Application Note

FESTO

SBRD
use cases for duo camera application

SBRD (pn:8067301)




VBISION wrrtreeiiieieiiriteeeeeeeeeittteeeeeeeeessasereeeeseeesssassseesessesssssssasessssessssssssessessessssssssesessensssssssseeesssssssssseseessennsssssnnns 1.00
Lo Yol U 1411 11 1 [o TR 12356
OFIZINAL eeiieetrieeierieeeeceeeeecree e eeeteeeeesteeeeeseeeeeessaeeeesssasesessaaeeessaseeessasesessasesasssseesassssesessasesasssssesnssseessssssesnnssenenn de

Author

Copyright Notice
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Festo AG & Co. KG does not accept any liability for damages arising from the use of any incorrect or incomplete
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1 Hardware/Software

Typ/Name Version Software/Firmware Herstellungsdatum
SBRD-DemoCase 98237
Cccs 1.0.19231

Table 1.1: Hardware/Software

1.1 Available manuals

SBRD

DE: Support Portal » C:\Program Files\Festo\CCS\help
EN: Support Portal » C:\Program Files\Festo\CCS\help




2 Description of the use cases

The SBRD is a remote head vision controller with USB 3 interface for 2 cameras. The highlight of the controller is
that both cameras are processed simultaneously. This means that with a trigger signal both cameras record

simultaneously.
Image processing and evaluation are also carried out together in one inspection program.

Independent use of the two cameras with different trigger inputs is not possible in the described software ver-
sion. May be available in future developments.

The addressed applications are usually designed to inspect one object in different views or in different posi-
tions.

In this Application Note we focus on 2 use cases:

First use case

Inspect an object by 2 different views. One camera will capture the top view of a part and inspect the quality. The
second camera inspect a 2D code which is placed on the side of the object.

Top view camera: Side view camera:
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The red marked area must be inspected. It has to be checked whether all 4 screw at the corner of the module are
mounted and if only 4 of the maximum of 8 LED are available.(count LED)

The 2D code has to be read, and transmitted to an controller by ETH dataoutput.
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Second use case

2 cameras detect the edge position of a wide band. The width of the band should be calculated upon the
measures of the 2 cameras. The result is shown in mm values.

Edge
detection




3 Basic configuration with software CCS Camera Configuration Studio

The camera at the SBRD controller is configured with the software ,, CCS Camera Configuration Studio “ The soft-
ware is available on the support portal. Before you connect to CCS you should check you ETH adapter setting on
your PC and the camera. The demo work with fix IP addresses for the particular components. So adapt your PC
setting to a fix ip-address in the same subnet as the camera. The camera has on default an address 192.168.4.2
255.255.255.0

The IP-setting of the camera could be changed by the software FFT Festo Field Device Tool. » available
on Support Portal.

Connect both camera to the controller and supply the I/O 24V. (Both input left and right at the controller see
photo)

Remark: The assigment of the cameras in the software is independent of the used USB socket!

Start CCS software:

FESTO
ccs

Select: New job



New job

Create a new job

New job on device...

Establish connection, switch device to Configuration mede and create an new job

Open job from file...
Open an existing job from a file

Establish connection and load & job from device, device remains in Run mode

Load job from device...
Establish connection, load a job from device and then switch device to Configuration mode

Monitor device operation...

Establish connection, load active job from device and monitor device operation, device remains in Run mode

@ Load job from device... (Run mode)

Follow the steps on the left column of the CCS software:

[T 5 New prject - Festo Camera Configurstion Studio 1118231
v
EH EH B8
M actory
efauits
Connected device « | Target device % || Job parameters
Oevice tyee S8R0-Q T[] > sysem
19216842 B
o Connect Furmmre version 1 =] || » hetstion
Device made: © || » VO configuration
anfiure
-~
Jobx
Job navigator 7
l 1.Setup -
- Connect and actvate configuration mode
- Select cameras for use ’

+Set the job parameters

2. Configure cameras v

3. Acquire records v

4. Prepare inspection v

5. Inspect objects ~ || Caffera selection 2
6. Configure /0 = - kR z

7. Perform test run v | ol Noxia Uae -

8. Finish job . v

Connect or search device:

Click on the ip-address to search for devices on the network.

.
Establish connection

Connected device 4 rotaen [ 1 47 €]
[[hame " Trpe A<
- - CPX_E-CEC Pruefstand MCH] 10.101 6448

192.168.4.2 T o v D

Device mads;
Configure

Job:

Click on @ button for diagnostic information.

e ||
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[Sonnected device <
SBRD-Q-..F/Wvl1l (~0-@

192.1658.4.2
@ Cisconnect
Connected
Device mads;
Configure
Run mode

Job: 1. Job 1 = 6

. . . K Configure
If connected is confirmed » Enter Configuration mode > press

If Button appear red » click on button for diagnostic message

Connected device < — :
I ![:Qlagnostlc messages
SBRD-Q-- F/W v1.0 o -
192.168.4.2 ° IC power failure
o Disconnect Retry
Connected
Cevice mode:
Configure
Run mode
lob: 1. Job i=

Resolve the Error cause to continue with the project.

Configure Mode:

In configure mode the controller is forced to stop the active job processing. The current setting of the active job
is not changed by the following adjustments. The new setting has to be downloaded to the controller, as de-

scribed in step 8 of the job navigator. To abort you can switch to run mode and disconnect device.

Follow the steps in the Job navigator.

Step 1.: Set up

By the autodetect, the connected camera were shown in the camera selection window. You can edit own name
for the particular camera by edit button.

| Camera selection x ‘
—
Camera 1 @Dp View (J2B S/N: 4103116538) '(I )
e
i’
=
Camera 2 @ede View)R28 5/N: 4103269693) 'G /D

(

o'



Step 2.: Configure cameras

In the ribbon bar you set up the image parameter. The brightness by the exposure time and gain. The size of the
image could be changed by shifting the limits with the mouse.

If needed the Coordinate Calibration could be performed in this step.

