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Introduction
What is V-STARS/M?

V-STARS/M is a 3-Dimensional coordinate measurement system that uses
two or more high-resolution digital cameras to make fast, accurate, real-
time measurement via photogrammetry. The V-STARS/M system is based
on the single-camera V-STARS/S system. Additional camera(s) and
software for real-time measurements have been added.

'{F_n) Before starting any V-STARS/M measurements, it is advisable to be fully
conversant in the V-STARS/S operation. This will make the transition to
V-STARS/M far easier.



Basic V-STARS/M Features

V-STARS/M has the following main features:

Probe Measurement

In addition to measuring targeted points, V-STARS/M can also measure
untargeted points using a wireless, hand-held probe. The system supports
16 different probes, each of which uses standard-interchangeable CMM
tips. The probes themselves are inferchangeable during a measurement.
If the probe is changed, V-STARS automatically recognizes the new probe.
A more detailed description of the hand-held probe and its use is
provided in Measuring Points with the Probe.

Immune to Vibration

One of the most powerful capabilities of V-STARS/M is its ability to make
real-time measurements even in unstable or vibrating environments. This
capability is achieved by measuring a stable control field of targeted
points in addition to the targets on the object or the probe. These points
are quickly and automatically measured each time a pair of pictures is
taken. This allows the camera orientation to be automatically computed
using these stable points. Any camera movement is then fully accounted
for and of no consequence.

The use of a control field of stable points is a relatively easy task for many
applications. On tooling, the enhanced reference system points or
tooling points can be readily used. On parts and assemblies, a control
field can generally be installed in a matter of minutes using V-STARS/S.
The ability to perform real-time measurements in unstable environments is
a major advantage over other systems. These systems must remain stable
throughout the entire measurement.



Real Time Measurement

The results of the V-STARS/M
measurement are typically
instantaneous. This means
that coordinate data is
available in real-time. If a
probe is being used then
the derived coordinate is
displayed on screen and
written to a 3D file.

If target points are being used, the data is written Bl Frame008,pic
to a new 3D file. This triangulation data can be =38 Data
written to a new file after each measurement or 3—[; :””j:el

-1 Hndie

alternatively the data can overwritten after each

-30| Triangulationl
epoch.

E Triangulationz
<80 Triangulation
<30 Triangulations
<30 Triangulations
- #* ScaleBars

----- '@ Recycle Bin

Triangulation3

Portable

The system is portable and hence able to measure in areas that traditional
CMMs cannot access. Naturally, the system is bulkier that the V-STARS/S
system, but all the necessary items typically fit into three manageable
cases.



Configuring V-STARS/M

Introduction

Before measuring, it is necessary to configure the system for use in

V-STARS/M. The configuration can be split into the following categories.
e Positioning the cameras.

Using the tripods.

Pointing the cameras.

Camera connections.

Setting the flash intensity.

Cable box connections.

Powering up.

Positioning the Cameras
For best results, the two

cameras should be
placed so that one
camera is just outside the
left boundary of the
measured areqa, and the
other is just outside its
right edge. A diagram of
typical camera

placement is shown in the

adjacent image. ‘/& {*
vil,Y

- o

Positioning the cameras closer together makes the geometry worse and
hurts accuracy, while positioning them further apart may make the far
field targets or the probe targets dim and hard to measure. In general,
you will find it more convenient, because of the picture window
placement on the display, to put Camera 1 to the left and Camera 2 to
the right but this is not necessary. The distance back from the object you
must place the cameras depends on the particular accuracy
requirement, but in general, it must be placed about the same distance
from the object as is the size of the object.

The geometry of the camera positions will play a significant role in the
accuracy potential of the M System. Much like theodolites, the camera
must be carefully positioned. Angle of intersections should be as close to
90° as possible. Angles between 60° — 120° are typically acceptable.



The influence of angle of intersection on accuracy is demonstrated in the
diagram below.

—_—

X
/ Error
/
/

Medium

Tripods

The INCA2 has a standard hexagonal mount that is appropriate for
mounting to most standard tripod pan-heads.
1. Ensure that the tripod legs are well distributed and that all the
appropriate screws are tight.
2. Ensure the tripod quick lock mechanism is in the open position.

3. Align the hexagonal base of the INCA to the fripod. Use the
diagram above as a guide to the orientation of the camera.

4. Ensure the quick lock mechanism is secure before releasing the
camera.

Pointing the Cameras

Point each of the cameras so that the area of interest is clearly visible.
Keep in mind that both of the cameras will need to see the area. For
larger areas, divide the workspace into smaller sections to make the
measurement more manageable and to maintain accuracy.



Camera Connections

It is necessary fo connect each of the cameras to the cable box. The
cable box supplies the camera with power and a network connection.

% The INCA camera battery MUST be removed before connecting the
camera to the cable box.

Start by connecting the cable to the camera. Make sure that the
camera switch is in the OFF (down) position. The cable is connected as
shown in the diagrams below. Take care to align the cable notches. DO
NOT force the connection. Doing so may cause damage to the
connector. Repeat this procedure for the second camera.

1

Notch Align notches

Connect the ring flash to the camera.

1. If the ring strobe is not attached
to the ring mount on the front of
the camera do the following:

a. Before attaching the ring strobe,
wrap the cord around the ring
mount once to make sure it
does not fall in front of the lens.

b. Hold the cord in place with the
cord clips provided with the
system.

c. Place the ring strobe around the ring mount while pressing the two
spring loaded buttons on the side of the ring strobe.

d. Release the buttons so the ring strobe catches on the lip of the lens
protection mount.

e. Pull on the ring strobe to make sure it is firmly attached. If it is not, try
re-mounting it until it is.

f. Leave the ring strobe attached when you re-pack the camera. The
case has space for this. You will find it easier and more reliable to
leave the ring strobe attached when you pack the camera.



Remove the strobe power pack from the
camera case, and atftach it to the mount on
the top of the camera handle. The unit's
power switch should face the back of the
camera.

Slide the unit in until it stops, then turn the
locking nut at the bottom of the unit to hold
the unit firmly in place.

Plug the connector from the ring strobe into the power pack. The
connector is keyed so you cannot insert it the wrong way. Refer to the
diagram below.

Slide the power switch to the
BATT position. The ready light
should come onin ten to
twenty seconds. If the ready
light takes more than twenty
seconds to come on, you
should replace the batteries.
See Changing Hand-held
Strobe Batteries in the INCA2
manual for how to do this.
You can press the ready light
to test fire the flash.
Remember to turn the power
switch to the OFF position
when done, to keep the
batteries from draining.

The Hand-held Strobe is now setup.

If an RCS unit is being used then refer to the INCA Manual for instructions
on how to connect it fo the camera.

10



In order to use the remote trigger it is necessary to
plug in the IR trigger sync (Wein) into one of the
cameras. Connect the Wein to the connection point
on top of the camera. It can be connected to either
of the cameras.

For environments that have a lot of IR noise, Radio _
triggers are available. Please contact GSI for more Connect |
information. Wein here
If you have one of these '
triggers, use the adapter
cable to plug the
receiver into the
camera.

Setting the Flash Intensity

The flash power setting for the target exposure depends on the distance
from the camera to the targets, and the target size.

The following diagram gives recommended flash power settings at
varying distances. If you are shooting the object in sections, use the size
of the sections. The tables assume the recommended target size (which is
also listed) is used. If the targets are smaller than this, you may want to
increase the flash power setting one step to help compensate.

The tables assume the default lens f-number of F11 is used with an INCA. It
is important to check the lens and make sure it is set to F11, the default
setting for the lens. For more information on setting the exposure, refer to
the Exposure section of this manual

Diameter(mm) 2 4 6 12 18 25
Diameter(inch) 0.08 0.16 0.25 0.50 0.75 1.0
Strobe o 1 2 3 4 5
Distance(m) 1 2 3 6 9 12

Distance (ft) 3 6 10 20 30 40

11



Cable Box Connections

Connect the remaining end of the cable to the system cable box. Once
again, make sure you correctly align the cables before connection. Any
one of the three connections can be selected. They all operate in the
same manner. Connect additional cameras in the same manner.

Depress when
connecting

Top

Bottom

Connect the cable box network cable to the system laptop network card.
The laptop network connection depends on whether the network is an
internal connection or an external card. In both cases, the connection is
the same. The external card option is shown in the connection diagram.

Connect the laptop power cable. You can use either the internal cable
built into the cable box or the one supplied with the laptop. If the laptop
being used is different to the one supplied with the system, then ensure
the power connection is compatible before connection.

12



If you are working in a noisy environment, you may want to also connect
the cable box speakers to the laptop. Do this by plugging the stereo jack
into the headphone jack of the laptop.

- '

.. External card.
i : - . L’;J”r- ~ :

- Cable box speaker
conyrection to head:

5% phone jack..

! I

Cable box
network
connection.

Laptop power.

Powering Up

e Switch on the power to the cable box.
e Switch on the cameras.

e Booft the system computer.

e Launch V-STARS.

13



Selecting a Camera Orientation Method

Introduction to Camera Orientation

Before points can be triangulated, we must accurately determine the
position and aiming direction (together called the Orientation) of the
cameras. V-STARS has three techniques for orienting the cameras.

1. If the cameras are not in a stable environment, Unstable Camera
Orientation may be used.

2. If the cameras are stable throughout the measurement, Stable
Camera Orientation may be used.

3. A variation of Unstable Camera Orientation called Quick Camera
Crientation can be used in some simple setups.

In the Unstable Camera Orientation, a stable field of control points is used
to orient the cameras. Orienting the camera with this technique is very
similar to what is done for an S measurement. After the initial orientation,
the cameras re-measure the control points every time a measurement is
made, and the camera orientation is automatically computed using
these stable points. Any camera movement is then fully accounted for
and of no consequence.

In the Stable Camera Orientation, a targeted bar approximately one
meter long is used to quickly orient the cameras. The operator moves the
bar to several places in the scene and the cameras measure the bar. A
quick orientation of the cameras is then performed. The cameras must be
completely stable throughout the entire measurement when using this
mode.

In the Quick Camera Orientation, as in Unstable Camera Orientation, a
field of control points is used to orient the cameras. However, unlike
Unstable Camera Orientation, control points are established by the M-
Mode camera setup just before making any online measurements. This
technique is effective when all of the control points can be viewed from
the single two-camera setup.

14



Establishing Control

If the system is going to be used in the Unstable orientation mode, then it
will be necessary to establish a control field. The control field is used to re-
establish the location of the cameras each time a measurement is taken.
In this mode of operation, the V-STARS/M system is immune to the effects
of vibration.

More often than not, the V-STARS/M represents the second part of a
measurement task. In the first part, the V-STARS/S system is used to collect
the bulk of the required data. The multi-camera system is used to collect
the data that the single camera system couldn’t acquire. As a result, in
most cases, the same control field can be used. If you keep this in mind
when planning and executing the single camera measurement, you will
simplify the conftrol establishment procedure.

Targeting

There should be a minimum of twenty well-distributed coded targets on
the object or surrounding area. By providing at least twenty points, we
are ensured redundancy. Any points that may accidentally move or are
damaged during the measurement can be automatically detected.
More importantly, there remain enough points to continue the
measurement without the affected points. The coded targets are
typically affixed to magnetic sheet to simplify distribution.

