rev-b  7-Aug-2009

s_v62_1st_en

ponto

PONTOS

User Manual - Software

25 4

¥ stige

¥ Stage 2

o stage

¥ Stage s

¥ Stage's

¥ Stage 6
7

A el

7

¥ Stage &

¥ Stages

¥ Stage 10

¥ Stoge 11

¥ Stage12 28

¥ Stage 13

¥ stage 14 2%

¥ Stage 15 %

¥ stage 16 26 onemm O
¥ Stage 17 % GO
::::Z: ;5 2 ;:,33 :: 5 oy Stuge 711/} auhelen) | Report | Snapshot 7\

2
S eI ICIEIC

A

» 1 Abstande
» 2 Verschiebungsfelder

Deformanon

PONTOS v6.2

GOM mbH

Mittelweg 7-8

D-38106 Braunschweig E-Mail: info@gom.com
Germany Fax: +49 (0) 531 390 29 15

Tel.: +49 (0) 531390290 WWww.gom.com Optical Measuring Techniques




Legal and Safety Notes

Symbols

In this user manual the following standard signal words may be
used;

This labe] points 1o a situation that might be
dangerous and could lead to serious bodily
harm or to death,

This label points {0 a situation that might be
dangerous and could lead fo light bodily
harm.

This label points to a situation in which the
|| product or an object in the vicinity of the
product might be damaged.

This label indicales important application
notes and other useful information.

Safety and Health Hazard Notes

To avoid accidents and damages to the devices, please ob-
serve the safety and health hazard notes in the sensor-specific
User Information!

Legal Notes

No part of this publication may be reproduced in any form or by
any means or used to make any derivative work (such as
transtation, transformation or adaplation) without the prior writ-
ten permission of GOM.

GOM reserves the right to revise this publication and fo make
changes in content from lime to time without obligation on the
part of GOM to provide notification of such revision or change.
GOM provides this manual without warranty of any kind, either
implied or expressed, including, but not limited, to the implied
warranties of merchantability and fitness for a particutar pur-
pose.

GOM may improve or change the manual andfor the product(s)
described herein at any time.

Copyright © 2008

GOM mbH
All rights reserved!
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About This User Manual

This user manual is intended for qualified personnel who has expe-
rience in handling measuring systems and basic PC knowledge (win-
dows-based programs and operating systems).

in addition to this user manual, the software provides an Online Help.
You may open the Online Help with the ? icon or with the F1 key.

While the Online Help for the most part describes the How, for exam-
ple, how do | create a New Deformation Project, this user manual
mainly informs about the Why and imparts basic strategic knowledge.

This user manual essentially is configured to the logical transfer of
knowledge based on fraining concepts and standard measuring pro-
cedures.

The scope of delivery of your software depends on the functions you
bought according to your purchase contract. The user manuals and
the Online Help describe the full scope of software functions. There-
fore, it may happen that described functions are not included in your
software package.

For being able to make optimum use of the system, we assume the
ability to visualize in 3D and a color vision ability.

This user manual is divided into the following sections:

pt ives a brief introduction to the PONTOS system as
well as basic knowledge about the Linux operating system and the
PONTOS application software.

informs about the calibration of the measuring system
and about adapting the sensor.

deals with the preparation of the measuring object and
cut a measurement.

nforms about compulation, components, stage trans-
d identification.

1 informs about transformation methods and CAD im-

port

deals with result representation.

informs about report and documentation functions.
deals with automation and functional extensions.
nforms about the support (troubleshooting).




47

PONTOS Software and Manuals
for i or

Normally, the PONTOS software is used on Linux computers together
with the measuring hardware. However, the same software is availa-
ble as an option for Windows operating systems in order {o be able to
evaluate finished PONTOS measuring projects in this operating sys-
tem environment as well. The scope of funclions of the PONTOS
software for Windows Is restricted, 2.g. no image recording is possible
here.

This user manual describes the software for all operating systems. If
sections or chapters of this manual are only valid for one operating
system, they are marked with EEl il or (5E . If one sec-
tion is marked, then this also applies to the respective subsections.
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Brief Introduction to the PONTOS System

A Basics

A 1 Brief Introduction to the PONTOS System

PONTOS is a non-contact optical 3D measuring system. It analyzes,
computes and documents object deformations, rigid body movements
and the dynamic behavior of a measuring object.

it is the task of the PONTOS software to precisely find ellipses (a per-
spective view of reference points) in all images and their 3D orienta-
tton.

With that, PONTOS provides a dynamic, precise and synchronous po-
sition detection for as many measuring markers (reference points) as
you like which are applied fo the object.

A digital stereo camera system records different load or movement
states. The software assigns 3D coordinates to the image pixels,
compares the digital images and computes the displacement of the
reference points. Image recording is flexibly triggered and synchro-
nized with the test setup, providing the possibility to additionally record
and process analog values. The measuring results can be graphically
represented in reports using colored deviation vectors and/or dia-
grams.

Most of the system functions are controlled by the sofiware. Measur-
ing, evaluation, display and print functions are available. All functions
can be accessed via pull-down menus, hotkeys and dialog windows.

The PONTOS system is a measuring system that also addresses ex-
perts of digital optical measuring. Therefore, it is unavoidable that the
PONTOS software contains menu items not intended for the standard
user. Improper use of these menu items (expert parameters) may
cause incorrect measurements.

A1.1 Fields of Application
o 3D measurement of object movements, deformations and vibrations
o Verification of design concepts and simulation compulations

¢ Checking the dynamic behavior, and the rise and fall of structural
vibrations up to 250 Hz

o Load tests, creep tests and aging Influences also for complex struc-
tures and viscoelastic elemenis

¢ Motion analysis

¢ Noise vibration harshness (NVH) tests in the automotive industry,
also in a wind tunnel

¢ Recording of relative displacements
o Recording of gap size and flush changes

o Alternative for complex sensor technology like laser sensors, draw-
wire sensors or accelerometers

3(17)



Brief Introduction to the PONTOS System

Camera image (left) and 3D point cloud (right)

A 1.2 Typical Measuring Procedure

Prepare the measuring object by applying the reference point markers
and freely positioning the PONTOS sensor on a stand in front of the
measuring object. After creating a new deformation project in the soft-
ware, the system is calibrated and the desired images are recorded
through a trigger during the deformation process. The software reads
in these images as stages and automatically computes the 3D coordi-
nates of the reference points and thus their position. They are dis-
played in the 3D view as a point cloud.
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In order to assess the deformation of the object, all stages are aligned
to the reference stage based on components and fixed points which
have to be specified. During the following identification, the IDs of the
uncoded reference points which the system randomly assigns will be
renumbered automatically so that the same points in all stages will
have the same ID. A displacement field, to be defined by selecting an
area of points, marks the area for which the software will display the
computed deformation through all stages. The deformation is calcu-
lated automatically as soon as the stage is identified. Within the dis-
placement field, the 3D view displays in color the deviation of the
points from the stage selected as deformation reference. Measure-
ments and further analyses may be carried out. Finally, a report is
created which may be exported for further use.
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Color displacement field in the 3D view (left) and corresponding report (right)
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Brief Introduction to the PONTOS System

A1l.21 General Steps to Carry Out a Standard Measuring Project

For carrying out a standard measuring project using a calibrated
PONTOS system, the following steps are required:

Step 1: Siart the PC and the PONTOS software.

Step 2: Switch on the sensor controller and, if required, the addi-
tional existing power supply unit.

Step 3: Create a new deformation project in the PONTOS soft-
ware.

Step 4: Use Start/Stop Measurement Mode to record images of

the required deformation stages.

Step 5: Compute all stages.

Step 6: Define components and identification peinis.

Step 7: Choose the component for stage transformation and
identify the stages.

Step 8: Determine coordinate system (if required).

Step O Create a displacement field and carry out analyses.

Step 10: Report generation.

A 13 Features
These are some of the most important PONTOS features:

Non-ceontact acquisition of the precise 3D position of any number of
measuring peinis

Computation, visualization and display of the measuring points’ po-
sition and displacement in different object states (stages).

Image recording frequency mdependent of the number of the re-
corded reference points il f

Flexible triggering of image recording, synchronized wnth the test
setup (inciuding recording of analog signals) I

Mobility and flexab:llty due to an easy and compact measuring sys-
tem [ ,

Robust against enwronmental influences like vibrations, light
changesk i

Easy and quick adaptatton to different measuring volumes and
measuring tasks L .

Also suitable to measure iarge deformations (e.g. crash)

Project transformations according to the 3-2-1 or best-fit method.
6DoF analyses

The graphical representation of the measuring results provides an
optimum understanding of the component behavior.

Report generation and export functions for measuring and resuit
data.

Automation due to macro functions.

In combination with the photogrammetric system TRITOP, PONTOS
can also be used for large objects EETEFEFHE

5(17)



Brief Introduction to the PONTOS System

6{(17)

¢ Several PONTOS systems can be combined to analyze large struc-
tures [if

¢ Option; Creation of user profiles for customer-specific adaptation of
the user interface.

A 14 Main Hardware and Software Components

For information about the main hardware and software components,
please refer to the Hardware User Information.

A1441 Basic Requirements [2

In crder to achieve full functionality when working with the PONTOS
software, the following is required:

¢ GOM Linux operating system as of version 10

o One of the following computers: Dual Core Opteron (64 bit), Dual
Opteron (64 bit) or
Oone of the following notebooks: Dell Precision M65, Dell Precision
M70, Dell Precision M4300.

* PONTOS sensor

s USB Dongle: As of sofiware version v6.1, the GOM applications will
he delivered with a USB dongle (CodeMeter). This dongle is either
integrated into the computer or can be plugged in separately. Gen-
erally, the dongle contains a single license, However, server li-
censes are available on request,

A1.4.2 Basic Requirements B
o Operating system:

Recommended:
Windows XP SP2, Windows XP 64Bit Edition for large, computation
intensive projects

Also useable for:;

VISTA 64Bit (only with graphics card NVIDIA Quadro FX570,
FX1700}

o Computer:

Recommended configuration;

Processors: Intel Core2Duo or AMD Dual Core Opteron,

RAM: 4GB RAM, NVIDIA Quadro

Graphics card: NVIDIA Quadro FX1100, FX1500, 128 MB

[Info] The software has been tested with NVIDIA Quadro graphics
cards. Certified NVIDIA graphics cards: FX570, FX1100, FX1300,
FX1500, FX1700

Minimum requirements:

Processors: Pentium IV, 2GHz,

RAM: 2 GB,

Graphics card: OpenGL graphics card. 64 MB

o Current graphics card drivers

pontos_vB2_a_en_rev-b  30-Jul-2009
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The GOM Linux Operating System

 in case of other graphics cards the scope of functions and perform-
ance may possibly be restricted!

o USB Dongle: As of software version v6.1, the GOM applications will
be delivered with a USB dongle (CodeMeter). Generally, the dongle
contains a single license. However, server licenses are available on
request.

Graphics Cards and Driver Software for Windows

In order to ensure optimum hardware acceleration when rendering the
3D view (Open GL), an NVIDIA Quadro graphics card with current
graphics card drivers is required. Only an appropriate hardware ac-
celeration allows for comfortable rotating and zooming in the 3D view.

If your computer has a different graphics card or if you do not have the
current drivers, the PONTOS software probably works with a consid-
erably slower software rendering.

If your application does not run stable, please start the PONTOS soft-
ware in the Safe Mode {(mode with software rendering). Start the Safe
Mode in the Windows start menu B Programs B PONTOS vx.xx.x
B PONTOS (Safe Mode).

If you are not sure if your computer is equipped with a suitable graph-
ics card, start the PONTOS software and choose Help B Graphics
Board P Reset. A wizard leads you through the further steps. For fur-
ther information, please refer to the Online Help.

A 2 The GOM Linux Operating System

A21 Starting the PC

When pressing the power switch, the Linux operating system starts
automatically. If a second system like Windows is installed on the PC,
first a menu appears to select the desired operating system.

The Linux operating system is factory-adjusted with the following de-
fault user and default password:

GOM Linux version as of vio
Default user user
Password user

A default user has the rights for writing, reading and deleting data and
directories he created.

This user manual does not deal with the Linux operating system in
more detall. You only need superficial Linux knowledge to be able to
work with the PONTOS software.

7{(17)
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A2141 The KDE Start Menu

In the toot bar at the bottom of the Linux screen you may start different
software, adapt system setlings, etc. using the Linux KDE start menu,
similar to operating systems hased on Windows.

A (n Ty 11:18:37

A21.2 Home Directory
In your home directory, you will find all folders important for you.

A21.3 Text Console

in case you need support, it may happen that, on request, you need to
enter a certain command syntax into the so-called text console. In that
case, open the text console by clicking on the respective icon.

A214d Internet

Using the Firefox web browser, you may esiablish a connection to the
internet in order to, for example, download updates from the GOM
web site.

A215 Virtual Desktops

With Linux, you may use several equivalent desktops. The respective
active desktop is displayed lighter than the others. Four virtual desk-
tops are factory-preadjusted. Using the context menu of the right
mouse bution when clicking on the desktop icon, you may create
more virtual desklops.

A21.6 Loudspeakers

If loudspeakers are connected to your computer, this icon becomes
aclive and you may adjust the volume here.

A21.7 Linux Operating System Updates

This icon indicates if new operating system updates are available. The
blue icon means that there are no new updates. The crange icon indi-
cates that new updates are available for the operating system. If you
are connected to the GOM web site via the internet, you may start the
update procedure by clicking on this icon.

A218 Mounting and Unmounting CD/DVD and USB

When you insert a CD or another storage medium in your computer,
the respective icon appears on the screen and the medium is auto-
matically mounted. A little green arrow appears.

If you would like to remove the medium again, you need to unmount it
by clicking with the right mouse buiton on the medium icon and select-
ing the respective entry from the context menu. For the CD, the little
green arrow disappears, and in case of a USB stick the entire icon
disappears.

pontos_v62_a_en_rev-h  30-Jui-2009
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A219 Starting the PONTOS Software
You may start the software in two ways:
a) Using the KDE menu

Click on the KDE start icon and select the software from the directory
GOM-v6.2.x. This directory is the master version and is automatically
linked to the current software version (GOM-v6.2.x-xx) installed on
your computer.

b) Using the software icon

Simply click on the respective icon in the KDE tool bar.

In case the icon is not available, click on the desired software in the
master directory GOM-v6.2.x, keep the left mouse button (LMB) pres-
sed and drag the icon in the tool bar.

Dongle with Administrator License:

If you have a dongle with administrator license (default as of software
version v6.2), you can only administer the GOM software when start-
ing it with PONTOS (Admin). Only with this start routine you will reach
the user profile management.

If you start PONTOS without the supplement Admin, you may test the
user profile settings.

If you start the software using the icon I, the user profile manage-
ment is not available.

Dongle without Administrator License:
As in this case the user rights are restricted, it does not matter in

which way you start the application (with or without the supplement
Admin).
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Chapter A

A3 The PONTOS Application Software

A3

v
v
v

¥ Stagelo
¥ stage1l
¥ Stage12

¥ stagels
¥ Stage17
¥ Stage 18
¥ Stage 19

1 The Default Screen Arrangement

TRITOP

Stage 13
Stage 14
Stuge 15
28 0114 mm

28 0122mm(
28 0103mm

28 007 mm (£

[REIEEEI

» -3 Displacenient fields

o]

PONTOS “

Screen elements:

Tab Explorer. Here, you will find all stages of a deformation project. You may select
the stages and thus switch the 3D view, the 2D view or report to the respective stage.

Symbols in the explorer:

— The stop sign indicates that the stage was not computed.

) The red cross and the letters NT inform that the stage is neither identified nor
transformed.

The yellow cross indicates that the stage is transformed but not all fixed points
were used or found.

o The green cross shows that the stage is transformed but not identified and
that all fixed points were used.

The yellow check mark informs that a stage was transformed but not by all fi-
xed points, that it was renumbered successfully and thus is identified.

v The green check mark means that a stage transformed by all fixed points was
renumbered successfully and thus is identified.

Tab Images. Here, for each stage, the first image of the firstimage group of the stage
is displayed. If you click on the images, you change the stages like in the explorer it-
self.

Tab Stage Images. Here, you will find all images of a stage.

o®

Icon bar to select functions (enabling/disabling point types, compute stage, etc.). The
tool bar and its scope of functions depend on the operating modes. The icon bar can
be adapted individually (right mouse button click in the bar).

3D view

Q®

Icon bar to choose selection and deselection tools.

v62_a_en_rev-b  30-Jul-2009
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& | Sub-explorer with various tabs:

Tab Info: Here, you will find information about the selected stage.

Tab Elements. This tab shows an explorer view of different elements like
analysis etements, primilives, adaplers and features. Fealures are 3D ob-
jects that were created based on 2D images. You may select the elements,
set them vigiblefinvisible, and much more.

Tah Fixed Points: This tab contains a list of all fixed points including their
status for each stage.

Tab Stage Data: This tab contains a list of all stage data for each stage.
Tab Image Series: This lab contains a list of all image series that were ¢re-
ated for the projecl.

Tab Reports: This tab contains a list of all reports that were cseated for the
project.

Tab Documentation; This fab contains a list of ail documentation data that
were created for the project to be exported using File B Export ¥ Tables.

Tab Left 20 image. Displays the 2D camera image of the selected stage.

Tab for viewing and editing reports.

Tab for viewing and editing snapshots.

Display of the object point list for 3D points. Here, you get information about the 3D
points and you may edit them {right mouse button ctick).

This 1ab displays the displacement for each object point for the selecled stage.

Tab Right 20 Image. If, for defining a 3D point or a feature, a second image is re-
quired, you may select it here,

Status indicator line. Here, all important information about the project and the current
commands are displayed.

S B B © 60

Cangel butlon for computation-intensive operating steps.

A 3.2 Tool Bars

The software provides several tool bars (e.g. for the views, the selec-
tion or for snapshot editing etc.). You may enable or disable these tool
bars using the context menu of the right mouse button (clicked on the
tool bar area).

A 3.3 Mouse Functions

The software is mainly operated by using the mouse. The right, middle
and left mouse button and the mouse wheel have functions assigned
and are window-dependent. The middle mouse buiten and the mouse
wheel are one common control element.

1 (i7)
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A3.34 Functions of the Left and Middle Mouse Button

¢ When pressing the left mouse button (LMB) in the 3D view and
dragging the mouse, you may rotate the object.

o When pressing the Shift key and the left mouse button (LMB) in
the 3D view and dragging the mouse, you may rotate the object
around the clicked point.

e A simple click with the left mouse button (LMB) on an element in
the explorer, in the sub-explorer, in the 3D view or in a report se-
fects this element.

= Clicking with the left mouse butlon {LMB) together with the Shift
button on an element in the explorer or in the sub-explorer, selects
severail consecutive elements.

o Clicking with the left mouse button (LMB} together with the Ctrl but-
ton on elements in the explorer, in the sub-explorer, in the 3D view
or in a report, selects several independent elementls.

« Double clicking with the left mouse button (LMB} on an element in
the explorer, in the sub-explorer, in the 3D view or in a report opens
an element-specific dialog to edit the element properties.

o When pressing the Ctrl key and the left mouse bution (LMB} in the
3D view or in a report and dragging the mouse, a selection frame
becomes visible and all elements within this frame are selected.

¢ With Ctrl and left mouse button {LMB) you may make selections
when dialog windows are open.

¢ When pressing the middle mouse button (mouse whesl) in the 3D
view and dragging the mouse, you may move the object.

¢ When turning the middie mouse wheel, you may zoom the 3D ch-
ject, the 2D image or the report.

o When pressing Ctrl and the middle mouse button in the 3D view,
the 2D image or in a report and dragging the mouse, you may zoom
the object to a specific detall.

¢ When turning the mouse wheel in a box of values Mﬁﬁ you
may change the values in steps of the default increment. The de-
fault increment depends on the parameters, is preset and cannot be
changed.

« When turning the mouse wheel in a box of values 1200 mm ] and
simuitaneously press the Shift key, you may change the values in
one tenth of a step of the default increment. The default increment
depends on the parameters, is preset and cannot be changed.

» When turning the mouse wheel in a box of values 1600 mmc and
simultaneously press the Ctrl key, you may change the values in
steps of ten of the default increment. The default increment de-
pends on the parameters, is preset and cannot be changed.

A33.2 Functions of the Right Mouse Button (RMB)

The context menu functions of the right mouse button (RMB) depend
on the element on which or the window/dialog in which you press the
button. For example, you may edit elements, insert keywords, and
much more.
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Deformation
Mode

Start/Stop Mea-
surement Mode

A 3.4 Status Indicator Line

The status indicator line at ihe bottom left on the screen gives interest-
ing and helpful information regarding the current functions.

A 3.5 Operating Modes

PONTOS generally works in two operating modes, the Deformation
Mode and the Start/Stop Measurement Mode,

A 351 Deformation Mode

The Deformation Mode is used for creating deformation projects,
processing and analyzing the measuring data, creating measure-
ments, visualizing deformations, generating reporis, etc.

A352 Start/Stop Measurement Mode

Change to the Start/Stop Measurement Mode by clicking on the cor-
responding button. Here, the 2D camera images are recorded. To quit
the mode click cn the icon again.

A 3.6 PONTOS Directory Structure

As default user you are authorized to save and delete directories and
files in the directory user (path: home/user).

We recommend a structured filing of these data in order to be able to
work with the measuring projects and the corresponding files and di-
reclories any time.

A36.1 Recommended Directory Structure:

home

user

demo-data setup-data projects {raining

pontos_0123

pontos_0815

13 (17)
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projects Save your deformation projects here. For each measuring project, the soft-
ware aulomalically creates a directory. The name of the direclory is identical
to the project name. A measuring project always consisls of several files and
directories {see A 3.6.2).
The figure shows as an example the structure for two measuring projects
(0815 and 0123).
setup-data Here, save ali sefling files you would like to use addilionally like catibration fi-
les from image series.
demo-data Saved data for demonstration purposes only.
tralning Saved data for training purposes only.
A3.6.2 Automatically Created Project Directory
pontos_0815
adapters reports results snapshots stages
lock pontos_0815.dyn
adapters In this directory, adapter data, if available, is saved.
reports Directory that contains all created reports.
results Directory in which result daa is stored. File export_elements.dat, for ex-
ample, contains information aboul analysis elements or snapshols which
you created in the software,
Irv this directory, you may also save all files you export.
snapshots Directory in which ali image series crealed in the software are stored.
lock Temporarily created file when a measuring project is open.
stages Directory containing all stages and the corresponding images and files.

pontos_0815.dyn | Deformation project fite. With this file, a deformation project is opened in

PONTOS.

pontos v62_a_en_rev-b  30-Jul-2009
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A 3.7 Save Data

measuring projecls are automatically stored in a direc-

tory [

The name of the directory is the name of the project. The project data
consist of several files and directories. The .dyn-file is the deformation
project with which PONTOS is started when resuming the project. All
primitives, distances and other measurements created in the deforma-
tion project, for example, are linked to this file.

Note that the software does not provide a possibility to undo operating
stepsl!

A3.74 Save Project Under a Different Name

Using function Save as you may save a copy of your project under a

different name. This copy will immediately be opened and you can edit
it.

AdT2 Export Data-Reduced Project

The software offers the possibility to save a deformation project as a
data-reduced version under a different name. Data-reduced here
means that you may delete (stages and images) andfor compress
{(images) certain data. This is particularly suitable if you would like to
pass on a project to be viewed with the PONTOS Viewer. You original
project remains open and you may continue working with it.

Generally, a data-reduced project can no longer be recomputed as
images either were deleted completely or compressed to a large ex-
tent so that the reference points can no longer be identified.

A 3.8 Record CD/DVD

The CD/DVD drive allows for reading and recording CDs or DVDs.
The system also supports re-writable CDs or DVDs. DVDs are re-
corded according to the DVD-R(W) standard. Each recording process
generates at least a data block of approx. 1 GB on the DVD.

The recording program automatically finalizes all CDs and DVDs, i.e.
additional recording of data at a later time is not possible.

If it is not possible to record the data on just one blank CB/DVD, the
data is automatically recorded on several CD/DVDs,

In case of 19" computers, make sure the door of the CD/DVD recorder
is always open when recording data because the CD/DVD slide co-
mes out for a short moment when checking the CD/DVD. If the
CD/DVD slide is hindered when coming out, this might in rare cases
cause a system crash!

15 (17)
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A 3.9 Preferences

The software provides exiensive setlings for preferences 1o allow you
adapting the sofiware optimally to your needs. Most of the changes
only take effect on new measuring projects!

The sofiware also provides the possibility to save user-defined prefer-
ences in a file to optimally adapt to the measuring projects.

You may restore the factory-adjusted settings any time.

A 4 User Profiles

User profiles are used to adapt the user interface of the GOM software
to company-specific workflows. For this purpose, you can hide menu
items of the software as well as GOM standard templates and add u-
ser-defined scripts to menus. Generally, a user profile is saved in a
determined local directory. The configuration data of this directory are
then available to the user. You need to set up this direclory prior to
creating a user profile.

You can define user profiles only in the Administration Mode of the
GOM software. As of software version v6.2.0, the corresponding ad-
ministrator license is integrated in your license dongle by default.

A user profile is always fixed to a specific computer and not to the in-
dividual measuring projects or files!

For further information, please refer to the Online Help.

Features
¢ Special directory for user profiles

¢ Fixed to a specific computer

» Displaying and hiding menus and {oolbars

» Inserting own scripts before or after menu items

» Including configuration files like templates and scripts
s Locking the editing of templates

¢ Hiding default GOM templates

e Special dongle for restricted user rights required

pontos_v2_a_en_rev-b  30-Jul-2009
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A5 Summary

© Brief introduction

©) Hardware and software components
) Linux operating system [ZESIFHET
{0 Software operating structure

) Most important mouse functions

© Operating modes

© Directory structure

{0 Saving data

) Record CD/DVD

© User profiles
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B1 Calibration

Calibration is @ measuring process during which the measuring sys-
tem with the help of calibration objects is adjusted such that the di-
mensional consistency of the measuring system is ensured.

B 1.1 Calibration Objects

For the PONTOS measuring system one calibration object (cross) is
used. They are available in different sizes. Depending on the type of
the system and the size they may differ slightly in their appearance.

Calibration objects are equipped with so-called retro-reflective refer-
ence points.

Prior to use the calibration cross, you need to screw it onto the sup-
plied stand in camera height in order to easily rotate and tilt it.

Calibration cross

The calibration object contains the scale bar information. A calibration
cross has two scale bars, that is the specified distance between two
specific points on each cross axis.

B1.1.1 Calibration Object Selection

Which calibration object you need to choose depends on the measur-
ing volume you would like to use. The size of the calibration cross cor-
responds 1o the size of the measuring volume (see also the sensor
configuration tables in the valid User Information — Hardware).

Calibrate the system only with the calibration object valid for the re-
speciive measuring volume as you otherwise will get wrong measur-
ing results!

B11.2 How to Handle Calibration Objects

Always handle the calibration objects with utmost care and prevent
them from getting dirty and being scratched. Make sure you do not
touch the surface of the calibration object if possible. After each use,
accommodale the calibration objecls at the places dedicated for that.

3(8)
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B 1.2 Calibration Conditions

B1.21 When is Calibration Required?

¢ Before starting measurements for the first time, the respective
PONTOS measuring volume needs to be calibrated.

e Also, if the adjustment of the camera lenses or the position of the
cameras with respect o each other is changed (e.g. when changing
the camera support o a different length), the system requires cali-
bration again.

B1.2.2 Prerequisites (e.g. Warm-Up)

A prerequisite for successful calibration is the correct setup of the
sensor. For further information, please refer to the valid User Informa-
tion — Hardware. The object to be measured defines the measuring
volume and thus the set of lenses to be used.

Adjust the measuring distance to the calibration object accordingly,
see also the sensor configuration tables in the valld User Information —
Hardware.

B 1.3 Calibration Process

For the calibration process, you need 1o open the respective mentt i-
fem in the software and select the correct calibration object from a list
{see Online Help}.

Calibrate the system with the same lighting conditions as used for
measuring.
Follow the instructions in the software.

B 1.3.1 Positioning of the Calibration Object (HS)

Place the calibration object in the center of the measuring volume
such that the rays of the three laser pointers meet in the middie of the
cross plane (not on the higher protruding point). Make sure the cali-
bration cross fills the live video images of the cameras (see Online
Help). Follow the instructions in the software.

In order to capture the entire measuring volume, you need to move
the calibration cross during calibration. For this, the following general
rule applies: You should move the calibration object by 1/3 of the
measuring volume height closer to the sensor and by 1/2 of the mea-
suring volume height further away — in each case starting from the
center of the measuring volume.

Make sure there is always enough space betwesan the calibration ob-
ject and the stand so that it cannct bump against the stand during the
required movement.

B1.4 Calibration Results

At the end of the calibration process, the software displays the calibra-
tion results.

For a good calibration, the calibration deviation needs to be smalier or
equal to 0.04 pixsls.

In addition, for a calibration object (with the information of two scale
bars), the deviation of the adjusted calibration scale bar must not be
too high {less than 0.005% of the calibration scale bar). A high devia-
fion indicates an incorrect calibration object or incorrect scale parame-
ters.

12-May-2009
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B2 Sensor Changes

B 2.1 Adapting the Sensor to Other Measuring Volumes

B2.1.1 When is an Adaptation Required?

Ideally, the measuring object fits into the measuring volume. Depend-
ing on the size of your measuring object, you will find the correct
measuring volume in the sensor configuration table in the Hardware
User Information. Depending on what you would like to measure, you
need to equip the sensor with the respective correct lenses.

For information about how to handle lenses, please refer to the User
Information — Hardware.

B 22 Expert Calibration

B 221 Calibration Theory

During calibration, the sensor configuration is determined. This means
that the distance of the cameras and the orientation of the cameras to
each other are determined. In addition, the image characteristics of
the cameras are determined (e.g. focus, lens distortions). Based on
these settings, the software calculates from the reference points of the
calibration object in the 2D camera image their 3D coordinates. The
calculated 3D coordinates are then calculated back again into the 2D
camera images. For the position of the reference points, this results in
the so-called reference point deviation (intersection error).

B222 Calibration Deviation

The catibration deviation is calculated from the average intersection
error of all reference poinis recorded during the calibration process.

B223 What Causes Decalibration of the System?

A decalibration occurs if the sensor configuration is changed. This
might be, for example, changes of the camera angle to each other or
changes in the image characteristics of the cameras (use of other len-
ses). If the sensor configuration changes, the calculated reference
point devialion changes as well.

B224 Quick Calibration

If during a measurement it is indicated that the system might be de-
calibrated {e.g. if you knocked against the cameras), you may perform
a Quick Calibration,

During this process, the calibration object needs to be placed into
three positions: in the center of the measuring velume. further away
from the sensor, closer to the sensor. These three new images are
combined with the original calibration and thus a new calibration is
caleulated for the following measurements.

This method is fast and can easily be used during recording a meas-
uring project.

5{8)
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However, the image characteristics of the cameras must not have
changed! If, for example, you inserted new lenses, you need to per-
form a complete new calibration!

The calibration cross must not have been taken apart during the last
calibration and the quick calibration!

12-May-2009
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B 3 Preparations for Expert Measuring Tasks
B 3.1 Lens Adjustment

B3.1.1 Why do Lenses Need to be Adjusted?

Normally, the lenses are preadjusted for the respactive measuring vo-
lumes and do not need to be changed. However, it might happen that
you need to adjust the lenses under certain conditions, e.g.

o because the adjustment changed due to vibrations or

o because you would like to insert the lenses of one measuring vol-
ume for a different one.

For information about how to adjust lenses, please refer to the User
Information — Hardware.

B 3.2 Changing the Camera Support
B 3.2.1 Why Should the Camera Support be Changed?

Change to a Different Length

If you would like to change your measuring system from a medium
measuring volume to a large one, you need a lenger camera support
which allows for a larger distance between the two cameras. There-
fore, you need to change the present camera suppori. The required
steps are described in the User information - Hardware.

B 3.3 Adjust Cameras

B3.31 Why do Cameras Need to be Adjusted?

The correct angle between the cameras and the correct measuring di-
stance are required to optimally capture the measuring ohject in the
measuring volume, '

If, for example, you adjusted your sensor to a new measuring volume
or if you changed the camera support, the cameras need to be cor-
rectly adjusted again. The required steps are described in the User In-
formation - Hardware,
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B4 Summary

© calibration objects

) Calibration prerequisites

© Calibration process

© cCalibration results

© calibration theory

© Calibration deviation

©) Quick calibration

0 Adapting the sensor to other measuring volumes
B Lens adjustment

©) Adjust cameras
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C Measuring

C1 Measuring Procedure

C 1.1 Selecting the Correct Measuring Volume

The measuring volume depends on the size of the measuring object
or on the size of the area you would like to analyze. Choose a mea-

suring volume in which the measuring object or the measuring area

fills the entire image as best as possible.

Ensure that the measuring object or the measuring area remains with-
in the measuring volume in all deformation stages!

C 1.2 Preparing the Measuring Object

Prior to start the deformation measurement, you need to prepare the
measuring object. For this purpose, apply reference points to those
areas you are interested in.

C1.241 Reference Points — General Information

Reference points are self-adhesive marks (measuring markers) which
are applied to the measuring object. They have a defined geometry
and a high contrast {white circle on a black background).

For the PONTOS HS system refro-reflective markers are used. These
markers reflect the light back in that direction from which it came.,
Thus, optimum light conditions are achieved when using the flash
LEDs.

In a calibrated measuring setup, the PONTOS software computes the
3D coordinates of all reference points for each stage from the combi-
nation of both camera images.

You can analyze the displacement of a point by comparing its 3D
coordinates through all stages.

We'distinguish uncoded and coded reference points:

Uncoded reference points

PONTOS always works with uncoded reference points. Round and
square measuring markers are available In different sizes. Select the
corresponding reference point size according to the size of the mea-
suring volume.

Uncoded reference points, square and round
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Coded Reference Points

Coded reference points are mainly used in phologrammetry, i.e. for
the TRITOP system. Around the circular point, they have a fixed de-
fined bar code. Based on this bar code, the software can exaclly iden-
tify the same reference point in the various camera images and thus is
able to transform the individual 2D images into each other and deter-
mine the correct position of the measuring object and of the uncoded
reference points which are also applied to the object.

For PONTOS, these markers are rarely used.

Coded reference poinis as used in the TRITOP system

c122 Which is the Correct Reference Point Size?

Choose a sufficient reference point diameter depending on the mea-
suring volume used.

The size of the reference points (ellipses seen from a perspeclive
view) recorded by the camera images should be at least 6 to 10 pixels
such that the PONTOS system is able to identify them automatically in
good quality.

The sensor configuration table of the valid User Information — Hard-
ware contains an overview of the recommended measuring point siz-
es.

Ref. point aulomatically identifiable with a di-  Ref. point not identifiable with a diameter of
ameler of 10 pixels 3 pixels

C1.23 How are Reference Points Positioned Correctly?

+ Make sure the reference points are applied to plane or just slightly
curved surfaces.

¢ Apply sufficient markers where you would like to measure deforma-
tions. Make sure you place the markers further away from each
other than the expected deformation {at least double spacing). This
ensures correct automatic renumbering through all stages later. In
addition, these markers shouid not be applied in an exact horizontal
line so that they can be identified correctly later. Avoid regular point
patterns.

o Apply some markers in positions where you expect no or just insig-
nificant deformations (relative deformation / relative movement,
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compensation of rigid body movements). These points are later re-
quired as static points.

¢ |n addition, apply the markers such that you may create compo-
nents later (see B ), if you would like to analyze certain
parts of your measuring object separately. Make sure that within
one component there are at least 3 reference points which move as
little as possible with respect to each other and that form a clear
pattern within the measuring project.

e You may apply some markers at points which you might need later
e.g. for a 3-2-1 transformation in order to transform the entire
project into a defined coordinate system.

Make sure you apply the retro-reflective markers such that the angle
of the incoming light is not larger that 45° as otherwise the reflected
amount of light is too small for the software to identify the point.

We can just deal with this matter in a directive manner here.

Example of correctly positioned reference point markers
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C124 Using a Photoelectric Sensor

In order to precisely start a measurement in a certain moment, you
may use a photoslectric sensor which releases the trigger signal for
the measurement.

When using such a photoelectric sensor it needs to be positioned on
the measuring object such that it activates the sensor controller at the
required point in time. In our door slam example # is installed at the
bottom of the door frame and activates the sensor controller just be-
fore the door hits the frame.

C 1.3 Creating a New Project

In order to analyze the deformation of an object, many camera images
of the different deformation states are required. As all data collected
during a measurement is automatically stored in a deformation
project, you first need to create a New Deformation Project for your
measuring task. A wizard in the software leads you through the indi-
vidual steps.

ject name at the same time is the project direciory (see also
PONTOS directory structure). It is defined together with
the project name.

How you create a project you will find in the Online Help.

C1.31 What are Project Keywords?

When creating a new project, you have the opportunity io enter user-
defined project informaticon, so-called project keywords, which you
may use later, for example, in reports to document your measuring re-
sults {e.g. inspector, dats, part no. etc.). All informatton you enter there
is automatically taken over into the preferences and thus is available
for new projects later. For further information, please refer to the On-
line Help.

€1.3.2 What are Project Parameters?

The project parameters contain all settings important for a project.
They belong to the expert settings.

Do not change the settings of these menus if you do not have any
background knowledge!

For standard measuring projects, use the default settings of the
project parameters.

Changed parameters only take effect on future measurements in the
opened measuring project!

For further information, please refer to the Online Help.

C1.4 How Dol Start the Measurement Mode?

Start the Start/Stop Measurement Mode using the respective icon in
the tool bar.

Then, adjust all necessary settings (see C 1.5 and Online Heip) and
start the actual measurement using the start button.

pontos_v62_c_en_rev-b  7-Aug-2009
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C1.5 Adjusting the Shutter Time

The shutter time is the time in which the camera chips in the sensor
record image data. A wrong shutter time leads 1o underexposed (shut-
ter lime too short) or overexposed (shutter time too long) images.

In case of high-speed systems with flash LEDs, adjusting the shuiter

time is easy. Make sure both cameras can well record the measuring

object by increasing the shultter time until you clearly see the object in
the live camera images. Then, reduce the shutter time again.

It must be below 10 ms and ideally should be below § ms. The typical
flash duration of the flash LEDs is 100 us (see User Information —
Hardware).

in order to know whether you adjusted the shutter time correctly for
systems without flash LEDs, you should display any overexposed
areas in the live video image (context menu of the right mouse but-
fon). No overexposed areas should occur.

C1.6 Standard Recording Modes

For a standard measuring project, ihe following two recording modes
are sufficient:

€ 1.6.1 Simple with AD

In this mode, only one image at a time is recorded and you always
start measurement manually in the software by clicking on the respec-
tive icon. The image is immediately inserted info your project as a new
stage. Via the sensor controller, existing analog voltage values will al-
s0 be recorded.

Use this recording moede if, for example, you would like to carry out a
static measurement and only need few Images which you may com-

pare later as stages. This mode is also suitable for adding individual

images to an already recorded series of images.

For further information, please refer to the Online Help.

€162 Fast Measurement {FG-Board Memory)

In case of a fast measurement, a sequence of many images is rec-
orded the number of which you may define. As the images are first
stored in the frame grabber boards, the maximum number of images
to be recorded is fimited by the maximum frame rate of the cameras.

Image recording is released via the sensor controller, i.e. a start pulse
(a TTL pulse or a photoelectric sensor pulse) connected to the sensor
controller or a trigger pulse from the measurement dialog releases the
recording of one image sequence.

Belween the start of image recording and the first recorded image of
the image series there might be delays of up to a few milliseconds.

The sensor coniroller releases the start pulse for image recording and
also records existing analog vollage values.

After recording, you may load all or just selected images as stages in-
to your measuring project.

Use this recording mede in a high-speed system if you would like to
analyze dynamic processes.

For further information, please refer to the Online Help.

7(12)
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C 2 Advanced Measuring Methods

C 21 Sensor Controller

C 211 Tasks of the Sensor Confroller

The sensor controller enables flexible starting of image recording for
the measuring system at an exact time and controlled through analog
values. In addition, it is the voltage source for the cameras.

To the sensor controller, you may connect simultaneously:
o External pushbutton trigger (manual start)

o Photoelectric sensor

o TTL signal

¢ Analog channels (require trigger lists)

For furiher information, please refer to the User Information - Hard-
ware.

C 2.2 Analog Channels (AD Channeis)

Analog channels are external analog voltage values (e.g. for force and
distance signals of a test machine) which come from the test setup
and are used as additional information to evaluate the deformation of
the measuring object.

The GOM software reads these external analog values via the sensor
controller and internaily converts them into digital values. You may de-
fine a otal of 7 different voltage values by means of the analog chan-
nels. For this purpose, a separate menu item is available in the soft-
ware {see alsc Online Help).

In order to correctly interpret an anafog channel and to enter it in dia-

grams, it Is necessary to assign a correct unit to the voliage value and -

to transform it by a corresponding factor. You may define these para- f
meters prior to measuring using menu item AD Setup Mode globally

for all future stages or later for existing stages using tab Stage Data in

the sub explorer.

C 2.3 Additional Recording Modes

¢ 231 External Trigger with AD

In this mode, whenever an external signal is received, an individual
image is recorded. in addition {o this image, the corresponding AD
channels and a time signal are recorded. This mode is limited to one
image per second.

Use this recording mode if you would like to record an image always
at a certain point of time or in a certain siluation {e.g. manually via a
pushbutton trigger connectied to the sensor controller or automatically
via a determined signal from the test setup).

For further information, please refer to the Online Help.
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€232 Fast Measurement (Main Memory)

In this mode, a sequence of several images is recorded the number of
which you may define. As the images are direclly stored in the com-
puter, the maximum number of images that can be recorded is limited
to 40 images per second (40 Hz).

Image recording is released via the sensor controller, i.e. a start pulse
{(a TTL puise or a photoelectric sensor pulse) connected to the sensor
coniroller or a trigger pulse from the measurement dialog releases the
recording of one image sequence.

Between the start of image recording and the first recorded image of
the image series there might be delays of up to a few milliseconds.

The sensor controller releases the start pulse for image recording and
also records existing analog voltage values.

After recording, you may load all or just selected images as stages in-
to your measuring project.

Use this recording mode if you need more images than can be stored
in the frame grabber boards and no high-speed recording is required.

For further information, please refer to the Online Help.

C 3 Measuring For Experts
C3.1 TriggerLists

Atrigger list is an automatically or manually created text file containing
all commands to control the sensor controlier and the measuring pro-
cedure. This means that after starting a measurement, the camera
control etc. is entirely transferred to the sensor controller which then
controls the complete measurement procedure.

The software contains some default trigger list macros and, in addi-
tion, provides the possibility to easily create an individual trigger list in
the seript editor.

For detailed information, please refer to the separate trigger list user
information.

C 3.2 Slave Mode

In the special case that several measuring systems will be used simul-
taneously in order to record the deformation of a measuring object
from different views, one computer is declared to be the master by se-
lecting the required recording mode (e.g. Fast Measurement (FG
Board Memory)). All additional computers are operated in the slave
mode and exacily carry out the measurements of the master PC.

For further information, please refer to the Online Help.

C 4 Measuring with Adapters

C 4.1 What Are Adapters and What Are They Used For?

Adapters are auxiliary tools with an individual defined reference point
constellation which is identified in a measuring project and which may
create points, lines and other primitives throughout all stages.

3{12)
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With PONTOS, adapters are mainly used fo measure areas which are
difficult or Impossible to access or to measure without the need to ap-
ply reference point markers to the measuring object at the spot of in-
terest.

C 4.2 Adapter Types

There are preconstructed adapters available at GOM as an option
such as edge, plane, cylinder or sphere adapters.

However, the sofiware also provides the possibility for creating user-
defined adapters.

As for PONTOS projects in most cases very specific adapters are re-
quired for a special measuring task, mainly the user-defined adapters
wil be used.

C4.3 Creating Adapters

C4.31 Step 1 - Planning

Before you create an adapter, you need {o know exactly the specific
measuring task and consider how the adapter can be visible in all im-
ages and stages of the measuring project during the image recording
process.

C4.3.2 Step 2 - Adapter Preparation

Next, you need to apply reference point markers to the object you de-
cided to be an adapter. Ensure that you apply a sufficient number of
points which result in an unambiguous point constellation within the
measuring project.

C43.3 Step 3 - Measuring the Adapter

Measure the adapter with PONTOS so that you get a complete point
cloud.

Depending on the measuring task and the type of the adapter it might
be necessary to record the adapter photogrammetrically using the
TRITOP software.

C434 Step 4 - Creating the Required Primitives

According fo the measuring task, create the required primitives from
the peint cloud in order to get your real measuring point.

C435 Step 5 - Creating the Adapter in the Software

Create the required adapter in the software using menu item User-
Defined Adapter.

For further information, please refer {o the Online Help.

C4.36 Step 6 - Load Adapter Into Measuring Project and Identify It

Add the finished adapter to your measuring project using Preferences
and identify it in the project.

92009
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C4.4 Application Examples

C4.41 Flight Path of an Object

If, for example, you would like to measure the flight path of a ball in a
room, apply reference point markers to the ball, measure it with the
TRITOP software and create a best-fit sphere from the point cloud.
Then, define an adapter which, based on the point constellation of the
ball, calculates the center point of this sphere. If you then measure the
flight of the ball with PONTOS, you may trace the center point identi-

fied by the adapter throughout all stages, and thus you may analyze
the flight path.

