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3DPIXA | 3D-Viewer Manual

e Calculation View Info

Raw Image

Rectified Image

Height Map Image

ROl Info
-Image ROL: [X.Y:WxH]
Image full size: 7296 x 5000
- Pseudo color ROI: [X,Y:WxH]
[3232.2632: 1031x 1046]

- Mean distance from pseudo
color ROl to camera (mm):

112,271

3D-Model

<0,126 [mm]
<0.111 [mm]
<0,096 [mm]
<0,081 [mm]

<0067 [mm]

Height Map Image | Rectffied Image | Raw Image
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1 About Chromasens

The name of our company, Chromasens, is a combination of 'Chroma’ which means color, and
'Sens' which stands for sensor technology.

Chromasens designs, develops and produces high-quality and user-friendly products:

A Color line scan cameras

A 3D stereo line scan cameras

A Multi-spectral line scan cameras
A Camera systems

A Camera illumination systems

A Image acquisition systems

A Image processing solutions

Today, Chromasens GmbH is experiencing steady growth and is continually penetrating new
sales markets around the globe. The company's technologies are used, for example, in
products and for applications such as book and document scanners, sorting systems and
inspection systems for quality assurance monitoring.

Customers from all over the world of a wide range of industrial sectors have placed their trust
in the experience of Chromasens in the field of industrial image processing.

1.1 Contact Information

Chromasens GmbH
Max-Stromeyer-Str. 116
78467 Konstanz

Germany

Phone: +49 (0) 7531 / 876-0
Fax: +49 (0) 7531/ 876-303
Email: info@chromasens.de

1.2 Support

Chromasens GmbH
Max-Stromeyer-Str. 116

78467 Konstanz

Germany

Telephone: +49 (0) 7531 / 876-500
Fax: +49 (0) 7531/ 876-303
Email: support@chromasens.de

Visit our website at http://www.chromasens.de for detailed information on our company and
products.
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2 General Information

The Chromasens CS-3D-Viewer is a C# program that uses the CS-3D-API to calculate 3D
information from the captured image(s). The CS-3D-API calculates a rectified RGB/BGR/gray-
image, a 16-bit height map image and optionally a point cloud of the corresponding 3D model.

The Chromasens CS-3D-API and the Chromasens CS-3D-Viewer use the OpenCV library
(which can be downloaded from https://opencv.org) for image processing. The license of the
OpenCV | i brary i 9Chirnocnhausdeends HoBi&r./tdhoec shioé

2.1 Software Requirements

1 System
0 Windows 7, 8.1, 10 64-bit
NVidia Driver Version 441.87 or newer
Software protection dongle drivers
For sample code only:
o Development Environment
A Microsoft Visual Studios 2010
A MFC
0 OpenCVi Libraryv2.4

2.2 Hardware Requirements

1 CUDA 3.0 capable GPU hardware with at least 3 GB RAM (see chapter 2.3)
9 Quad Corei7 >2.4 GHz

1 RAM>=16 GB

1 Power-supply with enough power for the GPU(s)
1 Software protection dongle

2.3 Compatible GPU

In general, every 3.0 CUDA capable GPU can be used. The following GPUs were tested for
their compatibility:

Not compatible:
o NVidia GTX 285
o NVidia GTX 480
o NVidia GTX 580

Compatibility tested:
o NvVidia GTX 680
o NVidia GTX 770
o NVidia GTX 780 Tl
o NVidia GTX 980
o NVidia GTX 980 TI
o NVidia GTX Titan

CD40093 Version E18 5
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NVidia GTX 1060

NVidia GTX 1080
NVidia RTX 2070

2.4 Recommended System

1 Software
o Windows 10 x64

M Hardware

(o]

O O O O

NVidia GTX Card with 4 GB RAM

Intel i7 3.2 GHz

16 GB RAM

Software protection dongle

Chromasens 3DPIXA stereo camera system

CD40093 Version E18
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3 Getting started

3.1 Acquire a Sharp and Well llluminated Image

Firstly, you need to acquire a good image which can be used for the 3D-calculation. This may
take up most of your time of 3D imaging. Use the Viewer only, if you have made sure, your
image is sharp and well illuminated.

