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1.1 #4357 EH

AR GE AT REERE B AR B S TEE R,

EREMEIRAMET, DIUEESHEH LT 5 B R AR
BRIFARNASEXER, HRKERRMIVERE,

XA RARMGTBERARS= SNNARERTARERSER, SIEMEMRFEE. FH. ENMFE
GREEH
R IRECES. A, FiRrRIEERRF AT,
A MR BREFHERA B A AT, BARBITEH,
RERIBEAN RSP EIE. BRFIZAN B AR RAESER HEE,
5173
Beckhoff. TwinCAT'. TwinCAT/BSD’. TC/BSD’. EtherCAT'. EtherCAT G'. EtherCAT G10'. EtherCAT
P, Safety over EtherCAT'. TwinSAFE'. XFC'. XTS #lXPlanar 2EE(ZEE K ERATBEMEITH
FRERNER,
AHERYFFHMERNEHE R RERBFREMN, FHE=AETEESENEREITESBRICHBIFFIEEN
Fo

r—N
EtherCAT.

EtherCAT @EMBIFMNEFIEA, HEEGEBERATEER

hRAXFRE

© EEEREEHLERAE,

REPAIIRIN, TNEEH. DA, ERAMEEEXERS,.

EERFRERBRRT. TEGSEEMUERQBREMERHA. EAMEMINLILITEF.

B=HER
AXHEPIREER T E =81, BXBIRMES, AR https://www.beckhoff.com/trademarks.
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HETFTAXERE T mBT2EARH.
SRR

PREAMEMENEEA ES AN ERGMNARE, MRRGEFTRMEREFINHEE, SN,
EfEREE B RATM B~ ERRERFEERE.

AGHER

GBI HARERERIENER]. Bt TIEERER,

ERMRE

XEPEANERMESAD LN T, NERASHENMZHRKR, BB ETREMEST IR
ABHREES

FERXTHEHRNISENR,

FESLTHEHRIFEXR,

AJEE

FHAAIES R ENREEHRENRENPL,

MEHIFRREES

BEJRESHUIFIRR., 1RGSR,

B EERIESR
[

XEEEEE:
BXREmiiRE. BEE#H—SERRRI.
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Beckhoff Automation GmbH & Co.KG ({&#R Beckhoff) B9/= &, RERILELIAR, SMEEETLZ28E, X
BI . &%, HSNENLLIET. RERETZTL2IEE, BATHRIPFENII . R4, H2sfMER
STERAD, ORI KA EREMEELEM S, Beckhoff FIfHENTMEEREINTE2M2—
. BERERAMLEE=ARERBUAREIZE. R%. VISSNNE, SIIREEXRET EHBRIPEREDN
BRT, AASREIMNESHEEBEMWEE.

Lo, R IESF Beckhoff X FREUE HRIFIEENEIN. XTFEELX2MNTUZEMNELZER, FiHREAR
SMuG https://www.beckhoff.com/secguide,

Beckhoff B9/~ RS =FFLHTIOE, XWER TR IR, £TFHEHAITINE, Beckhoff BBHEINA
KFERFFmVRIRS, HEFRERTRED E#HITERE, EAIRNHAZFN~mRA AR EINMNLE
FRRDBY KBS

WMET R Beckhoff = RIEELELMELR, 1EITF https://www.beckhoff.com/secinfo &I RSS &,
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2 EhR
&7
TwinCAT Machine Learning Server RIE#E1EEH IPC HiA&i& & LT Al 1EEL,
TwinCAT Machine Learning Server FRfMA{F4ARL :
+ PLC IHEEMREAIIZ Machine Learning Server B9%& F i,
* Machine Learning Server {E/ARSS (A EEBIMNE. H1TE) HREE.

XA GR PLC BFRER T HITIRE. FFIHTENSMSBTIE A ERAHITINES PLC RYBIFEIERRE
#8. Machine Learning Server S23¥7f CPU #1 NVIDIA® GPU LHITEMEZE Al 12EY, FIAFFESE
C6043 Tk PC E2&1FEM. Machine Learning Server TEI2IFRZMBAFPER Fia1T,. X2SHIEME 4T
7, Reg@I AP ERA G H TN AR E R E 7 & AEX IS 5o

TwinCAT Machine Learning Server AJfil#; LA ONNX XA TUIRERY Al #2E8Y, FREHEXEY Al HEZ2, 0
TensorFlow. Pytorch. Scikit Learn &, #%ZIFX—HIREMRE. XIS IFESHITIFEEE IR, T
AIZRIREER o] BB T U Al #28Y, JASMER TwinCAT Machine Learning Server HiiTiXLEARE,

Bing¢ S A

Machine Learning Server iZFF LU TAAI, BFRERETF:

- EREHEEZREAIRER, GPU ILERFUHAT AR BRI UG R BIERE (Bl5)) &R
B alo

o ¥iRIRATEGDE. BNSEGRDZIBIME Al EEL,
« ERMUARESHER AIRE, XEESSHEN PLCEFZEUNERERES.

o AMRRIMERAFITHIRSGER, EXEERLERIEULRAS, fId, SHgERERNIED
RE, SRERARBTUNELIFREE,

o IFHIBERTERBIRAFTRHLERN AIRE, o, RHMKEEEN T ZSHMAIEE,

5[FE% TwinCAT = mBIX A LI

%7 TwinCAT Machine Learning Serverz4bh, B HMEAR ZKMTHEER TwinCAT =an, BIHEIE Al REL,
+ TF3800 TwinCAT Machine Learning Inference Engine
+ TF3810 TwinCAT Neural Network Inference Engine
+ TF7800 TwinCAT Vision Machine Learning
+ TF7810 TwinCAT Vision Neural Network

TRYH T 5= 55 TwinCAT Machine Learning Server Z []f9EEX 31,
& 1: o anEEXTEE

S2B31% Al: TF3800. TF3810. TF7810 hniE Al: TF3820

TwinCAT #F2HRISEET 4 Al 11T AHFE ARSI T

TEARHE x64 CPU ET #%7E NVIDIA® GPU L {TRE A hNiE

SEETER Al BB ANEAIR(E 355 A0 ONNX Opset hRads, FALFISH Al EE
FrAE PLC THREEIR, BT 1E TwinCAT &R FrE PLC THREEIR, fBF1E TwinCAT &R

5 ONNX, AJSCINEIR(EM 45 ONNX, AJSCINEIR(EME

BIAS: TF3810 €2FE TF3800. TF7800 #1 TF7810 tLAITEE Z1NE F imMIMLE+H F{EIRSS 25
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e =b
3 T’x
ZE{FH TwinCAT Machine Learning Server, EEE=H1:

- TF3820 | TwinCAT Machine Learning Server
BT IPC 801A% IPC _EREHIEWNUILTHRERIR,

o MIRZ LRI TcMIServer [» 30] ARS.

- TF3830 | TwinCAT Machine Learning Server Client
£I72E PC L REMINREARIR, LUERPIERY PLC o

o J3 TwinCAT 3 XAE &3t PLC [ Tc3_MlServer [» 32]o

+ TF38xx | TwinCAT Machine Learning Model Manager
ETH2 PC ERFITHAERIR, LUEETE TwinCAT F{EFONNX 3Xf4 [» 18],

RHAER: TwinCAT Machine Learning Server (TF3820)

AR ER
BRIERS Windows10
B FEE X64

1 TwinCAT ARz

TwinCAT 3.1 Build 4026

FEH TwinCAT 8B

TwinCAT 3 XAR

FREE TwinCAT 4%

TC1000

RHER: TwinCAT Machine Learning Server Client (TF3830)

FAREIE =R
BRIERR Windows10
BirFa x64

1% TwinCAT ks

TwinCAT 3.1 Build 4026

EEH TwinCAT 8B 3)

TwinCAT 3 XAE

FREE TwinCAT #24#%

TC1200

TwinCAT Package Manager: &3% (TwinCAT 3.1 Build 4026)
BRLEHIEMIEE, 5505 TwinCAT 3.1 Build 4026 RE&iFAFH “RETEHE ZT,
LZEUT TR ReER~m:

TF3820 | TwinCAT Machine Learning Server =
(Runtime: 3.2.1)
The TF3820 TwinCAT 3 Machine Learning Server is a high-performance service for

executing trained Al models with the option of using hardware accelerators.

TwinCAT Package Manager Ul: TF3820 | TwinCAT 3 Machine Learning Server

TwinCAT Package Manager CLI:
tcpkg install TF3820.MachinelearningServer.XAR

10 h&7s: 1.0.0
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TF3830 | TwinCAT Machine Learning Server Client &
(Engineering: 3.2.1)

TF3830 TwinCAT 3 Machine Learning Server Client provides PLC function blocks
that can be used to configure and call up services supported by the TwinCAT 3
Machine Learning Server.

TwinCAT Package Manager Ul: TF3830 | TwinCAT 3 Machine Learning Server Client

TwinCAT Package Manager CLI:
tcpkg install TEF3830.MachinelearningServerClient.XAE

TF38xx | TwinCAT Machine Learning Model Manager =
(Engineering: 1.0.0)

Management tool for converting and generating AI model information

TwinCAT Package Manager Ul: TF38xx | TwinCAT 3 Machine Learning Model Manager

TwinCAT Package Manager CLI:
tcpkg install TF38xx.MachinelLearningModelManager.XAE

1£3£%8 TF3800 5§ TF3810 3.2.6 RESIRABH RS LR

® SIHMRAREEHZR

fE%& % TwinCAT Machine Learning Model Manager B934 &8, RIRESHILAR, EZIBARZAR
BUHIR R R ER,

WMEBRLET 3.2.6 FE{EhkAHY TF3800.MachineLearningInferenceEngine XAE 5§
TF3810.NeuralNetworkinferenceEngine XAE THRERIR, MR & A ENEX LETREIRIR :
tcpkg uninstall TF3800.MachinelearningInferenceEngine.XAE --include-dependencies

tcpkg uninstall TF3810.NeuralNetworkInferenceEngine.XAE --include-dependencies

AfE, ZTREREL 3.2.10 S ESARARITIREIER,

3.1 #&M©

TF3820 TwinCAT Machine Learning Server 1 HARSS 28404 (TcMLServer BRS3) 15K, BN MTFHETE
HITARSS SR HAZAY IPC £, TF3820 ANEIE TF3830 #24%, HILFTHENIMENENRILILINEER SRS 28 2 (8]
A H#IE(E,

TF3830 TwinCAT Machine Learning Server Client ##XH PLC £ Tc3_MIServer IIIgERE I, FHETIEIE
J518] TwinCAT Machine Learning Server BUIETTET R4 ERC B IZIRIN. THEER S AR 28 2 [B]A A H3@ 1S T FE
B3t TF3830 %1%

TwinCAT 3 HEEAMHAUE D NITTEERRAN 7 RiXBhR. MMIRISEELYANLET TwinCAT 3 FFAIFER (XAE)
o

TwinCAT Machine Learning Server F{EIF I Ef

o
1 9N TwinCAT Machine Learning Server ZEIENHRE 7 KIXAIEN, MER 10 HEIFHRIT—
REENE M,

TF3820 hRZs: 1.0.0 11
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1ZIER TwinCAT 3 ThEERITEEERRZS
AP RERANEFER, JSIMERESRANXE “TwinCAT 31 .
RANER TwinCAT 3 ThEEAHFRY 7 XiX AR

®
1 ToiE79 TwinCAT 3 BAESREA 7 Xt AhR.