C44.2 Movement and Position of a Tool End

If, for example, you would like to determine the movement and posi-
tion of a tool end but cannot apply reference point markers at this
point, a user-defined adapter assists you during measurement.

Tool end

X | 1883

Incremental sheet metal forming, Chairfor Production Systems at the Ruhr University Bochum, Germany Y 1486

Z| 363

1
[ Adapter

Tool (top), constructed adapter in the 3D view (bottom)
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C5 Summary

© Selecting the measuring volume

©) Preparation of the measuring object

©) Positioning of the reference point markers

© Creating a new project

© Project keywords

) Project parameters

© Shutter times

) Standard recording modes — simple and fast measurement
€) Sensor controller

) Analog channels

) Additional recording modes — external trigger and fast
measurement {

© Trigger lists
© Slave mode
© Adapters
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D Computation

D1 Project Computation

After you recorded all measurement images, they are available in your
deformation project as stages that are not yet bundled. Each stage
consists of a right and a left camera image. From these images, the
software now has to compute for each stage the respective 3D coor-
dinates te provide data for the deformation analysis later.

Open the function using the respective icon. Select the standard set-
ting Compute all image points and start the computation for all sta-
ges. The software now computes the 3D coordinates and assigns a fi-
xed ID to each 3D point.

In the 3D view, the resulting point cloud is displayed and in the list Ob-
ject Points all points are listed with their IDs.

This first stage is the Basis of the project to which all further computa-
tions will refer. Generally, it is also the transformation reference sta-
ge to which all other stages will be aligned to.

D2 Components

D 2.1 What are Components?

Typically, a deformation measuring project consists of different quasi
rigid bodies. Each quasi rigid body might be of interest for the user.
Therefore, it can be defined in a so-called Component.

A Component is a group of 3D points which, in a measuring project,
represent such a quasi rigid body. The movement of the 3D points
within a component is relatively small. However, the movement of dif-
ferent components with respect to each other can be quite large.

Generally, define all components in the first stage of the project. Each
component is automatically allocated a separate ID number range.

1101 $$&$1W¢1¥ Zl_}mpqggﬁl A0
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Measuring object with several components. For a better understanding, they are shown here in
different colors.
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D214 Define Components

All components and their respective parameters are always defined in
menu item Edit Components or via the corresponding icon,

Defining a component includes the following steps:
e Create a new component.

« Select all points (at least three)} which are supposed to form a com-
ponent, and transfer these points into this component. Ensure that
the points of a component are visible in all stages of the project, if
possible.

¢ Select some of the component points (at least three) which clearly
identify this component in the project.

e Adjust parameters (search radius, identification threshold)

For further information, please refer {o the Online Help.

D 2.2 Standard Component "Static Points"

A standard deformation project should have at least one component
so that the stages can be aligned to each other and identified, and the
deformation can finally be computed. For this purpose, the software
provides the standard component Static Points. At first, this compo-
nent is empty and needs to be filled with points (identification points)
which you select.

D221 What are Static Points?

Static points are points In a measuring project which do not undergo
any object deformations and which keeap the distance belween each
other during the entire measuring process,

D222 Selecting Static Points

Suitable static points are coded reference points {if available) and un-
coded reference points which were not or just insignificantly displaced.

You need at least three siatic poinis for aligning the stages to each o-
ther correctly. These points must not lie on one line and should be
steady with respect to each other. If more than three points are used,
the software averages the vaiues and thus the noise of individual
points is less important. We therefore recommend defining about 5 {o
10 points.

12-May-2009
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Example for reasonably selected static points (red)

D 2.3 Identification Points

D 2.3.1 What are Identification Points?

Identification points are points within a component with the help of
which the software recognizes the component in all stages of the pro-
ject. The software searches this point pattern in all stages and then
tries to determine the remaining component points by means of a dis-
tance search. Thus, measuring points can be correctly assigned be-
tween the stages despite large object movements.

D23.2 Choosing Identification Points

When defining a component, select points as identification points that
move as little as possible with respect to each other and that form a
clear pattern within the project.

At least three identification points are required to recognize a compo-
nent. Identification points automatically are marked with a green cross.

For further information, please refer to the Online Help.

% + +

Example for reasonably selected identification points (green). For a better distinction, the re-
maining component points in this example were colored in yellow.
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D 3 Identification

in order to assess the deformation of an object, ali stages of a project
need to be aligned, i.e. transformed, to a component of the {ransfor-
mation reference stage (the first stage of the project). Then, the re-
spective component needs to be identified in each stage and its point
IDs need o be assigned correctily. This is done by means of the de-
fined identification poinis.

You start the entire computation process with menu item tdentify or
with the respective icon.

identification is divided in three steps:

s Select componenis and determine identification order
s Select component for stage transformation

* Evaluate computation resuits

For further information, please refer to the Online Help.

D 3.1 Select Components and Determine Identification Order

All components and all adapters (if available) are automatically listed
with information about type and number of reference points.

As a default, all elementis available in this list are used for the identifi-
cation process. You should disable components only if they do not ex-
tst in your current project.

During identification, the software processes the list of components
from top to bottom. Therefore, we recommend to move the component
with the most points to the top. Thus, components with fewer points
can be easily found in the remaining point cloud due to less ambigui-
ties in the resuit.

If adapters exist, they take precedence over the components In the i-
dentification process.

D 3.2 Select Component for Stage Transformation

The stage transformation determines in which way the individual sta-
ges are aligned to each other. As a default, the first stage of a project
is the transformation reference stage. Certain polnts of this stage are
assumed to be fixed. The points of all other stages are then aligned to
this group of points.

Generally, component Static Points is used for stage {ransformation
as it contains the points of the measuring project that do not move.
However, you may use any other component for stage transformation
if you would like to analyze the movement of the remaining points and
components relative to this one,

The identification points of the component selecled for stage transfor-
mation in this case are called Fixed Points.

12-May-2009
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Further Computation Parameters

D 3.3 Evaluate Computation Results

As soon as you click on button Compute, the results of the compo-
nent identification and the stage transformation are listed as preview.

This list is created for each stage in each component and can be ac-
cessed via the individual tabs. In addition, there is the tab Total.

The list is divided into two columns and consists of color bars and
numbers. One column informs about missing or not identified points
while the second column contains information about the identification
deviation_or the transformation deviation. The color intensity and the
length of the color bars combined with the respective values help you
to assess these results. The color of all bars may continuously change
from green (everything is ok) to red (bad).

The meaning and interpretation of the color bars depend on whether
you are in a component tab or in the tab Total.

In addition, icons in front of the stage and component names indicate
the status of the components or stages.

For further information, please refer to the Online Help.
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Example for good results Example for bad results

If the preview results do not meet your expectations, you may here in-
fluence the values, for example, by changing the component parame-
ters, before you confirm the results and accept them for your project.

D4 Further Computation Parameters
D 4.1 Additional Stage Transformation Options

D4.1.1 Stage Transformation Using Setting "Sensor"

If you do not have any chance to define static points (fixed points) in
your measuring project because, for example, you would like to exam-
ine the movement or velocity of an object, you may choose setting
Sensor for the stage transformation.

For this type of transformation, the sensor must be fixed and must not
be moved or just be moved in a defined manner!

In this case, the sensor represents a fixed point to which you measure
relatively. No transformation is carried out, i.e. the stages will not be a-
ligned to each other.

If you select the sensor coordinate system as transformation basis, all
previously made identifications and transformations are rejected and
you will return to the original state of the project after image recording.

Chapter D
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D4.1.2 Manual Stage Transformation
Oniy select this mode in really special cases!

in this case, you need o carry out the transformation manually for
each stage by clicking transformation points in the transformation ref-
erence stage and in the current stage. if you already carried out a
stage transformation with a component, the existing fixed points will
be suggested for manual transformation.

Manual stage transformation requires for the current and ali following
stages of the project a new identification. Make sure that for the identi-
fication in this case you select No Transformation as stage transfor-
mation.

For further information, please refer {o ithe Online Help.

D5 Summary

8 Compute project

© Define components

O Static points and identification points

) stage transformation and identification

) Transformation to the sensor coordinate system
© Manual stage transformation
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E Transformations

E1 Transform Project Data

Depending on the measurement task, the deformation data of a mea-
suring project sometimes needs to be transformed into a defined co-
ordinate system in order to be interpreted correctly.

E1.1 Whatis a Coordinate System?

A coordinate system is used to unambiguously describe the position of
points in space by stating three numerical values (X, Y, Z coordinates).
The point where all numerical values are 0 is called the origin of the
coordinate system.

E1.1.1 Visualization of the Coordinate System

PONTOS can show the coordinate system in the left bottom corner of
the screen. It is displayed as a dice and serves as guide for easy ro-
tating the measuring object. By clicking on the axes or the corner
points you may rotate the measuring object into different views.

In addition, you may display the coordinate system in its origin or hide
it completely.
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Coordinate system in the left bottom corner and in the origin, without transformation

E1.2 Views in the Software

The software offers several views. View shows the measuring object
from top, bottom, left, right, front and back and ISO View displays the
measuring object additionally in the respective diagonal views (see al-
so Online Help).

E 1.3 Why is Transformation Required?

After calibration, the Z axis of the coordinate system in PONTOS
points to the sensor. For a better understanding, or in order to be able
to use the data, for example, for further processing by subsequent
systems, they may be transformed into a defined coordinate system.
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Z ref. point (plane)

In order to put a coordinate system in a defined condition, the nominal
coordinates of some reference points need to be known. This might be
CAD data, data of other measuring projects or data determined by co-
ordinate measuring machines.

Depending on the measuring task, you need to define the coordinate
system. Many manufacturers define, for example, the default coordi-
nate system of a car in the middle of the front axle with the Z axis
pointing towards the top, the X axis pointing to the back and the Y axis
pointing to the right.

There are different transformation methods (e.g. 3-2-1 transformation,
best-fit by reference points). Which method is preferred depends on
the measuring project and the data available.

E1.4 Principle'of the 3-2-1 Transformation

The 3-2-1 Transformation is the mostly used method in PONTOS.
Therefore, we introduce the basics here.

3-2-1 means that three 3D points (Z1, Z2, Z3, located as far as possi-
ble from each other and not in a line) describe a plane, two additional
3D points describe a line (Y1, Y2, located as far as possible from each
other in the X-axis) and one 3D point describes a point (X). For the
transformation method ZZZ-YY-X means the following:

Three Z points (Z1, Z2, Z3, red plane) define the Z plane. The addi-
tional two Y points (Y1, Y2, blue plane) define the Y plane. The X point
(X, green plane) now defines the X plane. At the intersection of the
planes is the zero point of the coordinate system. The following figure
illustrates these connections. Of course, other transformations like
XXX-YY-Z are possible as well.

Y plane

Z plane

X plane

Z ref. point (plane)

Xref. point (point)
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Y ref. point (line)

Z ref. point (plane)

Y ref. point (line)

Zero point

The above example shows the factual relations using the minimum
number of points required fort his transformation method. You may
use reference points or self-defined 3D points. In this case, the points
define the coordinate system directly. It is important that the points re-
liably describe the required coordinate system.
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E1.441 Birection of the Coordinate Axes

The direction of the Z axes (positive or negative)} depends on the or-
der in which the three reference points are defined. It resuits from the
sequence of the points and the resulting "sense of rotation" of the pla-
ne (points 1 to 3). The direction of the Z plane can be defined, inde-
pendently of the "sense of rotation", by toggling menu item Plane po-
sitive.

The direction of the Y axis (positive or negative) depends on the order
in which the two Y reference points are defined and resuits when de-
fining the points 1 and 2 of the line. The direction of the Y plane can
be defined, independently of the sequence of the points, by toggling
menu item Line positive.

E1.4.2 Indirect Determination of the Coordinate System

It is not always possible that points determine a coordinate system di-
rectly. Therefore, in case of the transformation method ZZZ-YY-X, you
may enter alignment coordinates for each point with z1, 22, 23, y1, y2,
X, which now define the respective plane, line or point.

E1.4.3 Additional Points

You may define additional points in the software which will also be
taken into account for the 3-2-1 transformation. The additional points
may increase the accuracy of the coordinate system, for example, if
you use four instead of three 3D points to define a plane. The plane
now is overdetermined. However, as four or more 3D poinis in practice
never lie on one ideal plane, the software determines the average va-
lue of the resulting differences.

E1.44 3-2.1 Transformation in PONTOS

For typical PONTOS measurements, a defined component coordinate
system is not necessarily required because mainly relative values
(displacementis) are measured. Here, only the correct direction but not
the origin is important.

However, for further processing of the data e.g. in a simulation soft-
ware, the data needs to be transformed into a defined coordinate sys-
tem. This is typically done by measuring the points with a TRITOP
system or with a coordinate measuring machine. Then, the transfor-

mation is made by entering ihe values info the 3-2-1 transformation
menu.

E 2 Registration

In order to be able to use measuring data for a comparison to the no-
minal data (CAD data), they need to be transformed into the coordi-
nate system of the CAD data. This is done by registration. There are
different registration methods {pre-registration, best-fit registration).
The import of CAD data is a prerequisite for all methods.
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E21 CADImport

E 211 What Are CAD Data Needed For?

CAD data are the ideal design data according to which a component is
manufactured. They contain all nominal elements and nominal valuss
which are important for a component. However, PONTOS measures a
really existing object. If you now would like to know how much the real
object deviates from its nominal dimensions, you nead the CAD data
as reference data in order to carry our a respective analysis.

E21.2 What do the Parameters Mean?

When importing the CAD data, they are converted into mesh poly-
gons. In order to achieve an optimum resulf, several parameters need
to be specified.

Surface Tolerance

-

________

The surface tolerance describes the max. admissible chord error of
friangles for freeform surfaces.

Maximum Edge Length

The maximum edge length describes the max. permissible length of a
side of a triangle.

Maximum Angle

The maximum angle describes the max. admissible tiit angle of trian-
gles for freeform surfaces.
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Registration

Structure Repair Mode
This mode defines how the CAD data will be processed during the im-
port. We recommend using Mode 1 (default).

E2.1.3 After the Import

After the import, the data are available in the sub-explorer and are
split into so-called Bodies and Curves.

A Body is a single, coherent mesh. Depending on the original CAD
data and on which structure repair mode you chose for the import, se-
veral bodies may be displayed. A body, again, may consist of several
patches. A patch is a partial area of a body but adheres to it. The pat-
ches may have different colors.

Under Curves, auxiliary CAD lines are displayed which are mainly
important for the design. Usually, these lines also contain the material
thickness vector which is really important for a deviation analysis.

Material Thickness Vector / Surface Normal

The material thickness vector states in which direction the material
builds up. In most CAD applications, its direction in the CAD data is
defined such that it points from the surface to the material. Its length is
normally 100 times the material thickness. It runs opposite to the sur-
face normal. The surface normal is a vector which is perpendicular on
the surface and thus defines the front side of the mesh.

Check to which direction the material thickness vector in the CAD data
points and whether the surface normal is opposite to this direction so
that the front side is defined correctly. In the GOM software, the rear
side of the mesh generally has a uniform color which is defined in the
preferences.

Surface normal

Material thickness vector

Correct direction of the surface normal Wrong direction of the surface normal

Now, you may decide if you measured the correct side or which side
you would like to measure. Generally, you should measure the CAD
front side. If, in special cases, you would like to measure the opposite
side, you may do it by clicking with the right mouse button onto a body
of the CAD data in the Sub-Explorer and select » Edit Properties »
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tab General » Measure opposite side. For this purpose, the CAD
data are corrected by the material thickness of the sheet metal in
normal direction by entering the correct value for the material thick-
ness.

E 2.2 Pre-Registration

A pre-registration is the prerequisite for the best-fit registration. During
the pre-registration, the measured data is brought as close to the co-
ordinate system of the CAD data as possible It is carried out manually.

E 221 Pre-Registration Project

Using this function, you register two data sets by means of manually
determined points. You define these points in the measuring data and
in the CAD data. The points must not lie on one line and should be far
away from each other in order to achieve a good pre-registration. As
soon as at least three points are marked, the transformation is calcu-
lated and the deviation is displayed.

For further information, please refer to the Online Help.

Pre-registered data

E 2.3 Best-Fit Registration Project

During the best-fit registration, the measured points are dragged as
best as possible onto the surfaces of the CAD data. This requires se-
lecting either certain best-fit areas on the measuring data or the entire
measured points. Therefore, the best-fit registration leads to a user-
dependent registration because the user may influence the selection.

This surface registration is based on a defined Search radius which
specifies, how far in the CAD data corresponding points are searched
for, i.e. in order to register a point of the measured data, all points of
the reference mesh are considered that are within this given search
radius. As a default, the software carries out several best-fit cycles in
order to reduce this radius and to register the data as best as possi-
ble. During these cycles, the software adapts the number of used
points automatically.
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Detail view, pre-registration Detail view, best-fit registration

E 3 Other Transformation Methods

E 3.1 Best-Fit by Reference Points

E 3.1.1 Prerequisite

For this method, the complete 3D coordinates of at least 3 arbitrary re-
ference points need to be known. The function automatically identifies
these points in the measuring project if the coordinates entered de-
scribe a reference point constellation that can be found in the measur-
ing project as well. The measuring project then is transformed into the
coordinate system of these points.

E31.2 Procedure in PONTOS

If, for example, you have captured your measuring project in a com-
plete TRITOP project prior to the deformation measurements, you may
export defined points that shall be used to transform the project into
the component coordinate system in a reference point file. Load this
file into PONTOS using menu item Best-Fit by Ref. Points and thus
transform your deformation project into the correct coordinate system.

E 3.2 Weighted Points

Defining a coordinate system by means of weighted points is very si-
milar to the 3-2-1 method.

Whereas for the 3-2-1- method you need, for example, three Z coordi-
nates for the Z plane, two Y coordinates for the Y plane and one X co-
ordinate for the X plane, the Weighted Points method requires all
XYZ coordinates of at least 3 reference points, six of which must be
measured precisely according to the 3-2-1 definition and the others
are estimated. The estimated values should be in the range of approx.
+-10 % of the maximum length of the measuring volume.

The direction of the coordinate system results from entering the com-
plete coordinates.

For further information, please refer to the Online Help.
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Z ref. point Y ref. point
X: estimated X: estimated
Y: estimated Y: measured item
Z: measured item Z: estimated

Y. X

o= | Zref. point

Z ref. point X: estimated
X: estimated Y: estimated

Y: estimated Z: measured item

Z: measured item

X ref. point Y ref. point
X: estimated X: estimated
Y: estimated Y: measured item
Z: measured item Z: estimated

E 3.3 Transform Plane-Line-Point

With this function, you may carry out a transformation using the primi-
tives plane, line and point that were derived from the measuring data
and the reference data (CAD, ...). Equivalent primitives of the measur-
ing data and the reference data are hierarchically assigned to each
other (e.g. plane to reference plane, line to reference line and point to
reference point). First, all elements need to be created in suitable ar-
eas according to the 3-2-1 rule.

This function allows aligning objects where the reference plane is not
located in the planes of the reference coordinate system.

E 3.4 Transformation of Meshes

When you included polygonized meshes into your project (e.g. by
converting CAD data into such meshes), you may align these meshes
to your measured points such that they move together with the points
in the stages according to the deformation.

Here as well, the pre-registration is the prerequisite for the best-fit reg-
istration.

E 3.4.1 Pre-Registration Mesh

The procedure is the same as for the Pre-Registration Project but
you align an existing mesh to the measured points (see also Fehler!
Verweisquelle konnte nicht gefunden werden.).

E3.4.2 Best-Fit Registration Mesh

The procedure is the same as for the Best-Fit Registration Project
but you align an existing mesh to the measured points (see also
Fehler! Verweisquelle konnte nicht gefunden werden.).
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E4 Summary

©) Transform project data

©) Coordinate system

Q Transformation

) Basics of 3-2-1 transformation

© CAD import

& Pre-registration

© Best-fit registration

© Method best-fit by reference points
@ Method weighted points

0 Method fransform plane-line-point
© Transformation of meshes
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F Result Creation

F1 Analysis

In order to analyze the deformation of a measuring object with respect
to a reference state, the software needs to display the deformation
which was computed through all stage in color in the 3D view. For this
purpose, you need to define an area which you are interested in. You
may also-obtain additional analysis data, for example, by examining
the position of a point closer, by measuring the distance between a
point and a line, and much more. All analysis data you create appear
in the sub explorer under tab Elements.

F1.1 Deformation Reference Stage

In order to define the reference state to which the deformation analy-
sis shall refer, you may select a stage as deformation reference stage
any time.

In the explorer, the deformation reference stage is always displayed in
bold letters and with a filled (stage is currently visible) or with an emp-
ty (stage is currently not visible) red circle. Generally, the basic stage
is also the deformation reference stage.

F1.2 Displacement Fields

F1.21 Defining a Displacement Field

A displacement field is a user-selected area of points, for which the
deformation — i.e. the position offset of the points in the current stage
compared to their position in the reference stage — is to be displayed
in color in the 3D view. This means, a displacement field is a way to
visualize deformations.

If you use components, you may use the selection command Select
Component to easily select the area which is of interest for you.
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The color, direction and length of the vectors informs about the defor-
mation of the object at individual measuring points. The stronger the
deformation is the longer is the respective vector. You may adapt the
length and scaling of the vectors in a displacement field individually
but the length ratio of the vectors with respect to each other remains
the same.
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Side view of a displacement field

How you create a displacement field you will find in the Online Help.

F1.22 Legend in a Displacement Field

Generally, the legend is set to Automatic scaling, i.e. the range of
values for the deformation in the displacement fields is calculated over
the entire color scale. Thus, a displacement field has an individual le-
gend in each stage.

F1.23 Editing a Displacement Field

Any time, you have the possibility to exclude certain points from a dis-
placement field or to integrate the excluded points again. The dis-
played deformation value range of the legend changes accordingly if
the legend scaling is set to automatic. See also Online Help, subject
“Legend”.

F1.24 Several Displacement Fields

You may create any number of displacement fields, for example, to
just analyze certain areas of your measuring object.

Each displacement field is listed separately in the sub explorer.

If several displacement fields are visible at the same time, the values
of all deformations in these displacement fields will be taken into ac-
count and the deformation value range of the legend changes accord-
ingly if the legend scaling is set to automatic. See also Online Help,
subject “Legend”.
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F 2 Extended Analysis

In addition to the displacement fields, you may evaluate the deforma-
tion at or between certain points. Menu item Analysis provides for va-
rious functions for distance and angle analyses.

All analyses may also display the deviations of the measured points to
CAD data. You may choose whether the CAD data is to be compared
with the deformation reference stage or with the currently visible sta-
ge. z

In addition, the software provides the possibility to analyze move-
ments in space. For this purpose, menu items 6DoF and Relative
6DoF are available.

You may use menu item Primitives to create auxiliary elements for
analysis tasks.

F21 Measure Point Positions, Distances and Angles

F21.1 Measure Point Positions

Using the corresponding menu item, you may display the displace-
ment of individual points with respect to the reference stage and do-
cument it with labels.

If the text label in the 3D view does not display the desired parame-
ters, you may change it with a right mouse button click on the label.

For further information, please refer to the Online Help.

Punkt/ Point
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Example: Point position analysis
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F21.2 Measure Distances

Using the corresponding menu item you may carry out distance mea-
surements and document them with labels.

If the text label in the 3D view does not display the desired parame-
ters, you may change it with a right mouse button click on the label.

Example of a Point-Point Distance

| MNominal|  dual| Dist |
Vv 41095096} +1095.066 | -0.029

. \\. Linie 1 {Line 1
g -
* g

Example: Analysis point-point distance

Example of a Point-Line Distance
The function determines the perpendicular distance of a 3D point to a
line.

Sy Punkt-Linie 1 /Poin-Linel
° Nominal | Acual| _ Dist |
™ .\ V| 4347445 | 4348080 | 40643 |
L ]
) \

L ]
® @8 ®
[ B /e e
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e o e O
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Example: Analysis point-line distance

Example of a Point-Plane Distance
The function projects a 3D point perpendicularly onto a plane and de-
termines the distance between these points.

; ’.-':0 o

-2 - .t':___ /
— ¥
2

[Punk-Ebene 1/Poin-Plane 1
| Nomma\‘ Actual | Dist |
|| V| +154864 | +155192| +0329 |

Example: Analysis point-plane distance
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F21.3 Measure Angles

Using the corresponding menu item you may carry out angle meas-
urements and document them with labels.

You may determine angles between the elements Planes and Lines.
Angles in the 3D space are limited to 0° to 180°. Therefore, angle va-
riances around zero are ambiguous. In order to prevent wrong analy-

ses, you should not define angles close to 0° or 180° in the deforma-
tion reference stage.

-

Example of a Line-Line Angle

Using this menu item, you may measure angle variances between two
lines.

“Winksl 1/Angle 1
Nominal | Actual
A| +92333°| +92435°

Diff. |
+0.102° |

Linie 1/Line 1

Example: Line-line angel

Example of a Line-Plane Angle

Using this menu item, you may measure angle variances between a
line and a plane.

v
Winkel2/Angle2 S
[ nal | Acual Oift | I Ebene 3/ Flane 3

A +45630° | +45637° | 40007 |
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Example: Line-plane angle
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Example of a Plane-Plane Angle

Using this menu item, you may measure angle variances between two
planes.

Winkel 2 / Angle 2 .
1 Nominal | Actual| _ Off. |
Al +20.634° ‘ +29582° | -0.052° |

- &

Example: Plane-plane angle

F 2.2 6DoF Analysis

F221 What Does 6DoF Mean?

The abbreviation 6DoF stands for "Six Degrees of Freedom". With
this, you may exactly analyze the movement of an object in space.

Three of these six degrees of freedom refer to the translation along
the three coordinate axes in space, i.e. an object may move back and
forth (1st degree of freedom), up and down (2nd degree of freedom)
and left or right (3rd degree of freedom).

The remaining three degrees of freedom refer to the rotation around
the three coordinate axes. The resulting angles are also called roll an-
gle (4th degree of freedom), pitch angle (5th degree of freedom) and
yaw angle (6th degree of freedom).

Example for roll, pitch and yaw angle of an airplane coordinate system.
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Extended Analysis

F2.22 Determine Origin for Local Coordinate System

In order to create a 6DoF analysis for a component in PONTOS, you
need to determine the origin of the local coordinate system. For this
purpose, you may select individual points or, with the help of primi-
tives, you may create the origin at a position which is of interest for
you.

F223 Define Direction of Local Coordinate System

In order to evaluate your 6DoF analysis according to your measuring
task, you need to decide if the local coordinate system shall corre-
spond to the global coordinate system of your measuring project or if
the direction of the coordinate axes need to be different. You may de-
fine the direction of the coordinate axes manually.

F224 Example of a 6DoF Analysis

In this example, the movement of the dummy head in a crash test was
examined. The origin of the local coordinate system is in the head's
center of gravity. Its direction corresponds to the global coordinate
system of the project. You may clearly see a displacement and rota-
tion of the head.

6DoF | | 6DoF |
V] 142,760 mm | v [+303.154 mm ||
X| -142.145mm || || x| -294.951mm|
Y| +10.548 mm || ¥| 24949 mm |
7| +7.983mm|| | 2| -65.449 mm
-1.359 deg || Roll 7.106 deg
-7.274 deg || Pitch | -40.186 deg
1.625 deg || | vaw | -10.535 deg

@
Satoo 0105
""‘ "~
S5l o510

3D view of the component "Head" in three different stages.

Corresponding 2D images in a report For a better overview, the detailed label was hidden in this view.

F225 Relative 6DoF Analysis

The software also offers the possibility to examine two 6DoF analyses
relative to each other. Thus, you may analyze the relative movement
of two different components with respect to each other.

Chapter F 9(18)



Extended Analysis

F2.3 Primitives

Primitives (points, lines, circles, planes, spheres, ...) are user-defined
objects in the 3D view. You need primitives, for example, for transfor-
mation or inspection {documentation of measuring results) of a meas-
uring object.

When clicking with the right mouse button on the defined primitive,
you may edit the element. The following functions are available:

o Set or unset the primitive as reference
¢ Change the appearance of the primitive or the label
¢ Defining the normal direction

The following {able informs you in extracts about possible primitives
and particularities when creating them. All primitives are generated
based on 3D points or 3D polygon meshes or other primitives (e.g.
planes and lines). Use Ctrf and left mouse button in the 3D view to se-
lect points, planes, lines, elc. to create primitives or by directly clicking
on the primitive's label with Cirl and left mouse button. You may also
select the elements directly from the explorer list,

Primitive Point
Point Creates a single 3D point by clicking with the left mouse bulton.
Division Point Creates an individual 3D point between 2 points. The position be-
fween he points can be defined in 100 steps (%). 1 Result

: between ﬁ.vé)mc‘iréié: cen-
lers {a} and (b} with position 50%.

Intersection Point Active If corresponding primitives exist in the measuring project.
Creales an intersection point between primitives. The system au-
tomatically adjusts the intersection type under Base elements.
Only for rectangular holes or slofled heles you can choose between
Line and Plane. If under Element you select the mesh, and if the
line intersects the mesh several times, choose {he point undler
Point number for which you wish fo create the intersection point.
As intersection point between two lines, the center point of the
shorfest orthogonal disiance between these lines is given because
the lines praclically never intersect each other,

@)

Projection Point Projects a point of 3D meshes and primitives fo other 3D meshes
and primitives on the shortest possible way. You can adjust the
projection type with Project onto and Projection mode.
Projection modes: Surface creates a point on the surface of 3D
meshes and badies. Point only uses the junction points of the 3D
meshes or the centers of circles and spheres. Curve uses the bor-
der lines. Plane uses the planes of circles or planes. Line uses the
rolation axis of cones or cylinders.

)

i B Y
Example: Projection of point (
ne (a).

b) dﬂ!o pla-

10 {18)
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Extended Analysis

Touch Point (Disc) Projects a circular plane onto primitives, point clouds, sections, 3D
meshes, ... and creates a point af the focation of the iniial touch.
The function is similar to the Disc Catiper with the difference that
here the resull is a point instead of a distance.

L1 Sélect lh'e el'ément fo bé tdéched in
the 3D view.

@ Chooss the projection center with
Center and determine the touch direction
with Direction.

© Adjust the Clearance and. t'he.Raclius
of the circular plane.

DAfter clicking on Preview the Touch
Point {Disc) is displayed.

Touch Point {Disc), if Projecton on di-
rection vector is enabled.

Points from Line Active if corresponding primitives exist in the measuring project.
Extracts the start or end points of ines, intersection lines and rota-
tion axes of cylinders (a) and cones.

Ekampiéf Extraction of start and end
noints of a cylinder rotation axis (a).

Best-Fit Point Creales a geometrical average value from selected 3D points

lergeomis]
andfor 3D meshes.

Result i

Examb]e: The result s the geometrical
average value.

11 (18)



Extended Analysis

Primitive Line

Point-Point Line

Creates a line between two poinis.

i Resvit
Example: Line between two individual
points

Point-Direction Line

Creales a line from the starl point in a Direction o be defined. The
{length of the lire in arrow direction can be defined with Length.

Example: Line from the starﬁng poin! on

Perpendicular Line

Active if corresponding primitives exist in the measuring project.
Creates a line from the start point {pfane a} orthegonal {o another
line {b}.

the plane in normal direction of the plane.

Examp]e IIO?i'p'Ié'n'e" ('a)', we selected a
start point for the perpendicular line
which runs perpendicular {o line {b}.

Symmetric Line

Creales a line symmetrically 1o two other elements which contain a
fine {e.g. line, cylinder, cone, efc.).

Line by Cross Product

Creates a line that is perpendicular to two other lines or direction
vectors and has its origin in the point you ¢licked.

e (here in red)

rearprodubt {3
C1os: L

Example: The 6ross product was éreated
from lines 2 and 3. The new line is per-

Intersection Line

Active if corresponding primitives exist in the measuring project.
Creates intersection fines between surfaces of primitives.

pendicular fo both other lines,

intersection line between two planes.

Best-Fit Line

Creates a line according to the best-fit principle based on selected
3D meshes, sections and features, Based on the selected points,
the line can be calcudated for All points or with the help of statisti-
cal methods with 1 Sigma o § Sigma. In case of a targe amount of
points, 1 Sigma is approx. 68.3%, 2 Sigma approx. 85.4% and 3
Sigma approx, 99.7% of all points. Using the statistical methods,
measuring point outilers can be eliminated during the best-fit proc-
ess.

[ Ergetnis _:';

Example: Bestfil line, created on previ
ously selected (red) points of a border li-

ne.

12(19)

12-May-2009

pontos_v62_f_en_rev-a




12-May-2009

pontos_v62_f_en_rev-a

Extended Analysis

Primitive Plang

Point-Point-Point Pla-
ne

Creating a plane through 3 paints.

Example: The plane was'creéted by se-
lecting three points.

Point-Norinal Plane

Creales a plane through one point in the direction of other objects
like lines, cylinders, elc.

Example he piéhé'ﬁés"éféa'te& using a
point on the rotation axis of cylinder (a)
and the norma direction of cylinder (a).

Parallel Plane

Active if corresponding primitives exist in the measuring project.
Creates a plane parallel to a circle, a rectangular hole, a stoited ho-
le or another plane. Use "Offset” to adjust the distance fo the ele-
ment you created the plane from.

[ Ergebals]
Result

Example: The plane was created in par-
alfet 1o circle {a), stating an offsel value.

Symmetric Plane

Creates a plane symmelrically to two other elements which confain
a plane (e.g. plane, circle, section, etc.).

Plane in Viewing Di-
rection

Creates a plane through two points or a temporary defined line {us-
ing the selection tool of the menu} in the current viewing direction.

E'S(amp!e: Creating a plane through 2

Best-Fit Plane

Creales a plane according to the best-fit principle based on se-
lected 3D meshes, sections or features. Based on the selected

points, the plane can be calculated for Ali points or with the hefp of |:

statistical methods with 1 Sigina to 5 Sigma. In case of a large
amount of points, 1 Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 99.7% of alt points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-fil process.

points.

Examp[e‘. Creating a plane !hrbugh pre-
viously sefected points.

13 (18)




Extended Analysis

Primitive Circle

Point-Point-Faint Cir-
cle

Creates a circle through three points.

éfhpié: Circle 'th'rcﬂgh three individual

Point-Normal-Radius
Chrcle

Creates a circle by defining the circle center and stating the rotation
axis. The radius can be defined by selecling the points or by enler-
ing the radius value directly.

and selected points.

Eiéfhplé: The was created using a
paint on the rotation axis of eylinder (&)
and the normal direction of eylinder {a}.

The radius was directly entered as value.

Cylinder/Cone Inter-
section Circle

Active if corresponding primitives exist in the measuring project.
Creales a circle on the rotalion axis of cylinders or cones (b) by
projecling a point (a) orthogenally onle this axis. This point is the
center of the new circle. The radius of the circle is calculated from
the radius of the cylinder or cone at the point of projection.

rgebn
(] Result
Example

Cone-Radius Circle

Creates a circle with a defined radius based on a cone.

Example: Circle with a defined radius
{here in red).

Best-Fit Circle

Creates a circle according lo the best-fif principle based on se-
lected 3D meshes, sections or features. Based on the selected

points, the circle can be calculated for Al points or with the help of |

stafislical methods with 1 Sigma to 5 Sigma. In case of a large
amount of points, * Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 99.7% of all points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-it process.

Example: The circle was ¢reated through
several selected points by means of the
best-fit principle.

14 (18)
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Extended Analysis

Projected Best-Fit
Circle

Creates a circle according to the best-fit principle based on se-
lected 3D meshes, sections or features and projects it onto a plane
chosen by the user. Based on the selected poinis, the circle can be
calculated for Al points or with the help of stalistical methods with
1 Sigma to 5 Sigma. In case of a large amount of points, 1 Sigma
is approx. 68.3%, 2 Sigma approx. 95.4% and 3 Sigma approx.
92.7% of alf points. Using the siatistical methods, measuring point
outllers can be etiminated during the best-fit process.

Example: Projected best-it circle.:cre-
ated from the selected points {red) of a
section,

circle with

Example: Projected
mesh data.

Primitive Slotted Hole

Point-Normal-
Direction Slofted Hole

Creates a slotted hole based on extemally entered values or de-
rived from other primilives or feature elements. This function is
mainly used for the nominatfaciual comparison of a slotted hole if
the nominal element is created manually by entering data, The
function requires the following information: Polnt (center point co-
ordinates), Normal, Direction, Length, Width.

Example

5.Points Slotted Hole

Creates a slotted hole by clicking on five points on the edge (circu-
far area) of a sfolted hole In the CAD data. This function is used for
the nominalfactual comparison of slotted holes.

Result

Example

Primitive Rectangular Hole

Point-Normal-
Direction Rectangular
Hole

Creales a rectangular hole based on externally entered values or
derived from other primilives or feature elements. This function is
mainty used for the nominalfactual comparison of a rectangular ho-
le if the nominal element is created manually by entering dala. The
function requires the following information: Point (center point co-
ordinates}, Normal, Direction, Length, Width.

Example

5-Points Rectangular
Hole

Creates a rectangular hole by clicking on five points on the edge of
a reclangular hole in the CAD data. This function is used for the
nominal/actual comparison of rectangular holes.

Example

15(18)




Extended Analysis

Primitive Sphere

Point-Radius Sphere

Creates a sphere by means of stating the center of the sphere and
the radius. The radius can be defined by selecting the points or by
entering the radius value direclly.

Exarﬁple. Freely defined sphere with the
center on plane (a). The cenler of the
sphere was determined by selecting a

Best-Fit Sphere

Creates a sphere according to the best-fit principle based on se-
lected 3D points or seclions that can determine a sphere. if the ra-
dius of the sphere is known, you may enter it to support the best-it
function by means of Radlus. Based on the selecled points, the
sphere can be calculated for All points or with the help of stalisti-
cal methods with 1 Sigma o 5 Sigma. In case of a large amount of
points, 1 Sigma is approx. 68.3%, 2 Sigma approx. 95.4% and 3
Sigma approx. 99.7% of alf points. Using the statistical methods,
measuring point outliers can be eliminated during ihe best-fit proc-
€38,

point wiih Cirl and left mouse bution.

E)iém'ble. it sere, created on a
previously selecled spherical point cloud.

Primitive Cylinder

Point-Point-Radius
Cylinder

Creales a cyfinder through two points. Point 1 determines the be-
ginning of the cylinder’s rotation axis. Point 2 determines the end
point of the rotation axis. Use Radius to adjust the circumference
of the eylinder.

Example: The cylinder was created ba-
sed on a fine. The end points of the line
were created with Ciri and left mouse
button. The radius was enfered as value.

Point-Direction-
Radius Cylinder

Creates an afigned cylinder by means of a point and a direction.
Polint determines the center of the cylinder. Direction determines
the direction of the retation axis. You can adjust the cyfinder by
means of Radius and Length.

Example: Cylinder perpendicufar fo plane
(a). The center of the cylinder is a point
that was selected on the plane. This pla-
ne is also used to determine the direc-
tien.

Best-Fit Cylinder

Creates a cyfinder according fo the best-fit principle based on se-
lected 3D points or sections that can determine a cylinder. Based
on the sefected points, the cylinder can be calculated for All points
or with the help of statistical methods with 1 Sigma to 5 Slgma., In
case of alarge amount of points, 1 Sigma is approx. 68.3%, 2 Sig-
ma approx, 95.4% and 3 Sigma approx. 99.7% of all poiats. Using
the statistical methods, measuring point outtiers can be eliminated
during the bast-fit process. If the radius of the ¢ylinder orfand the
direction of the cylinder is known, you may enter these values to
suppori the best-fit function by means Radius or Direction.

Exam

previously selected (red) points.
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Extended Analysis

Primitive Cone

Point-Direction-Angle
Cone

Creates a directed cone based on a Point, a Direction and an An-
gle. Under Construction conditions you can select the condition you
would like to use. You define the circle radius of the cone around
the defined point by using Radius by polnt or Radius by value.
The tength of the cone can be manually adjusted as you like.

2-Cylinder-Adapter
Cone

Creates a cone based on two cylinder adaplers.

Example: Cone {here displayed in red)
which was created from 2 cylinder adapt-
8rIs.

Best-Fit Cone Creates a cone according to the bestfit principle based on selected

3D points or sections that can determine a cone. Based on the se-
lected points, the cone can be calculated for All points or with the
he!p of slatistical methods with 1 Sigma to 5 Sigma. n case of a
farge amount of points, 1 Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 92.7% of all points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-fit process. If the diraction of the cone Is known, you may enter
it fo support the best-fit function by means of Direction.

Example: Best-fil cone, created on previ-
ously selected (red) points.

More Primitives

Best-Fit Paraboloid Creates a paraboloid. Based on the selected points, the paraboloid
can be cafcufated for All points or with he help of statistical meth-
ods with 1 Sigma to 5 Sigma. In case of a large amount of points,
1 Sigma is approx. 68.3%, 2 Sigma approx. 95.4% and 3 Sigma
approx. 99.7% of all peints.

no figure
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Export Documentation as Tables
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F 3 Export Documentation as Tables

Menu item File ¥ Export B Tables provides for exporling all or se-
lected data as complete result documentation or as data lists. For this
purpose, different templates are available in ASCIH, HTML and Ope-
nOffice (open source soflware) format.

The export process is set up as a wizard.

You also have the possibility to create a user-defined export template
with the data you are interested in. Hierarchy levels provide for struc-
turing the data and for filling headers and footers for the individual pa-
ragraphs and/or for the entire export file in addition to their respective
contents. The context menu of the right mouse button is used to insert
the data available for the respective paragraph by means of keywords.
In addition, you may insert control characters and other special char-
acters.

The exported data then is available for further applications (e.g. Ex-
CB'). {

You will find additional information and an example of creating a sim-
ple user-defined ASCI export template in the Online Help.

F4 Summary

) Deformation reference stage

© Displacement fields

© Measure point positions

) Measure distances

€ Measure angles

€} 6DoF and relative 6DoF analysis
© Primitives

© Export tables
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Standard Reports

G Reports and Documentation

G1 Standard Reports

Deformation results can clearly be illustrated in reports. Several report
templates are available. Based on these standard report templates
you may easily present your measuring results. However, you may
design reports individually and save them as user-defined templates.

All reports you create are available in the sub explorer under tab Re-
ports and fab Image Series.

PONTOS standard reporis may contain images and/or diagrams.

As image, automatically the selected image for each stage is inserted
but the standard diagrams are empty and need fo be filled with the da-
ta you are interested in. You may automatically include all analyses
you made in your measuring projects into a report when creating the
report or you may add them later.

For further information, please refer o the Online Help.

G 2 Extended Report Functions

G 2.1 Create and Edit User-Defined Reports

Using report template Report (blank), you create a blank sheet of pa-
per on which you may design your own repori.

For designing a report, several elements are available. The software
distinguishes between the following element types:

o Drawn elements (like lines, eliipses, etc.)
* Images

« Diagrams

¢ Legends

¢ Textlabels

¢ Logos

You may modify each of these elements in position, appearance and
shape. Double clicking on an element opens a dialog window with the
editing options avallable for the selected element which are distributed
to the respective tabs.

To certain elements (images or diagrams) you need to assign the data
you are interested in so that they can be displayed accordingly in your
report. This assignment is also done using the specific tabs.

Legends always have to be connected with the element to which they
refer.

You may use text labels to insert text information into a report. You
may write free text or insert certain keywords using the context menu
of the right mouse button.

For further information, please refer fo the Online Help.




Extended Report Functions
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G 2.2 Image Series and Movies

An image series is a sequence of individual images (one file per im-
age, file name is numbered consecutively) which is created, for exam-
ple, from camera images, 2D images, the 3D view or from the images
of a report. An image series may also contain images of an external
camera which can be imported.

All image series are listed in the sub explorer under the respective tab.
Camera image series and the image series from all created reports
are available by default and do not need to be created separately.

You may integrate image series in reports. Thus, for example, it is
possible to display 3D views interesting for you through all stages or
the image series of an external camera for documentation purposes.
In this case, however, the number of the external images must be i-
dentical io the number of stages in your project.

An internal image player provides for playing the image series and
checking them prior to e.g. export them.

When exporting an image series, you may decide if you would iike to
exporl the series as individual images or as a movie (video}. A video
combines the images in the .avi or .mpeg format in one file which you
may play also using an external player. You may define the format in
the preferences.

For further information, please refer to the Cnline Help.

G 2.3 Snapshots

With the snapshot function you may save a screenshot of the 3D view
or of the 2D images as an image in order to use it, for example, as re-
ports and result representations. A snapshot is a static image that
does not change through the stages. If you want to, you may also print
a snapshot directly from the sofiware. Several predefined default tem-
plates provide for easy editing of a snapshot for report purposes.

All snapshots are displayed in the sub-explorer under tab Documen-
tation.

G231 Advanced Snapshot Functions

Creating Snapshot Templates

In addition to the default snapshot templates supplied, you may create
own templates any {ime. First, the software creates an empty snap-
shot that you may design individually by using the functions for editing
snapshot elemenls. You may edit snapshot elements in the same way
as report elements (see also G 2.1). If the template is ready, you may
save it as template.

