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TwinCAT & Artificial Intelligence BECKHOFF

= TwinCAT Machine Learning '

— Seamless integration of Al at the control level
— Al models running directly on the PLC

— Continuous workflow from data acquisition to
real-time execution
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= TwinCAT CoAgent

— Al-assistant for engineering and operation e E—
— Combines the latest generative Al models
with specialized Al agents e | My
— Model Context Protocol (MCP) for open and e B
seamless integration - L e
=




TwinCAT Machine Learning BECKHOFF

Part I. Applications




Overview on possible Al-applications in industrial Automation BECKHOFF

Collaborative and Rejects reduction Machine optimization Integrated quality Predictive
context-aware inspection main-
robotics tenance




Reduction of production waste
Al model as process observer BECKHOFF

Process observer

Health indicator

Time (Sps)

health(t + T)
T = 15min

T
°
&

= crystal growth takes more than 24h, process especially critical in the last hours
= Al model trained on historic data to predict possible process problems 15min in advance



Machine optimization
Prediction of wind speed and direction BECKHOFF

wind speed (m/s)

wind direction (°)

Time (s)

[wd[t — N]

[ws[t — N]

= Prediction of wind speed (ws) and direction (wd) 15 seconds into the future, based
on a N seconds time window of the past

» Goal: predictive control of pitch and yaw



Control-integrated quality inspection

Testing of packaging in the food industry BECKHOFF

Create signal features,

e.g. mean, std, ... within\* " q _’[051 N @_’ { OK )
time interval tj f(dr 0| nOK LSS
current feedback
of servo motor , /\ fime Marker (1< Marke
\,
|
4\% NIRRT = Detect faults in the final packaging process
RS RARATAAY of instant noodles based on motor currents
= Cutting and sealing process observation
» Feature generation with TwinCAT Condition
Monitoring library
= Anomaly detection model trained to detect
defects




Control-integrated visual inspection

Testing of metal rings BECKHOFF

O Rl O

control system with vision and Al




BECKHOFF

Part Il: Technologies and Tools
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BECKHOFF

Project Overview
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Al Model Lifecycle: Training, Integration und Deployment BECKHOFF

OR

Al training framework

: 3rd party Al framework -
Create Al model in 4 = designed primarily for Al experts
framework of choice.

= mostly Python-based frameworks
Export Al modelas ONNX
file.

production ready Al model

€ ONNX

TwinCAT 3 PLC SN~———
N -
H =

OR

Training data

e — e Aggregate and
. S : // load and execute AI model #® ; .
ﬁlt ;g:gga:ll%lol(;\;ﬂ/;wgt%AT FB_MlSvrPrediction; optionally label 3rd party labeling software

training data for Al = various options (free and commercial)
function block into | 2

: . model training
machine control logic.

production ready
PLC application

2 4 6 8
= >
& 5
1 3 5 7 9
Al at control level = PLC logic = image acquisition = HMI Server Al model
Execution of all software = motion control = (pre-)processing = user apps execution

R oalla |2 @ oo @



The Beckhoff Al ecosystem

Complete workflow for integrating Al at control level BECKHOFF

TwinCAT Machine Learning Creator
For non-Al-Experts. Automatically create
latency optimized Al models.

production ready
Al model

TwinCAT Vision and/or

TwinCAT Machine Learning

Integrate Al into the machine application,
l.e. into the PLC code.

Training data
N
—___ Collect, clean
e~ and label data

production ready
Al-enhanced
PLC application

Scalable IPCs
Execute Al models of different complexity
at control level on CPUs or even GPUSs.




The Beckhoff Al ecosystem

Collect, clean and label data BECKHOFF

' TWinCAT 3 ' TWinCAT 3
Scope Server Analytics Logger

Write images and Write images and time
time series to local file series to local file
system system or via MQTT to (optional)
remote storage =28 TwinCAT 3 Analytics
CR&2 Data Scout
Training data
O Vion aees Bl i e ——  Collect, clear
. ~ and label data
Write images to Write time series to
local file system local or remote
(no)SQL database

Scalable IPCs

Data logging realized in software modules.
Logging performance depends on IPC and
network capacity as well as software.