Notice we always qualify the number of points with the term well
distributed. The distribution of the points is much more important than the
number of points. For example, it is better to have twenty points that are
spread throughout the measurement volume and which fill out the field-
of-view of the camera than to have thirty points clustered in one small
area. If you intend to work with the control field established as part of the
single camera measurement, and it contains many targets (>100), it
would be prudent to reduce the number in the field of view. This will
improve the data collection speed of the process.

'{b After establishing the field, the scale bars and AutoBar can be
removed. These objects are temporary and may move during the
measurement.

15



Establishing the Driver

Once targeting has been completed carry out a single camera S network
of the conftrol area. Refer to the main manual and the Basics of
Photogrammetry document for information on how to accompilish this.
Process the images and verify that the results are satisfactory. Make a
copy of the final bundle and delete any of the points that you intend to
remove before the M Mode measurement.

'\[tn) Rename the final bundle to something that will help you easily identify
it as the Driver file. This will make locating it, when we want to import it as
the driver, a lot easier.

16



Starting an Unstable Orientation Project

In many applications, it is advantageous and sometimes necessary, that
the cameras not be considered completely motionless during the
measurement. This allows operation on unstable flooring, or in
environments where heavy equipment is causing vibrations. By placing a
stable field of control points on the object being measured, V-STARS can
automatically re-orient the cameras every time a measurement is made.
Therefore, unlike the stable orientation mode, you do not have to worry
about camera movement during the measurement. Tripod dollies can be
used, the cameras can be placed on unstable flooring, and the system
can operate near heavy equipment. Unstable Orientation mode is
probably the most common way you will use V-STARS/M.

Start an M project as you would start any other new single camera S
project. Refer to the main manual if you are unfamiliar with how to do
this.

New M Project (=)

The New command is used to commence a new V-STARS M project. The
New command is located under the File menu.

¥ V-STARS - [Frame001_pic]
8 File Project MMode Command  Pictue  View Tools Window  Help

. Clrl+M Igl_ ¥, OK A
u Open... Chrl+0 : @ | | f@ | f
——  Open Template Project
Cloge
Save..

Save Image Az...

Export Data File(z) 3
Repart...
Report Setup...

Frit... Clrl+P
Frint Preview
Frint Setup...

1 brow door part 3.pirj

2 C:MWetarsh,  AB MW AR MW 3. o
3 C:NWetarsh, . hwall test 2.pr

4 piece part 1.prj

Exit

A new project will be started using the default V-STARS settings.

17



Once New is selected, the New Dialog box will be opened. You are
required to specify a directory and project name. The default directory is
typically ¢:\v-STARS\Projects and the project is normally given a
meaningful name. The Open button will create the new project and alll

the necessary setup files used by V-STARS.

Mew

Look ir: Ia Demos

~| & @ ek E-

|| Basic Frame Pictures
|1 Demo Frame Initiall
|1 Dema Frame Repeatl
] tute?
Specify Project Name
File mame: | /

Open I

Filez of type: IGSI Projects [*.prjl

- Cancel
1 ==

Select Camera(s) x|

50 (MCA 6.3 1 7mm sn019
5 (MCA 6.3 1 7mm sn039

Cancel |

Browsze

Select Al

i

If you have an M system,
there will be multiple
cameras present in your
GSl system directory. You
will be prompted to select
the cameras you wish to
configure for use in M
mode from the Select
Camera(s) dialog. The
cameras located in the
C:\GSI\System directory
are listed. If the cameras
you wish to use are
present, then select them
and press the OK
command.

If the cameras you wish to
use are not present, select
Browse to locate the
cameras.

% Two cameras must be present for M Mode to be active.

18



If two or more cameras are selected, then K Project 1
the last selected in the list will be the default =@ Camerss
or active camera. A green icon & denotes @) INCAG.3 17mm sn013
the active camera. To change the default

% INCA 6.3 17mm snd39

camera, double click on the camera you .30 Data
wish to make active. The active camera will g ScaleBars
be the one that fires when the @ button is -\ Recydle Bin
pressed. ’

You will now need to import a driver file to the project. This file will contain
the conftrol point data that will be used to locate the camera position
upon firing.

Importing Driver Files

Driver files can be imported in a number of ways. The method used will
largely depend on your preference. The driver files that can be imported
are 3D, XYZ or IGES files. Refer to the V-STARS/S Manual for an explanation
of how to import a driver file. For convenience, one of the more common
techniques is shown below.

Import Driver from Project Menu

The Import command opens
the following dialog. Select a V' V-STARS - [BMW3_pij]

3D, XYZ or IGES file to import it Ll File | Project Mbode Command  Picture  Wiew
into the project and set it as J ﬁ| Advanced E dit J A - oo
the current driver. If this file is etk easine
in the "XYZ" format V-STARS will — | [Glabal Fait Edit
prompt you for the files units. E. Update 3
EI Restone 3
EI [ rpurt 3 AukoB ar
4 Bundle r
o Triangulate r [ ata File
Autobdatch r Prabe(z]
Label Setup ez
Setup Setup

19



Import Driver

2]x]

Look in: Ia brove door part 3

-]« & er E-

1 EUNDLE

30| B Part 2,30
30| Bundle. 2D

30| Bundle1 30
30| Door Diriver. 30

File name: |

Open I

Files of type: IData Files .30 % wyz".igz) j Cancel |
v

| A summary of the imported points is

What units are these coordinates in?
U rits
¥ Inches " Millimeters
) Feet " Centimeters
Y ards ' Meters

shown and the file is added to the
project as the driver.

V-5TARS B

@ Successfully imparted "Bundle3"

108 point[z]

Once a driver file has been selected, we are ready to enter M Mode.
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Entering M Mode

Before starting M Mode let’s verify that the cameras and V-STARS are
communicating. If the cameras are correctly connected, the M icon, at
the top of the screen in the toolbar area, will be visible. If the icon is
dimmed out then there is a problem with the network or the manner in
which the project has been set up. For example, verify that two cameras
are present. Please refer to the Network Troubleshooting section for more
information.

Also, ensure that the target exposure has been correctly set. Please refer
fo the section on Exposure for more information.

Unstable Camera Orientation

The Unstable Camera Orientation is a convenient, one-step procedure for
orienting the cameras in M mode. It also incorporates a camera
calibration procedure that produces significantly higher accuracies (30%
better typically). It is strongly recommended that this procedure be
adopted as standard practice when working in Unstable Orientation
mode. Before the addition of Unstable camera orientation, it was
commonplace to enter M Mode by clicking on the M icon and
completing a number of tasks manually.

The Unstable Camera Orientation procedure is far easier to use than the
old procedure. It is implemented in much the same way you enter M
Mode, but most of the functions are automated for you. Follow the
instructions below.

1. Go fo the MMode

menu and select File  Project BEIGEEEE Command  Ficture Yiew Tool:  'Wind
Unstable Camera J G| + - Ligge Ctil+T b J
Orientation — Continuous Trigger
2. The system will o !
automatically complete E fakemte 5o Trigeen
the following tasks: - B Cam o Trigger fints (2001
H 4.1 - —
a. Take a photo from 5 L
each camera. - Epoc e
300 Data =
b. Complete a : ; Sonl
&l 15table Camera Orientation
SuperStart for each . url_-t-:ltL |_:|r||_r I_Ir|_r|t:|t|_r|
photo % 2C) Quick Camera Orentation
c Rebor’r the results to a Stable Camera Orientation
diolog box. Probe Setup
St ddiust Brobe Settings
Construction »
|
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The results will be outputted to a window similar to the one shown
below.

If the results are Unsgtable Camera Onentation
acceptable click

. Picture | F'u:nintsl Heiects| FHMS|
OK. Typically, the BB|INCA 5.3 17mm sn0B7Epochlmpe 26 0 04lum
RMS value for B INCA B2 17mm snOREEpochlmpe 26 0 0.30um

each camera
should be less
than OSOMm In Rejection Limit [urn]: |2.DD bare... |
addition, the
number of
rejected points
should be low.

5. If you desire click the More button to view the resection results for
each camera.

Rezection E |

INCA 5.3 17mm snDEVE pochl.mpc | IMC& B3 17mm sn0BEE pochil. mpc I
— Statian — Residuals
S |.1 PEZ0 inches
Label | d [umn) | dy [um) | -
if= |45.5445 inches & 211 016 009
. ar 214 010 025
Z [104:2208 inches h 216 000 095
Az I—-EIE. 1497 degrees qp 221 027 023
o 226 -0.89 075
Eb [e2.2512 degrees g 231 025 -0.23
ap 236 013 0.45
R all: I deqrees —_
dcant . ap 241 n.os n.z4
ap 246 n.z20 n.os
— Blemssiinn op 251 n.03 0.04
RS [um]: ||:|_4-| on 254 -0.26 011
- ap 256 034 025
Rejection Limit (uml: |2 oo & BT 010 0.47
I™ | sutamatic Fejeetion "E'l' EO3 038 02 LI
Besect Unda [elete Hefected Pairts |
Cloze I [ranze] | Sppl |

6. If they aren't acceptable, refer to the Unstable Orientation
Troubleshooting section.




After you have done the orientation for the cameras, V-STARS will
automatically do the orientation each fime a measurement is made. This
means the orientation will be recalculated each time so slight movement
of the camera is fully accounted for and of no consequence.

% If the camera movement is too large, the orientation will have to be
repeated.

Unstable Orientation Mode Troubleshooting

Unacceptable resections are due to either poor accuracy for the
control points in the driver file, or a poor starting camera calibration.
Unacceptable resections are indicated by a large number of points
being rejected. Alternatively, in cases where there are severe problems
with the control and/or cameras, the following dialog boxes may
appear.

vstaRs |

& Failed ta orient cameras.

]|

& The Rezection failed.

V-STARS

Usually, the best way to determine which of these two situations is
causing the problem is to use the table below.

CASE | Cameral Camera 2 Conclusion
1 RMS < 0.50um RMS < 0.50um OK to proceed
2 RMS > 0.50um RMS < 0.50um Check Calibration for Camera 1
3 RMS < 0.50um RMS > 0.50um Check Calibration for Camera 2
4 RMS > 0.50um RMS > 0.50um Check control field and both cameras
5 High point High point Check control field and both cameras
rejection rejection
6 High point Minimal or none | Check Calibration for Camera 1
rejection.
7 Minimal or none | High point Check Calibration for Camera 2
rejection
8 Failed to Failed to Check camera strobes and lens caps.
Orientate Orientate
CASE 1

The cameras have successfully passed the resection and orientation. This
indicates that both the conftrol field and camera calibration are
acceptable.
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CASE2&3

If only one camera’s results are unacceptable, the starting camera
calibration for that camera is probably too inaccurate for the procedure
to work. In this case, you should follow the procedure below.

1. Adjust the resection rejection limit. Right click on one of the
image windows and select Resection. Change the resection
value to 10um.

2. Click the M icon M to get out of M-mode.

3. Go to the MMode menu and re-select Unstable Camera
Orientation

4. Once again, check the results. Change the resection back to 2um
and repeat steps 2 and 3. If the results are now acceptable click
OK.