The image window show only one camera image. To change between the 2 cameras you have to select the active
camera in the drop down box left top corner of the window:

B
El e Top View (R23 S/N: 4103116538)
(@8 sove reference [ Exposuretime | 300ms 3
E & Gain 5 : ZK
stream
Live image mage settings Setup image
Connected device < %emp image
SBRD-Q-... F/W v1.0 (] ' O 1. Top View (R2B 5/N; 4103116538)~
e

Disconnect

d\h. Top View (R2B S/N: 4103116538)

To Run mode.

d\h. Siede View (R2B 5/N: 4103269693)

Remark: The numbering of the camera is independent from the USB connector on the device! It is only a defini-
tion in the software! The assignment is based on the serial-no. of the camera device. If camera has to be ex-
changed you have to assign the new device in Set-up, otherwise you get an Error: “Camera type match failed”

When the images of both cameras are adjusted as the inspection demands, go on with the next step.
Step 3.: Acquire records

For the further steps we need to have images for a simulation of the inspection task. The CCS software manage
the records in different container. Each container has a different meaning.

e

— Teach records, only records of GOOD parts, Base for

sample tolerance calculation

[ GOOD and Bad parts, Simulation result of the inspection
Inspection program

(0

Storage container for short period, will be deleted after closing CCS
Ternporary

Records captured online, that are evaluated, for confirming the set up
and data logging, will be stored after closing CCS

—
M
(%]
—+

The ribbon bar offers a button for Trigger. Every click on Trigger will capture an image of both cameras simulta-
neously. By default setting, the images were recorded in the Temporary records container as a filmstrip. By drop
down menu you can see the different image of camera 1 and camera 2. Check both images if the capture is good
for the task.

Remark:
Use only captures where both camera show good part images for the sample container!
Until step 3 the description fits to both use cases. Also to other use cases where only one camera is in use.



4 Setup the inspection Use case 1

Step 3.: Acquire records

The camera for side view must show the 2D code in all the possible positions. The topview camera should cap-
ture the entire part with the details for inspection in all possible positions.
At the end, the record list should contain images from Good parts and from Bad parts in all occurring variants.

After all the images recorded we have to drag and drop the image from the Temporary record filmstrip to the rec-
ord list of Sample records and Inspection records.

At least we need 1 image for the Sample records list. All the other images were pasted in the Inspection record
list. Image which are somehow damaged due to wrong operation could be deleted.

At the end of this step the record list should have at least following content.
Use the comment column to identify the parts failure. For multiple parts with the same comment, you can select
the group and press F2 to assign comments to the whole group.

ecord lists = Record view

ic-Part

lgnore N2 Ori.. Type Commenis
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o-Part
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o-Part
o-Part
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nio-Part
nic-Part
nio-Part
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nio-DM
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Step 4.: Prepare inspection

The meaning of this task is to set up tools, which calculate the position of the object in the image. These posi-
tion coordinates are used to install the tools to evaluate the quality of the part in step 5.

The position detection for this task is made by xPMATCH tool. This tool search for a “learned” pattern in the im-
age. In this example we learned the FESTO logo on the part for the position reference.

Learning procedure:
(1) Select the xPMATCH icon from Tool library and drag it in the Tool structure window.

(2) Move the search window of the xPMATCH to the area where the pattern could appear.

(3) Open the tab Sample patterns in the Tool setting window. With + you open the pattern wizard. Select the pat-
tern and adjust the window. Use the automatically adjust button. Then define the origin coordinate system of
the pattern. » Finish.

In the tab General, you can adjust the performance of the pattern search. E.g. the minimal match score. By de-
fault it is 80%, but in some cases it may has to be changed.

Example window and settings:



FESTO

*SBRD-ApNote_Casel--testcesproj - Festo Camera Configuration Studio 1.1.19231
Results overview % ( Tool structure ) x
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XPMATCH: XPMATCH

Connected device
SBRD-Q-.., F/W v1.1
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Tool results % © l
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8. Finish job

Before you continue with the next step, you should verify if the pattern is matched properly. Step through all the
images in the filmstrip of the inspection records. FESTO has to be found in every record. (no invalid result is al-

lowed!)
Step 5.: Inspect objects

Inspection of the screws

Task is to check the presence of the 4 screws at the corner of the module. This could be done with 4 ROI tools.
They have to be placed on the particular screw position.

There are different possibilities to apply and add tools to a job. This Application show only one style!

Select a ROI tool from the Tool library, move and drop it in the image at its supposed position on one screw. We
will adjust the necessary setting for the first ROl and afterwards copy the tool 4 times.

Move the ROI to the location of the first screw. Change the shape to circular in Tool setting, tab General. Adapt
the size and position by mouse to the screw.

But pay attention to the mouse cursor! Do not move the tool by the blue center-point, you will change the offset
values of the rotation point!




Tab Threshold:

The ROI tool calculate the amount of Pixel in its region, based on the threshold setting of the brightness. In this
inspection, we expect the missing screw with dark pixel. So we adjust the threshold to count the dark pixel.

Open the Threshold tab and adjust the limit that only the dark pixel are recorded. You can shift the limit by
mouse in respect to the shown histogram. In the image you can see the effect of the limit by blue colored pixel.

\T Tool results

Tool settings %

¥ Threshold

Threshald type Brightness

Brightness Within range

Win. brightness 0
Max. brightness 70

4|« ‘4 ‘4

Brightness

IF, shape, position and threshold is adjusted, you have to reference the ROI to the location of the pattern match
results. This is made in the Tool structure window:

Select the ROl and move it on the xPmatch tool. A mouse over comment will show: Activate xRun Move into
xPmatch.

Tool structure »

Mame Fefs.

@ ROl ROI

If you release the mouse button the ROl is referenced to the xPmatch and the Tool structure look like:

‘ T\%I structure *®

Mame Refs,
o xPMATCH: xPMATCH &

@ @I ROl ROI &
Tool results * Tool settings % ‘

All Features General Infd Position Rotation Threshold
S —

> Pasition
Ciameter 66.6 =
X center -413.45 + xPMATCH: X coord\ =
¥ center C\EQD.Q + xPMAT(H:Ymord./ -
Z coordinate Z-value of Job properties =

In the tool settings tab Position you can see the reference and the offset for the ROI. As well in the tab Rotation
the xPmatch references are connected.

