings

The ROM Creation Wizard’s second screen is the Collection Settings dialog. Collection
settings tell 6D Architect how many frames of data to collect, and what kind of

measurement volume is supplying this data.
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Tool ROM

Creation Wizard

Polaris Accedo Collection Settings

Thiz page allows you to specify the Polaris zettings to use during collections.

r Collection Setting:

Puolariz Tool Port: ‘ Uzing Diefault [ 'wirelezs Port & |

Callection Frames: 100

r Polariz System

olume: I[Stnd] R: 500, 0.%: 0,2 -1900

j Hefresh...l
COM Port: IEDM‘I 'l Baud Rate: |1152DD 'l Advanced Settings...l

T Use Positioning Device [Advanced}
& Part 1 @ Ptz @ Potd

[evize Setings. . |

< Back I Mest > I Cancel

Figure 11-1 Collection Settings Dialog

1. Complete the Collection Settings section:

Field/Option

Definition

Polaris Tool Port

Port A”.

This field is disabled, with its default value set to “Wireless

Collection Frames

Polaris Accedo System. A frame is a single 3D

measurement of the positions of all the markers in the

measurement volume.

The number of frames 6D Architect will collect from the

Table 11-1 Collection Settings Section

2. Complete the Polaris Accedo System section:

Field/Option  Definition
Volume Your Polaris Accedo System’s measurement volume.
COM Port The host computer’s communications port to which the Polaris

Accedo is connected.

Table 11-2 Polaris Accedo System Section
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Field/Option  Definition

Baud Rate The host computer’s baud rate. The default setting is 9600 to
ensure communications can be established for all computer
configurations.

Table 11-2 Polaris Accedo System Section

3. (Optional) If you want to apply advanced system settings, see “Polaris/Polaris Accedo
System Settings” on page 170.

4. Click Next. The Tool Description dialog appears.

11.3  Describe Tool Properties

In the following screen, the ROM Creation Wizard will ask you to enter the parameters
about the tool. This includes information such as the tool type, marker type, and the tracking
algorithm.

I x|

Tool Description

Tool ROM

Creation Wizard

Thiz step allows you to define the tool properties. These settings are saved
withir the RO file.

r Tool Description

Part Mumber: |1 23456

Manufacturer: INDI Revision: E
ToolType:  |REFERENCE =
Taol Subtype: IHemovabIe Tip j
arker Type: INDlUD2 passive Marker - 11.5mm sphere j

r Enhanced Tracking Algorithm — Serial Mumber Settings
™ Lock using only 3 markers Drate (MDD YY)
W Straw marker tracking |12 3: l,.'lm 3: ; |2003 3:
[T ‘wireless tracking
¥ Urique geometry tracking Sequence Number: |1 3'

< Back I Mest > I Cancel |

Figure 11-2 Polaris Accedo Tool Description Dialog
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1. Complete the Tool Description section:

Field/Option Definition

Part Number Assign a part number to your tool. You can use a maximum
of 20 characters.

Manufacturer Assign a manufacturer name to your tool. You can use a
maximum of 12 characters.

Revision Assign a revision number to your tool.

Tool Type From the list, select the entry that reflects the tool type.

Tool Subtype

From the list, select the entry that reflects the tool subtype.

Marker Type

From the list, select the entry that reflects your tool’s marker
type.

Table 11-3 Tool Description Section

Note The part number, manufacturer, and revision number are mandatory fields. This information uniquely
identifies the tool’s design, and associates it with a particular application.

2. Complete the Enhanced Tracking Algorithm section:

Field/Option

Definition

Lock using only 3 markers If you want to reduce the acquisition time, choose

this option.

Stray marker testing

This is disabled for passive tools.

Wireless tracking

This is automatically disabled.

Unique geometry tracking This is automatically enabled.

Table 11-4 Enhanced Tracking Algorithm Section

Note For more information about unique geometry, see “Unique Geometry” on page 164.

3. Complete the Serial Number Settings section:

Field/Option

Action

Date MM/DD/YYYY) Enter today’s date using the format indicated.

Sequence Number

Enter 1 to indicate an increment of one for each
serial number created.

Table 11-5 Serial Number Settings
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The software will automatically calculate a unique serial number for your tool, using
these settings.

4. Click Next. The Marker Setup dialog opens.

11.4  Enter Tool Marker Values

6D Architect requires that you enter information about where each marker is placed on the

tool. These coordinates can be entered using one of three different methods:
* load a Rigid Body file (.RIG) that has already been created for the tool
* use data collection through the Polaris Accedo System

» enter in each coordinate manually.

Marker Setup {Passive Type)

TO O I RO M To collect tool position data, the software must have an initial estimate of the marker
Grea ﬁ[ll'l V'lrllﬂ rd positions. Click one of the methods below to enter these estimate values.

Marker Ertry Method

Marwal Input: uge Engineering Data |

Pazzive Snapshot uze values from a POLARIS collection |

Rigid Body File: use values from a Rigid Body file. |

r Marker Values

# | % | v | z

Remove Edit Udo Last Wiew 30

If necessary, you can remove of edit values, and view the markers in 30 o verify the
tool shape. Click Mext.

< Back I et Cancel

Figure 11-3 Marker Setup Dialog

To Enter Marker Values Using a Rigid Body File

1. Click Rigid Body File: use values from a Rigid Body.
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2. Select the desired file from the directory.

3. Click Open. 6D Architect reads the Rigid Body file and plugs its marker values into the
Marker Values list.

4. Click Next.

To Enter Marker Values Using Engineering Data

1. Click Manual Input: use Engineering Data. The Edit Marker Information dialog

opens.
Edit Marker Information . x|
b arker I £
(i ¥ |0 zZ: |0

ak I Cancel |

Figure 11-4 Edit Marker Information Dialog

2. Enter the X, y, z positions for all markers on the tool.
3. Click OK. The Edit Marker dialog closes.

4. Once you have entered marker values, you can edit them in the following ways:

Edit or Change Action

Edit a marker’s values Select the marker and click Edit.

Remove a marker from the list  Select the marker and click Remove.
Undo the last edit action Click Undo Last.
View the marker(s) in 3D Select the marker and click View 3D.

Table 11-6 Changing Marker Values

5. Click Next. The Marker Setup (Groups and Faces) dialog appears.

6. Proceed directly to section “Define Faces” on page 114.

To Enter Marker Values Using the Tool Snapshot Method

1. Click Passive Snapshot. The following dialog opens:
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Polaris Accedo Passive Yiewer =l

Thiz dialog collects an estimate of the passive marker pozitions. kMake sure all the markers are vizible within the
characterized volume. 'When all of its markers are visible, click 'Collect Snapshat' to record the marker positions.

TH% K Iz RSB EA ] B B

@ A& 455609 3.8627 -1231.4546
@B 415533 74.6636 -1233.3464
@C 7203 E4.1776 12345718
@ D 108434 -0.0933 12347817

(-¥,-%7 100 mm | (-Z -7 100 mm |
A
Collect Snapshat | o A Lt \. I. :. 7 '—.'
Femayve Selected W arkers] | Wil | s e
30100 mm (-¥,-Z3 100 mm |
] | Cancel

Figure 11-5 Passive Viewer Dialog

2. Position the tool in front of the Position Sensor until ALL markers are within the
measurement volume. Ensure that the tool is perfectly stationary.

Note If the number of markers that appear are greater than the number of markers on your tool, the system
may be detecting phantom markers. You can eliminate phantom markers by slightly repositioning the
tool.

3. Click Collect Snapshot.

4. If there are phantom markers that need to be removed, select the marker from the list
and click Remove Selected Marker(s).

5. Once you are satisfied with the collection, click OK. The Polaris Passive Viewer dialog
closes and you are returned to the Marker Setup dialog.

6. Click Next. The Save Parameters dialog opens.

11.5 Save Parameters

6D Architect saves the collected data in a .csv (Comma Separated Value) file, and stored it
in the location indicated by this Save Parameters dialog. Once you have finished the entire
characterization process, you can open and review the .csv file’s contents.
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Xl
i - Sawve Parameters
Tool ROM
g Each trial will be zaved a3 a separate Corma Separated Walue [CSW] file. Specify
Creation Wizard the following save parameters.,
Iffiles already exist will the same parameters, the collection fles will continue with the
exizting naming convension. |tz suggested that you specify an extenzion that iz
unique to thiz collection set.
r Save Parameters
Directory: I EI
File: Mame: IEDAﬂ [e.q. BDAH)
File Extenzion:  |caw [ cav)
[the trial number will be appended to pour file name for each trial)
< Back I P et I Cancel
Figure 11-6 Save Parameters Dialog
7. Complete the Save Parameters section:
Field/Option Action
Directory Enter the directory location where you wish the

files to be saved, or browse to a location by

clicking .

File Name Enter the name for the data collection.

File Extension Enter csv.

Table 11-7 Save Parameters Section

8. Click Next. The Data Collection dialog opens.

11.6  Collect Tool Marker Data

The Data Collection dialog allows you to view the tool within the measurement volume
during each trial frame.
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The tool must remain motionless during collection trials. If the tool is moved even slightly
during a collection, the Polaris Accedo System cannot determine accurate positions of all
markers with respect to each other. The tool characterization will likely fail.

I x|

Data Collection

| ] 11
To 0 I RO M Click Collect when pou are ready to start the collection. At least three [3] markers must be
vigible during each collection frame. The realtime display can be uzed to preview and

Grea til]l'l lea rd poszition your markers.
] Thig is a STATIC Collection, the Rigid Body must be stationary during the collection,

TRIAL T of 1 ﬂ

Olutput File:
E:\ndigital\EDARD4E cav

3
e
.
.

Trial Frames: 100
Collect Delay: Os

(-¥,-%) 100 mm \ (-Z,-¥) 100 mm

& Y

30100 mm (-¥,-Z) 100 mm |

Frogre:
Click Collect to begin | L | & | I | z |
A @ & 45895 4.3823 -1232.9204
I @ B 41534 1A -1233.8682
@ c  FrE2 B4.6678 -1235.0963
@ 0 108455 0.3748 12383257
Change Trial Length |

< Back I Callect » I Cancel

Figure 11-7 Data Collection Dialog

Note Figure 6-5 shows a Polaris Accedo System using a Comet measurement volume.

1. (Optional) If you want to edit the collection trial length, click Change Trial Length and
enter the new value. Increasing the trial length may increase the accuracy of the
software’s data interpretations.

2. Position the tool within the measurement volume. If you are unsure whether or not your
markers are visible, observe the marker status in the bottom right of the window:

Marker Colour Marker Status

Green The marker is visible to the system and is inside the
measurement volume.