Follow the instructions below:

1 Setup your 3DPIXA to the correct operating condition (refer to the 3DPIXA-Getting
Started).

1 If you take care of the following issues, the 3D calculation accuracy can be increased:
o The image should be sharp. Please place the object in focus and check the pixels.

o Example of a blurred and a sharp image

Blurred Sharp

0 The image should have as less shadow and as less glossy areas as possible. Please
pay attention to the brightness of the illumination.

After having the correct camera setting, raw image(s) can be acquired for 3D calculation. The
acquisition can be done for instance by using the program shipped with the frame grabber you
are using.

Please make sure your raw image(s) have the correct format and size (chapter 5.2.1).
*You may use sample images provided to get familiar with the 3D-Viewer (chapter 6.13.2).

3.2 Using the Viewer

After acquiring a sharp and well illuminated raw image (chapter 3.1), please continue with the
following steps:

1 Check the system requirements.

Install the CS-3D software (chapter 4)

Plug the USB dongle into a USB-slot of your computer.
Launch the 3D-Viewer

Load the correct configuration file (chapter 6.2).

= =4 -4 A -

Load and calculate your raw image(s) (chapter 6.3).
When the calculation completes, you will get the preliminary 3D calculation results.

1 Adjust the system parameters (chapter 6.5) to obtain the best 3D images according to
your needs.

0 The object height profile is calculated and shown in the height map image based
on your configured system parameters.

Congratulations, you have just created a 3D image with highly precise height calculation with
your 3DPIXA system.

CD40093 Version E18 7
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*Furthermore, you may export the calculated 3D images and load them into the viewer in
another time for instance for the purpose of demonstration (chapter 6.10).
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4  Installing the 3D-Viewer

For operating the 3D-Viewer, please make sure you have installed the current NVidia driver
according to the defined system requirements.

Double click the i €3d-setup-vX.XX.e x écon and choose the installation language.

Select Setup Language

Select the language to use during the
installation:

: | English W |
Deutsch
P —

cs-3d-setup-vX.XX.exe
From cs-3d-setup-v2.3e (and newer), the installer will also install Chromasens-Software-
Manager together with the 3D-Viewer. This enables the 3D-Viewer to check for updates and
download the newest version automatically, and also enables to keep other software products
of Chromasens uptodate.

Setup >

The Chromasens-5oftware-Manager provides the update
functionality for all the software products from Chromasens
GmbH. It will be installed additionally to the C5-3D-Viewer.

Follow the setup wizard to install the 3DPIXA-software package after installing Chromasens-
Software-Manager. You may select the desired directory in which the 3DPIXA-software
package should be installed. You may also choose which components of the 3DPIXA-software
package you would like to install.

The software package includes the following:
1 CS-3D-API
o0 USB-Dongle driver
o Dls
0 Header files
0 C++, C# and HALCON Examples
3D-Viewer
Example images
Documentation and Manuals
HALCON Extension 12, 13 or 18.11

o Please choose the corresponding extension version during the installalation.

= =4 =4 =4

You can later change the version by reinstallation.
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5 CS-3D-Viewer

The Chromasens 3D-Viewer can help you to evaluate your images acquired with the 3DPIXA.

£ Chromasens 30-Viewer

File  Calculation View Info

Raw Image \
3D-Model  Height Map Image  Rectified Image(d) Rectfied Image(B) Confidence Map Raw Image

Menu bar /

Displays modes (chapter 5.4)

5.1 Online Mode and Offline Mode

Online mode:

3D-data can be calculated based on the system parameters (chapter 6.5). A direct visual
feedback is obtained after the calculation of the images.

A valid license (USB dongle) and a CUDA 3.0 enabled GPU are required to use the 3D-
Viewer in Online mode.

Offline mode:

In offline mode, raw images cannot be loaded into the 3D-Viewer and 3D data cannot be
calculated. You may load pre-computed data into the 3D-Viewer (chapter 6.10.2) in order
to show the pre-computed 3D-data for the purpose of demonstration.

5.2 Image Formats

5.2.1 Raw Images
Image requirements:
1 8 bhit, 24 bit and 32 bit images - png, bmp, gif format

1 Image height: dependent of the available amount of RAM of the PC and the GPU.
Calculation of images with larger image height results a larger RAM usage

Image width: depends on the camera configuration and calibration
Amount of raw images needed for 3D calculation
o 1raw image for the 3DPIXA - compact housing
0 2raw images for the 3DPIXA - dual housing
Please refer to chapter 6.3 for how to load raw image(s) into the viewer.
Raw images may be acquired by a frame grabber specific program.