5. If the results are not acceptable then it will be necessary to
recalibrate the camera(s) failing the resection. Refer to the
V-STAR/S User Manual for instruction on how to do this.

CASE 4

If both cameras have failed the resection test then it is more than likely
due to the control field. In this case, you should make sure you have the
correct values for the control points. If this does not rectify the problem
then you will need to re-measure the control points.

CASE 5

Rejected points from both cameras is indicative of a weak control field. If
the same points are rejected then this indicates that these points have
moved. Remove these from the Driver file and start the Unstable
procedure again.

CASE6 &7

A high number of point rejects from one camera indicates a poor
calibration. Follow the instructions in CASE 2 & 3

CASE 8

A Failed to Orient dialog might indicate that one or both of the camera
strobes are switched off. Check both lens caps have been removed.
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The V-STARS/M Windows

When a V-STARS/M project is started, the display will look similar to that

shown below.

¥ V.STARS - Cameral Epochl10.mpc

File  Project Mbode Command Picture iew Tool: Window Help

N A=

@] || [W

| %7l

A mmanual_prj

E mrmarial C

ﬁ Cameras
=
e Pictures

e E}' Epochs

EE@I Data

30 CalPlate014
/‘} ScaleBars
w Probes

5 @ Fecycle Bin

= CameraZE pochl0.mpc M =] B3
=

Ready

[76600 65125 |

V-STARS displays a menu bar, several toolbars, and several windows that
are initially blank but will eventually contain different information about
the project. You can move, resize, minimize, or maximize these windows if
you desire. The display can be divided into several areas. These are:

The Menu Bar

The Tool Bars

The Project View Window
The Picture Windows

The Zoom Window

The Probe Window

AR e e

Most of the Toolbars and windows will be familiar to you from the single

camera work you have done.
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Menu Bar

The menu bar is used to select commands, and conftrol the V-STARS
measurement process. The menu bar is identical to the one used in
V-STARS/S projects. However, some new features are available that apply
only to V-STARS/M projects, and, conversely, there are some features used
only for V-STAR/S projects that no longer apply. Most of the new menu
selections specific to M projects are under the MMode menu. Selections
that are not used in M-Mode are displayed in gray (commonly called
“grayed out” selections). The use of the menu bar is described in more
detail throughout the manual.

Tool Bars

V-STARS has four main toolbars.

The Pictures Toolbar is used to access and take pictures.

I - |
P

The Cursors Toolbar selects different point selection and measuring
modes. Refer to the main V-STARS/S manual for an explanation of the
functions of the various icons.

I - 1
e o] ] ok 22y | 2] 7]

The View Toolbar selects different viewing options. Refer to the main
V-STARS/S manual for an explanation of the functions of the various icons.

—

The Construction Toolbar is used to create point entities while probing
online.

Construction Bar ]

N HPEIOS  (FFERS o8 =

The toolbars are identical to the ones used in V-STARS/S projects. The
icons that do not apply in M-Mode are grayed out. Where applicable, a
brief description of each toolbar is provided. Further descriptions can be
found in the main V-STARS manual. The relevant M toolbars are described
in more detail throughout the M Mode manual.
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Picture Toolbar

The Picture Toolbar is used to take and access pictures.

EEEE

&
To take a picture from the currently selected camera, press the Picture
from Camera button. The title bar of the currently selected camera’s

Picture Window will be highlighted. To change the currently selected
cameraq, click anywhere in the camera’s Picture Window

-

The Next and Previous picture commands are not available in M Mode so
these buttons are grayed out.

M

The M mode button is used to switch from M mode (multiple camera) to S
mode (single camera).

Al
The trigger mode button is used to frigger a measurement from the
computer.

Cursors Toolbar

Refer to the main V-STARS/S manual for an explanation of the functions of
the various icons.

View Toolbar

Refer to the main V-STARS/S manual for an explanation of the functions of
the various icons.
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Construction Toolbar

Consgtruction Bar

&IEI%HH\WHIH\N

Create a point on a plane when using a ball fip probe.

E

Create a point on a plane that is centered in a hole.

R
Lt
ke

Make a point that is the average of two or more measurements.

Make a point by measuring a circle center.

Make a point by measuring a sphere center.

Create a best-fit plane

B (8[|

Create a best-fit line.

¥
b

Create a best-fit circle

Measure to a surface.

m Create a best-fit sphere
~ O

Project View Window

The Project View Window displays all the elements of the
W project in an organized hierarchical tree structure. By
-8 Cameras clicking on the nodes for each element, you can expand
B Pictures the node to see all the individual entities of that type. By
----- F¥ Epochs clicking on each entity, you can see the data related to
""" g Data that entity. You can also right click on elements or
-7 ScaleBars individual entities to pop-up a menu of commands that are
-9 Probes pertinent to that item.
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Some of the more commonly used elements displayed in the project view
are:

1. '"ﬁ Camerzs The cameras used in the project.

2. #-36 Data  The 3D Data files used in the project.

3. % Probes The Probes used in the project.

Picture Windows

The picture from each
camera is displayed in a
separate picture window.
As with V-STARS/S projects,
you Can move, resize,
minimize, or maximize the
windows, as you like. In
addition, you can change
the contrast of each picture
separately using the
Contrast command. Only
one picture is active at a
time. To make a picture
active, you merely have to
click the mouse anywhere in
the picture. The title bar for
the active picture window
will be highlighted.

5 MegaPlus 4.21 17mm #1Epoch33mpc  [H[=] E3

Zoom Window

The zoom window operates as in V-STARS/S projects.
It is a “magnifying glass” into the active picture

window. Again, as with V-STARS/S projects, you can
move, re-size, minimize, or maximize the zoom
window, as you like. You can change the contrast
of the zoom window using the left and right arrow
keys, and you can change the zoom magnification
using the up and down arrow keys. The green
rectangle in the zoom window is called the
measuring window.
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Probe Window

‘" Probe - PROBE?

The results of probe measurements are displayed in the probe window.
You can move, resize, maximize, or minimize this window, as you like.
Probe measurements are saved info a 3D file. See Measuring Points with
the Probe for a description of the contents of the window.

Triggering

The system can be triggered using the V-STARS
software trigger icon W, or the remote trigger
supplied with the system.

If the remote trigger is going to be used, then it will
be necessary to activate it. To activate the frigger
go to the MMode menu and select the Remote
Trigger menu item. If the optional radio triggers are
being used then select the same menu item.

If the optional Pocket Point trigger is
being used, then select the Pocket
Point Trigger menu item.
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V' y_STARS - m screen shots

% If the remote frigger is not working, refer t0  “eie praject | Mmode Coriad Ficture View  Todls

the Troubleshooting section of the manual. | &+ 4 s Chrb+T
Continuous Trigger
& _ , , o
The Pocket Point and optional radio E___mscreen Pocket Paint Trigger
trigger are immune to false triggers caused by (PR Remote Triager

. . . Beeper
spurious light sources. éjjgﬂgl E';f;' v Stable Made

ﬂ E UnStable Camera Orientation

: E,q A Quick Camera Origntation
Stable Camera Crientation
rMultiple Eamera Guick Metwonk

The system can also be placed in Continuous
Trigger mode. In this mode, the system will
trigger automatically at a defined time
interval. To change the interval time, select
Advanced Edit from the Project menu. The
Advanced Edit dialog box will appear. Click
on the General... button in the Parameters
area of the dialog and the General
Parameters dialog box will appear. Type in
the desired time (in seconds) in the
Continuous Trigger Delay field. Then, click on
the OK button.

-4 Canstruction 3
#-4 Setun

Moving the System

If you move the system....

1. Click the M icon to get out of M-mode. ﬂl
2. Move the cameras.
3. Point the cameras.

Go to the MMode menu and select Unstable Camera Orientation to
repeat the Unstable Camera Orientation procedure.

Stable mode

It is possible to temporal place the system in Stable Mode (under MMode
menu) even though you are in Unstable Orientation. Stable mode is very
useful in cases where you are physically blocking too many targets to get
a good resection. V-STARS will continue to use the camera orientation
parameters established before entering Stable mode.
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Points collected in this mode
are stored in a separate
folder in the probe file. The
points must be Moved to
Measured (Right click on
Probe folder ) before they
will be visible in the current
probe folder. To enter Stable
Mode simply activate it from
the MMode menu. To move
the points % to measured,
open the current probe folder
and right click on the 3D
folder init. Select Move to
measured.

| &

| = =

ot
X m scree

)
=2
1>
'QQ
Z2 5

File  Project | MMode  Command  Pickure  Yiew  Tools

Trigget Chel+T

Conkinuous Trigger

o

Pockel Point Trigger
Remoke Trigger
Beeper

Stable Mode

IInStable Camera Orientation
Cuick Camera Orienkation
Stable Camera Crientation

% Naturally, in this mode, the cameras are assumed completely stable.
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Exposure

Setting the Exposure

After aiming the cameraq, it is important to set the exposure properly. You
must set the exposure for both the background and the targets. Normally,
you want to underexpose the background and expose the targets so they
are bright. This makes finding and measuring targets fast, easy, and
reliable.

Background Exposure

The background exposure is largely determined by the shutter time (the
strobe may have some effect especially as you get closer to the object).
To change the shutter time, select Advanced Edit from the Project menu.
The Advanced Edit dialog box will appear. Click on the General... button
in the Parameters area of the dialog and the General Parameters dialog
box will appear. Type in the desired exposure time (in milliseconds) in the
Exposure field. Then, click on the OK button.

The General command opens the following General Parameters dialog.

Exposure - When a General Parameters x|

camera is online the — e —
T arget Criteria I Ring Criteria Code Criteria
camera exposure can be .
General | Scanning Parameters
set from the camera
dialog. — Camera
. E =pozure: I— ms
Strobe - If the camera is
online and a Remote Stobe: [3 =1
Camera Strobe (RCS) is in V' Save Images
use, the strobe power
— I Mode
can be set.
Continuous Trigger Delay: I'IEI TEC
mode images are saved " SaveEpochs
if the Save Images box is
checked.

(] 4 I Cancel Apply

% You should not set the exposure time to less than 30 milliseconds or else
you may lose flash synchronization.
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'"\ﬂ_n) We recommend the smallest acceptable shutter time be used to keep
the background subdued. This makes the targets easier to find and
measure. You can then increase the picture contrast using the Contrast
command.

Exposing the Targets

The target exposure is completely determined by the strobe setting
because of the retfro reflective nature of the targets. If you set the strobe
power too low, the targets farthest from the camera will usually be dim
and hard to measure. If you set the strobe power too high, the targets
closest to the camera will usually be overexposed and the accuracy will
be reduced.

Proper target exposure always allows the dimmest targets to be measured
while not overexposing the brightest targets. We recommend the
following steps for setting the strobe level for each camera:

1. With the camera properly L0l =101 x|
aimed, set the strobe : e
power to 0, and take a
picture. This can be done
by pressing the & icon.
The active camera will
fire. The active camera is
the one that has its image
window active. (Title bar
will be blue). To take a
picture from the other
camera, click on its image
window. It will then
become the active
camera.

