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Requirement Documents
• Difficult to analyze
• Difficult to manage as they change

Paper Specifications
• Easy to misinterpret
• Difficult to integrate with design

Manual Coding
• Time consuming
• Introduces defects and variance
• Difficult to reuse

Traditional Testing
• Design and integration issues found late
• Difficult to feed insights back into design 

process
• Traceability 

Embeddable 
Algorithms

Algorithm
Design Physical Prototypes 

• Incomplete and expensive
• Prevents rapid iteration
• No system-level testing

Traditional Development Process 

Manual steps introduce errors and slow down the development 
process

Image result for system architecture sketches
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Traditional vs. Model-Based Approach

Overflow error
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What is Model-Based Design?

Verification

Modeling Automation

CodingSimulation Analysis

Systematic use of models throughout the development process

Try out new ideas
Fast repeatable tests

Eliminate manual steps
and human error
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Why Model-Based Design?



BİZİ TAKİP EDİN!

Model-Based Design with MathWorks Tools

Speedgoat

C2000

C, C++, HDL, PLC, and CUDA* code 

https://www.mathworks.com/hardware-support/home.html
*GPU

STM32 Raspberry Pi

NVIDIA

https://www.mathworks.com/hardware-support/home.html
https://www.mathworks.com/hardware-support/home.html
https://www.mathworks.com/hardware-support/home.html
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Data-Driven Versus Physics-Based Modeling

• Machine Learning Algorithms 
• System Identification
• Reduced Order Model (ROM)



MathWorks Products Overview - Simulink
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• Block-diagram environment(.slx)

• Model, simulate, and analyze multi-domain systems

• Design, implement, and test:

• Control systems

• Signal processing systems

• Communications systems

• Other dynamic systems

• Platform for Model-Based Design

• Open architecture with links to third-party tools and 
development boards, and instrumentation



Simulink 
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Define Simulink Block Parameters 

BİZİ TAKİP EDİN!



Modeling in Simulink 
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Scope & Data Inspector 



Defining Lookup Table Parameters
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https://www.mathworks.com/videos/how-to-use-the-lookup-table-editor-1668413369896.html
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Modeling Programming Constructs 
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Modeling Decision Statements 
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Continuous & Discrete Systems in Simulink 
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Continuos Systems Discrete Systems



Sample Time 
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Continuous & Discrete Systems in Simulink 
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Multirate Systems 
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Modeling with MATLAB Function Blocks 
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Python Code Block
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• Easily integrate external Python code into 
Simulink

• Call external Python libraries, functions or 
methods from Simulink

• Write native Python code in the block dialog to 
support the interface between Simulink and 
Python

• No need for “py.” prefix

• Supports all simulation modes 

• normal, accelerator, rapid accelerator, model 
reference accelerator

• Python Code Block vs Python Importer

• Flexibility vs Reusability 



Zero Crossing Detection
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Parameterizing in Simulink 
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Base Workspace



Model Workspace 
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Creating Mask 



Simulink’s options for data storage 
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“It’s always there”
Visible to all models
Not saved by defaultCan also be stored as

a .mat or .m file

Private to 1 model
Stored in .slx*

Data Dictionary 

Dedicated, persistent file
1 or multiple models

Where to store data for Simulink models?

MAT-file .M script

SLDD

Designed for Simulink.Scalability and 
partitioning: can reference and be 
referenced by other SLDDs. Can only be 
diffed and merged in MATLAB.

Large Projects!

https://www.mathworks.com/help/simulink/ug/determine-where-to-store-data-for-simulink-models.html


Simulink’s options for data storage 

BİZİ TAKİP EDİN!Where to store data for Simulink models?

https://www.mathworks.com/help/simulink/ug/determine-where-to-store-data-for-simulink-models.html


Types of Subsystems
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Subsystems
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• Atomic (nonvirtual) subsystems functionally encapsulate blocks.

• No outside block will be executed in-between the first and last block of the atomic subsystem.

• Virtual subsystems group blocks visually.

• The virtual boundary is ignored at compile time.

• Virtual subsystems are useful for:

• Visually organizing and decluttering models.

• Workflows involving physical connections (Simscape).

• Workflows involving HDL code.

(Atomic)



Virtual Subsystem
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Atomic (Nonvirtual) Subsystems
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Vector & Bus Signals
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Simplifying Interfaces with Buses

Group Signals or Messages into Virtual Buses

https://www.mathworks.com/help/simulink/ug/getting-started-with-buses.html


Reference Component Simulink 

BİZİ TAKİP EDİN!



Subsystem References

Need not be an atomic subsystem!



Model Reference 

It has to be an atomic subsystem!



Variant Model 

Need not be an atomic subsystem!