5.2.2 Output Images

The 3D-Viewer calculates the 3D-data and outputs the following images if the corresponding
options are enabled in configuration:

1 Rectified image (24-bit png format)

CD40093 Version E18 10
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The rectified image is the corrected image based on the raw images. It is corrected so
the height map image perfectly fits on the rectified image. Also the distortion is
removed.

1 Height map image (16-bit gray-value tiff format)

The height map image includes the height information of the scanned object. Pixels
with larger grayscale values in the height map image are higher than those with
smaller values. The grayToMm() function that is documented in the CS-3D-Api manual
can be used to convert the pixel values to the height in mm.

The height map image is calculated with subpixel accuracy and is scaled to 16-bit
value range within the selected height range (from lower height range limit to upper
height range limit). Zero value indicates that no height information is present (chapter
6.5.1).

1 Confidence map image (32-bit gray-value dat format)

The output of confidence map is optional. B
calculated and displayed. To activate the confidence map, the parameter
doCalcConfMap has to be set to 1 in the configuration file, or the option i
Confidence Mapopaget idadvahced Parameterso of ca
be enabled. Confidence map provides a measure of the likelihood at each pixel

position of the height calculation to be correct. Larger value (brighter area) in the

confidence map indicates that the corresponding height calculation in the height map

and point cloud is more confident, and vice versa.

1 3D-Point cloud (Chromasens specific cs3d format)

The 3D-Point cloud consists of a binary list of points with X, Y and Z coordinates. The
X, Y and Z coordinates of all points are stored in a 1-D float array with one float per
coordinate. The order of the coordinates is XoYoZoX1Y1Z1X2Y2Z2X3Y3Z3é There is not
a delimiter between the points and between the coordinates. The unit is millimeter.

3DPIXA
_ lensl lens2
£
free
working
distance

&
<

- - 0.0 X (mm)

scanning

Free working direction

distance plane

Figure: the coordinate system of a 3d point cloud from Chromasens
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The diagram above shows the point cloud coordinate system. X axis corresponds to
point position in mm along sensor direction, y axis corresponds to point position in mm
in scanning direction, and z axis corresponds to distance in mm from object surface to
the free working distance plane. The origin (0, 0, 0) is placed in the middle between
both lenses in the free working distance to the camera. The points in the left part of
the image have negative X coordinates, and in the right part they have positive values.
In the upper part they have positive Y coordinates and in the lower part they have
negative ones. The Z coordinates further away than the free working distance from the
camera are negative, and the ones closer are positive.

5.3 Export Point Cloud as Other Formats

You may export the 3D-point cloud information and the height map image as csv-file (e.g. for
importing into Excel). Please refer to chapter 6.11.1 for how to export these information.

Furthermore, the 3D point cloud can also be exported as STL file (chapter 6.11.2) or VRML file
(chapter 6.11.3), which can be viewed or processed in other 3D tools.

54 Display Modes

The 3D-Viewer offers five display options:

1 3D Model: A plot showing the height profile of the object. 3D-Point cloud can be
shown in this plot.

1 Height Map Image: An intensity image showing the calculated 3D height profile.
Brighter areas are higher than darker areas (see chapter 6.5.1 for further information).
To display these gray values, they are reduced to 256 gray levels.

1 Rectified Image(A): The corrected image from master camera which fits to the height
map image.

Rectified Image(B): The corrected image from slave camera.

1 Confidence Map: By def ault the confidence map
To activate the confidence map, the parameter doCalcConfMap has to be setto 1 in

the configuration file or the option iCal cul at e Co nnfthedtebnpage Map 0
AAdvanced Parameterso f rAfnOp thidashsbéenablddCal cul a

1 Raw Image: The acquired image without processing.
Please refer to chapter 6.6 to see how to operate the 3D-Viewer in the different displays.
On the left side of the 3D-Viewer, the following information can be found:
1 Height map image:
0 16-bit intensity values are displayed (0-65535).
0 The pixel value can be converted to the distance to the camera.

o If a pseudo-color ROI (region of interest) is selected, then the relative height
difference between the current point and the mean height of the pseudo-color
ROl is displayed.