Now the first ROl is configured and it could copied 3 times. Select the ROl and click right mouse button for con-
text menu. Select Copy



Tool structure

Name Refs.
S (PMATCH: xPMATCH & Tool structure
L @lrok ROI = =
Copy Skl Mame Refs,
Cut Ctrl+X o
Paste Ctrl+V @% *PMATCH: xPMATCH o
Celste Del
Select Al Ctrl+A @ ROI: RO
Reset feature names . dp
Reset tool(s) name @ ROL: ROIN
Paste direct on the ROI!

Now you get an exact copy of ROl with the name ROI 1. If The “Enter” symbol is like shown above, the copy of
the Roi is also referenced to the xPmatch tool.

Repeat this sequence 3 times to get 4 ROl entries in the Tool structure.
Now all ROl located on the same screw. As next step move each ROl to the specific positions. (Record view)

rview % ‘ ‘ Tool structure
Neme Refs.
&b XPMATCH: xPMATCH &
L @rol ROI &
L @rok ROIT &
L @rok ROI2 &
L @rok ROI3 &
Tool results % Tool settings *
All Features General Info Position Rotation TI
~ Position
Diameter 66.681
X center | 6.6616 + xPMATC
¥ center | 727.06 + xPMAT
Z coordinate Z-value of job proj

If you multi select in Tool structure, all ROl were displayed.

To get a better overview for the different ROI, it is possible to give them separate names in the Tool settings
“Name” field.

‘ T&J\ structure x
Name Refs.
@ i «PMATCH: xPMATCH g
L @ &I ROk ROI-right top &
L@ EROL RO left-top
L @ B R0k ROI-right bottom
L @ @I ROl ROIIeft bottom
b @ 52:52008: xSBLOB

‘ Tool results % ‘ Tool settings % ‘

All Features General Info Position Rotation Threshold

~ General

I Name ROI-right top l
Caleulate on | Camera image 1: RSB (5/N: 4103255261 -|
Shape ‘ Circular region - |

v Threshold
Threshald type Brightness -
Brightness Within range -
Win. brightness 0 -

Inspection of the LED

The next inspection is done by xXSBLOB tool. The availability of the status LED were checked. The xBLOB will
count the amount of blobs. Every blob represent 1 LED.

Select the xSBLOB tool from the Tool library, move and drop it in the image at its supposed position.
Adapt the region of the tool to cover the mounted status LED by mouse.

Assign the Position reference to the xPmatch tool:



Select the xXSBLOB in Tool structure and move it on the xPmatch tool. A mouse over comment will
show: “Activate xRun Move into xPmatch”

'L\,ol structure

Name Refs.
& xPMATCH: xPMATCH &
L @ rok ROI
L @ ror RO
L @ rol ROI2
L @ oL ROIZ
2 xGBLOB: xSBLC &

| Tool results = Tool settings =

All Features Filter General Info Pasition Rotation Selection |

~ Position
Wiclth 139.91
Height 2343
X center -pﬁ. 68 + xPMATCH: X coua=\.
¥ center h@y + xPMATCH: ¥ :oory
7 coordinate Z-value of job properties

Then adjust the Tool settings as shown:

‘ %ol settings

* ‘ Tald settings

x
All Featurﬁ Filter Eeneral Info Position Rotation Selection

| Features filter General Info Position Rotation Selection Threshold

i %
‘ Tl settings

O [P Threshold All Features Filtej General )nfo Position Rotation Selection Threshold
.Xsenle\ of grau‘.\ly [} ™ Filter * General
¥ center of gravity O When tool region is to.
Angle of inertia axis O When other ohjects in.. Name xSBLOB

* Al features 1. Filter feature Area = Caleulate on 17 Camera image 1: R3B (S/N: 4103  ~

Number of all blobs s ‘ 200

Area of all blobs O - range min. value Shape Rectangular region A

s 1. Range max. value 500 - =

- Blob-Type Contour blobs (8-neighborhood) 4

T T 2. Filter feature off -

Tool setti [%ool settings x

solEEing: All Features Filter General Info Pesiion Rotation Selectiof | Tool settmgs X

1 p——
Al Features Filter General |nfd Position Etanon Selection Threshold ~ Threshold 3 - N .
hresnod & —" Al Features Filter General Info Position Rotation{ Selection jhresho\d
reshold type rightness -

~ Pl Brightness Within range - v Selection S

Width 139.91 - Min. brightness [ -

. Max. brightness 110 b Number of result blabs @
Height 2343 - Brightness n'
X certer -92.068 - xPMATCH: X coord. - Stop evauation when. [
¥ center 170.39 + xPMATCH: Y coord. - k Sort feature Area M
Z coordinate Z-valus of job properties - E IEEEENEE RN 7WJ 1 Sort arder Descending (biggest value first) v

After the setting you can step through the images and check in Tool results, if always 4 Blob were found.

Quality classification setting

If all tools are adjusted it is necessary to set the quality classification. By default every tool is not used for a
God/BAD decision. So the tools, that should check the quality, have to defined in the window Tolerance ranges.

Every tool can offer multiple feature results. But only some features were determined for the inspection of the
quality. In this example the feature “Area” of the particular ROI’s are responsible for the quality. (the amount of
pixel is called area, and a missing screw will cause a bigger area. This difference could be used for the quality
inspection)

The area of each ROI must be assigned to use for the quality classification. So hook (1) the checkbox “Use for
classification” in every ROI!

Then select the “Manual” mode in Advanced settings. After that, you can adjust in Tolerance range(2), the upper
and lower limits for “Good-part”.