TwinCAT Machine Learning Creator

Al model training for domain experts in automation BECKHOFF

TwinCAT Machine Learning Creator
For non-Al-Experts. Automatically create
latency optimized Al models.

production ready
Al model




TwinCAT Machine Learning Creator

Workflow BECKHOFF

610) TwinCAT 3 €8 TwinCAT Machine Learning Creator ‘f:- TwinCAT 3
2 D create ® a &
gather (and upload manage frainin inspect export Al intearate
label) data dataset labels J model pipeline J

configuration



TwinCAT Machine Learning Creator

Benefits BECKHOFF

Benefits for domain experts:

= democratization of ML: accessibility of state-
of-the-art ML methods

» designed for people who are not Al experts

o
= standardization of ML training processes _flﬁ TS

= user-aware no-code platform *.csv L l
Benefits for Al experts: &) ONNX

= efficiency: acceleration of training processes <PLCopen-XML>

* nspiration: version zero generator
Industrial automation focus:
= latency optimized, hardware-aware Al models

= export PLC code for easy integration into
automation system




Interoperability standard ONNX BECKHOFF

= Open Neural Network Exchange @ O N N x

" open format representing (tramed) Al-models “ONNX is an open format built to represent machine learning

= interoperability between Al training frameworks ' models. ONNX defines a common set of operators - the building blocks of
and Al inference engines machine learning and deep learning models - and a common file format to

enable Al developers to use models with a variety of frameworks, tools,
runtimes, and compilers.”
http://onnx.ai/

O PyTorch =
TensorFlow g
O TwinCAT = S
Machine Learning Creator =
S m
O EmiIm
€& ONNX 5
Q
TWinCAT' 3 ___ S g
@A NVIDIA. S &
D =
Y x >
©penVIN® 3 =

output1


http://onnx.ai/

TwinCAT Machine Learning Creator

Roadmap BECKHOFF
Image Classification Anomaly Detection Object Detection
Task: Classify the image Task: Locate anomalies Task: Locate and classify objects
Beta Phase: Started Beta Phase: Q1/2026 Beta Phase: Q3/2026
Planned Release: Q1/2026 Planned Release: Q3/2026 Planned Release: Q4/2026
Ldirty® :

,good* ,cracked*
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Computer Vision

Signal Classification
Task: Classify signals
Beta Phase: End of 2026
Planned Release: thd

,arabica“

Signals and Time Series

,Jrobusta”



TwinCAT Machine Learning Creator (MLC)

Signals and Time Series BECKHOFF

Upcoming
“With Signals & Time Series, the
TwinCAT Machine Learning Creator

becomes the universal Al tool for every .
machine — visual or signal-based.”

| ’Hj m
Automated Al Model Creation for Signal | ' '123.@
and Time Series Data I TV\/_\_IUCA'L
= Extension of the TwinCAT Machine | ,E;J@

Learning Creator

= Same easy to use workflow like with
vision data



TwinCAT Machine Learning Creator (MLC)

Signals and Time Series BECKHOFF

Customer Benefits

= Unlocks Al potential for any machine,
even without camera systems

= Provides an easy and low-effort entry .
point into Al-enhanced automation, f
delivering fast value and scalable results /. .

Typical Applications I‘ {'Igi lCAT.

Wln

= Anomaly detection & predictive
maintenance

» Process monitoring and quality assurance
(e.g., welding, pressing, packaging)

= Tool wear detection from current, vibration,
or acoustic data




Why is the TwinCAT Machine Learning Creator a game changer? BECKHOFF

= democratization

— empowers automation engineers to create task-specific Al models
= accuracy

— creates the most effective solution for a customer-specific task
= efficiency

— creates solutions more than 10 x faster compared to hand-crafted Al
models

= scalability
— no own infrastructure needed, uses scalable AWS resources
standardization

— structured and well-documented Al model training simplifies reviewing
processes



The Beckhoff Al ecosystem

Al at control level BECKHOFF

production ready
Al model

TwinCAT Vision and
TwinCAT Machine Learning

Integrate Al into the machine application,
i.e. into the PLC code.

production ready
Al-enhanced
PLC application



Al at control level

Products and features BECKHOFF

TwinCAT Machine

] o250 TWINCAT Neural Network © TwinCAT Vision

*G 2 Inference Engine | TF3810 Neural Network | TF7810 Learning Server | TF3820

-} —

o TwinCAT Machine Learning '

e Inference Engine | TF3800 License bundle

o

small and latency critical Al models medium to large Al models

Deterministic Al Accelerated Al-Server
deterministic execution in TwWinCAT-runtime Near-real time execution (in separate process)
Execution on standard x64 CPUs Acceleration possible with NVIDIA GPUs
supports selected Al models and operators supports recent ONNX operators

7))

g Licence-Bundle Can also be used as a server in a network with several

= clients

)

LL

Standard PLC Function block for simple integration into TwinCAT PLC
Interoperability through ONNX support
Update Al-model at runtime without new compile or TwinCAT Stop




