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Electrifier vos systèmes avec 

Simulink

FRANCE

Kevin Roblet, MathWorks Morgan Fremovici, MathWorks
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MBD + electrical skills

no MBD
no electrical skill
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Skilled with MBD but not 
that much with motors

Skilled with motors but 
not that much with MBD



COST &
TIME TO MARKET

UPSKILL

INNOVATION

I am skilled with MBD with good ROI. 
Let’s address new markets !

Threat

Opportunity

I know how to get the best of IA with 
simulation. 

Let’s differentiate with innovative features !

I do not know that much about motors.
Let’s take this opportunity to upskill !



models to capture knowledge and 
as a collaboration and communication tool

Documentation Simulation Hands-on kitCollaboration



Threat

Opportunity

QUALITY &
ADVANCED WORKFLOWS

SHARE 
KNOWLEDGE

LEAN &
RESILIENT

Our motor expertise is critical, how do we…
… ensure knowledge flow in the company ?

… handle software maintainability ?
… train new hires ? 

Raw material prices, supply chain 
disruptions… we need to…

… depend less on prototypes
… get more job done in simulation

… be less dependent on specific chips

Our customers have new expectations, let’s… 
… deploy on FPGA !

… achieve certification !



models to try out new ideas
through short agile iteration cycles

Virtual prototyping
System-level 
simulation Model elaboration Automation





RESILIENT

LEAN

KNOWLEDGE

AGILE

QUALITY

INNOVATION

UPSKILL

COST

TIME TO MARKET
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CALIBRATE SENSORS

ESTIMATE MOTOR PARAMETERS

MODEL MOTOR & INVERTER

DESIGN FOC ALGORITHM
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▪ Plant modeling

– Sensors Calibration

– Motor Parameters Estimation

– Motor and Inverter Model

▪ Algorithm design with simulation

– Field-Oriented control

– Controller tuning 

– Calibration

▪ Software deployment

– Rapid control prototyping

– Code generation

– Hardware-In-The-Loop (HIL) test
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Motor Parameters Estimation

Two types of parameter estimation methods:

or
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Other techniques to parameterize motor models

Simscape Electrical Powertrain BlocksetSimscape Electrical
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Motor Parameters Estimation - Instrumented Test
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▪ Plant modeling

– Sensors Calibration

– Motor Parameters Estimation

– Motor and Inverter Model

▪ Algorithm design with simulation

– Field-Oriented control

– Controller tuning 
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▪ Software deployment
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Motor and Inverter Modeling 

▪ Use linear lumped-parameter model shipped with Motor Control Blockset
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Model Fidelity

Motor Control Blockset
Simscape Electrical

Simscape Electrical Simscape Electrical
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Simscape Products

▪ Simscape platform

– Foundation libraries in many domains

– Language for defining custom blocks

▪ Extension of MATLAB

– Simulation engine and custom diagnostics

▪ Simscape add-on libraries

– Extend foundation domains with 

components, effects, parameterizations

– Multibody simulation

– Editing Mode permits use of add-ons

with Simscape license only

– Models can be converted to C code
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Trade Off - Balance Model Fidelity vs Simulation Speed
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▪ Plant modeling

– Sensors Calibration

– Motor Parameters Estimation

– Motor and Inverter Model

▪ Algorithm design with simulation

– Field-Oriented control

– Controller tuning 

– Calibration

▪ Software deployment

– Rapid control prototyping

– Code generation

– Hardware-In-The-Loop (HIL) test
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Field-Oriented control

Controller tuning 

Calibration



39

Modeling Field-Oriented Control (FOC)

Clarke transform (abc →αβ)

Park transform (αβ → dq)

Measured current (A,B,C) 

in time domain

Current control (d, q)
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𝑑𝑢𝑡𝑦
𝑐𝑦𝑐𝑙𝑒𝑠

Modeling Field-Oriented Control (FOC)

PMSM

𝑖𝑎

𝑖𝑏
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𝜔𝑟𝑒𝑓 𝑇𝑟𝑒𝑓
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𝑣𝑑_𝑟𝑒𝑓

𝑣𝑞_𝑟𝑒𝑓

𝑣𝛼_𝑟𝑒𝑓

𝑣𝛽_𝑟𝑒𝑓
α β

α β
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Modeling Field-Oriented Control (FOC)
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Field-Oriented control

Controller tuning 

Calibration
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Modeling Field-Oriented Control (FOC)

Simulink Control DesignMotor Control BlocksetMotor Control Blockset
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Autotuning controller gains
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Field-Oriented control

Controller tuning 

Calibration
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FOC Circles tracing

https://www.mathworks.com/help/mcb/ug/pmsm-characteristics-constraint-curves.html

https://www.mathworks.com/help/mcb/ug/pmsm-characteristics-constraint-curves.html


50MathWorks technical article

https://www.mathworks.com/company/newsletters/articles/calibrating-optimal-pmsm-torque-control-with-field-weakening-using-model-based-calibration.html
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Model-Based Calibration Workflow

DoE Data Modeling Calibration

Implementation
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Model-Based Calibration Workflow

Data Modeling Calibration

Implementation

DoE
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Fitting Models 
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Model-Based Calibration Workflow

Data Modeling Calibration

Implementation

DoE
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Calibration

Goal : find the best (id, iq) operating points that can achieve pre-set optimization 

objective while satisfying certain physical constraints. 

id table 
(motoring)

iq table
(motoring)
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Model-Based Calibration Workflow

