Beckhoff Automation and Artificial Intelligence BECKHOFF

Dr. Mikko Heikkila
Technical Manager



Beckhoff Automation and Artificial Intelligence BECKHOFF

TwinCAT Machine Learning TwinCAT Chat
Artificial intelligence seamlessly Automation projects with
integrated at control level Al-assisted engineering

= $ @'
e 'g W e

I Tw iﬂ CAT TwinCAT’ l,@

s r Bl |4

1'2\._



TwinCAT 3: The flexible software solution for PC-based control BECKHOFF

Engineering

 TwinCAT XAE allows programming and
configuration of hardware in one tool.

« Supports IEC 61131-3, C/C++, and
MATLAB®/Simulink®.

* Integrated debugging and diagnostic
features.

Runtime — Control level

« TwinCAT XAR: Real-time runtime for i s
machine control. — Tﬁ mg“ i

« Modular architecture supports application- = — — — =
SpeCifiC extenSionS. TwinCAT XAE — Extensions - s <o . .

« Simultaneous real-time execution and OS 3 -~ @ e T
operation. e Ve e

TwinCAT I/0
3 fieldbus driver



Machine Learning in Automation using TwinCAT 3 BECKHOFF




Automation and Data Science BECKHOFF

Automation




Automation and Data Science | Data acquisition BECKHOFF
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Data acquisition, Technologies for data collection in the shop floor BECKHOFF

» Different demands for collecting

machine data: ﬁicrosoft ATnazon I;rivate
_ e, Azure™ |} Web Services | cloud
— SQL or noSQL — — P
_ FiIe-based Message Broker [
— Local or remote ‘ T
— Limited port releases _— P . —
t P F; i ‘ T EDatabaa |l Data N
— Cloud-based data lake, and more Server Agent

— Product family for image acquisition
— Image (pre)processing
— Image storage




Automation and Data Science | Data modelling, training of Al models BECKHOFF
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Data modelling, training of Al models BECKHOFF

g Eile Edit View MNavigate Code Refactor Run Tools VCS Window Help -

PyCharm @ Compensation_Template.py Compensation_Template ¥ Git:

- -
» More than 80% of all data scientists RS
O : > PyCharm No Python interpreter configured for the project

work with Python or R code

= Most of the libraries used for data Lass MLB(torch.nn.Hodule):

( ):
. - - super(MLP ). )
Iabellng, Cleanlng and mOdeIIIng are .1inl = torch.nn.Linear( )
.relu = torch.nn.RelLU()
free Of Charge .1in2 = torch.nn.Linear( )
.1in3 = torch.nn.Linear( )
* an interoperabllity standard Is e
. relul = .relu(hidden)
essentlal: hidden2 = .1in2(relul)
relu2 = .relu(hidden2)
output= .1lin3(relu2)
output
°
22
Plot(x. train,y train,y pred):
matplotlib.pyplot plt
sordidxes = np.argsort(np.ndarray.flatten(x_train))
x_trainPlot=np.ndarray.flatten(x_train)[sordidxes]
y_trainPlot = np.ndarray.flatten(y_train)[sordidxes]
y_predPlot = np.ndarray.flatten(y_pred)[sordidxes]
plt.plot(x_trainPlot,y trainPlot, )
plt.plot(x_trainPlot, y_ predPlot )
mnl+ ehAual
iE 6 TODO B g: version Control B Termina | & python Console

PyCharm 2019.3.5 a go) 22:1 CRLF UTF-8 4spaces <No interpreter>

Scientic Automation Support



Automation and Data Science | Data modelling, training of Al models
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Automation and Data Science | Deployment of Al models in the shop

floor BECKHOFF
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Deployment of Al models