2. Set the Zoom Window Conftrast to 1 using the arrow keys. You may also

want to enhance the picture brightness to make the targets easier to

find using the Contrast command.

Switch on the Data window using the B icon.

Check the dimmest target (usually the one farthest from the camera) by

bringing it info the zoom window and reading the pixel values in the

data window. Use the images below as a guide for what is acceptable.

5. Check the brightest target (usually the one closest to the camera) by
bringing it intfo the zoom window and reading its pixel values.

6. If the targets were too dim, increase the strobe setting by 1 and repeat

the process.

Stop when you have a good balance.

Repeat the process for the other camera.

»w

o N
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Checking the Camera Orientation

Camera Resection

After orienting the camera, you can check the orientation quality and
filter out any poor measurements. This is especially important in M
mode because points may become partially blocked as the cameras
move or as the probe is positioned in the measuring area. A partially
blocked target that is noft filtered out can degrade the camera
orientation and reduce accuracy.

To check the orientation, select Resect from the Picture menu or right
click in the picture and select Resect. A dialog box similar to the one
shown below will be displayed.

x
Frame001 . pic
— Statian — Residuals
s |54E.353 rrillirmeters Label | s [urn) |y [um] | |

_ . wp C5 0432 044

" |1153.4?EI millimeters & Ch 0,23 0,26

< |?39.359 millirneters % CODE1 03 012

ap CODEZ a1z 021

Bz |-1??.EI3E=E| degrees sk CODES 005 0.33
e [523329 degress sp CODE4 003 1.4

ap CODER -0.20 -0.08

Rall |1?E|.?E?E degrees sp CODET 057 -0.00

op SCALET -0.49 .33

— Fezection o SCALE2 032 018

AMS Lt 030 & SCALES 022 008

L ' b SCALES 004 017
Rejection Limit [um]: |2 & SHINY 067 0.0 J
[ automatic Rejection ? ISII-IHIII‘JIEH 91'3 99? LI

Undo | Delete Bejected Foints |
Cloze |

If it is not already done set the Rejection Limit to 2 Microns. Then, press
the Resect button to perform a Resection using all the successfully
measured control points. The Rejection Limit value is used to filter out
bad measurements. Points with residuals above the rejection limit will
be automatically removed from the Resection. The point residuals for
the individual points are displayed in the list box. Any rejected points

36



are displayed at the top of the list with ared bar =. Itis OK if one or
two points are removed. However, if more than two points are
rejected, you should consider the resection unacceptable.

The RMS of the residuals for all non-rejected points is displayed in the
box. The RMS value indicates the quality of the Resection. A smaller
RMS value indicates a better Resection. A typical value for the RMS is
0.5 microns or less. A value higher than this usually indicates an
unacceptable resection. If you get the message “Resect error”, the
Resection is unacceptable.

Unacceptable resections are due to either poor accuracy for the
control points, or a poor camera calibration. Usually, the best way to
determine which of these two situations is causing the problem is to
compare the results from both camera orientations. If both are
unacceptable, the problem is probably with the control points
(especially if the same points are rejected for both cameras). In this
case, you should re-baseline the control points. If only one camera’s
results are unacceptable, the camera calibration for that camera is
probably inaccurate. In this case, you should re-calibrate the camera
before proceeding. See the V-STARS/S manual for information on how
to recalibrate the camera.
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Quick Camera Orientation

Introduction

File Project MElGLEEN Command  Picture W

HEEEE Trigger
I . s
Continuous Trigger

v [n
E_ Ml FPocket Paoint Trigger

: : Bermote Trigger
i1 Fictu

: Beemer
..... E} EI:":": T
g Data Stable Mode

Cuick Camera Orientation
* Frobe  Siable LCamera Onientation
- % HEC_';'
Frobe Setup
St diuet Erabe Sethings
Conztruction »

The Quick Camera Orientation procedure is used to quickly establish a set
of control points. These control points are then used to operate V-STARS in
unstable mode whereby on-line measurements can be made using the
probes. Using Quick Camera Orientation, just as in Unstable Orientation
Mode, you do not need to worry about camera movement during the
measurement. Tripod dollies and electronic pan-heads may be used.

The quick camera orientation is fast and easy to setup. However, it is not
as accurate as establishing the control points through an S-Survey. In
general, accuracies with the quick camera orientation are 10-30% worse
than when using an S-Survey to establish the control points. This is
because the coordinates of the control points are not established as
accurately.

It is important to know that after the quick orientation procedure,
measurements are in the local coordinate system of the AutoBar. To align
to a desired coordinate system, known features must be probed that
define the desired coordinate system.

The quick camera orientation procedure consists of the following steps: -

Attaching the targets, including the scale bar, to the object.
Exposing the targets.

Running the Quick Camera Orientation.

Checking the Quick Camera Orientation.

oM
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There should be a minimum of twenty well-distributed coded targets on
the object (By providing at least twenty points we are ensured
redundancy.) Any points that accidentally move or that are damaged
during the measurement can be automatically detected. More
importantly, there remain enough points to continue the measurement
without the affected points.

Once again, we qualify the number of points with the term well
distributed. The distribution of the points is much more important than the
number of poinfts.

'"\ﬂ_n) After the quick orientation is completed, the AutoBar and scale bar
may be removed. This is usually done, however, if they are suspected of
moving during the measurement or if they are obstructing the
measurement.

Running the Quick Camera Orientation

To run the Quick Orientation procedure, select Quick Camera Orientation
from the MMode menu. The dialog box shown will appear.

Quick Camera Onentation E |

¥ Quick Four Station Tirigaer |

¥ Savemages

[Eamtinue | Cancel |

You can select whether or not to save pictures (pictures are normally
saved so you can review them if a problem is found). Then, press the
Begin button to start the Quick Orientation. The Quick Orientation will
then take a picture from each camera sequentially, and then take a
second picture from each camera. After the four pictures are taken, a
Bundle adjustment will be run to calculate the coordinates of all the
points. You can check the results to see if they are acceptable as
described in the next section.
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Checking the Quick Camera Orientation

After the Quick Orienting procedure runs the Bundle Adjustment, a Bundle
Summary Dialog similar to the one shown below should appear.

Status: IBunu:IIe Converged after 7 [terations Riejection Limit: ID.EEum

Current Point; I Fezsidual BMS: |6 0.23um =
7 023um -

—Pictures————— —Points———————— [~ Scales [millimeterz]

[+« Totsh  [f0 Total 2
o || wesk 17 weak: [0
Bad o Bad [ Bad [
TwoRay [8 AMS:  Joosa

bdare... kare... | bare... |

— Cameraz —Accuracy [milimeters]
Mare... RMS: % |0.075 Y |0.066 Z |noss

£ g
8 &
© O

f

— Contral Paints Max ID'EES v IEI.1EI.'-" £ ID-12U

[ A, bore... | Puaintz aver limit:

fdiare...

i

Plan Quality Factar: 18.55

1]

RS of Measurements: 1. 23um

[ Initial Bundle

Fieject | Accept |

Setup Save Info.

% The units for the example measurement are in millimeters.
To check the quality of the orientation, do the following:

1.  Checkif any points were deleted. Points are deleted if they are not
successfully measured in all four pictures. A point is usually deleted
because it was not measured on one or more of the pictures. Usually
this is because the target was unable to be measured satisfactorily.
You can click on the More button in the Points area to see which
points were deleted. It is generally OK to lose one or two points, but if
more are lost, you should investigate. In addition, you should
investigate if any of the scale bar points are lost. Finally, you should
make sure you have enough total points (taking into account any
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deleted points) for a good orientation. In the example above, there
are 70 total accepted points. Since six of these were on the AutoBar,
and four more were on the scale bar, this leaves only 60 individual
and coded targets. We normally want at least 12 individual coded
targets. Based on this criterion, this orientation is acceptable.

2. Check the scale points. There should be at least two fotal scale
measurements, and none should be deleted or weak. In addition,
the RMS of the scales should be less than 0.1mm. You can click on
the More button in the scale section to get more information on the
scale bar points. Usually, a scale point is deleted because it was not
measured in one or more of the pictures. The point may have been
blocked, or may have been too dim to be measured. If any scale
measurements are lost, you should reject the quick orientation, and
correct the problem before re-doing the orientation.

3. Check the RMS of Measurements (in the bottom right corner of the
box) This number indicates the overall quality of the orientation. The
lower the number, the better the orientation. A value of less than
0.25is typical for a good orientation. A value of more than 0.25
indicates something is wrong with the orientation. Usually, a large
RMS is caused by one or more of the cameras having a bad camera
calibration, or by one or more of the targets being damaged.

4. Check the RMS Accuracy Estimates. If the RMS Accuracy estimates
are greater than 0.05mm for any coordinate, something is wrong with
the orientation. Usually, alarge RMS is caused by one or more of the
cameras having a bad camera calibration, or by one or more of the
targets being damaged. You can click on the More button in the
Accuracy section to get information on each point's accuracy.

If the orientation is unacceptable, press the Reject button. Then, inspect
the pictures to find the source of the problem. If any targets appear
damaged, you will have to replace them and re-do the orientation. If
nothing is apparent, re-check the exposure of the targets, and re-do the
orientation. If you still get a poor orientation, one or more of the cameras
may need to be re-calibrated. Refer to the main V-STARS/S manual for
information on how to calibrate a camera.

Once you have an acceptable orientation, press the Accept button, and
V-STARS will use the camera orientations for all subsequent measurements.

Once you have done this, execute the Unstable Camera Orientation as
you would normally. Refer to the Unstable Camera Orientation section for
information on how to do this.
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Stable Orientation

Introduction

When a stable field of control points cannot be used,
the system can sfill be oriented. A targeted bar
(Stable Orientation Bar or S.0.B) approximately one
meter long is available for orienting the cameras. The
operator moves the bar to several places in the scene
and the baris measured. Then, a quick orientation of
the cameras is performed.

The cameras must not move during the measurement
so it is important that the cameras be rigidly mounted,
and be made as immune as possible to external
vibration or disturbances. In this mode, we
recommend placing the tripods directly on the floor;
do not use the dollies. Also, use as wide a base as
possible for the fripod, keep it as low as possible, and
refract the tripod elevator column as much as
possible. Make sure to securely tighten all the locking
mechanisms on the tripod. We also recommend using
the mechanical pan heads instead of the electrical
ones if possible, because they are more rigid.

% If the cameras do move during the measurement,
you must redo this orientation procedure, however,
after doing so, you can usually resume measuring
where you left off. You do not usually need to re-
measure points.

The procedure uses a calibrated bar approximately one-meter long that
has four coded targets attached to it. The cameras are oriented by
moving the Stable Orientation Bar to several locations throughout the
viewing area, and measuring it.

'{b Instead of using the Stable Orientation Bar, you can use a probe to
perform this orientation procedure. However, the probe is too small to
provide accurate scale for the orientation. Still, in some cases, accurate
scale may not be needed, or scale may be provided by the user
coordinate system.

The stable orientation procedure consists of the following steps.
1. Setting the exposure

2. Measuring the Stable Orientation Bar

3. Checking the Stable Camera Orientation
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Exposing the Stable Orientation Bar

Before measuring the Stable Orientation Bar, we must first set the exposure
correctly for the targets on the bar. The targets on the bar are exposed in
the same manner that regular targets are exposed. Refer to the Exposure
section of the manual for more information.