12-May-2009
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Documentation

G 3 Documentation

When you have finished your measuring task including all the required
steps, you may prepare a documentation from the available data
which may contain image elements, text elements and vaiue tables.
Using such a documentation, you may present your measuring results
demonstratively.

G 3.1 Documentation Preparation

Menu item Documentation offers different possibilities to prepare re-
port documentation. The elements created here appear in the sub-
explorer under Documentation with a corresponding headline. All e-
lements that are listed may later be exporte in the order in
which they appear in the explorer (see also ). You may
change the order in the explorer using the ri button menu.

Except for the snapshots, all elements listed in the documentation
container are virtual export data and cannot be looked at in PONTOS.

G311 Chapter Titles

The software provides for defining a chapter headline under which da-
ta selected later is to be listed in the documentation template.

G3.1.2  Compiling Documentation Data

Using menu item New Documentation Data, you define which ele-
ments you would like to integrate into the documentation. For this pur-
pose, select the respective elements in the explorer. They will then be
added to the documentation container in the explorer.

G 4 Deformation Results on TRITOP Images

For very small deformations which can well be illustrated by means of
a static image, you may display your PONTOS deformation resuits on
a TRITOP camera image, provided you carried out a complete
TRITOP measuring project prior to your deformation project. For this
purpose, load the TRITOP project as new stage into your deformation
project, transform it to the basic stage and identify it. Then, in your re-
port, select the image of the TRITOP stage.

For this function, you need a TRITOP license.

5(6)



Summary

G5 Summary

0 Standard reports

0 Create and edit reporis

) Use image series and movies

) Creating snapshots

) Creating snapshot templates

©) Preparing documentation data

B Display deformation results on TRITOP images
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Macros

H Automation and Functional Extensions
H1 Macros

H1.1 Automation

For recurrent deformation projects with very complex analysis ele-
ments, the PONTOS software provides for recording macro scripts
based on Python. Thus, automation of individual processing steps is
possible.

You may easily generate a new macro by creating a new, empty mac-
ro, start recording, carry out the desired operating steps, stop re-
cording and save the macro.

You may modify macro commands in the editor any time using the
context menu of the right mouse button on the respective command. If
you have the necessary knowledge, you may also change the script
directly in the syntax.

In addition, you may include a macro into another macro.

For more detailed information about scripts and programming, please
refer to the expert manual "GOM Scripting Language”.

H1.2 Functional Extensions

For very exceptional and special measuring tasks, you may have u-
ser-specific macros created by GOM which extend the functions of the
PONTOS software.

H2 Summary

© Automation due to macros
©) Functional extensions by macros
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Where Do You Find Help?

J Support
J1 Where Do You Find Help?

If you face a problem, you will find help at several places.

J1.1 Manuals / Online Help

In the software, you will find in menu item Help not only the Online
Help but also a document overview of all available manuals. If you do
not have them as paper version, you may look at the texts here in pdf
format.

J1.2 FAQs

if you have the corresponding access information, you may reach the
English FAQ area (Frequently Asked Questions) via the internet
(http://support.gom.com/) and find responses to frequently asked
questions.

J 1.3 Distributor

If you cannot solve a problem yourself and do not find answers in the
other help sources, please contact your responsible distributor or your
contact partner in your country first.

J1.4 Support Form

if your problem cannot be solved using the above mentioned meth-
ods, you may send your support request to GOM using the request
form available in the internet (hitp://support.gom.com/}. This form is
also available without login.

J1.5 Direct Support

You also reach the GOM support by
email address: support@gom.com
or

phone number: +49 531 38029 0

J 2 Useful Support Data

J21 Creating Support Data

If you have a technical problem (e.g. hardware or software crash} you
may create a compressed analysis file using menu item Help b Col-
lect Support Data and entering the root password, and send this file
to the GOM support.

J2.2 Snapshots in Linux [

it might also be helpful to include in your support request a snapshot
of your current screen.

Open the KDE start menu (see [ and navigate to Utilities P
Desktop P KSnapshot. Create a snapshot and add it to your support
request.

34



Troubleshooting

J 2.3 Movies of Screen Actions in Linux (& e
In some cases it might be useful for handling your support request to

document the order of certain screen action by means of a little movie.

Click on the respective icon on your desktop. This starts recording.
Now, carry out the required actions and finally stop the recording.

Send the resulting two files to the GOM support.

43 Troubleshooting &

Problem;

Remedy:

The Linux PC is "frozen” but the mouse pointer can still be mo-
ved.

Press Clel and Alt and Backspace + and log in again.

The Linux PC Is "frozen"” and the mouse pointer cannot be mo-
ved, or the mouse pointer can be moved but the keyboard does
not respond.

Switeh the PC off and on again.

The PONTOS software is "frozen” and other applications work.

Click with the mouse pointer o the open windows and press Escape. Hf nec-
essary, repeat several times.

If you do not succeed, press Gl and Alt and + and log in again or use Cir,
Alt, Esc and left mouse bulten lo quit the application.

How can | change the language of the PONTOS application sofi-
ware?

For this purpose, open menu item Edit B Preferences P Preferences ¥
General and select the desired language in the selection list under Lan-
guage. Confirm the selection with OK. When starting the program again, the
application software appears in the newly selecled language.

How can | change the language of the Project Keywords?

In the project keyword window click on button Edit, then click with the right
maouse button onlo the list and select Add Defaults. Select the required lan-
guage and confirm with OK.

What shall | do if | cannot achieve the desired calibration values?

Check if the sensor is configured correclly. In addition, verify if the calibration
object is screwed tight correctly and has not been moved.

How do { know if | need to calibrate the system again?

If in tab Object Points you move the horizental scroll bar totally to the right,
you may see the values of the Intersection error. If the value is loo high, you
should calibrate the system again.

[ cannof work with the PONTOS project. The slages in the ex-
plorer are highlighted in gray.

The project is already open in a PONTQS application. This effect may occur
after the computer crashed and thus, temporary lock files were not correclly
deleted.

Loading CAD data is not possible with the CAD converter.

The CAD converfer identifies the CAD data only by the file extension. There-
fore, correct speliing of the file extension is absolutely required.

The bestfit function does not work correctly in connection with
primitives.

The reason could be a wrong selection in the 3D view. Deselect all, then se-
lect again and repeat the best-fit function.

May | selecl an area for a displacement figld in the 20 camera
image as well?

Yes. You then select those points that were seen by the camera.

| cannof play the image series [ saved in .mpeg format with exter-
nat players, why?

You created an image series from the original camera images. You should
not use the .mpeg format for that, as during the expori, the original image size
of the camera is used but the mpeg specification requires a lower resofution.

For image series crealed from reports, the mpeg format does not cause any
problems!

PONTOS cannot overwrite CD or DVD-RW media.

Delete the media completely by means of an external program.

4 (4)
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Legal and Safety Notes

Symbols
In this user manual the following standard signal words may be
used:

This fabel points to a situation that might be
dangerous and could lead to serious bodily
harm or fo death.

This fabel points io a situation that might be

A CAUTION] | dangerous and could lead to light bodily

harm.

This fabe] points fo a situation in which the
product or an object in the vicinity of the
product might be damaged.

This labe! indicates important application
notes and other useful information.

Safety Notes - General

= Hazardous situations or processes may result on ac-
count of the different test setups used for deformation
tests.
Therefore, always observe the valid, pertinent accident
prevention requlations.

= Do not look directly into the taser light, danger of retina
burn,

« The used laser mests laser ¢lass 1 according to DIN EN
60 825-1
{optical output power < 0,39 mW,
wavelength 650 nm).

= Do not use eguipment connected to AC power during heavy
thunderstorms. Due to voltage variations and fransient vol-
tages in the low-voltage network, malfunctions and danger-
ous vollages between housing and other components may
oceur.

» In extreme pasitions, stands with horizental extension arms
may fall over. Avoid such positions. Use the product only on
a safe and steady ground,

= When measuring large objects, make sure you comply with
lhe respective valid accident prevention regutations.

ACAUTION

= Qperate the equipment only with the operating voltages
printed on the housing. Using an incorrect operating voliage
may cause malfunctions or the risk of fire.

= Check cables and, if damaged, replace them by all means.
Protect ihe cables from mechanical load (squeezing, ten-
sion, etc.). Damaged cables may cause short-circuits and
the risk of fire.

= AC power connection of the unit must comply with the valid
regulations of the respective countries.

= Replace fuses only with components having the same spe-
cifications.

= Never unplug or connect cables during operation!

» The devices must not come Into contact with waler. For
cleaning, use a moist cloth but first disconnect the power
plug.

= The ambient temperature must be between +5 and +40 °C.
Make sure no rapid temperature variations occur that might
cause condensation.

= The housing may only be opened by experts when no vol-
lage is applied.
= De not stick any strange objects into the housing.

Legal Notes

No part of this publication may be reproduced In any form or by
any means or used to make any derivative work (such as
{ranstation, transformation or adaptation) without the prior wril-
{en permission of GOM.

GOM reserves the right to revise this publication and to make
changes in content from time to time without obligation on the
part of GOM to provide nofification of such revision or change.
GOM provides this manual without warranty of any kind, either
implied or expressed, including, but not imited, to the implied
warranties of merchantability and fitness for a particular pur-
pose.

GOM may improve or change the manual and/or the product(s)
described herein at any lime.

Copyright © 2009
GOM mbH
All rights reserved!
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1. Infroduction

This user information is intended for qualified personnel who has ex-
perience in handling measuring systems and basic PC knowledge
(windows-based programs and operating systems).

This user information is configured to the transfer of knowledge of sys-
tem installation, sensor settings, camera adjustment and other hard-
ware relevant information.

The PONTOS system is a measuring system that also addresses ex-
perts of digital optical deformation analysis. Therefore, it is unavoida-
ble that the PONTOS software contains menu items not intended for
the standard user. Improper use of these menu items (expert parame-
ters) may cause incorrect measurements.

For being able to make optimum use of the system, we assume the
ability to visualize in 3D and a color vision ability.

This user information is divided into the following sections:

o The first page informs about important safety aspects.

o Section 1 gives basic information about the PONTOS system.
¢ Section 2 describes the system variants.

« Section 3 contains tables with the sensor configurations.

+ Section 4 informs about the sensor control elements,

» Section 5 describes the fast setup of the sensor.

+ Section 6 describes the complete setup of the sensor.

¢ Section 7 describes how to adjust the polarization filters.

» Section 8 contains important user information about the PC.
» Section 9 describes the sensor contraller.

¢ Section 10 informs about the calibration and contains calibration in-
formation for external image series that were not recorded with the
PONTOS standard systems.

¢ Section 11 illustrates the sensor dimensions.
« Section 12 contains the cabling of the systems.




2. The PONTOS System Variants

System types PONTOS 5M PONTOS 4M PONTOS HS
Measuring volume | 10x8 10x7 10x8
in mm?
to fo to
5000x4150 4000x2900 3500x2800
Camera resolution | 2448 x 2050 pixels 2352 x 1728 pixels 1280 x 1024 pixels
Camera chip 213 inch, CCD 1inch, CMOS 1inch, CMOS
Conneclion camera | Gigabil-Ethernetvia | Camera Link Camera Link
o PC sensor controller
Maia hardware = 10"PC « 19"PC = 19°PC
components = Sensor = Sensor = Sensor
= Sensor confrolfer « Sensor controller = Sensor contraller
= | ED lighting = [FD lighting
Laser pointer yes yes yes
LED lightingwith | ves {10° or 30°) yes {30°) no
polarization fillers

Measuring results  { 3D coordinates, 3D displacements, deformation

For further information see http./fwww.gem.com

The maximum image rate is fixed for the 5M and 4M cameras. For the
high-speed camera (HS), higher frame rates can be achieved by divid-
ing the height of {he image size in half. The following table shows the
frame rates of the different cameras with the respective image size
and informs about the typical max. possible number of images.

Camera |Image size Frequency in ] No. of im- | Frequency | No. of im- | No. of im-
Hz ages in Hz ages ages
BV RAM BVRAM [PCRAM [16GBPC [32GBPC
RAM RAM

&M 1 {max. camera - - 15 600 1300 {
resolution) 2]
2x2 Binning i - 2 600 | 1300 S
MM |1(max.camera - - 60 700 1600 8
resolution} Q
112 - - 120 1400 3200 %
@«
14 - - 240 2800 | 6400 %
118 - - 480 5600 10000 2
®
HS 1 {max. camera 500 800 40 2550 5600 2
resolution) £
=
172 1000 1600 40 5100 10000 E
1/ 4 2000 3200 40 10000 16000 él
118 4000 6387 40 10000 10000 =
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Main Hardware and Software Components

2.1 Main Hardware and Software Components
¢ High-performance 64 bit PC

¢ Up to 1GB memory per frame grabber board (HS)
¢ Two (high-speed) cameras

o Stand for secure and steady hold of the cameras
o LED lighting (standard for PONTOS 4M and 5M)

e Sensor controller for power supply of the cameras and to control
image recording

¢ Laser pointer for easy setup of the sensor
¢« PONTOS application software and Linux system software
e Calibration object

For directly operating the sensor with the PONTOS application soft-
ware, a Linux operating system is required.

As of software version 6.1.1, the PONTOS sofiware is also available
on Windows systems. In this case, you cannot connect sensors (cam-
eras) and the sensor controller!




Overview: Sensors, Lenses, Camera Support —
Measuring Volumes

3. General Information

Prior o start measuring, the respective measuring volume has to be
selected depending on the measuring object size and on the distance
o the measuring object. The measuring velume determines the set of
lenses.

The following tables give an overview of the calibrated measuring vo-
lumes which can bs achieved with your system components.

3.1 Overview: Sensors, Lenses, Camera Support — Measuring

Volumes
Measuring volume
Camera support 5§00 mm (lenght) 800 mm {lenght}
Camera angle 25° 25° 25° 25°
Sensors Lenses Min. Range Max. Range Min. Range Max, Range
(Fin mmy) Length x Width in mm

PONTOS 5M 8 180 x 180 900 % 820 190 x 180 1650 x 1400

12 130x 110 510 x 540 130 110 1050 x 930

17 00 x 75 440 x 380 90 %75 760 x 650

23 60 % 50 320 x 270 60 % 50 560 x 480

35 35 X 29 Hox 170 35 % 29 370 x 310

50 17x14 140x 120 17x 14 250 x 210

65 10x8 100x 85 10x8 190 150

100 0% 8 50 x 50 10x8 120 x 100
PONTOS 4M 20 130 x 100 710 x 560 130 x 100 1250 x 980

35 60 x 48 410 % 310 80 x 48 720 x 550

50 20 21 280 x 200 20x 21 500 x 370

65 20 % 14 200 % 150 20 x 14 380 x 280

100 10x7 120 x 90 10x7 240 x 170
PONTOS HS 20 110x 95 540 % 540 110% 95 1100 x 940

28 75 % 60 450 x 380 75X 60 800 x 660

35 50 x 43 360 % 200 50 % 43 640 x 530

50 22 % 17 250 x 200 22x 17 450 x 360

100 10x8 110% 85 10%8 210 x 160

3.2 Overview: Calibration Objects — Measuring Volumes
Callbration objects Measuring volume
m x PONTOS 4M PONTOS 5M PONTOS HS
- Length x Width [mm] Length x Wigth [mm] Length x Width fmm]

€Q 10x8 107 ... 13x 10 9x8 .. 13x 1 gx7 ..13x10
€a 15x12 15x41 .. 19x 14 13x1% .. 19x 16 4x11 ..18x15
cQ 23x18 23%47 ... 29x 2 2x18 ..29x 2 22x18 ... 29% 23
g§230§§:24 30%22 .50 %37 26x22 ..50x42 28x22 ... 50%40
g§235;;:4 ] 5037 .90 X 65 44x37 .90 75 46x37 .90 70
CP20 90x72 90x65 ... 130X 95 80%65 ... 130x 110 80x65 ... 130 x 100
CP20 175x140 150% 110 ... 200 x 150 130 #10 ... 200X 170 140x 116 ... 200 x 160
CP20 250x200 230x 170 ... 370x 270 200% 170 ... 370% 310 210 %170 .., 370 X 300
CP20 350x280 340 250 ... 500 x 370 300 %250 ... 500420 310250 ... 500 x 400
CC20 500x400 530% 390 ... 670 x 490 470 %390 ... 670X 560 490 %390 ... 670 x 540
CC20 700x560 710X 520 ... 890 x 850 §20x 520 ... 890X 750 650 %520 .., 880 % 710
CG20 1000x800 880 %650 ... 1300 % 960 780 X 650 ... 1300 x 1100 810 x650 ... 1300 x 1050
CC201400x1120 | 1250 X920 ... 1600 x 1200 1100 x 920 ... 1600 x 1350 1150 % 920 ... 1600 x 1300
CC20 2000x1600 1750 x 1300 ... 2350 x 1750 1550 % 1300 ... 2350 x 1950 1650 % 1300 ... 2350 x 1900
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Definition of Terms

General Information

Prior to initial commissioning of the PONTOS system, the sensor must
be adjusted. The angle relations of the lenses, the focus and the aper-
ture need to be set. Then, the complete system is calibrated by means
of calibration panels or calibration crosses. If the measuring volume is
adjusted successfully by calibration, you may start a measuring
project.

In practice, depending on the measuring task, different measuring vo-
lumes might be required. You only need to adjust the sensor again if
the meastiring distance or the angle relations of the cameras or the
adjustments of the camera lenses have to be changed because of a
different measuring volume.

3.3 Definition of Terms

Center of the measuring

Height H (measuring volume) |

volume

Length L (measuring volume)

Width W (measuring volume)

Measuring distance

Camera angle o

Camera lens .
left L
Camera lens
right R
Camera support
Slider left o

Slider right

Slider distance | &

The figure shows a 3D sensor unit in top view.

Base distance

Page 9 (59)




Sensor Configuration Examples

3.4  Sensor Configuration Examples

34.1  Sensor Configuration Examples for PONTOS 4M
(2358x1728 Pixel)

The following table values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. in such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important {o keep the
aperiure as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 25°: Base
distance = slider distance + 39 mm.
34.41 20 mm Lens (PONTOS 4M)
" —
3 g £ 5 g |5 g
o e & g’ :'E 5 |2 g Aperture-dependent depth of field [mm]
£E 5122 |8|EES |plEs
B X EES _r1elage 5 E®
lSE ElsET IZ1E8SE 552 4 2 28 J4 Jss o it e 2 Je2
SI=E S DiIEGE S| S &|jojlol v B 3
125%90 {11 500 195 |66 27 lcP2ogmxr2 e e Ina fna [55 |2t lat ls |12 125
150x 110 {1} {500 - |230 |74 25 [CP20 175x140 |- na 1298 K8 41 72 130 |>150  |>150
o [1ex 130 i) [500 --- |260 |88 25 |CP20 176x140 f}- |- na (85 |30 81 100 1>175 |»1756  |>175
5 [200x150 |- |500 - 280|102 |25 {CP20 175x140 || na. |18 44 8 140 2200 [>200 [200
= |250x180 |- |500 - |355 |130 |25 {cP202sox200 fl- |- {42 |43 |85 [150  |>250 [»250 [>250 [>250
g 300x220 - 1500 - 14156 [156  [25 [CP20 250x200 |- 30 73 130|240 [>300 X300 300 300
E [350x260 |- [500 — 480 {186 {25 |CP20350x280 * Ji- [ 154 {110 |200 |>350 [>350 [>350 |>350 {>350
%400)(290 - 1500 - |545 (214 _ _25 CP20 350x280 85 170 1290  |>400 |>400 |>400 1400 400
'E'. 500x370  {-- [500 - |870 1270 - 125 |CP20 350x280  fp-- |- 160 1300 500 |>500 . [»500 1>500 1500 1500
E 750550 1--- 1800 - 1985 [410 |25 |CC20 700x5680 - 470 {>750 [>750 |>750 [>780 |>750 [>750  [>750
™ 000x730 1 {800 - 11285 1542 " 125 |CC20 1000x800 fle |- 970 {>1000 >1000 |>1000 {>1000 |>1000 1>1000 >10600
1250x 820 1-- |800 -- 11600 [682 |25 |CC20 1400x1120 f--- >1250 {>1250 |>1250 |>1260 |»1250 |>1250 |>1250 1>1250
1500 x 1100 |- 1800 ~ |- 11900 1688 -7)21 [CC20 1400x1120 b 1o >1500 {>1500 [>1500 [>1500 [>1500 {>1500 {1500 [>1500
Legend: 1} without laser pointer -~ Lens cannof be adjusted to the aperture value.
n.a. ltis not possible to focus the complele measuring volums.
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Sensor Configuration Examples

3442  35mmLens (PONTOS 4M)

” =
5 £ 1€, |s §§~
f=% [~10 =&
% = o £ % £ E’ = g g E Aperiure-dependent depth of field [mm]
€EE  lglfe_|E|59E_lt|Es
2§ s ElcEE|S|888E|E|2 8
SIS E SIESE (AISHEE|S|S8 14 {2 28 |4 56 |8 11 |6 (2 32
65x 48 1) {500 - 1215 [68 25 [CQICP20 55%44 |- na. |na |na. [na. ina, |51 14
80 x 60 1) 1500 — |240 |80 - 125 IcoicP20 5644 b Jna. |na. lna. fna |2t Jos iz |-
= 100x75 |- 500 - [285 198 |25 {CP20 90x72 .. |na. |na. {na. Ilna. |9 20 |4t -
S |126%90 "} ]500 42 1ass H20 - o5 |cpaogon7z =+ - lna ina ina |52 |19 {37 68
E 150x 110 |- 1500 — |85 |1¢4 |25 |[CP20175%x140 B |na. lna. fna. [13 [33 |58 100 i
T [175x130 | [500 |~ a4 168 = [25 [cP20176x140 Jle lna. {na. |56 o4 - 61 (86 (160 -
5 lo0x150 f. |soo |- lags {102 [250P20175x140 Ji~ Ina |na. 114 37 738|120 [p200 | f-
2 250 180 Aeitgon 7 Je00 - 1240 < jos foP20 260x200 b inas |66 (34 |00 130 0 1200 - 250 e |
= [acox220 |- [500 — 1705 |28s [25 [cP20250x200 - fna {22 |6t 110 200 [>300 [p300 |-
§, 3507260 - 1 1500 - I |80 1332 |25 [cPoo3sox2s0 Y- 7o (48 o5 iz ~laso -850 350l g
* laox200 |- 500 — looo fas2  los |cp2oa3soxoso - J23  [6%  [140 [230 300 |>400 [400 |-
500Xx370 |- |800 |- |4130 [474 125 [CP20 350x280 b 1631130 1240 - {400 < 500 ( >500 |>500 o g -
750x550 |- 1800 .. |1660 |688 |24 [CC20700x560 |- 1230|300 |650 [>750 [>750 {>750 |>750 |-
Legend: 1} without laser pointer - Lens cannot be adjusted fo the aperiure value.
na. [tis not possible to focus the complete measuring volume.

34.1.3 50 mm Lens (PONTOS 4M)
= [}
§ £ E. , e 1R 2
° 2 o |2 e |28
> = s & 13 E |2la Aperture-dependent depth of fleld [mm}
€EE 5| 2q g |£EE2 S%A
3 x £(®g S i3 3 _1G|ED
2l8e E.éﬁ"é“%ﬁgﬁﬁﬁég
312 E SIE8E|8 |2 95 ES8|88 14 | 2 2.8 4 56 8 it} 16 | 22 | 32
25% 18 1) 1500 25 1205 T66 ~ 126 [coomts e j= ina. [na Cipa. ina. lna. e e e
365x28 i 1500 1251225 70_ 25 CD:’CP2030_>Q4 na. {na, na. |na.  {na. 18
s0x37 - In lsao  |i2sloso lss |os lcoicprossa e 1 |na. |na. [na lna. lo5 |58
%;BSMB - 1500 -~ {305 [108 125 CQICP2( 5oxdd |- na. _ina.  [na. [na. 4.6 13
5[60x60 |- 500 i 345 126 |25 |CQICP2055x44 f |- ‘Ina. ‘ina. [na |21 {96 422 |
S100x75 |- |500 - 1400 [150 |25 |CP20 90x72 na. |na_[pa_ (78 |10 |38 |-
Z[125%90 [ U500 i~ l475 j184 25 )cP2090x72 - | ina. fna f4d |18 35 65 je e
E|150x 110 |- |500 - {550 {216 |25 {CP20175x140 [l |- na. Ina. 2 32 |57 |99l e
‘w{175x130 - | 1500 |- (625|250 |25 |cP20175x140 el inac 46 220 49 82 U140 e e
ézooxmo - 1500 — 1695 282 |25 |CP20175x140  [f-- |- na. |1t (34 [68 |10 [190 |- -
E£[250x180  |--1500 - |- 845 [348 25 |CP20250x200  fpr - p |47 {31 |66 120 - 1180 |5260 | | e
“1300x220 |- 800 — 1995 {414 |25 [CP20 250200  {f- [ 20 57 |tt0 |180 280 [>300 e e
350X 260 11800 |- 111401480 |25 JcP2o asoxase Y- |t |38 ie ilteg i |260 < 1>350 [>350 [ |-
400x290 |- |800 - 12001546 |25 [CP20 350x280  {l |- 62 130 1220 1350 [>400 P2400 e fee
500%370 |- [s00 "l |15901{678 1§25 |CP20350x280  J- |- vUB120 {230 UJ370 |>500 |>500 [>500 fe- -
Legend: 1} without laser pointer -~ Lens cannot be adjusted to the apsrure value.
n.a. [tis not possible to focus the complete measuring volume.
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3414 65mmLens (PONTOS 4M)

@ E 8
S £ |E . |28
® g o2 18 1o )
3 - i dEg |92 Aperture-dependent dapth of fleld [mm]
ZE -EE-Y ] s |PEZ |&|8
£ E Sl g 8580 |el¥9g
o = El2E IS |a2 5 @ _g 3
gig £ E|:EE|S |8 8EEE|IZS
S[2E SIE8E|5 |2 §5 ES|SE 14 | 2 28 4§ 156 8 i 16 | 22 | 32
20x15 -1} 1500 |50 : {260 186 ¢ {25 |CQ 15x12 SERY NEEDEE IS DREEE DT TR B P AR R
25x18 500 375270 {92 |25 1CQ23x18 e e b e na e
36%2 |- |500 - |es f2es {104 |25 lCocpo ks e - e e T e e e S e
50x37 500 125345 |126 [25 |CQICP20 56x44 fl-r |- R N AT e (X R
65 x 48 - |500 1251395 1148 : |25 {CQICP20 55x44 " [ [ L s T g

80x60 [ 500 1251455 {174 |25 [cQioP2055xdd fr |- | e e e e 22 e
100x75 o =500 ol |83 208 ¢ {25 top20 s0xy2 o Bee JEIETR [ESCERC! K NERERE RRE NIRRT [T IRAcHE ISRl el R
125x90 |- [s60 ... |625 |25 |25 |CP20 90x72 e (e e e e e e 63 e e

160x110 |~ [500 - 720 ‘|20z “los [opotmmxtae el e n T | i e ep
175x 130 |- [s00 — 815 |334 |25 |cP2o7sxtd0  fle oo e fee e e B 130 | fe

200% 450 - }— 1500 |- loi5 lars 25 |op2o 17sxide il e b el e e Lo 80 T e e T
250x 180 |- 1800 -~ 11105482 [25 |cP20250x200 [l [ Bew  Jeo e fr B 5950 el

300x220 = |--800 - | 113000550 f25 Jopao astienn e | e B et L S T 00 e |
360260 |- [800 . |1495]636 [25 [cPaoasoxosp b b B e B e dee 13500 e fe
400x260 |- 1800 |- 11695688 lo4 fopooasox2s0 il b b | e il 00 [ e

Legend: 1) without faser polnter -~ Lens cannot be adjusted to the aperture value,
n.a. His not possible to focus the complste measuring volume.

65mm, lens family A1 (Titanar)

34.15 100 mm Lens (PONTOS 4M}

g E —

TE ?& % E § lg g Aperture-dependent depth of flefd [mm]

2F |z|BE |3 |EEE 5|8

SX |B|Es_|B |59t dziEs
glEg EISEE|Z |§22EEIRE
Yl= E SIZESEI8 =8 BS|82 14 2 28 4 5.6 8 11 18 22 32

0x7 .l |s00 11625415 158 |25 lcoiome o e e e U e na T e, s - e, 300 0109 -

Hxi 500 11251380 {146 |25 [CQ 15x12 na. (na. fna. na. {03 (24
~[20x15 - -~ |500 75 71395 1148 |25 |CQ 15x12 P hee e e nd v nas dnar - na 1080133
§25x18_ — |560 1625 1410 154 |25 {CQ 23x18 = __|na |na. ina.  |na 19 656
E135x26. 0 |-~ |00 - 1375 1455 - [174 {25 JCQUCP20 30x24 [ i feee o bes e iinalt na,ne, DT 16452
25037 - {500 25 |525 [206 j25 [CQICP20 55x44 {l-- na. |na. j0b 58 12 23
265048 - 500 |25 |e0s 1242 1os Joaucpaoshdd I e el iinas fna a3 [280 0 40
< 180x 60 - 1500 125 {685 [276 |25 |CQYCP20 55x44 |- na. |16 [89 2 36 60
Sl100x75 1~ 1500 - |12.5 |00 {328 fos Jcpaosoxzz - Y e | T hnas o rd o dse ez [sgeiler
E|126x90 |- [8oe 1125 1945 1390 |25 |CP20GOKT2  Jooo | f-- - |35 17 (34 j62 OB 125
S [1s0% 1101 sen - [ 11085 |452 25 [cpao trsxide e e et e T I 20 0058 0 08 1440 0 2180
- 175x 130 |- [800 - 11230 |516 125 [CP20175xi40 |- 20 45 77 130 [175 p1TE

200x150 - |- - |800 i~ 11375582 [o5 |cpaot7sxide L vl Do a2 led  di10 o 470 1200 1200

250 180 |- [800 - 116751688 |24 |CP20 250x200 - 64 110|180 2250 =250 [>250
Legend: 1} without faser pointer - Leas cannol be adjusted to the aperture value.

n.a. ltis not possitle to focus the complete measuring volume.
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Sensor Configuration Examples

3.4.2  Sensor Configuration Examples for PONTOS 5M
(2448x2050 Pixel)

The following iable values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. In such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important to keep the
aperture as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 256°: Base
distance = slider distance + 50 mm.

3421 8mmlLens (PONTOS 5M)

@ E #
5 v (5, g £ls
5 E o le % %’ '%,E % ‘g, é Aperture-dependent depth of field fmm]
= S e ® o| T El'T ol
285 |ElSET|E|E8ET |E|z
SIS E SIESE BI85 E S|8 4] 2 | 28] 4 [ 56} 8 | 11|16 | 22| 32
175% 150 |~ 1500 - - - |190 ‘[Mech. Stop |28 [cP20175x1d0 Il 18 “: 145 " [89 7 [160 175 |>175 - S e
200x170 |- [509 - (215 |Mech. Stop (25 [CP20250x200 |0 {35 {70 [130 |-200 |>200 [>200 |-
250%210 - |— 1500 - ‘|-~ |70 |80 ¢ |25 jcPoo2soxe00 i Ire 130 - {240 - 1>os0 - [>250 |>250 e
oo 1300 % 250 500 — |320 1104 o5 lcP20350x280  Jis7 |10 f210  |>300 1>300 |»300 [»300 |-
21360 X 200 500 |- 375 [128 |25 |cP20350x260 Fo3 1180 320 © >350 <{>350 |>350 |>350 |-
£ 1400x 330 |- 500 -- 1430 152 26 ICP20 350x280  [140  [260  [>400 [>400 [>400 1>400 [>400 |-
5[500x420 |- |50 |- [635 198 |25 |CC20500x400 |60 480 {5500 |-500" [>00 1500 {>500 Jor foe [l
£ |760x630 [~ [500 ... 1800|316 25 [ceoo 7o0x580  [750 [>750 {>750 [>750 [»750 [2750 [»750 |- e e
< 11000x840 |- 1800 - |1055 |430 25 1CC20 1000x800 {1>1000 [>1000 1>1000 | >1000 |>1000 [>1000 [>1000 -~ j- |-
1250 x 1050 §-— 800 - 11320 |546 95 16620 1400x1120 [>1250 (51250 | >1250 |>1250 |>1250 [»1250 {1250 - |- |-
1500x 1250 }-- jsoo |- 11570 660 25 |CC20 1400x1120 {>1500 |>1560 | >1500 | >1500 [>1500 [>1500 |[>1500 |- e e -
1750 % 1450 {-- 800 - {1820 {688 23 |20 2060x1600 [i>1750 {>1750 | >1750 | >1750 |>1750 [>1750 [>1750 [ o [e
Legend: 1} withoul Jaser pointer - Lens cannot be adjusted to the aperture value.
n.a. ltis not possible to focus the complete measuring volume.
3422 12 mmLens (PONTOS 6M)
@ e %)
5 g 24 |s 23
b =| o
E‘ ,E, « _% % E 183’ ,E % g g Aperture-dependent depth of fleld {mm]
= a | e o|'s Ef. R
o827 |E|ZEe|5ligEe |B|S
Sz E S|ESE |BI285E 3|8 14 | 2 2.8 4 | 561 8 | 11|16 | 22| 32
125%100 ~ J-o|500 7 |- |20 “ [Mech. Ston [26 1CP20 80x72 - flna a1 | 29 2[5 004 425 e et e
150x 130 |- [500 - 1245 170 25 |cP20 175x140 [hha. 76 {25 |5t 88 |>150 [>150 fer  fe |
75%150 - |-~ [500 -~ 1280 |86 . |25 |CP20 175140 na. |17 -39 " lzs 130 75 |78 e fe o |-
o [200x 170 |- |500 - 1320 {104 25 [CP20 250x200 [l6 28 |59 110 [180 |>200 [>200 | e |-
E |250% 210 |- 500 - [395 {138 25 |cP20 250x200 - [l23 < [58 110+ {190 [>250 +[>250 |>250 | [ e
ﬁzeaxzso - 500 — |470 {170 25 [cpao3sox280 147 o8 J170  [200 300 12300 [>300 fer e fe
2 [350x 206 " |- 1500 - 1550 {206 25 [cPoo 350x280 < 77 - 1160 7| 250 - |>350 |>350 < [>350 12350 e e e
E l400x330 |- Js00 - 625 1238 95 1CP20 950x280 110 (210 [ 350 | »400 [>400 [>400 [>400 |- |- |
Sisoox 420 -} 1500 1780 1308 125 [CC20500x400 ¢ [l210 - [370 < [>500 | >500 1[>500 “[>500 [>500
750X 630 |- 800 - |1160 [476 25 |cc20 7Tooxs60  [I5%0  [>750 [>750 |>750 2750 [>7E0 [>750 |-
1000%840 3 800 - 11530 |640 95 |GC20 1000x800 H>1000 |>1000 §>1000 | >1000 |>1000 [>1000 |>1000 |-
1250 % 1050 |--- 800 -.- [1915 |688 22 [CC20 1400x1420[>1250 1>1250 |>1250 | >1250 |>1250 [>1250 [>1250 |-
Legend: 1) without laser pointer - Lens cannot be adjusted to the aperture value.
n.a. Itis not possible to focus the compiete measuring volume.
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3423 17 mm Lens (PONTOS 5M)
= =
5 % £ s la o fé
S g [T £ 5 ° Aperture-dependent depth of fleld {rmm]
2E HEEEESE 518
ol B % ElEsS_ 5|35l ||
5|8 E SISSE|2IS5BE |55 4 |2 28 |4 [ss 8 |11 s 22 |2
= = OI= 8L |8 = [3 3] . i s
80%65 - -|s00 |- 1180 ~|Mech. Stop {28 [CP2090x72 - lna. ima. |na. |34 13 27 (45 e fe |
10085 |- [500 - |35 |ss 25{CP2090x72  |ba lna. 126 {13 l28 st |80 | e e
126x 100 |- |500 - 280 |90 o5 icpo090x72 o fha. fna. |11 12 180 fes  [>125 e e e
o [150x130 [ l500  |-|340 |112 125 |CP20 175x140 ha 16 2 {46 19 h3e [>150
E[176x160 |- 1500 - |- 395 136~ |25 |CP20 175x140 lna. |15 36 169 1120 D175 175
w[200x170 |- [500 - {450 [180 25 |cP20250x200 [39 f25 |53 ot lf60 [>200 [>200
2 1o50% 210 |-i{500 * - |s55 {208 - |25 [cP20 250200 ff20 183 ey 170 |>250 - [>250 |>250
Els00x250 [ }500 - 1660|254 25 |cP20350x280 41 189 [150 [ 260  ]>300 [>200 [»300
T lasox200 0 10500 -] (765 21300 =725 [CP20 350x280 1 4i60 1130 - 1220 © | >350 1>350 |>350 |>350 §--
400%330 |- [500 -~ |85 1350 25 [cPooasoxase 100 1190|310 |>400 [>400 |>400 400 [ je-
500X 420 - |- |800 -~ |- 11090 |446 -~ 125 |cC20 500x400 - [1190 - 1330 7] >500 [ >500 1 {>500 {>500 15600 fee e e
750%630 |- 800 - 1620 680 25 [cC20700x560  [520  [>750 [>750 |>760 [>750 TS0 {>7H0 - e |
Legend: 1} without laser pointer - Lens cannot be adjusted to the aperure value,
n.a. Itis not possible to focus the complete measusing volume.
3424 23 mm Lens (PONTOS 5M)
@ 'E' — ,3
2 5 |5 (2 |58
> T Ll g £|3 a s 22 Aperture-dependent depth of fleld [mm]
EE 5125 |8EES o |8
S e Eiatl - ow g 2
2|88 |E|lcEE (5 BelsT |E|2
SI2E SISSsE|BI2E5E 3|8 14 |2 28 (4 156 |8 1 |16 (22 |32
50x42 500 ] [175 |Mech. Stop |30 [Co/CP2055%44 Jna. Ina. |na. ipa. ina. |63 N2 e e |-
65 % 55 500 220 |60 25 [CQICP20 55%44 fna, ina. lna. |06 |67 116 28 e | |
80 X865 - 50 {1260 |76 25 |cP2090x72 e fna. fna |47 |4 27 l4 e
o [100x85 500 - 1320|102 25 [cP2090x72  fha. na. [24 |13 f27 M9 {77 [
Sli2sx100 [ fs00 -~ J-faeo l134 o5 |cpooooxr2  fha. lna. Jos |26 48 fe2  1>125 oo feo e
5 [150x130 500 - 1460|164 25 [cP20 175x140  llna. 51 [20 |44 |75 {320 950 jee e e
21176x150 [ 1500 |- |530- 1196 - 125 lcP20 175x140 " fna. |13 |34 165 110 {175 [PA75 few fe- o
‘el20ex10 |- |500 - 600 228 25 [cP20250x200 23 f22 Is6 |9t 150 [k200 p200 e e e
“52505:210-11--; 1500 |- t745 292 {25 lopa0 250x200 8 - [49 ez - fi60 250 [>250 250 | | e
300%250 |- 500 e85 356 |25|cP20350x280 f138 (83 | 140 240 [>300 [>300 [>300 l  fe- e
350x 200 |- 1800 - |-- 11030 |418 |26 [cP20 350x280 “li6s - (130|210 - {350 - [>350 |>350 [>380 e e |-
400x330 |- |800 - [1170 1480 25 ICP20350x280 o7 [180 200 [>400 [>400 [>400 [>400 - e |
500%420 1z [e00 | |1450 Jeos |25 [cc20 500xd00  |l180 . J310 1480 1>500 [>500 [>500 [>500 [ et
Legend: 1} without laser pointer -+ Lens cannot be adjusted lo the aperiure value,
n.a. [tis not possible to focus the compliete measuring volume.
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34.25 35 mmLens (PONTOS 5M)
=t %3
g e 18, 1. |=l8
° g e X 1] aoig .
> = e E EITA§ 2| 2 Aperiure-dependent depth of field {mm)]
E g c | BDwn olE 5@ © 19
5 < gElsg_|853% S|E
wlae 1R S = 2ia
S8 E E|SEE (2322 E |R|5 14
sl E SG|ESE |AIZ2S85E 8|8 . 2 | 28] 4 [s8 | & | 11 | 16 | 22 | 32
35x20 500 215 [Mech. Stop125 {CQICP2030x24 Ji--- [na. na. |na. |na. 1.5 5 11
50 x 42 - 1500 275 |84 25 |CQICP2055xd4 [i-- fna. fna. jna 15 |7 14 |25 -
65x 55 500 340 1110 25 {CQUICP20 55x44 |- na. [na. |05 165 15 27 46
- 80%65 - 500 460 1138 25 (CP20 9072 - - |ma. |na 143 113 % a3 i
={100x 85 500 - {485 {176 25 [CP20 90x72 - |na. {15 12 25 46 72 >100
5 [125x100 |- {500 1590 J222 - los cpaogowr2 - - lna. ez |24 - l4s - {rr o li20 126 e
g 150x 130 |- [500 - 700 |272 25 1CP20 175x140 4 19 42 72 120 {»150 |>150 i -
‘g 175150 |- 500 - |805 1318 - |25 |CP20 175%140 12 132 162 100 " [170 178 175 fe e
5200)_(_170 - 1500 - 910 [364 25 {CP20 250x200 _ 21 47 87 140 |»200 [»200 {>200 |- B
250 x 210 - |800 --- 11120 [460 125 1CP20 250x260 45 86 1150 {230 - [>250 {250 - {>250 - e e
A0x250 |- [800 .-« 11340 |556 25 |CP20 350x280 80 140|230 [>300 [>300 |>306 }>300 |-
350 %290 - |-+ {800 - 1550 [650 25 |CP20 350280 120 - |200 “[320 " {>350 “ }>350 [>350 |>350 | em
400 x 330 800 - [1770 [688 23 |CP24 350x280 180 | 280 [>400 [»400 [>400 [»400 [>400
Legend: 1) without faser polnter Lens cannot be adjusted to the aperture value.
n.a. itis nol possible to focus the complete measuring volume.
3.4.26 50 mm Lens (PONTOS 5M)
- —
§ 5 £ b |8 = §
> = _le § g S5 2|2 Aperture-dependent depth of field [mm]
£E 5122 |8l£8% s |8
- Iy E | jud el 3 - g [
2|8 |E|2EE «éuﬁ g|2
3l= E Sl=8E jal=86 E 318 14 2 2.8 4 56 8 11 16 22 32
15x13 500 20 1205 |Mech. Stop[26 |CQ 16x12 na. lna  ina.  |na. |na |09
20x17 500 101230 |66 © ° {25 |CQi16xi2 na lna Ina. Jna. |04 2.7 -
. 25x%21 500 10 [250 |74 25 10Q 2318 - na |na (na.  [na. |14 45
‘g 35x29 500 -- |310 198 25 |{CQICP20 30x24 {f-- - na. fna. |na, |15 15 11
g 50 x 42 500 --- 1395 136 25 |CQICP20 55xdd fi--- na. fna |14 6.8 14 25
= [65x55 500 |- l485-|178 25 [CO/ICP2055x44 ||~ |-  fna. j03 6t |15 j28 |45 -
%‘ 80 x 85 500 -- |515 216 25 [CP2090x72 - na. |41 13 25 43 70
":9, 10085 - |50 -- 1695 1270 25 ICP2096x72 - fee e |12 1125 145 70 100
& 125100 |- |500 - 1845 1336 25 [CP20 80x72 8.3 24 45 76 120 125 §-
g [150x 130 [ [800 - 1095 {402 2% [craosrsxtae |- |- - 118 ~lao fro 110 1>150 150 b
§ 1756x150 |- {860 -- [1950 [472 25 {CP20 175x140 i 61 100 [160  [>175 175 |- -
200X 170 1 {800 - 11300 {540 25 1CP20 250x200 146 &5 140 - [»200 {>200 |>200 {-
250%x 210 |- 1800 -- |1600 {674 25 {CP20 250x200 85 §50 1230 |»250 [»250 1>250 |-
300x250 - |- 1800 --- 1920 [688 121 ICP20 350x280 1650 1230 - {>300 >300 {300 15800 {-
Legend: 1) without laser pointer Lens cannet be adjusted {o the aperturs value.

na. Itis not possible to focus the complete measuring volume,
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34.27 65 mm Lens (PONTOS 5M)

g = E & §

S & 2 ""é § e Aperture-dependent depth of field [mm

>F .le5 |£15EE |2z perture-dep p ]

= E S g”é g1E ES ® 'E'

» £ |2 cl]l3 ful b

el8E |E|c2T|B|EYEE|E|2
32 L SlsgE|BI2E5ES|S 147 2 28 4 F 56 8 | M | 16| 22 32

10x8 500 [0 1250 |72- {25 jeo tox s e B R T R T R

15% 13 500 301275 (84 [25 |CQisxi2 - - . 1.1
o l20x17 500 - |20 {305 |96 |25 |cQ 5x12 ki o e 28 e e
_é 25x% 24 500 10 1340 (112 {25 [CQ 2318 - - . . 48 - .
E‘ 35x20 |- 1500 1 {10 (410 1|142 7125 |CQICP20 30x24 1R - . e -
f>,50x42 - |500 - {6256 [194 {25 |CQICP20 55x44 |- . - 25 -
El65x55 0 |- 500 - i |odo: |246. |25 |CQUCP20 55xdd [l e fun R R =
‘qé) 80 x B5 - 1600 - |760 [208 125 [CP2090x72  j-- - s I -
mEE 100%85 | 500 1 {996 (366125 C|CP20 90x72 i e e, . i e L -
E|125x100 |- 1860 — (110|458 (25 1CP2OY0XTZ  fl- [ [~ - - >125 -
© HE0 X130 - |- j800 - - [1310 1542 5 {25 [OP20 175x440 e i e [ e e e T e 50

175 x 150 800 - 11510 1632 |25 (CP20 1753140 - - - 75 e

200x170 L J800 |- 1720 1688 - [24-{CP20 250%200  fhei o [eee i | ol e 5200 e
Legend: 1} without faser pointer < Lens cannot be adjusted to the aperture value.

n.a. ltis not possible lo focus the complete measuring volime.
3428 100 mm Lens {(PONTOS 5M)

£ c 1E], |« |E|&

2 g 2 BofE > 8 Aperture-dependent depth of field [mm]

g?'é‘ N c | o E g E|5

= £ 5" 8 £ E B o |8
TrRHEEL IR EGHE
EIER SIEEE|2 |S52E|G |3 14| 2 ] 28] 4 |56 ] 8 | 1] 1 | 22 ] %
=HOx8 -- 500 {76 1385 132 |25 {CQ 10x8 Dl e e o na na,  na, 0 008 24
§15x13 500 50 1420 |148 _25 CQ 15x12 i " - n.g. na.  (na. 1 26 54 _
= {20x17 - |00 o [375[465 |168 |25 {CQBXI2 il Lo e - lna Cqna 103 125 054 o4
s - {500 25 [620 |i92 {25 [CQ23x18 o - na. na. |15 4.7 86 15
=135x29 - Is00 1125[630 [240 |25 jequcP2030w24 e fe e | na. |45 15 1t hs a0 -
Sls0x42 - 500 125810 |320 125 |CQICP20 55x44 |i--- - - 15 |7 14 25 39 >5(
5 |65 55 -~ l8oo 1251075 [304 |25 JcoucPa0 55wdd Jle i bl o IS8 14 425 144 65 o [o85
£ |80x65 - {800 |- 11150 [470 [25 |CP2090XT2 |l - - |12 {25 141 18 a0 |>80
S 1100x85 21800 11300 1578 125 JOP2000xT2 i e i e i v | ae 24 44 188 100 1160 TP 100
T 125x 100 - [800 1690 {688 {24 |CP20 90x72 44 75 110 125 2125 126
Legend: 1) without faser pointer - Lens cannot be adjusted to the aperture value,

n.a. itis not possible to focus the complete measuring volume.,
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Sensor Configuration Examples

3.43  Sensor Configuration Examples for PONTOS HS
(1280x1024 Pixel)

The following table values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. In such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important to keep the
aperture as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 25°: Base
distance = slider distance + 38 mm..
34.31 20 mmLens (PONTOS HS)
" =
3 g |E s |3 |5 é
E;"‘ 8 |E|=-E f:-‘: e Aperture-dependent dapth of field [mm)
2E | 5a S| ZElB s|go
£ E S |Ep g|<c Elwv sl
g = El25~|Glans=|8|5€
2|18 & E|SEE|G|E22E (5|28
S|2E SISSEIB255E(8I88 t4 ]2 28 |4 56 |8 M [ 2 |32
100x80 i} [500 - {180 [62 |27 |CP2090x72 - | ina  fna 76 22 M1 175 [>100 [»100
125100 19 (500 = | 1215 “les |25 feP20gmkr2 - Jr ol T ina {68 21|43 73 D125 |>125 125
o [150x120 |t} |500 - 1250 |84 |25 [CP20475x140 - e FO7 |16 {35 |68 110 |>160 160 _[>150
F|I75% 140 ¢ | [500 |- }285 1100 |25 |CP20 176x140 - |l . 169|277 (155 1100 -'}160 [>176 1>175 |>175
El200x160 |-~ 600 — 1320 |16 |25 lop2o 175x140 e |- B {41 |78 {140 [p200 [»200 [»200 }>200
< 1250%200 |~ 500 |- 390" 1146 - |26 [cPaoasoxe0 ~ |l | Ja7 |78 j140 j240 " |>260 |>260 - |>250 - [>260
E300x240 |- 600 |- 1460 478 |25 |OP20250x200 fi-- 1~ |65 [130 [220 1>300 |[>300 |>300 {300 1300
£ (350x280 |-+ 500 - |- [530 |20 © 25 1CP20 350x280 e o | 100 ] 190 7|320 50 (>850 - |>350 - |>350 - {>350 ~ |>350
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Legend: 1} without faser pointer Lens cannot be adjusted fo the aperture value.
n.a, Iis not possible te focus the complete measuring velume.
34.32 28 mm Lens (PONTOS HS)
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Legend: 1} without laser pointer -« Lens cannot be adjusted to the apedure value.
n.a. Itis not possible to focus the complete measuring volume.