Al at control level

Products and features | exemplary allocation to applications BECKHOFF

time series prediction u ;
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Deterministic Al Accelerated Al-Server

deterministic execution in TwWinCAT-runtime Near-real time execution (in separate process)
Execution on standard x64 CPUs Acceleration possible with NVIDIA GPUs
supports selected Al models and operators supports recent ONNX operators
7))
g Licence-Bundle Can also be used as a server in a network with several
= clients
)
L

Standard PLC Function block for simple integration into TwinCAT PLC
Interoperability through ONNX support
Update Al-model at runtime without new compile or TWinCAT Stop




TF3800 | TwinCAT Machine Learning Inference Engine

Key Facts

Al models

» Classic machine learning models
= ONNX support
» Trained offline e.g. using Python, R or others

Execution details

= CPU
= single core
= deterministic real-time

Supported models

SVM

k-means

PCA

Random Forest
Decision Trees
Gradient Boosting
XGBoost
LightGBM
ExtraTree(s)

Interface

&:] FB_M11Prediction
# Configure
& Predict

Samples link to Infosys

process data
labeled and

cleaned

run Al model in
real-time
record data

L g =

BECKHOFF

.Eewm

train an Al model
e.g. in Scikit

export as ONNX
file

convert ONNX to
binary file
integrate in

PLC FB



https://infosys.beckhoff.com/content/1033/tf38x0_tc3_ml_nn_inference_engine/13583062667.html?id=4062254483854501292

TF3810 | TwinCAT Neural Network Inference Engine

Key Facts

BECKHOFF

Al models

= Models of type Neural Network

= ONNX support

» Trained offline e.g. using Python, R or others

Execution details
= CPU

» single and multicore (model specific)

= deterministic real-time

Interface

&:] FB_M11Prediction*
# Configure
W Predict

*may change in newer release

Supported models
= MLP

= |STM
= CNN

h

process data
labeled and
cleaned

run Al model in
real-time
record data

O

train an Al model
e.g. in PyTorch
export as ONNX
file

€ ONNX

convert ONNX to
binary file
integrate in
PLC FB




TF7810 | TwinCAT Vision Neural Networks

Key Facts BECKHOFF
Al models r = |
= Models of type Neural Network :1
- ON_NX SUPPOH _ = process data = train an Al model
» Trained offline e.g. using relevant Python = |abeled and e.g. in TWinCAT
Frameworks or TwinCAT Machine Learning Creator Cleaned ML Creator
= export as ONNX
b 4 B file

Execution details

€ ONNX

= CPU
» single and multicore (model specific)
» deterministic real-time

Supported models

Interface = MLP X @ F
hr := F_VN_ExecuteNeuralNetwork( [ @I\
ipNN = ipModel, \ : .
. . = run Al modelin * integrate in
I = I h
ippestinege = ipRescls et vme e "
p ge = 1p > = record data = store the ONNX
hrPrev = hr); o ) ONNX on the target

Byl s, N

—=iF /\lr SEs =




TF3820 | TwinCAT Machine Learning Server
Key Facts

BECKHOFF

Al models

= Supports everything that can be represented as
ONNX model

= General ONNX Opset version 21 support

» Trained offline e.g. using relevant Python
Frameworks or TWinCAT Machine Learning Creator

Execution details

» CPU and GPU execution
= near real-time execution in a sperate
user-mode process

Supported models
Interface 7 allimetze
bDone := fbModel.Predict(
pDataIn := ADR(ModellIn),
nDataInpDim := SIZEOF(ModellIn),
pDataOut = ADR(ModelOut),
nDataOutDim :=

SIZEOF (ModelOut), . .)

r =
» process data
= |abeled and
cleaned
e A
F

run Al model in
real-time
record data

| o (
;A ““:'.', .}—“m——? ,G
= /jif:i e

b 5

e

train an Al model
e.g. in TwinCAT
ML Creator
export as ONNX
file

€ ONNX

€ ONNX

integrate in
PLC Fcn

store the ONNX
on the target




Flexible integration strategies
Fully integrated vs. modular add-on BECKHOFF

Control and Al system Control system Al add-on system

EtherCAT
Profinet
TCP/IP
ADS, ...