For most situations, a strobe setting of 1-2 is appropriate.

Measuring the Stable Orientation Bar

After properly exposing the Stable Orientation Bar, it can be measured to
orient the camera. For a good orientation, the Orientation Bar should be
measured at least ten times, and the bar should be placed at several
locations that fill out the entire scene. If you plan to use the remote
trigger, you must first enable it, by selecting Remote Trigger from the
MMode menu.
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To measure the bar, select Stable Camera Alignment from the MMode
menu. The dialog box shown below will appear.

Stable Camera Alignment |
— Resection Statuz — Epochs
Cancel |
Fivm Bundle |
Trigger |
Setup Bundle |
]
sn019Epochb.mpc

For the first measurement, we 2IRLEL e
recommend you place the barin the =
middle of the scene, and aim it
between the cameras. Then, measure
the bar by either pressing the Trigger
button in the dialog box or by using
the remote trigger. Each time the bar
is measured successfully, the system
beeps once and marks the barin
green in each picture as shown in the = WCA 5.3 17mm
adjacent images.

If the bar was not measured, the
system beeps twice. The bar will not
be marked in the picture(s) where it
could not be measured.

Check the picture windows to see
what the problem is and correct it.

Often, the bar may not be completely in the picture, or the bar may be
tilted away from one or more of the cameras so the targets cannot be
seen. V-STARS provides several visual cues to indicate what may be
wrong. V-STARS uses the same techniques to measure the orientation bar
and the probes. (The orientation baris actually treated just like a probe.
In fact, you can even use a probe to orient the camera). Therefore, if you
are having frouble measuring the Stable Orientation Bar, refer to the
Troubleshooting section for instructions on how to diagnose and correct
the problem.
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% If you need to determine why the bar is not found, you will have to exit

the Stable Orientation Procedure by pressing the Cancel button. After

you have fixed the problem, you can redo the Stable Camera Alignment.

The bar should be placed throughout the scene. Try to place the bar so it
fills out the entire measuring area. After you have measured the bar, ten

or more times, you can orient the cameras and check the quality of the

camera orientation

Checking the Stable Camera Orientation

After measuring the orientation bar successfully at least ten times, press

the Run Bundle button. V-STARS will run a Bundle Adjustment to produce

the orientation for the cameras. When the Bundle Adjustment is done, a
Bundle Summary dialog box similar to the one shown below will be

displayed.

Status:
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-

Mare...

Bad: IU

— Points

Toatal: IEI Toatal:

Weal:

A
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IBundIe Converged after 3 lterations  Reiection Limit: IEEI.EIEIum

Residual BMS: |2 010um =
3 010um =

—Scalez [inches)

Totah  [15
weak: [0
Bad o
AMs:  [ooo0zs

Mare... |

— Cameras

Mare...

[

— Control Pointz
M,

f@re,..

!

¥ Initial Eundle

— Accuracy [inches]

RMS: % [0.0009

Y [0.00z1

Z |o.o010

Maw % [0.0013

Y |0.0030

hare... | Puointz awver limit;

Z |00m3

:

Plan Gluality Factor: M

RS of Meazurements:

IEI.1EIum

Start

Feject |

Accept |

To check the quality of the orientation, do the following:

1.

Check the RMS of Measurements. This numiber indicates the overall
quality of the orientation. The lower the number, the better the
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orientation. A value of less than 0.25 is typical for a good orientation.
A value of more than 0.30 indicates something is wrong with the
orientation. Usually, a large RMS is caused by one or more of the
cameras having a bad camera calibration, or by one or more of the
bar targets being damaged.

2. Check the RMS of scale measurements, and the Accuracy Estimates.
The RMS should be similar to the point accuracy estimates. If the Scale
RMS is more than twice the largest point accuracy estimate,
something may be wrong with the camera orientation. One or more
of the cameras may have a bad orientation, or one or more of the bar
targets may be damaged.

If the orientation is poor, press the Reject button. Then, inspect the
orientation bar targets for damage. If any targets appear damaged, you
will have to replace them and re-calibrate the bar before you can try the
orientation again. If the bar appears to be OK, we recommend repeating
the orientation again. If the orientation is still poor, you should re-calibrate
the cameras, and then try the orientation again.

Once you have an acceptable orientation, press the Accept button, and
V-STARS will use the camera orientations for all subsequent measurements.
You are now ready fo measure points.

% If any of the cameras moves during the measurements, you must
repeat the stable camera orientation procedure.

Points measured in this mode are stored in a special probe folder in the
Probe 3D file. When you feel comfortable that your measurements are
correct, the points in this folder can be moved to the measurement folder.
To do this right click on the folder and select the Move to Measured
command. Only move the points when you are confident that the
cameras did not move during the measurement.
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Measuring

Measuring Points

Once you have finished setting up the cameras, you can begin
measuring points. You can measure individual targeted points; you can
measure points with the probe (see Measuring Points with the Probe); you
can even measure both triangulation points and probe points at the
same time. No matter which type of point you are measuring, you must
tell the system when to take a measurement. One way to do this is with
the Trigger command under the MMode menu. Every time you select this
command, the system will fake a measurement. However, it is offen more
convenient to trigger the camera remotely (this is especially frue when
using the probe). See Remote Triggering for a description of how to do
this.

Measuring Points with the Probe

Measuring with the probe is fast and easy. Simply use the probe and tip
combination that is best suited for the point you want to measure. The
system will automatically recognize the probe; there is no need to tell the
system which probe you are using. Touch the point of interest with the
probe tip (making sure that all five probe targets can be seen by both
cameras), then, press the remote trigger switch to make a measurement.

Each time a probe point is successfully measured, the system beeps once
and the probe window displays six lines of information in green that
describe the probe measurement. The lines include:

Line 1) The type of probe measured and the probe tip used.

Line 2) The label of the probe point.

Line 3) The X coordinate of the probe tip and the X accuracy estimate.
Line 4) The Y coordinate of the probe tip and the Y accuracy estimate.
Line 5) The Z coordinate of the probe tip and the Z accuracy estimate.
Line 6) The distance from the last measured probe point and the distance
accuracy estimate.

‘. Probe - PROBE?

Heli-Probhe with 178" EBall Tip
FROEEG

0. 00444
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The label will automatically be incremented for the next probe
measurement. To change the label, activate the probe window by
clicking in it, and type in the new label.

"\ﬂ_n) You can scroll back through previous probe measurements using the
window scroll bar.

If a measurement was unsuccessful, the window will display a message in
red indicating why the measurement failed and the system will beep
twice. A list of these messages and a description is provided below:

No Probe Found — The probe cannoft be found; usually because all five of
the probe targets cannot be measured by one or more of the cameras.
Check the picture windows to see that all the probe targets are bright
and completely visible. If they are, the targets will be marked with green
diamonds. If the probe is not seen, move it so it can be seen and try
again. If the probe appears to be visible, see Troubleshooting for other
possible causes and solutions.

Resection Weak — Exterior orientation of cameras is weak. Try not to block
the resection targets when probing. If the problem persists, consider
going to Stable mode or moving the camera. Refer to the Stable mode
section of the manual for more information.

Resection Weak (Probe Tip) — The probe accuracy estimates were large
and unacceptable, usually because a false probe was found or because
one or more probe targets was partly blocked. Check the picture
windows to see if the true probe was found or try moving the probe a little
to see if the blockage can be removed. The accuracy rejection limit can
be set by the system operator.

Resection Failed — One or both camera orientations is bad. If you see
many red crosses in either picture window, that camera has probably
moved significantly and needs to be re-oriented. See Unstable Camera
Orientation procedure for instructions on how to do this. See
Troubleshooting for other possible causes and solutions.

STOPPED - V-STARS timed out waiting for response from cameras. Proceed
as normal.

Network Error — Error in detected in INCA communication. Proceed as
normal.

Probe rejected — The XYZ coordinated computed for the point exceeded

tolerance limits. Retake point. If problem persists alter set up or in extreme
cases, recalibration may be required.
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% Each probe measurement is also stored in a 3D file that you can
select. You can store probe measurements in any 3D file. The icon for the
active probe file is marked in yellow. 3t Probe

EE L
|riangulati0n

To create a new file for the probe
measurements, simply select New,
and then select Probe File

Infatmation

Probe File
Data File
Foint:

Irnpork
Export

* | v v « R

7 Update ) i
. . : '@ Construckion Object
A normal 3D file can be made into the Aligriment
. . o ramstorm
current probe file by simply selecting e
the Driver/Probe File option on the Rename futolakeh
menu Driver | Probe File
’ Detail File
Template File
Delete

'{b After you have setup a measurement and are measuring with the
probes, you may want to re-size the probe window so you can see all the
displayed information.

Right Click in the Probe Window

If you right click in the probe window you will be Delete Lagt Point
presented with the adjacent menu. From this
menu you can clear the window, change the
font, background color or Delete the last point
measured.

Clear Window
Select Font
Select Background Color

% Deleting the last point also resets the point label to the one that was
just deleted.

Renaming the Probe File

V-STARS provides default names whenever a probe file is created. You
may want to change the name of the file to make it more descriptive. To
rename the Probe file do the following:

If the project view is not visible, select it by clicking on the Project View

button. El _

1. Click on the 3D Data Node to see all the 3D files. 38 Data

2. The current Probe file’s 3D icon will be yellow. 3l Probs

3. Click on the current Probe file. The file name will be highlighted.
Click on the highlighted file name, to select it for editing | Fiob-lll
Type in the new filename.

o~
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Making a New Probe File

By default, the probe log file is called PROBE. You can make a new
Probing file anytime during a measurement. All subsequent probe
measurements will be stored in the new Probe file. To make a new Probe
file, do the following:

50

Right-click on the 3D Data Node. 38 Data

. Select New Data File from the pop-up menu.
_ R0 M D) ataFile

A new 3D file will be created with the default name
highlighted. You can change the filename if you like by typing in
the new file name.

Right click on the new file, and select Probing File from the pop-up
menu.

. The new 3D file icon will be marked in yellow to indicate this is the

new Probing file. All subsequent probe measurements will be
stored in this file.



Detail Files

Introduction

When in V-STARS/M you have the ability to set a detail file. Put simply, a
detail file is just a regular 3D file that has points you want to measure each
fime the cameras fire. These points could be points you wish to monitor or

perhaps even build.

Setting a Detail File

To set a file as a detail file, simply
hover over it with your mouse and
right click. Select the Detail File
option. Once selected the file will
be displayed with a blue 3D icon

M. Once a detail file has been set,

V-STARS will open a new window.
This window is called the Details
window. The deviations between
the coordinate values in the Detail
file and the actual values are
reported to this window.