Sensor Configuration Examples

3433 35mmLens (PONTOS HS)

g v __E_, 2 g

E 2 |2 8 FRE

>~ e 2 21T § |2 Aperture-dependent depth of flefd [mim}

gE |83 “|PElE |88

sE El5e [E|5ET IsiEs
218 ¢ E|<EE |E|8E|8F|E|SS
Si2E S|I=sE |BI2S|5E8|88 4 |2 28 |4 56 |8 1M HMe |2 |32

50 x 40 1} {560 -- |185 |62 26 |CQICP20 55x44 na. n.a. na. {(na |05 5.1 13 -

65 x 50 1) {500 1225 {74 |25 [CQICP20 55x44 e Cina o |aa fnac |4 (w23 -
_|soxes - |500 - |260 {88 |25 [CP2090x72 na. |na. jna. [14 o7 2o a8 -
G {100X80 - f-r 1500 — 310 " 1410 © [25 [CP2090x72 . “lna. Tna o ina lzsiofenqer e e | ke
i_%izsxmo - |500 - |365 [136 |25 [CP2090x72 - Ina |na. 138 {7 (36 60 100 |- |-
o [150% 120 = |- 500 = |a26 1162 |25 JCP20 175x140  fe- olna. o |na {12 70130 0 [58 {93 w160 e e
Z|75x140 |- [500 - 1485 [188 |25 |CP20 175x140 - |na. |37 |22 47 |85 [130 175 - -
2 |200% 160 - |- [500 - |545 216 (26 |CP20175x140 [ - Ina  [41° 713467 o 120|180 -|>200 B e
5(250x200 [ |500 665 (268 |25 [cP2o2sow200 fl- |53 {30 [67  [120 200 [|>250 D>2sQ [ |-
£1300%240 |- |500 785 -J322 {25 |cP2o 250m200 - fler 20 o Lss i 4100 4807 12300 [>300 1 12800 | 0
§ 350x280 |- {500 - (905 [376 |25 |CP20 350x280 40 |88 {160 f280 [|»as0 |>3s0 |>880 4 |-

400 %320 |- l800 0 -2 1020 |426 - {25 |CP20 350%280 6451930 | 220 0 Ja60 540015400 12400 e ]

500x400 |- [800 — {1260 |532 |25 |CC20500%400 |- 130 {230 [380 {>500 [>500 |>S00 [>500 |- |-

750 %600 .- |- 1800 - | 11870 [688 122 {cC20 700x560 - - Ja00 - 1e30 | s7s0 Iorso - Jorse lorso < owst i e
Legend: 1) without faser pointer - Lens cannot bg adjusted to the aperure value.

n.a. ltis not possible Io focus the complete measuring volume.
3434 50 mm Lens (PONTOS HS)
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Legend: 1) without laser pointer -+ Lens cannot be adjusted to the aperiure value.

n.a. ltis not possible to focus the complete measuring volume,
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Size of the Reference Point Markers

3.4.35 100 mm Lens (PONTOS HS)
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Legend: 1) without laser pointer - Lens cannot be adjusted fo the aperiure value,
n.a. it is not possible ta focus the complete measuring volume.
3.5 Size of the Reference Point Markers
The reference point markers are available in the following sizes:
0.4 mm, 0.8 mm, 1.5 mm, 3 mm, 5 mm, 8 mm, 12 mm, 18 mm, 25 mm
Using the following formuia, you may calculate the iypical reference
point size for your measuring volume. To do so, use the length of the
measuring volume (see also 3.3}, i.e. the largest value of the respsc-
tive volume.
PONTOS 5M PONTOS 4M PONTOS HS

Length of measuring volume x 0.004 | Length of measuring volume x 0.004 | Length of measuring volume x 0.008

If your result is a reference point size which is not available, round to
the next available size. We recommend using the next larger size.

Example:

For the measuring volume 125 x 90 with PONTOS 4M the following
calculation results: 125 x 0.004 = 0.5

This means, you should use the reference point marker size 0.8 mm
for your measuring task.
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NOTICE

4. Sensor Control Elements

41 How to Handle Lenses

The lenses shown in this example may, in some cases, differ from
those delivered in practice. Therefore, the statements made here have
to be used correspondingly.

Select a set of lenses matching the required measuring volume and
screw it into the cameras.

To avoid getting dirt into the cameras, always equip the devices with
lenses or with a protective cap, even when switched off. When chang-
ing the lenses, fix the new lenses in place immediately.

Screw in the lenses carefully by hand.

411 Lens Family A (Titanar)

4111 Lens Family A1

Screw thread; tighten carefully by hand in
the housing!
While doing so, lock focus locking ring!

Focus locking ring with hex socket head
locking screw

Aperture setting ring with manual locking
sCrew.

Focal length. In this example 20 mm. i 02/8'7 Ieueyl

411.2 Lens Family A2 - 100 mm

Screw thread; tighten carefully by hand in
the housing!
While doing so, lock focus locking ring!

When using distance rings, screw in the
rings here.

Focus locking ring with hex socket head
locking screw

LENS MADE IN GERMANY

Aperture setting ring with manual locking
SCrew.
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Sensor Control Elements

How to Handle Tommy Screws

41.2 Lens Family B

Aperture setting ring with manual locking
screw. Note: In the example shown, aperture
value 11 means aperture closed and aperture
value 1.4 means aperture open.

Screw thread; tighten carefully by hand in the
housing!
While doing so, lock focus locking ring!

Focus locking ring with hex socket head lock-
ing screw

Focal length.
In this example 17 mm.

4.2 How to Handle Tommy Screws

Problem:

The freedom of movement of the
small handle is limited by the large
handle.

Remedy:

Pull out the handle and turn it.

You may use the large handle in a similar way.
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5. Fast Setup of the Sensor

In order to achieve the measuring volumes shown in the tables of sec-
tion Fehler! Verweisquelle konnte nicht gefunden werden.3, you
need to set up the PONTOS sensor accordingly. To adjust the sensor,
the complete system including the PONTOS application software must
be installed.

How to use the software is described in the PONTOS User Manual —
Software.

In most cases, the recommended camera angle is 25° for PONTOS
measuring volumes. Thus, a simplified setup of the sensor can be car-
ried out for these measuring volumes.

This method requires that the camera angle was once adjusted to 25°
and has not been changed later!

In this case, you just need the measuring distance of the required
measuring volume from the sensor configuration tables.

General steps to adjust the sensor:

e Equip the cameras with the corresponding lenses required for the
measuring volume.

e Adjust the measuring distance between object and sensor (see
tables sectio n Fehler! Verweisquelle konnte nicht gefunden
werden.3), and switch on the laser pointer.

e Adjust the cameras to the laser point with the help of the cross hairs
in the live video images.

e Fine-adjust the camera tilt angle with the help of the live video im-
ages.

e Adjust the focus of the camera lenses.

e Option: Adjust the polarization filters of the cameras and the light-
ing.

e Adjust the aperture of the camera lenses.

5.1  Adjust the Software

After starting the PONTOS software, select in the deformation mode
(View » Deformation Mode) the camera icon Start/Stop Mea-
surement Mode in order to get a live video of both cameras.

5.2  Adjust the Measuring Distance

Use the tables in section Fehler! Verweisquelle konnte nicht ge-
funden werden.3 to find the measuring distance which corresponds
to the measuring volume (only for measuring volumes with a camera
angle of 25°).

Switch on the laser pointer and direct it to an object which is placed at
the measuring distance.

The measuring distance is determined by using a tape measure and
results between the fixture of the camera support (in the middle) and
the projected laser point on the measuring object, see 3.3.

pontos_hw-5m-4m-hs-adjustable_en_rev-c  22-Sep-2009



22-Sep-2009

en_rev-c

pontos_hw-5m-4m-hs-adjustable

Fast Setup of the Sensor

5.3

Adjust Cameras Horizontally and Vertically

Adjust Cameras Horizontally and Vertically

Step A

Loosen the large handles!
Now, the cameras can be moved in
radial direction in a limited way.

Step B

Loosen the small handles!

NOTICE Now, the cameras

are no longer locked in radial and
axial direction!

Step C Example

Left Image
Display the laser pointer in the live
video images of the cameras by
means of a right mouse button click
» Image Display » Overex-
posed and direct the cameras hori-
zontally and vertically to the pro-
jected laser point with the help of the
red cross hairs.

You may later fine-adjust

the vertical adjustment (camera tilt
angle)!

Right Image
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Fine-Adjust the Camera Tilt Angle

Fast Setup of the Sensor

Adjust the laser pointer to
the horizontal red line of the
live video image by using
the screw for the fine-
adjustment of the camera tilt
angle.

If the fine-

Step D

Lock the position by means of the

small handle.
5.4 Fine-Adjust the Camera Tilt Angle
In section 5.3 step C, you already preadjusted the tilt angle (vertical
adjustment to the laser point). Now, fine-adjust it.

Step E NOTICE

Never completely remove the fine-adjustment screws!
There is risk of not being able to screw it in again.

Left Image

adjustment is at the end of
its adjustment path, you first |
need to set it to its center
position by means of the
small handles, see 6.3 step
B.

Right Image
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Fast Setup of the Sensor

Lock Cameras

5.5 Lock Cameras
Now, lock the cameras by means of the large handles.

Step G

Lock the cameras by means
of the large handles!

5.6 Adjust the Focus

If possible, adjust the focus with the aperture maximally opened.
Place a text or a business card in the center and adjust the optimum
focus.

The focus can also be adjusted using a calibration panel. This method
provides a clear focus adjustment. In the overexposed mode (in the
live image, click the right mouse button and select Image Display »
Overexposed), adjust the shutter time such that the white points ap-
pear overexposed (red). Now, adjust the focus to maximum red point
size.

Then, lock the focus setting!

5.7  Adjust the Polarization Filters for the Lighting (Option)
Adjust the polarization filters according to 7.1.1.
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5.8  Adjust the Aperture

If you want to use the lighting, switch it on now. Choose the shutter
time according to the expected test speed and recording rate, the set-
ting should be clearly below the recording rate. Settings below 100 ms
at a frame rate of 4 images per second are usual. Now close the aper-
ture until the video images are free of overexposure. Red areas in the
video image indicate overexposure and therefore should not occur.
Make sure, the aperture is closed as far possible (high aperture val-
ues) in order to achieve a best possible depth of field. The aperture of
both cameras should be closed-to approximately the same extent. You
can check this by means of the false-color mode of the video image.
You enable the false-color mode by clicking with the right mouse but-
ton onto the video image and selecting Image Display » False col-
or. The video images should show approximately the same color dis-
tribution.

Left camera Right camera

After you finished the setup of the sensor, select Start/Stop Mea-
surement Mode.
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Complete Setup of the Sensor

NOTICE

6. Complete Setup of the Sensor

You always need to completely set up the sensor if the camera angle
was not preadjusted to 25°!

Steps to completely adjust the sensor:

e Equip the cameras with the corresponding lenses required for the
measuring volume.

 Adjust the measuring distance between object and sensor, and
switch on the laser pointer.

¢ Adjust the slider distance between the cameras on the camera
support symmetrically to the laser pointer.

¢ Adjust the camera angle with the help of the live video images.

¢ Adjust the camera tilt angle with the help of the live video images.
e Adjust the focus of the camera lenses.

o Adjust the aperture of the camera lenses.

e Option: Adjust the polarization filters of the cameras and the light-
ing.

6.1  Adjust the Software

Atfter starting the PONTOS software, select in the deformation mode
(View » Deformation Mode) the camera icon Start/Stop Mea-
surement Mode in order to get a live video of both cameras.

6.2 Adjust the Measuring Distance

Switch on the laser pointer and direct it to an object which is placed at
the measuring distance.

The measuring distance is determined by using a tape measure and
results between the fixture of the camera support (in the middle) and
the projected laser point on the measuring object, see 3.3.

6.3 Adjust Slider Distance

The slider distance is the distance between the slider units of the
cameras, see 3.3. Adjust the slider distance by moving the cameras
on the camera support. The cameras need to be set up symmetrically
on the camera support or symmetrically to the laser pointer, and they
should already been roughly adjusted to the projected laser point in
radial direction (camera tilt angle).

Step A

Loosen the large handles!
Now, the cameras can be
moved in radial direction in
a limited way.
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Adjust Slider Distance

Complete Setup of the Sensor

Step B

Adjust the small handles to
their center position by
means of the fine-
adjustment screws for the
camera tilt angle.

NOTICE

Never completely remove the fine-adjustment screws!
There is risk of not being able to screw it in again.

Step C

Loosen the small handles.

NOTICE

Now, the cameras are no
longer locked in radial and
axial direction!

Step D

Move the cameras to the
required slider distance.

m[mllunlm
280 260
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Complete Setup of the Sensor

Adjusting the Camera Angle

Step E

Switch on the laser pointer
and roughly adjust the laser
point to the horizontal line of
the live video image by us-
ing the screw for the fine-
adjustment of the camera tilt
angle.

Lock the position by means
of the small handle.

Left Image

Right Image

6.4 Adjusting the Camera Angle

The camera angle a results when you point the cameras to the pro-
jected laser point in the live video images, see 3.3. If the live video
images are too dark, too bright or not clear, first adjust the lenses with
focus and aperture to optimum image impression.

Adjust the vertical red line of the cross hairs in live video images to the
projected laser point!
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Adjust the Camera Tilt Angle

Complete Setup of the Sensor

Step F

Adjusting the camera angle:

Switch on the laser pointer and adjust the laser
point to the vertical line of the live video image.

1 ”“!“HEH
™0

Left Image ’ Right Image

6.5 Adjust the Camera Tilt Angle

During the adjustment of the slider distance, you already roughly ad-
justed the tilt angle. Now, fine-adjust it.

Adjust the horizontal red line of the cross hairs in live video images to
the projected laser point!

Step G

Adjust the laser pointer to
the horizontal line of the live
video image by using the
screw for the fine-
adjustment of the camera tilt
angle.
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Lock Cameras

Complete Setup of the Sensor

6.6 Lock Cameras
Now, lock the cameras by means of the large handles.

Step H

Lock the cameras by means
of the large handles.

6.7 Adjust the Focus

If possible, adjust the focus with the aperture maximally opened.
Place a text or a business card in the center and adjust the optimum
focus.

The focus can also be adjusted using a calibration panel. This method
provides a clear focus adjustment. In the overexposed mode (in the
live image, click the right mouse button and select Image Display »
Overexposed), adjust the shutter time such that the white points ap-
pear overexposed (red). Now, adjust the focus to maximum red point
size.

Then, lock the focus setting!

6.8 Adjust the Polarization Filters for the Lighting (Option)
Adjust the polarization filters according to 7.1.1.

Page 31 (59)



Adjust the Aperture

Complete Setup of the Sensor

Page 32 (59)

6.9 Adjust the Aperture

If you want to use the lighting, switch it on now. Choose the shutter
time according to the expected test speed and recording rate, the set-
ting should be clearly below the recording rate. Settings below 100 ms
at a frame rate of 4 images per second are usual. Now close the aper-
ture until the video images are free of overexposure. Red areas in the
video image indicate overexposure and therefore should not occur.
Make sure, the aperture is closed as far possible (high aperture val-
ues) in order to achieve a best possible depth of field. The aperture of
both cameras should be closed 1o approximately the same extent. You
can check this by means of the false-color mode of the video image.
You enable the false-color mode by clicking with the right mouse but-
ton onto the video image and selecting Image Display » False col-
or. The video images should show approximately the same color dis-
tribution.

Left camera Right camera

After you finished the setup of the sensor, select Start/Stop Mea-
surement Mode.
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Lighting (Option)

NOTICE

All joints of the lighting are
locked or loosen by one

Adjust the Polarization Filters for the Lighting (Option)

7. Lighting (Option)

As lighting, two types of high-performance LED lamps are available:

e LED lamp with a beam angle of 10°
e LED lamp with a beam angle of 30°

This lighting is suitable for small measuring areas up to a maximum
size of approx. 500 x 400 mm?2.

Sensor Focal length of lens Suitable LED lamp
> 35 mm Beam angle 30°
4M
265 mm Beam angle 10°
223 mm Beam angle 30°
5M
=35 mm Beam angle 10°
HS - -

7.1 Adjust the Polarization Filters for the Lighting (Option)

The polarization filters are used to avoid disturbing shiny points in the
camera images.

All spotlights and cameras need to be equipped with a polarization fil-
ter.

Ensure that the angles between camera direction and spotlight direc-
tion are large enough in order to avoid disturbing reflections from the
beginning.

common screw!
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Adjust the Polarization Filters for the Lighting (Option)

Lighting (Option)

711  Adjustment Method for Polarization Filters
Switch on the LED lighting.

Step 1 The polarization filter @ of the left camera is not changed!

Step 2 Close down the spotlights 9 (either turn the spotlight to the side or disconnect its power supply) and set the polarization filter g
to minimum intensity of shiny points in the left image of the live video.

Step 3 Activate the spotlight 9 again (spotlight 9 remains switched on) and set the polarization filter 9 to minimum intensity of shiny
points in the left image of the live video.

Step 4 Finally, in the right image of the live video, set the polarization filter 9 to minimum intensity of shiny points.

Each time you change the camera or spotlight position, you need to
readjust the polarization filters!
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User Information About the

PC

NOTICE

8. User Information About the PC

The computer is part of the measuring system.

When connecting the computer with your local are network, please
use the network port labeled as LANO on the rear side of the comput-
er. This network port is being referred to as eth0 in the YaST setup
tool (system software).

Feel free to configure eth0 but please leave all other network port set-
tings as they are. An FAQ is available on our GOM support web page.

Please shut down the computer decently. Try to avoid using the reset
button. A controlled shutdown of the computer is also possible by
pressing the power on button on the front in the same way you would
switch on the computer. A non-controlled shutdown may have an im-
pact on the file system.

Only for 19" PCs:

In order to guarantee fewer problems using the computer, please re-
member to regularly clean the dust filters located in the front doors.
We recommend cleaning them every four weeks or more often de-
pending on the environment.

Removing filters:
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The Sensor Controller

Trigger In (LED) llluminates in
case of incoming trigger signals.

Trigger

Trigger Out (LED) llluminates in case of im-
age recording.
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9. The Sensor Controller

The sensor controller for the measuring system, serves to flexibly
record images just-in-time and with analog value control for all appli-
cations (high-speed/low-speed).

In addition to the power supply unit for max. 2 cameras, the sensor
controller includes a process computer for trigger signals, a DHCP
server, as well as an A/D and D/A converter for analog force, distance
and control signals. In connection with the different input interfaces
and individual trigger lists, the sensor controller provides the trigger
signals for the cameras and frame grabber boards of the PC. The
camera images are intermediately stored in the evaluating computer.

The sensor controller has an own IP address (192.168.4.200). You
may configure the sensor controller by means of the web interface.
For more information see section 9.3.

9.1 Commissioning

After switching on the sensor controller (Power), the status LED lights
up in orange for about 15 seconds. The sensor controller is ready for
use if the LED changes to green. You may switch on and off the sen-
sor controller in all operating states.

If the status LED is red, a hardware error occurred.

9.2 Brief Description

9.2.1 Sensor Controller Front Panel

Status LED green: Sensor controller is ready for operation.
orange/red: Switching on or off phase
red (permanent): Hardware error

On/off switch of the sensor controller
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The Sensor Controller

Brief Description

9.2.2 Sensor Controller Rear Panel

AC power connection, 115 /230 V, 50 to 60 Hz.

Service GOM internal service interface. Do not use this interface!
Gigabit-Ethernet interface for the connection with the PC.
Left e PONTOS 5M: Image transfer from left camera to PC and communication between PONTOS software and
sensor controller.
9 PC e PONTOS 4M or HS: Communication between PONTOS software and sensor controller.
Gigabit-Ethernet interface for the connection with the PC.
Right e PONTOS 5M: Image transfer from right camera to PC
e PONTOS 4M or HS: Not used.
Left Gigabit-Ethernet interface for the connection to the left camera.
e “ Right Gigabit-Ethernet interface for the connection to the right camera.
amera
Power Power supply of one camera (PONTOS 4M or HS).
Power Power supply of one camera (PONTOS 4M or HS).
Connection to the PONTOS sensor hub
e Sensor o PONTOS 5M: Power supply of cameras, laser pointer, LED lighting and trigger.
e PONTOS 4M: Laser pointer, LED lighting.
e PONTOS HS: Laser pointer.
Abort Direct push button connection (normally open switch) to abort a measuring procedure.
TTL input for trigger signals.
Input In order to activate a switching action, the available signal must jump from low (0V) to high (+5V). This beha-
vior may be inverted via the web interface, see section 9.3 (option).
@ Thader e The PONTOS systems having separate frame grabber boards in the measuring computer (4M and HS) re-
99 Outout ceive the trigger signals via this interface.
P e Synchronization of several measuring systems (option)
e Control of external flash units (option, see also section 9.3)
Light Gate e Connection for a photoelectric sensor to trigger image recording, or
e Push button connection (normally open switch) via an adapter, to start a trigger signal.
Input 0 The analog inputs 0 to 1 are rated for recording analog signals during image recording between -10 V and +10
V, e.g. for force and distance signals of the test machine.
These inputs can also be used to generate a trigger signal at a certain voltage value or at a gradient. The in-
Input 1 put signals are sampled with 16 bit.
0 Kl If additional analog inputs are required, this interface together with an optional adapter cable provides for add-
9 |io ing 6 inputs (BNC connector). The adapter cable provides the analog inputs Analog Input 2 to Analog Input 7.
(6 inputs) The analog inputs are rated for recording analog signals (max. -10 V to max. +10 V) during image recording,
e.g. for force and distance signals of the test machine. The input signals are sampled with 16 bit.
110 The interface provides 4 analog outputs (max. 0V to max. +10V) for real-time sensor applications, e.g. to con-
(4 outputs) trol test machines. The output signals are sampled with 12 bit.
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9.3 Web Interface

The sensor controller has a web interface. The web interface provides
for adjusting several functions and for troubleshooting.

The systems will always be delivered with a correct configuration. On-
ly use the web interface if it is absclutely required.

Possible applications:

o Switching the LED lighting and the laser pointers
Adjusting the trigger behavior

Checking trigger lists

Testing the AD channels

Setting the 1P address of the sensor confroller
Network configuration of Gigabit-Ethernet cameras

L]

You reach the web interface, by starting a browser {e.g. Firefox} and
entering the address http://192.168. 4,209 into the address line.
As an alternative, you may use the corresponding Firefox bookmark.

Fﬂe Edit Miew Higloty Bookmarks Tools ]:[elp

@ > f% fr gt o convE

@GOM Wab [@GOM system]
L'} ATOS Sonsor Web Inferface

1 Trigger Box Web Interface
. _;] Tritop Wireless Access Palnt

L

In the left frame, you may call different pages.
"Trigger" is a page important for special applications.
The pages "GOM only" and "Log" have no function for the user.

Industrial

Hews & Events

Allin Tabs |

9.3

1 Home

Eﬂe gd.t Mew I-hslury Bookmarks Tools He'p

i () @ >@ [E3 ttp192.1684 2001 .

7 l'_l W (owge ]

Home

- Pawer Intormation Ethernsl
+ADIDA Software version 1006 P 192.168.4200

- Trigger
-Trigger LIst Sensof 1D 23283000036 Nsatmask 2552556255.0

Status idle

- Camesas

« FW-Uptoad
- GOM enly
-Log

into
———————— Refrash I

Sottsare varsion 1005
Firmanm version 0 5

|§ hipy 192,168 4 200/cgi-binAbox/ome sh

Here you can see general information about the sensor controller.
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Web Interface

9.3.2 Power

()% { )F& 1@ hfpmszmsuow j [+1 5 [Googe _.I

. EBGOM - Web EEGOM Syslem

1 . Home Power Control

« AD/IDA

- Trigger Lamp: ¢” On & Off Apply [
= Trigger List

- Ethernel : taser " on & o _Apply |

- Came&ras

- FW-Uplcad

- GOM only Pawer o i

-log 7 s T T

[ hepi/i192.168. 4200!c9§—blmoﬂpuwet sh

Here, you may switch the power supply.

Lamp controfs the LED illumination of the sensor.
Laser controls the laser pointers of the sensor.
Each selting has to be confirmed with Apply.
With Power off you switch off the sensor controller.

9.3.3 ADIDA

File £dit wew lofy Bookmarks Jods Help

ﬁ fes hEpll$911sﬂd2ODf ___|:} 9] [Google |

%eou Wweb -eom Syslem

AD/DA Control
|7| o ] Anglogin:
BIDA] - - -
TFrigger Aclve range: E 10V, $0V E ApRpPlY E

- Trigger Llst )
Adive channels: ChO - Gh1::

Single Snap |

+GOM only T

-Lop ch
Anatog out r—‘—o 00

Info

Saftaie version: 1008
| Famaare version 0.5
| Sensir ID. 23250000035

{ ntpurig2. 188, 4200/cgrbinfbexiad_conkola

Here, you may test the functions of the AD mputs and the DlA out-
puts.

Active range selects the range for the 16bit A/D conversion for the
active A/D channels.

Active channels selects the channels to be measured.

Single Snap starts a single measurement of the selected A/D chan-
nels in the selscted range.

Analog out applies the specified voltage to the D/A outputs.
Each selling has to be confirmed with Apply.
Reset to Defaults restores the default settings.




Web Interface

934 Trigger

B0 Misw gty Rockmarks Jods fsp

@ (\} @ (& nipritsz 1882000 . [<]%d {cwge |

E3GOM - Web [23GOM - Systam

Trigger In/Out Settings
1 - Power Tgger | Arm
- ADDA
: ﬁﬁgﬁun Frigger mpuk degiiche 1 211 Do [A100ns - fo, 18388 UL I T sppy |
- AD Praview
Trigger polarfes:
- Ethernet
* C _ -
W upioss o Cfwneess € resngedse
i R e
-Log Ouvlput camers. & Rising edga € Fating edge
Owpu cameraZ & Rising edge ° Fafing edge
Info Ouput fash & Risng edge * Fafing edge

Sotaarg verson: $306
4 Furmrsavzrson 03
1 Sereor 1D 2370000

1 GOM
: tschalt r Optsche
3 MA o Abortinpul mode:  Aport & swip Appyy |
1 Mty 78
1 D351 Baurecueiy
_':e;:g\ o:gq;g;gggs ERENNS S Resel to Defauls '
ettt 143 ¢) .
: 1 emad ink@osnmn All tigger sefltings wil be saved asulomalica!ly and are retained on reboot

. 1 FEpfaaa gomcom

[ h2pi162 1604 200/cghbintboxggeriua

Trigger sends a trigger signal for test purposes {e.g. flashes). During
a measurement (e.g. trigger list) a trigger is emitted. Depending on the
trigger list element, this means triggering an internal event and/or an
image.

Arm sets the ARM status active. During a trigger list measurement
with an element for which "arm=true", only the next following trigger
will be processed.

Trigger input deglitcher sets the deglitcher for the trigger input signal
{e.q. for debouncing the pushbutton).

Input sets the polarity of the trigger input signal at the "Input” or "Light
gate" connaction of the sensor controller rear side.

Output camera sets the polarity of the camera trigger.
Depending on the camera used, the sofiware sets this value and the
user should not change it.

Output camera2 sets the polarity of the additional trigger cutput at
the "Output" connection of the sensor controller rear side {for trigger-
ing, synchronizing of additional hardware).

Output flash sets the polarity of the delayed trigger output.

Flash delay seis the delay of the flash trigger with respect to the ac-
{ual trigger signal.
Negative flash delay inveris the trigger time of the flash trigger and
the actual {rigger.

Abort input mode sets the behavior of the abort button at the "Abort”
connection of the sensor controller rear side. In case of Abort press-
ing a button aborts the entire trigger list, in case of Skip only the cur-
rent element is aborted.

Each setting has to be confirmed with Apply.
Reset to Defaults restores the default selfings.
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Web Interface

9.3.5  Trigger List

£Fo gg_m_l yg_ev_v _!_ﬂi!nry Bockmarks Tools Help

> @ (‘}@% (&5 hz.p.'.l.19.2_168_4200-' - y . H‘EI { Boogre “"_[

b E6oM- 5

Trigger List Control

Stals: idle
- ABDA Trigger kisti
- Tiloger f

{-Trigges Lllg

- AD Proview

= Etharnat

- Caméras

- Fv-Upioad
+ GOM only
.Llog

Inte

Sotsae verson 1006

Firrraaro verson 0.5 Rafresh Page |

Sangor il 2329300003 I
TR

| Mep192.168.4 200/cgibinbontiggemstsh

Here, you may load manually created trigger lists into the sensor con-
trolier. Loaded trigger lists can be started, aborted or individual ele-
ments can be aborted.

Upload loads the trigger list in the Trigger List window into the sen-
sor controller.

Start starts the trigger list in the sensor controller.
Skip aborts an individual element of the trigger list.
Stop aboris the trigger list.

Refresh Page loads the trigger list from the sensor controller into the
Trigger List window.

9.3.6 AD Preview

Ese Edt Yiew Histay Bochmarks Jods Haip
(:) f’% [& veparso2 160 42000
AD Preview |
_Berash | Refresh to acaulre a Provi
rass Refré & acguire a Previaw
Ra{-!{'[OOO iz 1 P i

-]

-]

4

2

Info L

Satan veron 1006 -2

Fimmsam=vesion. 05

Sareor 0. ZEEINN05 .
GOM -B
Gasetischaft Iot Optsche "
eashechick H
[LICWETT ] :
DI3106 Brrrechnt g -0 §
Tetebn +43 053130330 L] 2 4 [ 1%
Tetar +43 )51 30023-15 :
#ral infefgom oon L
Hitpatetae 9O £on downlcad data f_
For AD ¢ha rrats 5o ranga seiocton, wd ADDA cenrd page HE
| hepsi192 168 4200/ g bivbaad_previewsh -

Here, you may measure the A/D channels activated in window
"AD/DA" {(see chapter 9.3.3) over a certain time period (e.g. in order to
delermine noise and offsets of the analog signals).

Refresh carries out a measurement with the specified measuring rate
and plots the measured analog signals in a diagram.
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9.3.7 Ethernet

A 5! Bi ams Iselp o
@ (\) @ {&3 ntipurie2.168.4200/

- E3GOM-Web E3GOM - Systom

L

]

Ethernet Configuration

- Povar MAC address: 66:24:01:03:01:11
- ??";':r EtherneliP address:[192.168.4.200

- Trig .

- Trigger List Subnel mask: 2662552650
- AD Preview Save and Restarl 1

i Sel defaull IP Usaga:

- Ethernet Masler Slave

- Cameras

- FW-Upload = r Set and Restar |

- GOM only

-Log

[ hitp-77192.168.4 200/cgrbinitboxietnemet sh

Here, you can manage the network configuration of the sensor con-
troller.

Ethernet IP address sets the IP address of the sensor coniroller. You
need to confirm this setting with Save and Restart. Then, the web in-
terface can only be reached via the new P address.

Only change the IP address of the sensor controller if the company
network uses the same subnel mask and a computer with this IP al-
ready exists. The changed IP address must also be changed in the
software (ARAMIS, PONTOS, IVIEW). In case of a support request,
you need to announce this change.

Master / Slave sets the default settings of the sensor controller for a
double sensor system. You need to confirm this setting with Save and
Restart. In case of Slave, the web interface can only be reached via
the IP address 192.168.14.200.
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938 Cameras

Edt View Histay Boowmarks Todls Help o .
Y (O @ <> % [E3 npi192.168.4 2000 [#]% [ooege |

GOM-Web [E2GOM - System

‘ ome Camera Configuration

| - Pawer

i| - ADIDA

i| - Trigger
~Trigger List
- AD Pro

- Elhernat
- Cameras
- PW-Upload
- GOM only

-Log === Chacking Network Configuration =e=

| tnto . common Use cases
‘ Softwata vorgiom: 1015 check lor single camera configuration ... yos
| | Firmeare verson:0.5 chaeck for 19" configuration {2 cameras) ... yas

Ranoer IR 21720000

TDme - i
network configuration of the

For Gigabit-Ethernet cameras, here the
cameras is managed.

The systems will always be delivered with a correct configuration.
Therefore, you should only adapt the configuration in case of an
hardware exchange (Clean / Detect).

The sensor controller clearly identifies the cameras. Therefore, you
have to repeat the configuration via Clean / Detect every time you
change the cameras, this also includes interchanging the cameras or
using cameras of a different sensor. The hardware configuration of the
software (ARAMIS, PONTOS, IVIEW) is not affected.

Check verifies the existing camera configuration and returns informa-
tion about this configuration (e.g. if the right and left camera were in-
terchanged) in the web interface. Clean deletes the existing camera
configuration. Then, you have to execute Detect.

Detect seis the IP address of the connected Gigabit-Ethernet cam-
eras. Prior to that you need to execute Clean.




Web Interface

9.39  Firmware Upload

Eile Edit View Higlory Bockmarks Tods Help

Qg% (:} @ fEa nepuarnoz 16842000

- Homa FW—UpIoad

- Pawer
- ADIDA
- Trigger Upload new Firmware;

Trigger List ' Browse.. | Submit Query | Reset ]
AD Proview

+ Camaras

I FW-Upload,
- GON only
-Log

{ hitpr/ 52,168 4 200/cghbinthoxit_uploadiua

Here, you may update the firmware of the senscr controller.

Normally, a firmware update here is not required. Only update the
firrmware via the web interface if the GOM support explicitly instruct
you to do so!
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NOTICE

Calibration Objects

10. Calibration

Calibration is a measuring process during which the measuring sys-
tem with the help of calibration objects is adjusted such that the di-
mensional consistency of the measuring system is ensured.

The calibration object also contains the scale bar information. The
scale bar information is the specified distance between two defined
reference points.

During calibration, the sensor configuration is determined. This means
that the distance of the cameras and the orientation of the cameras to
each other are determined. In addition, the image characteristics of
the cameras are determined (e.g. focus, lens distortions). Based on
these settings, the software calculates from the reference points of the
calibration object in the 2D camera image their 3D coordinates.

10.1 Calibration Objects

Two different calibration types (panel and cross) which are available in
different sizes and versions are used. Depending on the version, a ca-

libration panel has one or two scale bars. A calibration cross has two
scale bars (on each cross section). For each standard measuring vo-
lume a corresponding calibration object is available. When registering
a calibration object in the software, you need to select, in addition to
the type (panel or cross), also the version of the calibration object
(simple or coded).

How you can identify the versions is explained in the following tables.

Treat the calibration objects with care. Avoid touching the surface of

the calibration side with your hands. Some calibration objects (e.g. all
cubes and some calibration panels) are made of ceramics. You cannot
remove finger prints from ceramic surfaces without any remains.

10.1.1

Calibration Objects Simple (Version 1)

n Icon in the software

x Icon in the software

Calibration panel with uncoded
reference points and one scale
bar value.

Distinguishing characteristic:

Calibration cube with uncoded
reference points and one scale
bar value.

Distinguishing characteristic:

Calibration cross with retro markers
(uncoded points) and two scale bar
values.

Distinguishing characteristic:

e No coded points

e No coded points
e Type label starts with CQ

e On the rotation axis of the cross

there is a coded reference point.

Calibration cross only with coded
points and two scale bar values.

Distinguishing characteristic:

e On the rotation axis of the
cross there is a coded refer-
ence point.
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10.1.2 Calibration Objects Coded (Version 2)

B Icon in the software x Icon in the software

Calibration panel with coded and uncoded Calibration cube with coded and uncoded refer- | Calibration cross with coded and uncoded refer-

reference points and two scale bar values. ence points and two scale bar values. The ence points and two scale bar values. One

The coded reference point in the center of the | coded reference point in the center of the plate | coded reference point close to the rotation point
plate identifies the object in the software. identifies the object in the software. of the cross identifies the object in the software.
Distinguishing characteristic: Distinguishing characteristic: Distinguishing characteristic:

e Type label starts with CP e Type label starts with CQ e On the rotation axis of the cross there is no
e Coded points e Coded points reference point.

e Type label starts with CC

10.2 Calibration Objects and Corresponding Measuring Volumes

Calibrate the system only with the calibration object valid for the re-
spective measuring volume as you otherwise will get wrong measur-
ing results!

For information about the calibration objects see also the sensor con-
figuration tables in section 3.

10.3 Calibration of the PONTOS System

Before starting measurements for the first time, the system needs to
be calibrated.

Also, if the adjustment of the camera lenses or the position of the
cameras with respect to each other is changed, the system requires
calibration.

A prerequisite for successful calibration is the correct setup of the
sensor, see section 5 or 6. The measuring object defines the measur-
ing volume and thus the set of lenses to be used. The measuring dis-
tance to the calibration object has to be adjusted according to the
camera lenses used and according to the available camera support,
see Sensor Configurations section 3.

A wizard in the application software leads you through the individual
calibration steps.

For further information about the calibrating process, please refer to
the PONTOS User Manual — Software and the Online Help.

If you carry out a panel calibration using a calibration cube, you need
to perform the tilted position of the calibration object in calibration
steps 4 and 5 opposite to the instructions (tilted 40°) of the application
software.
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Calibration with External Image Series

The opposite orientation of the cube is due to its design and does not
affect the calibration result.

10.4 Calibration with External Image Series

For the special case you need to work with external image series
which were not recorded with GOM standard sensor setups (e.g. for
ultra high-speed applications), the necessary calibration steps are de-
scribed in the following. In case of an external image series, the soft-
ware cannot automatically guide you through the necessary calibra-
tion steps.

10.4.1 Steps for Calibration Object Panel — Simple

Calibration object panel - simple n

Step 1:

e Center of the measuring volume e Closer to the sensor
e Panel position 0° e Panel position 0°

e Further away from the sensor e Center of the measuring volume
e Panel position 0° e Panel position 0°
e Single point tilted 40°

Page 47 (59)



Calibration with External Image Series

Page 48 (59)

Calibration

e Center of the measuring volume
e Panel position 180°
e Double points tilted 40°

e Left camera only
e Panel position 180°

Step 7:

e Left camera only
e Panel position 270°

Step 8

e Left camera only
e Panel position 0°

e Left camera only
e Panel position 90°

e Right camera only
e Panel position 90°

e Right camera only
e Panel position 180°

e Right camera only
e Panel position 270°
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Calibration with External Image Series

I

° Rightcakmera only
e Panel position 0°

10.4.2 Steps for Calibration Object Panel - Coded

Calibration object panel - coded ﬂ

e Center of the measuring volume
e Panel position 0°

o Closer to the sensor
e Panel position 0°

e Further away from the sensor
e Panel position 0°

e Center of the measuring volume
e Panel position 0°
e Tilted 40°

e Center of the measuring volume
e Panel position 0°
o Tilted 40°

e |eft camera normal
e Panel position 180°
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Calibration

Step 7:

e |Left camera normal
e Panel position 270°

e | eft camera normal
e Panel position 270°

Step 9

e |eft camera normal
e Panel position 90°

e Right camera normal
e Panel position 90°

Step 11:

e Right camera normal
e Panel position 180°

e Right camera normal
e Panel position 270°

e Right camera normal

e Panel position 0°
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Calibration with External Image Series

10.4.3 Steps for Coded Calibration Object Cross — Coded

Calibration object cross - coded x

Step 1:

e Center of the measuring volume
o Cross position 45°

o Center of the measuring volume
e (Cross position 135°

e Center of the measuring volume
e (Cross position 225°

e Center of the measuring volume
o Cross position 315°

e (Center of the measuring volume
e Cross position 315°
e Top tilted 40°

e (Center of the measuring volume
e (Cross position 315°
e Bottom tilted 40°

Step 7:

e Closer to the sensor

e (Cross position 315°

Step 8:

e Further away from the sensor

e Cross position 315°
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Calibration

e |eft camera normal
e Cross position 315°

e |eft camera normal
e Cross position 45°

o | eft camera normal
e Cross position 135°

e | eft camera normal
e Cross position 225°

Step 13:

e |eft camera normal
e Cross position 270°

e | eft camera normal
e Cross position 0°

e | eft camera normal
e (Cross position 90°

Step 16:

e |eft camera normal
e Cross position 180°
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Calibration with External Image Series

Step 17:

e Right camera normal
e (Cross position 180°

e Right camera normal
e Cross position 270°

e Right camera normal
e Cross position 0°

e Right camera normal
e Cross position 90°

Step 21:

e Right camera normal
e (ross position 135°

e Right camera normal
e (Cross position 225°

e Right camera normal
e Cross position 315°

e Right camera normal
o Cross position 45°
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5M Adjustable Base 500/800

11. Sensor Dimensions

111 5M Adjustable Base 500/800
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%ﬁ Velero strap_—

3% 43

69 mamt | ;mm
(Abhangig von Lampenposition
Depends on spoliight posttions), | {180 mm}
3/8-16 UNC Tiefe/Depth: 12 mm
67 mm

37 mm

4 Tiefe/Depih: -'{b
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o
i
am_|

451
45 mm

M4 Tiefe/Dapth:
7 mm
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11.2 4M Adjustable Base 500/800

ARAMIS/PONTOS 800: 806 mm

(Raum fir Kabel _ 146mm
Room for cables},
ARAMIS/PONTOS 600: 608 mm

i
'@OO.'