Yellow The marker is visible, but not in the measurement volume.

Red The marker is not visible to the system.

Table 11-8: Marker Status
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Each coloured circle corresponds to a marker. The number of circles should match the
number of markers that are on the tool.

3. Click Collect. The system proceeds to collect information about each marker’s position,
for the number of frames specified. You can view this action in the marker status section
of the dialog.

The Current Collection Status Dialog opens, displaying this collected information.

R 5. Current Collection Status
ToolROM

Creation Wizard

Thiz statuz page appears after each collection trial. From here, pou can modify current
collections or stop collecting and proceed with the tool characterization.

r Collection Statu

Filename | Froperties
C:Andigital\EDARDT T cav 4 Markers in 51 frames
Move Up Move Down Fremove Fre-collect Wiew

r Choose Your Mest Step

" RECORD Ancther Diata Trial

Return to the data collection page to perform anather collection.
& S5TOP Recording

Complete the collection process and proceed.

™ Wiew BUILD LOG file upon successiul completion of build.

< Back I Mest > I Cancel

Figure 11-8 Current Collection Status Dialog

Use this dialog to view the collection results or record another trial:

1. Select the newly-created .csv file from the Collection Status list.

2. (Optional) Click View. The .csv file results open for viewing. When you have finished
reviewing the results, click Close.

3. (Optional) You can record additional data trials:

+ Ifyou want to collect another data trial, select RECORD Another Data Trial. You
will be returned to the Data Collection dialog to begin the process again.

« If you want to overwrite an existing data trial, select the file that you wish to
overwrite from the list, and click Re-collect. You will be returned to the Data
Collection dialog to begin the process again.
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4. When you are satisfied with the data collection, select STOP Recording.

5. (Optional) If you want to view the Build.log file at the end of the build (when you have
completed the ROM Creation Wizard), choose View BUILD.LOG upon successful
completion of build.

6. Click Next. The Groups and Faces dialog opens.

11.7  Define Faces

Once the firing sequence for the active markers has been defined, you can organize the
markers into faces.

I x|

Marker Setup (Groups and Faces)

Tool ROM

Creation Wizard

Irv thiz step, you may organize the markers into ‘'Faces' and 'Groups’. Double-click the
list below to toggle the group and face states for each marker.

GROUPS define which markers within a face can be fired simulatenously. 1F markers
within a face are less than 50mm apart, they must be placed in separate groups.

FACES are zeparate Rigid Bodies that can each be uzed for racking. Each face
muszt have at least 3 markers; each marker must belong to at least 1 face.

Mumber of Groups: |2 _,::' Mumber of Faces: |2 _,::'

Marker | Group[2] | F1] F2]
i 1 e

B 2 #
F 1 #
G 2 #
k. 1 #
L 2 #

Reset tarker List to DE%‘I"S |

KEYBOARD HIMT: You can also uge the 'G' key to toggle groups and the 18"
keys to toggle the face states for the selected marker.

< Back I Mest > I Cancel |

Figure 11-9 Marker Setup (Groups and Faces) Dialog

1. Inthe Number of Faces field, select the number of faces.

2. Assign a marker to a face: in the table, double-click the marker’s F column entry to
change it to X. This means that this marker is included on the face.

3. (Optional) If you want to restore the faces to the original settings, click Reset Marker
List to Defaults.

4. Click Next. The Tool Alignment dialog opens.
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11.8  Align the Tool’s Coordinate System

Before any measurement system can calculate the position and rotation of your tool, you
will need to assign the tool a local coordinate system. Assigning a local coordinate system is
an important step in producing accurate transformations.

I x]
S = - Tool Alignment
The tool waz successfully characterized. To align the tool to a local coordinate system,
To 0 I RO M uze the "Alignment Methods" below.
Greation Wizard :
Alignment Methods — 5
[k [25] 2| 335337 |
| Alignment P. b I
Aligns the tool onto .y "
uzer-defined axes "R i "
or planes.
Manual Transform | 1
(3,110 mm | (-Z, 110 mm
Perfarms a user-
defined tranzform
[tranzlation and
rotation). - "
. LYot ,g_x
Undo | .
300100 mm (¥,-Z110 mm
r Algorithm
ERES |t |z |
Adjust Congtraints | A -2.4169 394214 -20.1096
B -11.5331 55.9328 40,7414
Edit the transform F 36.8331 -B.3716 -41.1034
algorithim G -19.359%% 7.4935 -27.0478
cohstraints. K E.5091 37380 B.9417
L 96326 591612 40.5838
< Back | Mest > | Cancel

Figure 11-10 Tool Alignment Dialog

To Assign a Local Coordinate System Using Alignment Parameters

1. Click Alignment Parameters. The following dialog appears:
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x
To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,
Alignment Positions 4 J]:+ g‘: E‘ ::; 3?
# | Use in Origin | Alignment Setting |
1 b Unknown .
2 H [+ [+ ] Quadrant o
3 Hebipis [ +] L g
4 Unknown
(3,110 mm '| [-Z, %110 mm i
4] 3
" Template Mode LLead Template | Saye Template | « 11_)(
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm |

Figure 11-11 Alignment Transformation Dialog

To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of

your tool, 6D Architect will place the origin at the geometric centre of these markers.

To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.

Use the list that appears to constrain the marker to be on any positive or negative X, y, or

Z-axis.

To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the

marker to any quadrant of any plane.

Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

(Optional) If you want to either save these alignment settings to a template or open an

existing alignment template and apply it to your tool, enable Template Mode to activate

template functions.

When you are finished, return to the Tool Alignment dialog:

» If'you want to return to the original position and orientation, click Cancel.

» If you are satisfied with the alignment parameters, click Apply.

(Optional) Define the algorithm constraints further by clicking Adjust Constraints. For

more information about this function, see “Algorithm Constraints” on page 167.
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Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

9. Click Next. The Marker and Face Normals dialog appears.

To Adjust the Local Coordinate System Manually
1. Click Manual Transform. The following dialog appears:

anua Teansform Y

| Tranzlation

Tu: Imm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
Y-.-'l'-.:-:is:l 0.0000 3:
_-I BI:I | I T T Y O B B | 1 -IBI:I
2-.-'1'-.:-:i$:| 0.0000 3:
_‘I BI:I | I T T Y O B B | 1 ‘IBI:I
{ Degees { Radians

Apply I Cancel |

Figure 11-12 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Tool
Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

* Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note The Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.
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3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Marker and Face Normals dialog appears.

11.9 Add Marker and Face Normals

For each marker and face on your tool, you will need to assign a vector that defines which
way they are facing. The system uses this vector, or normal, to help determine where the
marker or face is pointing in the measurement volume. With this information, the system
can determine if the marker or face is pointing at an angle that no longer provides accurate
data.

Marker and Face Normals
Thiz dialog allows wou to et marker and face normals far the toal,

Tool ROM

Creation Wizard

— Maormal Operations —

Edit Selected |
Edit Face Marmals | (- 100mm Il (-Z -%7100mm |

Urdo |

s $—
r Tracking Tolerances —
Edit Talerances... |
30 100mm £ -Z) 100mm ,
[% I [z e v iz |
A 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
B 53.8000 0.0000 0.0000 0.0000 1.0000 0.0000

C 104.7000 E.4000 0.0000 0.0000 1.0000 0.0000
[Facel] - = s 0.0000 1.0000 0.0000

Click the Back button to re-align the tool and it normals.

< Back I MHest = I Cancel

Figure 11-13 Marker and Face Normals Dialog
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About Determining Normals

Note You need to assign normals to all markers and all faces.

6D Architect performs several calculations and displays the results at the bottom of the
Marker and Face Normals dialog, to guide you in selecting the right normal values. These
suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 11-9 Marker Information Provided By 6D Architect

Note The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

Note A face normal must be perpendicular to its face. Individual marker normals, however, do not need to be
perpendicular to the face that marker is assigned to.

To Create a Normal for Individual Markers
1. In the View list, select All Markers.

2. In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

Note The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.
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Note

Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

Click Edit Selected.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

Click OK.

To Create Normals for Faces

l.
2.

In the View list, select the appropriate face.

In the table at the bottom of the dialog, press Ctrl and select three markers that are
assigned to the face.

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients listed for the imagined plane can be used as coordinates for a vector
perpendicular to the imagined plane.

Click Face Normals.
From the drop-down list, select the appropriate face.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.

Click OK.

(Optional) If you want to restore all of the normals and tolerances to the default settings,
click Undo.

Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances

l.
2.
3.

In the View list, select All Markers.
In the table at the bottom of the dialog, select a marker.

Click Edit Tolerances. The following dialog opens.
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Set Tolerances

b i b arker Angle: [0

kirirmunn Murmber of b arkers: |3

b i 30 Error:

If & marker failz to zatisfy any of these tolerances, it
iz tagged as ‘invalid' and the transformation will be
re-calculated without it

o]

B

degrees

mm

T

Cancel |

Figure 11-14 Set Tolerances Dialog

4. Complete the fields provided:

Field

Action

Maximum Marker Angle

Enter the maximum angle that a marker

normal can be pointed away from the Position

Sensor. Any marker turned away more than
this value will not be used to compute a tool
transformation.

Minimum Number of Markers

Enter the minimum number of markers that
must be counted as present in the
measurement volume, before the system
produces a transformation for the tool.

Maximum 3D Error

Enter the maximum distance between where
the marker is observed by the system and is
expected to be in the tool’s SROM Image
File. If a marker exceeds this value, it is not
used to compute a tool transformation.

Table 11-10 Tolerance Fields

5. Click OK.

6. Click Next. The Characterization Completion dialog opens.

11.10 Complete the Tool Characterization

6D Architect allows you to save all the ROM Creation Wizard selections that you’ve made,
in case you want to repeat the characterization process for similar tools using similar

parameters. Remember that although you can use the same wizard selections for similar

tools, you will still need to perform separate and unique data collections for each.
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Note

I x|

Tool ROM tool.

Creation Wizard

Congratulations... you have successfully characterized the

After exiting this wizard, the ROM information will be loaded inta the main program
window to perform the following tasks:

1] Save the ROM file

2] Test that Polaris and/or Optotrak Certus spstems can track the tool

3) Active Tool ROM filez can be programmed directly to the tool
Be sure to validate the tool to confirm it iz operating as you expect
and that it is i t b i ki

It is_ suggested that you go through the wizard again to change any ROM fields or

options.

zettings to an output file,

To automatically repeat the characterization process, save the wizard

v Save Wizard Settings

Olutput File: ID:\4markersHDMmacro.crm

=

Drescription: Itool with 4 markers

< Back I Finizh I Cancel

Figure 11-15 Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. Inthe Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a ROM Characterization Macro (.crm)

file.