~  Advanced settings 4 T @ ROl ROI-left bottom

Mode " Manual D - L T ©2SBLOB: xSBLOB

R T 5 «DATACODE: xDATACODE
0.00 ‘ )

Invalic value is: 2 250,00

LR e L L L L L L L L L L L L |

139.89

CK | | Cancel

Record view @nce r@ | Results overview * | 4 Tool structure x
Type| 1] Tolerance: O _.Q@Onentatmm 1= Name Refs,
. $
Name Effect. Min. Effect, Max. Minimum Mezn Maximum v General E w‘

b xPMATCH: 161 xPMATCH b @@ Aok ROlrighttop &
Feature name Area
L : y

1. X coord. 91783 101445 9614 96614 966,14 Use for lssiication @& 70 ROIleft-top

2. ¥ coord. 02 85329 81266 81266 81266 Tolerance factor —_— waE b @ 701 ROI-right bottom

3. Angle on E 012 o 012 (||~ Adianced setings @ @ 701 ROl e bottem
b 0 spATCH + (@ ROE ROM-right top Mode o S b @ 2 8108: x5BLOB

| $40 1250 w0 | o 200 25000 | || e range T - @55 \DATACODE: ¥DATACODE

b [0 PMATCH @ ROE ROI left-top Invalid value is: Auto (like Sample records) <

@5 000 40000 000 000 40000
b B0 4PMATCH + (8] ROE: ROI-right bottom

¢ 2 Tool settings ¥ ‘ Tool results ‘ ‘
46 i -1040 51040 000 20800 50000
Al Features General Info Position Rotation Threshold
I B0 <BMATCH + (8] ROL: ROI-left bottom
v General
f T. Area -1040 53492 000 20800 52432 :
. Name ROI-right top
L (50 <PMATCH + 52 xSBLOB: XSBLOB
Calculate on ‘ i Camera image 1: RSB (S/N: 4103255 "
@5 Numb 380 420 400 400 400
Shape ‘ Circular region "

Every “used for classification” feature has to be within the limits, which is displayed in the column Effect. Min
and Effect. Max. values.(3) This limits are calculated on the general tolerance(4): Default 5%

All measures out of this limits were classified as BAD-part.

You have to check if all parts were classified correctly. In Record list of the inspection parts, the result must be
correct as the record of good and bad part are. Good part must have a green hook, bad parts will get a red cross.

If not, then you have to adjust the tolerance range of the affected tool. (Results overview show the result of
every single feature.

ﬂol library = Record lists = Graph (Tools > xPMATCH : xPMATCH = RC

-

=] Ignore N2 Ori.. Type Comments E- N2 On.. Type Comments

@ OO 1 1 1 io-Part ® 1 1 1 io-Part
® 2z 1 1 io-Part
® 3 1 1 io-Part
® ¢ 1 io-Part
® 5 1 1 io-Part
® & 1 nio-Part
W 7 1 nio-Part
® =& 1 nio-Part

Additionally the Graph window support to evaluate the results of every feature. Every point respect one part.
The limit of the values are shown with the green bar. Good-parts have to stay within that range. Every part out of
this range is rated as a Bad-part.



‘ Tool library % ‘ Record lists % Graph (Tools > xPMATCH : xPMATCH > ROI : ROI-right top > 4. Area > Value) %

&[] obiectorientation: [ =] Objecttype: [ ANl = | Datatocispley: v~

1000 ]

500 \ | bad part out
of limit

800 4

700

600 4

500

400 4

200 | \
100 4 —o. / O B e .
—— o 4, O b e g O —— -o— —
o A

lower limit

7 8 19 20

—_— 100

To change the value for the display, you can select another feature in the Tool structure or in any other window.

Or do a selection in the “Data to display” drop down menu.

Code reading with the second camera

Drag and drop a xDATACODE tool from the Tool library to the end of the Tool structure.

(or double click on the tool icon)

Record view % Tolerance ranges % ‘ Results overview X Tool structure

Name

@ b xPMATCH: xPMATCH

L

2XSRIOR: ySRIOB

[ Tool results %

@ 7 xDATACODE: xDATACODE &

Refs.

L@ & ROl ROI-right top
L@ & ROl ROl left-top

L @ & ROL: ROI-right bottom
L@ @ ROL: ROI-left bottom

Tool settings %

~ General

Calculate on

Al Features General Info Pos

'xDATACODE

ition Rotation

%7 Camera image 2: RSB (S/N: 4103255267)

Shape

Usage of color image...

—Reciangular region

Colour to grey image

Code type

ECC 200

Number of result codes
Variable matrix size L4
v Features
Code data 2]

b Al features

Tool library % Graph (Tools > xDATACODE : xDATACODE > 13. Code data > Value) *

4 & Inspection tools
& Object detection tools
E Measurement tools

8L Crrda 2nd rharartar raranitinn taals

elolels

]

Select the side view camera image in Tool settings tab. The record view is updated immediately when the Auto-

matic option is activated.
Move the xDATACODE tool to the region where the 2D code is expected.
In the Tool settings the code type and number of expected codes can be adjusted

Tool settings ®

M[:eatu'es General Info Position Rotation

* General
Mame xDATACODE
Calculate aon 1ir Camera image 2: Siede View (R2B 5/N: -
Shape Rectangular region 7

Usage of color image... Colour to grey image -

ECC 200 o

- __4__‘__/

MNumber of result codes

Variable rat




After the setting you can step through the images and check in Tool results, if all datacodes were readable.

If no other feature have to be inspected then next step.

Step 6.: Configure 1/0

In this step the I/0 assignment is adjusted. In this example we use the digital I/O for the trigger and result com-
munication.

By default there is a basic setting for inputs and outputs. For this example we accept the default setting.
If any change is necessary, it could be proceeded by drag and drop the function on the column.
The pin assignment is also given. E.g. X2.4 Trigger signal.