1 Rectified image: The R, G and B intensity values are displayed (8 bit: 0-255).
1 ROI information (chapter 6.12)

CD40093 Version E18 12
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6 Using the Viewer

6.1 Opening 3D-Viewer

The 3D-Viewer can be used in Online and Offline mode (chapter 5.1).

A valid license (USB dongle) and a CUDA 3.0 enabled GPU with current driver are required to
use the 3D-Viewer in Online mode.

Doublec | i ¢ k -BCh\ei eivwieSn to open the 3D-Viewer.

Fie Caten Vew Wlo

5050 |t o | e | G | e e

C530-Viewer.exe

Note: 3D-data (including 3D height map image) cannot be calculated in offine mode. Pre-
computed data can be still loaded into the 3D-Viewer and the 3D-data can be shown. This can
be done for demonstrations purposes for example.

6.2 Loading and Saving a Configuration File

6.2.1 Loading a Configuration from File
There are two options to load a configuration from file.
Optonl: Click the menu Lbad ééndmred,dhidhede cifirckmaf i |

» Chromasens 30-Viewer

File | Calculation View Info

| Load config 4 || from file H

Load raw file(s) N from camera a

Load and calculate 3

After selecting a configurationf i | e i n the following window and ¢
file will be loaded and applied.

Option2:On t he menu balrat icdn & ka nid atbeper thet confighrptibn o n s o
window.

File | Calculation || View Info
Options Alt+0 |
Raw Do 3D calculation  Ctrl+C

CD40093 Version E18 13
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In the configuration window, cli c k A Set ti ngbadgs e he t hooifighena d
hen fiftoloadthé dorreet donfiauration file to the 3D-Viewer.
Settings

Load config 3 [l] from file I

Save config 3 from camera

—[——rwmmﬂ
Select the configurationfileiconf i g. i ni 0o 0XXX_Cdg.inpi r 0e, \clitlohuds® sfalvyed
button of the configuration window

If an error occurs when loading the configuration file, please refer to chapter 7.2 for possible
solutions. Or some parameters (chapter 6.5) are not set correctly in the given configuration
file.

First time loading the configuration file:
The configuration flecan be found i n t he oftelUSR stick pravalddi br at i
Please copy and paste bothfi | es fAconfig.ini d and fildeabeforbr at i o1
loading the configuration file.

6.2.2 Loading a Configuration from Camera

A configuration can also be loaded fromthecamera. Cl i cki ng t he Anetbamadar fF.
confAifigfor om camer ao,

+» Chromasens 3D-Viewer

File | Calculation View Info

| | Load config | ’ from file
Load raw file(s) » from camera
Load and calculate »

Load precomputed image-data package  Strg+L

Save calculated image-data package
Export 3

Exit

Or clicking the méamwOphasomBOatAMbaddid mdm camer ao,

 Configuration - CA\Users\Public\Documents\Chro

I Settingsl
| Load config 3 | from file

Save config 3 I from camera I |
‘[—mn

CD40093 Version E18 14
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| o
a7 Load Configuration File from Camera EIIEI
Select Camera Connection
USB Serial Port ([COM20 -
Connection
[ Search for Connected Cameras ] Camera Link [] R5232

Camera Information

Product Type:

Serial Number:

Connection Description: USBE Serial Port {COM20)
Connection Type: R5232

Port-Mo.: 20

Camera Type:

Firmware Version:

Execution Result

[ Load Config from Camera ] ’ Close ]

By starting to load configuration from camera, all the currently available ports are listed. You
can choose one port, and clickthe butonfiLoad Conf i g fr om Canfigaratar ,
from the camera from the chosen port.

If you are not sure, which cameras are currently connected to which port, you can click the
button é8ermaeched t€detea thers The detection will last for a while. After
that, the connected cameras will be shown. This helps to find a connected camera more
easily. By default,t he search opti on A C df yoe want todeteckadditional
cameras, which are connected with RS232, you can also enable the search option fiRS2320 .

CD40093 Version E18 15
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' Load Configuration File from Camera EI@
Select Camera Connection
USB Serial Port (COM20) <Type>CPO00470-C01-015-0040 <SN:=00241 -

Connection

Search for Connected Cameras ] Camera Link RS232

Camera Information

Product Type: CPO00470-C01-015-0040
Serial Number: 00241

Connection Description: USE Serial Port [COM20)
Connection Type: R5232

Port-Ma.: 20

Camera Type: Compact Camera
Firmware Version: 1-76-1

Execution Result

1 camera connection found!