The saved parameter file contains the tool’s characterization information. When applied to subsequent

tools, software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the tool will be loaded into the main window. The tool parameters are loaded in the ROM

section of the main window.

For more information about the main window, see “Exploring 6D Architect Main Window”’

on page 6.
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11.11  What Is Next?

After you have created and saved the SROM Image File (ROM) file, you test the SROM
Image File to ensure that the Polaris System can track the tool correctly. For more
instructions, see “Testing Tools” on page 161.
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12  Rigid Bodies: Characterizing with Previously Collected Data

Characterizing a rigid body through previously collected data files allows you to perform
the characterization using full raw data files, raw data files, or 3D data files.

Note These sections also apply to characterizing a rigid body with previously collected CSV files; all
screens and procedures are the same.

This section explains the following steps:

1. Start the Wizard

2. Select the Data File

3. Specify the Build Parameters

4. Align the Rigid Body’s Local Coordinate System
5. Add Marker Normals

6. Complete the Characterization

7. What Is Next?

12.1  Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing an
rigid body with previously collected data. For instructions, see “Rigid Body
Characterization: The First Step” on page 18.

Once this step is completed, you can continue the characterization process.

12.2  Select the Data File

The Rigid Body Creation Wizard’s second screen allows you to select the data file that you
want to use to characterize the rigid body.
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: ' MDI Data File(s) Selection
RI ":I B 0[' Please select the Rigid Body Marker D ata file(s) bo use in the calculation of the Rigid Body,
g ‘.’ Thesze filez can be in 30 Data Format or in Full Baw/B aw Format.

Craation Wizard If Full Rawi/Raw file: are selected, the location of the CAM file uzed during collection must
alzo be specified,

r File: Browser
Loak in: Ia MO BD Architect Beta Yersion 1 j |
_DLL Sample Code
[§] cto BDA
File Type: |ND| DataFiles (Ci", A#) | £dd to Data List |
r Selected Data File(z)
Filename | Froperties |
Move Up I tdowe Dawn | Femove Yiew Selected I
Carnera Parameter File: I ll

< Back I Pent > I Cancel |

Figure 12-1 NDI Data File(s) Selection

Note The process for creating a rigid body using a CSV file is the same as the creating a rigid body with an
NDI data file. The only difference is in the type of file used.

1. In the File Browser section, enter the name of the file, or click to browse to its

location and select it manually.
2. Click Add to Data List.

3. (Optional) If you want to view the data file before moving on to the next step, click
View.

4. When you have finished reviewing the data, click Exit to return to the Data File(s)
Selection dialog.

5. Click Next. The Build Parameters dialog opens.
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12.3  Specify the Build Parameters

Once you have collected data about each marker, you must specify which markers are part
of the Rigid Body, and whether or not these markers are sequential.

1.

2.

Build Parameters

Rigid Body

Identify which markers in_ the_collection data belong to _the Fiigid Body. If the Rigid Body
Breation Wiran| [l el filed
|
Humber of Rigid Body Markers: Data RIG Marker |
Marker Order 12 { 12 %
* Sequential Order 3 [3]
Starting Marker Humber: m g {g%
g [E]

' Mon-Sequential Order

Double-click or drag the Rigid
Markers in the list to set the order.

&dvanced Build Algorithrm O ption

¥ Upon successful build, transform Rigid Body to a local origin
[T Use iritial estimate RIG File: | !I

I Use estimate to filker marker data [requires CiM file used during collection]

Camera Parameter File: |EI:\ndigital\realtime\standard.c:am
Adjust Congtraints. .. |

Once you have specified the Build Parameters, click Mest to automatically build the Rigid
Body from the marker data positions.

™ Wiew BUILD LOG file upon successhul completion of build,

< Back I Mewt > I Cancel

Figure 12-2 Build Parameters Dialog

In the Number of Rigid Body Markers field, select the number of markers on your
Rigid Body.

Keep in mind that the system has collected data about all markers found, as shown in the
Data column on the right-hand side of the dialog. The Number of Rigid Body Markers
field allows you to indicate whether all markers found are in fact part of the rigid body.

You must indicate which marker is associated with what collected marker data.
Complete the Marker Order section by choosing either Sequential Order, or Non-
Sequential Order.

+ If'you choose sequential order, you must specify the Starting Marker Number.

* If you choose non-sequential order, you must drag and drop the entries in the list on
the right, to assign each marker to its correct data.
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3. Complete the Advance Build Algorithm Options section:

Option Action

Upon successful build, transform It is recommended to choose this option.
Rigid Body to a local origin

Use initial estimate RIG File If you want to use an existing Rigid Body file
as an estimate, select the file from the directory.

Table 12-1 Advanced Build Options

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Rigid Body Alignment dialog opens.

12.4  Align the Rigid Body’s Local Coordinate System

Before any measurement system can calculate the position and rotation of your rigid body,
you will need to assign it a local coordinate system. Assigning a rigid body a local
coordinate system is an important step in producing accurate transformations.
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X
BN [igid Body Alignment
1 The Rigid Body was successfully calculated. To align the Rigid Body to a local
RI g Id B Od‘l\' coordinate system, use the "Alignment Methods' below,
Creation Wizard .
r Alignment Methods — oo P ey o
dpze| | ]2
|Alignmentr‘ b I |J- el = dj_l
Aligns the Rigid
Body onto
user-defined axes ¢ 1
or planes.
Manual Transform |
(¥, 1 100mm [-Z, ) 100mm -
Perfarms a user- II
defined transform
[tranzlation and
ratation). i
w -
Unda | 1=
301 00mm (¥ ,-Z1100mm i
r— Algorithm
# = [ [z |
Adjust Congtraints | 1 -18.4243 -42.9427 71080
—_——————— 2 13.0687 -44.3863 10.5564
Edit the transform 3 15,7831 -0.6343 1.8210
algarithm 4 18.3963 42,9635 -6.9843
constiaits: 5 130827 44.3322 105469
g 18,7611 0.71e -1.9521
< Back | Mext > | Cancel
Figure 12-3 Rigid Body Alignment Dialog
To Assign a Local Coordinate System Using Alignment Parameters
1. Click Alignment Parameters. The following dialog appears:
x

To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,

Alignment Positions 4 J]:+ g‘: E‘ a1 39
oo o3| 7*
# | Use in Origin | Alignment Setting |
1 b Unknown
2 H [+ [+ ] Quadrant o
3 Hebipis [ +] L g
4 Unknown
(3,110 mm '| [-Z, %110 mm i
4] 3
" Template Mode LLead Template | Saye Template |
i 12
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm

Figure 12-4 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of
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your rigid body , 6D Architect will place the origin at the geometric centre of these
markers.

3. To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or
Z-axis.

4. To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

5. Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

6. When you are finished, return to the Rigid Body Alignment dialog:
+ If you want to return to the original position and orientation, click Cancel.
» Ifyou are satisfied with the alignment parameters, click Apply.

7. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

8. Click Next. The Rigid Body Normals dialog opens.

To Assign a Local Coordinate System Manually

1. Click Manual Transform. The following dialog appears:
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anua Teansform Y

| Tranzlation

Tu: Iﬁm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:

_1 BI:I |||||||| 1 1 BI:I
b | 00000 3:

_-I BI:I | I T T Y O B B | 1 -I BI:I
i | 0.0000 3:

_1 BI:I | I T T Y O B B | 1 1 BI:I

{ Degees { Radians

Apply I Cancel |

Figure 12-5 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Rigid
Body Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

* Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.

3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints™ on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.
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5. Click Next. The Rigid Body Normals dialog opens.

12.5 Add Marker Normals

For each marker on the rigid body, you will need to assign a vector that defines which way
they are facing. The system uses this vector, or normal, to help determine where the marker
is pointing in the measurement volume. With this information, the system can determine if
the marker is pointing at an angle that no longer provides accurate data.

Rigid Body

Rigid Body Normals

Thiz optional step allows you ta add and edit normal vectaors for the Rigid Body markers.
Yo may alzo modify the Rigid Body tolerances uged during tracking.
Creation Wizard H
r perationg —— = o
o ]2 | 2| 824 37
[ Include Mormals
Edit Selected |
[ | 4
Unda |
r Tracking Tolerances — ¢, ) 100mm II (-2, ) 100mm
Edit Tolerances |
atw -
30 100mm (3 ~Z) 100mm
# = | = | n | riv | nz |
1 18,4243 -42 9427 71060
2 13.0687 -44 3863 10.5569
3 15,7831 -0.6849 1.8210
4 18.3963 42 9635 -6.9849
5 13,0827 44,3322 -10.5469
5 15,7611 07181 -1.9521

< Back I Mewt » I

Cancel

Figure 12-6 Rigid Body Normals Dialog

About Determining Normals

Note You need to assign normals to all markers.

6D Architect performs several calculations and displays the results at the bottom of the
Rigid Body Normals dialog, to guide you in selecting the right normal values. These
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suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 12-2 Marker Information Provided By 6D Architect

Note The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

Note

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

To Create a Normal for Individual Markers

1.

Enable Include Normals. The software attempt to calculate normals for each marker on
the rigid body.

In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.

Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

Click Edit Selected.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.
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6. Click OK.

7. Click Next. The Characterization Completion dialog opens.

To Edit Tolerances
1. Enable Include Normals.
2. In the table at the bottom of the dialog, select a marker.

3. Click Edit Tolerances. The following dialog appears:

Rigid Body Settings x|

Rigid Body Settings | Rigid Body Spreads I

b aximum Marker &ngle: degrees

Minirumn Murnber of Markers: |3—

I awirnum 30 Error: IDS— mm

I awirnum 30 RS Eror: IDS— mm
ID.2—
IU'I—

I axirum Sensor Ermar: FENSON Uhits

Marimurn Sensar RS Erar: FENSON Uhits

It & marker failz to zatisfy any of these tolerances, it is tagged
as 'invalid' and the transformation will be re-calculated without
it.

()8 I Cancel |

Figure 12-7 Set Tolerances Dialog

4. In the Rigid Body Settings tab, complete the fields provided:

Field Action

Maximum Marker Angle Enter the maximum angle that a marker normal
can be pointed away from the Position Sensor.
Any marker turned away more than this value
will not be used to compute a rigid body’s
transformation.

Minimum Number of Markers  Enter the minimum number of markers that must
be counted as present in the measurement
volume, before the system produces a
transformation for the rigid body.

Maximum 3D Error Enter the maximum distance between where the
marker is observed by the system and is expected
to be in the Rigid Body file. If a marker exceeds
this value, it is not used to compute a rigid body’s
transformation.