Data Modeling Calibration

Implementation

DoE
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Calibration Results – Fill Calibration Tables

iq table  (after clipping max torque) iq table  (based on percentage of max 

torque) 
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▪ Plant modeling

– Sensors Calibration

– Motor Parameters Estimation

– Motor and Inverter Model

▪ Algorithm design with simulation

– Field-Oriented control

– Controller tuning 

– Calibration

▪ Software deployment

– Rapid control prototyping

– Code generation

– Hardware-In-The-Loop (HIL) test
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is on Core 

Software 

Algorithms

Simple Embedded Software Architecture
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Custom Target, Hardware Support Package or Specialized toolbox

Hardware Support Packages: https://www.mathworks.com/hardware-support/home.html 

https://www.mathworks.com/hardware-support/home.html
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C2000 Microcontroller Blockset

Scheduling the generated code:

▪ Periodic tasks

▪ Idle tasks

▪ Interrupts (Hardware, Software)

▪ Advanced concepts:

– Pre-emptive rate-monotonic scheduler

– Base rate interrupt replacement

– Peripheral triggers (launch A/D 

conversion from PWM)

– Running on the CLA

– Loading in Flash, running in RAM

– Using DMA

Supported devices:

▪ F2802x/3x/5x/6x/07x/004x 

▪ F2833x/32x/37xS/37xD/38xS/38xD

▪ Fixed-point F280x/1x

▪ F280013x / F280015x

F28379D LaunchPad

https://www.mathworks.com/help/ti-c2000/gs/Supported-TI-C2000-Processors.html
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Supported TI C2000 drivers 

▪ ADC, AIO, Comparator, 

▪ GPIO, eQEP, ePWM, eCAP, 

▪ eCAN, I2C, SCI, SPI, LIN

▪ Watchdog, DMA

▪ Motor control position sensing

– Optical encoder (using eQEP)

– Hall sensors (using eCAP)

– Sensorless (using SMO)
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Prepare the Model for Code Generation Using Supported TI C2000 

Drivers Blocks
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Deployment on the Target

▪ Generate code (floating 

and fixed-point)

▪ Use host model to 

control and debug

▪ Validate on hardware
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Software-In-the-Loop (SIL) Testing

Test 
Vectors

Desktop Simulation
(on PC)

Results

Model

Object Code 
Execution (on PC)

Results

Generated 
Code

Object File

Code
Generator

PC
Compiler

== ?

Compare

▪ Show equivalence, model to code

▪ Assess code execution time

▪ Collect code coverage
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Processor-In-the-Loop (PIL) Testing

Test 
Vectors

Desktop Simulation
(on PC)

Results

Model

Object Code 
Execution (on target)

Results

Generated 
Code

Object File

Code
Generator

Cross
Compiler

== ?

Compare

▪ Verify numerical equivalence

▪ Assess target execution time

▪ Collect on target code coverage
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Verify and Profile Code Using Processor-In-the-Loop(PIL) Testing

Profiling in real time execution

https://www.mathworks.com/help/releases/R2022b/supportpkg/texasinstrumentsc2000/ug/profiling-on-c2000.html
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Deployment on the Target

▪ Generate code (floating 

and fixed-point)

▪ Use host model to 

control and debug

▪ Validate on hardware
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Embedded Software Project

Integrating Generated Controller Code with an Embedded 

Software Project

Execute at 20kHz

{

Controller

Command

ADC PWM

Encoder

Model Hand
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Embedded Software Project Pseudo-Code

Integrate Generated Controller Code with Your Hand-Coded 

Software Project

interruptServiceRountine()

{

AdcStruct = readAdcCountFromDriver();

EncoderStruct = readEncoderCountFromDriver();

PwmStruct = controllerStep(AdcStruct, EncoderStruct);

writePwmCountToDriver(PwmStruct);

}

main() 

{

adcInit();

encoderInit();

pwmInit();

controllerInit();

while(1) {

}

}

Model Hand



75

Customize Generated Code
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Basic generated code architecture & interface

▪ Basic generated functions format:

– void modelname_initialize(void) : to call at system initialization

– Void modelname_step(void) : to call each processing step (on timer or interrupt)

– Void modelname_terminate(void) : to call at system shutdown. 

▪ Several possible customisation using Embedded coder

- Functions / files names

- Function interface (return & argument passing mode).

- Several step functions for concurrent tasking.

- …  

example : int MyModel_step(int inputs, *int params, *int dworks)
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Complete Model-Based Design Workflow

Textual

Requirements

Executable

Specification

Model used for 

production code 

generation

Generated 

C/C++ code

Modelling
Compilation 

and Linking

Code 

Generation

Component and system 

testing

Review and 

static analysis

Equivalence

testing

Equivalence

checking

Static Code

Analysis

Get the complete confidence in your design 
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Complete Model-Based Design Workflow

Textual

Requirements

Executable

Specification

Model used for 

production code 

generation

Generated 

C/C++ code

Modelling
Compilation 

and Linking

Code 

Generation

Component and system 

testing

Review and 

static analysis

Equivalence

testing

Equivalence

checking

Static Code

Analysis

Get the complete confidence in your design 
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Key Takeaways

▪ Model-based design for motor control enables you

– To make faster time to market.

– To be more resilient to external disturbances 

– Increase collaboration

– Share knowledge

▪ Motor Control Blockset, using reference examples & built-in blocks,  

enables you

– To minimize even more development time

– Upskill yourself 

– To experiment easily new control technics
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Q&A
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