4 Details

Using a detail file

=l iLEl Data
- 30| Bundle
Jw Infarmation
=- _J Proh
I F‘ﬁ 'C Mew 3
""" Irnpork g
. "F ":' Expaort 3
Fel- pdate b
J Trian
..... f ScaleBars  Alignment k
----- '@ Recycle £ Transform
AutoRelabel

Rename Aukolatch

Driver | Probe File
Dretail File
Template File

Delete

Once the cameras trigger, V-STARS tfries to measure all the points listed in
the Detail file. If a point is successfully measured it is compared fo its
Detail coordinate. The difference is reported to the detail file. The
measured coordinates are written to a Triangulation file.
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If a point is not found
then the points label is
marked in red and listed
as UNKNOWN. A point is
considered UNKNOWN if
it is physically missing or if
it is beyond a certain
closeness threshold. This
is determined by the size
of the zoom window.

If you right click in the Detail
window you are presented with
the following options.

You can clear the window, Select Font
change the font, or select a Select Background Color
different background color.
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Construction Functions

The construction functions are a handy way to create planes, circles, lines,
and other features while in online mode.

The number of points to probe to define the feature is defined and can
be changed at the probing stage. The RMS of the feature is displayed
once the correct number of points have been probed. You can also
undo the recent measurements if necessary.

Audible indications are given for various conditions such as feature
created, point missed or feature rejected.

Planar Point

Use this feature to create a point on a plane surface. The plane that is
created is used fo compensate for the probe offset. The last point
collected is used to define the compensation direction. It should be off
the plane surface. For example in the case below, five points were
collected. Four of these were on the plane surface. The fifth point was off
the surface in the direction of the cameras.

Consider the following example where we seek
a coordinate of a point on the given plane.

Begin by pressing the Planar Point Button él

The following dialog will appear.

Planer Point Ed |
I Measured: "]
Mumber Left: |5

RMS: | 0.0002 [elete [Last |

kdare...
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Lastly, Using the same ball tip, measure a point above
the plane.

The calculated point is on the plane, directly below the
last point taken

Plane Properties |

Click on the More... button
to open a dialog that shows
some of the additional
parameters of the operation.

eneral |

HE =2 | riline Planer Poin

& [Po0E6
6: [Go0301
C: IW
o: [o2ma0
R ejection Limit: IW
Finsl AMs:  [0.00016

k. I Caricel 1]

Planar Hole Point

Planar Hole Point

Use this feature to create a point in the center of a hole that is smaller
than the diameter of the probe tip. Useful for measuring dimples on a
surface.
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To measure the center of a hole in M-Mode, follow this procedure.

Consider the same block as the one in the first
example.

However, this time we seek the XYZ location
of the top-center of the hole.

Begin by pressing the Planar Hole Point Button izi
The following dialog will appear.

Planer Hole Point

iz teasured: |I:|

Mumber Left: |5

]|
Rk 5: | 0.0008 DeleteLastl

dare...

Measure the four points on the plane the same
way in which we measured them in the first
example.

For the last point, measure with the ball tip
seated in the hole.

The calculated point is on the surface of the
measured plane and in the center of the hole.
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Plane Properties
Click on the More... button
to open a dialog that shows
some of the additional
parameters of the operation.

eneral |

HET= O rline Planer Hale Pain

o TR0
6: [G003
C: Im
0: fEssEi
R ejection Limit; IW
Finsl AMS:  [0.0008T

()4 I Caricel e 1]

% This procedure is only useful when measuring holes that are slightly
smaller in diameter than the probe ball diameter. When measuring larger
holes, use the circle point procedure.

Average Point
Average Point has the following two usages:
¢ To find the midpoint between two points.
e To average many measurements of the same point thus improving
accuracy.
In either case, the implementation is the same. Multiple points are
measured and a single point is calculated from the average of the
measurements.
Press the Average Point button to begin taking an average point.
Average Point |
: Measured: |I:|
Mumber Left: |2
Rk5: | 87254 [iefete [Cagt |
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Circle Point

Use this feature to create the center of a circle. FERFIE |
A plane parallel to the circle needs to be

specified first. If the circle is not creatable then & Eeillz] i reehie Ciek
a dialog will appear to warn the user. Only the
point is created. The radius and the RMS of the
circle are also reported.

Consider the following example where we
seek the XYZ location of the bottom-
center of the hole.

Before determining the circle, we must
define the plane the circle rests on. This
can be accomplished using the Plane
Construction function. This is described
further in the manual. The plane function
works exactly like the Plane Point
construction. The only difference is that a
plane is created.

Begin by pressing the Circle Point Button

Select the plane of the circle. Select Plane
This will be the plane that you _ _
probed earlier. :<g> E:c‘me
4 * Flane
7 12> Plane Cancel |
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Now measure, using a ball tip, six points Circle Point |
around the hole.

H M easured: Il:l

Murnber Left: IE

RMS: | 00016 [efete [Last |

R adiusz: I 07162 bare... |

The calculated point is on the specified plane in the center of the circle.
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Circle Properties |

eneral |

M arne:; IEInIine Circle Paint

A: [000000  w: [105.26495
B (000000 vy [3300050  Add Cerier |
C: [1.00000 2 [0.00000

D ||:|.|:||:||:||:||:|
R adius; Iﬂ-ﬁ E16

R ejection Limit; |'1 .0aaa0a

Total RMS: ||;|_|:||:|154
In Flane BiS: ID.EIEI'II34
Out Plane AMs: [0.00000

O, I Catizel Sppi

Sphere Point

Use this feature to create the center of a sphere. Only the point is
created. The radius and the RMS of the sphere are also reported.
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Sphere Properties |
General |
M arre:
v [z
' Im Add|[Eemter |
Z: Im

R adiuz: ID-MEE3
Fejection Limit;  [0.25556

Total Rb45: IEI.EIBE1EI
k. I Caricel Ll

Consider the following example where we seek the XYZ location of the
center of the sphere.

Begin by pressing the Sphere Point Button E

Now measure, using a ball tip, points around the sphere.

Sphere Point |
H M eazured: |IJ
MNumber Left: IE.
Fibds5: | 0.0123 [elete Last |
R adiusz: I 0.7334 ke, I

The calculated point is the center of the sphere.
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Plane

Use this feature to create a

plane. The last point collected

is used to define the
compensation direction.

Plane

M MName: |[Online?
Measured: [0
Mumber Left: (B

RMS: [ oooos
tare...

Line

Use this feature to create a
best-fit line.

Line

I Marme: W
Measured: IU—
Mumberlef: [3

RMs: [ oman
are...

Plane Properties
General]
Marne:
A |0.00801
B: |-0.00377
C: [0.93396
D (020146
Rejection Limit:  |0.00733
Firal RkdS: 0.00046
Ok, | Cancel
Line Properties

General]

hame:

% |088863 I [0.99979
v, [47.93670 ). [0.01858
Z |nanzz k. |-0.0086%

Length:  |1.96997

Rejection Limit:  {0.03637
Final Rk5: ooz

0k | Cancel
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Circle

Use this feature to create a
best-fit circle and center.
Once again a plane needs to
be defined first.

Circle

§ Z Mame: [[Online2
Meazured: [0
Mumnber Left: |4

Rkd5: 0.0053
R adius: 0.6603 More...

Sphere

Use this feature to create a
best-fit sphere and center.

Sphere

g Mame: [Oriine?
Meazured: |0
Mumber Left: |6

RH5: 0.0852
Fiadiuz: 0.7425 Mare...

Circle Properties

General l

Marme: [EEEY

g [010927 e [105.25938

. [0.0038a . [33.00447

. |0ass00  Z 2128782

D: [3253339
Radius: |0.6E083

Fiejection Limit,  |0.01754

Tatal RMS: 0.00532
In Plane FikS: 0.00420
Out Plane RMS: |0.00412

m

[

QK | Cancel
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Sphere Properties

General l

M arne:
o (10523174

' |33.02665

Z |21.55133

Fladiuz [0.74253

Rejection Limit;  |0.25556
Total RkS: 003513

] | Cancel




M-Mode Setup

Setup Dialog
x|

¥ Triangulate [T Autobatch
v Owenwrite Triangulation [~ Owenwrite Autobd atch
[ Triangulate Al

Cancel |

It is possible to edit the M-Mode parameters. The Setup dialog is located
on the MMode menu. The following options are available.

Triangulate
Write new or detail points to a Triangulation file.

Overwrite Triangulation
Overwrite the friangulation file. If this option is not checked, a new
triangulation file will be created each fime.

Triangulate All
Any points in the detail file and driver file will be triangulated.

AutoMatch

A two station AutoMatch will be run. Keep in mind that this is only based
on two images and therefore may not be as reliable as normal
AutoMatching.

Overwrite AutoMatch
The AutoMatch file is overwritten after each epoch.
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Troubleshooting
System Will Not Turn On

If the system will not turn on, check the fuse located at the rear of the
cable box. Ifit has blown, replace it and try again. If power sfill does not
come on, check the power source for proper power. If the power source
is OK, check the power cable and try another cable if one is available.

Hand-held Strobe Doesn’t Fire

If the Hand-held strobe does not flash when you take a picture, check the
following:

1. Is the strobe turned on2 The power switch should be set to the BATT
position.

2. Is the ring strobe cable connected?

3. Is the ready/test light on2 If not, the batteries may be depleted.
See Changing Hand Held Strobe Batteries in the INCA2 manual.

If the strobe still does not work, press the ready/test light to fire the strobe

manually. If the strobe still does not flash, the power pack or ring strobe is
damaged, and must be replaced. If the ring strobe will flash by pressing

the ready/test light, the strobe is ok, but the unit is not receiving the sync

signal. Call GSI for assistance.

Remote Trigger Will Not Work

e |s the remote frigger activated in V-STARS?

¢ Is the remote trigger switched on2 You should see a red flash when
you press the button. The orange power light at the back should also
be illuminated. If the light is off and the trigger is switch on, change
the batteries.

e Is the flash sync plugged into the camera

e |Is there anything preventing the signal reaching the camera?¢ Test this
by standing at the camera and pressing the trigger.

¢ Does the system fire when triggered manually from the computer?

e Are the flash units switched on?

e Canyou hear the cameras firing?

If the remote trigger cable does not work after all these tests, the problem

is probably with one of the cables or components in the remote trigger
circuit. Call GSI for further instructions.

64



Remote Trigger Fires on Its Own

More than likely there is a spurious signal that is firing the cameras. Certain
types of strobes (like the ones on fork lifts) will cause false triggering. If the
problem persists call GSI to discuss some of the alternative triggering
devices available.

No Pictures Appear

o Are the camera lens caps on?
e Are the strobes working?2
e Do the pictures appear when triggered manually?

Call GSI for further instructions.

Resection Failed

Usually, the "Resection Failed" message is caused by a significant
movement of one or both of the cameras. If you see many red crosses in
either picture window, that camera has probably moved significantly and
needs to be re-oriented. See Unstable Camera Orientation for instructions
on how to do this. This message can also be caused by a flash failure. If
the flash is not firing, refer to the Troubleshooting section on the flash.

No Probe Found

Usually, the “No Probe Found” message occurs when all or part of the
probe cannof be seen from both cameras. Check the picture windows to
see if both cameras found all five of the probe targets. If they are, the
targets should be marked with green diamonds. If the probe is not visible,
move it so it is and try again. If one camera but not the other can see the
probe, try pointing the probe more towards the camera which does not
see it.