1. BB TwinCAT 3 FF&IF1E (XAE).
2. :IA—1MIER TwinCAT 3 MBS SIE— MR E,
3. MIREBHFLRGENITIN, FREFMENEMRAS. Ak, IEMTEZR Choose Target System (3%
BERRS) ThHRPERBEIRRS,
= ?g;yli%%% EENEEMNBIFRS. EEFRFZLEENMBR, BEHERA TwinCAT 3 BIEHZ
X RELT o
4, E)Solution Explorer (BBRARESFREIRE) F, WL SYSTEM (RF) FAFRHM License (I%

Solution Explorer v 0 x
@l o-a|s -
Search Solution Explorer (Ctrl+) 2

.TJ Solution TwinCAT SampleProject’ (1 project)
4 lii TwinCAT SampleProject

4 () SYSTEM
¥ License
b @) Real-Time
b B Tasks
=f= Routes

215 Type System
TcCOM Objects

= FTFATwInCAT 3 IZINEIES,

5. ¥TFF Manage Licenses (EIRE) EM£,

6. 7 Add License GRINIFIN) 54, BUEERMET B PHRINNEIRE (FIF7
"TF3820 TC3 Machine Learning Server" #1/3% "TF3830 TC3 Machine Learning Server Client")
FER, TF3820 BEE7ARAR TF38301% 4N, MRAHRLSE TF3820, MEFHAFE TF3830, H

BirEEFIRZAFE TF3830,

Order Information (Runtime) Manage Licenses ProjectLicenses Online Licenses

Search: | v| X DDisabIe automatic detection

Order No License Add License
TF3685 TC3 Weighing O cpu license
TF3710 TC3 Interface for LabVIEW O cpu license
TF3800 TC3 Machine Learning Inference Engine O cpu license
TF3810 TC3 Neural Network Inference Engine O cpu license

cpu license

TC3 Machine Learning Server

TC3 Machine Learning Server Client cpu license

TF3850 TC3 Machine Learning Creator O cpu license

7. ¥T7F Order Information (Runtime) GTHER (B{TH) ) %R,
2 ERN—KRF, ZHEEWENETA “BRE” K&

12 hRZs: 1.0.0 TF3820
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BECKHOFF

8. B 7 Days Trial License... (7 RiZRIEIN......) , BE 7 KiZBER,

it
i

Order Information (Rurtime)  Manage Licenses  Project Licenses  Online Licenses

License Device Target (Hardware Id) o Add...
System Id: Platfarm:
20B25408-B4CD-81DF-5483-6A3D9B43EF19 | other (37)

License Request

Provider: Beckhoff Automation w Generate File. ..
License |d: | Customer Id: |
Comment: | |
License Activation

7 Days Tral License... I License Response File...

= —PMIHEETF, RREAIEERERAVIE.

Enter Security Code >

Fleaze type the following 5 characters: ok
| Ke8T4 |

9. IEFARINIDIERS, HIABRAG .
10. FIASHIENE, RREUERM.
S ERN—RERP, BNRESSERENEIEIBHA,
11. B TwinCAT &%,
= 7 XKiZAREBR.

3.2 iZENVIDIA' B

NREGPUNMBERNAMREL T I 2 B AT A X BeckhoffiikrIBeckhoffiEft, MEFANBEITHERE
HAE4% L2 E1TE RO FRERSR M4

[ )
1 MNRIEFEREH A GPUIEXBeckhoffiE{&AIBeckhoff IPC, MAT ABKT X—ER%3

REERIFES NVIDIA® B, T7ERARN S TFHEEMRE (Fl0, E71%%E CUDA12.6) , BNEIES
TFHRE,

NVIDIA® JEzHIZRF

- &@ NVIDIA® GPU: hfxZ 560.67
* Quadro/RTX GPU: g7 522.86

CUDA (Compute Unified Device Architecture, %i—itEig&%E14)

TF3820 hRZs: 1.0.0 13
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+ CUDA hix7s 12.5.1

cuDNN

+ cuDNN hR7s9.2.1.18 (EZEXXtH, E7B1E Windows RE12FF)

. LEEBAEAIE NVIDIA® fih: Tarball 23,

- WU cUDNN FERBREFERNZIRSEN (MARHEFH) PATH TEH,
—fRit, ERBHEREUTRAERK:

- cuda.dll EERIRT A%

« nvml.dll FERIRT R4

RILRIETTRMERERIN

EEREEESE (FlINHHBGPURC6043 T PCREMEXAIBeckhoffiEg) BF, NVIDIA® GPU FYEiTE1TH
EBAE TwinCAT KRR EMMAKIZITH. FRE=7 GPU B, RIBRE GPU RHEIGE, EEHITHAEIATEE
SHMBAKHNEITES KB,

BohiR55288/5, TwinCAT Machine Learning Server =37 EMTEEHEXH [» 4TI ERIFAfER ERATREEEMN
1)@,

14 hRZs: 1.0.0 TF3820
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BECKHOFF BRI ]
4 PIEN]

B2 T ONNX 3¢

WRESE B SR ONNX SRHFHTHIAMIE, ATLUER GitHub A9 ONNX Model Zoo #1TiMik (&) » T
L ONNX Model Zoo B ResNet50 Faffli#1 TR,

Netron ATAFRMKER SRS TwinCAT Machine Learning Server HIITHIZER [» 291,

C: » Users » FabianBa » Downloads » res2net50_48w_2s Opset18.onnx = O >

-

MODEL PROPERTIES X

format  OMMX v
producer  pytorch 2.1.0

version 0

imports  alonnxvig

graph  main_graph

INPUTS

X name: X

tensor: float3z[1,3,22a4,224]

QUTPUTS

563 name: 563

tensor: float3z2[1,1080]

3

WATRAZESH, FrfERAR ONNX Opset h5 32 #5.

f# M TwinCAT Machine Learning Model Manager ##& ONNX X {§

FTFF TwinCAT XAE HEAZE TwinCAT > Machine Learning (#1283 >J]) > Machine Learning Model Manager
(MBIFESEIFLS) [» 241,

H "Select files" (EIFXMH) METHAI ONNX, FAFIESE "Convert files" (FFHEN M) o FRIEAY ONNX K&
FE% JSON # PlcOpenXml X4 & Rt BARRIZH,

It#% "Open target path" (JTH BRI , 7ELLERE _EFTF File Explorer (XEHRBFEESR) o

TF3820 hRZs: 1.0.0 15


https://github.com/onnx/models
https://github.com/onnx/models/blob/main/Computer_Vision/res2net50_48w_2s_Opset18_timm/res2net50_48w_2s_Opset18.onnx

BN BECKHOFF

ol || Configuration tool | Automation tool

Select files to convert CA\ProgramDatat\Beckhoff\TwinCAT\Functions\TF38xx-Machine-Learnin lzl

C:\Users\FabianBa\Downloads'res2net30_48w_2s_Opset18.onnx KerasMLPExample_cosxml
Select files . Select target Path
lemon_model json

lemon_model.onnx
Remove 59_|ECtEd lemon_maodel_plcopen.xml

from list resZnet30_48w_2s_Opset1d.json
res2net50_48w_2s Opset18.onnx
res2net50_48w_2s_Opset1d_plcopenxml

Open target path

Convert to *xml v

Convert files

EXHERRASKLATA

FEARRENIEZET, BE TwinCAT Machine Learning Server 5 PLC #EE—i&& 517, AR, WA
(res2net50_48w_2s_Opset18.onnx # res2net50_48w_2s_Opset18.json) 7Zf&7E HIFI&&EH C:\models
BET

BEXIPBENESESR, Binn: BERERHERSF&E EATA [» 200,

W5 IRCE

M—"=8 PLCINB F 8. B, Ai DUTs XXHFEHIERE "Import PLCopenXML" (|
PLCopenXML) , SABEBIZEM res2net50_48w_2s_Opset18_plcopen.xml,
4 [Ofrc
4 O Untitled

4 5] Untitled1 Project
b [l References

[3 GVLs Add D
b [3 POUs Export to ZIP
b E; ::S_:_Jsk e~ Import from ZIP
g8 PlcTask (PlcTa
Import PLCopenXML..
07 Untitled? Instanc[ m_imp B
[& SAFETY X Cut Ctrl+X
[l c++ ) copy Ctrl+C
2 vision X Delete Del
ﬂ GII e =) Rename F2
> Evo
)‘ Properties Alt+Enter

1£ References T PLC & Tc3_MlServer,

EEWHIREIR, ZREEENTBAM. 75, £ TwinCAT Machine Leanring Server FRIE=iE, AR
PATINEAR B A HEIE,

FEA

stModelInput : ST res2net50 48w 2s Opsetl8Input;
stModelOutput : ST res2net50 48w 2s Opsetl8Output;

fbM1Svr : FB MlSvrPrediction;
bConfigured : BOOL := FALSE;
bError : BOOL := FALSE;
sSuccess : T MaxString;
nInferenceCount : UDINT := 0;

16 hRZs: 1.0.0 TF3820
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IF NOT bConfigured AND NOT bError THEN

PFENI]

fbM1Svr.stPredictionParameter.sMlModelFilePath := 'C:\models\res2net50 48w 2s Opsetl8.json';
fbM1Svr.stPredictionParameter.sMlSvrNetId '127.0.0.1.1.1";
fbM1SVr.stPredictionParameter.ekExecutionProvider := E ExecutionProvider.CPU;

IF fbMlSvr.Configure (nTimeout := 10000,
IF fbMlSvr.nErrorCode <> 0 THEN

nPriority:=0) THEN

bError := TRUE;
ELSE
bConfigured := TRUE;
END IF
END TIF

END IF

IF bConfigured AND NOT bError THEN
IF fbMlSvr.Predict (

pDataln ADR (stModelInput),
nDatalInSize SIZEOF (stModelInput),
pDatalOut := ADR (stModelOutput),
nDataOutSize := SIZEOF (stModelOutput),
nTimeout 1000,

nPriority := 0)

THEN

IF fbMlSvr.nErrorCode <> 0 THEN

bError := TRUE;
ELSE
sSuccess := 'You made your first inference';
nInferenceCount := nInferenceCount + 1;
// use stModelOutput here
END IF
END IF

END IF

AMEERE

HWOEECE, BohPLC, ERETRU T, 1HEE8E nInferenceCount &M, XS sSuccess BKINIETTo

Wf Fle Edit View Project Buld Debug TwinCAT TwinSAFE PLC Scope Tools Window Help  Search (Cul-Q) £ TwinCAT Project80 - o x
{1@-0|F-10-= - TwinCATRT (x64 b Attach... - B
* |Build 40266 (Loaded) - B TWinCAT Projects -/ sLocal> - = untitied1 g

Solution Explorer

8 o-0 A=
Search Solution Explorer (Ctrl+a) p-

£ Solution TwinCAT Project80’ (1 of 1 project)
4 g TwinCAT Project80

MAIN [Online] 5 X

TwinCAT_Project80.Untitled 1.MATN

Expression
¥ & stModellnput
+ @ stiodelovie

Value

Type Address  Comm.
ST_res2netso_sm_2s._...

ST_resonets0_sew_2s_...

Prepar.

b @l sysTEm * @ foMisv FB_MsvrPrediction
MOTION # bonfigured B00L
4 Hrc @ bEror B00L
4 [BE Untitled! ® sSuccess T_MaxString “You made your first inference’
4 g Untitled1 Project # nlnferenceCount UDINT 833

4 [ References
-3 Te2_Standard

-3 Te2 System -
-3 Te3_ MiServer
-3 Te3_Module IF NOT bConfigur=dfENE AND NOT bError(Z

4 [zouts E]

foM1SvE. stPredictionParameter. sHlMode1Fi 1o Path Cinsis 7]

8¢ ST_res2net50_48w_2s_Opset!

82 ST_resanets0_4Bw._25_Opset] by e
3 Gvis -
4 |z POUs a IF foM1Svr.Configure (nlimeout : Priorit ) THEN
&1 MAIN (PRG) a IF £bM1Svr.nErrorCode[ 76800000000 | <> 0 THEN
(3 isUs PError e = TRUL]
b [ PicTask (PIcTask) a

n
L8 Untitledt tme
TF Untitled1 Instance.