Table 12-3 Rigid Body Settings
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Field Action

Maximum 3D RMS Error Enter the maximum 3D RMS error that a
measurement system will accept. If the
calculated 3D RMS error of a transformation is
greater than the value specified in this field, the
transformation will be tagged as missing.

Maximum Sensor Error Enter the maximum calculated sensor position for
each Optotrak sensor to the nominal sensor
positions which are based on the rigid body file. If
the difference for a particular marker/sensor pair
is greater than the specified Maximum Sensor
Error, then that pair’s data will be tagged as bad
and the transformation will be re-determined.

Maximum Sensor RMS Error  Enter the maximum sensor RMS error that the
measurement system will accept. This parameter
is considered a final check to determine if you will
capture data for this frame or not. If the calculated
sensor RMS error is greater than the value
specified in this field the transformation will be
tagged as missing.

Table 12-3 Rigid Body Settings
5. Click the Rigid Body Spread tab:

Rigid Body Settings x|

Rigid Eody Settings  Rigid Body Spreads |

Minimum Spread 1: IE mm
Minimum Spread 2: ID mm
ID mm

Minimum Spread 3:

()8 I Cancel |

Figure 12-8 Rigid Body Spread Tab

6. Enter the three minimum spreads.
7. Click OK.

8. Click Next. The Characterization Completion dialog opens.
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12.6

Note

Complete the Characterization

6D Architect allows you to save all the Rigid Body Creation Wizard selections that you
have made, in case you want to repeat the characterization process for additional rigid
bodies using similar parameters. Remember that although you can use the same wizard

selections for similar rigid bodies, you will still need to perform separate and unique data

collections for each.

Rigid Body

Creation Wizard

Congratulations... you have successfully characterized a

Rigid Body.

After exiting this wizard, the Rigid Body data will be loaded inta the main program

window to perform the following tasks:
1] Save the RIG file
2] Add marker normals
3] Transform or Align the Rigid Body to a local coordinate system
4] Test that the OPTOTRAK, System can track the tool

To automatically repeat the characterization process, save the wizard
zettings b tput fil

g

Clutput File: I ﬂ

[rescription: I

< Back

Cancel

Figure 12-9

Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. In the Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a .RIG Characterization (.crg) file.

Your saved parameter file contains your rigid body’s characterization information. When applied to
subsequent rigid bodies, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the rigid body will be loaded into the main window.
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For more information about the 6D Architect main window, see “Exploring 6D Architect
Main Window” on page 6.

12.7 What Is Next?

After you have created and saved the Rigid Body (.RIG) file, you must test it to ensure that
the Optotrak System can track the rigid body correctly. For more instructions, see “Testing
Rigid Bodies” on page 163.
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13  Rigid Bodies: Characterizing with an Optotrak System

The following sections walk you through each window of the Rigid Body Creation Wizard,

to help you characterize a rigid body with an Optotrak System.

This section explains the following steps:

l.
2.
3.

Start the Wizard

Enter the Collection Settings

Save Parameters

Collect Marker Data

Specify the Build Parameters

Align the Rigid Body’s Local Coordinate System
Add Marker Normals

Complete the Characterization

. What Is Next?

13.1  Start the Wizard

Before continuing, you must open the wizard and indicate that you are characterizing a rigid

body with an Optotrak System. For instructions, see “Rigid Body Characterization: The

First Step” on page 18.

Once this step is completed, 6D Architect connects to the Optotrak System. Once this is
complete, you can continue the characterization process.

13.2  Enter the Collection Settings

The Rigid Body Creation Wizard’s second screen is the Collection Settings dialog.

Collection settings tell 6D Architect the collection time, the marker power, and the tracking
frame frequency of your Optotrak System.
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I x|
z - Optotrak Collection Settings
RI g Id B Od‘f Specify the total number of markers in the occupied port(z):
Creation Wizard Marker
Pt 8 = 20 = 30 = &) =

If the Rigid Body is a sub-zet of the collected markers, you will be able to
specify which markers are Rigid Body markers in a later wizard step.

Optotrak System Settings:
- Owerall Marker Power: sets the marker emission strength.
- Collection Time: seconds of data that will be recorded for each trial.
- Frame Frequency: the rate of data collection.

— Optatrak System
Ovwverall Marker Power:
Min il I
Collection Tirme (3]: n 5

Frame Frequency [Hz): |3‘I a

Camera Parameter File: IE:\ndigital\realtime\standard.c:am ﬂ

Advanced Options... |

’JV Usze Positioning Device [Advanced)

Starting Marker: |1 Device Settings. . | ‘

< Back I Mest > I Cancel

Figure 13-1 Collection Settings Dialog

Note Figure 12-1 shows the Collections Settings dialog that applies to an Optotrak 3020 System. Optotrak
Certus Systems have three ports, not four.

To Enter the Collection Settings

1. In the Markers section, enter the total number of markers that are connected to each
port. These totals may include markers that are not part of the rigid body.

2. Complete the Optotrak System section:

Field/Option Action

Overall Marker Power Adjust the slide to indicate the intensity of light emitted
from the markers.

Collection Time Enter the length of the intended collection time in seconds.
Frame Frequency Enter the frame frequency (in Hz) used during data
collection.

Camera Parameter File Select the camera parameter file to be used to calculate 3D
and 6D data.

Table 13-1 Collection Settings
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3. (Optional) If you are using a positioning device, refer to 7B-10029.

4. (Optional) If you want to apply advanced system settings, see “Optotrak System
Settings” on page 173.

5. Click Next. The Save Parameters dialog opens

13.3  Save Parameters

6D Architect saves the collected data in a .dat file, and stores it in the location indicated by
this Save Parameters dialog. When you have finished the entire characterization process,
you can open and review the .dat file’s contents.

Save Parameters

HI g Id B de Each tial will be saved as a separate Full Raw Data file. Specify the
Creation Wizard fallowing save paramters.

If files already exist will the same parameters, the caollection files will continue with the
exizting naming convension. |t is suggested that you specify an extenzion that iz
unique to this collection set.

Save Directony: |H:'\-:|:-h:trak caps @

Save Extenzion: Idat [e.g. dat)

The MDI naming convention will be uzed with these collection files.
[e.g. R#O01 . dat, with the number reprezenting the collection trial number)

< Back | et = Cancel

Figure 13-2 Save Parameters Dialog

1. In the Save Directory field, enter the desired directory location, or browse to a location
by clicking .
2. In the Save File Name field, enter the name for the data collection.

3. Inthe Save Extension field, enter dat.
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4. Click Next. The Data Collection dialog opens.

13.4 Collect Marker Data

I x|

Rigid Body

Click Collect when you are ready to start the collection. At least three [3] markers must be
vigible during each collection frame. The realtime display can be uzed to preview and
[:I'Eﬂtiﬂl'l Wilﬂrd poszition your markers.
Thig is a STATIC Collection, the Rigid Body must be stationary during the collection,
TRIAL 1 af1 M| 2 | 5 | 03523 37
Olutput File: = . -

The Data Collection dialog allows you to view the rigid body within the measurement
volume during each data collection trial frame.

Data Collection

E:ndigitalsR#030.dat

Trial Time: 10,0000 & sz -
Frame Freq: 30 Hz

Trial Frames: 300 % Y110 Sritnean
Collect Delay : 15 Einse HELLL (-Z, %110 mm

30100 mm (H,-Z310 mm |
Progre
Elick[;illect ta | L | = | I | z |
@ 1 42175 -423.5385 -2226.0073
I @ 2 0873 -424.3193 -2221.0732
@ 3 o4 3811635 -2232.77E1
@ 4 EEEE4 -337.9624 22441738
@ 5 1T -337.0712 -2247 5835
D e L | @ &3m0 -380.2577 -2236.3811

< Back I Callect » I Cancel

Figure 13-3 Data Collection Dialog

1. (Optional) If you want to edit the collection trial length, click Change Trial Length and
enter the new value. Increasing the trial length may increase the accuracy of the
software’s data interpretation.

2. Position the rigid body within the measurement volume. If you are unsure whether or
not your markers are visible, observe the marker status in the bottom right of the
window:

Marker Colour Marker Status

Green The marker is visible to the system and is inside the
measurement volume.

Red The marker is not visible to the system.

Table 13-2: Marker Status
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Each coloured circle corresponds to a marker detected in the measurement volume.
Keep in mind that these represent all markers in the measurement volume; your rigid
body’s markers may be only a small subset of these. You will make these distinctions

later.

3. Click Collect. The system proceeds to collect data about each marker’s position. The

Current Collection Status Dialog opens, displaying this collected information:

e
I
i

Rigid Body

Creation Wizard

Current Collection Status

Thiz statuz page appears after each collection tial. From here, you can modify curent
collections or stop collecting and proceed with the Rigid Body build,

r Collection Status

Filename | Froperties |
H:‘optotrak capstFH#002. dat G Markers in 200 frames at 20.00 Hz
fdowve Up tove Down Fiemove Fie:zallect et

~ Choose our Mexst Step
{ RECORD Another Data Trial
Feturn to the data collection page to perform anather collection.

' STOP Recording
Complete the collection process and proceed.

X

< Back I et > I Cancel

Figure 13-4 Collection Status Dialog

4. Select the newly-created .dat file from the Collection Status list.

5. Click View. The .dat file results open for viewing.

6. When you have finished reviewing the results, click Close.

7. (Optional) If you want to collect another data trial, select RECORD Another Data
Trial. Select the file that you wish to overwrite, then click Re-collect. You will be
returned to the Data Collection dialog to begin the process again.

8. When you are satisfied with the data collection, select STOP Recording.
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9. (Optional) If you want to view the log file for the collection, choose View BUILD.LOG
upon successful completion of build.

10. Click Next. The Build Parameters dialog opens.

13.5 Specify the Build Parameters

Once you have collected data about each marker, you must specify which markers are part
of the Rigid Body, and whether or not these markers are sequential.

Build Parameters

Rigid Body

|dentify which markers in the callection data belona to the Rigid Body. [f the Rigid Bady
3 - markers appear sequentislly it the data, enter the starting marker number. [f they are
Creation Wizard non-sequential, you muzt specify the arder manually.
T
MHumber of Rigid Body Markers: I 3: Data | Rl Marker |
1 [1]
Marker Order 2 [2]
{* Sequential Order i { i }
Starting Marker Mumber: I'I 3: 5 (5]
" Non-Sequential Order & [E]
Double-click ar drag the Rigid
tarkers in the lizk to et the order.
—Advanced Build Algorithm Dptions
¥ Upon successtul build, transtorm Rigid Body to a local origin
[T Use initial estimate RIG File: | !I
[T Use estimate to filter marker data [requires CaM file uzed during collection)
Camera Parameter File: |Ebndigitalirealime’standand cam !I
Adjust Constraints... |

Once vou have specified the Buld Parameters, click Mest to automatically build the Rigid
Body from the marker data positions.