P ’ﬁs. .
Klsttband
Valoro strap,

{184 mm}

{234 mm)
—_
i
[
g
<

N

(héngt von Hebe!position ab
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HS Adjustable Base 500/800

11.3 HS Adjustable Base 500/800

ARAMIS/PONTOS 8C0; 806 mm

ARAMIS/PONTOS 500: 508 mm

(héngt von Hebelposition ab
depords on hendle position)

Q)

{Raum fir Kabel 145 mm
Room for cables) -

(230 mm)
N

W4 Tiele/Deplir
8 mm

sTmm

37 mm

(136 mm})

Il e
idstband =
Valcro strap,
48
mm

74 mm

(Abhénglg von Lampenposition
Depands on spotiight positions) {183 mm}

3/8-16 UNC Tiefe/Depth: 12 mm

M4 Tiafe/Dopih:
7 mm




5M Adjustable Base with 19" PC

Cabling of the PONTOS Systems

12. Cabling of the PONTOS Systems

12.1 5M Adjustable Base with 19" PC

During cabling, the devices need to be switched off! The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

Laser Pointer

Power Camera, Trigger

---------------\
-l - - - #

100 ... 240 V Taster, Lichtschranke
50 ... 60 Hz L R Pysh button,
Light gate

HINWEIS § NOTICE
Entsprechend der Bedruckung am PC anschlieRen !
Connect according to the labeling on the PC.

S B

lT

100..240V  USB Lautsprecher LAN 0
50..60Hz  Maus/Tastatur im Monitor Netzwerk
Mouse/Keyboard Loudspeaker Network
in monitor
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Cabling of the PONTOS Systems

L1

4M Adjustable Base with 19" PC

12.2 4M Adjustable Base with 19" PC

During cabling, the devices need to be switched off!l The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

Laser Pointer
R1
| R2 I

100...240V
50...60 Hz

HINWEIS § NOTICE

Entsprechend der Bedruckung am PC anschlieRen !
Connegt according to the labeling on the PC.

T

100..240V  USB

50...60 Hz

Maus/Tastatur
Mouse/Keyboard

IPowor Camera! [Power Camera!
Taster, Lichtschranke
Push button,
Sensor Controller Light gate

S uno

Ooee®

ﬁ nur fir erweiterte
Anwendungen

. for extended
- * applications only

GOM LAN

==
—_——
-
5 Lautsprecher LANO
E  im Monitor Netzwerk 5
@  Loudspeaker Network
in monitor
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Cabling of the PONTOS Systems

12.3 HS Adjustable Base with 19" PC

During cabling, the devices need to be switched offl The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

L1
Power Camera
e
Laser Pointer
Power Camera
R1
[ R |

Taster, Lichtschranke
Push button,

Sensor Controller Light gate

o S o Z : { = nur fiir erweiterte
50....60 Hz : ey
= Anwendungen
o L5 . for extended
2 r* applications only
il
Entsprechend der Bedruckung am PC anschliefen !
Connect according to the labeling on the PC.

RS ?@Fg

e
S g
‘E E

<

S o
= o

100..240V USB Lautsprecher LAN O
50..60 Hz  Maus/Tastatur im Monitor Netzwerk 5
Mouse/Keyboard Loudspeaker Network
in monitor

Page 58 (59)

22-Sep-2009

en_rev-c

pontos_hw-5m-4m-hs-adjustable



HS Adjustable Base with 19" PC

600Z-08g-gg  9-A0 U BIOEISNIDE-SU-Wp-WG-mysolU0d




pontos_hw-5m-4m-hs-adjustable_en_rev-c 22-Sep-2009

GOM mbH

Mittelweg 7-8

D-38106 Braunschweig E-Mail: info@gom.com
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PONTOS

User Information - Hardware

PONTOS 5M (Adjustable Base)
PONTOS 4M (Adjustable Base)
PONTOS HS (Adjustable Base)

3 Optical Measuring Techniques



Legal and Safety Notes

Symbols
In this user manual the following standard signal words may be
used:

This fabel points to a situation that might be
dangerous and could lead to serious bodily
harm or fo death.

This fabel points io a situation that might be

A CAUTION] | dangerous and could lead to light bodily

harm.

This fabe] points fo a situation in which the
product or an object in the vicinity of the
product might be damaged.

This labe! indicates important application
notes and other useful information.

Safety Notes - General

= Hazardous situations or processes may result on ac-
count of the different test setups used for deformation
tests.
Therefore, always observe the valid, pertinent accident
prevention requlations.

= Do not look directly into the taser light, danger of retina
burn,

« The used laser mests laser ¢lass 1 according to DIN EN
60 825-1
{optical output power < 0,39 mW,
wavelength 650 nm).

= Do not use eguipment connected to AC power during heavy
thunderstorms. Due to voltage variations and fransient vol-
tages in the low-voltage network, malfunctions and danger-
ous vollages between housing and other components may
oceur.

» In extreme pasitions, stands with horizental extension arms
may fall over. Avoid such positions. Use the product only on
a safe and steady ground,

= When measuring large objects, make sure you comply with
lhe respective valid accident prevention regutations.

ACAUTION

= Qperate the equipment only with the operating voltages
printed on the housing. Using an incorrect operating voliage
may cause malfunctions or the risk of fire.

= Check cables and, if damaged, replace them by all means.
Protect ihe cables from mechanical load (squeezing, ten-
sion, etc.). Damaged cables may cause short-circuits and
the risk of fire.

= AC power connection of the unit must comply with the valid
regulations of the respective countries.

= Replace fuses only with components having the same spe-
cifications.

= Never unplug or connect cables during operation!

» The devices must not come Into contact with waler. For
cleaning, use a moist cloth but first disconnect the power
plug.

= The ambient temperature must be between +5 and +40 °C.
Make sure no rapid temperature variations occur that might
cause condensation.

= The housing may only be opened by experts when no vol-
lage is applied.
= De not stick any strange objects into the housing.

Legal Notes

No part of this publication may be reproduced In any form or by
any means or used to make any derivative work (such as
{ranstation, transformation or adaptation) without the prior wril-
{en permission of GOM.

GOM reserves the right to revise this publication and to make
changes in content from time to time without obligation on the
part of GOM to provide nofification of such revision or change.
GOM provides this manual without warranty of any kind, either
implied or expressed, including, but not imited, to the implied
warranties of merchantability and fitness for a particular pur-
pose.

GOM may improve or change the manual and/or the product(s)
described herein at any lime.

Copyright © 2009
GOM mbH
All rights reserved!
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1. Infroduction

This user information is intended for qualified personnel who has ex-
perience in handling measuring systems and basic PC knowledge
(windows-based programs and operating systems).

This user information is configured to the transfer of knowledge of sys-
tem installation, sensor settings, camera adjustment and other hard-
ware relevant information.

The PONTOS system is a measuring system that also addresses ex-
perts of digital optical deformation analysis. Therefore, it is unavoida-
ble that the PONTOS software contains menu items not intended for
the standard user. Improper use of these menu items (expert parame-
ters) may cause incorrect measurements.

For being able to make optimum use of the system, we assume the
ability to visualize in 3D and a color vision ability.

This user information is divided into the following sections:

o The first page informs about important safety aspects.

o Section 1 gives basic information about the PONTOS system.
¢ Section 2 describes the system variants.

« Section 3 contains tables with the sensor configurations.

+ Section 4 informs about the sensor control elements,

» Section 5 describes the fast setup of the sensor.

+ Section 6 describes the complete setup of the sensor.

¢ Section 7 describes how to adjust the polarization filters.

» Section 8 contains important user information about the PC.
» Section 9 describes the sensor contraller.

¢ Section 10 informs about the calibration and contains calibration in-
formation for external image series that were not recorded with the
PONTOS standard systems.

¢ Section 11 illustrates the sensor dimensions.
« Section 12 contains the cabling of the systems.




2. The PONTOS System Variants

System types PONTOS 5M PONTOS 4M PONTOS HS
Measuring volume | 10x8 10x7 10x8
in mm?
to fo to
5000x4150 4000x2900 3500x2800
Camera resolution | 2448 x 2050 pixels 2352 x 1728 pixels 1280 x 1024 pixels
Camera chip 213 inch, CCD 1inch, CMOS 1inch, CMOS
Conneclion camera | Gigabil-Ethernetvia | Camera Link Camera Link
o PC sensor controller
Maia hardware = 10"PC « 19"PC = 19°PC
components = Sensor = Sensor = Sensor
= Sensor confrolfer « Sensor controller = Sensor contraller
= | ED lighting = [FD lighting
Laser pointer yes yes yes
LED lightingwith | ves {10° or 30°) yes {30°) no
polarization fillers

Measuring results  { 3D coordinates, 3D displacements, deformation

For further information see http./fwww.gem.com

The maximum image rate is fixed for the 5M and 4M cameras. For the
high-speed camera (HS), higher frame rates can be achieved by divid-
ing the height of {he image size in half. The following table shows the
frame rates of the different cameras with the respective image size
and informs about the typical max. possible number of images.

Camera |Image size Frequency in ] No. of im- | Frequency | No. of im- | No. of im-
Hz ages in Hz ages ages
BV RAM BVRAM [PCRAM [16GBPC [32GBPC
RAM RAM

&M 1 {max. camera - - 15 600 1300 {
resolution) 2]
2x2 Binning i - 2 600 | 1300 S
MM |1(max.camera - - 60 700 1600 8
resolution} Q
112 - - 120 1400 3200 %
@«
14 - - 240 2800 | 6400 %
118 - - 480 5600 10000 2
®
HS 1 {max. camera 500 800 40 2550 5600 2
resolution) £
=
172 1000 1600 40 5100 10000 E
1/ 4 2000 3200 40 10000 16000 él
118 4000 6387 40 10000 10000 =
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Main Hardware and Software Components

2.1 Main Hardware and Software Components
¢ High-performance 64 bit PC

¢ Up to 1GB memory per frame grabber board (HS)
¢ Two (high-speed) cameras

o Stand for secure and steady hold of the cameras
o LED lighting (standard for PONTOS 4M and 5M)

e Sensor controller for power supply of the cameras and to control
image recording

¢ Laser pointer for easy setup of the sensor
¢« PONTOS application software and Linux system software
e Calibration object

For directly operating the sensor with the PONTOS application soft-
ware, a Linux operating system is required.

As of software version 6.1.1, the PONTOS sofiware is also available
on Windows systems. In this case, you cannot connect sensors (cam-
eras) and the sensor controller!




Overview: Sensors, Lenses, Camera Support —
Measuring Volumes

3. General Information

Prior o start measuring, the respective measuring volume has to be
selected depending on the measuring object size and on the distance
o the measuring object. The measuring velume determines the set of
lenses.

The following tables give an overview of the calibrated measuring vo-
lumes which can bs achieved with your system components.

3.1 Overview: Sensors, Lenses, Camera Support — Measuring

Volumes
Measuring volume
Camera support 5§00 mm (lenght) 800 mm {lenght}
Camera angle 25° 25° 25° 25°
Sensors Lenses Min. Range Max. Range Min. Range Max, Range
(Fin mmy) Length x Width in mm

PONTOS 5M 8 180 x 180 900 % 820 190 x 180 1650 x 1400

12 130x 110 510 x 540 130 110 1050 x 930

17 00 x 75 440 x 380 90 %75 760 x 650

23 60 % 50 320 x 270 60 % 50 560 x 480

35 35 X 29 Hox 170 35 % 29 370 x 310

50 17x14 140x 120 17x 14 250 x 210

65 10x8 100x 85 10x8 190 150

100 0% 8 50 x 50 10x8 120 x 100
PONTOS 4M 20 130 x 100 710 x 560 130 x 100 1250 x 980

35 60 x 48 410 % 310 80 x 48 720 x 550

50 20 21 280 x 200 20x 21 500 x 370

65 20 % 14 200 % 150 20 x 14 380 x 280

100 10x7 120 x 90 10x7 240 x 170
PONTOS HS 20 110x 95 540 % 540 110% 95 1100 x 940

28 75 % 60 450 x 380 75X 60 800 x 660

35 50 x 43 360 % 200 50 % 43 640 x 530

50 22 % 17 250 x 200 22x 17 450 x 360

100 10x8 110% 85 10%8 210 x 160

3.2 Overview: Calibration Objects — Measuring Volumes
Callbration objects Measuring volume
m x PONTOS 4M PONTOS 5M PONTOS HS
- Length x Width [mm] Length x Wigth [mm] Length x Width fmm]

€Q 10x8 107 ... 13x 10 9x8 .. 13x 1 gx7 ..13x10
€a 15x12 15x41 .. 19x 14 13x1% .. 19x 16 4x11 ..18x15
cQ 23x18 23%47 ... 29x 2 2x18 ..29x 2 22x18 ... 29% 23
g§230§§:24 30%22 .50 %37 26x22 ..50x42 28x22 ... 50%40
g§235;;:4 ] 5037 .90 X 65 44x37 .90 75 46x37 .90 70
CP20 90x72 90x65 ... 130X 95 80%65 ... 130x 110 80x65 ... 130 x 100
CP20 175x140 150% 110 ... 200 x 150 130 #10 ... 200X 170 140x 116 ... 200 x 160
CP20 250x200 230x 170 ... 370x 270 200% 170 ... 370% 310 210 %170 .., 370 X 300
CP20 350x280 340 250 ... 500 x 370 300 %250 ... 500420 310250 ... 500 x 400
CC20 500x400 530% 390 ... 670 x 490 470 %390 ... 670X 560 490 %390 ... 670 x 540
CC20 700x560 710X 520 ... 890 x 850 §20x 520 ... 890X 750 650 %520 .., 880 % 710
CG20 1000x800 880 %650 ... 1300 % 960 780 X 650 ... 1300 x 1100 810 x650 ... 1300 x 1050
CC201400x1120 | 1250 X920 ... 1600 x 1200 1100 x 920 ... 1600 x 1350 1150 % 920 ... 1600 x 1300
CC20 2000x1600 1750 x 1300 ... 2350 x 1750 1550 % 1300 ... 2350 x 1950 1650 % 1300 ... 2350 x 1900
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Definition of Terms

General Information

Prior to initial commissioning of the PONTOS system, the sensor must
be adjusted. The angle relations of the lenses, the focus and the aper-
ture need to be set. Then, the complete system is calibrated by means
of calibration panels or calibration crosses. If the measuring volume is
adjusted successfully by calibration, you may start a measuring
project.

In practice, depending on the measuring task, different measuring vo-
lumes might be required. You only need to adjust the sensor again if
the meastiring distance or the angle relations of the cameras or the
adjustments of the camera lenses have to be changed because of a
different measuring volume.

3.3 Definition of Terms

Center of the measuring

Height H (measuring volume) |

volume

Length L (measuring volume)

Width W (measuring volume)

Measuring distance

Camera angle o

Camera lens .
left L
Camera lens
right R
Camera support
Slider left o

Slider right

Slider distance | &

The figure shows a 3D sensor unit in top view.

Base distance

Page 9 (59)




Sensor Configuration Examples

3.4  Sensor Configuration Examples

34.1  Sensor Configuration Examples for PONTOS 4M
(2358x1728 Pixel)

The following table values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. in such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important {o keep the
aperiure as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 25°: Base
distance = slider distance + 39 mm.
34.41 20 mm Lens (PONTOS 4M)
" —
3 g £ 5 g |5 g
o e & g’ :'E 5 |2 g Aperture-dependent depth of field [mm]
£E 5122 |8|EES |plEs
B X EES _r1elage 5 E®
lSE ElsET IZ1E8SE 552 4 2 28 J4 Jss o it e 2 Je2
SI=E S DiIEGE S| S &|jojlol v B 3
125%90 {11 500 195 |66 27 lcP2ogmxr2 e e Ina fna [55 |2t lat ls |12 125
150x 110 {1} {500 - |230 |74 25 [CP20 175x140 |- na 1298 K8 41 72 130 |>150  |>150
o [1ex 130 i) [500 --- |260 |88 25 |CP20 176x140 f}- |- na (85 |30 81 100 1>175 |»1756  |>175
5 [200x150 |- |500 - 280|102 |25 {CP20 175x140 || na. |18 44 8 140 2200 [>200 [200
= |250x180 |- |500 - |355 |130 |25 {cP202sox200 fl- |- {42 |43 |85 [150  |>250 [»250 [>250 [>250
g 300x220 - 1500 - 14156 [156  [25 [CP20 250x200 |- 30 73 130|240 [>300 X300 300 300
E [350x260 |- [500 — 480 {186 {25 |CP20350x280 * Ji- [ 154 {110 |200 |>350 [>350 [>350 |>350 {>350
%400)(290 - 1500 - |545 (214 _ _25 CP20 350x280 85 170 1290  |>400 |>400 |>400 1400 400
'E'. 500x370  {-- [500 - |870 1270 - 125 |CP20 350x280  fp-- |- 160 1300 500 |>500 . [»500 1>500 1500 1500
E 750550 1--- 1800 - 1985 [410 |25 |CC20 700x5680 - 470 {>750 [>750 |>750 [>780 |>750 [>750  [>750
™ 000x730 1 {800 - 11285 1542 " 125 |CC20 1000x800 fle |- 970 {>1000 >1000 |>1000 {>1000 |>1000 1>1000 >10600
1250x 820 1-- |800 -- 11600 [682 |25 |CC20 1400x1120 f--- >1250 {>1250 |>1250 |>1260 |»1250 |>1250 |>1250 1>1250
1500 x 1100 |- 1800 ~ |- 11900 1688 -7)21 [CC20 1400x1120 b 1o >1500 {>1500 [>1500 [>1500 [>1500 {>1500 {1500 [>1500
Legend: 1} without laser pointer -~ Lens cannof be adjusted to the aperture value.
n.a. ltis not possible to focus the complele measuring volums.
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Sensor Configuration Examples

3442  35mmLens (PONTOS 4M)

” =
5 £ 1€, |s §§~
f=% [~10 =&
% = o £ % £ E’ = g g E Aperiure-dependent depth of field [mm]
€EE  lglfe_|E|59E_lt|Es
2§ s ElcEE|S|888E|E|2 8
SIS E SIESE (AISHEE|S|S8 14 {2 28 |4 56 |8 11 |6 (2 32
65x 48 1) {500 - 1215 [68 25 [CQICP20 55%44 |- na. |na |na. [na. ina, |51 14
80 x 60 1) 1500 — |240 |80 - 125 IcoicP20 5644 b Jna. |na. lna. fna |2t Jos iz |-
= 100x75 |- 500 - [285 198 |25 {CP20 90x72 .. |na. |na. {na. Ilna. |9 20 |4t -
S |126%90 "} ]500 42 1ass H20 - o5 |cpaogon7z =+ - lna ina ina |52 |19 {37 68
E 150x 110 |- 1500 — |85 |1¢4 |25 |[CP20175%x140 B |na. lna. fna. [13 [33 |58 100 i
T [175x130 | [500 |~ a4 168 = [25 [cP20176x140 Jle lna. {na. |56 o4 - 61 (86 (160 -
5 lo0x150 f. |soo |- lags {102 [250P20175x140 Ji~ Ina |na. 114 37 738|120 [p200 | f-
2 250 180 Aeitgon 7 Je00 - 1240 < jos foP20 260x200 b inas |66 (34 |00 130 0 1200 - 250 e |
= [acox220 |- [500 — 1705 |28s [25 [cP20250x200 - fna {22 |6t 110 200 [>300 [p300 |-
§, 3507260 - 1 1500 - I |80 1332 |25 [cPoo3sox2s0 Y- 7o (48 o5 iz ~laso -850 350l g
* laox200 |- 500 — looo fas2  los |cp2oa3soxoso - J23  [6%  [140 [230 300 |>400 [400 |-
500Xx370 |- |800 |- |4130 [474 125 [CP20 350x280 b 1631130 1240 - {400 < 500 ( >500 |>500 o g -
750x550 |- 1800 .. |1660 |688 |24 [CC20700x560 |- 1230|300 |650 [>750 [>750 {>750 |>750 |-
Legend: 1} without laser pointer - Lens cannot be adjusted fo the aperiure value.
na. [tis not possible to focus the complete measuring volume.

34.1.3 50 mm Lens (PONTOS 4M)
= [}
§ £ E. , e 1R 2
° 2 o |2 e |28
> = s & 13 E |2la Aperture-dependent depth of fleld [mm}
€EE 5| 2q g |£EE2 S%A
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312 E SIE8E|8 |2 95 ES8|88 14 | 2 2.8 4 56 8 it} 16 | 22 | 32
25% 18 1) 1500 25 1205 T66 ~ 126 [coomts e j= ina. [na Cipa. ina. lna. e e e
365x28 i 1500 1251225 70_ 25 CD:’CP2030_>Q4 na. {na, na. |na.  {na. 18
s0x37 - In lsao  |i2sloso lss |os lcoicprossa e 1 |na. |na. [na lna. lo5 |58
%;BSMB - 1500 -~ {305 [108 125 CQICP2( 5oxdd |- na. _ina.  [na. [na. 4.6 13
5[60x60 |- 500 i 345 126 |25 |CQICP2055x44 f |- ‘Ina. ‘ina. [na |21 {96 422 |
S100x75 |- |500 - 1400 [150 |25 |CP20 90x72 na. |na_[pa_ (78 |10 |38 |-
Z[125%90 [ U500 i~ l475 j184 25 )cP2090x72 - | ina. fna f4d |18 35 65 je e
E|150x 110 |- |500 - {550 {216 |25 {CP20175x140 [l |- na. Ina. 2 32 |57 |99l e
‘w{175x130 - | 1500 |- (625|250 |25 |cP20175x140 el inac 46 220 49 82 U140 e e
ézooxmo - 1500 — 1695 282 |25 |CP20175x140  [f-- |- na. |1t (34 [68 |10 [190 |- -
E£[250x180  |--1500 - |- 845 [348 25 |CP20250x200  fpr - p |47 {31 |66 120 - 1180 |5260 | | e
“1300x220 |- 800 — 1995 {414 |25 [CP20 250200  {f- [ 20 57 |tt0 |180 280 [>300 e e
350X 260 11800 |- 111401480 |25 JcP2o asoxase Y- |t |38 ie ilteg i |260 < 1>350 [>350 [ |-
400x290 |- |800 - 12001546 |25 [CP20 350x280  {l |- 62 130 1220 1350 [>400 P2400 e fee
500%370 |- [s00 "l |15901{678 1§25 |CP20350x280  J- |- vUB120 {230 UJ370 |>500 |>500 [>500 fe- -
Legend: 1} without laser pointer -~ Lens cannot be adjusted to the apsrure value.
n.a. [tis not possible to focus the complete measuring volume.
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3414 65mmLens (PONTOS 4M)

@ E 8
S £ |E . |28
® g o2 18 1o )
3 - i dEg |92 Aperture-dependent dapth of fleld [mm]
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36%2 |- |500 - |es f2es {104 |25 lCocpo ks e - e e T e e e S e
50x37 500 125345 |126 [25 |CQICP20 56x44 fl-r |- R N AT e (X R
65 x 48 - |500 1251395 1148 : |25 {CQICP20 55x44 " [ [ L s T g

80x60 [ 500 1251455 {174 |25 [cQioP2055xdd fr |- | e e e e 22 e
100x75 o =500 ol |83 208 ¢ {25 top20 s0xy2 o Bee JEIETR [ESCERC! K NERERE RRE NIRRT [T IRAcHE ISRl el R
125x90 |- [s60 ... |625 |25 |25 |CP20 90x72 e (e e e e e e 63 e e

160x110 |~ [500 - 720 ‘|20z “los [opotmmxtae el e n T | i e ep
175x 130 |- [s00 — 815 |334 |25 |cP2o7sxtd0  fle oo e fee e e B 130 | fe

200% 450 - }— 1500 |- loi5 lars 25 |op2o 17sxide il e b el e e Lo 80 T e e T
250x 180 |- 1800 -~ 11105482 [25 |cP20250x200 [l [ Bew  Jeo e fr B 5950 el

300x220 = |--800 - | 113000550 f25 Jopao astienn e | e B et L S T 00 e |
360260 |- [800 . |1495]636 [25 [cPaoasoxosp b b B e B e dee 13500 e fe
400x260 |- 1800 |- 11695688 lo4 fopooasox2s0 il b b | e il 00 [ e

Legend: 1) without faser polnter -~ Lens cannot be adjusted to the aperture value,
n.a. His not possible to focus the complste measuring volume.

65mm, lens family A1 (Titanar)

34.15 100 mm Lens (PONTOS 4M}

g E —

TE ?& % E § lg g Aperture-dependent depth of flefd [mm]
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E135x26. 0 |-~ |00 - 1375 1455 - [174 {25 JCQUCP20 30x24 [ i feee o bes e iinalt na,ne, DT 16452
25037 - {500 25 |525 [206 j25 [CQICP20 55x44 {l-- na. |na. j0b 58 12 23
265048 - 500 |25 |e0s 1242 1os Joaucpaoshdd I e el iinas fna a3 [280 0 40
< 180x 60 - 1500 125 {685 [276 |25 |CQYCP20 55x44 |- na. |16 [89 2 36 60
Sl100x75 1~ 1500 - |12.5 |00 {328 fos Jcpaosoxzz - Y e | T hnas o rd o dse ez [sgeiler
E|126x90 |- [8oe 1125 1945 1390 |25 |CP20GOKT2  Jooo | f-- - |35 17 (34 j62 OB 125
S [1s0% 1101 sen - [ 11085 |452 25 [cpao trsxide e e et e T I 20 0058 0 08 1440 0 2180
- 175x 130 |- [800 - 11230 |516 125 [CP20175xi40 |- 20 45 77 130 [175 p1TE

200x150 - |- - |800 i~ 11375582 [o5 |cpaot7sxide L vl Do a2 led  di10 o 470 1200 1200

250 180 |- [800 - 116751688 |24 |CP20 250x200 - 64 110|180 2250 =250 [>250
Legend: 1} without faser pointer - Leas cannol be adjusted to the aperture value.

n.a. ltis not possitle to focus the complete measuring volume.

pontos_hw-5m-4m-hs-adjustable_en_rev-¢  22-Sep-2008—



pontos_hw-8m-4m-hs-adjustable_en_rev-c  22-Sep-2009

Sensor Configuration Examples

3.4.2  Sensor Configuration Examples for PONTOS 5M
(2448x2050 Pixel)

The following iable values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. In such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important to keep the
aperture as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 256°: Base
distance = slider distance + 50 mm.

3421 8mmlLens (PONTOS 5M)

@ E #
5 v (5, g £ls
5 E o le % %’ '%,E % ‘g, é Aperture-dependent depth of field fmm]
= S e ® o| T El'T ol
285 |ElSET|E|E8ET |E|z
SIS E SIESE BI85 E S|8 4] 2 | 28] 4 [ 56} 8 | 11|16 | 22| 32
175% 150 |~ 1500 - - - |190 ‘[Mech. Stop |28 [cP20175x1d0 Il 18 “: 145 " [89 7 [160 175 |>175 - S e
200x170 |- [509 - (215 |Mech. Stop (25 [CP20250x200 |0 {35 {70 [130 |-200 |>200 [>200 |-
250%210 - |— 1500 - ‘|-~ |70 |80 ¢ |25 jcPoo2soxe00 i Ire 130 - {240 - 1>os0 - [>250 |>250 e
oo 1300 % 250 500 — |320 1104 o5 lcP20350x280  Jis7 |10 f210  |>300 1>300 |»300 [»300 |-
21360 X 200 500 |- 375 [128 |25 |cP20350x260 Fo3 1180 320 © >350 <{>350 |>350 |>350 |-
£ 1400x 330 |- 500 -- 1430 152 26 ICP20 350x280  [140  [260  [>400 [>400 [>400 1>400 [>400 |-
5[500x420 |- |50 |- [635 198 |25 |CC20500x400 |60 480 {5500 |-500" [>00 1500 {>500 Jor foe [l
£ |760x630 [~ [500 ... 1800|316 25 [ceoo 7o0x580  [750 [>750 {>750 [>750 [»750 [2750 [»750 |- e e
< 11000x840 |- 1800 - |1055 |430 25 1CC20 1000x800 {1>1000 [>1000 1>1000 | >1000 |>1000 [>1000 [>1000 -~ j- |-
1250 x 1050 §-— 800 - 11320 |546 95 16620 1400x1120 [>1250 (51250 | >1250 |>1250 |>1250 [»1250 {1250 - |- |-
1500x 1250 }-- jsoo |- 11570 660 25 |CC20 1400x1120 {>1500 |>1560 | >1500 | >1500 [>1500 [>1500 |[>1500 |- e e -
1750 % 1450 {-- 800 - {1820 {688 23 |20 2060x1600 [i>1750 {>1750 | >1750 | >1750 |>1750 [>1750 [>1750 [ o [e
Legend: 1} withoul Jaser pointer - Lens cannot be adjusted to the aperture value.
n.a. ltis not possible to focus the complete measuring volume.
3422 12 mmLens (PONTOS 6M)
@ e %)
5 g 24 |s 23
b =| o
E‘ ,E, « _% % E 183’ ,E % g g Aperture-dependent depth of fleld {mm]
= a | e o|'s Ef. R
o827 |E|ZEe|5ligEe |B|S
Sz E S|ESE |BI285E 3|8 14 | 2 2.8 4 | 561 8 | 11|16 | 22| 32
125%100 ~ J-o|500 7 |- |20 “ [Mech. Ston [26 1CP20 80x72 - flna a1 | 29 2[5 004 425 e et e
150x 130 |- [500 - 1245 170 25 |cP20 175x140 [hha. 76 {25 |5t 88 |>150 [>150 fer  fe |
75%150 - |-~ [500 -~ 1280 |86 . |25 |CP20 175140 na. |17 -39 " lzs 130 75 |78 e fe o |-
o [200x 170 |- |500 - 1320 {104 25 [CP20 250x200 [l6 28 |59 110 [180 |>200 [>200 | e |-
E |250% 210 |- 500 - [395 {138 25 |cP20 250x200 - [l23 < [58 110+ {190 [>250 +[>250 |>250 | [ e
ﬁzeaxzso - 500 — |470 {170 25 [cpao3sox280 147 o8 J170  [200 300 12300 [>300 fer e fe
2 [350x 206 " |- 1500 - 1550 {206 25 [cPoo 350x280 < 77 - 1160 7| 250 - |>350 |>350 < [>350 12350 e e e
E l400x330 |- Js00 - 625 1238 95 1CP20 950x280 110 (210 [ 350 | »400 [>400 [>400 [>400 |- |- |
Sisoox 420 -} 1500 1780 1308 125 [CC20500x400 ¢ [l210 - [370 < [>500 | >500 1[>500 “[>500 [>500
750X 630 |- 800 - |1160 [476 25 |cc20 7Tooxs60  [I5%0  [>750 [>750 |>750 2750 [>7E0 [>750 |-
1000%840 3 800 - 11530 |640 95 |GC20 1000x800 H>1000 |>1000 §>1000 | >1000 |>1000 [>1000 |>1000 |-
1250 % 1050 |--- 800 -.- [1915 |688 22 [CC20 1400x1420[>1250 1>1250 |>1250 | >1250 |>1250 [>1250 [>1250 |-
Legend: 1) without laser pointer - Lens cannot be adjusted to the aperture value.
n.a. Itis not possible to focus the compiete measuring volume.
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3423 17 mm Lens (PONTOS 5M)
= =
5 % £ s la o fé
S g [T £ 5 ° Aperture-dependent depth of fleld {rmm]
2E HEEEESE 518
ol B % ElEsS_ 5|35l ||
5|8 E SISSE|2IS5BE |55 4 |2 28 |4 [ss 8 |11 s 22 |2
= = OI= 8L |8 = [3 3] . i s
80%65 - -|s00 |- 1180 ~|Mech. Stop {28 [CP2090x72 - lna. ima. |na. |34 13 27 (45 e fe |
10085 |- [500 - |35 |ss 25{CP2090x72  |ba lna. 126 {13 l28 st |80 | e e
126x 100 |- |500 - 280 |90 o5 icpo090x72 o fha. fna. |11 12 180 fes  [>125 e e e
o [150x130 [ l500  |-|340 |112 125 |CP20 175x140 ha 16 2 {46 19 h3e [>150
E[176x160 |- 1500 - |- 395 136~ |25 |CP20 175x140 lna. |15 36 169 1120 D175 175
w[200x170 |- [500 - {450 [180 25 |cP20250x200 [39 f25 |53 ot lf60 [>200 [>200
2 1o50% 210 |-i{500 * - |s55 {208 - |25 [cP20 250200 ff20 183 ey 170 |>250 - [>250 |>250
Els00x250 [ }500 - 1660|254 25 |cP20350x280 41 189 [150 [ 260  ]>300 [>200 [»300
T lasox200 0 10500 -] (765 21300 =725 [CP20 350x280 1 4i60 1130 - 1220 © | >350 1>350 |>350 |>350 §--
400%330 |- [500 -~ |85 1350 25 [cPooasoxase 100 1190|310 |>400 [>400 |>400 400 [ je-
500X 420 - |- |800 -~ |- 11090 |446 -~ 125 |cC20 500x400 - [1190 - 1330 7] >500 [ >500 1 {>500 {>500 15600 fee e e
750%630 |- 800 - 1620 680 25 [cC20700x560  [520  [>750 [>750 |>760 [>750 TS0 {>7H0 - e |
Legend: 1} without laser pointer - Lens cannot be adjusted to the aperure value,
n.a. Itis not possible to focus the complete measusing volume.
3424 23 mm Lens (PONTOS 5M)
@ 'E' — ,3
2 5 |5 (2 |58
> T Ll g £|3 a s 22 Aperture-dependent depth of fleld [mm]
EE 5125 |8EES o |8
S e Eiatl - ow g 2
2|88 |E|lcEE (5 BelsT |E|2
SI2E SISSsE|BI2E5E 3|8 14 |2 28 (4 156 |8 1 |16 (22 |32
50x42 500 ] [175 |Mech. Stop |30 [Co/CP2055%44 Jna. Ina. |na. ipa. ina. |63 N2 e e |-
65 % 55 500 220 |60 25 [CQICP20 55%44 fna, ina. lna. |06 |67 116 28 e | |
80 X865 - 50 {1260 |76 25 |cP2090x72 e fna. fna |47 |4 27 l4 e
o [100x85 500 - 1320|102 25 [cP2090x72  fha. na. [24 |13 f27 M9 {77 [
Sli2sx100 [ fs00 -~ J-faeo l134 o5 |cpooooxr2  fha. lna. Jos |26 48 fe2  1>125 oo feo e
5 [150x130 500 - 1460|164 25 [cP20 175x140  llna. 51 [20 |44 |75 {320 950 jee e e
21176x150 [ 1500 |- |530- 1196 - 125 lcP20 175x140 " fna. |13 |34 165 110 {175 [PA75 few fe- o
‘el20ex10 |- |500 - 600 228 25 [cP20250x200 23 f22 Is6 |9t 150 [k200 p200 e e e
“52505:210-11--; 1500 |- t745 292 {25 lopa0 250x200 8 - [49 ez - fi60 250 [>250 250 | | e
300%250 |- 500 e85 356 |25|cP20350x280 f138 (83 | 140 240 [>300 [>300 [>300 l  fe- e
350x 200 |- 1800 - |-- 11030 |418 |26 [cP20 350x280 “li6s - (130|210 - {350 - [>350 |>350 [>380 e e |-
400x330 |- |800 - [1170 1480 25 ICP20350x280 o7 [180 200 [>400 [>400 [>400 [>400 - e |
500%420 1z [e00 | |1450 Jeos |25 [cc20 500xd00  |l180 . J310 1480 1>500 [>500 [>500 [>500 [ et
Legend: 1} without laser pointer -+ Lens cannot be adjusted lo the aperiure value,
n.a. [tis not possible to focus the compliete measuring volume.
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34.25 35 mmLens (PONTOS 5M)
=t %3
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35x20 500 215 [Mech. Stop125 {CQICP2030x24 Ji--- [na. na. |na. |na. 1.5 5 11
50 x 42 - 1500 275 |84 25 |CQICP2055xd4 [i-- fna. fna. jna 15 |7 14 |25 -
65x 55 500 340 1110 25 {CQUICP20 55x44 |- na. [na. |05 165 15 27 46
- 80%65 - 500 460 1138 25 (CP20 9072 - - |ma. |na 143 113 % a3 i
={100x 85 500 - {485 {176 25 [CP20 90x72 - |na. {15 12 25 46 72 >100
5 [125x100 |- {500 1590 J222 - los cpaogowr2 - - lna. ez |24 - l4s - {rr o li20 126 e
g 150x 130 |- [500 - 700 |272 25 1CP20 175x140 4 19 42 72 120 {»150 |>150 i -
‘g 175150 |- 500 - |805 1318 - |25 |CP20 175%140 12 132 162 100 " [170 178 175 fe e
5200)_(_170 - 1500 - 910 [364 25 {CP20 250x200 _ 21 47 87 140 |»200 [»200 {>200 |- B
250 x 210 - |800 --- 11120 [460 125 1CP20 250x260 45 86 1150 {230 - [>250 {250 - {>250 - e e
A0x250 |- [800 .-« 11340 |556 25 |CP20 350x280 80 140|230 [>300 [>300 |>306 }>300 |-
350 %290 - |-+ {800 - 1550 [650 25 |CP20 350280 120 - |200 “[320 " {>350 “ }>350 [>350 |>350 | em
400 x 330 800 - [1770 [688 23 |CP24 350x280 180 | 280 [>400 [»400 [>400 [»400 [>400
Legend: 1) without faser polnter Lens cannot be adjusted to the aperture value.
n.a. itis nol possible to focus the complete measuring volume.
3.4.26 50 mm Lens (PONTOS 5M)
- —
§ 5 £ b |8 = §
> = _le § g S5 2|2 Aperture-dependent depth of field [mm]
£E 5122 |8l£8% s |8
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= [65x55 500 |- l485-|178 25 [CO/ICP2055x44 ||~ |-  fna. j03 6t |15 j28 |45 -
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":9, 10085 - |50 -- 1695 1270 25 ICP2096x72 - fee e |12 1125 145 70 100
& 125100 |- |500 - 1845 1336 25 [CP20 80x72 8.3 24 45 76 120 125 §-
g [150x 130 [ [800 - 1095 {402 2% [craosrsxtae |- |- - 118 ~lao fro 110 1>150 150 b
§ 1756x150 |- {860 -- [1950 [472 25 {CP20 175x140 i 61 100 [160  [>175 175 |- -
200X 170 1 {800 - 11300 {540 25 1CP20 250x200 146 &5 140 - [»200 {>200 |>200 {-
250%x 210 |- 1800 -- |1600 {674 25 {CP20 250x200 85 §50 1230 |»250 [»250 1>250 |-
300x250 - |- 1800 --- 1920 [688 121 ICP20 350x280 1650 1230 - {>300 >300 {300 15800 {-
Legend: 1) without laser pointer Lens cannet be adjusted {o the aperturs value.

na. Itis not possible to focus the complete measuring volume,
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34.27 65 mm Lens (PONTOS 5M)

g = E & §

S & 2 ""é § e Aperture-dependent depth of field [mm
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f>,50x42 - |500 - {6256 [194 {25 |CQICP20 55x44 |- . - 25 -
El65x55 0 |- 500 - i |odo: |246. |25 |CQUCP20 55xdd [l e fun R R =
‘qé) 80 x B5 - 1600 - |760 [208 125 [CP2090x72  j-- - s I -
mEE 100%85 | 500 1 {996 (366125 C|CP20 90x72 i e e, . i e L -
E|125x100 |- 1860 — (110|458 (25 1CP2OY0XTZ  fl- [ [~ - - >125 -
© HE0 X130 - |- j800 - - [1310 1542 5 {25 [OP20 175x440 e i e [ e e e T e 50

175 x 150 800 - 11510 1632 |25 (CP20 1753140 - - - 75 e

200x170 L J800 |- 1720 1688 - [24-{CP20 250%200  fhei o [eee i | ol e 5200 e
Legend: 1} without faser pointer < Lens cannot be adjusted to the aperture value.

n.a. ltis not possible lo focus the complete measuring volime.
3428 100 mm Lens {(PONTOS 5M)

£ c 1E], |« |E|&

2 g 2 BofE > 8 Aperture-dependent depth of field [mm]
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= {20x17 - |00 o [375[465 |168 |25 {CQBXI2 il Lo e - lna Cqna 103 125 054 o4
s - {500 25 [620 |i92 {25 [CQ23x18 o - na. na. |15 4.7 86 15
=135x29 - Is00 1125[630 [240 |25 jequcP2030w24 e fe e | na. |45 15 1t hs a0 -
Sls0x42 - 500 125810 |320 125 |CQICP20 55x44 |i--- - - 15 |7 14 25 39 >5(
5 |65 55 -~ l8oo 1251075 [304 |25 JcoucPa0 55wdd Jle i bl o IS8 14 425 144 65 o [o85
£ |80x65 - {800 |- 11150 [470 [25 |CP2090XT2 |l - - |12 {25 141 18 a0 |>80
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T 125x 100 - [800 1690 {688 {24 |CP20 90x72 44 75 110 125 2125 126
Legend: 1) without faser pointer - Lens cannot be adjusted to the aperture value,

n.a. itis not possible to focus the complete measuring volume.,
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Sensor Configuration Examples

3.43  Sensor Configuration Examples for PONTOS HS
(1280x1024 Pixel)

The following table values are examples. The sensor may also
operate with measuring volumes that result between the values stated
in the table. In such a case, you need to interpret the values for the
measuring distance and the slider distance accordingly.

When using these measuring volumes, it is important to keep the
aperture as closed as possible to achieve a high depth of field. For the
sensors, the following relation applies for a camera angle of 25°: Base
distance = slider distance + 38 mm..
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n.a. Itis not possible to focus the complete measuring volume.
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3433 35mmLens (PONTOS HS)
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Legend: 1) without faser pointer - Lens cannot bg adjusted to the aperure value.

n.a. ltis not possible Io focus the complete measuring volume.
3434 50 mm Lens (PONTOS HS)
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Legend: 1) without laser pointer -+ Lens cannot be adjusted to the aperiure value.

n.a. ltis not possible to focus the complete measuring volume,
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Size of the Reference Point Markers

3.4.35 100 mm Lens (PONTOS HS)
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Legend: 1) without laser pointer - Lens cannot be adjusted fo the aperiure value,
n.a. it is not possible ta focus the complete measuring volume.
3.5 Size of the Reference Point Markers
The reference point markers are available in the following sizes:
0.4 mm, 0.8 mm, 1.5 mm, 3 mm, 5 mm, 8 mm, 12 mm, 18 mm, 25 mm
Using the following formuia, you may calculate the iypical reference
point size for your measuring volume. To do so, use the length of the
measuring volume (see also 3.3}, i.e. the largest value of the respsc-
tive volume.
PONTOS 5M PONTOS 4M PONTOS HS

Length of measuring volume x 0.004 | Length of measuring volume x 0.004 | Length of measuring volume x 0.008

If your result is a reference point size which is not available, round to
the next available size. We recommend using the next larger size.

Example:

For the measuring volume 125 x 90 with PONTOS 4M the following
calculation results: 125 x 0.004 = 0.5

This means, you should use the reference point marker size 0.8 mm
for your measuring task.
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NOTICE

4. Sensor Control Elements

41 How to Handle Lenses

The lenses shown in this example may, in some cases, differ from
those delivered in practice. Therefore, the statements made here have
to be used correspondingly.

Select a set of lenses matching the required measuring volume and
screw it into the cameras.

To avoid getting dirt into the cameras, always equip the devices with
lenses or with a protective cap, even when switched off. When chang-
ing the lenses, fix the new lenses in place immediately.

Screw in the lenses carefully by hand.

411 Lens Family A (Titanar)

4111 Lens Family A1

Screw thread; tighten carefully by hand in
the housing!
While doing so, lock focus locking ring!

Focus locking ring with hex socket head
locking screw

Aperture setting ring with manual locking
sCrew.

Focal length. In this example 20 mm. i 02/8'7 Ieueyl

411.2 Lens Family A2 - 100 mm

Screw thread; tighten carefully by hand in
the housing!
While doing so, lock focus locking ring!

When using distance rings, screw in the
rings here.

Focus locking ring with hex socket head
locking screw

LENS MADE IN GERMANY

Aperture setting ring with manual locking
SCrew.
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Sensor Control Elements

How to Handle Tommy Screws

41.2 Lens Family B

Aperture setting ring with manual locking
screw. Note: In the example shown, aperture
value 11 means aperture closed and aperture
value 1.4 means aperture open.

Screw thread; tighten carefully by hand in the
housing!
While doing so, lock focus locking ring!

Focus locking ring with hex socket head lock-
ing screw

Focal length.
In this example 17 mm.