Load Config from Camera ] [ Close

NOTE Please pay attention that all the other tools which establish camera connections,
such as Camera Setup Tool (CST), have to be closed before running the
detection here. Otherwise, the camera cannot be detected because the
connection is already in use.

After executing AL o a,dhe@rognamiwi inform gom theCrasoite It card be
Asuccessfuld or a code. Ounly newbr 3DPhX4 icamarasehave thbe er r
configuration and the calibration stored within the camera.

6.2.3 Saving a Configuration to File

After modifying the system parameters (chapter 6.5), you may save the current configuration
byopening menu bar @MQC@atl icanhadhangdi n dgoefig8A Viefiled
undert tiAShegs 0

There are three possiblities to save the configuration locally on computer.
1 ito current config filed: The config file, w

T Ato defaul't c onf i g onfigurdtien file mnd @ lcalilwratioR €@l® are A ¢
overwirtten in the directory: C:\Users\Public\Documents\Chromasens\3D\viewer
settings. At the next start of 3D-Viewer, the default config will be loaded from there
(chapter 7.2).

T Afaséo the configuration and its correspondin
else in a certain folder.

CD40093 Version E18 16
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Load config  » E‘

| Save config 3 | to file .

TrapTIcs

to current config file

to camera to default config file on this PC
-Pseudo Color Display:

= L

NOTE The configuration file accesses information stored in the calibration file
fical i br.alt isotmerefora iingportant that the directory stated in the
configuration file is correct. Please refer to chapter 7.2 for more information.

6.2.4 Saving a Configuration File to the Camera

Simliar to Loading a configuration from the camera, you can also write the configuration into

the camera. The saving process can be started by clickihgme nu bar @ Gafd @utl iad n o O
AfiSettAmMgave Aointfoi gcoaTee aldbutt on ASave Config To (
the saving process and copy the current configuration into the camera, which is connected to

the chosen port.

a2/ Save Configuration File To Camera =% HoN ==

Select Camera by Product Type and Serial-Mao.:

USE Sedal Podt {DOM20) <Typa=CPOO04TOHCOT-015-0040 <SH00241 -
Upsdabe, Tietect Connection

| Find Cument Comnected Cameras | [#] Camera Lk [¥] LISB Sesial Post

Camera Infoemation
Product Type: CP0004 TO-C01-015-0040
Seral Musmber 00241
Cornaction Description: USE Seral Post (COM)
Cornaction Typa A5232
Pod-Ma.: 20
Camera Type: Compact Camera
Fimweane: Viersion: 1-76-1

Excecution Resul
1 camera connection found!

CD40093 Version E18 17
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6.3 Loading (and Calculate) Raw Images

Please make sure you have loaded the correct configuration file before loading your raw
image(s) (chapter 6.2).

On the menu daaoinfondLboald f&tdnf i | e(s) o

For 3DPIXA - compact housing: For 3DPIXA - dual housing:
T click ASingle raw T maged& AiTmeog e sadw
1 load the raw image 1 load XXX_A.png/bmp/gif and

XXX_B.png/bmp/gif subsequently

4 Chromasens 30-Viewer
IE[_ Calevlstion  View  Info

F Load config
Load raw file(s) b p Singleraw image Alt-3
Lead and caloulate \$ Two raw images  Alt+D

Lead precomnputed image-dats package CirlsL

Save calculated image-data package

Export *

Exit
You may directly calculate the 3D height map based on the configuration file loaded. The 3D
data then is directly calculated. ChoosefiLoad and cal cul ated then

For 3DPIXA - compact housing: For 3DPIXA - dual housing:
1 clickin' Si ngle raw imagfeel i ck fAiTwo raw i mages?o
1 load the raw image 1 load XXX_A.png/bmp/gif and

XXX_B.png/bmp/gif subsequently

3 Chromasens 30-Viewer
[ File | Caleulation  View Info

Load config
oad raw filefs) » Lmuaphwel Rectfied image | Faw
Load precomputed image-data package  Crl-L Two raw images  Ctrl+D |

Save calculated image-data package
Export *

Exit

Depending on the number of cameras in the current loaded config file, the appropriate option
ASingle raw iamgeso or ATwo raw i magesoOo can
deactivated accordingly.
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:.r'i chromasens

.
. Imaging for Professionals
-

NOTE The calculation of an image with a very large image height can result in a big
consumption of CPU and GPU memory. In this case the user will receive a
warning message about the possible memory shortage after loading a raw image.
Then he can decide whether he wants to continue or cancel the calculation.