[~ Wiew BUILD.LOG file upon successfiul completion of build.

< Back I et I Cancel

Figure 13-5 Build Parameters Dialog

1. Inthe Number of Rigid Body Markers field, select the number of markers on your
Rigid Body.

The system has collected data about all markers found, as shown in the Data column on
the right-hand side of the dialog. The Number of Rigid Body Markers field allows you
to indicate whether all markers found are in fact part of the rigid body.
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2. You must indicate which marker is associated with what collected marker data.
Complete the Marker Order section by choosing either Sequential Order, or Non-
Sequential Order.

* Ifyou choose sequential order, you must specify the Starting Marker Number.

* If you choose non-sequential order, you must drag and drop the entries in the list on
the right, to assign each marker to its correct data.

3. Complete the Advance Build Algorithm Options section:

Option Action

Upon successful build, transform It is recommended to choose this option if you
Rigid Body to a local origin are unsure how to align the rigid body.
Otherwise, disable this option.

Use initial estimate RIG File If you want to use an existing Rigid Body file
as an estimate, select the file from the directory.

Table 13-3 Advanced Build Options

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.

5. Click Next. The Rigid Body Alignment dialog opens.

13.6  Align the Rigid Body’s Local Coordinate System

Before any measurement system can calculate the position and rotation of your rigid body,
you will need to assign the rigid body a local coordinate system. Assigning the rigid body a
local coordinate system is an important step in producing accurate transformations.
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X
BN [igid Body Alignment
1 The Rigid Body was successfully calculated. To align the Rigid Body to a local
RI g Id B Od‘l\' coordinate system, use the "Alignment Methods' below,
Creation Wizard .
r Alignment Methods — oo P ey o
dpze| | ]2
|Alignmentr‘ b I |J- el = dj_l
Aligns the Rigid
Body onto
user-defined axes ¢ 1
or planes.
Manual Transform |
(¥, 1 100mm [-Z, ) 100mm -
Perfarms a user- II
defined transform
[tranzlation and
ratation). i
w -
Unda | 1=
301 00mm (¥ ,-Z1100mm i
r— Algorithm
# = [ [z |
Adjust Congtraints | 1 -18.4243 -42.9427 71080
—_——————— 2 13.0687 -44.3863 10.5564
Edit the transform 3 15,7831 -0.6343 1.8210
algarithm 4 18.3963 42,9635 -6.9843
constiaits: 5 130827 44.3322 105469
g 18,7611 0.71e -1.9521
< Back | Mext > | Cancel
Figure 13-6 Rigid Body Alignment Dialog
To Assign a Local Coordinate System Using Alignment Parameters
1. Click Alignment Parameters. The following dialog appears:
x

To specify the alignment parameters for each marker, double-click the marker alignment setting.
To uze the marker in the onigin calculation, double-click the 'Use in Origin' column,

Alignment Positions 4 J]:+ g‘: E‘ a1 39
oo o3| 7*
# | Use in Origin | Alignment Setting |
1 b Unknown
2 H [+ [+ ] Quadrant o
3 Hebipis [ +] L g
4 Unknown
(3,110 mm '| [-Z, %110 mm i
4] 3
" Template Mode LLead Template | Saye Template |
i 12
Freview | Apply I Cancel |
™ Wiew ¥FORM.LOG upon successful alignment. 30100 mm £%,-Z110 mm

Figure 13-7 Alignment Transformation Dialog

2. To assign a marker as the origin of the local coordinate system, double-click that
marker’s entry under Use in Origin. If you select more than one marker as the origin of
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your rigid body , 6D Architect will place the origin at the geometric centre of these
markers.

3. To place a marker onto an axis, right-click the marker’s entry under Alignment Setting.
Use the list that appears to constrain the marker to be on any positive or negative X, y, or
X axis.

4. To place a marker onto a plane of the local coordinate system, double-click that
marker’s entry under Alignment Setting. Use the list that appears to constrain the
marker to any quadrant of any plane.

5. Click Preview to view the changes that you make in the marker window. This can help
you visualize the chosen orientations and help trouble-shoot any conflicting alignments
you may have accidentally made.

6. When you are finished, return to the Rigid Body Alignment dialog:
+ If you want to return to the original position and orientation, click Cancel.
» Ifyou are satisfied with the alignment parameters, click Apply.

7. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints” on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and continue with the default settings.

8. Click Next. The Rigid Body Normals dialog opens.

To Assign a Local Coordinate System Manually

1. Click Manual Transform. The following dialog appears:
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anua Teansform Y

| Tranzlation

Tu: Iﬁm 3: T
Tw: I [0.0000 3: i
Tz I [0.0000 3: i

I Ratation: Euler Angles j

X-.-’-‘-.:-:is:l 0.0aa0 3:

_1 BI:I |||||||| 1 1 BI:I
b | 00000 3:

_-I BI:I | I T T Y O B B | 1 -I BI:I
i | 0.0000 3:

_1 BI:I | I T T Y O B B | 1 1 BI:I

{ Degees { Radians

Apply I Cancel |

Figure 13-8 Manual Transform Dialog

2. Adjust each field incrementally to change the position and orientation of the local
coordinate system. Each change is reflected in the graphic representations in the Rigid
Body Alignment dialog.

* Use the Tx, Ty, and Tz fields to translate the origin of the local coordinate system.

* Ifyou are using the Euler Angles (as indicated in the drop-down list), use the X-
Axis, Y-Axis, and Z-Axis fields to rotate the local coordinate system.

Note Rotation Matrix and Quaternion are advanced options. The easiest and most intuitive way to rotate
coordinate systems is to use Euler Angles.

3. Once you are satisfied, click Apply to save your changes.

4. (Optional) Define the algorithm constraints further by clicking Adjust Constraints. For
more information about this function, see “Algorithm Constraints™ on page 167.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, do not perform this step and simply continue with the default settings.
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5. Click Next. The Rigid Body Normals dialog opens.

13.7 Add Marker Normals

For each marker on the rigid body, you will need to assign a vector that defines which way
they are facing. The system uses this vector, or normal, to help determine where the marker
is pointing in the measurement volume. With this information, the system can determine if
the marker is pointing at an angle that no longer provides accurate data.

Rigid Body Norm

Rigid Body

als

Thiz optional step allows you ta add and edit normal vectaors for the Rigid Body markers.
Yo may alzo modify the Rigid Body tolerances uged during tracking.
Creation Wizard H
r perationg —— = o
o ]2 | 2| 824 37
[ Include Mormals
Edit Selected |
[ | 4
Unda |
r Tracking Tolerances — ¢, ) 100mm II (-2, ) 100mm
Edit Tolerances |
atw -
30 100mm (3 ~Z) 100mm
# = | = | n | riv | nz |
1 18,4243 -42 9427 71060
2 13.0687 -44 3863 10.5569
3 15,7831 -0.6849 1.8210
4 18.3963 42 9635 -6.9849
5 13,0827 44,3322 -10.5469
5 15,7611 07181 -1.9521

< Back I Mewt » I

Cancel

Figure 13-9 Rigid Body Normals Dialog

About Determining Normals

Note You need to assign normals to all markers.

6D Architect performs several calculations and displays the results at the bottom of the
Rigid Body Normals dialog, to guide you in selecting the right normal values. These
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suggestions change depending on how many markers are selected, and where these markers
are located on the tool:

Number of Markers Selected Suggested Values Provided

1 marker none

2 markers coordinates of the centroid

3 markers coordinates of the centroid, and coefficients of

an imagined plane that the three markers
would create.

4 or more markers coordinates of the centroid

Table 13-4 Marker Information Provided By 6D Architect

Note The centroid is the centre point of an imagined three dimensional volume created by the selected
markers.

Note

You can use these suggested values when determining normals, but be sure to review and
adjust the values as needed.

To Create a Normal for Individual Markers

1.

Enable Include Normals. The software attempt to calculate normals for each marker on
the rigid body.

In the table at the bottom of the dialog, press Ctrl and select three markers (the desired
marker included).

Below the table, the software displays the centroid and a plane equation associated with
the selected markers. Use this information to determine the coordinates of the ideal
normal for the desired marker.

The first three coefficients of the plane equation are coordinates for a normal vector perpendicular to
the imagined plane.

Select a single marker (or if you want to assign the same normal to multiple markers,
select them while pressing the Ctrl key).

Click Edit Selected.

In the coordinate fields provided, enter the values that you determined in step 2 and
adjust the values if necessary. Your changes are displayed graphically, to help you with
these edits.
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6. Click OK.

7. Click Next. The Characterization Completion dialog opens.

To Set Tracking Tolerances
1. Enable Include Normals.
2. In the table at the bottom of the dialog, select a marker.

3. Click Edit Tolerances. The following dialog appears:

Rigid Body Settings x|

Rigid Body Settings | Rigid Body Spreads I

b aximum b arker ngle: degrees

Minirum Murnber of b arkers: |3—

M awimum 30 Errar: IDS— mm

M awimum 30 RS Error: IDS— mm

M arimum Senzor Emrar: |D2— FENSON Uhits
IU'I—

Marimum Senzor RMS Error: FENSON Uhits

It & marker fails to satisfy any of these tolerances, it iz tagged as
‘invalid' and the transformation will be re-calculated without it.

()8 I Cancel |

Figure 13-10 Set Tolerances Dialog

4. In the Rigid Body Settings tab, complete the fields provided:

Field Action

Maximum Marker Angle Enter the maximum angle that a marker normal
can be pointed away from the Position Sensor.
Any marker turned away more than this value
will not be used to compute a rigid body
transformation.

Minimum Number of Markers  Enter the minimum number of markers that must
be counted as present in the measurement
volume, before the system produces a
transformation for the rigid body.

Maximum 3D Error Enter the maximum distance between where the
marker is observed by the system and is expected
to be in the Rigid Body file. If a marker exceeds
this value, it is not used to compute a rigid body’s
transformation.

Table 13-5 Rigid Body Settings
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Field

Action

Maximum 3D RMS Error

Enter the maximum 3D RMS error that a
measurement system will accept. If the
calculated 3D RMS error of a transformation is
greater than the value specified in this field, the
transformation will be tagged as missing.

Maximum Sensor Error

Enter the maximum calculated sensor position for
each Optotrak sensor to the nominal sensor
positions which are based on the rigid body file. If
the difference for a particular marker/sensor pair
is greater than the specified Maximum Sensor
Error, then that pair’s data will be tagged as bad
and the transformation will be re-determined.

