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Complete vision portfolio BECKHOFF

b

Cameras Optics lllumination

TwinCAT Vision



VCS20xx | Vision Camera Standard BECKHOFF

six threads for
VCS2000.0500 flexible and robust mounting
EtherCAT P connection for

power and synchronization lens protection tube (IP65/67)

grounding screw C-mount thread

2.5 Gbit LAN connection

anodized aluminum housing
(IP65/67) for optimum heat
dissipation

status LEDs

—
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Accessories | Lens protection tube BECKHOFF

anodized aluminum
(similar to camera)

thermally hardened and

anti-reflective glass IP65/67 housing with

lens protection tube




BECKHOFF




VOS2000, VOS3000 | Optics for various sensor sizes BECKHOFF

= shock and vibration resistant for industrial use
= high resolution lens (up to 2 um)
= VIS and NIR AR coating

VOS2000 VOS3000
» |argest image circle diameter: 2/3 inch or 11 mm » |argest image circle diameter: 1.2 inch or 19.3 mm
= advanced chromatic correction up to 1000 nm




VIP2000 | Vision lllumination Panel BECKHOFF

groove for flexible mounting

EtherCAT P connection for
power and synchronization Wiy

AAVWADIAD \

variable light color
from blue to IR850

grounding screw

integrated control for
pulse operation

additional EtherCAT P outputs

pressure compensation membrane
thermally hardened and

anti-reflective glass

status LEDs

anodized aluminum housing for
optimum heat dissipation
(IP65/67)

—
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lllumination | Generation of the light colors

BECKHOFF

= use of high-performance LEDs

= multicolor lighting

— white via mix of three color LEDs
— additional IR channel (850 nm)
use of converted light colors

— complete coverage of the visible
spectrum via blue LED semiconductors

— best possible temperature stability in
relation to the intensity

— orange-red and green through
conversion (similar to white LEDSs)

— no spectral gap, comparable to white
LED - CRI >80

intensity in relative units

intensity in relative units
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VIx200x | Panel illumination, ring illumination and bar light BECKHOFF

VIP2000 | Panel illumination

multicolor LED panels, especially
optimized for backlight applications

VIR2000 | Ring illumination

multicolor LED ring, also suitable
for dark-field setups

VIB2000 | Bar light

universally applicable multicolor
LED bar light with homogenous
illumination for backlight
applications



VUI200x | Vision Unit [lluminated

BECKHOFF

anodized aluminum housing (IP65/67)
for optimum heat dissipation

six threads for
flexible and robust mounting VCs2000-0500

T®

EtherCAT P connection for
power and synchronization

grounding screw

2.5 Gbit LAN connection

status LEDs

variable light color
from blue to IR850

optics with integrated
liquid lens focusing

thermally hardened and
anti-reflective glass

—
EtherCAT. ™ P



VUI200x | Focus adjustment during runtime BECKHOFF




TwinCAT Vision — Update BECKHOFF

\ TwinCAT



TwinCAT Vision | next Release

Release 4.0.4.x in 12/2023

TF7800 | TC3 Vision Machine Learning
TF7260 | TC3 Vision OCR
Integration into TwWinCAT 3 C++

38 new PLC library functions / function
blocks

Optimized GenApi register handling
Optimized camera init command assistant

Graphical revision of the configuration
assistant tabs

Configuration |Initialzation Commands
B B Fifer

Visible Features: 162 | Editable Features: 54
Feature
P TcCOM Parameters
b GigE Vision
A

P Camera Information

Device Scan Type
Sensor Color Type

Exposure Mode
Exposure Alignment

Actual Exposure Time
Sensar Shutter Made
4 Gain Selector
Gain
I Black Level Selector
b 1/O Controls

b Image Format Controls

BECKHOFF

Configuration | Initizlization Commands

i | Beginner v ® [E  Filter

Value

b|[22
Timed

Synchronous

E| 15016

1.995262
Analog

(= = @l P

Selected: 88/90 | Generated: 87

Feature
[ P Forcelp
[ userSet
4
Device User ID ,;