I/O settings * I/O results = @strudure
.. . Cigital 1/
Dlgltal Inputs i Assigned value

Digital inputs
EYpigital outputs

Ceneral

Description |Digita| inputs

Assignment

Availgblads i Dradg Assigned functions
EZETr'ggersignal ] an
Digital 2y~
Li TWiEdge error Drop =R 02

AT Acknowledge error, apply input™mgpa x2.2 9 Not assigned
L Apply inputs signal w33 9 Not assigned
2T Job number
X2.5 28 Acknowledge er = Pratocol-based 1/0:
¥2.6 2 Apply inputs sig =
T
2.7
e : =
2T Job number
2[F Job number By
Add protocol-based «
2[f Job number
2T Job number
2[f Job number

Advanced settings ¥



/O settings * /O results * |/O structure

D. . | Digital 1/0:
Iglta OUtpUtS Type Assigned value
General Y pigital inputs
Description | Digital outputs (fEDigital outputs
= “‘"‘"—-———-—"’"
Assignment
Available functions and data Assigned functions and data
Digital functions and results - Digital @ -
2[¥ Ready o @
2T Error AsE — )
¥ Forwarding of input X2.2 #4 i Configuration mode
T Forwarding of input X2.3 X4.2 ¥ Errgr

¥4.2 ¥ Inspection res
- Xd4 2T Inspection res Protocal-based I/C

¥ Configuration mode
¥ Inspection result OK xa5 9 Not 2s5igned
¥ Inspection result Not OK Hag ) Not assigned
2T Crientation correct K47 9 Not assigned

¥ Orientation wrong
H Type

To use the result of the 2D code, we need to set up a dataoutput for the communication to a PLC controller.

There are different protocols available. In this example we use the telnet protocol. This protocol is supported by
the Festo Codesys controllers. The SBRD deliver the results in a so called “Telnet Data Collection”. This allows to
send a couple of results by one access. Details are described in a Codesys library for the particular Festo control-
lers. Other telnet commands are described in the manual of the SBRD controller.

The I/0 library show the available protocols. The Telnet data collection is installed by drag and drop from the I/0
library to the window of I/0 structure. (1)

After this, the result data have to be assigned to the data collection.(2) Therefore the available Tool results can
be assigned, by drag and drop, to the necessary data format. E.g. the code data has string format, so it has to be
assigned to the “string 64x8 bit field”.

Other results, as coordinates of the code, can be assigned to the “float 32 bit” field.

If feature result is assigned, there is a possibility to change the dataformat of the particular value. (3).
“Value(trans)” will transmit the result value in mm converted coordinates.

The addressing for communication to the controller is done by a “Id”. This Id is a name for the particular data
collection. (4) In the example it is RDC. Details for possible names are described in the SBRD manual.

See the settings:



h) settings % ‘ /O results * H /O structure

. Digital 1/0:
Telnet - Data Collection o P —
General [Eipigital inputs
A —
Description [Telnet - Data Call|  Byte order ‘_tgt EE:;::" (] Streaming (send data automatically) || B0 @il outputs
Assignment l 4 '
Availsble functions and data Assigned data |?|
Tool results
= - oo
I & (xRun | xPMATCH: xPMATCH e ——— —
4 5% \DATACODE: xDATACODE > ?‘:‘f"x & @
i4)13. Code data K cantar —
14, cent 2 «DATACODE: xDATACODE
center = Sox * Value (rans) +
15.Y center 15. ¥ center
¥ 16.4ngle ] Protocal-based 1/0:
@:M:{Sbﬂ) Ma —
Type 1o Description
and M 5 DATACODE:xDATACODE el o [ [ETeinet - Data Collection RDC Telnet - Data Collection
fslue (te
Drgp 13. Code data
and
Drop
Advanced settings ¥
L )
L}
(170 library ) N
« o Profinet Result Flagwords Telnet - Data Colle; Telnet - Part Detector
gital VO FU U e e cnduncions U W hccions et anc foncsons 1 W W g e and func Assigns data and functions
o — PN, t= the Profinet 10 Flag)e e et faguoss 10 [ Coll e ta ot - Part Detecigy! | R
=
My /O Telnet - XML
U U P —
XMl te the Teine: - kLo

Step 7.: Perform test run

This step allows to evaluate the inspection program by the performance of the controller. In other steps the re-
sults were calculated on PC-CPU. In test run the results were calculated in the SBRD controller CPU. So we can
get the real processing time of the inspection program.

Optimize steps

Step 8.: Finish job

All settings which are done in the first 7 steps are only stored on the PC in CCS software. To get the data on the
device you have to download the job settings to a job memory.

Connected device ‘ < Job manager
SBRD-Q-.., F, 1.1 AR
s 0 0-2-0 l:IFesm(amera Canfiguration Studio ( Device )
Disconnact o
@m Job 1 82448 | 1Job1
: Cose > [ ...
Sreg e e
Run mode edit job description by right eledi
Jobs 1. Job 1 = mouse click on the icon Cose ]
3 3.J0b
Job navigator ‘ < "ty .
empty jo
1. Set up e 4.Job
empty job
2. Configure cameras ~
5.Job
3. Acquire records N )
6.Job
4. Prepare inspection ~
empty job
5. Inspect objects - 7.Job
empty job
6. Configure /O hd
8.Job
7. Perform test run e empty job
8. Finish job ~ 9‘”; )
empty jo
- Adjust job name and description
« Transfer job to the device 10. Job
« Add project documentation, save project B cpapty job
file
Edit current job name n m; .
empty jo
Save job to file
12.Job
o 2




By drag on the job on left side and drop it on a memory on right side, the setting are stored on the device.
The “play” button show the selected job which is processed in run mode.

Last action before you save and close the software: switch the device into run mode and disconnect.

h(:onnected device <
SBRD-Q-..F/Wv1.1 (~%2-©

192.168.4.2
°Cu nnected @
Cevice mode:
To Run mode
Configuration mode

lok: = ﬁ

First use case is finished.



5 Setup the inspection use case 2

For the second use case follow the step as described in the first use case until step 2 Configure cameras.

As in the task description mentioned we have to measure the width in mm-values. This demands to calibrate the
cameras. We need to enable the cameras to do a coordinate transformation from the pixel values in the image to
the mm value in real world format.

This procedure is supported by the “Coordinate transformation Calibration” wizard in step 2.

But before the wizard can be executed, it is necessary to get the calibration pattern available. In the start menu
of windows you can find 2 files with the standardized pattern. The difference of the patterns are based on the z-
direction, based on the “right hand rule” for x,y,z-handlings.

For this use case we work on 2D, so you are free to use one of the enclosed patterns.