Maximum Sensor RMS Error

Enter the maximum sensor RMS error that the
measurement system will accept. This parameter
is considered a final check to determine if you will
capture data for this frame or not. If the calculated
sensor RMS error is greater than the value
specified in this field the transformation will be
tagged as missing.

Table 13-5 Rigid Body Settings

5. Click the Rigid Body Spread tab:

Rigid Body Settings x|

Rigid Eody Settings  Rigid Body Spreads |

Minimum Spread 1: IE mm
Minimum Spread 2: ID mm
ID mm

Minimum Spread 3:

()8 I Cancel |

Figure 13-11 Rigid Body Spread Tab

6. Enter the three minimum spread values.

7. Click OK.

8. Click Next. The Characterization Completion dialog opens.
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13.8

Note

Complete the Characterization

6D Architect allows you to save all the Rigid Body Creation Wizard selections that you
have made, in case you want to repeat the characterization process for additional rigid
bodies using similar parameters. However, remember that although you can use the same
wizard selections for similar rigid bodies, you will still need to perform separate and unique

data collections for each.

Rigid Body

Creation Wizard

Congratulations... you have successfully characterized a
Rigid Body.

After exiting this wizard, the Rigid Body data will be loaded inta the main program
window to perform the following tasks:

1] Save the RIG file

2] Add marker normals

3] Transform or Align the Rigid Body to a local coordinate system
4] Test that the Optotrak System can track the tool

To automatically repeat the characterization process, save the wizard
zettings to an output file,

Save Wizard Seftings

Olutput File: I ﬂ

[rescription: I

< Back I Finizh I

Cancel

Figure 13-12 Characterization Completion Dialog

1. Choose Save Wizard Settings.

2. In the Output File field, browse to a location and enter a name by clicking .

3. In the Description field, enter an identifying description for this wizard session.

4. Click Finish. The software saves your settings in a .RIG Characterization (.crg) file.

Your saved parameter file contains your rigid body’s characterization information. When applied to
subsequent rigid bodies, the software will automatically increase the sequence number.

Once the characterization is complete, the wizard closes and a graphical representation of
the rigid body will be loaded into the main window.
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For more information about the 6D Architect main window, see “Exploring 6D Architect
Main Window” on page 6.

13.9 What Is Next?

After you have created and saved the Rigid Body (.RIG) file, you must test it to ensure that
the Optotrak System can track the rigid body correctly. For more instructions, see “Testing
Rigid Bodies” on page 163.
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Appendix A Pivot Alignment

Using the Pivot Alignment Wizard, you can calculate the location of a tool or rigid body’s

tool-tip. You can add this information to an existing SROM Image File or Rigid Body file.

You can also use this information to transform a local coordinate system so that its origin is
located at the tool-tip.

This section explains the following topics:
» Transforming Local Coordinate Systems: SROM Image Files

» Transforming Local Coordinate Systems: Rigid Body Files

A1 Transforming Local Coordinate Systems: SROM Image Files

1. Open the SROM Image File that you wish to adjust.

2. From the main window menu, select Transform > Using Pivot Algorithm. The Pivot
Alignment Wizard dialog opens:

I x|

Welcome to the Pivot Alignment Wizard

Pivot Tip

AI I g nme nt Thiz wizard calculates the tooltip offzet. The calculation requires collected data of the tool
B being pivoted [or rotated) around the tip point. S pecify the desired option from the list below:

7 Polariz Collection

& Optotrak Collection

Fleaze ensure that your Optatrak spstem iz connected and that all
components are powered on,

< Hack I Mest > I Cancel

Figure A-1 Pivot Alignment Wizard Dialog

3. Select the NDI measurement you are using to characterize the tool. In Figure B-1,
Optotrak Collection is selected.

4. Click Next. The Collection Settings dialog opens.
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Optotrak Collection Settings

PIVOt TI p Specify the total number of markers in the occupied port(z):
Alignment Marker

A CI- B I - T

FRigid Body Starting Marker: I‘I

Optotrak System Settings:
- Owerall Marker Power: sets the marker emission strength.
- Collection Time: seconds of data that will be recorded for each trial.
- Frame Frequency: the rate of data collection.

— Optatrak System
Ovwverall Marker Power:
Min il I
Collection Tirme (3]: n 5

Frame Frequency [Hz): |3‘I a

Camera Parameter File: IE:\ndigital\realtime\standard.c:am ﬂ

Advanced Options... |

< Back I Mest > I Cancel

Figure A-2 Collection Settings Dialog
5. Complete the collection settings. For more instructions on how to complete this dialog,
refer to one of the following sections:

» Ifyou are characterizing with an Optotrak System, see “Enter the Collection
Settings” on page 44.

* Ifyou are characterizing with a Polaris System, see “Enter Collection Settings” on
page 21.

Note Figure B-2 describes the collection settings for an Optotrak Certus System. This screen differs for
Polaris Systems.

Note If an SROM Image File is saved with an incorrect marker type, you may not be able to access the
desired port while pivoting the tool. If this occurs, edit the marker type using the characterization
wizard and save the new SROM Image File information.

6. Click Next. The Pivot Rotation Data dialog appears.
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Pivot Rotation Data
Fiotate the tool continuously about its tip through at least bwo planes of motion [i.e.

Pivot Tip
side-to-side, back and forth).

AI 1 g nme nt Move slowly and smoathly as any movement of the end tip may lead to errors or inaccurate
calculations. Click Caollect to start the collection.

Callection Frames:
@ Fiealtime Transformation
Tu IMissing Ty IMissing Tz IMissing Error:IMissing
o] IMissing Qx IMissing Oy IMissing QZ;IMissing

Collection Status:  Click Collect to begin...

Suggested Pivot Mation

U BB
Z |y

side-to-side 47 Plane], back and forth [vZ Plane]

< Back I Collect » I Cancel

Figure A-3 Pivot Rotation Data Dialog

7. Position your tool in the measurement volume with its tool-tip placed on a fixed point.
Ensure that all markers are visible and that the Realtime Transformation light is green.

Note It is very important that the tool-tip remain stationary while the tool is being rotated.

8. Click Collect to begin the data collection trial.

9. As the measurement system collects the data, continuously rotate the tool back and forth
and side to side, with its tool-tip remaining stationary at the fixed point. The Pivot
Results dialog opens, displaying the calculated results of the tool-tip data:
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Pi‘-'ot Tlp r~ Pivot Result
Alignment ToolHip offset calculated

Using your collected transformation data, the pivot algorithm has determined
the position and offzet of the tool-tip.

 Tool-tip Offzet

A8 |-2.0032 mm
pd |-11B.3838 mm

r Emor Information————————————— —~ Angle Information

RS Ermor I 30333 mm Maijor Axiz I 86.6652 dearees
Mean Emar I 24742 mm Minar Axis I 71.1178 degrees
. Emmar I 8.3526 mm

 Tip Position

% [163319 mmo v [5241014  mmo Z[17965128  mm

¥ Use the calculated tip position as the origin

EiewXFDHM.LDGl

< Back I Finizh I Cancel |

Figure A-4 Pivot Results Dialog

The Pivot Results dialog provides the following information, based on the data
collection trial results:

Results Description

Tool-tip Offset The x, y, z position of the tool-tip in relation to the origin
of the tool’s local coordinate system.

Error Information The RMS, Mean, and Max. Errors in millimeters.

Angle Information Maximum and minimum angles in degrees of the pivot

you measured.

Tip Position The x, y, z position of the tip in the relation to the global
coordinate system.

Table A-1 Pivot Results

10. (Optional) If you want to transform the origin of the tool’s local coordinate system so
that it is located at the tool-tip, enable Use the calculated tip as the origin.

11. (Optional) If you want to view the report generated from the calculation, click View
XFORM.LOG.

12. Click Finish. The Pivot Alignment Wizard closes and you are returned to the 6D
Architect main window.
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A.2  Transforming Local Coordinate Systems: Rigid Body Files

1. Open the Rigid Body file that you wish to adjust.

2. From the main window menu, select Transform > Using Pivot Algorithm. The Pivot
Alignment Wizard dialog opens:

I x|

Welcome to the Pivot Alignment Wizard

Pivot Tip

AI I g nme nt Thiz wizard calculates the tooltip offzet. The calculation requires collected data of the tool
B being pivoted [or rotated) around the tip point. S pecify the desired option from the list below:

& Optotrak System
0 Previously collected NDI Data Filefs) [CH* " R#* ]
' Previously collected CSY Data Fils(s)

Fleaze ensure that your Optatrak spstem iz connected and that all
components are powered on,

< Hack I Mest > I Cancel

Figure A-5 Pivot Alignment Wizard Dialog

3. Select one of the following collection methods:

Collection Method Description

Optotrak Collection Selecting Optotrak Collection allows you to
perform data collections with an Optotrak System.
This collected data will be used to characterize
the rigid body.

Previously Collected NDI Data Previously collected data files can also be used to
File characterize a rigid body.

Previously Collected CSV File CSV (Comma Separated Values) Files are text
files containing a header and 3D marker data.
This file must have been previously collected with
an Optotrak System.

Table A-1 Data Collection Methods
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Note NDI recommends that you collect current tool-tip data using the Optotrak Collection option, as

previously collected information may be out of date. The nature of the tool-tip may change should
any physical change or damage occur to the rigid body. It is best practice to re-collect data and

apply the most recent calculations to the Rigid Body file.

4. Click Next.

» Ifyou have selected Optotrak Collection, the Collection Settings dialog appears. Go

to step S.

» Ifyou have selected either Previously Collected NDI Data

File or Previously

Collected CSV File, the Pivot Results dialog appears. Go directly to step 10.

5. In the Collection Settings dialog, complete the fields and options provided:

Optotrak Collection Settings

PIVOt TI p Specify the total number of markers in the occupied port(z):
Alignment Marker

x|

Port:fa 2 20 =2 3o

=l

FRigid Body Starting Marker: I‘I

Optotrak System Settings:
- Owerall Marker Power: sets the marker emission strength.

- Frame Frequency: the rate of data collection.

- Collection Time: seconds of data that will be recorded for each trial.

— Optatrak System
Ovwverall Marker Power:
Min il I
Collection Time [z]: 10 5
Frame Frequency [Hz): lﬁ
Camera Parameter File: IE:\ndigital\realtime\standard.c:am ﬂ

Advanced Options... |

< Back I Mest > I Cancel

Figure A-6 Collection Settings Dialog

For instructions on how to complete these fields, see “Enter the Collection Settings” on

page 137.
6. Click Next. The Pivot Rotation Data dialog appears:
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Pivot Rotation Data
Fiotate the tool continuously about its tip through at least bwo planes of motion [i.e.