If the probe is visible but still is not found, probably one or more of the
probe searching criteria were not met. There are two steps involved in the
probe search. In the first step, the entire picture is scanned for all
candidate targets. Acceptable candidate targets must be bright
enough and large enough to be considered as candidates. All
acceptable candidates are marked with a red square. In the next step,
all the possible combinations of candidate targets are checked to see if
any of them match the five-point pattern of the current probe. If the
current probe is not found, the search looks for the other probes. If none
of the other probes are found, the “No Probe Found message is displayed.
If a probe is found, the five red squares are replaced by green diamonds,
and the probe results are displayed in the Probe Window.

Finally, check that the probes you are using are in the project.
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Networking Problems

If you encounter networking problems step through the following checks.

Q: Are both cameras switched on and connected to the cable box2
A: If not, connect them and try again.

Q: Does the camera display say “Ready Net"” or “Connected”?
A: If not, reboot the cameras and try again. If problem persists, continue
with the troubleshooting questions.

Q: Are both cameras online?
A: The easiest way to check this is to “Ping” each of the cameras.

To ping a camera...

Select “Run..."” from the windows Start Menu.
Type in “ping ip_number —t".

The ip_number is the IP number for your
camera. The INCA IP numbers are listed below.

Host Computer 192.0.1.1
First INCA 192.0.1.10
Second INCA 192.0.1.11
Third INCA 192.0.1.12
Fourth INCA 192.0.1.13 ™ 16 determine the [P
koo o ™™= s numbers of your
- cameras you may need

to open the "“*.dan” files

Type the name of a program, Folder, document, or X
Internet resource, and Windows will open it Far wau, in the GSI sys’rem
: directory. Make sure
Open: [ping 192.0.1.10 = you don’t change the

files when you open

Ok I Cancel | Browse. .. | fhem.

If the cameras are correctly networking with the computer, you will get
the following results.
=4 | O WINNTS System32', ping.exe

Pinging 192.0.1.10 wi

leply from 192.0.1.10: by time<l10ms
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o C2 WINNT S System32', ping.exe

eply from

ar

b T O
LE T ¥ from 19

Don't be concerned if the time or TIL figures are different.

If neither Inca responds and the requests time out, (as shown below) then
the problem is probably with the network card
=4 | O WINNTS System32' ping.exe !

Pinging 192.0.1.10 with 32 bytes of data:

Reboot the computer and try again. Is the LED activity light near the
connection point of the network cable green?¢ If not, try rebooting the
computer or if possible ejecting the network card.

If only of the two INCAs responds then there is a problem with only one of
the cameras. Try rebooting the camera and repeat the ping test. If it fails
again try swapping the cables with the INCA that was working. This will
establish if it is a problem with the cable connection. If the camera now
works contact GSI to discuss checking your cable. If the camera still
doesn’t work, contact GSI to discuss alternative plans of action.

If you are within V-STARS and loose the network connection to either or
both of the cameras, it is possible to reconnect to the cameras from within
the software. To reconnect to the software select Advanced Edit from the
Project menu. Click on the INCA Camera button to load the Inca Board
Setup dialog. The dialog will specify the connection status and IP Address
of the camera. To reset the connection press the Reset button.
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Inca Board Setup 3

NCA21920110 INCA21920111 |

Attached to camera INC& 263 2

Connection Status: Mot Connected

IP Address: |182.U.1_11
Image Comprassion
" Mone
 Full Detai
& High Detail

Inca Board Setup . x|

INCA 21920110 | INC& 219201 1 |

INCA 2B.31
Connected

Attached to camera:

Connection Status:

IP Address: |IE|2.D.'I_10
“Image Comgression
" More
= Full Detail
& High Detail

If you enter V-STARS and the M icon is not active, check the following...

Q: Do you have two cameras in the projecte

A: Add the cameras and try again.

Q: Have you verified that the cameras are communicating with the

computere

A: Refer to earlier items in the network troubleshooting. If they are, verify
that the camera screen on each camera reads “connected”. Reboot

the camera if it isn't connected.
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Adjusting V-STARS Settings
Configuring the Probe Sounds

When using an INCA M-System you can configure the sounds played for a
successful and a failed probe measurement.

To configure the sounds, first start the Windows Control Panel.

@ |1pdatel atz. bat

=

% Liztation. exe
Y zkars. daw

; ........... Mew Office Document

~u .
Ey Open Office Documet

W-STARS 4.0
Programs L4
Documents L4

B3 Contiol Panel

tation

Settings

[&] Frinters
LI
a Tazkbar...

Shut Crovan...

|| Windows NT Work:

tark T Inbox - Micrasoft Outlook | @ Explaring - M-Spst

Then start the Sounds Applet from within the Control Panel.

-
-
-

.

Sounds
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Use the Sounds Properties dialog to configure the wave file for the Asterisk
sound and the Exclamation sound. The Asterisk sound is played for a
successful measurement, the Exclamation for a failed measurement.

Sounds Properties |

Soundz |
Events:
E Windows ﬂ
<HE Austerizh
Cloze program
= Crtical Stop
- Default Beep
= Exclamation
< Ewit Windows
limimmrminm [ | j
— Sound
Marne; Prewview:
ding. waw j \@, 2 | _| |
Browsze. .. Details... | -
—Schemes
Save fz... | Delete |
2k, I Cancel | Spply |
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Probe Calibration

Target Calibration Procedure

Procedure

1. Place probe/s onto the calibration plate supplied with the system.
More than one probe can be calibrated at the same time.

2. Make sure that the probes are securely attached to the plate so

that they don’t move during the photography. You can use putty

or tape for this purpose. Use the tube provided with the plate o

support the helo probe.

Set the strobe to 0 and the camera speed to 24m:s.

When pointing the camera ensure that the center of the plate is in

the center of the viewfinder circle

5. Complete a 16 picture network as shown below. Use a 0° and 90°
roll at each of the eight compass points. The photos should be
taken about Tm (3’) out from the center of the plate and about Tm
(3') above the top of the plate. You may find it more convenient
to place the camera on a tripod and rotate the plate to the eight
positions. If this is the case we recommend you take the first eight
shots at 0° and then roll the camera 90° for the remaining eight.

»ow

5
4
[}
Im
3 7
v V
< >
2 Im
8
1
T Top View Side View

'K
=

6. Use the Open Template Project menu item from the File menu and
start a new template project. The Template project should be

71



called “Probe Kit SNXXX Calibration”. Refer to the section on
Template projects in the main manual for more information.

Select Project Template x|
Wiew  Help

Few Chil+M Dema Frame Repeat? kK,
Open... — B FRAME INITIAL MEASUREMENT
|:|Eer'| Template Project FRaME REFPEAT MEASLIREMEMNT Cancel |

A Probe Kit -alibration

Frint Setup...

1 Demo Frame Repeat] . pij

E xit

dl |

7. Add the camera used to shoot the network and import the images.
8. Import the probe you are calibrating to the project. Import the
probes via the Import menu under Projects as shown below.

¥ V-STARS - Wall prj Select Probe(s) E |
File WEEE=E Midode Command  Picture
Advanced Edi S M, tiero Probe with Scribe Tip Ok, |
I I L A H
——  AutoMeazure 0 |[L=—————m— | et e C |
Glabal Paint E dit ; el Probe with 1. anee
E— Update b X Heli-Probe with Bmm Ball Tip [zn016-
e > M, Heli-Probe with Seribe Tip
3 butce
Bundle ¥ Driver
Triangulate (8 Probe(z]
Autabdatch F Image(z]
AutoB ar Setup Setup
Label Setup « | »]  Selectal |
Setup
= TR T oo

9. Run the AutoMeasure command that is located under the Project
menu.
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10. The AutoMeasure dialog will appear.
Make sure the Find new points option

11

12.

13.

is ticked. The settings should appear

as shown in the adjacent image. The

Aftended Mode opftion can be
checked if you wish the software to
halt after each step. If not, then
uncheck the box. Press Begin when
ready

. Once the AutoMeasure process has

been completed, the Bundle
Statistics Dialog will appear. A
sample is shown adjacent. The
number of points should correspond
to 36 (10 codes + 26 individual
targets) + five target points per
probe. If itis different then the
additional points need to be found
and deleted.

As part of the AutoMeasure process
the targets are assigned random
labels that commence with the
keyword “Target”. These labels must
be changed to correspond to the
appropriate probe label.

Open one of the images and select the

“Global rename” Icon.

Measure Project

Status: Prezs the begin or continue button to scan pictures
Activity:
— Pictures
Measured: 0of 16 Mumber Left: 16
Picture | Paints | Codes | Bars | FirS | -
Ml Framel0 pic 1] 1] 0 -1.00um
M Framel0z. pic 0 -1.00um
M Framel03. pic i] i] 0 -1.00um
M Framel4.pic ] ] 0 -1.00um —
M Framelis. pic 1] 1] 0 -1.00um
W Frame006. pic u] u] 0 -1.00um
Il Framel0? pic 1] 1] 0 -1.00um
M Framelis. pic i] i] 0 -1.00um =l
— Paint
Tatal: O Matched: 0 Codes: 0 Barz: 0
v Find new points ¥ Solve picture station: v Attended Maode

Beqin

Lontinue

IEundIe Converged after 2 Iterations Rejection Limit: IU.EE)um

Statuz:
Current Paint: I Residual BMS:  [1:014um =
2 014um =
— Pictur Pairt Scales [milimeters]
Total: 16 Tatak |4B Total: 2
Wieak 0 Weak: IEI Wieak: 0
Bad: 0 Bad: IU Bad: 0
Two Ray: ID FikS: 0.007
More... | Mare... | Mare.. |
— Cameras Accuracy [mili ]
LI RMS: X [0.005 ¥ 0004 Z |o.0o4
T Max % [0.007 v [0.008 Z [o.o0s
IN.-"A Ifire.. | Paints over limit: IU
—IMore... Plan Quality Factar: 1.10
RS of Measurements: IU.Hum
[ Initial Bundie Reject | Accept |

Slobal Rename Cupson
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14. The point labels used depend on the type of probe. Below are
diagrams of the four main probes. Determine the probe/s being re-
calibrated and change the labels accordingly. Take care when
renaming the points as the points are easily confused.

Helo Probe - Type 1

Probel3

Probe14

Probe21

Probel12 Probe11

Helo Probe - Type 3

Probe33

Probe32
Probe31

15. Once the probe/s have been re-
labeled, re-run the Bundle. Verify
that none of the probe points are
weak or bad. Af the end of the
bundle, you will receive a message
confirming that the probes have
been recognized and updated. At
this point, the probe has only been
updated locally.
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Aero Probe - Type 2

Probe25

Aero Probe - Type 4

Probe41

Probe45

(W Probe22

Probe23

o Probe24

Probe42

Probe43

Probed4

Probe Calibration Summary

Successfully calibrated
1 probes.