15
SATETY i moae
[ c+ =
NSO a TF pConfiguredElE AND NOT bError@NER THEN
ANALYTICS a IF £bM1Svr.Predict (pDataln := ADR(stModelInput),
» @o nDataInSize ZEOF (stModelInput),
ppatacur R (stiede L0utput) |
nDataOutSize 'OF (stMode 10utput) ,
nTizeout .
nPriority
a THEN
a TP £EM1Svr.nErrorCode TEmomHn0 ] <> 0 TEEN
bErrorENER = TRUE;
a ELSE
25 sSuccess Toumsmy 7] ¢
a0
a use stModel:
2
2
31 EW_IF
35| -
36
B
Error List

Entire Solution

A 0Warnings || @ 0Messages

Build + IntelliSense Search Error List

Description Project File

‘ »

Solution Explorer | Team Explorer Watch 1| Error List | Output Properties | Toolbox

T Add to Source Control ~

TF3820 hRZs: 1.0.0 17
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5 EREN

5.1 TERIE

TERESEUTTSE:
« M ONNX X4H742EY PLC #3%iRA [» 18] (£ TwinCAT Machine Learning Model Manager
(TwinCATHI28F SRR ETR8) [» 24]) o
o M ONNX X4 BIEE— PlcOpenXmlXff, ©7 PLC IRt T IRBAIA NN HEERE

o ERERY JSON X B R RARTHE. XETHIE— S EEESTWInCATEFAEXNEERES, 5
— L EBBAAREAGNAREXNEEXER.

- EEMARZ LM JSON XHFT ONNX X4 [» 201,

+ 1£ TwinCAT TEEMIEHRE AN PlcOpenXml [» 18], #Hi&IFB_MISvrPredictionIhgesR [» 32] FHEEMK
3| PLC .

- PLC Ei2& TwinCAT Machine Learning Server [» 21] F0&; Al #28Y,
- BmMENARRE S IEREIPLCES B [» 22],
- EIRFIE{TEIRHE /R Al {=5Y [» 24],

5.1.1 BATwIinCATHIZFE I IRSS25HEFONNX 4

EmPLCHYROER

BE7£ TwinCAT PLC A FB_MISvrPrediction [» 32] B9 ONNX, BEEEOEE, XLEEZH TwinCAT
Machine Learning Model Manager (TwinCATH1288F SRRV EIEE) [» 24] £rM.

AR HFHY ONNX Opsethis MFRFIBVER, 1EIAIR): ONNX 2F [» 291,

my-model.onnx

TwinCAT XAE

TwinCAT Machine
Learning Model Manager

my-model.json
my-model.onnx
my-model_plcopen.xml

JSON Xf¥

JSON XHEIZIIRER FB_MlSvrPrediction FRfRRITTEE. AFERI LIBT BEXEM [» 4017 JSON
XHFARINE CRITTEdE. JSON XfHHIhEERMNE, £ Configure 757X [» 33]o JSON X471 ONNX {4
A LATEIZTTRY PC EMNE, &0 BIRAEARX HH7EARSS 281k F AT A [» 201,

PlcOpenXml

PlcOpenXm!| B2 & AL T FY PLC SEBEIA, BEIEREVN/AHLEH (DUT) RER T 1EEZHHEI ONNX
XHRBNAAEEX. Flt, BRI ONNX REEANE LT 2R 5 EXA9E o

TR E R LA 2R RE,
7£ PlcOpenXml SXfFARAE AR FREYR G

18 hRZs: 1.0.0 TF3820
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MODEL PROPERTIES X

format  ONNX v4
producer  pytorch 2.2.1

version 0

imports  ai.onnx v9

graph  main_graph
INPUTS

input.T  name: input.1

tensor: float32[1,3,224,224]

OUTPUTS

367  name: 367

tensor: float32[1,3]

X% : lemon_model.onnx

BIFEATI & input.l

EifmE TR 367

AR STRUCT 22889 DUT, &B#9 504 ST_lemon_modelinput #1 ST_lemon_modelOutput, &4
STRUCT #E—1LE8 (REEX! ) #—1 data area, dataarea mERIEHAMNBET AHmE, ELR

B in_inputl Al out_367, PLC FARARIFERNFHTIHKEEMFR. MR- AERE S MENEE
BT, WM RIS STRUCT N—M TR ET.

ESDY:SEEPNS &SNl

TYPE ST lemon modelInput :

STRUCT
{attribute 'hide'} _header DO_NOT CHANGE : ARRAY[0..63] OF SINT := [-1,-112,120,86,52,18,-1,-1,1,
-1,0,0,-1,-1,-112,-112,104,-72,-97,-115,-17, 4, 98,-85,-50,-67,-12,-50,-6,33,-10,-11,88,80,121,12,119,
-56,-24,8,110,-32,-69,113,-21,3,102,-60, 64, 48,9,0,0,0,0,0,0,0,0,0,0,0,0,01];
in inputl : ARRAY[0..0,0..2,0..223,0..223] OF REAL;
END_STRUCT
END TYPE

KERRT ALRRGKE (G BiERE N A IKE) ARG HE XAFr] UFRREIERE 5 EH 9
ONNX —i2fEf, XtEKE, EAMRRBANEEIRNFRIRFORESEHEENGHE, Eibthi1%E
KEEERS, XNTEEEN P 24| LHEE,

KB F AR IFENR!
YNRFE, FILUFZEE STRUCT RTRMIBZRFR, BREREBEANTE STRUCT FBYIRF.

£ TwinCAT 3 & A PlcOpenXml

AEPLCHEH X4 (40 DUTs) , &I "Import PLCopenXML" (S PLCopenXML) FE&, E4ERM
PlcOpenXml $A\Z| PLC T H,

TF3820 hRZs: 1.0.0 19
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4 [ ric
4 O} Untitled1
4 ] Untitled1 Project
b [l References

3 GVLs Add >
b [3POUs Export to ZIP
b E; ::S_:_Jsk PicT Import from ZIP
g8 PlcTask (PlcTa
| rt PLC XML..
O Untitled1 Instan([ |; mpo open
[&) sareTy & Cut Ctrl+X
[ ce+ ¥ Copy Ctrl+C
VISION X Delete Del
ﬂ GIIes =) Rename F2
> & o
}’ Properties Alt+Enter

ISIERYE R : Machine Learning Server{SG&id 4 B A N S BU IS BB ITIRE

EAER, DIOERRMHAIPIcCOpens HHE XA N/ ANHREER, LKAME R M TcMIServer IIE, LU
RIEIBIREN L 2%,

5.1.2 BIRE R (2RSS 2818 & LRI A

AT HEBEINFAERY, HHitL TwinCAT Machine Learning Server JliE@XEEAREY, X BKERS S MHIAE L]
#2219 JSON F1 ONNX XHEXHRAFIENL, 7 RERININEL Al #EY, ZACE A Configure [» 33] &4
o ZHEREHENISONHMZEIREFE, ZXHESEOBRER. HXH ONNX XHBAFHEER—X
HHRERE T, BMHEEBRLATRIE JSON 5 ONNX ZjalByREE,

ONNXX HEEREEIZITTWINCAT Machine Learning Server B9i&%& £, JSON XHNEEEZTFIHIEE L
Rt FERRFREAGE2EEMN; 1B JSON F ONNX AR B HERMERR,

FE1-BRENREZSRLEER— IPC £: JSON F1 ONNX XHSRFLE R IZRTZMEE IPC L,
TwinCAT XAE TwinCAT XAR

Step 1 TwinCAT Machine
Learning Server Client

manual copy of
B c:\mdl\my-model.json

model files to target
c:\mdI\my-model.onnx
TwinCAT Machine
Learning Server

BE 2 - BEFIHMRS[LETRER IPC £ ONNX XH R E#EFMHEERS S L. JSON XHFUMFHEER
Fimi&&BItERERE T

20 hRZs: 1.0.0 TF3820
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TwinCAT XAE TwinCAT XAR
manual copy of : zod TwinCAT Machine
json to client 7 Learning Server Client
device

v

B c:\mdl\my-model.json

o TwinCAT Machine
Learning Server

B c:\mdl\my-model.onnx

BE3-FFIHMRSBRETAEN IPC £ &AM (ONNXF1 JSON) el UEREFEER iR, EHA
Configure 5758y, BRMERSSRIRE LHREIZ, NREIEHAE ONNX XH, MERFiKE EARK
2o MREFFIHIZE LILE JSON F1 ONNX, M@ ADS 3§ ONNX XHtEHEIARS 28185, AREMARSS SR
M#H. ZHFEFENRK, ENFHMERERIT R, 2fE, BEKEEMRSHLEMNH.

[
1 ADS BEHZRNFHIEB K, LUEREHEIET ADS RiFEIEE,

TwinCAT XAE TwinCAT XAR

Step 1
manual copy of
model files to target

|

TwinCAT Machine
Learning Server Client

B c:\mdl\my-model.json
c:\mdl\my-model.onnx

Step 2
autodeploy via ADS triggered
with configure() method

o TwinCAT Machine
Learning Server

5.1.3 M PLC EFinACERSS 23

IBA737% configure [b 33] R7E TcMIServer FRAINEEIR FB_M1SvrPrediction BMENKHIKAIK—1 5
i&. FB BX 5 stPredictionParameter [ 36] REXMECER FEHIK. BE, 81 FB_MlsvrPrediction
LHIERS SR LHDEEECHRIE,. Fd, KIEWAILUBE S bExclusiveSession £EEMH,
FEREFEAIRES, FHIEXTUTREA:
+ TwinCAT Machine Learning Server 7ZEHE?
o BILARSSRILEFH AMS Net Id $ETE. BUIAMMER “AH1” ,
© RZANEHRAS Al #EEE?
o JBIEHER JSON X4 ZIEE.
© ANRBIN IZTEMRNEMG EHAT?

TF3820 hRZs: 1.0.0 21
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o B HITIREFER (E_ExecutionProvider [» 36]) 1 BIiERIGPUIEEIDEE Mo

BMIANRESIERSFRELDER R HTIENBEERHIRKERST, NRABBAZRIRIR
fille MEEEEBHITAAEF (RAM 3 vRAM) RITAB—1 =&, BEEHSRHEK.

deconfigure [» 33] FARI AT XAZE, MMEREIR.

NREFIHARTTEXITEEA (BIPMBMNSIEBETE) RRSSHELXER, RESBUIINNZEFIHEAE
AR, HXEIRENZIEEN [» 3618, RIERBENXHA.

fl

=
=EH
fbM1Svr : FB MlSvrPrediction();

3

// configure session paramaters
fbM1Svr.stPredictionParameter.sMlModelFilePath := 'C:\mdl\lemon model.json';
fbM1Svr.stPredictionParameter.sMlSvrNetId := '127.0.0.1.1.1"';
fbM1SVr.stPredictionParameter.eExecutionProvider := E ExecutionProvider.CPU;

// Submit configuration request to the TcMlServer

// Provide a generous nTimeout, as the configuration can take a substantial amount of time
IF fbMlSvr.Configure (nTimeout := 1000, nPriority:=0) THEN

// check for error

// change state

END IF;

5.1.4 H1T Al {55

8 FB_MISvrPrediction [» 32] 9 Al #REVAY1T@IT Predict [ 34] 757% (2% batched [» 34] {EFEESRY
PredictBatched) fit’%, 5 PLC E51EIFARS,

WANBIREE MG EIESE (B Machine Learning Model Manager [ 24] ZE5# PlcOpenXml) LK
BT REERLI1Z T E.

