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Increased Complexity & Opportunities

Increased Software Content

Challenges

• Increased Complexity 

• Increased Engineering & Development 

effort

• Design improvement

• New services and products

Opportunities
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Software

Software Development with Model-Based Design:

3 Engineering Imperatives
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3 Engineering Imperatives

Mastering Mechatronic Complexity and Variant Management

Architectural Flexibility & Algorithm Portability

Continuous Simulation & AI Validation
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3 Engineering Imperatives

Mastering Mechatronic Complexity and Variant Management

Continuous Simulation & AI Validation

Architectural Flexibility & Algorithm Portability

The Bottleneck: Testing complex logic and non-

deterministic AI on physical iron causes project delays.

The Shift: Using high-fidelity plant simulation as the 

automated testing environment for CI/CD pipelines.

The Value: Safely run automated regression tests 

(MiL/SiL/HiL), test and train AI, and execute Virtual 

Commissioning continuously.
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Model-Based Design 

with Industrial Controllers & PLCs

Control model

Real plant

Non-RT 

communication

RT communication

Controller

Simulation model of the plant

Plant / process

ActuatorsSensors
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Model-Based Design 

with Industrial Controllers & PLCs

Control model Control Algorithm

IF () THEN

  //

END_IF;

Simulation model of the plant

Plant / process

ActuatorsSensors

Automatic Code Generation

Non-RT 

communication

RT communication
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Model-Based Design 

with Industrial Controllers & PLCs

Model-in-the-loop
Software-in-the-loop

or Soft PLC Co-Sim
Hardware-in-the-loop

Control model Control algorithm

IF () THEN

  //

END_IF;

Real plant

Deployment

Non-RT 

communication

RT communication

Controller Controller

Simulation model of the plant

Plant / process

ActuatorsSensors
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Model-Based Design 

with Industrial Controllers & PLCs
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Co-Simulation with Virtual PLCs 

Numerous Use Cases

Early behavior validation 

(before hardware is available)

Catching integration issues 

earlier

Reducing commissioning risk 

and time

Supporting virtual 

commissioning and reuse

Scenario simulation and 

operator training

Testing across PLC platforms 

and variants
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Simulink Getting Started

Onramps

matlabacademy.mathworks.com

Simulink Onramp Simscape Onramp Simscape Multibody Onramp
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Simulink Getting Started

Learning Paths and Training

matlabacademy.mathworks.com

Build Simulink Proficiency
Control System Design with 

MATLAB and Simulink

Simulink PLC Coder 

Training

Contact us!
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Model-Based Design 

with Industrial Controllers & PLCs

Model-in-the-loop
Software-in-the-loop

or Soft PLC Co-Sim
Hardware-in-the-loop

Control model Control algorithm

IF () THEN

  //

END_IF;

Real plant

Device control

Non-RT 

communication

RT communication

Controller Controller

Simulation model of the plant

Plant / process

ActuatorsSensors
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Key Takeaways

Verifying control logic on Soft PLC using co-simulation let you

▪ Gain early confidence instead of late validation

▪ Lower integration risk and faster commissioning

▪ Create consistency across design, verification, and deployment
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Soft PLC – Control Logic Without Hardware Constraints

▪ Software-based PLC runtime

▪ Executes logic written in IEC 61131-3 languages or C/C++

▪ Runs on IPC, virtual machines, or servers

▪ Same control semantics as classical PLCs

▪ Easier access to interfaces and data

→ Real control logic - detached from hardware
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Digital Twin – An Executable Model of the Plant

▪ Dynamic, time-dependent model

▪ Responds to control inputs

▪ Physics-based behavior

▪ It is not a static diagram

▪ It is a running system model

▪ Typical content of the twin includes

– Mechanics, hydraulics, electronics

– Constraints, nonlinearities, fault injection

→ The digital twin represents expected plant behavior before hardware exists
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Co-Simulation – Bridging Control and System Behavior

▪ Automation Project executes in PLC IDE

▪ PLC does not know about simulator

→ Connects real PLC logic with realistic plant behavior

Setpoints

Process Values

Digital TwinSoft PLC
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Great Demo?
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Verifying Control Logic on Soft PLCs Using Co-Simulation

▪ Generate Structured Text (ST) automatically from a Simulink model

▪ Import the generated code into Soft PLC

▪ Run the control logic on a Soft PLC

▪ Establish an OPC UA communication between the Soft PLC and 

Simulink

▪ Run the co-simulation
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Summary

DESKTOP

SIMULATION

CO-SIMULATION

SYSTEM MODEL

PLANT

Delta Robot

CONTROLLER

Supervisory Logic

Plant Model
Behavioral model running on a desktop 

computer

Soft PLC
Supervisory Logic running on a Soft PLC

OPC-UA

Simulink PLC Coder
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Simulink PLC Coder

▪ Generates IEC 61131-3

▪ Supports various IDEs

▪ Provides verification support 

    including test benches

Visit the product website for more information

https://www.mathworks.com/products/simulink-plc-coder
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Industrial Communication Toolbox 

▪ Industrial Communication 

Toolbox Product Page

▪ OPC UA

https://www.mathworks.com/products/industrial-communication.html
https://www.mathworks.com/products/industrial-communication.html
https://www.mathworks.com/products/industrial-communication.html
https://www.mathworks.com/discovery/opc-ua.html
https://www.mathworks.com/discovery/opc-ua.html
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Virtual operator training and testing environment

▪ Cyclic, deterministic OPC UA exchange

▪ High-fidelity Simulink/Simscape plant model

including fault injection

▪ Batched signals with shared-memory buffering 

for reduced jitter for closed-loop validation

▪ Enables stress-testing control logic and safe fault injection
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When plant behavior must scale across PLC platforms

▪ Vendor-specific plant simulation tools are generally tied to a PLC platform

▪ The same behavior is implemented and maintained multiple times

▪ Reuse becomes hard as platforms and teams grow
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When plant behavior must scale across PLC platforms

Simulink as a target-agnostic platform helps you to reduce efforts and risks 

associated with multiple implementations of the same plant model
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The interface may change — the validated model stays the same

▪ OPC UA is one practical option for co-simulation – not the only one

▪ Different projects call for different interface strategies

▪ The validated control and system model remains unchanged

Modbus

TCP/IP

UDP

API

FMU

OPC-UA

MQTT
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Beyond co-simulation: where the digital twin can go next

▪ Operations and Service

– Condition monitoring

– predictive maintenance

– Synthetic data generation
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Beyond co-simulation: where the digital twin can go next

▪ Operations and Service

▪ Control design

– Tune parameters

– Try alternative algorithms
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Beyond co-simulation: where the digital twin can go next

▪ Operations and Service

▪ Control design

▪ Verification and Validation

– Automated tests

– Regression testing

– Certification
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Beyond co-simulation: where the digital twin can go next

▪ Operations and Service

▪ Control design

▪ Verification and Validation

▪ Software engineering

– Platform-independent code generation for 

standardized components and advanced algorithms
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Beyond co-simulation: where the digital twin can go next

▪ Operations and Service

▪ Control design

▪ Verification and Validation

▪ Software engineering

▪ Systems engineering

– Requirement tracing

– Architectural design

– Component sizing

– What-if analysis
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Key Takeaways

Verifying control logic on Soft PLCs using co-simulation let you

▪ Gain early confidence instead of late validation

▪ Lower integration risk and faster commissioning

▪ Create consistency across design, verification, and deployment
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