Find the 2 calibration pattern in start menu:

E

Q Einstellungen

l Erleichterte Bedienung

Festo Client

X§ Excel Information.
cel

F

Festo Client Information Center

Festo Software ~
(var.ApplicationName) Handbuch
Beschreibung fiir Festo CheckKon...
Beschreibung fir Festo CheckOpti...
Beschreibung fiir Festo CheckOpti...
Beschreibung fiir Festo SBO-Devic...
Calibration pattem with Z out of pl...
Calibration pattern with Z towards...

CODESYS Control Win V3

ApopPPPEPBE ™

fff coesYs Control Win V3 SysTray

CoDeSys Handbuch V2.3

Based on the idea, that we use 2 cameras for the width measurement of a band, we achieve a good resolution.
So we adjust the field of view that each camera cover the edge of the band. The area has to be as big as the
movement of the band is possible.

Left: Principle of the application Right: Set-up of the DemoCase

Edge
detection




If the field of view is determined, you can print the calibration pattern, that it fits to that size. It should not be
smaller than 80% of this area.

All the 20 black dots of the pattern should fit in the camera image! Print a pattern for each of the camera.

Put the pattern to the object area where the band is expected. Align the pattern to each other and check in the
live image that the pattern fit into the image.

Connected device

<

Setup image

19216842
o Connected
Device mode:

Configuration mode

Job:

Disconnect

SBRD-Q-...F/Wv11 ("~ 0~ @

Job navigator

@Y 1. 1600 x 1200 px, mono, SBPB-RS3-.. (S/N: 4103255267) ~ I

h

@1. 1600 x 1200 px, mono, SBPB-R5B-.. (S/N: 4103255267)

aﬁz. 1600 x 1200 px, mono, SBPB-R5B-.. (S/N: 4103255268)

Select the cameras and align the
2 patterns accordingly

Re‘erenz Punit
Reference point 1

Lenght L

Referenz Punkt 2
Reference point 2

« If required perform a calibration e ' 2 3 4 6 7 8 9
% Enable live stream i
Coordinate transformation I .

3. Acquire records Ml . . ' . .

4. Prepare inspection v B

5. Inspect objects v (i

6. Configure I/O v

7. Perform test run v

8. Finish job v .

It is not possible to have a view of both cameras simultaneously! So in this example, a ruler help for the align-
ment process!

Photo of the object area:
| I

If both pattern aligned well, the calibration process could be done.

Remark!

Be sure that both cameras are adjusted in sharpness and brightness. Secure the lens setting by the available
fixture screw. Any changes of the lens setting or position of the camera need a new calibration process!



Select the 1. Camera and click on the wizard icon in ribbon bar:

View RSB (S/N: 4103255267)

E Eﬁkave reference  Exposure time D/ 3272ms K

& Gal -
Live =am E/.I 3 - Coordinate
stream transformation
Live image Image settings Calibration
Connected device <

SBRD-Q-.., F/W v1.1 SRR ]

° T Disconnect
Connected

Device mode:

8 To Run mode
Configuration mode !

Job: = Re' Punkt 1
Job navigator ’ < Relerence point 1

1. Set up ¥
= : PR—
2. Configure cameras ~
» Adjust aperture and focus at camera lens
» Configure image settings o

» If required perform a calibration

W Enable live stream

Coordinate transformation ‘

Then select the first option for Measurement application:

| Prepare calibration

The cm)rat'o" is only required if tools of the type 'Cocrdinate transformation’ are used. The calibration requires a calibration image with know shape and size, From this image
the coordinate transformation parameters are calculated.
The calibration can be done automatically with the supplied calibration pattern. If the supplied calibration pattern can not be used please select the manual calibration.

All calibration points are expected at Z =0 e.g. [mm].

| Select application / type of calibration. Enter calibration values when using the automatic calibration.

Units of the world coordinate system (for display only) IEI
® Measurement application 3 calibration uses the calibration pattern with a reference length

) Robot / handling application - calibration uses the calibration pattern with 2 reference points

() Manual entry of calibration points - without automatic detection of calibration points

The calibration image must contain at least the 9 main calibration points of the file 'Calibration Pattern’ in same order and proportion. The file can be used by printing out in
suitakle size,

Measure the required coordinates in reference to the center of the world coordinate system and enter hers:

Reference point 1 (big point): 50.00 E X-coordinate e.g. [mm]

50.00 @ Y-coordinate e.g. [mm]

Measure the length ‘L' h the calibration pattern and enter here. The axis of the calibration pattzrn have to be parallel to the axis of the world coordinate system:
53002 | eg.(mm]

Now enter the value x,y-coordinate for Reference point 1. For this application with the measurement it is not
very relevant which value is entered, because the width is measured relatively, not absolutely. So it could be the
position of the reference point 1 in the field of view.

But important is the length L in the print of the pattern. In this example it is 53mm.




(The length Lis indicated in the pattern, and it describe the distance from center reference point 1 and the refer-
ence point 2.)

> Next

| Automatic calibration

| The calibration pattern should be visible as big and reliably as possible in the image. Avsid disturbances in the image.The calibration paints are sxpacted to be st Z-coordinate =
0 e.g. [mm]

I |
| | ‘erenz Pyntt |
1
1100__| gl il

1000

ferez Papkt 2
Hereece ppint 2

2%

400 . S R | I
it P e s
3m - + + + | 4 1
200 _ I _ |
100 |
t e b " t I S S—— [
0 100 200 300 400 500 600 700 800 000 1000 1100 1200 1300 1400 1500 1600 1700 1800 19
[#|[he] —O— 48%
| Record new calibration image | h Lower threshold ) Maximum error [Pixel] 015
[ Invert X-direction Upper threshold Maximum error [e.g. mm] 003

[ Invert ¥-direction Standard deviation [e.g. mm] 0.03

When the calibration was successful press 'Finish'.

| < Back || Finish | | Cancel |

Press the “Record new calibration pattern image”-button. Then an image is captured and evaluated. If the green
dot appear, the calibration was successful. If the dot is red: Try different setting of the threshold sliders to
achieve a better image until the dot get green.

Then press Finish. The 1% camera is calibrated.



Select the 2" camera in the Live image and start calibration wizard again.

Edit the value for the reference point 1. For the x-coordinate we add the distance between the two reference
points to the value edited in the first camera.