EEHEGS:

BRZG AN, BMASEKES@ETADSKIZRIIRSER. NIFMENEFIREEESEITAPRP#HIT, HE
B, BANBIEESFEEZHE, FRAEHE (MAEGEIE) i, BHEE PLCESEIFE, LI
IETEIFERY

RIEHIEGS:

F&fS TwinCAT Machine Learning Server #3222 <. MRBEZSMEKRTERNLIE, EEE—BA
5, HREEERESMIERIENTPIRIILE, EF CPUNKEGSEZEINFAIE, BIAFIEXBRFIE
E, MET GPU BEENBTUHITAIE, 1 FB LHITERS B[ EReeE—NMFRIEEK, BIRSHEEHNREK
BEREMSERXRE P IR E,

ERBIPLER:

—EEIR, RYIFKRHBIEREEL PLC ESTEIFE BB ERIE#HITIT. Eit, ERESEINERMEIN
2R MR I RE4E R RIFEY 8], HMEMNIRERER, UWBERARE MR BIESPHRSRNIER, X—R
ESHEMITEREREPRITEERERNAANEE, HINETESEAEHIER,
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o
2
=
=

waiting for
% model execution time —¥ *— next cycle
2
g E
= =
cycle cycle cycle o | cycle cycle
start start start start start
v k J model
. use
call predict() output
\—I—‘ i -l:
PLC execution time time
= model execution time —» wE L ilr -+
O next cycle
2
2 £
o =
cycle cycle o cycle
start start start
v v
N use model
call predici() output
time
Sample Predict()

AP

stModelInput : ST LemonModelInput; // DUT from PlcOpenXml produced with TC ML Model Manager

stModelOutput : ST LemonModelOutput; // DUT from PlcOpenXml produced with TC ML Model Manager

fbM1Svr : FB MlSvrPrediction();

183

// Submission of an inference request at the TcMlServer
// and subsequent postprocessing of the inference result

// Submission of the asynchronous inference request to the TcMlServer

IF fbM1lSvr.Predict (

pDataln = ADR (stModelInput),
nDataInSize = SIZEOF (ST LemonModelInput),
pDataOut = ADR (stModelOutput),
nDataOutSize = SIZEOF (ST LemonModelOutput),
nTimeout = 100,

nPriority := 0) THEN

IF fbMlSvr.nErrorCode <> 0 AND NOT fbMlSvr.bConfigured

THEN

// If nErrorCode -1 is encountered, increase nTimeout

eState := E_State.eError;
ELSE
// Postprocessing of the inference results
END IF
END IF

Sample PredictBatched()

=

=EH

stModelInputBatch : ARRAY[0..3] OF ST LemonModelInput;
stModelOutputBatch : ARRAY[0..3] OF ST LemonModelOutput;

(¥

IF fbMlSvr.PredictBatched (
pDataln = ADR (stModelInputBatch),
nDatalInSize = SIZEOF (ST LemonModelInput),
nBatchSize =4, -
pDatalOut = ADR (stModelOutputBatch),
nDataOutSize = SIZEOF (ST_LemonModelOutput),
nTimeout = 100,
nPriority = 0) THEN

TF3820 hkzs: 1.0.0

23



BAREN BECKHOFF

ERGIARS, SREEEKRAEBIERIZE N 100 MEE, T LBS, 31MNEH (EE) =2 1NEE (TE)
BENEIBRILR, 7@ foM1Svr.nMaxInferenceDuration ZIARIREHIMAIEIGN, XER T HITIEIERR
FHRAK PLC BIF %k, 1RIEZ(E, @F 0 LUIRIFRREE,

5.1.5 BT Al 153
AIEEATOISER AL IREL, FENAT BEARBESE,

= 1: FREREEOMNERENR

EHENX:

EAGIG, AlBRENEAREEOTEEENRRFAT, AT7TERIX—5, GANBETaNIE (W8
BEZITR) ERBIAREFRZ,

BV EMIER N R ER T RRAMERIZEY), BI7EIA Al EE T4 /e, Eit, BRpEORT,
BITRTAEERIERT,

BREEREERZHAE, EFFLE TwinCAT,

EfERAPR.
- {#H TwinCAT Machine Learning Model Manager 83 JSON #1 PlcOpenXml,

-« TEAEXRGPRAL JSON 71 ONNX, (IRFTERIFEEEN, HEIADS (FIN) HHBEFHEE— X
2%,

- HWAEHBUERENRHEER T, XBWREXFIREGTRY PlcOpenXml, #THY PlcOpenXml AR 1fE
Fo

+ BREIETEIETTRY PLC FRVIRE, flali@d ADS iIREMNKEE, FA/SIEA Deconfigure [» 33]() XM
HE=iE.
- AR “EEE” MEH JSON,

M Deconfigure % Configure 75 £5ep AR, FaeiELEIhAEIRFIARSS 88 R X HEIRIE A

=6 2: FHEREEOTERIREERN

E=HENX:

ERXMERT, BARRRRERE, HgAabLEOSZETN, Eit, PLC RpvRAMEmEBIELEAE
SREELE, BERRT, RABFESAMSTEEN,

BT TwinCAT XAE RIESURAES, EFNAIE, AEBRBEMNFBEIRE L, EER, ARERIETIT
FBEIRERE T T,

FEAFIH, SINBECUFHIF TwinCAT IR, EEEHS TwinCATREIHELE,

5.2 TwinCAT Machine Learning Model Manager
(TwinCATHIZEE IR R EIEZE)
TwinCAT Machine Learning Model Manager B FEIE ONNX A 4, FHHERXLENH, MUES TwinCAT
—i2f#MH, TwinCAT Machine Learning Model Manager FYZhEESLENT :
- BIRTTHUESIM (JSON XfF) o
- BIE PlcOpenXml, FAFHRIEEL N HAIPLCHURAEL,

- 1% EARENBNTTHE (BEXEN) . APALUTE JSON BRMBENXEM. 1E PLCIETAIE
FA FB_MISvrPrediction [» 32] B9/ 5IEH X 14,
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my-model.onnx

TwinCAT XAE

TwinCAT Machine
Learning Model Manager

my-model.json
my-model.onnx
my-model_plcopen.xml

TwinCAT Machine Learning Model Manager H =#RE#ZEO:

1. BFBARRE (Visual Studio 1&HfH)
2. Python#0 (Python #f4)
3. Command Line Interface (858<47#0, CLI)

XEEBETXEFALRA.

5.2.1 BB PR m

TwinCAT 3 Machine Learning Model Manager @4#%8 ONNX X4tz 0 F R H. ZTHEEME Visual
Studio A, FIiEIIKEEF=FAY TwinCAT > Machine Learning(#12353]) > Machine Learning Model
Manager (N23FIJIEEEIER) T

® WER Visual Studio RS

TwinCAT 3 Machine Learning Model Manager RFYEIFZ R E 5 Visual Studio 2017, 2019, 2022 #1
TcXaeShell #%&,

832 JSON #1 PlcOpenXml
1. TFF Convert Tool (¥%#IH) %I,
= B Select files GEIFXMH) FTHHNLESR,
2. %E#E ONNX XX (¥2fE Ctrl BELHITZIE) o
= EEH ONNX XHFITEEM, HIREREMNHER,

3. MEEE, ERILLKEE, SAE%E T Remove selected from list (MFIFRBBIFSEESHE) %5, B
BEMTIRSBMIER,

4. | Convert files (3%H321%) , GIEFTFERY JSON # PlcOpenXmlo

o NHFEEBIEXEHRES, RIAEFRAN <TwinCATPath>\Functions\TF38xx-Machine-
Learning\ConvertToolFiles.

5. mif Opentarget path (JTABRER) , EXHN NPT AEIREIXHER,
= AJLUEA Select target path (GEFBIRERE) FXERF. BMEEF PC, HRFRBEX.

TF3820 hRZs: 1.0.0 25
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> A x

BRAENT

Model Manager
Convert tool | Configuration tool | Automation tool
C\ProgramData‘\Beckhoff\TwinCAT\Functions\TF38xx-Machine-Le:

Select files to convert

lemon_model.json
Select target Path

2s\Samples\ML Svri\MIServerSample\model\lemon_model.onnx }
Select files
lemon_model.onnx

lemon_model_plcopen.xml

Open target path

Remove selected
from list

Convert to *xml ¥

Convert files

»

XEN BN T ABEEETWinCATHIZEF SRS M TwinCATHREZRZEHEIES | ERIONNX X HFRIZ O T o
Fit, 9058 ONNX3#ZA, XEFmttSEMRATFRIERITARRERIAS . FiN * xml FhERESXE>

mfE%X, X5 TwinCAT Machine Learning Server T,
BMEHEH ONNX M H—MEO, £ ONNX 5Z3EH) TwinCAT o

Summary of the ONMX convert: gdb-classifier

ONNX not compatible with TF3810 Neural Metwork Inference Engine

o ONNX compatible with TF3820 Machine Leanring Server
ONNX compatible with TF3800 Machine Learning Inference Engine

OK

BIEEENEY
AiET Select File (FEIFX () %1% JSON, AEHITHIE. iBfS, FF Save changes (REFEEMN) A&

REX o

TF3820
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Model Manager *Aax
Convert tool | Configuration tool | Automation tool
Ch\ProgramDatat\Beckhoff\ TwinCAT\Functions\ TF38xx-Machine-Learning\ConvertTooIFiles\lemonmuodel json Select file
4 Custor attributes Mame Type Content
ModelRange OutRange  |fpéd 100 Add tree entry

InRange fpbd 100.2

Add attribute
entry

Rename tree entry|

Remove tree entry|

Save changes

Input transformation Output transformation El
Trafo active Paste scalings Paste offsets Trafo active Paste scalings Paste offsets
Scalings Offsets Scalings Offsets
Producer Producer Version Required Versiq Model info:
Beckhoff MLIib [3.1.2408180 312409180 [model_type | onmx_wrapper a
4 p | input_dim 0 -

BIEA LA TR RE B E X B

- Add attribute entry GRINEHESRE) | MEENWEEMTARRNT—NEY. SAEEMNTIRPERE

DSRIUS
o WNRBIZETREM, WAHMOFIEERIF. BHEEENE,
o EERBMHIET Delete (MIFR) IZHRNEIMIERE M,

- Add tree entry (GRIIMFE) : FERERINTARIN—MEIT ((ERFHI)

- Renametree entry (EfMmBEMFR) @ AIFHEENNIUHITER R,
- Remove tree entry (#BBRHFE) @ BFRIEEININ, SIFFNIL

5.2.2 Python &0

Rt Python B8

Python 2 81L whl SXEFRIFZ R IRTEAE <TwinCatlnstallDir>\Functions\TF38xx-Machine-

Learning\Utilities\ModelManagerAPI\PythonPackage X3,

BLREZHEE, EFEM pip install <TwinCatlnstallDir>\Functions\TF38xx-Machine-

Learning\Utilities\ModelManagerAPI\PythonPackage\<whl-file-name>, %X a]ge B &R EhRAHIER

e (RYEEIBBTWIinCATHIZERF S RERA ERETHRAEH) .
TRIRIGLS(E R 2 RThR S

M API
nahEs
import ©beckhoff.toolbox as tb

M ONNX 3248132 JSON #1 PlcOpenXml

tb.onnxprep ("C:\\PathTo\\myONNX.onnx")

TF3820 hkzs: 1.0.0
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ETERER

th.info ("C:\\PathTo\\myONNX.json")

3 =RV

ANEEXEM

new ca = { 'nID' : -34234, 'bTested' : True, 'fNum' : 324.3E-12, 'AnotherTreelItem' : { 'fPi' : 3.134
12, 'bFalseFlag' : False }}

tb.modify ca("C:\\PathTo\\myONNX.json","C:\\PathTo\\myONNX ca.json", new_ ca)

AINRBNIABE (RBRIRIR. AR, (FEF)

model description = {
"new version" : "2.3.1.0",
"new name" : "CurrentPreControlAxis42",
"new desc":"This is the most awesome model to control Axis42",
"new author":"Max",
"new:tags":"awesome, ingenious, astounding",
}

tb.modify md("C:\\PathTo\\myONNX.json", "C:\\PathTo\\myONNX md.json",
**model description)

5.2.3 P 1TiEO
REVEIER OO LUBE S SRR RHMER. AtrI LUERmllib_toolbox.exe T &,
AIITSULTF <TwinCatinstallDir>\Functions| TF38xx-Machine-Learning|Utilities\ModelManagerAPl,

BITARHESEHIET exe RETHEPER.