4.2 How to Handle Tommy Screws

Problem:

The freedom of movement of the
small handle is limited by the large
handle.

Remedy:

Pull out the handle and turn it.

You may use the large handle in a similar way.
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5. Fast Setup of the Sensor

In order to achieve the measuring volumes shown in the tables of sec-
tion Fehler! Verweisquelle konnte nicht gefunden werden.3, you
need to set up the PONTOS sensor accordingly. To adjust the sensor,
the complete system including the PONTOS application software must
be installed.

How to use the software is described in the PONTOS User Manual —
Software.

In most cases, the recommended camera angle is 25° for PONTOS
measuring volumes. Thus, a simplified setup of the sensor can be car-
ried out for these measuring volumes.

This method requires that the camera angle was once adjusted to 25°
and has not been changed later!

In this case, you just need the measuring distance of the required
measuring volume from the sensor configuration tables.

General steps to adjust the sensor:

e Equip the cameras with the corresponding lenses required for the
measuring volume.

e Adjust the measuring distance between object and sensor (see
tables sectio n Fehler! Verweisquelle konnte nicht gefunden
werden.3), and switch on the laser pointer.

e Adjust the cameras to the laser point with the help of the cross hairs
in the live video images.

e Fine-adjust the camera tilt angle with the help of the live video im-
ages.

e Adjust the focus of the camera lenses.

e Option: Adjust the polarization filters of the cameras and the light-
ing.

e Adjust the aperture of the camera lenses.

5.1  Adjust the Software

After starting the PONTOS software, select in the deformation mode
(View » Deformation Mode) the camera icon Start/Stop Mea-
surement Mode in order to get a live video of both cameras.

5.2  Adjust the Measuring Distance

Use the tables in section Fehler! Verweisquelle konnte nicht ge-
funden werden.3 to find the measuring distance which corresponds
to the measuring volume (only for measuring volumes with a camera
angle of 25°).

Switch on the laser pointer and direct it to an object which is placed at
the measuring distance.

The measuring distance is determined by using a tape measure and
results between the fixture of the camera support (in the middle) and
the projected laser point on the measuring object, see 3.3.

pontos_hw-5m-4m-hs-adjustable_en_rev-c  22-Sep-2009
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Fast Setup of the Sensor

5.3

Adjust Cameras Horizontally and Vertically

Adjust Cameras Horizontally and Vertically

Step A

Loosen the large handles!
Now, the cameras can be moved in
radial direction in a limited way.

Step B

Loosen the small handles!

NOTICE Now, the cameras

are no longer locked in radial and
axial direction!

Step C Example

Left Image
Display the laser pointer in the live
video images of the cameras by
means of a right mouse button click
» Image Display » Overex-
posed and direct the cameras hori-
zontally and vertically to the pro-
jected laser point with the help of the
red cross hairs.

You may later fine-adjust

the vertical adjustment (camera tilt
angle)!

Right Image
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Fine-Adjust the Camera Tilt Angle

Fast Setup of the Sensor

Adjust the laser pointer to
the horizontal red line of the
live video image by using
the screw for the fine-
adjustment of the camera tilt
angle.

If the fine-

Step D

Lock the position by means of the

small handle.
5.4 Fine-Adjust the Camera Tilt Angle
In section 5.3 step C, you already preadjusted the tilt angle (vertical
adjustment to the laser point). Now, fine-adjust it.

Step E NOTICE

Never completely remove the fine-adjustment screws!
There is risk of not being able to screw it in again.

Left Image

adjustment is at the end of
its adjustment path, you first |
need to set it to its center
position by means of the
small handles, see 6.3 step
B.

Right Image
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Fast Setup of the Sensor

Lock Cameras

5.5 Lock Cameras
Now, lock the cameras by means of the large handles.

Step G

Lock the cameras by means
of the large handles!

5.6 Adjust the Focus

If possible, adjust the focus with the aperture maximally opened.
Place a text or a business card in the center and adjust the optimum
focus.

The focus can also be adjusted using a calibration panel. This method
provides a clear focus adjustment. In the overexposed mode (in the
live image, click the right mouse button and select Image Display »
Overexposed), adjust the shutter time such that the white points ap-
pear overexposed (red). Now, adjust the focus to maximum red point
size.

Then, lock the focus setting!

5.7  Adjust the Polarization Filters for the Lighting (Option)
Adjust the polarization filters according to 7.1.1.
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Fast Setup of the Sensor
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5.8  Adjust the Aperture

If you want to use the lighting, switch it on now. Choose the shutter
time according to the expected test speed and recording rate, the set-
ting should be clearly below the recording rate. Settings below 100 ms
at a frame rate of 4 images per second are usual. Now close the aper-
ture until the video images are free of overexposure. Red areas in the
video image indicate overexposure and therefore should not occur.
Make sure, the aperture is closed as far possible (high aperture val-
ues) in order to achieve a best possible depth of field. The aperture of
both cameras should be closed-to approximately the same extent. You
can check this by means of the false-color mode of the video image.
You enable the false-color mode by clicking with the right mouse but-
ton onto the video image and selecting Image Display » False col-
or. The video images should show approximately the same color dis-
tribution.

Left camera Right camera

After you finished the setup of the sensor, select Start/Stop Mea-
surement Mode.
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Complete Setup of the Sensor

NOTICE

6. Complete Setup of the Sensor

You always need to completely set up the sensor if the camera angle
was not preadjusted to 25°!

Steps to completely adjust the sensor:

e Equip the cameras with the corresponding lenses required for the
measuring volume.

 Adjust the measuring distance between object and sensor, and
switch on the laser pointer.

¢ Adjust the slider distance between the cameras on the camera
support symmetrically to the laser pointer.

¢ Adjust the camera angle with the help of the live video images.

¢ Adjust the camera tilt angle with the help of the live video images.
e Adjust the focus of the camera lenses.

o Adjust the aperture of the camera lenses.

e Option: Adjust the polarization filters of the cameras and the light-
ing.

6.1  Adjust the Software

Atfter starting the PONTOS software, select in the deformation mode
(View » Deformation Mode) the camera icon Start/Stop Mea-
surement Mode in order to get a live video of both cameras.

6.2 Adjust the Measuring Distance

Switch on the laser pointer and direct it to an object which is placed at
the measuring distance.

The measuring distance is determined by using a tape measure and
results between the fixture of the camera support (in the middle) and
the projected laser point on the measuring object, see 3.3.

6.3 Adjust Slider Distance

The slider distance is the distance between the slider units of the
cameras, see 3.3. Adjust the slider distance by moving the cameras
on the camera support. The cameras need to be set up symmetrically
on the camera support or symmetrically to the laser pointer, and they
should already been roughly adjusted to the projected laser point in
radial direction (camera tilt angle).

Step A

Loosen the large handles!
Now, the cameras can be
moved in radial direction in
a limited way.
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Adjust Slider Distance

Complete Setup of the Sensor

Step B

Adjust the small handles to
their center position by
means of the fine-
adjustment screws for the
camera tilt angle.

NOTICE

Never completely remove the fine-adjustment screws!
There is risk of not being able to screw it in again.

Step C

Loosen the small handles.

NOTICE

Now, the cameras are no
longer locked in radial and
axial direction!

Step D

Move the cameras to the
required slider distance.

m[mllunlm
280 260
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Adjusting the Camera Angle

Step E

Switch on the laser pointer
and roughly adjust the laser
point to the horizontal line of
the live video image by us-
ing the screw for the fine-
adjustment of the camera tilt
angle.

Lock the position by means
of the small handle.

Left Image

Right Image

6.4 Adjusting the Camera Angle

The camera angle a results when you point the cameras to the pro-
jected laser point in the live video images, see 3.3. If the live video
images are too dark, too bright or not clear, first adjust the lenses with
focus and aperture to optimum image impression.

Adjust the vertical red line of the cross hairs in live video images to the
projected laser point!
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Adjust the Camera Tilt Angle

Complete Setup of the Sensor

Step F

Adjusting the camera angle:

Switch on the laser pointer and adjust the laser
point to the vertical line of the live video image.

1 ”“!“HEH
™0

Left Image ’ Right Image

6.5 Adjust the Camera Tilt Angle

During the adjustment of the slider distance, you already roughly ad-
justed the tilt angle. Now, fine-adjust it.

Adjust the horizontal red line of the cross hairs in live video images to
the projected laser point!

Step G

Adjust the laser pointer to
the horizontal line of the live
video image by using the
screw for the fine-
adjustment of the camera tilt
angle.
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Lock Cameras

Complete Setup of the Sensor

6.6 Lock Cameras
Now, lock the cameras by means of the large handles.

Step H

Lock the cameras by means
of the large handles.

6.7 Adjust the Focus

If possible, adjust the focus with the aperture maximally opened.
Place a text or a business card in the center and adjust the optimum
focus.

The focus can also be adjusted using a calibration panel. This method
provides a clear focus adjustment. In the overexposed mode (in the
live image, click the right mouse button and select Image Display »
Overexposed), adjust the shutter time such that the white points ap-
pear overexposed (red). Now, adjust the focus to maximum red point
size.

Then, lock the focus setting!

6.8 Adjust the Polarization Filters for the Lighting (Option)
Adjust the polarization filters according to 7.1.1.
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6.9 Adjust the Aperture

If you want to use the lighting, switch it on now. Choose the shutter
time according to the expected test speed and recording rate, the set-
ting should be clearly below the recording rate. Settings below 100 ms
at a frame rate of 4 images per second are usual. Now close the aper-
ture until the video images are free of overexposure. Red areas in the
video image indicate overexposure and therefore should not occur.
Make sure, the aperture is closed as far possible (high aperture val-
ues) in order to achieve a best possible depth of field. The aperture of
both cameras should be closed 1o approximately the same extent. You
can check this by means of the false-color mode of the video image.
You enable the false-color mode by clicking with the right mouse but-
ton onto the video image and selecting Image Display » False col-
or. The video images should show approximately the same color dis-
tribution.

Left camera Right camera

After you finished the setup of the sensor, select Start/Stop Mea-
surement Mode.
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Lighting (Option)

NOTICE

All joints of the lighting are
locked or loosen by one

Adjust the Polarization Filters for the Lighting (Option)

7. Lighting (Option)

As lighting, two types of high-performance LED lamps are available:

e LED lamp with a beam angle of 10°
e LED lamp with a beam angle of 30°

This lighting is suitable for small measuring areas up to a maximum
size of approx. 500 x 400 mm?2.

Sensor Focal length of lens Suitable LED lamp
> 35 mm Beam angle 30°
4M
265 mm Beam angle 10°
223 mm Beam angle 30°
5M
=35 mm Beam angle 10°
HS - -

7.1 Adjust the Polarization Filters for the Lighting (Option)

The polarization filters are used to avoid disturbing shiny points in the
camera images.

All spotlights and cameras need to be equipped with a polarization fil-
ter.

Ensure that the angles between camera direction and spotlight direc-
tion are large enough in order to avoid disturbing reflections from the
beginning.

common screw!
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Adjust the Polarization Filters for the Lighting (Option)

Lighting (Option)

711  Adjustment Method for Polarization Filters
Switch on the LED lighting.

Step 1 The polarization filter @ of the left camera is not changed!

Step 2 Close down the spotlights 9 (either turn the spotlight to the side or disconnect its power supply) and set the polarization filter g
to minimum intensity of shiny points in the left image of the live video.

Step 3 Activate the spotlight 9 again (spotlight 9 remains switched on) and set the polarization filter 9 to minimum intensity of shiny
points in the left image of the live video.

Step 4 Finally, in the right image of the live video, set the polarization filter 9 to minimum intensity of shiny points.

Each time you change the camera or spotlight position, you need to
readjust the polarization filters!
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User Information About the

PC

NOTICE

8. User Information About the PC

The computer is part of the measuring system.

When connecting the computer with your local are network, please
use the network port labeled as LANO on the rear side of the comput-
er. This network port is being referred to as eth0 in the YaST setup
tool (system software).

Feel free to configure eth0 but please leave all other network port set-
tings as they are. An FAQ is available on our GOM support web page.

Please shut down the computer decently. Try to avoid using the reset
button. A controlled shutdown of the computer is also possible by
pressing the power on button on the front in the same way you would
switch on the computer. A non-controlled shutdown may have an im-
pact on the file system.

Only for 19" PCs:

In order to guarantee fewer problems using the computer, please re-
member to regularly clean the dust filters located in the front doors.
We recommend cleaning them every four weeks or more often de-
pending on the environment.

Removing filters:
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The Sensor Controller

Trigger In (LED) llluminates in
case of incoming trigger signals.

Trigger

Trigger Out (LED) llluminates in case of im-
age recording.
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9. The Sensor Controller

The sensor controller for the measuring system, serves to flexibly
record images just-in-time and with analog value control for all appli-
cations (high-speed/low-speed).

In addition to the power supply unit for max. 2 cameras, the sensor
controller includes a process computer for trigger signals, a DHCP
server, as well as an A/D and D/A converter for analog force, distance
and control signals. In connection with the different input interfaces
and individual trigger lists, the sensor controller provides the trigger
signals for the cameras and frame grabber boards of the PC. The
camera images are intermediately stored in the evaluating computer.

The sensor controller has an own IP address (192.168.4.200). You
may configure the sensor controller by means of the web interface.
For more information see section 9.3.

9.1 Commissioning

After switching on the sensor controller (Power), the status LED lights
up in orange for about 15 seconds. The sensor controller is ready for
use if the LED changes to green. You may switch on and off the sen-
sor controller in all operating states.

If the status LED is red, a hardware error occurred.

9.2 Brief Description

9.2.1 Sensor Controller Front Panel

Status LED green: Sensor controller is ready for operation.
orange/red: Switching on or off phase
red (permanent): Hardware error

On/off switch of the sensor controller
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The Sensor Controller

Brief Description

9.2.2 Sensor Controller Rear Panel

AC power connection, 115 /230 V, 50 to 60 Hz.

Service GOM internal service interface. Do not use this interface!
Gigabit-Ethernet interface for the connection with the PC.
Left e PONTOS 5M: Image transfer from left camera to PC and communication between PONTOS software and
sensor controller.
9 PC e PONTOS 4M or HS: Communication between PONTOS software and sensor controller.
Gigabit-Ethernet interface for the connection with the PC.
Right e PONTOS 5M: Image transfer from right camera to PC
e PONTOS 4M or HS: Not used.
Left Gigabit-Ethernet interface for the connection to the left camera.
e “ Right Gigabit-Ethernet interface for the connection to the right camera.
amera
Power Power supply of one camera (PONTOS 4M or HS).
Power Power supply of one camera (PONTOS 4M or HS).
Connection to the PONTOS sensor hub
e Sensor o PONTOS 5M: Power supply of cameras, laser pointer, LED lighting and trigger.
e PONTOS 4M: Laser pointer, LED lighting.
e PONTOS HS: Laser pointer.
Abort Direct push button connection (normally open switch) to abort a measuring procedure.
TTL input for trigger signals.
Input In order to activate a switching action, the available signal must jump from low (0V) to high (+5V). This beha-
vior may be inverted via the web interface, see section 9.3 (option).
@ Thader e The PONTOS systems having separate frame grabber boards in the measuring computer (4M and HS) re-
99 Outout ceive the trigger signals via this interface.
P e Synchronization of several measuring systems (option)
e Control of external flash units (option, see also section 9.3)
Light Gate e Connection for a photoelectric sensor to trigger image recording, or
e Push button connection (normally open switch) via an adapter, to start a trigger signal.
Input 0 The analog inputs 0 to 1 are rated for recording analog signals during image recording between -10 V and +10
V, e.g. for force and distance signals of the test machine.
These inputs can also be used to generate a trigger signal at a certain voltage value or at a gradient. The in-
Input 1 put signals are sampled with 16 bit.
0 Kl If additional analog inputs are required, this interface together with an optional adapter cable provides for add-
9 |io ing 6 inputs (BNC connector). The adapter cable provides the analog inputs Analog Input 2 to Analog Input 7.
(6 inputs) The analog inputs are rated for recording analog signals (max. -10 V to max. +10 V) during image recording,
e.g. for force and distance signals of the test machine. The input signals are sampled with 16 bit.
110 The interface provides 4 analog outputs (max. 0V to max. +10V) for real-time sensor applications, e.g. to con-
(4 outputs) trol test machines. The output signals are sampled with 12 bit.
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9.3 Web Interface

The sensor controller has a web interface. The web interface provides
for adjusting several functions and for troubleshooting.

The systems will always be delivered with a correct configuration. On-
ly use the web interface if it is absclutely required.

Possible applications:

o Switching the LED lighting and the laser pointers
Adjusting the trigger behavior

Checking trigger lists

Testing the AD channels

Setting the 1P address of the sensor confroller
Network configuration of Gigabit-Ethernet cameras

L]

You reach the web interface, by starting a browser {e.g. Firefox} and
entering the address http://192.168. 4,209 into the address line.
As an alternative, you may use the corresponding Firefox bookmark.

Fﬂe Edit Miew Higloty Bookmarks Tools ]:[elp

@ > f% fr gt o convE

@GOM Wab [@GOM system]
L'} ATOS Sonsor Web Inferface

1 Trigger Box Web Interface
. _;] Tritop Wireless Access Palnt

L

In the left frame, you may call different pages.
"Trigger" is a page important for special applications.
The pages "GOM only" and "Log" have no function for the user.

Industrial

Hews & Events

Allin Tabs |

9.3

1 Home

Eﬂe gd.t Mew I-hslury Bookmarks Tools He'p

i () @ >@ [E3 ttp192.1684 2001 .

7 l'_l W (owge ]

Home

- Pawer Intormation Ethernsl
+ADIDA Software version 1006 P 192.168.4200

- Trigger
-Trigger LIst Sensof 1D 23283000036 Nsatmask 2552556255.0

Status idle

- Camesas

« FW-Uptoad
- GOM enly
-Log

into
———————— Refrash I

Sottsare varsion 1005
Firmanm version 0 5

|§ hipy 192,168 4 200/cgi-binAbox/ome sh

Here you can see general information about the sensor controller.
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Web Interface

9.3.2 Power

()% { )F& 1@ hfpmszmsuow j [+1 5 [Googe _.I

. EBGOM - Web EEGOM Syslem

1 . Home Power Control

« AD/IDA

- Trigger Lamp: ¢” On & Off Apply [
= Trigger List

- Ethernel : taser " on & o _Apply |

- Came&ras

- FW-Uplcad

- GOM only Pawer o i

-log 7 s T T

[ hepi/i192.168. 4200!c9§—blmoﬂpuwet sh

Here, you may switch the power supply.

Lamp controfs the LED illumination of the sensor.
Laser controls the laser pointers of the sensor.
Each selting has to be confirmed with Apply.
With Power off you switch off the sensor controller.

9.3.3 ADIDA

File £dit wew lofy Bookmarks Jods Help

ﬁ fes hEpll$911sﬂd2ODf ___|:} 9] [Google |

%eou Wweb -eom Syslem

AD/DA Control
|7| o ] Anglogin:
BIDA] - - -
TFrigger Aclve range: E 10V, $0V E ApRpPlY E

- Trigger Llst )
Adive channels: ChO - Gh1::

Single Snap |

+GOM only T

-Lop ch
Anatog out r—‘—o 00

Info

Saftaie version: 1008
| Famaare version 0.5
| Sensir ID. 23250000035

{ ntpurig2. 188, 4200/cgrbinfbexiad_conkola

Here, you may test the functions of the AD mputs and the DlA out-
puts.

Active range selects the range for the 16bit A/D conversion for the
active A/D channels.

Active channels selects the channels to be measured.

Single Snap starts a single measurement of the selected A/D chan-
nels in the selscted range.

Analog out applies the specified voltage to the D/A outputs.
Each selling has to be confirmed with Apply.
Reset to Defaults restores the default settings.




Web Interface

934 Trigger

B0 Misw gty Rockmarks Jods fsp

@ (\} @ (& nipritsz 1882000 . [<]%d {cwge |

E3GOM - Web [23GOM - Systam

Trigger In/Out Settings
1 - Power Tgger | Arm
- ADDA
: ﬁﬁgﬁun Frigger mpuk degiiche 1 211 Do [A100ns - fo, 18388 UL I T sppy |
- AD Praview
Trigger polarfes:
- Ethernet
* C _ -
W upioss o Cfwneess € resngedse
i R e
-Log Ouvlput camers. & Rising edga € Fating edge
Owpu cameraZ & Rising edge ° Fafing edge
Info Ouput fash & Risng edge * Fafing edge

Sotaarg verson: $306
4 Furmrsavzrson 03
1 Sereor 1D 2370000

1 GOM
: tschalt r Optsche
3 MA o Abortinpul mode:  Aport & swip Appyy |
1 Mty 78
1 D351 Baurecueiy
_':e;:g\ o:gq;g;gggs ERENNS S Resel to Defauls '
ettt 143 ¢) .
: 1 emad ink@osnmn All tigger sefltings wil be saved asulomalica!ly and are retained on reboot

. 1 FEpfaaa gomcom

[ h2pi162 1604 200/cghbintboxggeriua

Trigger sends a trigger signal for test purposes {e.g. flashes). During
a measurement (e.g. trigger list) a trigger is emitted. Depending on the
trigger list element, this means triggering an internal event and/or an
image.

Arm sets the ARM status active. During a trigger list measurement
with an element for which "arm=true", only the next following trigger
will be processed.

Trigger input deglitcher sets the deglitcher for the trigger input signal
{e.q. for debouncing the pushbutton).

Input sets the polarity of the trigger input signal at the "Input” or "Light
gate" connaction of the sensor controller rear side.

Output camera sets the polarity of the camera trigger.
Depending on the camera used, the sofiware sets this value and the
user should not change it.

Output camera2 sets the polarity of the additional trigger cutput at
the "Output" connection of the sensor controller rear side {for trigger-
ing, synchronizing of additional hardware).

Output flash sets the polarity of the delayed trigger output.

Flash delay seis the delay of the flash trigger with respect to the ac-
{ual trigger signal.
Negative flash delay inveris the trigger time of the flash trigger and
the actual {rigger.

Abort input mode sets the behavior of the abort button at the "Abort”
connection of the sensor controller rear side. In case of Abort press-
ing a button aborts the entire trigger list, in case of Skip only the cur-
rent element is aborted.

Each setting has to be confirmed with Apply.
Reset to Defaults restores the default selfings.
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9.3.5  Trigger List

£Fo gg_m_l yg_ev_v _!_ﬂi!nry Bockmarks Tools Help

> @ (‘}@% (&5 hz.p.'.l.19.2_168_4200-' - y . H‘EI { Boogre “"_[

b E6oM- 5

Trigger List Control

Stals: idle
- ABDA Trigger kisti
- Tiloger f

{-Trigges Lllg

- AD Proview

= Etharnat

- Caméras

- Fv-Upioad
+ GOM only
.Llog

Inte

Sotsae verson 1006

Firrraaro verson 0.5 Rafresh Page |

Sangor il 2329300003 I
TR

| Mep192.168.4 200/cgibinbontiggemstsh

Here, you may load manually created trigger lists into the sensor con-
trolier. Loaded trigger lists can be started, aborted or individual ele-
ments can be aborted.

Upload loads the trigger list in the Trigger List window into the sen-
sor controller.

Start starts the trigger list in the sensor controller.
Skip aborts an individual element of the trigger list.
Stop aboris the trigger list.

Refresh Page loads the trigger list from the sensor controller into the
Trigger List window.

9.3.6 AD Preview

Ese Edt Yiew Histay Bochmarks Jods Haip
(:) f’% [& veparso2 160 42000
AD Preview |
_Berash | Refresh to acaulre a Provi
rass Refré & acguire a Previaw
Ra{-!{'[OOO iz 1 P i

-]

-]

4

2

Info L

Satan veron 1006 -2

Fimmsam=vesion. 05

Sareor 0. ZEEINN05 .
GOM -B
Gasetischaft Iot Optsche "
eashechick H
[LICWETT ] :
DI3106 Brrrechnt g -0 §
Tetebn +43 053130330 L] 2 4 [ 1%
Tetar +43 )51 30023-15 :
#ral infefgom oon L
Hitpatetae 9O £on downlcad data f_
For AD ¢ha rrats 5o ranga seiocton, wd ADDA cenrd page HE
| hepsi192 168 4200/ g bivbaad_previewsh -

Here, you may measure the A/D channels activated in window
"AD/DA" {(see chapter 9.3.3) over a certain time period (e.g. in order to
delermine noise and offsets of the analog signals).

Refresh carries out a measurement with the specified measuring rate
and plots the measured analog signals in a diagram.
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9.3.7 Ethernet

A 5! Bi ams Iselp o
@ (\) @ {&3 ntipurie2.168.4200/

- E3GOM-Web E3GOM - Systom

L

]

Ethernet Configuration

- Povar MAC address: 66:24:01:03:01:11
- ??";':r EtherneliP address:[192.168.4.200

- Trig .

- Trigger List Subnel mask: 2662552650
- AD Preview Save and Restarl 1

i Sel defaull IP Usaga:

- Ethernet Masler Slave

- Cameras

- FW-Upload = r Set and Restar |

- GOM only

-Log

[ hitp-77192.168.4 200/cgrbinitboxietnemet sh

Here, you can manage the network configuration of the sensor con-
troller.

Ethernet IP address sets the IP address of the sensor coniroller. You
need to confirm this setting with Save and Restart. Then, the web in-
terface can only be reached via the new P address.

Only change the IP address of the sensor controller if the company
network uses the same subnel mask and a computer with this IP al-
ready exists. The changed IP address must also be changed in the
software (ARAMIS, PONTOS, IVIEW). In case of a support request,
you need to announce this change.

Master / Slave sets the default settings of the sensor controller for a
double sensor system. You need to confirm this setting with Save and
Restart. In case of Slave, the web interface can only be reached via
the IP address 192.168.14.200.
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938 Cameras

Edt View Histay Boowmarks Todls Help o .
Y (O @ <> % [E3 npi192.168.4 2000 [#]% [ooege |

GOM-Web [E2GOM - System

‘ ome Camera Configuration

| - Pawer

i| - ADIDA

i| - Trigger
~Trigger List
- AD Pro

- Elhernat
- Cameras
- PW-Upload
- GOM only

-Log === Chacking Network Configuration =e=

| tnto . common Use cases
‘ Softwata vorgiom: 1015 check lor single camera configuration ... yos
| | Firmeare verson:0.5 chaeck for 19" configuration {2 cameras) ... yas

Ranoer IR 21720000

TDme - i
network configuration of the

For Gigabit-Ethernet cameras, here the
cameras is managed.

The systems will always be delivered with a correct configuration.
Therefore, you should only adapt the configuration in case of an
hardware exchange (Clean / Detect).

The sensor controller clearly identifies the cameras. Therefore, you
have to repeat the configuration via Clean / Detect every time you
change the cameras, this also includes interchanging the cameras or
using cameras of a different sensor. The hardware configuration of the
software (ARAMIS, PONTOS, IVIEW) is not affected.

Check verifies the existing camera configuration and returns informa-
tion about this configuration (e.g. if the right and left camera were in-
terchanged) in the web interface. Clean deletes the existing camera
configuration. Then, you have to execute Detect.

Detect seis the IP address of the connected Gigabit-Ethernet cam-
eras. Prior to that you need to execute Clean.




Web Interface

9.39  Firmware Upload

Eile Edit View Higlory Bockmarks Tods Help

Qg% (:} @ fEa nepuarnoz 16842000

- Homa FW—UpIoad

- Pawer
- ADIDA
- Trigger Upload new Firmware;

Trigger List ' Browse.. | Submit Query | Reset ]
AD Proview

+ Camaras

I FW-Upload,
- GON only
-Log

{ hitpr/ 52,168 4 200/cghbinthoxit_uploadiua

Here, you may update the firmware of the senscr controller.

Normally, a firmware update here is not required. Only update the
firrmware via the web interface if the GOM support explicitly instruct
you to do so!
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Calibration

NOTICE

Calibration Objects

10. Calibration

Calibration is a measuring process during which the measuring sys-
tem with the help of calibration objects is adjusted such that the di-
mensional consistency of the measuring system is ensured.

The calibration object also contains the scale bar information. The
scale bar information is the specified distance between two defined
reference points.

During calibration, the sensor configuration is determined. This means
that the distance of the cameras and the orientation of the cameras to
each other are determined. In addition, the image characteristics of
the cameras are determined (e.g. focus, lens distortions). Based on
these settings, the software calculates from the reference points of the
calibration object in the 2D camera image their 3D coordinates.

10.1 Calibration Objects

Two different calibration types (panel and cross) which are available in
different sizes and versions are used. Depending on the version, a ca-

libration panel has one or two scale bars. A calibration cross has two
scale bars (on each cross section). For each standard measuring vo-
lume a corresponding calibration object is available. When registering
a calibration object in the software, you need to select, in addition to
the type (panel or cross), also the version of the calibration object
(simple or coded).

How you can identify the versions is explained in the following tables.

Treat the calibration objects with care. Avoid touching the surface of

the calibration side with your hands. Some calibration objects (e.g. all
cubes and some calibration panels) are made of ceramics. You cannot
remove finger prints from ceramic surfaces without any remains.

10.1.1

Calibration Objects Simple (Version 1)

n Icon in the software

x Icon in the software

Calibration panel with uncoded
reference points and one scale
bar value.

Distinguishing characteristic:

Calibration cube with uncoded
reference points and one scale
bar value.

Distinguishing characteristic:

Calibration cross with retro markers
(uncoded points) and two scale bar
values.

Distinguishing characteristic:

e No coded points

e No coded points
e Type label starts with CQ

e On the rotation axis of the cross

there is a coded reference point.

Calibration cross only with coded
points and two scale bar values.

Distinguishing characteristic:

e On the rotation axis of the
cross there is a coded refer-
ence point.
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Calibration

10.1.2 Calibration Objects Coded (Version 2)

B Icon in the software x Icon in the software

Calibration panel with coded and uncoded Calibration cube with coded and uncoded refer- | Calibration cross with coded and uncoded refer-

reference points and two scale bar values. ence points and two scale bar values. The ence points and two scale bar values. One

The coded reference point in the center of the | coded reference point in the center of the plate | coded reference point close to the rotation point
plate identifies the object in the software. identifies the object in the software. of the cross identifies the object in the software.
Distinguishing characteristic: Distinguishing characteristic: Distinguishing characteristic:

e Type label starts with CP e Type label starts with CQ e On the rotation axis of the cross there is no
e Coded points e Coded points reference point.

e Type label starts with CC

10.2 Calibration Objects and Corresponding Measuring Volumes

Calibrate the system only with the calibration object valid for the re-
spective measuring volume as you otherwise will get wrong measur-
ing results!

For information about the calibration objects see also the sensor con-
figuration tables in section 3.

10.3 Calibration of the PONTOS System

Before starting measurements for the first time, the system needs to
be calibrated.

Also, if the adjustment of the camera lenses or the position of the
cameras with respect to each other is changed, the system requires
calibration.

A prerequisite for successful calibration is the correct setup of the
sensor, see section 5 or 6. The measuring object defines the measur-
ing volume and thus the set of lenses to be used. The measuring dis-
tance to the calibration object has to be adjusted according to the
camera lenses used and according to the available camera support,
see Sensor Configurations section 3.

A wizard in the application software leads you through the individual
calibration steps.

For further information about the calibrating process, please refer to
the PONTOS User Manual — Software and the Online Help.

If you carry out a panel calibration using a calibration cube, you need
to perform the tilted position of the calibration object in calibration
steps 4 and 5 opposite to the instructions (tilted 40°) of the application
software.
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Calibration with External Image Series

The opposite orientation of the cube is due to its design and does not
affect the calibration result.

10.4 Calibration with External Image Series

For the special case you need to work with external image series
which were not recorded with GOM standard sensor setups (e.g. for
ultra high-speed applications), the necessary calibration steps are de-
scribed in the following. In case of an external image series, the soft-
ware cannot automatically guide you through the necessary calibra-
tion steps.

10.4.1 Steps for Calibration Object Panel — Simple

Calibration object panel - simple n

Step 1:

e Center of the measuring volume e Closer to the sensor
e Panel position 0° e Panel position 0°

e Further away from the sensor e Center of the measuring volume
e Panel position 0° e Panel position 0°
e Single point tilted 40°
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Calibration

e Center of the measuring volume
e Panel position 180°
e Double points tilted 40°

e Left camera only
e Panel position 180°

Step 7:

e Left camera only
e Panel position 270°

Step 8

e Left camera only
e Panel position 0°

e Left camera only
e Panel position 90°

e Right camera only
e Panel position 90°

e Right camera only
e Panel position 180°

e Right camera only
e Panel position 270°
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Calibration with External Image Series

I

° Rightcakmera only
e Panel position 0°

10.4.2 Steps for Calibration Object Panel - Coded

Calibration object panel - coded ﬂ

e Center of the measuring volume
e Panel position 0°

o Closer to the sensor
e Panel position 0°

e Further away from the sensor
e Panel position 0°

e Center of the measuring volume
e Panel position 0°
e Tilted 40°

e Center of the measuring volume
e Panel position 0°
o Tilted 40°

e |eft camera normal
e Panel position 180°
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Calibration

Step 7:

e |Left camera normal
e Panel position 270°

e | eft camera normal
e Panel position 270°

Step 9

e |eft camera normal
e Panel position 90°

e Right camera normal
e Panel position 90°

Step 11:

e Right camera normal
e Panel position 180°

e Right camera normal
e Panel position 270°

e Right camera normal

e Panel position 0°
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Calibration with External Image Series

10.4.3 Steps for Coded Calibration Object Cross — Coded

Calibration object cross - coded x

Step 1:

e Center of the measuring volume
o Cross position 45°

o Center of the measuring volume
e (Cross position 135°

e Center of the measuring volume
e (Cross position 225°

e Center of the measuring volume
o Cross position 315°

e (Center of the measuring volume
e Cross position 315°
e Top tilted 40°

e (Center of the measuring volume
e (Cross position 315°
e Bottom tilted 40°

Step 7:

e Closer to the sensor

e (Cross position 315°

Step 8:

e Further away from the sensor

e Cross position 315°
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Calibration

e |eft camera normal
e Cross position 315°

e |eft camera normal
e Cross position 45°

o | eft camera normal
e Cross position 135°

e | eft camera normal
e Cross position 225°

Step 13:

e |eft camera normal
e Cross position 270°

e | eft camera normal
e Cross position 0°

e | eft camera normal
e (Cross position 90°

Step 16:

e |eft camera normal
e Cross position 180°
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Calibration

Calibration with External Image Series

Step 17:

e Right camera normal
e (Cross position 180°

e Right camera normal
e Cross position 270°

e Right camera normal
e Cross position 0°

e Right camera normal
e Cross position 90°

Step 21:

e Right camera normal
e (ross position 135°

e Right camera normal
e (Cross position 225°

e Right camera normal
e Cross position 315°

e Right camera normal
o Cross position 45°
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11. Sensor Dimensions
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11.3 HS Adjustable Base 500/800
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5M Adjustable Base with 19" PC

Cabling of the PONTOS Systems

12. Cabling of the PONTOS Systems

12.1 5M Adjustable Base with 19" PC

During cabling, the devices need to be switched off! The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

Laser Pointer

Power Camera, Trigger

---------------\
-l - - - #

100 ... 240 V Taster, Lichtschranke
50 ... 60 Hz L R Pysh button,
Light gate

HINWEIS § NOTICE
Entsprechend der Bedruckung am PC anschlieRen !
Connect according to the labeling on the PC.

S B

lT

100..240V  USB Lautsprecher LAN 0
50..60Hz  Maus/Tastatur im Monitor Netzwerk
Mouse/Keyboard Loudspeaker Network
in monitor
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Cabling of the PONTOS Systems

L1

4M Adjustable Base with 19" PC

12.2 4M Adjustable Base with 19" PC

During cabling, the devices need to be switched off!l The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

Laser Pointer
R1
| R2 I

100...240V
50...60 Hz

HINWEIS § NOTICE

Entsprechend der Bedruckung am PC anschlieRen !
Connegt according to the labeling on the PC.

T

100..240V  USB

50...60 Hz

Maus/Tastatur
Mouse/Keyboard

IPowor Camera! [Power Camera!
Taster, Lichtschranke
Push button,
Sensor Controller Light gate

S uno

Ooee®

ﬁ nur fir erweiterte
Anwendungen

. for extended
- * applications only

GOM LAN

==
—_——
-
5 Lautsprecher LANO
E  im Monitor Netzwerk 5
@  Loudspeaker Network
in monitor
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Cabling of the PONTOS Systems

12.3 HS Adjustable Base with 19" PC

During cabling, the devices need to be switched offl The PC connec-
tors may be different from the illustration here. In this case, follow the
interface labeling.

L1
Power Camera
e
Laser Pointer
Power Camera
R1
[ R |

Taster, Lichtschranke
Push button,

Sensor Controller Light gate

o S o Z : { = nur fiir erweiterte
50....60 Hz : ey
= Anwendungen
o L5 . for extended
2 r* applications only
il
Entsprechend der Bedruckung am PC anschliefen !
Connect according to the labeling on the PC.

RS ?@Fg

e
S g
‘E E

<

S o
= o

100..240V USB Lautsprecher LAN O
50..60 Hz  Maus/Tastatur im Monitor Netzwerk 5
Mouse/Keyboard Loudspeaker Network
in monitor
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Legal and Safety Notes

Symbols

In this user manual the following standard signal words may be
used;

This labe] points 1o a situation that might be
dangerous and could lead to serious bodily
harm or to death,

This label points {0 a situation that might be
dangerous and could lead fo light bodily
harm.

This label points to a situation in which the
|| product or an object in the vicinity of the
product might be damaged.

This label indicales important application
notes and other useful information.

Safety and Health Hazard Notes

To avoid accidents and damages to the devices, please ob-
serve the safety and health hazard notes in the sensor-specific
User Information!

Legal Notes

No part of this publication may be reproduced in any form or by
any means or used to make any derivative work (such as
transtation, transformation or adaplation) without the prior writ-
ten permission of GOM.

GOM reserves the right to revise this publication and fo make
changes in content from lime to time without obligation on the
part of GOM to provide notification of such revision or change.
GOM provides this manual without warranty of any kind, either
implied or expressed, including, but not limited, to the implied
warranties of merchantability and fitness for a particutar pur-
pose.

GOM may improve or change the manual andfor the product(s)
described herein at any time.

Copyright © 2008

GOM mbH
All rights reserved!

2(n)
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About This User Manual

This user manual is intended for qualified personnel who has expe-
rience in handling measuring systems and basic PC knowledge (win-
dows-based programs and operating systems).

in addition to this user manual, the software provides an Online Help.
You may open the Online Help with the ? icon or with the F1 key.

While the Online Help for the most part describes the How, for exam-
ple, how do | create a New Deformation Project, this user manual
mainly informs about the Why and imparts basic strategic knowledge.

This user manual essentially is configured to the logical transfer of
knowledge based on fraining concepts and standard measuring pro-
cedures.

The scope of delivery of your software depends on the functions you
bought according to your purchase contract. The user manuals and
the Online Help describe the full scope of software functions. There-
fore, it may happen that described functions are not included in your
software package.

For being able to make optimum use of the system, we assume the
ability to visualize in 3D and a color vision ability.

This user manual is divided into the following sections:

pt ives a brief introduction to the PONTOS system as
well as basic knowledge about the Linux operating system and the
PONTOS application software.

informs about the calibration of the measuring system
and about adapting the sensor.

deals with the preparation of the measuring object and
cut a measurement.

nforms about compulation, components, stage trans-
d identification.

1 informs about transformation methods and CAD im-

port

deals with result representation.

informs about report and documentation functions.
deals with automation and functional extensions.
nforms about the support (troubleshooting).




47

PONTOS Software and Manuals
for i or

Normally, the PONTOS software is used on Linux computers together
with the measuring hardware. However, the same software is availa-
ble as an option for Windows operating systems in order {o be able to
evaluate finished PONTOS measuring projects in this operating sys-
tem environment as well. The scope of funclions of the PONTOS
software for Windows Is restricted, 2.g. no image recording is possible
here.

This user manual describes the software for all operating systems. If
sections or chapters of this manual are only valid for one operating
system, they are marked with EEl il or (5E . If one sec-
tion is marked, then this also applies to the respective subsections.
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Brief Introduction to the PONTOS System

A Basics

A 1 Brief Introduction to the PONTOS System

PONTOS is a non-contact optical 3D measuring system. It analyzes,
computes and documents object deformations, rigid body movements
and the dynamic behavior of a measuring object.

it is the task of the PONTOS software to precisely find ellipses (a per-
spective view of reference points) in all images and their 3D orienta-
tton.

With that, PONTOS provides a dynamic, precise and synchronous po-
sition detection for as many measuring markers (reference points) as
you like which are applied fo the object.

A digital stereo camera system records different load or movement
states. The software assigns 3D coordinates to the image pixels,
compares the digital images and computes the displacement of the
reference points. Image recording is flexibly triggered and synchro-
nized with the test setup, providing the possibility to additionally record
and process analog values. The measuring results can be graphically
represented in reports using colored deviation vectors and/or dia-
grams.

Most of the system functions are controlled by the sofiware. Measur-
ing, evaluation, display and print functions are available. All functions
can be accessed via pull-down menus, hotkeys and dialog windows.

The PONTOS system is a measuring system that also addresses ex-
perts of digital optical measuring. Therefore, it is unavoidable that the
PONTOS software contains menu items not intended for the standard
user. Improper use of these menu items (expert parameters) may
cause incorrect measurements.

A1.1 Fields of Application
o 3D measurement of object movements, deformations and vibrations
o Verification of design concepts and simulation compulations

¢ Checking the dynamic behavior, and the rise and fall of structural
vibrations up to 250 Hz

o Load tests, creep tests and aging Influences also for complex struc-
tures and viscoelastic elemenis

¢ Motion analysis

¢ Noise vibration harshness (NVH) tests in the automotive industry,
also in a wind tunnel

¢ Recording of relative displacements
o Recording of gap size and flush changes

o Alternative for complex sensor technology like laser sensors, draw-
wire sensors or accelerometers

3(17)



Brief Introduction to the PONTOS System

Camera image (left) and 3D point cloud (right)

A 1.2 Typical Measuring Procedure

Prepare the measuring object by applying the reference point markers
and freely positioning the PONTOS sensor on a stand in front of the
measuring object. After creating a new deformation project in the soft-
ware, the system is calibrated and the desired images are recorded
through a trigger during the deformation process. The software reads
in these images as stages and automatically computes the 3D coordi-
nates of the reference points and thus their position. They are dis-
played in the 3D view as a point cloud.
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In order to assess the deformation of the object, all stages are aligned
to the reference stage based on components and fixed points which
have to be specified. During the following identification, the IDs of the
uncoded reference points which the system randomly assigns will be
renumbered automatically so that the same points in all stages will
have the same ID. A displacement field, to be defined by selecting an
area of points, marks the area for which the software will display the
computed deformation through all stages. The deformation is calcu-
lated automatically as soon as the stage is identified. Within the dis-
placement field, the 3D view displays in color the deviation of the
points from the stage selected as deformation reference. Measure-
ments and further analyses may be carried out. Finally, a report is
created which may be exported for further use.
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Color displacement field in the 3D view (left) and corresponding report (right)
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Brief Introduction to the PONTOS System

A1l.21 General Steps to Carry Out a Standard Measuring Project

For carrying out a standard measuring project using a calibrated
PONTOS system, the following steps are required:

Step 1: Siart the PC and the PONTOS software.

Step 2: Switch on the sensor controller and, if required, the addi-
tional existing power supply unit.

Step 3: Create a new deformation project in the PONTOS soft-
ware.

Step 4: Use Start/Stop Measurement Mode to record images of

the required deformation stages.

Step 5: Compute all stages.

Step 6: Define components and identification peinis.

Step 7: Choose the component for stage transformation and
identify the stages.

Step 8: Determine coordinate system (if required).

Step O Create a displacement field and carry out analyses.

Step 10: Report generation.

A 13 Features
These are some of the most important PONTOS features:

Non-ceontact acquisition of the precise 3D position of any number of
measuring peinis

Computation, visualization and display of the measuring points’ po-
sition and displacement in different object states (stages).

Image recording frequency mdependent of the number of the re-
corded reference points il f

Flexible triggering of image recording, synchronized wnth the test
setup (inciuding recording of analog signals) I

Mobility and flexab:llty due to an easy and compact measuring sys-
tem [ ,

Robust against enwronmental influences like vibrations, light
changesk i

Easy and quick adaptatton to different measuring volumes and
measuring tasks L .

Also suitable to measure iarge deformations (e.g. crash)

Project transformations according to the 3-2-1 or best-fit method.
6DoF analyses

The graphical representation of the measuring results provides an
optimum understanding of the component behavior.

Report generation and export functions for measuring and resuit
data.

Automation due to macro functions.

In combination with the photogrammetric system TRITOP, PONTOS
can also be used for large objects EETEFEFHE
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¢ Several PONTOS systems can be combined to analyze large struc-
tures [if

¢ Option; Creation of user profiles for customer-specific adaptation of
the user interface.

A 14 Main Hardware and Software Components

For information about the main hardware and software components,
please refer to the Hardware User Information.