Pivot Tip
side-to-side, back and forth).

AI 1 g nme nt Move slowly and smoathly as any movement of the end tip may lead to errors or inaccurate
calculations. Click Caollect to start the collection.

Callection Frames:
@ Fiealtime Transformation
Tu IMissing Ty IMissing Tz IMissing Error:IMissing
o] IMissing Qx IMissing Oy IMissing QZ;IMissing

Collection Status:  Click Collect to begin...

Suggested Pivot Mation

U BB
Z |y

side-to-side 47 Plane], back and forth [vZ Plane]

< Back I Collect » I Cancel

Figure A-7 Pivot Rotation Data Dialog

7. Position your tool in the measurement volume with its tool-tip placed on a fixed point.
Ensure that all markers are visible and that the Realtime Transformation light is green.

Note It is very important that the tool-tip remain stationary while the tool is being rotated.

8. Click Collect to begin the data collection trial.

9. As the measurement system collects the data, continuously rotate the tool back and forth
and side to side, with its tool-tip remaining stationary at the fixed point.

10. The Pivot Results dialog opens, displaying the calculated results of the tool-tip data:
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Pi‘-'ot Tlp r~ Pivot Result
Alignment ToolHip offset calculated

Using your collected transformation data, the pivot algorithm has determined
the position and offzet of the tool-tip.

 Tool-tip Offzet

A8 |-2.0032 mm
pd |-11B.3838 mm

r Emor Information————————————— —~ Angle Information

RS Ermor I 30333 mm Maijor Axiz I 86.6652 dearees
Mean Emar I 24742 mm Minar Axis I 71.1178 degrees
. Emmar I 8.3526 mm

 Tip Position

% [163319 mmo v [5241014  mmo Z[17965128  mm

¥ Use the calculated tip position as the origin

EiewXFDHM.LDGl

< Back I Finizh I Cancel |

Figure A-8 Pivot Results Dialog

The Pivot Results dialog provides the following information, based on the data
collection trial results:

Results Description

Tool-tip Offset The x, y, z position of the tool-tip in relation to the origin
of the rigid body’s local coordinate system.

Error Information The RMS, Mean, and Max. Errors in millimeters.

Angle Information Maximum and minimum angles in degrees of the pivot

you measured.

Tip Position The x, y, z position of the tip in the relation to the global
coordinate system.

Table A-2 Pivot Results

11. (Optional) If you want to transform the origin of the rigid body’s local coordinate
system so that it is located at the tool-tip, enable Use the calculated tip as the origin.

12. (Optional) If you want to view the report generated from the calculation, click View
XFORM.LOG.

13. Click Finish. The Pivot Alignment Wizard closes and you are returned to the 6D
Architect main window.
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Appendix B Testing Tools

Tools should be tested to make sure that they have been characterized correctly.

1. Ifyou do not have a .ROM file already open, from the main window menu, select File >
Open.

2. Make sure that your measurement system is properly connected to your computer, and
that the tool you plan to test is ready for use and placed in the measurement volume.

3. Select Tool Operations > Test Tool. The Test Tool dialog appears:

— Select System:

' Polaris System
" Optatrak Certus System

— Select Toal:

Fitid Tl |

oK I Cancel |

Figure B-1 Test Tool Dialog

Note Figure A-1 shows testing a tool with a Polaris System. For more information about selecting tools with
an Optotrak Certus System, see “Enter the Collection Settings” on page 44.

4. From the Select System list, choose the system you are testing the tool with.
5. Indicate where the tool is located:

» If you are testing with a Polaris System, select the appropriate tool port from the
drop down menu.

+ Ifyou are testing with an Optotrak Certus System, click the Find Tools button. The
system will check and report back which tools were found. Select the appropriate
tool from the drop-down list.

Note If you change the tools connected to the Optotrak System during this procedure, you must click the
Find Tools button to refresh the list.

6. Click OK. The Realtime Tracking Information dialog opens:
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Realtime Tracking Information

r— Transfarmation [translation, quatemion rotation]
% | 224547 v [4226318

7. [2244 8467  En:| 00362
ao[07ets  ox[0Fz2d  Qy[ 000 2z[ 0035

Marker Info

ABCDEFGH | JKLMNOPOR

UsedinED @00000Q0000000000000
“Hiar Ande QOO0 00000000000
e 2D O0000000000000000000

tepn Jused 7] 1o =] 2] = 3]

Tool Switch States:  Switch 1 @

I

Syitchizl @) Gwitchi2 @

BadFit @ Irtercelfl @ TooFew Markers ©
Ereention @) Fartiall HEG @) [t of &alime: (HH) @

Face Used: 1

Figure B-2 Realtime Tracking Information Dialog

The software tests the SROM Image File by applying its parameters to the tool as the
system tracks it in the measurement volume. You can view the results in realtime using
this dialog, to help you evaluate the accuracy of the SROM Image File.

Note Figure A-1 displays a Realtime Tracking Information dialog for an Optotrak Certus System. When using
a Polaris System, this dialog has more options and fields enabled.

7. Click End Test once you are finished testing.
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Appendix C Testing Rigid Bodies

Rigid Bodies should be tested to make sure that they have been characterized correctly.

1. If you do not have a .RIG file already open, from the main window menu, select File >
Open.

2. Make sure that your measurement system is properly connected to your computer, and
that the rigid body you plan to test is ready for use and placed in the measurement
volume.

3. Select File > Test Rigid Body. The Test Rigid Body Options dialog appears:

x
M arker
Mumber of Rigid Body Markers: IB
= | = | = | = |

Part 1: |0 ol 2| o %0 = & IU =i

Optotrak Options. .. |

()8 I Cancel |

Figure C-1 Test Rigid Body Options Dialog

4. Enter the total number of rigid body markers that are connected to each port.

5. Click OK. The Test Rigid Body File dialog appears, displaying realtime tracking
results.

Test Rigid Body File x|

(@ Realtime Transfarmation

T [23.820540 Ty [61.861870 Tz [-2949.52563 Eror: 0306159

oo [0958921 gy [0181713 gy [0214750 Qo [0.036505

End Test |

Figure C-2 Test Rigid Body File Dialog

The software tests the Rigid Body File by applying its parameters to the rigid body as
the system tracks it in the measurement volume. You can view the results in realtime
using this dialog, to help you evaluate the accuracy of the Rigid Body File.

6. Click End Test when you are finished testing.
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Appendix D Unique Geometry

Note

D.1

D.2

Wireless tools are not physically connected a measurement system; therefore, that system
cannot directly read the tool’s design information and recognize which marker is which on
the tool’s face. As such, wireless tools require unique geometry -- markers positioned in
such a way that they cannot be misidentified when discovered in the measurement volume.

See “TB-0004, Revision 007: Unique Geometry Specifications for Polaris System Tools” for
information concerning geometry constraints.

Use 6D Architect to test your tool design’s unique geometry before you actually build the
tool:

1. Create a tool design.
2. Produce engineering files.

3. Using these engineering files and 6D Architect, characterize each face of the tool. This
will produce a .ROM file representing each face.

4. Using 6D Architect, convert each .ROM file into a .RIG file. This step is required, as 6D
Architect can only test the geometry of .RIG files. Instructions are included in this
appendix.

5. Using the 6D Architect Unique Geometry functionality, test each .RIG file to ensure that
your tool has identifiable marker positions.

6. Manufacture the tool.

Characterizing Faces

For more information about how to characterize each face of your tool using engineering
files, see “Active Tool: Characterizing with Engineering Data” on page 63.

Converting .ROM to .RIG

1. Once a .ROM file is loaded into the Marker Viewer window, click File > Save As.
The Save As dialog opens.

2. From the Save in list, select the directory location for your .RIG file.
3. From the Save as type list, select Rigid Body Files (*.rig).

4. Click Save.
The NDI Rigid Body Information for the tool geometry file is now displayed.

164

NDI 6D Architect User Guide



Unique Geometry

D.3  Testing the Unique Geometry

Use 6D Architect to test your tool’s unique geometry.

1.

From the main window, click Tool Operations > UG Test.

The Unique Geometry Test dialog appears.

In the File Name field, select the Rigid Body file that you wish to test from its stored
directory location.

Click Add to List to add the .RIG file to the test list.

(Optional) If you wish to test all the faces of your tool together, repeat Steps 2 and 3 to
add all the related .RIG files. The program will consider them together when calculating
marker and segment distances.

Complete the following fields in the Options section:

Field Definition

Segment Difference Tolerance This field dictates how similar to each other
segments can be. The default value is 2 mm; you
can increase this value if you want to allow for
manufacturing tolerances, but do not decrease it.

Minimum Segment Length This field dictates how far each marker must be
from all other markers. The default value is 5 mm;
you can increase this value if you want to allow for
manufacturing tolerances, but do not decrease it.

Angle Separation Tolerance This field is only available if you are testing
multiple .RIG files at once. It dictates how
different the angle between two segments on one
tool or face must be to two segments of a similar
length on another tool or face.

Table D-1 UG Test Options

Click Run. Results of the test are displayed in the window on the right. If the test fails,
an error message opens.
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Unique Geometry Test |

~— Rigid Body File
File: Mame:

padtolist || Delete from List |

E'| Markers 4, Segments &

Marker Position 0: = 0.1, = -25.0, 2= 50.0
Marker Position 1: = -0.1, %= -25.0, 2= 0.1
Marker Position 2: = 0.1,'= 25.0,Z=0.0

File(s] to be tested

[ Marker Position 3: = -0.1, %= 25.0, 2= 49.9

D:Mtempt01071605.RIG

Segment Lengths

Segment O Marker 0,3 Length: 50.05
Segment 1 Marker 1,3 Length: 70.62
Segment 2 Marker 2,3 Length: 49.89
Segment 3 Marker 0,2 Length: 70.68
Segment 4 Marker 1,2 Length: 49.96
Segment 5 Marker 0,1 Length: 49.92

— Optior:

Segment Difference Tolerance:
Minimum Segment Length:

Angle Separation Tolerance:

[ m
EE
[207 4

I “Segmentz are not valid.

m | |Marker Segment Sets
Marker 0 Segmentz: 0 3 5

eg. | |Marker1 Segments: 1 4 5
Marker 2 Segments: 2 3 4
Marker 3 Segmentz: 0 1 2

Use Defaults | ‘?Tme Separation Table

“Segment 49888393 and 49.923237 are clozer than threshold 2000000
“Segment 49964790 and 49.888393 are clozer than threshold 2000000
“Segment 50.052402 and 49.964730 are clozer than threshold 2000000
“Segment 70.616531 and 70.682933 are clozer than threshold 2000000

Fun | Save Results... |

Figure D-1 Unique Geometry Test Dialog

7. (Optional) If you want to save the test into a .log file, click Save Results.