6.4 Load Mask Image (Optional)

In most cases, we calculated the height information of the whole image. But if we are only
interested in certain areas on the image, then we can create a mask image, load it into the 3D-
Viewer. If the mask is enabled, the calculation will only occur on the areas of the mask image,
where the grayscale is not zero.

Attributes of a mask image:
1) Can be an RGB or grayscale image
2) Has exactly the same image size as the height map result.

3) If a mask image is enabled, black-areas (color value [0, 0, 0] of an RGB, or 0 of an
grayscale) of the mask image will not be considered for the calculation. Only non-black
areas have height information.

A mask image can only be loaded when the raw image is already loaded. To calculate the

image with a mask, please cl i ck menAIAlimade 0ABBlskadd | mage MasKk
Calcul atedo to choose a maaskimagenailgbe displayedin fRe . The
t abpage fA Maankbe lsedday thedcalculation

4 Chromasens 3D-Viewer - Ch\Users\Public\Documents\Chromasens'3Dsample imagesisingle camera sy

File | Calculation View  Info

Load config »

Load raw file(s) y leight Map Rectified Imagel®)  Rectfied Image(E

mage vlas| 4 | Load Image Mask and Calculate

E Enable Mask

Load precomputed image-data package  Strg+L

Save calculated image-data package
Export »

Exit

T 865 Imm]

< -0,585 [mm]

Rectified Image <-0,705 [mmi]
If the mask should be disabled for the next calculation, pleasec | i ck A Enabl e Masko
it. To enable the mask, fiEagarbl e Masko should be
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Figure: image mask
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6.5 Adjust Configuration Parameters

After loading the calibration file and your acquired raw images, you may evaluate your images

and re-calculate the 3D-data after adjusting the system configuration parameters.

Onthe menu bar,clickACal cul dt sehécanfAOpti ons diotwindow.p e n

File_| Calculation | View Info

r Options Alt+0 .l

Raw Do 3D caleulation  Ctrl+C

-
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< Configuration — X
Load/Save Settings ...

Caleculation Parameters  Matching Method Parameters  Visualization Parameters  Info

Height Range Selection

4k

@ Height Range Min: |-22 = px Max: |12 pix

() Distance to 0 Plane Min: |-1.5 = mm Max: [1.0 mm

4k

Distance to the Bottom ~101.140

Edae of the Camera mm 58,629 mm

Height Range Wizard

Advanced Parameters

Scan Direction
Calculate 30 Point Cloud

(® Forwand (O) Backwanrd
Calculate Height Map
Calculate Rectified Image [A)
[] Caleulate Rectified Image (B)
[ Calculate Corfidence Map
[] Enable Central View Timeout for Calculation: 1120 |2/ sec

b

Limit to High Accuracy Range

Apply Cancel

Figure: Configuration window

6.5.1 Height Range Limit

Height Range Selection

@ Height Range Min: |-110 = opx Mac: 170 = px
() Distance to 0 Plane Min: |-13.8 mm Mae: [13.8 mm
Absolute Distance to Cam ~ 3971224 mm ~ 3694605 mm

[ Height Range Wizard ]

The height range indirectly defines the camera distance range which is applied to calculate

your 3D data. The lower value of the selected height range (namely height range start) should

correspond to the lowest point of your object and the upper value (namely height range end) to

the highest point of your object. It is suggested to start with a big range, and then reduce to

the smallest possible height range that includes the structures you would like to analyze.

Height information between height range start and height range end is represented by 16-bit

data, leading to a highly accurate 3D height calculation. Itisalsopossi bl e to use the
RangeWi z ar d 0 tsoitableiupper and loveer height range limit.
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65535

3DPIXA

= TK

16 or
8-hit
range
of

pixel in

free
working
distance

scaled
height

V. [
Oplane —~~ -~ "2 map

) Depth of field
Depth of field

1. 0 = no data
Figure: Height range limit

The height range can be set either withtheopt i on fAHei ght Rangeod or ADi s

1 Height Range [unit: pixel]: Each camera has its own free working distance, where the
sharpest image of the scanned object should be normally acquired. The plane, on which
the object has the free working distance to camera, is also called the 0 plane. The height
range is based on this relative pixel shift of an image point between the left and right
rectified image. The valid interval of this parameter depends on the height range defined
in the calibration.