E¥ Command Prompt - O *

chine-Learnin iliti odelManagerAPI>mllib_toolb

ramh>» [--optl]

* hwinfo
Shows detailed info about the computers hardware ¢

> [output file]
ut file to the d

file> [output file]
neural network file to the native ML1ib file format

_model_
red in the input file t
model t)

5/ API
M ONNX {4812 JSON F1 PlcOpenXml

mllib toolbox.exe onnxprep C:\PathTo\mymodel.onnx

— e o~
ETEERER
mllib toolbox.exe info C:\PathTo\mymodel.json

CLIAXZHEIEEENXE M.
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5.3 ONNX =¥

%589 ONNX Opset hR7s

TwinCAT Machine Learning Server, EfEfithiiE TcMIServer BRSS, 23F ONNX Opset hivds 21, ONNX @
Hieft5 ONNX Opset BIThR AN REEFRE %o

Fr{ERERY Opset MRZsi@E 5 F ONNX XY imports (BA\) B9, I TFEFrR, L ONNX Opset ks 18 /9
5, fEA Netron #H1TRI{R1L,

2 IFH9 ONNX BRI PR
FiFmhSMAT IR LA
AZFEFEISWMASFEAAR, XEUMHEAR/N (batchsize) BHAIURHEE (WTF—T) o
AIFIERTGI:

float32[244, 244, 1]
float32[1, 3, 244, 244]
float32[5, 244, 244, 3]
RAFERRE:

float32([244, 244, 2]
float32[244, height, 3]
float32[?, 244, 244, ?]
float32[1, 244, 244, unknown]

R LURIREE ONNX T35 RATAZIR, BIGNERA Python RS onnxruntime B4, SREESISBARAR

onnxruntime,

AR

float32[-1, 3, 2, ?]

710N H

TRHER

python -m onnxruntime.tools.make dynamic shape fixed --input name x --input shape 1,3,960,960

model.onnx model.fixed.onnx
float32[1, 3, 960, 960]
HEX NGRS TFEEME

TwinCAT Machine Learning Server Xz UM EXR/IMEANRAT REESHAIRE, HER/NSHETLUIER
S8 (SFEEMESHAE) . AFERRE:

float32[batch, 3, 244, 244)]
float32[?, 3, 244, 244]
float32 [unknown, 244, 244, 3]

PredictBatched() [» 34] FARBAEREBEFANEUSHBIEISHEXR NN A BEER.
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BAREN BECKHOFF

C: » Users » FabianBa » Downloads » convnext_tiny_in22ft1k_Opset18.onnx = O x

MODEL PROPERTIES X

format  OMNNX v
producer  pytorch 2.1.0

version 0

imports  aionnxvigd

graph  main_graph
INPUTS

X name: X

tensor: fleat32[1,3,224,224]
OUTPUTS

600 name: 600

tensor: float32[1,1008]

Transpose

LayerMormalization

ONNX XXy

Ba0, BINE ONNX SXHHEIARNREA 2 GB. MRZRFIX N BIZFAMkE:, BERAER (B EA
MRS [» 49]) o

5.4 TcMlServer RS

ALUEIE N EZEE TcMlServer.exe FRSZFIGIE TF3820 ML IFE R, 1EEE, TcMlServer [RBEESIE
HIBRBE X EE, BHIEXEMIERERAE, TcMlServer EBTIREE RS _EHER ADS i 19900,

F%7T 64 fiL Windows #1 TC1000 TwinCAT 3 ADS &%t (ThaEEIR TC1000.ADS.XAR) %k, TcMlServer X &4
REHMEXER, IEREL 500 MB FRER, i, AT LM TcMlServer IS MEREIRTT, BIVRRIES
iﬁ!ﬁﬁﬁ UM ﬁ’t:\o

RINER

[EEhEY, TcMlIServer 210 & TF3820 ZINEE A, WMRENEAAAA, NE 10 MEHEIE—RENIATS,.
Fit, IENATRERE—/ NEEREA BEE . WIR TcMlServer RIRBIEMIFN, FHIEREZLERHEIRA
5o

RERFMBEETXH:

C:\ProgramData\Beckhoff\ TwinCAT\|Functions|TF38xx-Machine-Learning|TcMIServer
EXFFERT, BEXHRPRRMHEEAEIEREBRIBAEN .

AEX RN

BRERE, TcMIServer ZBIE—NHER, ZBRNBMMALIEBANYEEM. BELL JSON X%
AFEEZE RSP, FH TcMiServer (W18) EHE A, Eitt, EHIHEIREY, AIEEZBEZ D JSON XfF,
HEXHREE T XREXHEEHNHIRNESHXEER,
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5.4.1 HITIRIEIERE

B#ia] FBY ExecutionProvider 307 :

- CPU
- CUDA

ExecutionProvider [» 36] 2i&id FB_MISvrPrediction [» 33] & Configure [» 32] 7574 iR,

CPU

INEBY Al #RE7E IPC B9 CPU iR Lis17. WMRRFE—I&E LIEAETT TWinCAT I51T8Y, BRARBEERREK
TwinCAT SRR CPU HIR (FREZORBER TwinCAT A, HEOREEFERA—ENE) . RIERFKHR
EFE R B4 EHITH I EES.

MR ZIMEFIHE—MRS 25 LERRITIRMEER CPU 8iER1E, NHIEIERSMREEINIE, FH Predict
BHEEE Priority B

CUDA
INERY Al FEL7E IPC BY GPU IR LT, WIR GPU BIRTE, AILE— GPU LHITEITE 1M &1E,

fEMA nbeviceld FRAIUK D ARLZENZ M ER. MTFHRZIAE—NTERIITEN, ZERFRENEIA
B, SNZFRYNNEEFH CUDA TEZRS, MREAEEZMNERINTEN, WNIREMULTRRIFRE

2.
CUDA DEVICE ORDER='PCI BUS_ ID'

L5k, TcMIServer RFEARRMNINEEIR (FB) ZIEHZHIRRIR, XLETHRERNEMIESIERHAERNMN
B EFHASBIVRIMMERT (B, BRRERRE) , AILUMERAEZHIES| R FX—0]
(bExclusiveSession: FALSE)O M, WTFERSER (WREFAER) , MBERXMHEIRE,
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6

6.1

6.1.1 FB_MISvrPrediction

FB M1SvrPrediction @— TcMlServer &F

ZINBERNITF PLC FE Tc3_MlServer,

i, 7 PLCIRHZIMENERIEECHNE Al REIHETR,

EE
=2
fbMlSvr : FB MlSvrPrediction;
ENX:
FUNCTION BLOCK FB_FTR TTRCoeff
VAR INPUT
stPredictionParameter : ST PredictionParameter;
END_VAR
VAR OUTPUT
bError : BOOL;
nErrorCode : HRESULT;
bConfigured : BOOL;
nMaxInferenceDuration : UDINT;
END_VAR
FEA
2 i fak
stPredictionParame |ST_PredictionParameter |Machine Learning Server 1EAL B 454
ter [» 36]
E- it
E=%i 3] iR
bError BOOL MR YFIHERENZ P IEKE TcMLServer EfEIRMHREGH ,
79 TRUE,
nErrorCode HRESULT YA R EIEKE TcMIServer BOREIAED [» 44],
bConfigured BOOL WNRECE LT, WA TRUE, RRINEERERS TcMlServer
B 1 EM=IE. WEA FALSE, MATHER
"configure", iEFE: BTE TcMIServer HIITIERETH
5, bConfigured AJRERZ /9 FALSE,
nMaxInferenceDura |UDINT PITHIEFR R IR A PLC 1BIF 8. HBiEE N T Al EEY
tion 221,
W Bk
B TE ML R
Configure [» 33] Zih 1R#E stPredictionParameter [» 36] FENXMEE, 1
TcMlIServer £ FB S22 SIE,
Deconfigure [» 33] |Zsith £ TcMlIServer EEERINEERIRIE. IRFZ[ LE D AR
T B R,
GetCustomAttribut |Zsith FREX Al 122 ARRAY KB BEE X B4
e_array [» 35]
32 hk#s: 1.0.0 TF3820
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B E M E I R

GetCustomAttribut |Zsith FREY Al #58Y BOOL KA BEENXBM
e_bool [» 35]
GetCustomAttribut |Zsith FREX Al #R2Y L REAL AW BEENX BT
e_fp64 [» 36]
GetCustomAttribut |Zsith FREY AL SR LINT BB EX B
e_int64 [» 36]
GetCustomAttribut |Zsith FREY Al 18 STRING KB BEENEM
e_str[» 36]
Predict [» 34] h [ TcMlServer f2iX P #EIRIER
PredictBatched i 1 TcMLServer {53% S 5 iR IR IS R
[»34]

6.1.1.1 SPH*

FB_MlSvrpPrediction IRFHEEER LRRREEZ— timeout () ZHFHREI—MRRFEDIE

KRPUITIRE bool (77R1E) » FItt, PLCIEFMMNEFRS HERITRE, HIRIENBAREFNERIRE
timeout (A7) , LMENFRATERFAEIEIT TcMIServer BMEAIZERMEIE LN, &EEE, IEEM timeout
(EBht) LA PLC ESSEEAA L,

RREEEIRHE, RPBERBIEREEL PLC ES3AEAREIRRY BRI EHITiaE, Eitt, R EIFNERK
BN A2 R AT BE4BREEIF Y (8], FAENIRERER, UERAREMELDHNESYRSENIER, X
—RESEMITERERRSNTEERENAAER, FIMETLESEOEEIER,

M, PLCESHR/NERNERRTEEMNT A IRFHEIRSSNBIEE, FRAEHE (WAEGHKE
B, WAMECE PLC ESEIFETIE, LARGLEEIFEEET,

6.1.1.1.1 Configure()

WA configure 7E TcMIServer RATHEER FB M1SvrPrediction AN EFILFIHK—1=iE, FB
{5 stPredictionParameter FENXHIEE T LHEIL,

LGN REFERKEE, FABEAZHITSRIEERMPMIES | (RETH) . EEFHERAN
BESHEY, VEERIIX—FE%,

®ENERE, EECE CUDA IERIER, ARZAGFENEEN GPU #iTIR SR, Eit, IMFIENEES
FETFMEMHAITEITH FB AUHEIEIERE,
%FREdIRE TRUE RnmD EOICARLETME, FIEd FB B & bError WEEFEITITA, SNRBIE

i%, M@ nErrorCode RMHIHIRER . —EHIERTEMINEAIL, FB SRR bConfiqured REN
TRUE.