First camera reference point 1= 50mm + distance 111mm measured with ruler (see photo of object area above)
equals to 161mm for reference point 1 2" camera.

As the y-coordinate is on the same line we keep the same value as in 1% camera.

The size of the pattern is also the same, so the length L is also the same.

| Prepare calljration

| The calibration is only required if tools of the type 'Cocordinate transformation’ are used. The calibration reguires a calibraticn image with know shape and size, Frem this image
the coordinate transformation parameters are calculated.
The calibration can be done automatically with the supplied calibration pattern, If the supplied calibration pattern can not be used please select the manual calibration.
All calibration points are expected atZ = 0 e.g. [mm].
Select application / type of calibration. Enter calibration values when using the automatic calibration.
Units of the world coardinate system (for display only) mm =
® Measurement application - calibration uses the calibration pattern with a reference length
Robot / handling application - calibration uses the calibration pattern with 2 reference points

Manual entry of calibration points - without automatic detection of calibration points

The calibration image must contain at least the 9 main calibraticn points of the file 'Calibration Pattern’ in same order and propoertion. The file can be used by printing out in
suitable size,

Measure the required coordinates in reference to the center of the world coordinate system and enter here:

Reference point 1 (big point): 161.00 X-coordinate e.g. [mm]

SD,DCE Y-coordinate e.g. [mm]

Measure the length ‘L' in the calibration pattern and enter here. The axis of the calibration pattern have to be parallel to the axis of the world cocrdinate system:
5300 =g [mm]
> Next

Press the “Record new calibration pattern image”-button. Then an image is captured and evaluated. If the green
dot appear, the calibration was successful. If the dot is red: Try different setting of the threshold sliders to
achieve a better image until the dot get green.

Then press Finish. The 2" camera is calibrated.

Now the pattern could be removed from the object area.

Place the band into the object area and continue with step 3 Acquire records.



Step 3.: Acquire records

As in the first use case we capture records into the temporary records container. Then drag and drop one record
to the sample record list and some other records into the Inspection record list.

Record lists

55' Ignore M2 Ori... Type Comme g' N2 Ori.. Type Comments

L1 1 1 1 1 1 1

Step 4/5: Prepare inspection / Inspect objects

As we do in this use case 2 no quality inspection, we can proceed the set up of the tool in one of the step 4 or 5.



For the detection of the edge we can use different tool. In this example we focus on the edge tool.

Connected device < Record view X Results overview % Tool structure

SBRD-Q-.. F/Wvil (1~ 0-@|[ fi Name Refs.
A Automatic ¥
| 682,204 #B)EDGE: EDGE &
| Disconnect
Connected

| Device mode:

UL To Run mode
| Configuration mode
Job: = 0

Job navigator < . /‘\

1.Set up v @

s = I ‘

Tool results % Tool settings *
3. Acquire records s
Name Value Transformed Unit  Dev. Refs.

4. Prepare inspection ~ #(S) EDGE: EDGE
« Add tools for image prepracessing = T e ook @
+ Add tools for object localization TaXiedos valid - invalid fizet], B0 &

2. Y edge nvalid  invalid (unset) 0.00 %
5. Inspect objects -
3. Angle of edge invalid  invalid (unset) 0.00 %

6. Configure 1/O v

7. Perform test run ¥

8. Finish job -

Tool library % Record lists %

\E

rocessing and location tools [T e

CustomTTC

(1) Dragand drop edge tool into the record view window
(2) Turn the tool to 90 degree at the blue point at tool frame

Record view % Results overview *
A Avtomatic ~ da
! 789
1930
(=]

LENE

(3) Adapt the size of the tool to an appropriate position in the middle of the camera view.

Then the tool settings have to be adjusted. For the measure of the band width and position we need only
the x-coordinate of the edge. So we can disable the not used feature y and angle.
And the angle of the tool region could be adjusted and verified.

‘hfool results * ‘ Tool settings *

‘ L\Jool results * Tool settings *

Al eatures)?_eneral Info Measure Position Rotation Threshold All Features General Info Measure Positii Rotation !"reshold

T
Features ~ Rotation
X edge :
= X rotation 0

¥ edge

Angle of edge Y rotaticn 0
b All features Angle of rotation

Angle of turning 1 90 )
i

For a better description of the “meaning” from the edge tool in this program, we can give the tool an own name.
In this case we use this edge tool for the position of the band left side. So we can name it like: x-Pos left



=% )
Tool results * Tool settings *

‘.ﬁll ,gatures General Info Measure Position Rotation Threshold

o’
~ General
x-Pos left
Calculate on if Camera image 1: R5B (S/N: 4103255267)
Shaps Parallel search lines
Mumber of search lines 15
Outliers Fast removal

Allowed daviation

Now we can copy and paste the tool in Tool structure for the right edge of the band.

Tool structure Tool structure
MName Refs. Name Refs,
HEIEDGE: x-Pos left 2 AQEDGE x Posleft
z COPD Ctrl+C | H0) EDGE: x-Pos left 1 JD
Cut Ctrl+X Copy ki
Paste Ctrl+X
Ctrl+V
S i (AEZ3 BT
Delete Del
Select All Ctrl+4
Selzct All Ctrl+A |
Reset feature names Reset feat
— x - " eset feature names
’—x‘ Reset tacl(s) nams Tool results Tool settings F e {
Tool results T =4 T All Features General Info Measure Position Rotati

The copied tool has to be adjusted for the right side. There we select the second camera, adapt the tool name
and the search direction of the edge detection:

To®l results * Tool settings * Tool results * Tool settings *

p—
[ﬂ Leatures General Info Measure Position Rotation Threshold All Features General In‘ Measure >osmon Rotation Threshold
o

* General _"-\.\ * Measure

s i N
all edges

Calculate on 17 Camera image 2: RSB (S/N: 4103255268 Transition type
Shape i Transition number —0O

MNumber of szarch lines 13 Subpixel calculation m... | No subpixeling
Qutliers Fast removal
e EOT L S

In the image we should see the tool now on the right side of the band. And the search lines starting from right
side.

x ‘ Results overview ‘

R%ord view

X fpixel]
¥ [pixel]

(558.55/562.92)

Remark!