Flexible integration strategies
Mutiple clients calling mutiple Al models on a central server instance BECKHOFF

Al-Server

el TWINCAT Machine
= Learning Server

\ 4 \ 4

ADS

& & 5 o
. TwinCAT Machine

Learning Server Client

() e

TwinCAT Machine
T Learning Server Client

TwinCAT Machine

Learning Server Client




TwinCAT CoAgent BECKHOFF
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TwinCAT CoAgent

TwinCAT CoAgent for automation engineering
= smart Al-based agents to

— shorten development cycles

— Improve software quality

— Increase productivity

TwinCAT CoAgent for automation runtime
= smart Al-based agent to

— shorten downtimes

— Increase productivity

— translate from machine to human

BECKHOFF



TwinCAT CoAgent | Smart agents for automation engineering BECKHOFF

- ' Azure OpenAl
@A Q TwinCAT CoAgent > P

PLC agent
g 3
=
= 2 OpenAl
| S O S - > Coind
‘ = AR ChatGPT
HMI agent o %
< -
— Q Smart planner _
- and coordinator N Anthropic
=i S —
Claude
I/O agent I
PLC+ G 5 1 s DeepSeek
AR — Chat Ul
PLC++ agent 0 = '@ Experimental
0 e
.o Local .
—_ Mistral
:I - o — E

'@ Experimental

InfoSys agent -




TwinCAT CoAgent | Smart agents for automation engineering

CHy -

PLC agent

HMI agent

—= {::}
5
=i A —

I/O agent

PI.C+"5% G
- AR —

PLC++ agent

=)

InfoSys agent

TwinCAT CoAgent

backend

>
©
=
Q
o
e A
[0)
o
<

Smart planner

and coordinator

Chat Ul
0
Y

LLM gateway

S ‘M Azure OpenAl
Service

OpenAl

S

>

Online AL i~

2 “Hey TwinCAT, extend my FB_Axis
and add absolute positioning”

2 “Sure, here it comes...”

Local

DeepSeek

@ Experimental

Local :
o= Mistral

@ Experimental

BECKHOFF



g File Edit View Git Project Build Visualization Debug  TwinCAT

® - i~ -8 .X.Ijl?.'|")'§j'|Release
“f“ = | ‘TwinCAT CoAgent Sampl '| |<Loca\>

H 2=

i | Build 4026.14 (Loaded) = | =

Solution Explorer
A o-a8F=
| Search Solution Explorer (Ctrl+) PH
F3 Solution 'TwinCAT CoAgent Sample’ (2 of 2 projects)
b [ TcHmiProject1
4 Iili TwinCAT CoAgent Sample
> @l svysTEm
4 MOTION
b NC-Task 1 SAF

4 [ pic

4 [ Plct Project
P [:3 References
3 DuTs
[ Generated
[d GvLs
3 Hwmi
3 POUs
[ Templates
> [ Complete
4 [ Guidelines
4 [F] FB_Axis (FB)
E] Enable
[ Halt
ﬁ} MoveBw
E'," MoveFw
3 Reset
5;1 State_Enable
E State_HaltDone
5; State_ResetDone
E} Stop
> B Velocity
& FB_RunningLight_g (FB)
b [ Optimize
3 visus
E';J PlcTask (PlcTask)
2 Prompts.txt
ﬂ: Plc1.tme
TF Plct Instance
SAFETY
ﬂ C++
VISION
ANALYTICS

Solution Explorer [REEIREaYEIlIE

D Ready

Help | 2 Search ~ TwinCAT CoAgent Sample

BB [ RAEE S

- | [TwincaT T (x64) -| P Google chrome ~ [> |

- -3 Yo T o

Qutput

TwinCAT CoAgent
Name: chat 6

-

=

Model: anthropic/claude-3-7-sonnet-20250219 ~ ‘ Agent: PLC

I'm your personal assistant for TwinCAT. Feel free t
about your project

+ = [F

Al can make mistakes. Please double-check responses.

* Tools:3 | =| =3

uf.k me anything by typing. Use /use or @ to give me additional information

B

T Add to Source Control = T Select Repository




TwinCAT CoAgent | Smart agents for automation engineering

CHy -

PLC agent

HMI agent

—= {::}
5
=i A —

I/O agent

PI.C+"5% G
- AR —

PLC++ agent

=)

InfoSys agent

TwinCAT CoAgent

Azure OpenAl

 Cud

Service

OpenAl

backend
9 >
= =
9 O )
g o o % -
|5 — s
= - dah
Smart planner
and coordinator
Chat Ul

>

Online

NS L mMT

® “{{ey TWInCAT, create me a unit test
for my @AxisControl function block”

2 “Sure, here it comes...”