5ES 0 M PLC EFIRECERRSS 2R [P 2110

88 i) A R

N nTimeout ULINT iR [EIBITEEIRATAY PLC £55 A EREK,
LN nPriority UDINT 0 BRI, BHAEREMLLR
=1

it Configure BOOL RENE, SRS EARNERA AN
BNiR[E] TRUE, #ZARRRILAfER
'bError' 1 'nErrorCode' B ZEE
BER,

6.1.1.1.2 Deconfigure()

Deconfigure 737A& X TcMIServer FR FB B3R R1E, AXIhiAA Deconfigure f5, FB BILAfERA Configure
FE R R SIE,
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AP BECKHOFF

RINECEMIERIES, 7EIAH Deconfigure Z &1, FrEX Configure BYIA R ERE# 2 BE,

88 i) 2RIA iR
BN nTimeout ULINT IR BB IRATHY
PLC £ ERRE,
i Deconfigure BOOL REE, HFFTEB
By4E R a] BT ELR

[B] TRUE, ZAIERILL
R 'bError' #0
'nErrorCode' B4
ERALER,

6.1.1.1.3 Predict()
Predict 757%M@ TcMlServer IR S H#IER S,

%73 7EIRYE ONNX XAHRIRLSEIR A NEUE, SIMRXINER ATwinCATH28% SIARSS 88/ ONNXX 4
[» 18],

PRIZHAYE L EURIE ST MB XY, FRIBCIZERY PlcOpenXml 5 SRR EMSES, RS HIRRINTER
&, FErEHAFERKIEPRSRIEMRER, HREN, UtE—PE,

FiES W 1T ALEER [» 22],

88 i) XA ik

DN pDataln PVOID NSRS LR
Stan

LIDN nDatalnSize UDINT 0 HNEBIRIER IR
DN pDataOut PVOID AR RSLHIN
ity

BN pDataOutSize UDINT RIHEIERR RN
TP nTimeout ULINT IR BB IR FIHY
PLC £ A EA%K,
ETPN nPriority UDINT 0 BERIIMELR, Bt
+%Réﬁ%ﬂﬂ
Slo

Hid Predict BOOL REE, HFFEB
BY4E R a] BT ELR
[B] TRUE, ZAIGRILA
&3 'bError' #1
'nErrorCode' B14£1€
ERRLER,

6.1.1.1.4 PredictBatched()
PredictBatched A34ME TeMlServer IR B S H EHIRER S,

% F37EARYE ONNX SXAFRIMR T AR B N SUER B BB R R BN, S0 ATwinCATHISRF SRS 2BES
ONNXX % [» 18],

PRIZ AV L EIRIE ST B RY, FRIBGIZERY PlcOpenXml fEmIHH SR B SRR LB, RS EIRRINTE
R, B AEXIRRBUEMSER, HERW, MHEE—TE,

FiES W 1T ALEER b 22],

34 hRZs: 1.0.0 TF3820



BECKHOFF

API
88 i) XA ik
BN pDataln PVOID RINEIBA B EAST
(GlEsEistay
LTDN nDatalnSize UDINT 0 BNEBIBFER IR
(FTEBK/N, TR
ZEEERNAN)
LZTHN nBatchSize UINT HERIARN
TP pDataOut PVOID T FE S B SR
Etan
TN pDataOutSize UDINT RIHEIERR RN
BN nTimeout ULINT IR Bl BT EE IR AT HY
PLC {E55 A HR%ER,
TP nPriority UDINT 0 BRI R, B
BRE IR
Bo
Hi PredictBatched BOOL REME, YEHIERA
Ry4E R e] BT I ENR
[B] TRUE, ZAIGRILA
{EH 'bError' 1
"nErrorCode' B14%#0
ERRAER.
6.1.1.2 RF¥H*E
6.1.1.2.1 GetCustomAttribute_array
88 i) R
BN sCustomAttributeName |T_MaxString BEX BRI TR
DN fmtAttributeDataType |5|F ETcMllDataType BE X EMEREIEERT
N pDataBuffer PVOID EXARPEXBHERNBR
BIRE X,
LD nDataBufferLen UDINT BirEURE PXKE
(B F)
DN nArrayLength 5|F UDINT BREXBMEPEHEIR
TTEREE (BN fp32 B/
HE)
WA pnBytesWritten UDINT B9$5%t RES NBIMEAXHF
B,
HiH GetCustomAttribute_arr |BOOL WRAEFHINEIR, W
ay 73 TRUE,
6.1.1.2.2 GetCustomAttribute_bool
8% - i R
HWIN sCustomAttributeName |T_MaxString BENXEMRRATR
LD nDataOut 5|F BOOL Bool 22 BE X B4 Y%
HE
Hid GetCustomAttribute_bo |[BOOL WRAEFHINEIR, W
ol 79 TRUE,
TF3820 hk#s: 1.0.0 35
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6.1.1.2.3 GetCustomAttribute_fp64
88 R faiR
BN sCustomAttributeName |T_MaxString BHEXEMNBR
LZTHN nDataOut 5| A LREAL BENXEM fp6s B E
Hi GetCustomAttribute_fp6 |[BOOL MRAZEFHIMEER, N
4 73 TRUE,
6.1.1.2.4 GetCustomAttribute_int64
88 3t R
TN sCustomAttributeName |T_MaxString BHEXEMNRR
=TI nDataOut S|A LINT BHENXEM int64 By
(=]
Hi GetCustomAttribute_int [BOOL MRAZEFHIMEER, N
64 79 TRUE,
6.1.1.2.5 GetCustomAttribute_str
88 -3t R
LN sCustomAttributeName |T_MaxString BEX BB TR
TN nDataOut 5|F T_MaxString MFERBELBEENEM
It E
Hi pnStringlLen UDINT B9$5%t+ (AI3%E) FRIEBEMERIT
R E
Lo Tfua] GetCustomAttribute_stri |[BOOL MRAZEFHIMEER, N
ng 73 TRUE,
6.2 amRE
6.2.1 E_ExecutionProvider
KERBET TcMIServer SZHEFHIFTBEHITIRT.
E=%i 3] &8 iR
CPU USINT 0 £ CPU 1T
CUDA USINT 1 72 CUDA B9 NVIDIA®
GPU LE#17
6.2.2 ST_PredictionParameter

TcMlServer i IB S IERED B EIN,

B

3

BRIA

i

sMIModelFilePath

STRING(255)

BIEAY JSON XHHFEEE
BZ (&1 Model

Manager [» 24])

eExecutionProvider

E ExecutionProvider

[»36]

ExecutionProvider.CPU

sMIModelFilePath T8
B9 Al B2 RDE I It IE E BRI
EHiT,

36
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API

=L

S

BRIk

i

nDeviceld

UDINT

ﬁﬁﬁ uCUDAn
ExecutionProvider BJFR
% GPU IREMNRSl, Z&R
5|5 CUDA 1B ZE5 X
[, R5EEZ1 GPUR
IPC #E%,

bExclusiveSession

BOOL

TRUE

HETE TcMlServer £R
FB LM eIV EIERIE
S, WRA
TRUE, TcMlIServer &8
B—NMhbE=iE, XWF
RBURSMERRE (U0
RNN) RiZEHER, LA
WRTFH. tNRA
FALSE, =i&rlASHM
ERIEEACER FB 32l
i, XA LUR/ D ATER

nSessionTimeout

ULINT

72

TcMlServer £ FB £iE8
AR IFEEETIE] (1))
i) o REZRKESIE
BEHR, BRSEIBREHT
NEFPIHE SN AR,

sMISvrNetld

T_AmsSvrNetld

'127.0.0.1.1.1'

A]i518] TcMlServer BRSZHY
JG&EHI AMS Net Ido ZRIA
RO

TF3820

h&7s: 1.0.0
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7 T
7.1 EHF Al HEGOBIE

AR T GNfAI b IE
- R TwinCAT Vision MZASHIBE RN E G IR, FH1E PLC IR HIXLEHIE,
« {EH TwinCAT Vision FEEX EIGH T,
- {#F FB_MISvrPrediction £zt %A TwinCAT Machine Learning Server EBEI&IE, FNE Al 1
B (DXRER) .
+ 7£ TwinCAT Machine Learning Server LHiTH#E,
. RERTE PLC FRAMEBLER,

ST HAMR

ROl fELtbAh FEIZINE ;. https://infosys.beckhoff.com/content/1033/
TF3820_TC3_Machine_Learning_Server/Resources/17328164363.zip

« ZIPHEE— tnzip, EEILATE TwinCAT XAE @it
File > Open > Open Solution from Archive... ¥TFFo

- BREIXHREEZ— ONNX LUIRELIZ#F JSON 1 PlcOpenXmlo
- BEEXHEESHFAENTHIER,

K
LR LT INREIER
» TwinCAT #R/EhR
+ TF3820 | TwinCAT Machine Learning Server
+ TF3830 | TwinCAT Machine Learning Server Client
* TF7xxx | TwinCAT 3 Vision

mBEEE
- $TH tnzip HREFDME.
- & & FileSpource:

o 7£ System Manager &, EFEFIIRIN
Vision > FileSource > ImageSource

o ANREI R APRIE K,

o & ImageSource BIEIFEYEIIZE /9 100 ms.
- 1£ MAIN %5 9 1THRIEEIREY JSON B9 FullPathe ONNX AZRTERE—X I,
- BIRFFERHZEDE 7 XA BEN:

o TC1200 TwinCAT PLC

o TF3820 TwinCAT Machine Learning Server

e TF7100 TwinCAT Vision Base

A]%: TwinCAT Vision kRZsB9iA%

ZBIRTE 5.6.5.0 iR AN T IR, BREAEMMZ, BEFEFELEEREHFTLEEANMA. ALk, BE
ERFMENBIRRAS, G OTCID 5, MMIFTH L TXHE, %EF “Reload TMI/TMC Description(s) with
changed version” (FREXERARAEFME TMI/TMC i%BE) . FBiEE N TwinCAT Vision 314,

WMRKRLEARA 5.6.5.0, WARFohEXHFIFERRAINIZE, MWEUWE “Error loading Repository driver”
(NEFEEERIZFET HEE) HiRES.
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BECKHOFF o)

R BnhfER PLC EERYSRFTARZS,

TcMiServerDemo 4 X MAIN ~ © Library Manager & & X -

82 o- /. o Obiecs |3 Add Library X Delete Library | 3 Details 5] Placeholders *# Library Parameters... (i Library Repositoy ~ © 5
Search Solution Explorer (Ctrl+0) P~ in applcation e
. orciD |N: Ve TMCFilen... | Parent |TMIt..
R Solution TeMiServerDemo' (1 of 1 project) eme ersion tlen ‘ eren ‘ ‘ Name Namespace Effective Version A
4 Gl *cMiserverDemo 0... Vision Job Pool + (M Tc2_system = Tc2_System, * (Beckhoff Automation GmbH) Te2_System 3.64.0
4 @ svsTEM 0... ImageSource Image Acquisition (CTcloFilelmageAc.| 5650 (Current) v [C\Progra... | 06030. + (B Tco_utities = Tc2_Utiites, * (Beckhoff Automation GmbH) Tc2_utites 3820
[® License 0. \mage Provider (CTcVnFi i.] 5650 current) |~ [kaProgra... | 06030, @ Tc3_GobalTypes = Tc3_GiobalTypes - TcMIServerDemo, 1.0.0.0 (Beckhoff A...  Tc3_GobalTypes  1.0.0.0
b @ Real-Time — + (W Tc3_Miserver = Tc3_Miserver, * (Beckhoff Automation GmbH) Tc3_Miserver 2050
0.. MiServerProject Instance 08500.. .
4 [ Tasks # I Tc3 Module = Tc3 Module, * (Beckhoff Automation GmbH) Tc3_Module 3.4.5.0
[B1 PicTask [ + @ Tc3_vison = Tc3_Vision, * (Beckhoff Automation GmbH) Tc3_vison 5650 |
[Z1 VnTask ImgAcq (ImageSource) v
=k Routes Contents of selected lbrary 'Tc3_Vison, 5, Detals about selected lbrary element 'Overview'
23 Type System >
= = Tc3_vison, 5.6.5.0 (Beckhoff Auto, ~ | Documentation
[ TcCOM Objects

BITIHE

EEMRAS LERA Activate Configuration (BUEERE) BriNAER. NRFIEREINISEEH, HE,
eState W& BN eInference, T8 sLabel NERYAHIEMLER,

of fle fdt View Gt Poject uld Debug TWnCAT TWnSAFE PIC Scope Tools Window Help  Search (CuleQ) £ TeiserverDemo - 8 x
©-0/@-0-f@8 L0 - @ - | [Release 4 P> Attach.. - B I RArEERTE- =
Build 40266 (Loaced) - - b (K] (@, % Temsenerdemo - <tocal> <o | Misemerproject Bla =g O awE (DD,

Solution Explorer R PR MAIN [Online] + x [JEV ] Model Manager ~ % Properties v ax

2 o-@ 4=

Search Solution Explorer (i) B || Brpression Type value Prepa.| Addr.. | Com. =

» estate E_STATE elnference. state [=]
£ so IServerDemor (1 of 1 project

; e # evsonstate ETCNCAMERASTATE TOWN_CS_ACQURING
oy +  stvodeliput ST Jemon_modefnput Wodel.