]|

X.-'—‘-.en:n-F'n:-I:ne with 1/8" Ball Tip




16. To update the probe/s
in the system directory

¥ Demo Frame Repeat2. prj
E Demo Frame Repeat2 M arme |

rlgh’r click on the Probe @ Cameras Qﬁ“’-‘n.em-F'mhe with 1/8" Ball Tip
Pictures

node and select Update. || i BH| Frame001 pic
Enter the system password ||~ % Erameggg.pic
TR || rame LPIC
and the probe wilbe || B8] Frame004 pic
updated in the system || i B8 Framel05 pic
direCTOry. ----- B8 Frame00E. pic
----- B8 Framel07 pic

----- B8 Framel03 pic

Please enter your password. - 28 Data
e B ScaleBars
H*F Add . |
[0k | canel | M oae i Bal T
----- & Ao
Delete

This concludes the probe target calibration. It is advisable that the probe
tip calibration be carried out as soon after the probe target calibration as
possible.

Aero Probe Tip Calibration Procedure

Procedure

The following procedure has been prepared to help facilitate the
calibration of Aero probe ftips after initial probe target calibration. This
procedure is applicable to both ball and scribe tips.

WARNING — The cameras used for probe calibration should themselves be
freshly calibrated to ensure the best results are obtained.

1. Configure the system for M-Mode operation.
2. Use the Open Template Project menu item from the File menu and
start a new template project. The Template project should be

called “Probe Kit SNXXX Calibration”. Refer to the section on
Template projects in the main manual for more information

75



EEE Wiew  Help

Mew Clrl+t

Open... Ctrl+0

Open Template Project

Frint Setup...

1 Dema Frame Repeat] . pr

Exit

Select Project Template

X

Demo Frame Repeat?
FRARE [MITIAL MEASUREMENT

K% FRAME REPEAT MEASUREMENT
V' Probe Kit SH C

Ok

-alibration

dl ]

Cancel |

3. Position the cameras around the calibration plate. They should be
placed atf the corner. Ideally, they should be Tm from the center
of the plate and 1m from the plate surface. Refer to the diagram

below.

R

Top View

Im

Ai

Im

Side View

4. Use Unstable Camera Orientation to enter M Mode and verify that
the resection values are less than 0.40um. Refer to the section on
Unstable Camera Orientation in this manual for more information.
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5. Place the probe tip
into the holder that
best suits the tip. The
plate comes standard
with 3mm and 6mm
tip holders.

6. Using the figures below as a guide, collect 12 probe points using
the probe to be calibrated. There are four positions at three
orientations.

7. Rotate calibration plate 180° and collect
another 12 probe points in the same
configuration as described above. The
plate rotation will help strengthen the
cdalibration. Once completed there should
be 24 probe points.

8. Examine the 24 points in 3D graphical view
and delete any outliers. Any point that
obviously lies outside the main cluster of
points may be considered an outlier.
These may be points where the probe
slipped as the measurement was taken.
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9.

In the list of points select the 24 probed points. Right click and
select Calibrate Probe Tip. This function will calibrate the probe tip
using the points that have been highlighted.

Tip Cals 20-1.4 Paint Label [ o ] Z][ sigmax [ Sigma*r [ SigmaZ [ Offset [ D
@ Cameras +f 314445 275855 8279 0003 0007 0010 3000
----- Pictures SH 4440 275832 B3| 0016 0011 0006 2000
""" E Epochs £y 314472 275850 8306 0012 0013 0003 3000
B8 Dats Sf 14484 275797 8387 0016 0018 0014 3000
-3 Probet &l 314454 275945 8289 OO0 0008 0016 3000
"'% E'”Eeg &3 14433 275865 8290 0011 0012 0005 3000
:ﬁ Propet 47 34457 275849 8305 QOIS 000 0010 3.000
= 8] Desian &f 4477 275876 8288 0015 0013 0011 3000
— +H 314422 275897 8257 0018 0011 0023 3.000
i Measurements || 4 g T T 82 0m2 0005 DO0S 3000
a0 Tes Sff =" Coams oom? oo 002 3000
..... P ScaleBars @fF  Add Point 8298 0018 000 0024 3000
-5 Probes Sk Average 8254 0010 008 0016 3000
----- @ Recycle Bin Pk Ditance 8.238 0.mo 0016 0013 3000
SRk eoior 8359 0013 0M4 0014 3000
off 833 002 0023 0007 3000
£y 1 E::fe 8242 0009 0002 0010 3000
E - 8243 0012 0003 0003 3000
Calrate Probe Tip 8287 0014  0M0 0016 3000
Tmport Offset 8260 0018 0m4 0011 3000
8299 0007 0007 0003 3000
et 8260 OO0 0004 0014 3000
14466 275855 8273 007 0011 0026 3000
4446 275.049 8283 0015 0006 0019 3000

Probe Tip Calibration Summary E

Probe Mame:  Aero-Probe with Gmm Ball Tip [zn20-4]

10. After the tip calibration, a dialog box
will show the individual deviations
from the fit. Remove any deviations

— Residuals
that are greater than 100um Label | de|  dy|  de| -]
(>0.004"). If the results are 35 0002 0020 002
: 6 008 000 0m3
acceptable, C|IC|<‘OK and update the S L0 OmE 0029 J
probe. The VOIUe N The TOTO' RMS bOX .,J‘} g 0.016 0.008 0.009
should be within 30-50um (0.001" - 9 0032 0025 0028
0.002"). If you have deleted more R
. . . . $11 0019 000 0032
than three points, the tip calibrations @12 0015 0004 0010 =l
should be repeated. E———
~RMS
* Y z Total
00g 0016 [n.024 [n0z4

Cancel |

11. To update the probe/s in the system directory right click on the
Probe node and select Update. Enter the system password and the
probe will be updated in the system directory.



@ Cameras

EI Fictures

----- B Framel01.pic
----- B FramelDZ.pic
----- B Framel03.pic
----- B Framel04.pic
----- B Framel05.pic
----- B Framel0B. pic
----- B Framel07 pic
----- B Framel03 pic

[#--30) Data
[ ScaleBars

Delete

a" Ball Ti

I ame

¥ Demo Frame RepeatZ. pr
E Demo Frame Repeat?

i Aero-Probe with 18" Ball Tip

Please enter your password.

Helo Probe Tip Calibration Procedure

Procedure

The following procedure has been prepared to help facilitate the

calibration of Helo probe tips after initial probe target calibration. This

procedure is applicable to both ball and scribe tips.

WARNING - The cameras used for probe calibration should themselves be
freshly calibrated to ensure the best results are obtained.

12. Configure the system for M-Mode operation.

13. Use the Open Template Project menu item from the File menu and

start a new template project. The Template project should be
called "Probe Kit SNXXX Calibration”. Refer to the section on

Template projects in the main manual for more information
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Select Project Template
Wiew  Help

X

Frint Setup...

1 Dema Frame Repeat] . pr

Exit

Mew Chl+M Demo Frame Repeat?
Open... Ctls0 I FRAME INITIAL MEASUREMENT
Open Template Project FRAME REPEAT

|
Cancel |

MEASUREMENT
¥ Probe Kit S C

14. Position the cameras around the calibration plate. They should be
placed atf the corner. Ideally, they should be Tm from the center
of the plate and 1m from the plate surface. Refer to the diagram

below.

Top View

Ai

Im

Side View

15. Use Unstable Camera Orientation to enter M Mode and verify that
the resection values are less than 0.40um. Refer to the section on
Unstable Camera Orientation in this manual for more information.
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16. Place the probe tip
into the holder that
best suits the tip. The
plate comes standard
with 3mm and 6mm
tip holders.

17. Using the figures below as a guide, collect six probe points using
the probe to be calibrated. There are three positions at two

orientations.

18. Rotate calibration plate 90° and collect another six probe points in
the same configuration as described above. The plate rotation will
help strengthen the calibration. Once completed there should be
24 probe points.

19. Examine the 24 points in 3D graphical view and delete any outliers.
Any point that obviously lies outside the main cluster of points may

81



be considered an outlier. These may be points where the probe
slipped as the measurement was taken.

20. In the list of points select the 24 probed points. Right click and
select Calibrate Probe Tip. This function will calibrate the probe tip
using the points that have been highlighted.
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21. After the tip calibration, a dialog box

will show the individual deviations
from the fit. Remove any deviations
that are greater than 100um
(>0.004"). If the results are
acceptable, click OK and update the
probe. The value in the Total RMS box
should be within 30-50um (0.001" -
0.002"). If you have deleted more
than three points, the tip calibrations
should be repeated.

% The summary shown in this
example is for an Aero probe and not
a Helo probe. This has no relevance
on the figures.

Probe Tip Calibration Summary E

Tip Cals 20-1.4 Paint Label [ o ] Z][ sigmax [ Sigma*r [ SigmaZ [ Offset [ D
- Cameras Y1 14445 275855 6279 0009 0017 000 3000
----- Pictures S 4440 275832 8330 OO 0011 0005 3.000
""" E Epochs ] 14472 275850 8306 0012 0013 0009 3000
B8 Dats £ 14 F4484 275797 8387 0016 0018 004 3000
-3 Probet &l 314454 275945 8289 OO0 0008 0016 3000
(5-30] Probe2 &g 4439 275EE5 8290 OO0 002 0005 2000
:% Frobed 47 34457 275849 8305 QOIS 000 0010 3.000
* 5 0] Desian &[] 14477 275876 8288 0015 0013 0011 3000
B Points 13 | 14422 275897 825 001 0011 0023 3.000
o Messurements || S AL I® s T 823 om2 0005 0003 3000
- Tes i - b oB3E 0017 001 0026 3000
..... P GealeBars ik Add Foint 8298 0018 0010 0024 3000
-9 Probes Wik Average 8254 0010 0018 OOE 3.000
----- @ Recycle Bin Pk Ditance 8.238 0.mo 0016 0013 3000
LY 1 8359 0013 0014 004 3000
off 8363 002 0023 0007 3000
£y 1 E::fe 8242 0009 0002 0010 3000
= 8243 0012 0009 0009 3000
Calibrate Probe Tip 8267 0014 0010 OOE 3000
Import Dffset 8250 0018 0014 001 3.000
8299 0007 0007 0009 3000
et 8260 OO0 0004 0014 3000
JI4466 275856 8279 0017 0011 0026 3000
J14.445 275043 8209 0015 0006 OMI 3000

Probe Mame:  Aero-Probe with Gmm Ball Tip [zn20-4]

— Residuals

Label | dx|  dy| o2 |

G5 -0.002 0020 0.2

ZE 0.9 000 0.3

¢ 7 0.027 -0.016 0.029

L 0.016 0008 0.009

CHEC 0032 0025 0028

da10 0034 003 -0010

& 11 0.019 -0.010 0032

a1z 0015 0004 0010 [
—AMS

* N Z Tatal
[INE 0016 [n.024 [n0z4

Cancel |

22.To update the probe/s in the system directory right click on the

Probe node and select Update. Enter the system password and the
probe will be updated in the system directory.




¥ Demo Frame RepeatZ. pr

E Demo Frame Repeat?

@ Cameras

EI Fictures

----- B Framel01.pic
----- B FramelDZ.pic
----- B Framel03.pic
----- B Framel04.pic
----- B Framel05.pic
----- B Framel0B. pic
----- B Framel07 pic
----- B Framel03 pic

[#--30) Data
[ ScaleBars

Delete

a" Ball Ti

I ame

i Aero-Probe with 18" Ball Tip

Please enter your password.

Ixxxxxxxxxxxxx
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