8. To exit the UG Test window, click Close.
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Appendix E Algorithm Constraints

Defining the algorithm constraints includes setting build parameters, transformation
parameters, and pivot parameters. The system uses these constraints when transforming a
rigid body to a local coordinate system.

Note The algorithm constraints are advanced option parameters. If the intended result is not fully
understood, continue with the default settings.

This section explains the following topics:

e About Build Parameters

e About Transformation Parameters

* About Pivot Parameters

* Defining Algorithm Constraints

E.1 About Build Parameters

Defining the build parameters sets the algorithm variables used when building a rigid body.
These variables can be used for either a single dynamic view or a series of static view files.

Parameter

Description

Max. Marker Error

Specifies the maximum allowable error, in
millimetres. If a marker in any view has a 3D error
greater than the Max. Marker Error, that marker’s
data in that view is marked as ‘bad’ and a new
estimate of the rigid body definition is computed.

Max. Overlay Error

Specifies the maximum allowable RMS error for
overlay transformations, in millimeters. The Max
Overlay Error is used to exclude an entire view’s data
from determination of an estimate for a rigid body.

Min. Marker Views

Specifies the minimum number of collection trials in
which a marker is visible. If this number is met or
exceeded, the tool characterization will fail.

Max. Overlay Iterations

Specifies the maximum number of overlay attempts
the build algorithm should use to determine a new
rigid body estimate.

Table E-1 Build Parameters
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E.2 About Transformation Parameters

The transformation determination algorithm is an iterative algorithm, which requires some
measure to decide when the algorithm is complete. Each time the algorithm generates a new
estimate of the transformation, the ‘stopping’ criteria is checked to determine whether the
algorithm is complete.

Parameter Description

Yaw Accuracy Specifies the threshold difference between
successive iterations for the rotation about the x-
axis. This threshold determines when sufficient
convergence has been achieved.

Roll Accuracy Specifies the threshold difference between
successive iterations for the rotation about the z-
axis. This threshold determines when sufficient
convergence has been achieved.

Pitch Accuracy Specifies the threshold difference between
successive iterations for the rotation about the y-
axis. This threshold determines when sufficient
convergence has been achieved.

xt Accuracy Specifies the threshold difference between
successive iterations for the x component of the
transformation. This threshold determines when
sufficient convergence has been achieved.

yt Accuracy Specifies the threshold difference between
successive iterations for the y component of the
transformation. This threshold determines when
sufficient convergence has been achieved.

zt Accuracy Specifies the threshold difference between
successive iterations for the z component of the
transformation. This threshold determines when
sufficient convergence has been achieved.

Max. Coordinate Error Specifies the maximum error, in millimeters, for
between the defined x, y, or z coordinates and
those discovered after a transformation has been
applied.

Max. Chi Square Error Specifies the maximum chi square error for the
final estimate of the transformation.

Max. Average RMS Error  Specifies the maximum average RMS error for
the final estimate of the transformation.

Table E-1 Transformation Parameters

168 NDI 6D Architect User Guide



Algorithm Constraints

E.3

E.4

Note

Note

Parameter Description

Max. Iterations Specifies the maximum number of iterations the
transformation determination algorithm should
perform.

Table E-1 Transformation Parameters

About Pivot Parameters

A Rigid Body transformation is determined for each pivot algorithm frame of data. The
Max. QRMS Error parameter is used to exclude an entire frame’s data from the pivot
algorithm. If the RMS Error for the transformation is greater than the specified QRMS
Error, that frame of data is ignored in the rest of the pivot calculations.

Defining Algorithm Constraints

1. From the main window menu, select Settings > Algorithm Constraints.
The Algorithm Constraints dialog opens.

If you are adjusting the algorithm constraints through the ROM Creation or the Rigid Body Creation
Wizard, you do not need to perform step 1.

x]
Transformation Parameters Build Parameters
Constraint | Walue | Constraint | Walue |
“'aw Accuracy [rads) 0.000002 bax. karker Error [mm) 1.00
Foll Accuracy [rads] 0.000002 b ax. Owerlay Ermor [mm) 1.00
Fitch Accuracy [rads] 0.000002 Min. Marker Views 1
¥t Accuracy [mm) 0.002 b ax. Owerlay lterations 200
't Accuracy [mm) 0.002
Zt Accuracy [mm) 0.002 [~ Abort Rigid Body build on ermror |
Max. Coordinate Error [mm) 0.75
Max. Chi Square Emor 20
Max. Average RMS Eror [mm) | 2.0 Elett Parammsians
I ax Iterations 25 -
Constraint | Walue |
™ Abort transformation on eror Max. GRMS Error jmm) 1.0
Reset To Defaults | ()8 I Cancel |

Figure E-1 Algorithm Constraints Dialog

The Abort on Error option allows you to check against algorithm constraints. If any values do not meet
their algorithm constraints, the rigid body calculation returns as failed. If you do not choose Abort on
Error, the rigid body calculation will proceed regardless of the returned values.

2. Double-click on any of the values to change their parameters.

3. Click OK.
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Appendix F  Polaris/Polaris Accedo System Settings

This section describes the various advanced system settings available for Polaris Systems

and Polaris Accedo Systems.

Note These settings are advanced features. If you are unsure of the intended result, continue with 6D

Architect’s default settings.

1. From the main window, select Settings > Polaris.

POLARIS System Settings | ll

Serial Port | POLARIS | Advanced |

Com Part: lm
Baud Fiate: ISBDD VI
Stop Bits: lﬁ
Parity: lm

D ata Bits: lﬁ

™ Use CRC Verification
" Hardware Handshaking

()8 I Cancel |

Figure F-1 System Settings Dialog

2. Click the Serial Port tab.

3. Define the following parameters:

Field/Option Action

Com Port Select the host computer port that the Polaris
System uses to communicate with the host
computer.

Baud Rate Enter the baud rate for the communication
between the Polaris and your host computer.

Stop Bits Enter the number of stop bits you require
between units of transmission. NDI
recommends that you do not change the default
value of 1.

Parity Enter the number of parity bits that mark a unit

of transmission.

Table F-1 Serial Port Settings

170

NDI 6D Architect User Guide



Polaris/Polaris Accedo System Settings

Field/Option Action

Data Bits Enter the number of data bits that make up a
unit of transmission. NDI recommends that
you do not change the default value of 8.

CRC Verification Enable this option if you want all commands
and responses to go through Cyclic
Redundancy Checks.

Hardware Handshaking Enable this option if you want hardware
handshaking.

Table F-1 Serial Port Settings
4. Click the Polaris tab.

POLARIS System Settings ﬂ

Serial Pot  POLARIS | Advanced

Measurement Yolume:

POLARIS System Information:

[Serial Number]
[Combined Revision] 0 (]
[Active Ports]  [wireless Portg]
[Supported ‘W avelengths]

Connect and Retrieve Features |

If you have changed/updated the POLARIS System, click
Connect and Retrieve Features to register the new settings.

()3 I Cancel |

Figure F-2 Polaris Tab

5. Click Connect and Retrieve Features. 6D Architect connects to the Polaris System
and retrieves the system specifications. The following dialog opens:

Yolume Selection

Flease select the measurement volume:
|[5tnd] R: 500.00,: 0.00,'v: 0.00, Z: -1300.00 |

Strnd] R: 500, ' 0.00, 22 -1900.00
Pyramid] Depth: 2400.00

Figure F-3 Volume Selection Dialog

6. From the drop-down list, select the appropriate measurement volume type.

7. Click OK. The Volume Selection dialog closes and the measurement volume is added to
the System Settings dialog. This list can be edited once the system settings are changed
and the dialog is closed.

8. Click the Advanced tab.
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POLARIS System Settings ﬂ

Serial Port | POLARIS Advanced |

r Collection P.

Frame Frequency: |2U 1-60 Hz
Collect Delay: IU— 0-20 2

 Marker Auto-Detect Tolerances

Reset To Defaults |
()8 I Cancel |

Figure F-4 Advanced Tab

9. Complete the following parameters:

Field/Option Action

Frame Frequency Enter the maximum update rate to be used while
collecting data for your tool’s characterization, in Hz.

Collect Delay Enter the delay before the collection starts. The system
will wait for the specified duration, after you request a
collection to begin.

LED Cutoff Enter the cutoff value in milliamps that determines it
is an LED.

IRED Cutoff Enter the cutoff value in milliamps that determines it
is an IRED.

Table F-2 Advanced Fields

10. Click OK.

Note NDI does not recommend changing the default values for LED Cutoff and IRED Cutoff. Contact NDI
technical support for details.
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Appendix G Optotrak System Settings

This section describe the various advanced system settings available for Optotrak 3020 and
Optotrak Certus Systems.

Note These settings are advanced features. if you are unsure of the intended result, simply continue with 6D
Architect’s default settings.

1. From the main window, select Settings > Optotrak. The Optotrak Settings dialog

appears:

Optotrak Settings x|

Bazic Options Advanced Options I

T Marker Power Options

StraberYoltaaer  [7.75

I arker Frequerneys | 1000

Dt ol |42.5 =

.
HE

Optotrak Connection

|54 Card
f+ PCl Card
= SCS| Card
™ Ethemnet

—SCS| Optiohs

' [en | B IEI Target L |5 Timesut I'IEI

— Ethermet Settings

(P AddEss: 0000

[iiata Tiimeot: |3UUUU

Eeget el am I-| 5000

Callect Delay: I‘l zEC

Threzhold: |3EI

Figure G-1 Optotrak Settings Dialog

2. Click the Basic Options tab and complete the fields provided:

Field/Option Action
Overall Marker Adjust the slide to indicate the intensity of light emitted
Power from the markers.

Frame Frequency

Enter the frame frequency (in Hz) used during data

collection.

Camera Parameter
File

Select the camera parameter file to be used to calculate 3D

and 6D data.

Table G-1 Basic System Settings
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3. Click the Advanced Options tab.

4. (Optional) Enable Marker Power Options to edit the Duty Cycle, Strober Voltage
and Marker Frequency fields.

5. From the Optotrak Connections list, select the appropriate connection type.
Depending on which one you select, other related fields are made available for editing.

6. Complete the fields at the bottom of the screen:

Field Action

Collect Delay Enter the number of seconds you wish 6D Architect
to delay, before beginning a data trial collection.

Threshold Enter the static noise threshold, using a value between
0 and 255 only. NDI recommends that you leave this at
the default value of 30.

Table G-2 Advanced Options

7. Click OK when you have finished your changes.
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