= Options for the integration

deterministic execution of Al model in the PLC code on
standard controllers (local processing)

accelerated execution of Al model on GPU and manycore
CPU, called from the PLC (local or edge)

deployment of docker containers with communication
Interface to TwinCAT runtime (local or edge)

deployment on a cloud system
deploying Al models with MATLAB and Simulink

BECKHOFF
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Deterministic execution of Al model in the PLC code on standard

controllers (local processing) BECKHOFF

TwinCAT transport layer — ADS
*TC configuration * Debugging
TwinCAT Object Manager I
S -~ (2
Tak 3 PLC call PRV
> Q Q  Runtime - ®
A\ 2 1
= Nt =y
Task o~ 8 1
= 0o
~ = — E 1
Task B C+ cal Z M 1
>0 modul Q  Runtime | — = ===
[ o e 1
- _ 3 Simulink® ;
» O modules I
= 1
— i
S|_Task 2 one 1
° 3 — 1
£ = Z M 1
o ask Q .
5 Q Runtime [@ = — = = = = = — -
= =
= ‘ \
S| _Tesk 3 safety g safety
S *Q FBD 9
Lt
= ' TwinCAT 3 runtime
TwinCAT Automation Device Driver — ADD ] W ] ] ]

— '
Fieldbus

- - (X2072

PWR

—
1C

SO R NEEENENE
90 “_“_“_“ éé
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Real-time Inference | PLC API BECKHOFF

ﬂ TwinCAT Project] - TcXaeShell ¥ & Pla & X
Eile Edit Yiew Project Build Debug TwinCAT TwinSAFE PLC Team Scope Jools Window Help
- B-ro-2@d 4@ 9 - = | Release ~ | TwinCAT RT (x64) - P Attach.. » A rlRAFREREe D
Build 4024.12 (Loaded) - = & B |H|2 & I! ] T #8 | TwinCAT Project11 - <local> * = Tc3_MLSample - =
. 7 MAIN® & X RIS el i ;
NE- o8 }': . PROGRAM MATN *|§q ¥ Fiter -~ | ¥ Sort by - £ Sort order -
) Explorer (Ctri+0! T P-A= VAR O Property Value
fbprediction : FB MllPrediction; ace

27 Solution “TwinCAT Project11’ (1 project)

) sModelFile : T MaxString := 'C:/mode T JONOME MLP.bml'; '/ ©
4 gll TWinCAT Project11 - T
4 @l svsTem 5 nInputDim, nOutputDim : UDINT;
1 License € dtype : ETcMllDataType := ETcMllDataType.E_MLLDT FP32 REAL;
4 @ Real-Time nnInput : ARRAY[l..10] OF REAL;
[Z 17O Idle Task nnOutput : ARRAY([1..10] OF REAL;
- Tasks )
gﬁplﬂask v rcnec [BY v =
=%= Routes
12 Type System - ) CASE nState OF
&) TccoM Objects = 1 : idle state
g MOTION = 11 IF blLoadConfig THEN
4 @ rc 1 bLoadConfig:=FALSE;
4 B T3 ML_sample 3 nState:=10;

4 g8 Tc3_ML_Sample Project ! END IF
b [ External Types _~

’ :Eﬂf:emes fbprediction.stPredictionParameter.MlModelFilepath:=sModelFile; // pr jel Ioad mOdel
3 GVLs - fbprediction.stPredictionParameter.MaxConcurrency := 1; / no concurrent f}

4 [ pous = IF fbprediction.Configure ()
b wi] MAIN (PRG) ) h o] t di
4 VIsUs on.GetInputDim(nInputDim) ;

b gh PicTask (PlcTask) 21 FAILED (bFailed) ;

23 Tc3_ML_Sample.tme

O Te3_ML_Sample Instance bFailed:=fbprediction.GetOutputDim(nOutputDim) ;

_FAILED (bFailed) ;

{Q iiinv 3 bFailed:=fbprediction.CheckPreferredIODataTypes (ETcMllDataType.E_MLLDT FP32 REAL,ETcMllDataType.E MLLDT FP32 REAL,bPreferred);
@l AnavvTics _FAILED(bFailed);
b @ vo 2¢ bFailed:=fbprediction.CheckSupportedIODataTypes (ETcMl1DataType.E_MLLDT FP32 REAL,ETcMllDataType.E MLLDT FP32 REAL,bSupported);
_FAILED(bFailed) ;
END_IF