9 Distance to 0 Plane [unit: mm]: Here you may change the height range in the unit mm
according to this 0 plane. The both ranges can be converted into each other. The valid
interval of this parameter depends on the height range which is described above.
Additionally, the range of absolute distance to the camera in unit millimeter will be also
shown below, which provides situationally an obvious impression of the used distance
range in the reality.

T An object point at the 3DPztedMhdlane haw a shiktiofrzgro di st a
pixel between the both images.

1 An object point below the working distance plane (further from the camera) has a negative
shift in pixel between both images / is in the negative part of the height range and has a
negative distance to 0 plane.

1 An object point above the working distance plane has a positive shift in pixel between both
images / is in the positive part of the height range and has a positive distance to 0 plane.

The 16-bit height map image is scaled between the chosen height range start and height
range end. The intensity value of the height map correlates to the height of the object. Pixel
value 1 and 65535 of a height map correspond the given height range start and height range
end. Value 0 indicates that the height information is not available. For conversion from the
intesity values to height information in millimeter, please refer to the 3D-API manual.
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6.5.2 Height Range Wizard

The choice of height range affects the height map result. The height range wizard can provide

the preview of height map if the height range is changed. The wizard can be started by clicking

the button fHeight Range Wizardo, The configura
been loaded already.

@ Configuration — X
Load/5ave Settings ...

Calculation Parameters  Advanced Parameters  Visualization Parameters & Info

Height Range Selection

®) Height Range Min: |22 2 px Max: 12 = px
(O Distance to 0 Plane Min: |-1.5 Z | mm Max: 1.0 = mm
ELSSZ“;F; o ‘g;f;rgm ~ 101,140 mm ~ 98,629 mm

Height Range Wizard

In upper area of the wizard, the user can adjust the lower height range limit (dStart) and upper
height range limit (dEnd) by moving the scrollbars. The preview of rectified image and of
height map will be changed accordingly.

© Height Range Wizard = a X
Lower height range limit Upper height range limit
‘ > B ‘ o .
Rectified image preview Height map preview

Cancel Apply

If one area on the object is out of the height range, then this area will be displayed as black in
height map preview, In preview of rectified image, this area will be marked as red (if it is above
the upper height range limit) or green (if it is below the lower height range limit). So it is
possible to adjust the height range to get an appropriate height map.
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6.5.3 General Parameters
+ Configuration

Load/Save Settings ...

Calculation Parameters [Matching Method Parameters [\u“lsualization Parameters  Info

Matching Method

(®) Use SGM (Semi Global Matching) () Use Block Matching

General Parameters

Gray Value Range Min: |0 = Max: 754
Used Color Channels: Al v
Paramters for SGM
Use Fixed
O Height Range 128 Pz ~
P2 100 v

6.5.3.1 Gray Value Range

Fon

romasens

Imaging for Professionals

This parameter specifies the minimum and the maximum pixel intensity value that are used for
the 3D data calculation. Very dark and bright pixels of shadow and gloss areas outside the
given gray value range are excluded for the calculation, because these points do not have
enough contrast for correlation. The valid value of this parameter can be set to [0, 255].

6.5.3.2 Color Channels

You may choose to use all the color channels, or only one channel (blue, green or red) for

calculating the 3D data.

6.5.4 Parameter of Semi Global Matching

There are two matching methods to calculate the height information. To change the

parameters of semi global matching, please en a b | e SGNM §Semi Global Matching)o

i Mat c hi n dPardireeterbofirst.
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@ Configuration —

Load/Save Settings ...

Caleulation Parameters F’Ia‘fching Method Parameters l\ﬁsualizaﬂon Parameters  Info

Matching Method

|® Use SGM (Semi Giobal Matching) J{0 Use Block Matching

General Parameters

Gray Walue Range Min: |0 B Max: 254 B
Used Color Channels: Al v
| Paramters for SGM
Use Fixed
U Height Range 128 P17 ™
P2 100 o

6.5.4.1 Fixed Height Range
Default value is unchecked, which means dynamic height range is used.

User can choose between fixed height range or flexible height range. With fixed height
range, the maximum height search range is 128 pixels. If the input height range (dEnd-
dStart) is larger than 128, dEnd is ignored. With flexible height range, any height range is
accepted for calculation, and dStart and dEnd are used for calculating the height range.