Conditionally Executed Subsystems 
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https://www.mathworks.com/help/simulink/ug/triggered-and-enabled-subsystems.html

Analogy: Airbag SystemAnalogy: Automatic Pilot
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Protected Model
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https://www.mathworks.com/help/simulink/slref/protected-models-for-model-reference.html
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Multiple Simulations
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Simulink Projects 
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.prj



Simulink Projects 
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.prj



MathWorks Products Overview
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Modeling Differences Between Simulink and Simscape

Simscape models are easy to 
build, simple to scale, and 

straightforward to understand

Systems To Be Modeled

• Model data flow from inputs to outputs
• Model behavior via equations

Simulink: Inputs    Outputs

Simscape: Physical Networks

• Assemble schematics that directly 
represent the physical system 

• Underlying equations are automatically 
derived

• Model bidirectional flow of energy



MathWorks Products Overview - Simscape
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V+

V-



Semi-
conductors

Motors,
Actuators

Passive 
Devices

Sensors
Op-Amps,

Logic Gates

Simscape Electrical Component Models



Generators, Motors Transformers
Lines,
FACTS

Converters
Electric
Drives

Simscape Electrical Component Models
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Simscape Electrical

Manufacturer Specific Electric Motors

• Database with parameter values
to match vendor-specific motors
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RLC Circuit Modeling

Total empedans:  𝑍 𝑠 = 𝑅 + 𝑠𝐿 +
1

𝑠𝐶

Kirchoff voltage law : 𝑣𝑖𝑛 𝑡 = 𝑣𝑅 𝑡 + 𝑣𝐿 𝑡 + 𝑣𝐶(𝑡)

𝑣𝑅 = 𝑅𝑖(𝑡)

𝑣𝐿 = 𝐿
𝑑𝑖(𝑡)

𝑑𝑡

𝑣𝐶 =
1

𝐶
න𝑖 𝑡 𝑑𝑡

State-space form:   𝑥1 = 𝑖 𝑡 𝑥2 = 𝑣𝐶(𝑡)

ሶ𝑥1 =
1

𝐿
(𝑣𝑖𝑛 𝑡 − 𝑅𝑥1 − 𝑥2)

ሶ𝑥2 =
𝑥1
𝐶

Transfer functions form:  

𝐼 𝑠 =
1

𝑅 + 𝑠𝐿 +
1
𝑠𝐶

𝑉𝑖𝑛(𝑠)

𝐻 𝑠 =
𝐼(𝑠)

𝑉𝑖𝑛(𝑠)
=

𝑠𝐶

𝐿𝐶𝑠2 + 𝑅𝐶𝑠 + 1

y(t)= 𝑖 𝑡
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RLC Circuit Modeling
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RLC Circuit Modeling
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Can you Find the Mistakes?



When should I switch from Simulink to Stateflow?
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MathWorks Products Overview - Stateflow

• Easily design and maintain complex logic 

• Animations help visually debug systems
Stateflow Quick Start for Student Competition Teams



Modeling Flow Charts
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Pattern Wizard 
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• There are standard patterns that exist for modeling common programming constructs (such as if-elseif and for loops). 

• You can automatically generate these patterns using the Stateflow Pattern Wizard



Modeling State Machines
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A state transition diagram contains:

• The possible states within the state machine

• The logic required to transition from one state to another

• The actions taken by the system for each particular state



Automatically Generated Code Behaves The Same As The System 
Model
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Integrate generated code

Reduce development time

Eliminate hand-coding errors



Dynamic Models
Kinematic Models

Scene, Scenario, and Agent 
Models

Physical Modeling of Offroad Vehicles
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Simscape Applications
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https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
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Fly the De Havilland Beaver with Unreal Engine® 
Visualization

Aerospace Applications

Cesium Ion® 

Rotorcraft
Unreal Engine Visualization Requires Simulink® 3D Animation

https://www.mathworks.com/help/aeroblks/fly-the-de-havilland-beaver-with-unreal-engine-visualization.html
https://www.mathworks.com/help/aeroblks/fly-the-de-havilland-beaver-with-unreal-engine-visualization.html


Aerospace Applications



Simscape Multibody Applications

https://www.mathworks.com/help/sm/ug/cable-driven-space-manipulator.html

Modeling and Control of a Mars Rover
in Simscape Multibody

Cable Driven Space Manipulator

Courtesy NASA/JPL-Caltech

https://www.mathworks.com/help/sm/ug/cable-driven-space-manipulator.html
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Robotic Applications

Robotic System Toolbox
Stateflow



Space Applications
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Apollo Lunar Module Digital Autopilot 

Hohman Transfer Model

Satellite Conjuction Finder 
Analysis Model
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Ecosystem with 100+ Third-Party Tools and Languages
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There are three key pieces to Model-Based Design

Simulation and Model-Based Design

Modeling &
Simulation

Code Generation Test & Verification



https://www.mathworks.com/services/training.html

Simscape
Simscape Onramp

• Self-paced, interactive tutorial for 
getting started with Simscape

https://www.mathworks.com/services/training.html


Resources and Training

BİZİ TAKİP EDİN!https://matlabacademy.mathworks.com

https://www.mathworks.com/services/training.html

https://matlabacade/
https://matlabacademy.mathworks.com/
https://www.mathworks.com/services/training.html
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TEŞEKKÜRLER

Q & A

aylin.edgu@figes.com.tr
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