= ) : // Predict e

- fbprediction.Predict (
pDatalInp:=ADR(nnInput) ,
nDatalnpDim:= nInputDim,
fmtDataInpType:= dtype,
pDataOut:=ADR (nnOutput) ,
nDataOutDim:= nOutputDim,
fmtDataOutType:= dtype,
nEngineId:= nCurrentEngineID,
nConcurrencylId:= 0);

- 4 IF fbprediction.bError THEN error
nState := 999;
hrErrorCode := fbprediction.hrErrorCode;
= 43 ELSIF bLoadConfig THEN '/ load (updated) m
: bLoadConfig LS
nState :=
END_IF;

END CASE : |



Machine Learning Server | IPCs

BECKHOFF

Compact: C6030 Industrial PC: C6675
= 11t Gen. Intel® Core ™- = 13t Gen. Intel® Core ™-
= CPU +iGPU = free slot for dGPU: full
Industrial PC: C6640, C6650 size PCle, 300 W TDP
= 13" Gen. Intel® Core ™-j
= free slot for dGPU:
e Embedded: CX2072 max. 210 mm PCle, 70 W TDP

= |ntel® Xeon® D
= AMD Embedded Radeon™ GPU

-
- -
- -

Compact + GPU: C6043
= 13% Gen. Intel® Core ™-
= NVIDIA® RTX™ A4500
(ex factory) N

NVIDIA




TwinCAT Chat BECKHOFF




Al-assisted engineering BECKHOFF

The rise of LLM chatbots

Opportunities for programmers

» offers automated simple generation,
documentation, addition, and optimization

&
= facilitates especially repetitive ]
S PR

programming tasks o ¢
= reduces routine tasks for the programmer Bl

= cuts down on the time required and
minimizes sources of error




TwinCAT Chat | ChatGPT integration in TwinCAT I/O BECKHOFF

OpenAl

Microsoft Azure™




TwinCAT Chat PLC BECKHOFF

(@l TwinCAT Chat Sample - TcXaeShell (Administrator)
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Tesm Tools Window Help
8- AN - « | Release « TwinCAT RT (x64) - P Attach.. ~ A% FUNCTION_BLOCK R E2e D

. 98 | TwinCAT ChatSample = <Local> * = Plat - =

C hat wind '
[ R ] " < ~ 8 x
FUNCTION BLOCK FB_RunningLight

Visual Studio YT VR o | it e

Whenever timer elapses ., Timer.Q is TRUE), the position of the running light is increased
&) Solution ‘TwinCAT Chat Sample' (1 project) L7n wd oo Rries Ha is Thue tio b ing lig crease END_VAR
% IF Timer.Q THEN s
4 il TwinCAT Chat Sample nPos := nPos + 1; e _—— o o s e
H 4 @ svsTem If the position of the running light greater than 16, reset it back to '@’ Timer : TON; elay Timer rol the speed e n
" Incluaes becknoir INTOSyS e i IO G ey T o cotes th sy f
nPos : INT := 0; //Position of the running light. '0' is the initial g
i .{;] :::,T'me E END_VAR
B PicTask itciros
conten
= Type System END_IF
[@8 TccoM Objects 6s Tone ax T Q She timer 3» initis for & tim don'
As long as Timer.Q is not true, the timer is initiated for a set time 'tLedOn
I& MOTION Timer( IN:=NOT Timer.Q , PT:=tLedOn );
4 @rc
. I EC 6 113 1-3 S taX 4 Bl Pt The running v a as a bitwise shift of ‘1 on position ‘nPos’
I I 4 & Pict Project dwOut := SHL(1, nPos);
b (il References
ND_FUNCTION
. . . o DUT: END_FUNCTION_BLOCK
b [ Generated 1 ) .
3 GVLs Add comments to the given code. Whenever timer elapses (i.e. imer.Q is TRUE the position of the runn
4 |y POUs imer. )
] FB_RunningLight (F8) I r P ) ) )
& MAIN (PRG)

a Function Block for Running Light Operation

H Se Cases "3 VISUs FUNCTION_BLOCK FB_RunningLight >efining c
= VAR_OUTPUT
l I & F =
b ] FB_Axis (FB) dwOut : WORD ; Output word wi s d bit for the running light

b Gh PicTask (PicTask) END_VAR
&3 Plcltme VAR arta Sanis
i} Picl Instance Timer : TON; d of the running light