6.5.4.2 PlandP2

P1: constant penalty value for small disparity change (i.e. 1 pixel). Using a lower penalty for
small changes permits an adaptation to slanted or curved surfaces. P1 is in range between 0O
and 31. Default value is 7.

P2: constant penalty for all larger disparity changes (i.e. larger than 1 pixel). It preserves
discontinuities. Discontinuities are often visible as intensity changes. It has always to be
ensured that p2 > p1. p2 is in range between 0 and 127. Default value is 100.
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6.5.5 Refinement Parameters of Block Matching

€ Configuration —
Load/5ave Settings ...

Calculation Parameters Matching Method Parameters  Visualization Parameters  Info
Matching Method

O Use SGM (Semi Global Matching) |® Use Block Matching

General Parameters

Gray Value Range Min: |p EI Max: E

Used Color Channels: Al w
Paramters for SGM
ﬂZiegfrtm;:nge 128 Pz o
P2 100 w
[Refnement Parameters for Bock Wetchig |

Comelation Window Size:
Mininmum Correlation Factor: 0.01 EI
Left/Right Consistency: 10 EI
Minimum Contrast: 0.01 Iil

To change the refinement parameters of block matching, please einable i Us e Bl o c k

i n AMat chi ndhe Ménenmeotdaameters and their influence will be introduced
below.

6.5.5.1 Correlation Window Size
Comelation Window Size: 22T -

The size of the pattern window is adjustable by a parameter. The larger the window size, the
better the stability and reliability of the correlation results. Furthermore, the height accuracy
increases with window size. If you want to see fine details of the object, then we recommend
smaller window sizes. As a trade-off, more unrelated points may be correlated, which will lead
to false calculations

< __%

Smaller window Larger window

Figure:Influence of correlation window size

1 The window size defines the size of the neighborhood area of the pixels that is used to
find pixel correspondance from one image to another.

A larger window is better for objects with less textures.

1 A smaller window takes fine texture structures more into account, is however a bit more
noise-sensitive .
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Figure: Window size 3x3shar per edges, but more points withou

™

Figure: Window size 27x27, smooth edges, closed surface

6.5.5.2 Minimum Correlation Factor

The AMini mum Corr el atbetvveen OPGRaod1d0.0 can be set

1 With small factors, weak correlating structures are accepted, and the accuracy may not be
as high as with larger factors, but a closed height map can be generated.

1 With large factors, only strong correlating structures are accepted, resulting in higher
accuracy of the calculation, but areas with weak correlation under the given threshold will
not be taken into account and have therefore no height information.

The higher the 0nbdnnF adhsod@édconfidentadomputed height is.
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6.5.6
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Left: Height image with a correlation factor 0.9. Right: with a correlation factor 0.3

Left/Right Consistency

The correlation is working in both ways. Points from the left image will be matched to the right
image and points from the right image will be matched to the left image. So in total we have for
one object (image) point two correlation results. The left/right consistency value specifies
maximum accepted difference (in pixel unit) between left-right matching result and right-left
matching result. A lower value leads to more reliable measurements. This parameter can be
set between 0 and 100.

Minimum Contrast
With this function you can define the acceptable level of contrast for the 3D data calculation.

The numerical range is from 0.00 to 255.00. For example, 10.00 means you accept 3D
calculation results with mean intensity difference larger than 10.00 between the pixels within
the correlation window. In the resulting data the areas with a lower contrast than the minimum
contrast are marked out. 0.00 means all contrast levels are used for the 3D data calculation.
Using a very low contrast level may lead to not so accurate results in areas of less contrast.

Visualization Parameters

You can find these parameters by clicking the menubarA Ca | ¢ u A d tOip @ Adtab paye
AVi sual i zatidoon Parameters

Correction Plane

If your object is tilted, you may enable this function. By enabling this function, the viewer
creates a virtual plane and calculates the 3D height of the object based on the created plane.
This function is used for the pseudo-color image. The default value of this parameter is
fdisabled / not selectedo .
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