A1441 Basic Requirements [2

In crder to achieve full functionality when working with the PONTOS
software, the following is required:

¢ GOM Linux operating system as of version 10

o One of the following computers: Dual Core Opteron (64 bit), Dual
Opteron (64 bit) or
Oone of the following notebooks: Dell Precision M65, Dell Precision
M70, Dell Precision M4300.

* PONTOS sensor

s USB Dongle: As of sofiware version v6.1, the GOM applications will
he delivered with a USB dongle (CodeMeter). This dongle is either
integrated into the computer or can be plugged in separately. Gen-
erally, the dongle contains a single license, However, server li-
censes are available on request,

A1.4.2 Basic Requirements B
o Operating system:

Recommended:
Windows XP SP2, Windows XP 64Bit Edition for large, computation
intensive projects

Also useable for:;

VISTA 64Bit (only with graphics card NVIDIA Quadro FX570,
FX1700}

o Computer:

Recommended configuration;

Processors: Intel Core2Duo or AMD Dual Core Opteron,

RAM: 4GB RAM, NVIDIA Quadro

Graphics card: NVIDIA Quadro FX1100, FX1500, 128 MB

[Info] The software has been tested with NVIDIA Quadro graphics
cards. Certified NVIDIA graphics cards: FX570, FX1100, FX1300,
FX1500, FX1700

Minimum requirements:

Processors: Pentium IV, 2GHz,

RAM: 2 GB,

Graphics card: OpenGL graphics card. 64 MB

o Current graphics card drivers

pontos_vB2_a_en_rev-b  30-Jul-2009
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 in case of other graphics cards the scope of functions and perform-
ance may possibly be restricted!

o USB Dongle: As of software version v6.1, the GOM applications will
be delivered with a USB dongle (CodeMeter). Generally, the dongle
contains a single license. However, server licenses are available on
request.

Graphics Cards and Driver Software for Windows

In order to ensure optimum hardware acceleration when rendering the
3D view (Open GL), an NVIDIA Quadro graphics card with current
graphics card drivers is required. Only an appropriate hardware ac-
celeration allows for comfortable rotating and zooming in the 3D view.

If your computer has a different graphics card or if you do not have the
current drivers, the PONTOS software probably works with a consid-
erably slower software rendering.

If your application does not run stable, please start the PONTOS soft-
ware in the Safe Mode {(mode with software rendering). Start the Safe
Mode in the Windows start menu B Programs B PONTOS vx.xx.x
B PONTOS (Safe Mode).

If you are not sure if your computer is equipped with a suitable graph-
ics card, start the PONTOS software and choose Help B Graphics
Board P Reset. A wizard leads you through the further steps. For fur-
ther information, please refer to the Online Help.

A 2 The GOM Linux Operating System

A21 Starting the PC

When pressing the power switch, the Linux operating system starts
automatically. If a second system like Windows is installed on the PC,
first a menu appears to select the desired operating system.

The Linux operating system is factory-adjusted with the following de-
fault user and default password:

GOM Linux version as of vio
Default user user
Password user

A default user has the rights for writing, reading and deleting data and
directories he created.

This user manual does not deal with the Linux operating system in
more detall. You only need superficial Linux knowledge to be able to
work with the PONTOS software.

7{(17)
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A2141 The KDE Start Menu

In the toot bar at the bottom of the Linux screen you may start different
software, adapt system setlings, etc. using the Linux KDE start menu,
similar to operating systems hased on Windows.

A (n Ty 11:18:37

A21.2 Home Directory
In your home directory, you will find all folders important for you.

A21.3 Text Console

in case you need support, it may happen that, on request, you need to
enter a certain command syntax into the so-called text console. In that
case, open the text console by clicking on the respective icon.

A214d Internet

Using the Firefox web browser, you may esiablish a connection to the
internet in order to, for example, download updates from the GOM
web site.

A215 Virtual Desktops

With Linux, you may use several equivalent desktops. The respective
active desktop is displayed lighter than the others. Four virtual desk-
tops are factory-preadjusted. Using the context menu of the right
mouse bution when clicking on the desktop icon, you may create
more virtual desklops.

A21.6 Loudspeakers

If loudspeakers are connected to your computer, this icon becomes
aclive and you may adjust the volume here.

A21.7 Linux Operating System Updates

This icon indicates if new operating system updates are available. The
blue icon means that there are no new updates. The crange icon indi-
cates that new updates are available for the operating system. If you
are connected to the GOM web site via the internet, you may start the
update procedure by clicking on this icon.

A218 Mounting and Unmounting CD/DVD and USB

When you insert a CD or another storage medium in your computer,
the respective icon appears on the screen and the medium is auto-
matically mounted. A little green arrow appears.

If you would like to remove the medium again, you need to unmount it
by clicking with the right mouse buiton on the medium icon and select-
ing the respective entry from the context menu. For the CD, the little
green arrow disappears, and in case of a USB stick the entire icon
disappears.

pontos_v62_a_en_rev-h  30-Jui-2009
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% .'- Personal Settings

== Printing Manager

@ CodeMeter Control Center

GOM-Installer
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) Games 4 E ARGUS
e Graphics ¥ E ARGUS (Admin)
@ intemet L u ATOS
: 5} Multimedia > E ATOS (Admin)
A & office » g ATOS Viewe
;FE (@ system ’ GOMnstaller
" Utinties " E IVIEW
€ Find Files/Folders E PONTOS
| GOM-v6 1 0-0UMpre4 f‘— PONTOS (Admin)
"\ Home (Personal Files) n SVIEW
3 B Personal Settings E S

’ % SUSE Help Center
‘ M My System »

- - , Settings 3

TRITOP (Admin)

Q Run Command

B Switch User »
E Lock Session
o

OraeFEEEDD

A219 Starting the PONTOS Software
You may start the software in two ways:
a) Using the KDE menu

Click on the KDE start icon and select the software from the directory
GOM-v6.2.x. This directory is the master version and is automatically
linked to the current software version (GOM-v6.2.x-xx) installed on
your computer.

b) Using the software icon

Simply click on the respective icon in the KDE tool bar.

In case the icon is not available, click on the desired software in the
master directory GOM-v6.2.x, keep the left mouse button (LMB) pres-
sed and drag the icon in the tool bar.

Dongle with Administrator License:

If you have a dongle with administrator license (default as of software
version v6.2), you can only administer the GOM software when start-
ing it with PONTOS (Admin). Only with this start routine you will reach
the user profile management.

If you start PONTOS without the supplement Admin, you may test the
user profile settings.

If you start the software using the icon I, the user profile manage-
ment is not available.

Dongle without Administrator License:
As in this case the user rights are restricted, it does not matter in

which way you start the application (with or without the supplement
Admin).
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A3 The PONTOS Application Software

A3

v
v
v

¥ Stagelo
¥ stage1l
¥ Stage12

¥ stagels
¥ Stage17
¥ Stage 18
¥ Stage 19

1 The Default Screen Arrangement

TRITOP

Stage 13
Stage 14
Stuge 15
28 0114 mm

28 0122mm(
28 0103mm

28 007 mm (£

[REIEEEI

» -3 Displacenient fields

o]

PONTOS “

Screen elements:

Tab Explorer. Here, you will find all stages of a deformation project. You may select
the stages and thus switch the 3D view, the 2D view or report to the respective stage.

Symbols in the explorer:

— The stop sign indicates that the stage was not computed.

) The red cross and the letters NT inform that the stage is neither identified nor
transformed.

The yellow cross indicates that the stage is transformed but not all fixed points
were used or found.

o The green cross shows that the stage is transformed but not identified and
that all fixed points were used.

The yellow check mark informs that a stage was transformed but not by all fi-
xed points, that it was renumbered successfully and thus is identified.

v The green check mark means that a stage transformed by all fixed points was
renumbered successfully and thus is identified.

Tab Images. Here, for each stage, the first image of the firstimage group of the stage
is displayed. If you click on the images, you change the stages like in the explorer it-
self.

Tab Stage Images. Here, you will find all images of a stage.

o®

Icon bar to select functions (enabling/disabling point types, compute stage, etc.). The
tool bar and its scope of functions depend on the operating modes. The icon bar can
be adapted individually (right mouse button click in the bar).

3D view

Q®

Icon bar to choose selection and deselection tools.

v62_a_en_rev-b  30-Jul-2009
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& | Sub-explorer with various tabs:

Tab Info: Here, you will find information about the selected stage.

Tab Elements. This tab shows an explorer view of different elements like
analysis etements, primilives, adaplers and features. Fealures are 3D ob-
jects that were created based on 2D images. You may select the elements,
set them vigiblefinvisible, and much more.

Tah Fixed Points: This tab contains a list of all fixed points including their
status for each stage.

Tab Stage Data: This tab contains a list of all stage data for each stage.
Tab Image Series: This lab contains a list of all image series that were ¢re-
ated for the projecl.

Tab Reports: This tab contains a list of all reports that were cseated for the
project.

Tab Documentation; This fab contains a list of ail documentation data that
were created for the project to be exported using File B Export ¥ Tables.

Tab Left 20 image. Displays the 2D camera image of the selected stage.

Tab for viewing and editing reports.

Tab for viewing and editing snapshots.

Display of the object point list for 3D points. Here, you get information about the 3D
points and you may edit them {right mouse button ctick).

This 1ab displays the displacement for each object point for the selecled stage.

Tab Right 20 Image. If, for defining a 3D point or a feature, a second image is re-
quired, you may select it here,

Status indicator line. Here, all important information about the project and the current
commands are displayed.

S B B © 60

Cangel butlon for computation-intensive operating steps.

A 3.2 Tool Bars

The software provides several tool bars (e.g. for the views, the selec-
tion or for snapshot editing etc.). You may enable or disable these tool
bars using the context menu of the right mouse button (clicked on the
tool bar area).

A 3.3 Mouse Functions

The software is mainly operated by using the mouse. The right, middle
and left mouse button and the mouse wheel have functions assigned
and are window-dependent. The middle mouse buiten and the mouse
wheel are one common control element.

1 (i7)
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A3.34 Functions of the Left and Middle Mouse Button

¢ When pressing the left mouse button (LMB) in the 3D view and
dragging the mouse, you may rotate the object.

o When pressing the Shift key and the left mouse button (LMB) in
the 3D view and dragging the mouse, you may rotate the object
around the clicked point.

e A simple click with the left mouse button (LMB) on an element in
the explorer, in the sub-explorer, in the 3D view or in a report se-
fects this element.

= Clicking with the left mouse butlon {LMB) together with the Shift
button on an element in the explorer or in the sub-explorer, selects
severail consecutive elements.

o Clicking with the left mouse button (LMB} together with the Ctrl but-
ton on elements in the explorer, in the sub-explorer, in the 3D view
or in a report, selects several independent elementls.

« Double clicking with the left mouse button (LMB} on an element in
the explorer, in the sub-explorer, in the 3D view or in a report opens
an element-specific dialog to edit the element properties.

o When pressing the Ctrl key and the left mouse bution (LMB} in the
3D view or in a report and dragging the mouse, a selection frame
becomes visible and all elements within this frame are selected.

¢ With Ctrl and left mouse button {LMB) you may make selections
when dialog windows are open.

¢ When pressing the middle mouse button (mouse whesl) in the 3D
view and dragging the mouse, you may move the object.

¢ When turning the middie mouse wheel, you may zoom the 3D ch-
ject, the 2D image or the report.

o When pressing Ctrl and the middle mouse button in the 3D view,
the 2D image or in a report and dragging the mouse, you may zoom
the object to a specific detall.

¢ When turning the mouse wheel in a box of values Mﬁﬁ you
may change the values in steps of the default increment. The de-
fault increment depends on the parameters, is preset and cannot be
changed.

« When turning the mouse wheel in a box of values 1200 mm ] and
simuitaneously press the Shift key, you may change the values in
one tenth of a step of the default increment. The default increment
depends on the parameters, is preset and cannot be changed.

» When turning the mouse wheel in a box of values 1600 mmc and
simultaneously press the Ctrl key, you may change the values in
steps of ten of the default increment. The default increment de-
pends on the parameters, is preset and cannot be changed.

A33.2 Functions of the Right Mouse Button (RMB)

The context menu functions of the right mouse button (RMB) depend
on the element on which or the window/dialog in which you press the
button. For example, you may edit elements, insert keywords, and
much more.
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Deformation
Mode

Start/Stop Mea-
surement Mode

A 3.4 Status Indicator Line

The status indicator line at ihe bottom left on the screen gives interest-
ing and helpful information regarding the current functions.

A 3.5 Operating Modes

PONTOS generally works in two operating modes, the Deformation
Mode and the Start/Stop Measurement Mode,

A 351 Deformation Mode

The Deformation Mode is used for creating deformation projects,
processing and analyzing the measuring data, creating measure-
ments, visualizing deformations, generating reporis, etc.

A352 Start/Stop Measurement Mode

Change to the Start/Stop Measurement Mode by clicking on the cor-
responding button. Here, the 2D camera images are recorded. To quit
the mode click cn the icon again.

A 3.6 PONTOS Directory Structure

As default user you are authorized to save and delete directories and
files in the directory user (path: home/user).

We recommend a structured filing of these data in order to be able to
work with the measuring projects and the corresponding files and di-
reclories any time.

A36.1 Recommended Directory Structure:

home

user

demo-data setup-data projects {raining

pontos_0123

pontos_0815
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projects Save your deformation projects here. For each measuring project, the soft-
ware aulomalically creates a directory. The name of the direclory is identical
to the project name. A measuring project always consisls of several files and
directories {see A 3.6.2).
The figure shows as an example the structure for two measuring projects
(0815 and 0123).
setup-data Here, save ali sefling files you would like to use addilionally like catibration fi-
les from image series.
demo-data Saved data for demonstration purposes only.
tralning Saved data for training purposes only.
A3.6.2 Automatically Created Project Directory
pontos_0815
adapters reports results snapshots stages
lock pontos_0815.dyn
adapters In this directory, adapter data, if available, is saved.
reports Directory that contains all created reports.
results Directory in which result daa is stored. File export_elements.dat, for ex-
ample, contains information aboul analysis elements or snapshols which
you created in the software,
Irv this directory, you may also save all files you export.
snapshots Directory in which ali image series crealed in the software are stored.
lock Temporarily created file when a measuring project is open.
stages Directory containing all stages and the corresponding images and files.

pontos_0815.dyn | Deformation project fite. With this file, a deformation project is opened in

PONTOS.

pontos v62_a_en_rev-b  30-Jul-2009
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A 3.7 Save Data

measuring projecls are automatically stored in a direc-

tory [

The name of the directory is the name of the project. The project data
consist of several files and directories. The .dyn-file is the deformation
project with which PONTOS is started when resuming the project. All
primitives, distances and other measurements created in the deforma-
tion project, for example, are linked to this file.

Note that the software does not provide a possibility to undo operating
stepsl!

A3.74 Save Project Under a Different Name

Using function Save as you may save a copy of your project under a

different name. This copy will immediately be opened and you can edit
it.

AdT2 Export Data-Reduced Project

The software offers the possibility to save a deformation project as a
data-reduced version under a different name. Data-reduced here
means that you may delete (stages and images) andfor compress
{(images) certain data. This is particularly suitable if you would like to
pass on a project to be viewed with the PONTOS Viewer. You original
project remains open and you may continue working with it.

Generally, a data-reduced project can no longer be recomputed as
images either were deleted completely or compressed to a large ex-
tent so that the reference points can no longer be identified.

A 3.8 Record CD/DVD

The CD/DVD drive allows for reading and recording CDs or DVDs.
The system also supports re-writable CDs or DVDs. DVDs are re-
corded according to the DVD-R(W) standard. Each recording process
generates at least a data block of approx. 1 GB on the DVD.

The recording program automatically finalizes all CDs and DVDs, i.e.
additional recording of data at a later time is not possible.

If it is not possible to record the data on just one blank CB/DVD, the
data is automatically recorded on several CD/DVDs,

In case of 19" computers, make sure the door of the CD/DVD recorder
is always open when recording data because the CD/DVD slide co-
mes out for a short moment when checking the CD/DVD. If the
CD/DVD slide is hindered when coming out, this might in rare cases
cause a system crash!
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A 3.9 Preferences

The software provides exiensive setlings for preferences 1o allow you
adapting the sofiware optimally to your needs. Most of the changes
only take effect on new measuring projects!

The sofiware also provides the possibility to save user-defined prefer-
ences in a file to optimally adapt to the measuring projects.

You may restore the factory-adjusted settings any time.

A 4 User Profiles

User profiles are used to adapt the user interface of the GOM software
to company-specific workflows. For this purpose, you can hide menu
items of the software as well as GOM standard templates and add u-
ser-defined scripts to menus. Generally, a user profile is saved in a
determined local directory. The configuration data of this directory are
then available to the user. You need to set up this direclory prior to
creating a user profile.

You can define user profiles only in the Administration Mode of the
GOM software. As of software version v6.2.0, the corresponding ad-
ministrator license is integrated in your license dongle by default.

A user profile is always fixed to a specific computer and not to the in-
dividual measuring projects or files!

For further information, please refer to the Online Help.

Features
¢ Special directory for user profiles

¢ Fixed to a specific computer

» Displaying and hiding menus and {oolbars

» Inserting own scripts before or after menu items

» Including configuration files like templates and scripts
s Locking the editing of templates

¢ Hiding default GOM templates

e Special dongle for restricted user rights required
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A5 Summary

© Brief introduction

©) Hardware and software components
) Linux operating system [ZESIFHET
{0 Software operating structure

) Most important mouse functions

© Operating modes

© Directory structure

{0 Saving data

) Record CD/DVD

© User profiles
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B1 Calibration

Calibration is @ measuring process during which the measuring sys-
tem with the help of calibration objects is adjusted such that the di-
mensional consistency of the measuring system is ensured.

B 1.1 Calibration Objects

For the PONTOS measuring system one calibration object (cross) is
used. They are available in different sizes. Depending on the type of
the system and the size they may differ slightly in their appearance.

Calibration objects are equipped with so-called retro-reflective refer-
ence points.

Prior to use the calibration cross, you need to screw it onto the sup-
plied stand in camera height in order to easily rotate and tilt it.

Calibration cross

The calibration object contains the scale bar information. A calibration
cross has two scale bars, that is the specified distance between two
specific points on each cross axis.

B1.1.1 Calibration Object Selection

Which calibration object you need to choose depends on the measur-
ing volume you would like to use. The size of the calibration cross cor-
responds 1o the size of the measuring volume (see also the sensor
configuration tables in the valid User Information — Hardware).

Calibrate the system only with the calibration object valid for the re-
speciive measuring volume as you otherwise will get wrong measur-
ing results!

B11.2 How to Handle Calibration Objects

Always handle the calibration objects with utmost care and prevent
them from getting dirty and being scratched. Make sure you do not
touch the surface of the calibration object if possible. After each use,
accommodale the calibration objecls at the places dedicated for that.

3(8)
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B 1.2 Calibration Conditions

B1.21 When is Calibration Required?

¢ Before starting measurements for the first time, the respective
PONTOS measuring volume needs to be calibrated.

e Also, if the adjustment of the camera lenses or the position of the
cameras with respect o each other is changed (e.g. when changing
the camera support o a different length), the system requires cali-
bration again.

B1.2.2 Prerequisites (e.g. Warm-Up)

A prerequisite for successful calibration is the correct setup of the
sensor. For further information, please refer to the valid User Informa-
tion — Hardware. The object to be measured defines the measuring
volume and thus the set of lenses to be used.

Adjust the measuring distance to the calibration object accordingly,
see also the sensor configuration tables in the valld User Information —
Hardware.

B 1.3 Calibration Process

For the calibration process, you need 1o open the respective mentt i-
fem in the software and select the correct calibration object from a list
{see Online Help}.

Calibrate the system with the same lighting conditions as used for
measuring.
Follow the instructions in the software.

B 1.3.1 Positioning of the Calibration Object (HS)

Place the calibration object in the center of the measuring volume
such that the rays of the three laser pointers meet in the middie of the
cross plane (not on the higher protruding point). Make sure the cali-
bration cross fills the live video images of the cameras (see Online
Help). Follow the instructions in the software.

In order to capture the entire measuring volume, you need to move
the calibration cross during calibration. For this, the following general
rule applies: You should move the calibration object by 1/3 of the
measuring volume height closer to the sensor and by 1/2 of the mea-
suring volume height further away — in each case starting from the
center of the measuring volume.

Make sure there is always enough space betwesan the calibration ob-
ject and the stand so that it cannct bump against the stand during the
required movement.

B1.4 Calibration Results

At the end of the calibration process, the software displays the calibra-
tion results.

For a good calibration, the calibration deviation needs to be smalier or
equal to 0.04 pixsls.

In addition, for a calibration object (with the information of two scale
bars), the deviation of the adjusted calibration scale bar must not be
too high {less than 0.005% of the calibration scale bar). A high devia-
fion indicates an incorrect calibration object or incorrect scale parame-
ters.

12-May-2009
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B2 Sensor Changes

B 2.1 Adapting the Sensor to Other Measuring Volumes

B2.1.1 When is an Adaptation Required?

Ideally, the measuring object fits into the measuring volume. Depend-
ing on the size of your measuring object, you will find the correct
measuring volume in the sensor configuration table in the Hardware
User Information. Depending on what you would like to measure, you
need to equip the sensor with the respective correct lenses.

For information about how to handle lenses, please refer to the User
Information — Hardware.

B 22 Expert Calibration

B 221 Calibration Theory

During calibration, the sensor configuration is determined. This means
that the distance of the cameras and the orientation of the cameras to
each other are determined. In addition, the image characteristics of
the cameras are determined (e.g. focus, lens distortions). Based on
these settings, the software calculates from the reference points of the
calibration object in the 2D camera image their 3D coordinates. The
calculated 3D coordinates are then calculated back again into the 2D
camera images. For the position of the reference points, this results in
the so-called reference point deviation (intersection error).

B222 Calibration Deviation

The catibration deviation is calculated from the average intersection
error of all reference poinis recorded during the calibration process.

B223 What Causes Decalibration of the System?

A decalibration occurs if the sensor configuration is changed. This
might be, for example, changes of the camera angle to each other or
changes in the image characteristics of the cameras (use of other len-
ses). If the sensor configuration changes, the calculated reference
point devialion changes as well.

B224 Quick Calibration

If during a measurement it is indicated that the system might be de-
calibrated {e.g. if you knocked against the cameras), you may perform
a Quick Calibration,

During this process, the calibration object needs to be placed into
three positions: in the center of the measuring velume. further away
from the sensor, closer to the sensor. These three new images are
combined with the original calibration and thus a new calibration is
caleulated for the following measurements.

This method is fast and can easily be used during recording a meas-
uring project.

5{8)
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However, the image characteristics of the cameras must not have
changed! If, for example, you inserted new lenses, you need to per-
form a complete new calibration!

The calibration cross must not have been taken apart during the last
calibration and the quick calibration!
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B 3 Preparations for Expert Measuring Tasks
B 3.1 Lens Adjustment

B3.1.1 Why do Lenses Need to be Adjusted?

Normally, the lenses are preadjusted for the respactive measuring vo-
lumes and do not need to be changed. However, it might happen that
you need to adjust the lenses under certain conditions, e.g.

o because the adjustment changed due to vibrations or

o because you would like to insert the lenses of one measuring vol-
ume for a different one.

For information about how to adjust lenses, please refer to the User
Information — Hardware.

B 3.2 Changing the Camera Support
B 3.2.1 Why Should the Camera Support be Changed?

Change to a Different Length

If you would like to change your measuring system from a medium
measuring volume to a large one, you need a lenger camera support
which allows for a larger distance between the two cameras. There-
fore, you need to change the present camera suppori. The required
steps are described in the User information - Hardware.

B 3.3 Adjust Cameras

B3.31 Why do Cameras Need to be Adjusted?

The correct angle between the cameras and the correct measuring di-
stance are required to optimally capture the measuring ohject in the
measuring volume, '

If, for example, you adjusted your sensor to a new measuring volume
or if you changed the camera support, the cameras need to be cor-
rectly adjusted again. The required steps are described in the User In-
formation - Hardware,

7(8)
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B4 Summary

© calibration objects

) Calibration prerequisites

© Calibration process

© cCalibration results

© calibration theory

© Calibration deviation

©) Quick calibration

0 Adapting the sensor to other measuring volumes
B Lens adjustment

©) Adjust cameras
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C Measuring

C1 Measuring Procedure

C 1.1 Selecting the Correct Measuring Volume

The measuring volume depends on the size of the measuring object
or on the size of the area you would like to analyze. Choose a mea-

suring volume in which the measuring object or the measuring area

fills the entire image as best as possible.

Ensure that the measuring object or the measuring area remains with-
in the measuring volume in all deformation stages!

C 1.2 Preparing the Measuring Object

Prior to start the deformation measurement, you need to prepare the
measuring object. For this purpose, apply reference points to those
areas you are interested in.

C1.241 Reference Points — General Information

Reference points are self-adhesive marks (measuring markers) which
are applied to the measuring object. They have a defined geometry
and a high contrast {white circle on a black background).

For the PONTOS HS system refro-reflective markers are used. These
markers reflect the light back in that direction from which it came.,
Thus, optimum light conditions are achieved when using the flash
LEDs.

In a calibrated measuring setup, the PONTOS software computes the
3D coordinates of all reference points for each stage from the combi-
nation of both camera images.

You can analyze the displacement of a point by comparing its 3D
coordinates through all stages.

We'distinguish uncoded and coded reference points:

Uncoded reference points

PONTOS always works with uncoded reference points. Round and
square measuring markers are available In different sizes. Select the
corresponding reference point size according to the size of the mea-
suring volume.

Uncoded reference points, square and round
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Coded Reference Points

Coded reference points are mainly used in phologrammetry, i.e. for
the TRITOP system. Around the circular point, they have a fixed de-
fined bar code. Based on this bar code, the software can exaclly iden-
tify the same reference point in the various camera images and thus is
able to transform the individual 2D images into each other and deter-
mine the correct position of the measuring object and of the uncoded
reference points which are also applied to the object.

For PONTOS, these markers are rarely used.

Coded reference poinis as used in the TRITOP system

c122 Which is the Correct Reference Point Size?

Choose a sufficient reference point diameter depending on the mea-
suring volume used.

The size of the reference points (ellipses seen from a perspeclive
view) recorded by the camera images should be at least 6 to 10 pixels
such that the PONTOS system is able to identify them automatically in
good quality.

The sensor configuration table of the valid User Information — Hard-
ware contains an overview of the recommended measuring point siz-
es.

Ref. point aulomatically identifiable with a di-  Ref. point not identifiable with a diameter of
ameler of 10 pixels 3 pixels

C1.23 How are Reference Points Positioned Correctly?

+ Make sure the reference points are applied to plane or just slightly
curved surfaces.

¢ Apply sufficient markers where you would like to measure deforma-
tions. Make sure you place the markers further away from each
other than the expected deformation {at least double spacing). This
ensures correct automatic renumbering through all stages later. In
addition, these markers shouid not be applied in an exact horizontal
line so that they can be identified correctly later. Avoid regular point
patterns.

o Apply some markers in positions where you expect no or just insig-
nificant deformations (relative deformation / relative movement,

pontos_v62_c_en_rev-b  7-Aug-2009
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compensation of rigid body movements). These points are later re-
quired as static points.

¢ |n addition, apply the markers such that you may create compo-
nents later (see B ), if you would like to analyze certain
parts of your measuring object separately. Make sure that within
one component there are at least 3 reference points which move as
little as possible with respect to each other and that form a clear
pattern within the measuring project.

e You may apply some markers at points which you might need later
e.g. for a 3-2-1 transformation in order to transform the entire
project into a defined coordinate system.

Make sure you apply the retro-reflective markers such that the angle
of the incoming light is not larger that 45° as otherwise the reflected
amount of light is too small for the software to identify the point.

We can just deal with this matter in a directive manner here.

Example of correctly positioned reference point markers
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C124 Using a Photoelectric Sensor

In order to precisely start a measurement in a certain moment, you
may use a photoslectric sensor which releases the trigger signal for
the measurement.

When using such a photoelectric sensor it needs to be positioned on
the measuring object such that it activates the sensor controller at the
required point in time. In our door slam example # is installed at the
bottom of the door frame and activates the sensor controller just be-
fore the door hits the frame.

C 1.3 Creating a New Project

In order to analyze the deformation of an object, many camera images
of the different deformation states are required. As all data collected
during a measurement is automatically stored in a deformation
project, you first need to create a New Deformation Project for your
measuring task. A wizard in the software leads you through the indi-
vidual steps.

ject name at the same time is the project direciory (see also
PONTOS directory structure). It is defined together with
the project name.

How you create a project you will find in the Online Help.

C1.31 What are Project Keywords?

When creating a new project, you have the opportunity io enter user-
defined project informaticon, so-called project keywords, which you
may use later, for example, in reports to document your measuring re-
sults {e.g. inspector, dats, part no. etc.). All informatton you enter there
is automatically taken over into the preferences and thus is available
for new projects later. For further information, please refer to the On-
line Help.

€1.3.2 What are Project Parameters?

The project parameters contain all settings important for a project.
They belong to the expert settings.

Do not change the settings of these menus if you do not have any
background knowledge!

For standard measuring projects, use the default settings of the
project parameters.

Changed parameters only take effect on future measurements in the
opened measuring project!

For further information, please refer to the Online Help.

C1.4 How Dol Start the Measurement Mode?

Start the Start/Stop Measurement Mode using the respective icon in
the tool bar.

Then, adjust all necessary settings (see C 1.5 and Online Heip) and
start the actual measurement using the start button.

pontos_v62_c_en_rev-b  7-Aug-2009
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C1.5 Adjusting the Shutter Time

The shutter time is the time in which the camera chips in the sensor
record image data. A wrong shutter time leads 1o underexposed (shut-
ter lime too short) or overexposed (shutter time too long) images.

In case of high-speed systems with flash LEDs, adjusting the shuiter

time is easy. Make sure both cameras can well record the measuring

object by increasing the shultter time until you clearly see the object in
the live camera images. Then, reduce the shutter time again.

It must be below 10 ms and ideally should be below § ms. The typical
flash duration of the flash LEDs is 100 us (see User Information —
Hardware).

in order to know whether you adjusted the shutter time correctly for
systems without flash LEDs, you should display any overexposed
areas in the live video image (context menu of the right mouse but-
fon). No overexposed areas should occur.

C1.6 Standard Recording Modes

For a standard measuring project, ihe following two recording modes
are sufficient:

€ 1.6.1 Simple with AD

In this mode, only one image at a time is recorded and you always
start measurement manually in the software by clicking on the respec-
tive icon. The image is immediately inserted info your project as a new
stage. Via the sensor controller, existing analog voltage values will al-
s0 be recorded.

Use this recording moede if, for example, you would like to carry out a
static measurement and only need few Images which you may com-

pare later as stages. This mode is also suitable for adding individual

images to an already recorded series of images.

For further information, please refer to the Online Help.

€162 Fast Measurement {FG-Board Memory)

In case of a fast measurement, a sequence of many images is rec-
orded the number of which you may define. As the images are first
stored in the frame grabber boards, the maximum number of images
to be recorded is fimited by the maximum frame rate of the cameras.

Image recording is released via the sensor controller, i.e. a start pulse
(a TTL pulse or a photoelectric sensor pulse) connected to the sensor
controller or a trigger pulse from the measurement dialog releases the
recording of one image sequence.

Belween the start of image recording and the first recorded image of
the image series there might be delays of up to a few milliseconds.

The sensor coniroller releases the start pulse for image recording and
also records existing analog vollage values.

After recording, you may load all or just selected images as stages in-
to your measuring project.

Use this recording mede in a high-speed system if you would like to
analyze dynamic processes.

For further information, please refer to the Online Help.

7(12)
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C 2 Advanced Measuring Methods

C 21 Sensor Controller

C 211 Tasks of the Sensor Confroller

The sensor controller enables flexible starting of image recording for
the measuring system at an exact time and controlled through analog
values. In addition, it is the voltage source for the cameras.

To the sensor controller, you may connect simultaneously:
o External pushbutton trigger (manual start)

o Photoelectric sensor

o TTL signal

¢ Analog channels (require trigger lists)

For furiher information, please refer to the User Information - Hard-
ware.

C 2.2 Analog Channels (AD Channeis)

Analog channels are external analog voltage values (e.g. for force and
distance signals of a test machine) which come from the test setup
and are used as additional information to evaluate the deformation of
the measuring object.

The GOM software reads these external analog values via the sensor
controller and internaily converts them into digital values. You may de-
fine a otal of 7 different voltage values by means of the analog chan-
nels. For this purpose, a separate menu item is available in the soft-
ware {see alsc Online Help).

In order to correctly interpret an anafog channel and to enter it in dia-

grams, it Is necessary to assign a correct unit to the voliage value and -

to transform it by a corresponding factor. You may define these para- f
meters prior to measuring using menu item AD Setup Mode globally

for all future stages or later for existing stages using tab Stage Data in

the sub explorer.

C 2.3 Additional Recording Modes

¢ 231 External Trigger with AD

In this mode, whenever an external signal is received, an individual
image is recorded. in addition {o this image, the corresponding AD
channels and a time signal are recorded. This mode is limited to one
image per second.

Use this recording mode if you would like to record an image always
at a certain point of time or in a certain siluation {e.g. manually via a
pushbutton trigger connectied to the sensor controller or automatically
via a determined signal from the test setup).

For further information, please refer to the Online Help.

portos_vBZ_¢_en_revh  7-Aug-2008
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€232 Fast Measurement (Main Memory)

In this mode, a sequence of several images is recorded the number of
which you may define. As the images are direclly stored in the com-
puter, the maximum number of images that can be recorded is limited
to 40 images per second (40 Hz).

Image recording is released via the sensor controller, i.e. a start pulse
{(a TTL puise or a photoelectric sensor pulse) connected to the sensor
coniroller or a trigger pulse from the measurement dialog releases the
recording of one image sequence.

Between the start of image recording and the first recorded image of
the image series there might be delays of up to a few milliseconds.

The sensor controller releases the start pulse for image recording and
also records existing analog voltage values.

After recording, you may load all or just selected images as stages in-
to your measuring project.

Use this recording mode if you need more images than can be stored
in the frame grabber boards and no high-speed recording is required.

For further information, please refer to the Online Help.

C 3 Measuring For Experts
C3.1 TriggerLists

Atrigger list is an automatically or manually created text file containing
all commands to control the sensor controlier and the measuring pro-
cedure. This means that after starting a measurement, the camera
control etc. is entirely transferred to the sensor controller which then
controls the complete measurement procedure.

The software contains some default trigger list macros and, in addi-
tion, provides the possibility to easily create an individual trigger list in
the seript editor.

For detailed information, please refer to the separate trigger list user
information.

C 3.2 Slave Mode

In the special case that several measuring systems will be used simul-
taneously in order to record the deformation of a measuring object
from different views, one computer is declared to be the master by se-
lecting the required recording mode (e.g. Fast Measurement (FG
Board Memory)). All additional computers are operated in the slave
mode and exacily carry out the measurements of the master PC.

For further information, please refer to the Online Help.

C 4 Measuring with Adapters

C 4.1 What Are Adapters and What Are They Used For?

Adapters are auxiliary tools with an individual defined reference point
constellation which is identified in a measuring project and which may
create points, lines and other primitives throughout all stages.

3{12)
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With PONTOS, adapters are mainly used fo measure areas which are
difficult or Impossible to access or to measure without the need to ap-
ply reference point markers to the measuring object at the spot of in-
terest.

C 4.2 Adapter Types

There are preconstructed adapters available at GOM as an option
such as edge, plane, cylinder or sphere adapters.

However, the sofiware also provides the possibility for creating user-
defined adapters.

As for PONTOS projects in most cases very specific adapters are re-
quired for a special measuring task, mainly the user-defined adapters
wil be used.

C4.3 Creating Adapters

C4.31 Step 1 - Planning

Before you create an adapter, you need {o know exactly the specific
measuring task and consider how the adapter can be visible in all im-
ages and stages of the measuring project during the image recording
process.

C4.3.2 Step 2 - Adapter Preparation

Next, you need to apply reference point markers to the object you de-
cided to be an adapter. Ensure that you apply a sufficient number of
points which result in an unambiguous point constellation within the
measuring project.

C43.3 Step 3 - Measuring the Adapter

Measure the adapter with PONTOS so that you get a complete point
cloud.

Depending on the measuring task and the type of the adapter it might
be necessary to record the adapter photogrammetrically using the
TRITOP software.

C434 Step 4 - Creating the Required Primitives

According fo the measuring task, create the required primitives from
the peint cloud in order to get your real measuring point.

C435 Step 5 - Creating the Adapter in the Software

Create the required adapter in the software using menu item User-
Defined Adapter.

For further information, please refer {o the Online Help.

C4.36 Step 6 - Load Adapter Into Measuring Project and Identify It

Add the finished adapter to your measuring project using Preferences
and identify it in the project.
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Measuring with Adapters

C4.4 Application Examples

C4.41 Flight Path of an Object

If, for example, you would like to measure the flight path of a ball in a
room, apply reference point markers to the ball, measure it with the
TRITOP software and create a best-fit sphere from the point cloud.
Then, define an adapter which, based on the point constellation of the
ball, calculates the center point of this sphere. If you then measure the
flight of the ball with PONTOS, you may trace the center point identi-

fied by the adapter throughout all stages, and thus you may analyze
the flight path.

C44.2 Movement and Position of a Tool End

If, for example, you would like to determine the movement and posi-
tion of a tool end but cannot apply reference point markers at this
point, a user-defined adapter assists you during measurement.

Tool end

X | 1883

Incremental sheet metal forming, Chairfor Production Systems at the Ruhr University Bochum, Germany Y 1486

Z| 363

1
[ Adapter

Tool (top), constructed adapter in the 3D view (bottom)
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C5 Summary

© Selecting the measuring volume

©) Preparation of the measuring object

©) Positioning of the reference point markers

© Creating a new project

© Project keywords

) Project parameters

© Shutter times

) Standard recording modes — simple and fast measurement
€) Sensor controller

) Analog channels

) Additional recording modes — external trigger and fast
measurement {

© Trigger lists
© Slave mode
© Adapters
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Project Computation

D Computation

D1 Project Computation

After you recorded all measurement images, they are available in your
deformation project as stages that are not yet bundled. Each stage
consists of a right and a left camera image. From these images, the
software now has to compute for each stage the respective 3D coor-
dinates te provide data for the deformation analysis later.

Open the function using the respective icon. Select the standard set-
ting Compute all image points and start the computation for all sta-
ges. The software now computes the 3D coordinates and assigns a fi-
xed ID to each 3D point.

In the 3D view, the resulting point cloud is displayed and in the list Ob-
ject Points all points are listed with their IDs.

This first stage is the Basis of the project to which all further computa-
tions will refer. Generally, it is also the transformation reference sta-
ge to which all other stages will be aligned to.

D2 Components

D 2.1 What are Components?

Typically, a deformation measuring project consists of different quasi
rigid bodies. Each quasi rigid body might be of interest for the user.
Therefore, it can be defined in a so-called Component.

A Component is a group of 3D points which, in a measuring project,
represent such a quasi rigid body. The movement of the 3D points
within a component is relatively small. However, the movement of dif-
ferent components with respect to each other can be quite large.

Generally, define all components in the first stage of the project. Each
component is automatically allocated a separate ID number range.

1101 $$&$1W¢1¥ Zl_}mpqggﬁl A0
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Measuring object with several components. For a better understanding, they are shown here in
different colors.
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D214 Define Components

All components and their respective parameters are always defined in
menu item Edit Components or via the corresponding icon,

Defining a component includes the following steps:
e Create a new component.

« Select all points (at least three)} which are supposed to form a com-
ponent, and transfer these points into this component. Ensure that
the points of a component are visible in all stages of the project, if
possible.

¢ Select some of the component points (at least three) which clearly
identify this component in the project.

e Adjust parameters (search radius, identification threshold)

For further information, please refer {o the Online Help.

D 2.2 Standard Component "Static Points"

A standard deformation project should have at least one component
so that the stages can be aligned to each other and identified, and the
deformation can finally be computed. For this purpose, the software
provides the standard component Static Points. At first, this compo-
nent is empty and needs to be filled with points (identification points)
which you select.

D221 What are Static Points?

Static points are points In a measuring project which do not undergo
any object deformations and which keeap the distance belween each
other during the entire measuring process,

D222 Selecting Static Points

Suitable static points are coded reference points {if available) and un-
coded reference points which were not or just insignificantly displaced.

You need at least three siatic poinis for aligning the stages to each o-
ther correctly. These points must not lie on one line and should be
steady with respect to each other. If more than three points are used,
the software averages the vaiues and thus the noise of individual
points is less important. We therefore recommend defining about 5 {o
10 points.

12-May-2009
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Example for reasonably selected static points (red)

D 2.3 Identification Points

D 2.3.1 What are Identification Points?

Identification points are points within a component with the help of
which the software recognizes the component in all stages of the pro-
ject. The software searches this point pattern in all stages and then
tries to determine the remaining component points by means of a dis-
tance search. Thus, measuring points can be correctly assigned be-
tween the stages despite large object movements.

D23.2 Choosing Identification Points

When defining a component, select points as identification points that
move as little as possible with respect to each other and that form a
clear pattern within the project.

At least three identification points are required to recognize a compo-
nent. Identification points automatically are marked with a green cross.

For further information, please refer to the Online Help.

% + +

Example for reasonably selected identification points (green). For a better distinction, the re-
maining component points in this example were colored in yellow.

Chapter D 5(8)
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D 3 Identification

in order to assess the deformation of an object, ali stages of a project
need to be aligned, i.e. transformed, to a component of the {ransfor-
mation reference stage (the first stage of the project). Then, the re-
spective component needs to be identified in each stage and its point
IDs need o be assigned correctily. This is done by means of the de-
fined identification poinis.

You start the entire computation process with menu item tdentify or
with the respective icon.

identification is divided in three steps:

s Select componenis and determine identification order
s Select component for stage transformation

* Evaluate computation resuits

For further information, please refer to the Online Help.

D 3.1 Select Components and Determine Identification Order

All components and all adapters (if available) are automatically listed
with information about type and number of reference points.

As a default, all elementis available in this list are used for the identifi-
cation process. You should disable components only if they do not ex-
tst in your current project.

During identification, the software processes the list of components
from top to bottom. Therefore, we recommend to move the component
with the most points to the top. Thus, components with fewer points
can be easily found in the remaining point cloud due to less ambigui-
ties in the resuit.

If adapters exist, they take precedence over the components In the i-
dentification process.

D 3.2 Select Component for Stage Transformation

The stage transformation determines in which way the individual sta-
ges are aligned to each other. As a default, the first stage of a project
is the transformation reference stage. Certain polnts of this stage are
assumed to be fixed. The points of all other stages are then aligned to
this group of points.

Generally, component Static Points is used for stage {ransformation
as it contains the points of the measuring project that do not move.
However, you may use any other component for stage transformation
if you would like to analyze the movement of the remaining points and
components relative to this one,

The identification points of the component selecled for stage transfor-
mation in this case are called Fixed Points.
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Computation

Further Computation Parameters

D 3.3 Evaluate Computation Results

As soon as you click on button Compute, the results of the compo-
nent identification and the stage transformation are listed as preview.

This list is created for each stage in each component and can be ac-
cessed via the individual tabs. In addition, there is the tab Total.

The list is divided into two columns and consists of color bars and
numbers. One column informs about missing or not identified points
while the second column contains information about the identification
deviation_or the transformation deviation. The color intensity and the
length of the color bars combined with the respective values help you
to assess these results. The color of all bars may continuously change
from green (everything is ok) to red (bad).

The meaning and interpretation of the color bars depend on whether
you are in a component tab or in the tab Total.

In addition, icons in front of the stage and component names indicate
the status of the components or stages.

For further information, please refer to the Online Help.

TS
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-
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Example for good results Example for bad results

If the preview results do not meet your expectations, you may here in-
fluence the values, for example, by changing the component parame-
ters, before you confirm the results and accept them for your project.

D4 Further Computation Parameters
D 4.1 Additional Stage Transformation Options

D4.1.1 Stage Transformation Using Setting "Sensor"

If you do not have any chance to define static points (fixed points) in
your measuring project because, for example, you would like to exam-
ine the movement or velocity of an object, you may choose setting
Sensor for the stage transformation.

For this type of transformation, the sensor must be fixed and must not
be moved or just be moved in a defined manner!

In this case, the sensor represents a fixed point to which you measure
relatively. No transformation is carried out, i.e. the stages will not be a-
ligned to each other.

If you select the sensor coordinate system as transformation basis, all
previously made identifications and transformations are rejected and
you will return to the original state of the project after image recording.

Chapter D
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D4.1.2 Manual Stage Transformation
Oniy select this mode in really special cases!

in this case, you need o carry out the transformation manually for
each stage by clicking transformation points in the transformation ref-
erence stage and in the current stage. if you already carried out a
stage transformation with a component, the existing fixed points will
be suggested for manual transformation.

Manual stage transformation requires for the current and ali following
stages of the project a new identification. Make sure that for the identi-
fication in this case you select No Transformation as stage transfor-
mation.

For further information, please refer {o ithe Online Help.

D5 Summary

8 Compute project

© Define components

O Static points and identification points

) stage transformation and identification

) Transformation to the sensor coordinate system
© Manual stage transformation
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Transform Project Data

E Transformations

E1 Transform Project Data

Depending on the measurement task, the deformation data of a mea-
suring project sometimes needs to be transformed into a defined co-
ordinate system in order to be interpreted correctly.