. 4 stiodeloutput ST Jemon_modelurput
a oo foisir Fo_purpredcoon Ams
b @ Real-Time
S = + 4 foimageSource oL\ _FSourceControl Vison
== Route * ¢ ipnputimage TTevnimage 16#FFFFA7018E801900
- +  pensorimage Ircvnimage 16+0000000000000000
15 Type System + # IpImageDisp
[ JZEes s » abiock TcVnVectors_LREAL
& MoTioN ore L
o e o awnge Tevnlectord_LREAL
+  aven TeVnlectord_LREAL
4 B MiserverProject
s " Tevectord_LREAL
# epaddingade ETCVIPADDINGHODE TON_PM_CROP.CENT...
" e STONTYP TOW_IT_BLINEAR
4 » sCasiabes ARRAY (0. (Farameters cumberdfClsses
# nimagesize e o211z
ey # nprecictadciass wonr o
x
- Label strn “ead qualy: 050 —
) cSotmuc * v wesur eroomoms
o n
] MAIN (PRG)
3 VisUs 2 E
I — // Gubmission of the asymch tho 2o
o o i

&2 MisenverProjectime
08 Misenverproject instance :
[ sareTy ) nDatacutsize
T Arineout
4 @vsion
s Vision Job Fool
4 [ Fiesource a o
> [ imsgesource R
& Anavmics

> Evo

srzEor (= puc)
DR (sttiode10utput) ,
SIZEOF (stmodeloutput)

L

Error List v Ex

Entire Solution ~ @ OFrrors | | A 0Warnings | @ 00f31Messages Clear  Build + IntelliSense. - Search Error List P~

*| Description Project file Line

forer | Team Explorer Watch 1 Error List | Output

MRRLEFIR, estate WIGENR Error, FAE, ERILFTH foMISvr LHIHIZHERANE, FERAMEIRAER
[> 44148/ N SR

PLC EFHER
=

EAERET, ZFAE TwinCAT Machine Learning Server MEMEBRA R Al BEA SN H SRS
B, LIRiEHEEE) Machine Learning Server F% P imS2fl,

stModelInput : ST lemon modelInput; //model input datatype, imported via PlcOpenXml
stModelOutput : ST lemon modelOutput; //model output datatype, imported via PlcOpenXml
fbM1Svr : FB_MlSvrPrediction(); // Instance of Client to TcMlServer

HHELE 2@ PlcOpenXmliRA TwinCAT TE (ZIMEEINHR) o WBARITE DUTs R E,
RiticE

TR, FFIHE E_State.eMISvrConfiguration SR&T#TF T TwinCAT Machine Learning Server £
MN—1P2iE, XIEE T IHRRSBIRF. STEPMBAVER DRI TRAARE Y,

fbM1Svr.stPredictionParameter.sMlModelFilePath := 'C:
\models\lemon model.json'; // fullpath to model
fbM1Svr.stPredictionParameter.sM1SvrNetId := '127.0.0.1.1.1"'; //
Server on local system
fbM1SVr.stPredictionParameter.ekExecutionProvider := E_EXECUTIONPROVIDER.CPU;

// CPU execution

// Submit configuration request to the TcMlServer
// Provide a generous nTimeout, as the configuration can take a substantial amount of time
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IF fbMlSvr.Configure (nTimeout := 1000, nPriority:=0) THEN
IF fbMlSvr.nErrorCode <> 0 THEN
// If nErrorCode -1 is encountered, increase nTimeout

eState := E_State.eError;
ELSE
eState := E State.eImageAcquisition;
END IF
END IF

WR%7 7 Configure () RMRSBV/RIERIEFER. ZAAS PLCESEY, SRIERENITHE, &
A7) TRUEo

HITIREY

AT E state.eInference H, Predict FAAMKAKIXE] Machine Learning Server, %A T PLC
ESHEFIH. WRERAMH, %FH7ERE TRUE,

EZKH_TWJ':F'; Eﬂﬁﬁﬁ?&ﬁZﬁﬁ, %Tﬁﬁﬁ ITcVnImage IZI?Q%%@ F VN ExportImage B’\J{%Eﬁﬁuffﬁﬂiﬁ
NEHEZE R AR,

F VN ExportImage (ipTensorImage, ADR(stModelInput.in inputl), nImageSize, hrVision);
/7 Submission of the asynchronous inference request to the TcMlServer

IF fbM1lSvr.Predict (pDataln := ADR (stModelInput),
nDataInSize := SIZEOF (stModelInput),
pDataOut := ADR (stModelOutput) ,
nDataOutSize := SIZEOF (stModelOutput),
nTimeout := 100,

nPriority := 0) THEN
IF fbMlSvr.nErrorCode <> 0 AND NOT fbMlSvr.bConfigured THEN
// If nErrorCode -1 is encountered, increase nTimeout
eState := E State.eError;
ELSE -

// Postprocessing of the inference results
F Softmax (stModelOutput.out 367);

nPredictedClass := F ArgMax (stModelOutput.out 367);

ERINTEREIRICE S, AJLUERHEEER,

7.2 BENXEM

B EEXENE, AU ANRRREE PLCIETTREREENTHE. iR SERFET ONNXH, 8
XL TR R BETE PLC IB1TRTI#1TI

RN L, SRR ERAXAEMITHEXE, FXD PLCEITHMERESE NBEXEMRX) S5t PLCE
FREIEMEFERANES (30 ONNX THIERBEEXEN) -

FTitufel, BAnZERE ONNX FIRIZE S SRME ONNX AFEEEBIER, LUEMAF RIS ERH B
FA AIREY,

BTFEGRMLENBEXEYE

TERY BRE E2T Al WEGAE b 38], AN THABGREXES. BRRRIETHERAZREGL
#,

£ TwinCAT Machine Learning Model Manager Fh3ZI1 (TwinCATHI23F SJEREIRR)
AIEERIRE R Configuration Tool (BBBTH) , MABEXEM.
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Model Manager 0 X
Convert tool | Configuration teol | Automation tool
CAProgramData\Beckhoffy Twin CAT\Functions\TF38xx -Machine-Learning\ ConvertToolFiles\ lemonmuodel json Select file
4 Customn attributes Mame Type Content
B height intbd |224 Add tree entry
MaxPixelValue [int64 |235
Mean arrfp64| 0.485,0.456,0.406 Add attribute
Std arrfp64|0.229,0.224,0.225 entry
width inted 224
Rename tree entry
Remove tree entry
Save changes
Input transformation Cutput transformation E
Trafo active Paste scalings Paste offsets Trafo active Paste scalings Paste offsets
Scalings Offsets Scalings  Offsets
Producer Producer Version Required Versio| Model info:
Beckhoff MLIlib | 3.1.240927.2 3.1.240927.1 model_type onnx_wrapper -
P » |nput_d|T ? -
£ Pythonsh 3]

MNIERENBENRE, FEMIGEEIZT Python PRINFIEFIENBEX B EEENAE,
new ca = { 'ImagelInput' : {'nwidth' : 244, 'nheight' : 244, 'nMaxPixelValue' : 255, 'fMean' : [0.485

, 0.456, 0.40], 'fstd' : [0.229, 0.224, 0.225]} }
tb.modify ca("C:\\models\\lemon model.json", "C:\\models\\lemon model.json", new ca)

Z5RA]LATE JSON AR AT B IR
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L‘}[’ *C\modelsilemon_medel json - Notepad++ - O X
Datei Bearbeiten Suchen Ansicht Codierung  Sprache  Einstellungen  Werkzeuge Makros  Ausfihren  Plugins  Fenster 2 + ¥ X
cHEHBREE s hEh ey 2% EEST1-E DA/ ®|0EM® ~
Iemon_model.json x| Blemon_model.json Eil
1 =1
z H "MLlik JSON File": |{
3 = "MachineLearningModsl": {
4 "str modelName": "onnx wrappexr",
5 - "Customittributes": |
& — "ImageInput": {
7 | "inté&4 height": 224,
A "inté4 MaxPixelValue": 255,
] "fpE4 Mean": [O. .456, 4067,
10 "fpE4 _std": [O. 224, 2257,
11 | "int64_width":
12 - }
13 H ba
14 = "BuxiliarySpecifications": |
15 E "PTI": |
16 "str producer": "Beckhoff ML1ik"™,
17 "str_prmducerVersiDn": "3.1.240%927.2",
18 "str_regquiredVersion™: "3.1.240927.1"
15 - }
20 E by
21 = "Configuration": {
22 "str_onnxHash": "1NhwyT0/h40XAv1gHBf2PUEBACTp/SN1ReShHcawolg=",
23 "Inputs": {
24 = "TensorDescO": |
25 "str nams": "input.l",
26 "str_dt": "fp3a",
27 "int32 shape": [1, 3, 224, 224]
28 o }
25 E b
30 — "Cutputs": {
31 g "TenszorDescO": |
32 "str names": "367",
33 "str dc": "fpaz2",
34 “int32_5hape“: [1, 2]
35 o }
36 o }
37 - }
38 - }
35 - }
40 =}
JSON file length: 867 lines: 40 Ln:11 Col:38 Pos:296 Unix (LF) UTF-2 INS

£ TwinCAT HiZEXAE X B
TmEE PLC BT BRfl.
7£ TwinCAT Machine Learning Server E{IhERERIERGE, SIBEMEHEF#ENEEXEM.

IF fbMlSvr.Configure (nTimeout := 1000, nPriority:=0) THEN
IF fbMlSvr.nErrorCode <> 0 THEN
// If nErrorCode -1 is encountered, increase nTimeout
eState := E State.eError;
ELSE -

// read all relevant meta information from custom attributes
IF fbM1SVr.GetCustomAttribute int64 ('ImagelInput/height', nHeight) THEN
// check fbM1SVr.nErrorCode for further reference
eState := E State.eError;
END IF
fbMISVr.GetCustomAttribute int64 ('Imagelnput/width', nWidth);
fbM1SVr.GetCustomAttribute int64 ('Imagelnput/MaxPixelValue', nMaxPixelValue) ;
fbM1SVr.GetCustomAttribute array ('ImagelInput/
Mean', dtypeCustomAttribute, ADR(aMean), SIZEOF (aMean), nLength, ADR(nBytes));
fbM1SVr.GetCustomAttribute array ('Imagelnput/
Std', dtypeCustomAttribute, ADR(aStd), SIZEOF (aStd), nLength, ADR(nBytes));

eState := E_State.eImageAcquisition;
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NG

END IF
END IF

AlE, FHETE PLC PRNZERNBEXBERERATIAERREF. 4L, XEFEZESNRAZVEN

KRBV,

// Adjust the dimensions of the input image to match the model input requirements
hrVision := F VN ResizelImageExp (ipInputImage, ipTensorImage, LINT TO UDINT (nWidth), LINT TO UDINT (nH

eight), elInterpolationType,

ePaddingMode, aBlack, hrVision);

// Convert the image to type REAL and scale to the range [0.0, 1.0]
hrVision := F VN ConvertElementTypeExp (ipTensorImage, ipTensorImage, TCVN _ET REAL, 1.0 / LINT TO REA

L (nMaxPixelValue), 0, hrVision);
// Normalization

hrVision := F VN SubtractVectorFromImage (ipTensorImage, aMean, ipTensorImage,hrVision);
hrVision := F VN DivideImageByVector (ipTensorImage, aStd, ipTensorImage, hrVision);

HUERCESS, FILAGEA Online View (TE4A1E) RERSIEWMNA T HIE.