The edge tool offers a lot of different adjustments. For further explanation of the tool refer to the CCS manual.

Now we have the position of the two edges in two separate tool, due to the separate images. We can not meas-
ure with one tool the width of the band, because a measure tool can not operate with 2 images. So we have to
do the calculation by Math/Logic tool. You can find this tool in Tool library “All tools”.

The idea is to subtract the x-Pos left from the x-Pos right coordinate. The difference equals the width of the
band.

If we do the subtraction with the results of the edge tools we get the width in pixel value. The task is to have the
width in mm value. So we have to do the subtraction with the mm result of the edge tools.

To get the mm value in the calculation we have to use a function, which shift the internal mm value into feature
value. This function is available also in the Math/Logic tool. It is called:

“Exchange for F1 “Value with Value(trans.)

Apply a Math/Logic tool to the tool structure.

Record view ‘L\\!Results overview X ‘ Tool structure

A Automatic ¥

Name Refs.
HGIEDGE: x-Pos left &
431 EDGE: x-Pos right

KB MATHACGIC: MA <P

Tool results % | Tool¥ttmgs ® |

Name Value Transfarmed Unit  Dev. Refs.

MATH/LCGIC: MATH/LOGIC

3. Exchange for F1 'Value' witfValue (trans)’  86.64 mm 000% &

Tool library Record lists =

i PTeprocessing and location toals
{85 Image tools

{3 Position taols

{5 xRun tools

i.
5 CustomTTC

Adjust the tool setting for Calculation and the value F1 and give a name:



Eool results = Tool settings *

All Features General Info

> General

Calculation Exchange for F1 'Value' with "Value (trans.)'

lgnare invalid features |

Walue F1 1. x-Pos left: X edge

Result factor 1

* Features

Exchange for F1 "Value...
In Tool results we see the value in mm

Tool results x Tool settings *

Mame Walue Transformed Unit Dew. Ref

K@ MATH/LOGIC: left edge mm
3. Exchange for F1 Value' with 'Value (trans.)'§_86.64 TDDO u &

Then we do a second tool which exchange the value of the x-right.

If both coordinates are shifted to the mm value we can apply another Math/Logic tool for the subtraction.

Tool results = Tool settings =

Features General Info

~ General
| victh in mm
Calculation F1-F2
lgnare invalid features |
Value F1 4. right edge mm: Exchange for F1 'Value' with 'Value (trans.)’
Value F2 3. left edge mm: Exchange for F1 'Value® with "Value (trans.)’

Result factor 1

~ Features

F1-F2
Result:
Tool results ® Tool settings %
Mams Valus Transformed Unit Dev. Refs.

K@ WATH/LOGIC: Width in mm

g, F1—F2@_5.?D mm 000% &

Step 6.: Configure 1/0

The results for such application are used in PLC for alignment process. So the left edge position and the value of
the width should be transferred by data output.



I/O settings % I/O results 1/0 structure

" Digital 1/0
Profinet Type Assigned value
General [pigital inputs

Description |Profinet

Availzble functions and data

[Teol resutts

Assigned data

int: 32 bit

string: 64.x 8 bit

%

[pigital outputs

byte: 8 bit 0)+
I #HB)EDGE: x-Pos left
I HBIEDGE: x-Pos right float: 32 bit (2)a
4 RBMATH/LOGIC: left ed:
Pl o P KB MATH/LOGIC: left edge mm
11 2. Exchange for F1 ‘Value' with "Value (trans.) 1l Value ftrans)
N 3. Exchange for F1 Value' with 'Value (trans)’
right edge mm Protocol-based 1/0:
Width i MATH/LOGIC: Width
—— %ﬂm e inmm Type id Description
5.F1-F2
[FProfinet Date_Profinet

Advanced settings

170 library

)
[ Digital 110
[EProtocal-based /O

Ay 1o

In principle the same procedure as in use case 1. Assign the data by drag and drop.

Step 7.: Perform test run

[y reinet -
. Mﬂ © o

This step allows to evaluate the inspection program by the performance of the controller. In other steps the re-
sults were calculated on PC-CPU. In test run the results were calculated in the SBRD controller CPU. So we can
get the real processing time of the inspection program.

[jgrocessing times

® Results overview ¥

Total time

(160 mD

Title Duration Category

).l

i3 x-Pos left
EE)] x-Pos right
@  left edge mm
K@ right edge mm

94 ms Image recording

34 ms Tool processing
32 ms Tool processing
0 ms Tool processing

0 ms Tool processing

K@ Width in mm 0 ms Tool processing

53" 0 ms Result classification

& 0 ms 1O (digital)

&?ﬂ PN 0 ms 1/O Streaming (protocol-based)
53" 0 ms Communication

Also the particular processing times of each tool can be evaluated.

Step 8.: Finish job

All settings which are done in the first 7 steps are only stored on the PC in CCS software. To get the data on the
device you have to download the job settings to a job memory.



By drag on the job on left side and drop it on a memory on right side, the setting are stored on the device.
The “play” button show the selected job which is processed in run mode.

End of document

Connected device < Job manager x
F 1.1 Q-
) N 0-¢-0 I:l Festo Camera Configuration Studio C Device
Detorpect Job 1 8. 1.Job 1
: B et > [ ...
Run mode edit job description by right 2leni
Job 1. Job 1 mouse click on the icon Cose ]
3 3.J0b 4.6 kB
Job navigator ‘ <
S empty job
1.Setup ~ 400
ST —
2. Configure cameras ~
5.Job
3. Acquire records > empty job
4. Prepare inspection ~ & e J“:; 5
empty jo
5. Inspect objects - 7.Job 4.6 kB
empty job
6. Configure /0O ~
8.Job 4.6 kB
7. Perform test run e empty job
8. Finish job ~ e "’; )
empty jo
- Adjust job name and description
« Transfer job to the device 10. Job 4.6 kB
+ Add project documentation, save project B ampty job
file
Edit current job name B " J“: .
empty jo
Save job to file
o 2 4.6 kB




