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-63°C

225 millions km

CO2 is the solution…
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In Situ Resource Utilization
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MOXIE

𝑪𝑶𝟐 + 𝟐𝒆− → 𝑪𝑶 +  𝑶=
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“If we break something on Mars, 
you can’t send anybody to go 
fix it, and you’re done…“

source: generated with ChatGPT
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Early Twin Offers Test Bed for 
NASA’s Perseverance Mars Rover

https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover

The Earthly twin of NASA’s Perseverance Mars rover arrives at the 

Mars Yard garage at the agency’s Jet Propulsion Laboratory

https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover
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Early Twin Offers Test Bed for 
NASA’s Perseverance Mars Rover

https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover

The Earthly twin of NASA’s Perseverance Mars rover arrives at the 

Mars Yard garage at the agency’s Jet Propulsion Laboratory

Simulation

https://www.techbriefs.com/component/content/article/40773-earthly-twin-offers-test-bed-for-nasa-s-perseverance-mars-rover
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CONTROL PROCESS
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CONTROL PROCESS
CONTROL PROCESS
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automatic 
code 

generation

Simulation

Real-time Test

CONTROL PROCESS+

DIGITAL TWIN 
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automatic 
code 

generation

Simulation

Real-time Test

CONTROL PROCESS+

DIGITAL TWIN 
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https://www.mathworks.com/company/user_stories/iqip-uses-hil-for-virtual-commissioning-of-offshore-machines.html
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Operations{
Reduced operating costs

Reduced risks

Test software without operation disruption
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} Capitalization

Understand how system behaves

Operator training

Reproduce issues from field data 

What-if scenarios 

Operations
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Development

Early system integration

Fault injection without damage

Easier analysis and debug

Automated and repeatable tests…

… before prototypes are available !{ Capitalization

Operations



20

Short agile 
iteration cycles

Saved time 
and cost

Minimal defects 
and high quality
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Model-Based Design

Short agile 

iteration cycles

Systematic use of models throughout the development process

Saved time and 

cost

Minimal defects 

and high quality

Verification

Modeling Automation

CodingSimulation Analysis



Code generation for PLC platforms

Hardware in the loop

Modeling and desktop simulation 
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PLC Hardware Abstraction Layer

PLC IDE

(vendor specific)

0010 

0010
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0010 

0010

0010

0010 
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0010

0010 

0010

0010
0010 

0010

0010

0010 

0010

0010PLC Hardware

(vendor specific)

Targeting multiple PLCs from 

different vendors with one model 

C
C

C

Generate C/C++ or IEC 61131-3

ST
ST

ST

openExample('simscape/PEMFuelCellSystemExample')

https://fr.mathworks.com/help/simscape/ug/pem-fuel-cell-system.html


26

Generate C/C++ or IEC 61131-3

– Discrete time only

– Simulink blocks

– Stateflow charts

– MATLAB code

MATLAB/Simulink semantics supported

Structured Text C/C++

– Discrete & Continuous time

– More Simulink blocks

– More Stateflow semantics

– More MATLAB code

– More scheduling patterns
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C/C++ & IEC 61131-3

Shared core functionalities

Traceability Code optimization

Like

▪ Dead-code elimination 

▪ Expression folding

▪ For-loop fusion

▪ Inline vs tunable parameters

▪ Signal storage reuse  

▪ Subsystem reuse (shown)

▪ …
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Generate Structured Text

▪ Generate IEC 61131-3 Structured Text from

– Simulink models

– Stateflow charts

– MATLAB code

▪ Generate Structured Text for

– Rockwell Automation Studio 5000

– Siemens STEP 7/TIA Portal

– 3S CODESYS

– Many other IDEs and PLCs

https://www.mathworks.com/help/plccoder/supported-ide-platforms.html


29

Generate C/C++ code

▪ Targets are developed & supported by PLC manufacturers like

– B&R Industrial Automation

– Beckhoff Automation

– Phoenix Contact

– Many others in our Partner Program

▪ Better integration / debugging capability / advanced features

– Model viewer

– Variable subscription from Simulink

– External Mode

– PLC automation from MATLAB scripts

– …

https://www.mathworks.com/products/connections/search-products.html?q=PLC&page=1
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Integrate automatically generated code into the PLC software 

through the vendor’s IDE
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Hardware-In-the-Loop
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From Desktop Simulation to Real-Time
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From Desktop Simulation to Real-Time
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From Desktop Simulation to Real-Time

Build application Real-time application Test execution

Run on Target to build, deploy, and start the real-time application
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From Desktop Simulation to Real-Time
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From Desktop Simulation to Real-Time

…

HDL Code for FPGA
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Debug real-time algorithms

???
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Debug real-time algorithms directly from Simulink

Tune parameters from the 

Simulink interface
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Debug real-time algorithms directly from Simulink
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Debug real-time algorithms directly from Simulink

Select signals to log/view in Simulation Data Inspector
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Debug real-time algorithms directly from Simulink
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1. Start from Simulink 2. Select signals and parameters

3. Customize the layout in App Designer

Instrument panels created with App Generator 

can be customized in App Designer

3. Control the target computer

Debug real-time algorithms with dedicated application
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Debug real-time algorithms with dedicated application
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Connect the virtual machine to the PLC over an industrial fieldbus

Drag-and-drop I/O blocks 

Configure I/O parameters 

in Simulink 
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Connect the virtual machine to the PLC over an industrial fieldbus
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Discuss with us at our booth!
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Development

❖ Early system integration

❖ Fault injection without damage

❖ Easier analysis and debug

❖ Automated and repeatable tests…

… before prototypes are available 

Capitalization

❖ Understand how system behaves

❖ Operator training

❖ Reproduce issues from field data 

❖ What-if scenarios 

Operations

❖ Reduced risks

❖ Reduced operating costs

❖ Test software without 

operation disruption
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8 Core Concepts
Model-Based Design

Executable Specification

Model elaboration

System-level simulation

What-if analysis

Continuous test and 

verification

Virtual prototyping

Automation

Knowledge capture

Managing Model-Based Desing Free eBook by Roger Aarenstrup

https://fr.mathworks.com/content/dam/mathworks/ebook/gated/MBD_Book_PDF_Version.pdf
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© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. 

See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be 

trademarks or registered trademarks of their respective holders.

Thank you!
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