[]Pewer-up Configuration Selector
Power-up Configuration Selector

[#] Acguisition Frame Rate Control Mode
Enable Acquisition Frame Rate

[/] Acquisition Frame Rate

[#] Auta-Brightness Made

Exposure Mode

Exposure Alignment

Exposure Time

4 Gain Selector
Gain
Gain (Raw)
F
S
5

Default

Value




TF7800 | TwinCAT 3 Vision Machine Learning

Training and execution in real time
classic ML models e.qg.:

— Support Vector Machine (SVM)
— Random Forest (RTrees)

— k-Means++

— Principal Component Analysis (PCA)

» Classification, regression, cluster analysis and
anomaly detection

Application examples: object recognition/detection,
sorting, quality control or process monitoring

BECKHOFF
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TF7260 | TwinCAT 3 Vision OCR

OCR (Optical Character Recognition)
» Supported characters
— Numbers 0-9
— Special character . /- : =
— Capital letters A-Z
» Provision of pre-trained models:
— for non-proportional, sans serif fonts
— no dot prints or mixed fonts
= Use cases:
— Best before date
— Batch number

\

BECKHOFF

S/N: CN-OZYJT3-WSL00

H8MSXG3

Service Tag: H8MSXG3_‘
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TwinCAT Vision | Product announcement BECKHOFF

TF7255 | TC 3 Vision Code Quality
» Expected market release Q1/2024

m @ stGrades ToVnCodeGrades 1D

i fDecode REAL 4
= Quality assessment of codes e -
= Evaluation of various criteria such as . e REA :

defects, contrast and modulation ¥ Mefects REAL -

# fDecodability REAL 4

= The lowest individual grade results in the WWNWM@ # fover = 22

overall grade (0-4)

= 1D-barcode according to ISO/IEC 15416:2016 s TenCodesrose
— Code39, Codel128, EANS, EAN13, ITF, oot B o it

@ nReflectanceMargin USIMNT

UPCA, UPCE
= 2D-code according to ISO/IEC 15415:2011
— Data Matrix code, QR code

4
3
4
4
@ nFixedPatternDamage  USINT 1
& nfxialNonuniformity USINT 4
& nGridMaonunifarmity USINT 4
@ nlnusedErrorCorrection  USINT 4

1

]

@ nOverall LISINT
@ sCode STRIMG



TwinCAT Vision | Product announcement

TF7810 | TC 3 Vision Neural Network

Expected market release Q3/2024

Execution of trained neural networks in
real time

Training in established frameworks such
as PyTorch, TensorFlow or MATLAB ®

Loading the trained model via ONNX
(Open Neural Network Exchange)

Application examples:

— Classification, segmentation,
object and anomaly detection

Model examples:

— MobileNet, EfficientNet, RESNet, UNet,
RCNN, YOLO, Autoencoder

BECKHOFF




Products for running Al models in TwinCAT 3

BECKHOFF

. TF3800 TwinCAT Machine Learning Inference Engine
& TF3810 TwinCAT Neural Network Inference Engine
8 TF3820 TwinCAT Machine Learning Server

generic for all kind of PLC data
requires ONNX file as input
optional GPU support

TF7800 TwinCAT Vision Machine Learning
TF7810 TwinCAT Vision Neural Network

TwinCAT Vision library interfaces (ITcVn)
TF7800 | learning method in TwinCAT
TF7810 | requires ONNX file as input