E1.1 Whatis a Coordinate System?

A coordinate system is used to unambiguously describe the position of
points in space by stating three numerical values (X, Y, Z coordinates).
The point where all numerical values are 0 is called the origin of the
coordinate system.

E1.1.1 Visualization of the Coordinate System

PONTOS can show the coordinate system in the left bottom corner of
the screen. It is displayed as a dice and serves as guide for easy ro-
tating the measuring object. By clicking on the axes or the corner
points you may rotate the measuring object into different views.

In addition, you may display the coordinate system in its origin or hide
it completely.
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Coordinate system in the left bottom corner and in the origin, without transformation

E1.2 Views in the Software

The software offers several views. View shows the measuring object
from top, bottom, left, right, front and back and ISO View displays the
measuring object additionally in the respective diagonal views (see al-
so Online Help).

E 1.3 Why is Transformation Required?

After calibration, the Z axis of the coordinate system in PONTOS
points to the sensor. For a better understanding, or in order to be able
to use the data, for example, for further processing by subsequent
systems, they may be transformed into a defined coordinate system.

3(11)
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Transformations

Z ref. point (plane)

In order to put a coordinate system in a defined condition, the nominal
coordinates of some reference points need to be known. This might be
CAD data, data of other measuring projects or data determined by co-
ordinate measuring machines.

Depending on the measuring task, you need to define the coordinate
system. Many manufacturers define, for example, the default coordi-
nate system of a car in the middle of the front axle with the Z axis
pointing towards the top, the X axis pointing to the back and the Y axis
pointing to the right.

There are different transformation methods (e.g. 3-2-1 transformation,
best-fit by reference points). Which method is preferred depends on
the measuring project and the data available.

E1.4 Principle'of the 3-2-1 Transformation

The 3-2-1 Transformation is the mostly used method in PONTOS.
Therefore, we introduce the basics here.

3-2-1 means that three 3D points (Z1, Z2, Z3, located as far as possi-
ble from each other and not in a line) describe a plane, two additional
3D points describe a line (Y1, Y2, located as far as possible from each
other in the X-axis) and one 3D point describes a point (X). For the
transformation method ZZZ-YY-X means the following:

Three Z points (Z1, Z2, Z3, red plane) define the Z plane. The addi-
tional two Y points (Y1, Y2, blue plane) define the Y plane. The X point
(X, green plane) now defines the X plane. At the intersection of the
planes is the zero point of the coordinate system. The following figure
illustrates these connections. Of course, other transformations like
XXX-YY-Z are possible as well.

Y plane

Z plane

X plane

Z ref. point (plane)

Xref. point (point)

4(11) Chapter E

Y ref. point (line)

Z ref. point (plane)

Y ref. point (line)

Zero point

The above example shows the factual relations using the minimum
number of points required fort his transformation method. You may
use reference points or self-defined 3D points. In this case, the points
define the coordinate system directly. It is important that the points re-
liably describe the required coordinate system.
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E1.441 Birection of the Coordinate Axes

The direction of the Z axes (positive or negative)} depends on the or-
der in which the three reference points are defined. It resuits from the
sequence of the points and the resulting "sense of rotation" of the pla-
ne (points 1 to 3). The direction of the Z plane can be defined, inde-
pendently of the "sense of rotation", by toggling menu item Plane po-
sitive.

The direction of the Y axis (positive or negative) depends on the order
in which the two Y reference points are defined and resuits when de-
fining the points 1 and 2 of the line. The direction of the Y plane can
be defined, independently of the sequence of the points, by toggling
menu item Line positive.

E1.4.2 Indirect Determination of the Coordinate System

It is not always possible that points determine a coordinate system di-
rectly. Therefore, in case of the transformation method ZZZ-YY-X, you
may enter alignment coordinates for each point with z1, 22, 23, y1, y2,
X, which now define the respective plane, line or point.

E1.4.3 Additional Points

You may define additional points in the software which will also be
taken into account for the 3-2-1 transformation. The additional points
may increase the accuracy of the coordinate system, for example, if
you use four instead of three 3D points to define a plane. The plane
now is overdetermined. However, as four or more 3D poinis in practice
never lie on one ideal plane, the software determines the average va-
lue of the resulting differences.

E1.44 3-2.1 Transformation in PONTOS

For typical PONTOS measurements, a defined component coordinate
system is not necessarily required because mainly relative values
(displacementis) are measured. Here, only the correct direction but not
the origin is important.

However, for further processing of the data e.g. in a simulation soft-
ware, the data needs to be transformed into a defined coordinate sys-
tem. This is typically done by measuring the points with a TRITOP
system or with a coordinate measuring machine. Then, the transfor-

mation is made by entering ihe values info the 3-2-1 transformation
menu.

E 2 Registration

In order to be able to use measuring data for a comparison to the no-
minal data (CAD data), they need to be transformed into the coordi-
nate system of the CAD data. This is done by registration. There are
different registration methods {pre-registration, best-fit registration).
The import of CAD data is a prerequisite for all methods.

5 (1)
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E21 CADImport

E 211 What Are CAD Data Needed For?

CAD data are the ideal design data according to which a component is
manufactured. They contain all nominal elements and nominal valuss
which are important for a component. However, PONTOS measures a
really existing object. If you now would like to know how much the real
object deviates from its nominal dimensions, you nead the CAD data
as reference data in order to carry our a respective analysis.

E21.2 What do the Parameters Mean?

When importing the CAD data, they are converted into mesh poly-
gons. In order to achieve an optimum resulf, several parameters need
to be specified.

Surface Tolerance

-

________

The surface tolerance describes the max. admissible chord error of
friangles for freeform surfaces.

Maximum Edge Length

The maximum edge length describes the max. permissible length of a
side of a triangle.

Maximum Angle

The maximum angle describes the max. admissible tiit angle of trian-
gles for freeform surfaces.
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¥ CAD Data_ 1

¥ ¥ Bodies
£ABC_b-1 838173 [»]
ABC_b-2 1061 [=] |
¥ ~ Curves
£BC_cu-1 3324 [u] |

Registration

Structure Repair Mode
This mode defines how the CAD data will be processed during the im-
port. We recommend using Mode 1 (default).

E2.1.3 After the Import

After the import, the data are available in the sub-explorer and are
split into so-called Bodies and Curves.

A Body is a single, coherent mesh. Depending on the original CAD
data and on which structure repair mode you chose for the import, se-
veral bodies may be displayed. A body, again, may consist of several
patches. A patch is a partial area of a body but adheres to it. The pat-
ches may have different colors.

Under Curves, auxiliary CAD lines are displayed which are mainly
important for the design. Usually, these lines also contain the material
thickness vector which is really important for a deviation analysis.

Material Thickness Vector / Surface Normal

The material thickness vector states in which direction the material
builds up. In most CAD applications, its direction in the CAD data is
defined such that it points from the surface to the material. Its length is
normally 100 times the material thickness. It runs opposite to the sur-
face normal. The surface normal is a vector which is perpendicular on
the surface and thus defines the front side of the mesh.

Check to which direction the material thickness vector in the CAD data
points and whether the surface normal is opposite to this direction so
that the front side is defined correctly. In the GOM software, the rear
side of the mesh generally has a uniform color which is defined in the
preferences.

Surface normal

Material thickness vector

Correct direction of the surface normal Wrong direction of the surface normal

Now, you may decide if you measured the correct side or which side
you would like to measure. Generally, you should measure the CAD
front side. If, in special cases, you would like to measure the opposite
side, you may do it by clicking with the right mouse button onto a body
of the CAD data in the Sub-Explorer and select » Edit Properties »

7(11)
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tab General » Measure opposite side. For this purpose, the CAD
data are corrected by the material thickness of the sheet metal in
normal direction by entering the correct value for the material thick-
ness.

E 2.2 Pre-Registration

A pre-registration is the prerequisite for the best-fit registration. During
the pre-registration, the measured data is brought as close to the co-
ordinate system of the CAD data as possible It is carried out manually.

E 221 Pre-Registration Project

Using this function, you register two data sets by means of manually
determined points. You define these points in the measuring data and
in the CAD data. The points must not lie on one line and should be far
away from each other in order to achieve a good pre-registration. As
soon as at least three points are marked, the transformation is calcu-
lated and the deviation is displayed.

For further information, please refer to the Online Help.

Pre-registered data

E 2.3 Best-Fit Registration Project

During the best-fit registration, the measured points are dragged as
best as possible onto the surfaces of the CAD data. This requires se-
lecting either certain best-fit areas on the measuring data or the entire
measured points. Therefore, the best-fit registration leads to a user-
dependent registration because the user may influence the selection.

This surface registration is based on a defined Search radius which
specifies, how far in the CAD data corresponding points are searched
for, i.e. in order to register a point of the measured data, all points of
the reference mesh are considered that are within this given search
radius. As a default, the software carries out several best-fit cycles in
order to reduce this radius and to register the data as best as possi-
ble. During these cycles, the software adapts the number of used
points automatically.
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Detail view, pre-registration Detail view, best-fit registration

E 3 Other Transformation Methods

E 3.1 Best-Fit by Reference Points

E 3.1.1 Prerequisite

For this method, the complete 3D coordinates of at least 3 arbitrary re-
ference points need to be known. The function automatically identifies
these points in the measuring project if the coordinates entered de-
scribe a reference point constellation that can be found in the measur-
ing project as well. The measuring project then is transformed into the
coordinate system of these points.

E31.2 Procedure in PONTOS

If, for example, you have captured your measuring project in a com-
plete TRITOP project prior to the deformation measurements, you may
export defined points that shall be used to transform the project into
the component coordinate system in a reference point file. Load this
file into PONTOS using menu item Best-Fit by Ref. Points and thus
transform your deformation project into the correct coordinate system.

E 3.2 Weighted Points

Defining a coordinate system by means of weighted points is very si-
milar to the 3-2-1 method.

Whereas for the 3-2-1- method you need, for example, three Z coordi-
nates for the Z plane, two Y coordinates for the Y plane and one X co-
ordinate for the X plane, the Weighted Points method requires all
XYZ coordinates of at least 3 reference points, six of which must be
measured precisely according to the 3-2-1 definition and the others
are estimated. The estimated values should be in the range of approx.
+-10 % of the maximum length of the measuring volume.

The direction of the coordinate system results from entering the com-
plete coordinates.

For further information, please refer to the Online Help.
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Z ref. point Y ref. point
X: estimated X: estimated
Y: estimated Y: measured item
Z: measured item Z: estimated

Y. X

o= | Zref. point

Z ref. point X: estimated
X: estimated Y: estimated

Y: estimated Z: measured item

Z: measured item

X ref. point Y ref. point
X: estimated X: estimated
Y: estimated Y: measured item
Z: measured item Z: estimated

E 3.3 Transform Plane-Line-Point

With this function, you may carry out a transformation using the primi-
tives plane, line and point that were derived from the measuring data
and the reference data (CAD, ...). Equivalent primitives of the measur-
ing data and the reference data are hierarchically assigned to each
other (e.g. plane to reference plane, line to reference line and point to
reference point). First, all elements need to be created in suitable ar-
eas according to the 3-2-1 rule.

This function allows aligning objects where the reference plane is not
located in the planes of the reference coordinate system.

E 3.4 Transformation of Meshes

When you included polygonized meshes into your project (e.g. by
converting CAD data into such meshes), you may align these meshes
to your measured points such that they move together with the points
in the stages according to the deformation.

Here as well, the pre-registration is the prerequisite for the best-fit reg-
istration.

E 3.4.1 Pre-Registration Mesh

The procedure is the same as for the Pre-Registration Project but
you align an existing mesh to the measured points (see also Fehler!
Verweisquelle konnte nicht gefunden werden.).

E3.4.2 Best-Fit Registration Mesh

The procedure is the same as for the Best-Fit Registration Project
but you align an existing mesh to the measured points (see also
Fehler! Verweisquelle konnte nicht gefunden werden.).
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E4 Summary

©) Transform project data

©) Coordinate system

Q Transformation

) Basics of 3-2-1 transformation

© CAD import

& Pre-registration

© Best-fit registration

© Method best-fit by reference points
@ Method weighted points

0 Method fransform plane-line-point
© Transformation of meshes
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Analysis

F Result Creation

F1 Analysis

In order to analyze the deformation of a measuring object with respect
to a reference state, the software needs to display the deformation
which was computed through all stage in color in the 3D view. For this
purpose, you need to define an area which you are interested in. You
may also-obtain additional analysis data, for example, by examining
the position of a point closer, by measuring the distance between a
point and a line, and much more. All analysis data you create appear
in the sub explorer under tab Elements.

F1.1 Deformation Reference Stage

In order to define the reference state to which the deformation analy-
sis shall refer, you may select a stage as deformation reference stage
any time.

In the explorer, the deformation reference stage is always displayed in
bold letters and with a filled (stage is currently visible) or with an emp-
ty (stage is currently not visible) red circle. Generally, the basic stage
is also the deformation reference stage.

F1.2 Displacement Fields

F1.21 Defining a Displacement Field

A displacement field is a user-selected area of points, for which the
deformation — i.e. the position offset of the points in the current stage
compared to their position in the reference stage — is to be displayed
in color in the 3D view. This means, a displacement field is a way to
visualize deformations.

If you use components, you may use the selection command Select
Component to easily select the area which is of interest for you.

[mm]

744
o
hox 675

. e
I 600
. -
® 525
e e Mo Ny a\ s e e \\. e
® & & - - - 5 ) \.\\
. o \n 375
& & [ & - - - ®
- . b\' \ 3.00
FoRRE T S o e SR T \?' N
4 & ) - < = 225
e e W ¢ < “
e @ < .
Y ® ® * Y @ [ L ]
’ - . - ® ® °® . ® ® [ ] 150

Displacement field over the entire measuring object

Chapter F

0.75

0.02

3(18)



Analysis

Result Creation

4(18)

Chapter F

The color, direction and length of the vectors informs about the defor-
mation of the object at individual measuring points. The stronger the
deformation is the longer is the respective vector. You may adapt the
length and scaling of the vectors in a displacement field individually
but the length ratio of the vectors with respect to each other remains
the same.
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Side view of a displacement field

How you create a displacement field you will find in the Online Help.

F1.22 Legend in a Displacement Field

Generally, the legend is set to Automatic scaling, i.e. the range of
values for the deformation in the displacement fields is calculated over
the entire color scale. Thus, a displacement field has an individual le-
gend in each stage.

F1.23 Editing a Displacement Field

Any time, you have the possibility to exclude certain points from a dis-
placement field or to integrate the excluded points again. The dis-
played deformation value range of the legend changes accordingly if
the legend scaling is set to automatic. See also Online Help, subject
“Legend”.

F1.24 Several Displacement Fields

You may create any number of displacement fields, for example, to
just analyze certain areas of your measuring object.

Each displacement field is listed separately in the sub explorer.

If several displacement fields are visible at the same time, the values
of all deformations in these displacement fields will be taken into ac-
count and the deformation value range of the legend changes accord-
ingly if the legend scaling is set to automatic. See also Online Help,
subject “Legend”.
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Extended Analysis

F 2 Extended Analysis

In addition to the displacement fields, you may evaluate the deforma-
tion at or between certain points. Menu item Analysis provides for va-
rious functions for distance and angle analyses.

All analyses may also display the deviations of the measured points to
CAD data. You may choose whether the CAD data is to be compared
with the deformation reference stage or with the currently visible sta-
ge. z

In addition, the software provides the possibility to analyze move-
ments in space. For this purpose, menu items 6DoF and Relative
6DoF are available.

You may use menu item Primitives to create auxiliary elements for
analysis tasks.

F21 Measure Point Positions, Distances and Angles

F21.1 Measure Point Positions

Using the corresponding menu item, you may display the displace-
ment of individual points with respect to the reference stage and do-
cument it with labels.

If the text label in the 3D view does not display the desired parame-
ters, you may change it with a right mouse button click on the label.

For further information, please refer to the Online Help.

Punkt/ Point

- | | Nominal|  Acual Dist
\'*. v 41311

o Vg B ~1r.:u.os?'};mss§ 40.174
427053 | +270505

© = 0031
® r Z[ +420400 | +a19100 | -1.299

®
[ 2 )
e o8 o : : J. z : ‘_ l\"o
F ) 3 L)
e & @ e v 4 °
° o ‘e o
o ov o d & & o 4 @
e evve d o 0/ v e ®
® ® ®» ® 0 ® o o ® o o
e © &8 ® o & g & @ o @

Example: Point position analysis
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F21.2 Measure Distances

Using the corresponding menu item you may carry out distance mea-
surements and document them with labels.

If the text label in the 3D view does not display the desired parame-
ters, you may change it with a right mouse button click on the label.

Example of a Point-Point Distance

| MNominal|  dual| Dist |
Vv 41095096} +1095.066 | -0.029

. \\. Linie 1 {Line 1
g -
* g

Example: Analysis point-point distance

Example of a Point-Line Distance
The function determines the perpendicular distance of a 3D point to a
line.

Sy Punkt-Linie 1 /Poin-Linel
° Nominal | Acual| _ Dist |
™ .\ V| 4347445 | 4348080 | 40643 |
L ]
) \

L ]
® @8 ®
[ B /e e

[ [ ]
e o ..
s o
e o e O
e e o o o
e s T

Example: Analysis point-line distance

Example of a Point-Plane Distance
The function projects a 3D point perpendicularly onto a plane and de-
termines the distance between these points.

; ’.-':0 o

-2 - .t':___ /
— ¥
2

[Punk-Ebene 1/Poin-Plane 1
| Nomma\‘ Actual | Dist |
|| V| +154864 | +155192| +0329 |

Example: Analysis point-plane distance
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F21.3 Measure Angles

Using the corresponding menu item you may carry out angle meas-
urements and document them with labels.

You may determine angles between the elements Planes and Lines.
Angles in the 3D space are limited to 0° to 180°. Therefore, angle va-
riances around zero are ambiguous. In order to prevent wrong analy-

ses, you should not define angles close to 0° or 180° in the deforma-
tion reference stage.

-

Example of a Line-Line Angle

Using this menu item, you may measure angle variances between two
lines.

“Winksl 1/Angle 1
Nominal | Actual
A| +92333°| +92435°

Diff. |
+0.102° |

Linie 1/Line 1

Example: Line-line angel

Example of a Line-Plane Angle

Using this menu item, you may measure angle variances between a
line and a plane.

v
Winkel2/Angle2 S
[ nal | Acual Oift | I Ebene 3/ Flane 3

A +45630° | +45637° | 40007 |
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Example: Line-plane angle
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Example of a Plane-Plane Angle

Using this menu item, you may measure angle variances between two
planes.

Winkel 2 / Angle 2 .
1 Nominal | Actual| _ Off. |
Al +20.634° ‘ +29582° | -0.052° |

- &

Example: Plane-plane angle

F 2.2 6DoF Analysis

F221 What Does 6DoF Mean?

The abbreviation 6DoF stands for "Six Degrees of Freedom". With
this, you may exactly analyze the movement of an object in space.

Three of these six degrees of freedom refer to the translation along
the three coordinate axes in space, i.e. an object may move back and
forth (1st degree of freedom), up and down (2nd degree of freedom)
and left or right (3rd degree of freedom).

The remaining three degrees of freedom refer to the rotation around
the three coordinate axes. The resulting angles are also called roll an-
gle (4th degree of freedom), pitch angle (5th degree of freedom) and
yaw angle (6th degree of freedom).

Example for roll, pitch and yaw angle of an airplane coordinate system.
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V8000w
X | +0.000 mm
V] +0.008 mm
z
i

+0.000 mm
oll | 0.000 deg
Pitch | 0.000 deg |

| vavs | 0.000 deg |

X
o ®

z

[S7°% Reb)
%219

Extended Analysis

F2.22 Determine Origin for Local Coordinate System

In order to create a 6DoF analysis for a component in PONTOS, you
need to determine the origin of the local coordinate system. For this
purpose, you may select individual points or, with the help of primi-
tives, you may create the origin at a position which is of interest for
you.

F223 Define Direction of Local Coordinate System

In order to evaluate your 6DoF analysis according to your measuring
task, you need to decide if the local coordinate system shall corre-
spond to the global coordinate system of your measuring project or if
the direction of the coordinate axes need to be different. You may de-
fine the direction of the coordinate axes manually.

F224 Example of a 6DoF Analysis

In this example, the movement of the dummy head in a crash test was
examined. The origin of the local coordinate system is in the head's
center of gravity. Its direction corresponds to the global coordinate
system of the project. You may clearly see a displacement and rota-
tion of the head.

6DoF | | 6DoF |
V] 142,760 mm | v [+303.154 mm ||
X| -142.145mm || || x| -294.951mm|
Y| +10.548 mm || ¥| 24949 mm |
7| +7.983mm|| | 2| -65.449 mm
-1.359 deg || Roll 7.106 deg
-7.274 deg || Pitch | -40.186 deg
1.625 deg || | vaw | -10.535 deg

@
Satoo 0105
""‘ "~
S5l o510

3D view of the component "Head" in three different stages.

Corresponding 2D images in a report For a better overview, the detailed label was hidden in this view.

F225 Relative 6DoF Analysis

The software also offers the possibility to examine two 6DoF analyses
relative to each other. Thus, you may analyze the relative movement
of two different components with respect to each other.

Chapter F 9(18)



Extended Analysis

F2.3 Primitives

Primitives (points, lines, circles, planes, spheres, ...) are user-defined
objects in the 3D view. You need primitives, for example, for transfor-
mation or inspection {documentation of measuring results) of a meas-
uring object.

When clicking with the right mouse button on the defined primitive,
you may edit the element. The following functions are available:

o Set or unset the primitive as reference
¢ Change the appearance of the primitive or the label
¢ Defining the normal direction

The following {able informs you in extracts about possible primitives
and particularities when creating them. All primitives are generated
based on 3D points or 3D polygon meshes or other primitives (e.g.
planes and lines). Use Ctrf and left mouse button in the 3D view to se-
lect points, planes, lines, elc. to create primitives or by directly clicking
on the primitive's label with Cirl and left mouse button. You may also
select the elements directly from the explorer list,

Primitive Point
Point Creates a single 3D point by clicking with the left mouse bulton.
Division Point Creates an individual 3D point between 2 points. The position be-
fween he points can be defined in 100 steps (%). 1 Result

: between ﬁ.vé)mc‘iréié: cen-
lers {a} and (b} with position 50%.

Intersection Point Active If corresponding primitives exist in the measuring project.
Creales an intersection point between primitives. The system au-
tomatically adjusts the intersection type under Base elements.
Only for rectangular holes or slofled heles you can choose between
Line and Plane. If under Element you select the mesh, and if the
line intersects the mesh several times, choose {he point undler
Point number for which you wish fo create the intersection point.
As intersection point between two lines, the center point of the
shorfest orthogonal disiance between these lines is given because
the lines praclically never intersect each other,

@)

Projection Point Projects a point of 3D meshes and primitives fo other 3D meshes
and primitives on the shortest possible way. You can adjust the
projection type with Project onto and Projection mode.
Projection modes: Surface creates a point on the surface of 3D
meshes and badies. Point only uses the junction points of the 3D
meshes or the centers of circles and spheres. Curve uses the bor-
der lines. Plane uses the planes of circles or planes. Line uses the
rolation axis of cones or cylinders.

)

i B Y
Example: Projection of point (
ne (a).

b) dﬂ!o pla-

10 {18)
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Touch Point (Disc) Projects a circular plane onto primitives, point clouds, sections, 3D
meshes, ... and creates a point af the focation of the iniial touch.
The function is similar to the Disc Catiper with the difference that
here the resull is a point instead of a distance.

L1 Sélect lh'e el'ément fo bé tdéched in
the 3D view.

@ Chooss the projection center with
Center and determine the touch direction
with Direction.

© Adjust the Clearance and. t'he.Raclius
of the circular plane.

DAfter clicking on Preview the Touch
Point {Disc) is displayed.

Touch Point {Disc), if Projecton on di-
rection vector is enabled.

Points from Line Active if corresponding primitives exist in the measuring project.
Extracts the start or end points of ines, intersection lines and rota-
tion axes of cylinders (a) and cones.

Ekampiéf Extraction of start and end
noints of a cylinder rotation axis (a).

Best-Fit Point Creales a geometrical average value from selected 3D points

lergeomis]
andfor 3D meshes.

Result i

Examb]e: The result s the geometrical
average value.

11 (18)



Extended Analysis

Primitive Line

Point-Point Line

Creates a line between two poinis.

i Resvit
Example: Line between two individual
points

Point-Direction Line

Creales a line from the starl point in a Direction o be defined. The
{length of the lire in arrow direction can be defined with Length.

Example: Line from the starﬁng poin! on

Perpendicular Line

Active if corresponding primitives exist in the measuring project.
Creates a line from the start point {pfane a} orthegonal {o another
line {b}.

the plane in normal direction of the plane.

Examp]e IIO?i'p'Ié'n'e" ('a)', we selected a
start point for the perpendicular line
which runs perpendicular {o line {b}.

Symmetric Line

Creales a line symmetrically 1o two other elements which contain a
fine {e.g. line, cylinder, cone, efc.).

Line by Cross Product

Creates a line that is perpendicular to two other lines or direction
vectors and has its origin in the point you ¢licked.

e (here in red)

rearprodubt {3
C1os: L

Example: The 6ross product was éreated
from lines 2 and 3. The new line is per-

Intersection Line

Active if corresponding primitives exist in the measuring project.
Creates intersection fines between surfaces of primitives.

pendicular fo both other lines,

intersection line between two planes.

Best-Fit Line

Creates a line according to the best-fit principle based on selected
3D meshes, sections and features, Based on the selected points,
the line can be calcudated for All points or with the help of statisti-
cal methods with 1 Sigma o § Sigma. In case of a targe amount of
points, 1 Sigma is approx. 68.3%, 2 Sigma approx. 85.4% and 3
Sigma approx, 99.7% of all points. Using the statistical methods,
measuring point outilers can be eliminated during the best-fit proc-
ess.

[ Ergetnis _:';

Example: Bestfil line, created on previ
ously selected (red) points of a border li-

ne.

12(19)
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Primitive Plang

Point-Point-Point Pla-
ne

Creating a plane through 3 paints.

Example: The plane was'creéted by se-
lecting three points.

Point-Norinal Plane

Creales a plane through one point in the direction of other objects
like lines, cylinders, elc.

Example he piéhé'ﬁés"éféa'te& using a
point on the rotation axis of cylinder (a)
and the norma direction of cylinder (a).

Parallel Plane

Active if corresponding primitives exist in the measuring project.
Creates a plane parallel to a circle, a rectangular hole, a stoited ho-
le or another plane. Use "Offset” to adjust the distance fo the ele-
ment you created the plane from.

[ Ergebals]
Result

Example: The plane was created in par-
alfet 1o circle {a), stating an offsel value.

Symmetric Plane

Creates a plane symmelrically to two other elements which confain
a plane (e.g. plane, circle, section, etc.).

Plane in Viewing Di-
rection

Creates a plane through two points or a temporary defined line {us-
ing the selection tool of the menu} in the current viewing direction.

E'S(amp!e: Creating a plane through 2

Best-Fit Plane

Creales a plane according to the best-fit principle based on se-
lected 3D meshes, sections or features. Based on the selected

points, the plane can be calculated for Ali points or with the hefp of |:

statistical methods with 1 Sigina to 5 Sigma. In case of a large
amount of points, 1 Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 99.7% of alt points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-fil process.

points.

Examp[e‘. Creating a plane !hrbugh pre-
viously sefected points.

13 (18)




Extended Analysis

Primitive Circle

Point-Point-Faint Cir-
cle

Creates a circle through three points.

éfhpié: Circle 'th'rcﬂgh three individual

Point-Normal-Radius
Chrcle

Creates a circle by defining the circle center and stating the rotation
axis. The radius can be defined by selecling the points or by enler-
ing the radius value directly.

and selected points.

Eiéfhplé: The was created using a
paint on the rotation axis of eylinder (&)
and the normal direction of eylinder {a}.

The radius was directly entered as value.

Cylinder/Cone Inter-
section Circle

Active if corresponding primitives exist in the measuring project.
Creales a circle on the rotalion axis of cylinders or cones (b) by
projecling a point (a) orthogenally onle this axis. This point is the
center of the new circle. The radius of the circle is calculated from
the radius of the cylinder or cone at the point of projection.

rgebn
(] Result
Example

Cone-Radius Circle

Creates a circle with a defined radius based on a cone.

Example: Circle with a defined radius
{here in red).

Best-Fit Circle

Creates a circle according lo the best-fif principle based on se-
lected 3D meshes, sections or features. Based on the selected

points, the circle can be calculated for Al points or with the help of |

stafislical methods with 1 Sigma to 5 Sigma. In case of a large
amount of points, * Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 99.7% of all points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-it process.

Example: The circle was ¢reated through
several selected points by means of the
best-fit principle.

14 (18)
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Projected Best-Fit
Circle

Creates a circle according to the best-fit principle based on se-
lected 3D meshes, sections or features and projects it onto a plane
chosen by the user. Based on the selected poinis, the circle can be
calculated for Al points or with the help of stalistical methods with
1 Sigma to 5 Sigma. In case of a large amount of points, 1 Sigma
is approx. 68.3%, 2 Sigma approx. 95.4% and 3 Sigma approx.
92.7% of alf points. Using the siatistical methods, measuring point
outllers can be etiminated during the best-fit process.

Example: Projected best-it circle.:cre-
ated from the selected points {red) of a
section,

circle with

Example: Projected
mesh data.

Primitive Slotted Hole

Point-Normal-
Direction Slofted Hole

Creates a slotted hole based on extemally entered values or de-
rived from other primilives or feature elements. This function is
mainly used for the nominatfaciual comparison of a slotted hole if
the nominal element is created manually by entering data, The
function requires the following information: Polnt (center point co-
ordinates), Normal, Direction, Length, Width.

Example

5.Points Slotted Hole

Creates a slotted hole by clicking on five points on the edge (circu-
far area) of a sfolted hole In the CAD data. This function is used for
the nominalfactual comparison of slotted holes.

Result

Example

Primitive Rectangular Hole

Point-Normal-
Direction Rectangular
Hole

Creales a rectangular hole based on externally entered values or
derived from other primilives or feature elements. This function is
mainty used for the nominalfactual comparison of a rectangular ho-
le if the nominal element is created manually by entering dala. The
function requires the following information: Point (center point co-
ordinates}, Normal, Direction, Length, Width.

Example

5-Points Rectangular
Hole

Creates a rectangular hole by clicking on five points on the edge of
a reclangular hole in the CAD data. This function is used for the
nominal/actual comparison of rectangular holes.

Example

15(18)




Extended Analysis

Primitive Sphere

Point-Radius Sphere

Creates a sphere by means of stating the center of the sphere and
the radius. The radius can be defined by selecting the points or by
entering the radius value direclly.

Exarﬁple. Freely defined sphere with the
center on plane (a). The cenler of the
sphere was determined by selecting a

Best-Fit Sphere

Creates a sphere according to the best-fit principle based on se-
lected 3D points or seclions that can determine a sphere. if the ra-
dius of the sphere is known, you may enter it to support the best-it
function by means of Radlus. Based on the selecled points, the
sphere can be calculated for All points or with the help of stalisti-
cal methods with 1 Sigma o 5 Sigma. In case of a large amount of
points, 1 Sigma is approx. 68.3%, 2 Sigma approx. 95.4% and 3
Sigma approx. 99.7% of alf points. Using the statistical methods,
measuring point outliers can be eliminated during ihe best-fit proc-
€38,

point wiih Cirl and left mouse bution.

E)iém'ble. it sere, created on a
previously selecled spherical point cloud.

Primitive Cylinder

Point-Point-Radius
Cylinder

Creales a cyfinder through two points. Point 1 determines the be-
ginning of the cylinder’s rotation axis. Point 2 determines the end
point of the rotation axis. Use Radius to adjust the circumference
of the eylinder.

Example: The cylinder was created ba-
sed on a fine. The end points of the line
were created with Ciri and left mouse
button. The radius was enfered as value.

Point-Direction-
Radius Cylinder

Creates an afigned cylinder by means of a point and a direction.
Polint determines the center of the cylinder. Direction determines
the direction of the retation axis. You can adjust the cyfinder by
means of Radius and Length.

Example: Cylinder perpendicufar fo plane
(a). The center of the cylinder is a point
that was selected on the plane. This pla-
ne is also used to determine the direc-
tien.

Best-Fit Cylinder

Creates a cyfinder according fo the best-fit principle based on se-
lected 3D points or sections that can determine a cylinder. Based
on the sefected points, the cylinder can be calculated for All points
or with the help of statistical methods with 1 Sigma to 5 Slgma., In
case of alarge amount of points, 1 Sigma is approx. 68.3%, 2 Sig-
ma approx, 95.4% and 3 Sigma approx. 99.7% of all poiats. Using
the statistical methods, measuring point outtiers can be eliminated
during the bast-fit process. If the radius of the ¢ylinder orfand the
direction of the cylinder is known, you may enter these values to
suppori the best-fit function by means Radius or Direction.

Exam

previously selected (red) points.

16 (18)
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Extended Analysis

Primitive Cone

Point-Direction-Angle
Cone

Creates a directed cone based on a Point, a Direction and an An-
gle. Under Construction conditions you can select the condition you
would like to use. You define the circle radius of the cone around
the defined point by using Radius by polnt or Radius by value.
The tength of the cone can be manually adjusted as you like.

2-Cylinder-Adapter
Cone

Creates a cone based on two cylinder adaplers.

Example: Cone {here displayed in red)
which was created from 2 cylinder adapt-
8rIs.

Best-Fit Cone Creates a cone according to the bestfit principle based on selected

3D points or sections that can determine a cone. Based on the se-
lected points, the cone can be calculated for All points or with the
he!p of slatistical methods with 1 Sigma to 5 Sigma. n case of a
farge amount of points, 1 Sigma is approx. 68.3%, 2 Sigma approx.
95.4% and 3 Sigma approx. 92.7% of all points. Using the statisti-
cal methods, measuring point outliers can be eliminated during the
best-fit process. If the diraction of the cone Is known, you may enter
it fo support the best-fit function by means of Direction.

Example: Best-fil cone, created on previ-
ously selected (red) points.

More Primitives

Best-Fit Paraboloid Creates a paraboloid. Based on the selected points, the paraboloid
can be cafcufated for All points or with he help of statistical meth-
ods with 1 Sigma to 5 Sigma. In case of a large amount of points,
1 Sigma is approx. 68.3%, 2 Sigma approx. 95.4% and 3 Sigma
approx. 99.7% of all peints.

no figure
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F 3 Export Documentation as Tables

Menu item File ¥ Export B Tables provides for exporling all or se-
lected data as complete result documentation or as data lists. For this
purpose, different templates are available in ASCIH, HTML and Ope-
nOffice (open source soflware) format.

The export process is set up as a wizard.

You also have the possibility to create a user-defined export template
with the data you are interested in. Hierarchy levels provide for struc-
turing the data and for filling headers and footers for the individual pa-
ragraphs and/or for the entire export file in addition to their respective
contents. The context menu of the right mouse button is used to insert
the data available for the respective paragraph by means of keywords.
In addition, you may insert control characters and other special char-
acters.

The exported data then is available for further applications (e.g. Ex-
CB'). {

You will find additional information and an example of creating a sim-
ple user-defined ASCI export template in the Online Help.

F4 Summary

) Deformation reference stage

© Displacement fields

© Measure point positions

) Measure distances

€ Measure angles

€} 6DoF and relative 6DoF analysis
© Primitives

© Export tables
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Standard Reports

G Reports and Documentation

G1 Standard Reports

Deformation results can clearly be illustrated in reports. Several report
templates are available. Based on these standard report templates
you may easily present your measuring results. However, you may
design reports individually and save them as user-defined templates.

All reports you create are available in the sub explorer under tab Re-
ports and fab Image Series.

PONTOS standard reporis may contain images and/or diagrams.

As image, automatically the selected image for each stage is inserted
but the standard diagrams are empty and need fo be filled with the da-
ta you are interested in. You may automatically include all analyses
you made in your measuring projects into a report when creating the
report or you may add them later.

For further information, please refer o the Online Help.

G 2 Extended Report Functions

G 2.1 Create and Edit User-Defined Reports

Using report template Report (blank), you create a blank sheet of pa-
per on which you may design your own repori.

For designing a report, several elements are available. The software
distinguishes between the following element types:

o Drawn elements (like lines, eliipses, etc.)
* Images

« Diagrams

¢ Legends

¢ Textlabels

¢ Logos

You may modify each of these elements in position, appearance and
shape. Double clicking on an element opens a dialog window with the
editing options avallable for the selected element which are distributed
to the respective tabs.

To certain elements (images or diagrams) you need to assign the data
you are interested in so that they can be displayed accordingly in your
report. This assignment is also done using the specific tabs.

Legends always have to be connected with the element to which they
refer.

You may use text labels to insert text information into a report. You
may write free text or insert certain keywords using the context menu
of the right mouse button.

For further information, please refer fo the Online Help.




Extended Report Functions
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G 2.2 Image Series and Movies

An image series is a sequence of individual images (one file per im-
age, file name is numbered consecutively) which is created, for exam-
ple, from camera images, 2D images, the 3D view or from the images
of a report. An image series may also contain images of an external
camera which can be imported.

All image series are listed in the sub explorer under the respective tab.
Camera image series and the image series from all created reports
are available by default and do not need to be created separately.

You may integrate image series in reports. Thus, for example, it is
possible to display 3D views interesting for you through all stages or
the image series of an external camera for documentation purposes.
In this case, however, the number of the external images must be i-
dentical io the number of stages in your project.

An internal image player provides for playing the image series and
checking them prior to e.g. export them.

When exporting an image series, you may decide if you would iike to
exporl the series as individual images or as a movie (video}. A video
combines the images in the .avi or .mpeg format in one file which you
may play also using an external player. You may define the format in
the preferences.

For further information, please refer to the Cnline Help.

G 2.3 Snapshots

With the snapshot function you may save a screenshot of the 3D view
or of the 2D images as an image in order to use it, for example, as re-
ports and result representations. A snapshot is a static image that
does not change through the stages. If you want to, you may also print
a snapshot directly from the sofiware. Several predefined default tem-
plates provide for easy editing of a snapshot for report purposes.

All snapshots are displayed in the sub-explorer under tab Documen-
tation.

G231 Advanced Snapshot Functions

Creating Snapshot Templates

In addition to the default snapshot templates supplied, you may create
own templates any {ime. First, the software creates an empty snap-
shot that you may design individually by using the functions for editing
snapshot elemenls. You may edit snapshot elements in the same way
as report elements (see also G 2.1). If the template is ready, you may
save it as template.
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Documentation

G 3 Documentation

When you have finished your measuring task including all the required
steps, you may prepare a documentation from the available data
which may contain image elements, text elements and vaiue tables.
Using such a documentation, you may present your measuring results
demonstratively.

G 3.1 Documentation Preparation

Menu item Documentation offers different possibilities to prepare re-
port documentation. The elements created here appear in the sub-
explorer under Documentation with a corresponding headline. All e-
lements that are listed may later be exporte in the order in
which they appear in the explorer (see also ). You may
change the order in the explorer using the ri button menu.

Except for the snapshots, all elements listed in the documentation
container are virtual export data and cannot be looked at in PONTOS.

G311 Chapter Titles

The software provides for defining a chapter headline under which da-
ta selected later is to be listed in the documentation template.

G3.1.2  Compiling Documentation Data

Using menu item New Documentation Data, you define which ele-
ments you would like to integrate into the documentation. For this pur-
pose, select the respective elements in the explorer. They will then be
added to the documentation container in the explorer.

G 4 Deformation Results on TRITOP Images

For very small deformations which can well be illustrated by means of
a static image, you may display your PONTOS deformation resuits on
a TRITOP camera image, provided you carried out a complete
TRITOP measuring project prior to your deformation project. For this
purpose, load the TRITOP project as new stage into your deformation
project, transform it to the basic stage and identify it. Then, in your re-
port, select the image of the TRITOP stage.

For this function, you need a TRITOP license.

5(6)



Summary

G5 Summary

0 Standard reports

0 Create and edit reporis

) Use image series and movies

) Creating snapshots

) Creating snapshot templates

©) Preparing documentation data

B Display deformation results on TRITOP images
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Macros

H Automation and Functional Extensions
H1 Macros

H1.1 Automation

For recurrent deformation projects with very complex analysis ele-
ments, the PONTOS software provides for recording macro scripts
based on Python. Thus, automation of individual processing steps is
possible.

You may easily generate a new macro by creating a new, empty mac-
ro, start recording, carry out the desired operating steps, stop re-
cording and save the macro.

You may modify macro commands in the editor any time using the
context menu of the right mouse button on the respective command. If
you have the necessary knowledge, you may also change the script
directly in the syntax.

In addition, you may include a macro into another macro.

For more detailed information about scripts and programming, please
refer to the expert manual "GOM Scripting Language”.

H1.2 Functional Extensions

For very exceptional and special measuring tasks, you may have u-
ser-specific macros created by GOM which extend the functions of the
PONTOS software.

H2 Summary

© Automation due to macros
©) Functional extensions by macros
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Where Do You Find Help?

J Support
J1 Where Do You Find Help?

If you face a problem, you will find help at several places.

J1.1 Manuals / Online Help

In the software, you will find in menu item Help not only the Online
Help but also a document overview of all available manuals. If you do
not have them as paper version, you may look at the texts here in pdf
format.

J1.2 FAQs

if you have the corresponding access information, you may reach the
English FAQ area (Frequently Asked Questions) via the internet
(http://support.gom.com/) and find responses to frequently asked
questions.

J 1.3 Distributor

If you cannot solve a problem yourself and do not find answers in the
other help sources, please contact your responsible distributor or your
contact partner in your country first.

J1.4 Support Form

if your problem cannot be solved using the above mentioned meth-
ods, you may send your support request to GOM using the request
form available in the internet (hitp://support.gom.com/}. This form is
also available without login.

J1.5 Direct Support

You also reach the GOM support by
email address: support@gom.com
or

phone number: +49 531 38029 0

J 2 Useful Support Data

J21 Creating Support Data

If you have a technical problem (e.g. hardware or software crash} you
may create a compressed analysis file using menu item Help b Col-
lect Support Data and entering the root password, and send this file
to the GOM support.

J2.2 Snapshots in Linux [

it might also be helpful to include in your support request a snapshot
of your current screen.

Open the KDE start menu (see [ and navigate to Utilities P
Desktop P KSnapshot. Create a snapshot and add it to your support
request.
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Troubleshooting

J 2.3 Movies of Screen Actions in Linux (& e
In some cases it might be useful for handling your support request to

document the order of certain screen action by means of a little movie.

Click on the respective icon on your desktop. This starts recording.
Now, carry out the required actions and finally stop the recording.

Send the resulting two files to the GOM support.

43 Troubleshooting &

Problem;

Remedy:

The Linux PC is "frozen” but the mouse pointer can still be mo-
ved.

Press Clel and Alt and Backspace + and log in again.

The Linux PC Is "frozen"” and the mouse pointer cannot be mo-
ved, or the mouse pointer can be moved but the keyboard does
not respond.

Switeh the PC off and on again.

The PONTOS software is "frozen” and other applications work.

Click with the mouse pointer o the open windows and press Escape. Hf nec-
essary, repeat several times.

If you do not succeed, press Gl and Alt and + and log in again or use Cir,
Alt, Esc and left mouse bulten lo quit the application.

How can | change the language of the PONTOS application sofi-
ware?

For this purpose, open menu item Edit B Preferences P Preferences ¥
General and select the desired language in the selection list under Lan-
guage. Confirm the selection with OK. When starting the program again, the
application software appears in the newly selecled language.

How can | change the language of the Project Keywords?

In the project keyword window click on button Edit, then click with the right
maouse button onlo the list and select Add Defaults. Select the required lan-
guage and confirm with OK.

What shall | do if | cannot achieve the desired calibration values?

Check if the sensor is configured correclly. In addition, verify if the calibration
object is screwed tight correctly and has not been moved.

How do { know if | need to calibrate the system again?

If in tab Object Points you move the horizental scroll bar totally to the right,
you may see the values of the Intersection error. If the value is loo high, you
should calibrate the system again.

[ cannof work with the PONTOS project. The slages in the ex-
plorer are highlighted in gray.

The project is already open in a PONTQS application. This effect may occur
after the computer crashed and thus, temporary lock files were not correclly
deleted.

Loading CAD data is not possible with the CAD converter.

The CAD converfer identifies the CAD data only by the file extension. There-
fore, correct speliing of the file extension is absolutely required.

The bestfit function does not work correctly in connection with
primitives.

The reason could be a wrong selection in the 3D view. Deselect all, then se-
lect again and repeat the best-fit function.

May | selecl an area for a displacement figld in the 20 camera
image as well?

Yes. You then select those points that were seen by the camera.

| cannof play the image series [ saved in .mpeg format with exter-
nat players, why?

You created an image series from the original camera images. You should
not use the .mpeg format for that, as during the expori, the original image size
of the camera is used but the mpeg specification requires a lower resofution.

For image series crealed from reports, the mpeg format does not cause any
problems!

PONTOS cannot overwrite CD or DVD-RW media.

Delete the media completely by means of an external program.
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