Solution Explorer

8 -0 &=

mf Fle Edt View Git Project Build
©-0|\-0-&
Build 40266 (Loaded) - <

Debug  TwinCAT  TwinSAFE PLC  Scope

& TeMenervemo

TeVnVectord LREAL

ST_lemon_modelOutput.

Window  Help  Search (Ctrl- Q) P TeMiServerDemo - o x
RrAO8L

| o0 MiserverProject - = g =0

B Attach... -

b3
i3

TeMiServerDemo Parameters [Online] MAIN [Oniine] = x [EEY Y - % properties -ax

TcHiserverDemo.MiServerProject MAIN

Solution Explorer | Team Explorer

Entire Solution

Description

A 1Waring | @ 00f34Messages | Clear | Build + IntelliSense

Search Solution Explorer (Ctl+) Expression Fpe alue Prepar...  Address ~ [E]
9 Solution 'TeMiServerDemo’ (1 of 1 project) @ estate E_STATE elmageAcausiton =
4 4l TeMiserverDemo @ evisionstate ETCYNCAMERASTATE TCVN_C_ACQUIRING
4 @l sysTEm # @ stModellnput ST_lemon_medellnput
B License # @ stModeloutp: ST_lemon_modeloutput
b @ ReakTime # @ fomlsw FB_MSwrPredcton
P @ nHeight T 24
[ PicTask @ nwidth LT 24
q ) T 255
e Routes # dtypeCustomatribute ETCMLLDATATYPE E_MLLDT_FP64 IREAL
22 Type System @ nLength ot 3
[ T<COM Objects. @ nBytes UDINT 24
e = [#[Fen Tetnvectors_LREAL .
4 e < >
MiserverProject T ~
4 G MiserverProject Project 2|0 CASE estate[eimsmAcn V] OF
b i References B
b [30UTs 4 E Stave.sMiSviConfiquration@® 0
b 3 6us 8 =
4 [ POUs N 2
) F AgMax (FUN) 7 = pro
E Soffma((EUN) 5 fDMISVE. stPredictionParaneter. sHlModel Fileparh Cimems 7] -
&1 MAIN (PRG) 10} oML
(3 VisUs 1
b Gb PlcTask (PlcTask) 12
&5 MiserverProjecttme 13|
O MiServerProject Instance 2
SAFETY 8 15
B ce a8 1
4 @ vision o
& Vision Job Pool a1
4 [B] FieSource o
b [ ImageSource 2] /7 rea infornation from custom s
& Anavmcs a 2z IF fbMl . _int64 (' , mHeight[ @ ] THEN
[} 23 / orCods for i
29
25 mD_TF
2 IMISVE GecCustomAttribute_int6d (1T ", ) :
27 fbM1SVr. GerCustomAttribuce_intéd (' T lue', nMaxPixelValue[ s ):
28 sy arzay(In . bute[EMIBIEF 7], ADR(aMean), SIZEOF (aMean), nlengch[ 5, ADR{nByres[ 30—
29 IMISVE GetCustomAttrabute_array (' Ina a', dtypeCustomhttribuce[EVIOTFP S ], ADR(aStd), STZECF (aStd), nLengtn 3] ADR(nBytes[ i J):
a0
10 PState[Smssshens +] := E_State.clmageAcquisition@ T ¥
sz B IF
<
Error List

Search Error List

Project File

A\ A Core Dump created on the 10/1/2024 1:05.09 PM is available on the device. 0

Watch 1| Error List | Output

Properties | Toolbox

d o Source Control ~ ]

TF3820
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8.1 Error Codes

Error Code Error Code (hex) |Description Hints

(dec)

0 0000 Operation successful -

-1 FFFF ML server timeout Increase the timeout argument of

your request. Check, that the
TcMlServer service is running.

-3 FFFD ML server malformed data -

-5 FFFB PLC protocol error Make sure to call the methods of
the FB in a canonical order, i.e.
make sure the FB is configured
before making inference calls.

-8 FFF8 Invalid AMS Net ID Check the syntactical correctness
of the provided AmsNetld.

-9 FFF7 Input pointer is null Check the validity of the input

data pointer provided to the
predict methods.

-11 FFF5 Output pointer is null Check the validity of the output
data pointer provided to the
predict methods.

-13 FFF3 Batch size is zero Provide a valid batch size (>=1).
-15 FFF1 Input size is zero Provide a valid input data size
(>0).
-17 FFEF Output size is zero Check your installation of TF3830.
-18 FFEE Driver instantiation failed Check your installation of TF3830.
-20 FFEC Driver state propagation to Check the validity and integrity of
state OP failed your model file (existing path,
valid file format).
-22 FFEA Driver loading failed Check your installation of TF3830.
-24 FFE8 Driver state depropagation Check your installation of TF3830.
failed
-26 FFE6 Driver parameter configuration |TwinCAT-internal error
failed
-28 FFE4 Could not instantiate file TwinCAT-internal error
accessor
-30 FFE2 Could not propagate file TwinCAT-internal error
accessor state
-32 FFEO Could not access model file Check the validity of your model
file (existing path, valid file
format).
-34 FFDE Mismatch in read model file TwinCAT-internal error
bytes
-36 FFDC Could not parse model file Check the integrity of your model
file.
-38 FFDA String buffer overflow Check the integrity of your model

file, especially the length of the
contained model hash.
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Error Code Error Code (hex) |Description Hints

(dec)

-40 FFD8 Could not find model configin |Check the integrity of your model

file file, especially the defined model
configuration.

-42 FFD6 Could not retrieve model Check the integrity of your model

attributes file, especially the availability of a
model hash.

-43 FFD5 ADS server connection error ADS messages could not be sent.
Check integrity of AmsRouter.

-44 FFD4 Engine mismatch The model file you intended to
load is not designated for the
TcMlServer.

-45 FFD3 Invalid CST attribute name Check the name of the attribute in
your model file or your query. The
name must not be empty.

-47 FFD1 CST attribute retrieval failed The queried attribute could not
be found. Check the queried
attribute name in query and
model file.

-49 FFCF CST attribute invalid buffer Check the destination pointer
provided to the retrieval function.
Must not be a null pointer.

-50 FFCE Versioned model could not be |Check the valditiy of the model

resolved version you are querying.

-51 FFCD If a PLC online change is

detected, a running predict is
discarded with the error

-101 FFOB Invalid PLC request variant Internal error

-102 FFOA Invalid device index Verify the device index provided in
prediction parameters of the FB.

-103 FF99 Invalid request data Internal error

-201 FF37 Invalid data Internal error

-202 FF36 Invalid model type Requested tensor of unsupported
datatype. See log files.

-206 FF32 Invalid model The provided model file is not
supported. check especially, that
no dimension parameters are left
except for an optional batch
dimension.

-300 FED4 Invalid execution provider The requested execution provider
isinvalid. Make sure to select an
EP from the enum
E_ExecultionProvider.

-302 FED2 Unsupported execution The requested execution provder

provider is valid but not supported on your
system (for instance due to a lack
of GPU support).

-400 FE70 Session config file not found Internal error

-402 FEGE Environment config file not Internal error

found

-404 FE6C Run config file not found Internal error

-406 FEGA Server config file not found Internal error
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Error Code Error Code (hex) |Description Hints
(dec)
-408 FE68 Device config files not found Internal error
-500 FEOC Invalid session config file Internal error
-502 FEOA Invalid environment config file |Internal error
-504 FEO8 Invalid run config file Internal error
-506 FEO6 Invalid server config file Internal error
-508 FEO4 Invalid device config files Internal error
-600 FDAS8 Targeted inference provider Internal error
unavailable
-602 FDA6 Inference provider session Increase the session timeout in
timeout the prediction parameters.
-701 FD43 Dynamic loaded library not Internal error
found
-703 FD41 Symbol not loadable from Internal error
dynamic library
-801 FCDF Unknown job execution error  |Internal error
-803 FCDD Unknown error Internal error
-901 FC7B Failed backend execution Internal error
-1100 FBB4 License server connection error |Internal licensing error
-1102 FBB2 License server ADS error Internal licensing error
-1104 FBBO License ADS error Internal licensing error
-1106 FBAE License invalid Make sure, that a license TF3820 is
available.
-1108 FBAC License invalid unknown Internal licensing error
-1201 FB4F Expected tensor collection type |Make sure, that only types defined
in the PLCopen files generated by
the Beckhoff model management
products is used. Do not
manipulate the contained header
-1203 FB4D Mismatching tensor collection |Make sure, that only types defined
hashes in the PLCopen files generated by
the Beckhoff model management
products is used. Do not
manipulate the contained header
-1205 FB4B Invalid tensor collection header |Make sure, that only types defined
in the PLCopen files generated by
the Beckhoff model management
products is used. Do not
manipulate the contained header
-1207 FB49 Tensor collection offset feature |Make sure, that only types defined
not supported in the PLCopen files generated by
the Beckhoff model management
products is used. Do not
manipulate the contained header
-1209 FB47 Internal allocation special type |Internal error
header
-1300 FAEC Server startup cannot build log |No Logs directory available and
directory could not be generated.
-1801 F8F7 NVIDIA NVML library function  |Make sure the Nvidia nvml.dllis
failure avilable.
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Error Code Error Code (hex) |Description Hints
(dec)
-1803 F8F5 NVIDIA NVML library extraction |Make sure the Nvidia nvml.dllis
failure avilable.
-1901 F893 NVIDIA CUDA library function  |Make sure the Nvidia cuda.dll is
failure available.
-1903 F891 NVIDIA CUDA library extraction |Make sure the Nvidia cuda.dllis
failure available.
-2000 F830 Model registry file storage error |Internal error
-2002 F82E Model registry file deletion error|Internal error
-2003 F82D Model registry invalid reference |Internal error
-2004 F82C Model registry entry failed to  |Internal error
load model
-2006 F82A Model registry inconsistent Internal error
model hashes
-2008 F828 ADS could not open remote file |Make sure, that an .onnx file with
the same name as your .json
model description file is located in
the same directory.
-2010 F826 ADS could not retrieve size of  |Internal error
remote file
-2012 F824 ADS could not load remote file |Make sure, that your AMS router
has sufficient memory for
your .onnx file.
-2014 F822 ADS could not close remote file |Internal error
-2018 F81E ADS could not open client port |Make sure your TwinCAT
installation is valid.
-2201 F767 Buffer base is null Internal error
-2203 F765 Not enough memory for head |Internal error
-2205 F763 Buffer out of memory Internal error
-2207 F761 Buffer cannot read from null Internal error
-2209 F75F Buffer cannot write to null Internal error
-2211 F75D Buffer corrupted with invalid  |Internal error
string
-2020 F81C Insufficient AMS Router Memory |Increase Router Memory on the
on Client Client system
-2022 F81A Insufficient AMS Router Memory |Increase Router Memory on the
on Server Server system
-2024 F818 Could not read router memory |Internal error
on client
-2026 F816 Could not read router memory |Internal error
on server
-2301 F703 Invalid CUDA setup detected Check your CUDA and cuDNN
installation.

8.2

BEX M

TwinCAT Machine Learning Model Manager B&: C:
\ProgramData\Beckhoff\TwinCAT\Functions\TF38xx-Machine-Learning\Logs

TwinCAT Machine Learning Server H&: C:\ProgramData\Beckhoff\TwinCAT\Functions\TF38xx-
Machine-Learning\TcMlServer\Logs
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8.3 Third-party components

This software contains third-party components.

Please refer to the license file provided in the following folder for further information:
C:\Program Files (x86)\Beckhoff\Legal\TwinCAT-XAR-MI|Server

C:\Program Files (x86)\Beckhoff\Legal\TwinCAT-XAE-ModelManagerCore
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