SAFETY tledOn : TIME := TaS00¢

.
— generating code
@ vision ERO.A3
&l ANALYTICS

4 @vo one
IF Timer.Q THEN

— commenting code

shenever timer elapses (i.e.

on
Image If the position of the running light is greater than 16, reset it back to ‘@
*® image-Info IF nPos > 16 THEN
- b 2 SyncUnits nPos := @; Resetting the position back to '@
3 Inputs ENO_IF
COI I Ip e II Ig CO e b MR Outputs After the timer elapses, it's reset

b @ InfoData Timer(IN:=FALSE); Resetting the Timer

4 [ Term1(EK1100) END_IF
b @ InfoData

b "™ RunninglightOutput As long as Timer.Q is not true, the timer

.
ad d te rm I n aI S 2%, Mappings Timer( IN:=NOT Timer.Q , PT:=tLedOn ); In

The running light is hand
dwOut := SHL(1, nPos);

END_FUNCTION_BLOCK Ending the Function Block

.
C r E at E I I l ap p I I l g S The above function block (FB_RunningLight) is created for Running Light operation. It utilizes a timer to control the speed of the running

light. The running light's position is incremented whenever the timer elapses and is reset back to '0' when it exceeds '16'. The timer is
reset after it elapses. The running light is managed using a bitwise left shift operation

.
ad d aX I S Add an EL2809 and name it RunningLightOutput to "Term 1 (EK1100)"

The EL2809 10 Device is successfully added as a child to "Term 1 (EK1100)". It is named as "RunningLightOutput”. The function call
executed as expected without any errors

Comment Code | | Optimize Code | | Complete Code | | Check Guidelines | | Add Terminal

o | : B




TwinCAT Chat HMI | ChatGPT integration in TwinCAT HMI BECKHOFF

HMI Creator
OpenAl
HMI Server TwinCAT Chat Server Microsoft Azure™

User interface

Chat




TwinCAT Chat HMI BECKHOFF

Chemical Mixing Plant

Mixers and Pumps Valves and Tanks
| need an HMI for controlling

B ) e . o R ° a chemical mixing plant. |

have the following PLC
i — | . .

M - 4 . e variables in PLC1.MAIN:

Mixer 3 Speed — 11166 + Valve 3 Status ® mixture rate,

Mixer 4 Speed 3 4 Valve 4 Status ° mixture_volume,
mixture_temperature,
mixture_pressure,

Pump 1 Status & Tank 1 Level mlxerl Speed

Pump 2 Status ® Tank 2 Level mixer2_speed, etc.

- ! Group the mixer speeds and
: pump statuses together on
L the left side of the page,
Historized Data valve statuses and tank
e e Ie_vels_ on the right side, and
historized data at the bottom
= | - of the page.
5488 § ; B b 5 % 5 H 3 b 7 . 21172
52985 3 | 269.56
51093 : ‘ ‘ : 261.39
49194 H I ! d b ' Jooh . . 5 o ¢ 25323
472995 » : : el : e e , 24507
45404 : : b s . s o 23691
43500 = G 2 s e et e 22875
416.14 ) . < e s % . 5 . i 22059

397.19 { : . : : o i 21243




TwinCAT Machine Learning | Key take aways BECKHOFF

Artificial intelligence seamlessly
integrated at control level

= Modular hardware/software for Al integration
iInto PLCs.

= Aim to make Al adoption broader beyond
experts.

= Examples
— machine-integrated quality checking
— reducing waste guantities
— collaborative and context-aware robotics
— machine optimization
— predictive maintenance
= Stay tuned to the technology

https://www.beckhoff.com/en-en/products/automation/twincat-3-machine-learning/



Automation projects with Al-assisted

https://www.beckhoff.com/en-en/products/automation/twincat-projects-with-ai-supported-

TwinCAT Chat | Key take aways BECKHOFF

engineering

Generative Al is here to stay

Integration of chatbot technologies into
TwinCAT Engineering

Aims to increase productivity of
programmers and improves instant
support

Stay tuned to the technology

gl =

TwinCAT I




Questions ? BECKHOFF
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