Local

DeepSeek
>
@ Experimental
Local Mistral
—

@ Experimental

BECKHOFF



g File Edit View Git Project Build Visualization

i | Build 4026.14 (Loaded) ~

Debug  TwinCAT  TwinCAT HMI  TwinSAFE PLC  Tools Window Help | £ Search ~

TwinCAT CoAgent Sample

- H-o0-28068 .X.Ijl?.'|")'@‘|Release

- | | TwincaT RT (64)

H 2\ ©|[w

-| B Attach.. - -] w8 |

= | ‘TwinCAT CoAgent Sampl '| |<Loca\> >

“Plct -l -3

Solution Explorer
flo-8 &=

| Search Solution Explorer (Ctrl+) p"‘

1

F3 Solution 'TwinCAT CoAgent Sample’ (1 of 1 project)
4 Illi TwinCAT CoAgent Sample
> @l sysTEm
4[] moTION
b NC-Task 1 SAF
4 PLC
4 Plct
4 EIj Plc1 Project
b [0 References
3 puTs
3 Generated
3 6vis
3 Hmi
3 pous
| Templates
> [ Complete
4 [ Guidelines
4 [F] FB_Axis (FB)
ﬁ?‘ Enable
E] Halt
E;ﬁ MoveAbsolute
ﬁ} MoveBw
E'," MoveFw
|_5:';| Reset
5;1 State_Enable
E State_HaltDone
5; State_ResetDone
E} Stop
> B Velocity
& FB_RunningLight_g (FB)
b [ Optimize
3 visus
E';J PlcTask (PlcTask)
2 Prompts.txt
ﬂ: Plc1.tme
TR Plc Instance
SAFETY
C++

ANALYTICS

Solution Explorer [REED

D Ready

FB_Axis.MoveAbsolute = >
METHOD MoveRbsolute
VAR_INPUT

bExecute H J Execute the absolute movement
fPosition H i Target absolute position
fvelocityAbs Velocity for the absolute movement

Movement completed

bCommandAborted: Command was aborted

END_VAR

// Call the MC MoveAbsolute function block with the provided parameters
fbMcMoveRAbs (

Execute := bExecute,

Position fPosition,

Velocity := fVelocityAbs,

Bxis := AxisRef
)i

// Update status and error information
IF fbMcMoveAbs.Error THEN

bError := T H

nErrorID := fbMcMoveAbs.ErrorID;
END_IF

// Update output parameters
bDone := fbMcMoveAbs.Done;
bCommandAborted := fbMcMoveAbs.CommandAborted;

// Update the movement status
AxisRef.ReadStatus();
bMoves := AxisRef.Status.Moving;

Qutput

JRArATEL T B

+,

TwinCAT CoAgent

Name: chat 7

B =

* Tools:3 | =| =3

Model: anthropic/claude-3-7-sonnet-20250219 ~ ‘ Agent: PLC

'm your personal assistant for TWinCAT. Feel free to ask me anything by typing. Use /use or @ to give me additional information
Your p yuing Ly typing. @wiog
about your project I

+ @ 3 B>

Al can make mistakes. Please double-check responses.

T Add to Source Control = T Select Repository

[l




TwinCAT CoAgent | Smart agents for automation runtimes

Tools gateway

TwinCAT CoAgent
backend

()

Automation
runtime agent

LLM gateway

Local

Local

Azure OpenAl
Service

OpenAl
ChatGPT

Anthropic
Claude

DeepSeek

@ Experimental

Mistral

'@ Experimental

BECKHOFF




BECKHOFF

Overview

Overview

Station Position Z
Milling Spindle Rotation
Total operations

Last production cycle time
10.46s

179
2000
474308

Station
Quality Check

Station 4ok ‘
Detection ‘ .

Station

Monitoring

Station
Storage

| 26.3.2025, 17:56:22.730 | TeHmiAlanm | Symbol PlcMain.MAIN stDatsCloudAnalytics. nvecuumPressure is unreadable. Error value: 2048 TWInCAT
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Contact BECKHOFF

Beckhoff Automation Oy

Hakakalliontie 2 Phone: +358 20 7423 800

05460 Hyvinkaa E-mail: info@beckhoff.fi
Web: www.beckhoff.fi

© Beckhoff Automation 01/2026
All images are protected by copyright. The use and transfer to third parties is not permitted.

Beckhoff®, TWinCAT®, TwWinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°®, EtherCAT P®, Safety over EtherCAT®,
TWIinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by Beckhoff Automation GmbH. Other designations used in
this publication may be trademarks whose use by third parties for their own purposes could violate the rights of the owners.

The information provided in this presentation contains merely general descriptions or characteristics of performance which in case of actual
application do not always apply as described or which may change as a result of further development of the products. An obligation to provide
the respective characteristics shall only exist if expressively agreed in the terms of contract.
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