TE1401 TwinCAT Target for MATLAB
TE1400 TwinCAT Target for Simulink

MATLAB coders only
requires MATLAB Coder support of model

. TF3510 TwinCAT Analytics Library

time series clustering

online unsupervised learning in TwWinCAT




Differentiation TF38xx and TF78xx BECKHOFF
Feature TF3800 >, [|TF7800 = peoy| | [Fa810 = g | TF7810 Py | [F3820 = =
ML Engine | ~’~ | Vision ML NN Engine | "~ | Vision NN ML-Server | =
Execution XAR XAR XAR XAR separate
process(es)
Hardware CPU CPU CPU CPU CPU, GPU
Parallelization no partially yes yes yes
Al models Classic Classic Neural Nets Neural Nets All
Model training offline, ONNX online training offline, ONNX offline, ONNX offline, ONNX
required In TWinCAT required required required
PLC data- autogenerated |ITcVnContainer |autogenerated |ITcVnimage autogenerated
interface PLC datatype PLC datatype PLC datatype
and ITcVnimage
Availability Released Beta: 08/2023 MLP: Released Beta: Q1/2024 Beta: 01/2024

Release: Q4/2023

CNN: Beta Q1/2024
CNN: Rel. Q3/2024

Release: Q3/2024

Release: 04/2024



4 questions to rule them all BECKHOFF

Is GPU acceleration required?
— Yes | TF3820

— No | TF3800, TF3810 or TF78xx

Is hard deterministic execution of Al required?
— Yes | TF3800, TF3810 or TF78xx

— No | TF3820

= Do you want to use TwinCAT Vision together
with the Al model?

— Yes | TF78xx or TF3820
— No | TF3800, TF3810 or TF3820
What kind of Al model do you want to run?

— Model known | check supported models in
documentation of TF3800, TF3810, TF78xx

— Model currently unknown | highest flexibility is
provided by TF3820



TwinCAT 3 Analytics with TwinCAT Vision BECKHOFF

Configuring instead of programming — TwinCAT Analytics with TwinCAT Vision NEW
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TwinCAT 3 Analytics with TwinCAT Vision BECKHOFF

Range of algorithm is growing...
= Median Filter
= Morphological Operator

= Clahe

= Color Inverter _ .
= Count Objects PRty s T,

= Count Pixel Above Threshold 1=

= |mage Histogram _-:;; - ‘ _ —
= Image Statistics :'r'" — —
= Read Barcode .i:c’ — p—
= Read QR-Code - -!; —
= Detect Blobs =

= Match Shapes -
= Match Contours ?
= Extract ROl From Contour 0 o . g
o
= Set ROI o
0 .90

= OCR >[5




TwinCAT 3 Analytics with TwinCAT Vision BECKHOFF

Automatic PLC code generation NEW

» Transparent PLC code
based on TwinCAT Vision library

= For remote analysis scas- o2 sl e

nCurrentContext: DWORD:

e,

137 Solution 'AnalytiesSolution5' (1 project) - END_VAR
1 4 gl AnalyticsProject 5| e
via MQT o e
[l momion
4 0 i€
lysisPLC =

. . . - AnalysisPLC Project = 1 IF bEnableExecution THEN
. b 3 Extemnal Types 2 IF F _HasContext (nCurrentContext, nContext) THEN
or 10Cal vision appiication } S s s
b \323[3 4 hr:= F VN CopyImage (ipSrcImags ipImageIn, ipDestImage:= ipImageInternal, hrPrev:= hr);
4 [5GVLs N _ VN
. . : &b Anclytics - ) .
integrated in machine contro o5 comese g ot e necesey cote e
4 [ Analytics 7 hr:= F_VN_GetPixelFormat (ipImage:= ipImageInternal, stPixelFormat:= stPixelFormat, hrPrev:= hr);
4 [ [Helper] = 8 IF stPixelFormat.nChannels = 3 THEN
b 3 Common g

F VN CopyImage (ipSrcImage:= ipImageInternal, ipDestImage:= ipImageInternal2, hrPrev:= hr);
b £3 Timestamp conversion — =

2 B Vision 1c F_VN_ConvertColorSpace(ipSrcImage:= ipImageInternal, ipDestImage:= ipImageInternal, eTransform:= ETcVnColo
nC u ( ! al I l‘ !ra OI l rO b [F] FBALY_Serializedimage (FB) = 11 ELSE

