Model Based PLC Software
Development and Tests

Model based PLC software development and
test. Overview and classification of technologies
illustrated for a MatLab/Simulink interface to
Beckhoft TwinCAT.

= [EC 61131 (part 1-10)
= Beckhoft ADS (Automation Device Specification)

» MatLab PLC-Coder, TwinCAT TE1410



MatlLab/Simulink

» Mathworks universe

(MatLab,Simulink,Stateflow, Toolboxes,Apps...)

» Simulink 1s mainly used for signalflow based software

(Carnot THB)

» simplified view: define inputs, outputs, and an algorithm

inbetween



World of PLC Programming

Hardware 10

Realtime

Safety

[EC 61131 part 1-10 (since 1993, see next slide)

Products (samples): - Siemens: Simatic Step7 - Beckhoft:
TwinCAT 3/2 - CODESYS Group: CODESYS



Brief and Simplified Overview
IEC 61131-3

deals with software architecture and
programming languages

= ladder diagram (relais, switches)

function block diagram (OR, AND, ... blocks)

» structured text (similar to Pascal programming
language)

instruction list (close to assembler languages, deprecated)

sequential function chart (similar to UML activity diagramm)

data types (BOOL, BYTE, WORD, SINT, USINT, REAL,
LREAL, DATE. ....)



unidirectional Bridge: Code-
Generation

MatLab/Simulink PLC Coder
translating MatLab/Simulink to Structured Text FB's

(who has experience with Simulink Coder (C) (embedded

coder) ?

some bugs, some tricks required to meet ST standards (like
parameter passing in VAR _IN OUT section) but overall good

experience and readable code results



Data Interface: Connecting
Signals

= MatLab Interface to TwinCAT

» Simulink/MatLab Simulations are enabled for calling PLC

software
» PLC in the Loop Simulations

= currently used for PLC Software testing and verification,
example Vitocal PLC tested in physical simulations

environments over a one year cycle.

= estimate performance data (energy efficency), parameter (PI

controller) optimization, and so forth..



Technical Background (briet)

» Beckhoff TwinCAT vs. Codesys (both implementing IEC
61131-3)

= OPCUA as a common used interface (IoT, Industry 4.0,

recommended)

» Beckhoff ADS (automation device specification)

recommended when tied to Beckhoff

s TwinCAT ADS communication and TecXAEshell are limited
to Windows OS (adstojava.dll, TcAdsDIL.dIl)

» ADS device concept: *Beckhoff Infosys*

» since 2021: TwinCAT/BSD, good experience running in a
virtual machine on Windows (VirtualBox, WSL)



Matl.ab - TwinCAT
Connectivity: What is
available?

Beckhottf TE1410 (old version (buggy. slow, unusable)

Beckhoff TE1410 (2.0 since 2021)

easy to use and flexible MatLab-Tc Interface using

TcAdsDILdIl, implemented in Java

= impression roundtrip follows
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TcXaeShell IDE, FB's and
MAIN PRG

@l timestwo - Tcxaeshel
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TcXaeShell IDE, FB's and
MAIN PRG
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Simple Interface Test Script

%% interfacing TwinCAT project: timestwo.prj

% get an instance of the ADS Port Object
Port = TwinCAT.ADS.Port();

% get target port object

% ads = Port.GetPortConnection(strcat('Local',':851'))

% rhrw, TwinCAT/BSD

ads = Port.GetPortConnection(strcat('39.206.37.142.1.1","':851"))

% set parameter
ads.Write('MAIN.fb.factor', 2.22);

% read string
s = ads.Read('MAIN.strName', []);
fprintf('Name: %s\n', s);

% attention ! datatype
¢ = ads.Read('MAIN.count', [])

% set input
ads.Write('MAIN.fb.in', 123.456);

% trigger PLC cycle
ads.Write('MAIN.trigger', true);

% get result
r = ads.Read('MAIN.fb.out', [])



Simulink Block's are available

too
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MatlLab-Tc Interface Simulink
Doc
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TwinCAT TcXAEShell
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Simple House controlled by
PLC heating circuit program
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Code Generation Example

(HCC Development)
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ST Code Generation Example
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Summary

» MatLab/Simulink models can be interfaced with PLC's
= OPCUA, or a vendor specific protocol like Beckhoft ADS

= MatLab PLC-Coder can be a huge benefit fir time and code
quality (if properly used)



That's all for now
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