] FB VisionFileSource (FB) hr:= F_VN_ConvertColorSpace(ipSrcImage:= ipImageInternal, ipDestImage:= ipImageInternal2, eTransform:= ETcVnCol«
b FB_VisionGevCamera (FB) END IF
b 5O ALY Serializedimage -

Anal
‘ ?;Ly;;wks //Apply threshold
4 [ NOT Network hr:= F_VN_Threshold(ipSrcImage:= ipImageInternal, ipDestImage:= ipImageInternal2, fThreshold:= fThreshold, fMaxvalu
A 4 [ Modules

FB_N1_M1_Image_Source (FB) //Count pixels
. FB_N1_M2_Color_Inverter (FB) I . .
Deploy preparation 4 hr:= F_VN_CountNonZeroPixels (ipSrcImage:= ipImageInternal2, nNonZero:= nNumberOfPixels, hrPrev:= hr);

Reads the project, checks the configuration and transforms objects

//Convert Im. 5
hr:= F_VN_GetPixelFormat (ipImage

color space — only in temp use
0Emors & 0 Wami 19 M . . .
Ld L aring @ = b = ipImageInternal2, stPixelFormat:= stPixelFormat, hrPrev:= hr);
b [ FB_Analysis (FB)

Vi | Studi = IF stPixelFormat.nChannels = 3 THEN
Isual Studio b [ Seurces . . ; :
Creates a new instance of the Visual Studio / TeXaeShel and creztes an empty b [ VituallnputSources hr:= F_VN_CopyImage (ipSrcImage:= ipImageInternal2, ipDestImage:= ipImageResult, hrPrev:= hr);
&  soun MAIN_&nalytics (PRG) = ELSE
@ 0Emors 4 0Waming ) 2Vessages Hm MAIN_Analytics C1 (PRG) hr:= F VN ConvertColorSpace (ipSrcImage:= ipImageInternal?, ipDestImage:= ipImageResult, eTransform:= ETcVnColor:
] MAIN (PRG) -
. - q 5
TwinCAT Vision generation 3 VIsUs END_IF
(@} Creates TWinCAT Vison application configuration and all needed 10 components B AnalyticsTask (AnalyticsTask)
0 & AnalyticsTask_C1 (AnalyticsTssk_C1) //Display result image
€ 0Emors A 0Waming @ 0 Messages b PlcTask (PlcTask) = IF ipImageResult <> 0 THEN
TwinCAT PLC code generation \nalysisPLC Instance hr:= F VN _CopyIntoDisplayableImage (ipSrcImage:= ipImagelnternalZ, ipDestImage:= ipImageResultDisp, hrPrev:= hr)
. Creates a new TinCAT PLC project with s FBs and other needied componerts. END_IF )
® FW_safeRelease (ADR (ipImageInternal));
€3 DEmors & 0Waming @ 0Messages in Job Pool FW_safeRelease (ADR (ipImageInternal2));
lication
TwinCAT HMI Dashboard generation “ameral
m Creates 2 new TwinCAT HMI nmiect with =)l selected HMI Controls ¥ § Cameral Image Acquisition (CGevimageAcquisition) bNEWRESHIF := SUCCEEDED (hr) ;
_ 2 Camera Image Acquisition Simulation (CGevimageAcquisitionSim IF bNewResult THEN
5] Comeral Ads Communicator (CGevAdsCommunicator) nCntResults:= nCntResults + 1;
Bringto Front Cancel ic 3
ameral Image Provider (CGevimageProvider) 39| END IF
cs ar -
.« B un e
> 41 bError:= NOT SUCCEEDED (hr); LY
Solution Explorer | Team Explorer < i

Target Browser Error List Qutput

[ Ready [ L1 Col 1

INS # Add to Source Control =
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