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Agenda

What's MATLAB/Simulink ?

Who use MATLAB/Simulink ?

How do | get access to MathWorks products ?

How to get started with MathWorks products ?
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MathWorks core softwares

MATLAB&SIMU:

% Compute Kalman Gain:
W = P*M"*inv(M*P*M'+ R);

% Update estimate
xhat = xhat + W*residual;

% Update Covariance Matrix
P = (eye(4)-W*M)*P*(eye(4)-W*M)' +
W*R*W';

Graphical environment for
High level programming modeling, simulation and design of
language for technical Computing dynamical multi-domain systems
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What does MATLAB mean?

1) MATrix LABoratory
2) MAThematics LABoratory
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MATLAB: Origines (End of 70’s)

Cleve Moler, Senior-Lecturer at Stanford

]
- FTRTEREAEY C

Origins of MATLAB 8:25
For his research:
Developed Fortran librairies
for Matrix Computation

L-shaped membrane
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MATLAB: Birth

Cleve Moler, Teacher of Numerical Analysis

For his teaching: Developed higher level language for Matrix Compution:
MATLAB (Matrix Laboratory)

Objective: accelerate his students learning.
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Evolution of MATLAB

= 1984 Creation of MathWorks with Jack Little

4\ MathWorks'

Accelerating the pace of engineering and science Little

Jack

- MATLAB becomes The Langage of Scientific and Technical Computing

= Mission: Accelerate the pace of Engineering and science
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What’s MATLAB ?
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Exécution de calculs pcro""eles sur les ordinateurs mulficoeurs, les GPU et les clusters d’ordinateurs

Computer Vision System Toolbox

[)esign and simulate computer vision and video processing systems
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Technical Computing with MATLAB

r Access . r Explore & Discover M r Share y

Files Reporting and
Data Analysis Documentation
& Modeling
ﬁ .docﬁ .hfmlﬁ
#ﬂi == ‘{b
Software Outputs for Design
alBslc)
=

::Q

Code & Applications

Hardware Deployment
: O MATI-AB Excel
AVAVALS woxe C/C++
: o Java Jdll

= =

Automate



Highlights on MATLAB Live scripts & MATLAB Apps

4\ MATLAB R217,

Current Folder

LIVE EDITOR

H Live Editor - C:\MATLAB"\EXplolng):cplane!&m!x
ExploringExoplanets.mix +

Where ais the planet's semi-major axis. Note that we have assumed a
circular orbit so the semi-major axis is the same as the orbital distance.
The value F, is the amount of energy reaching the planet per unit
area. The light gathering area of the planet can be approximated by
cross-sectional area. Then the total energy reaching the planet can be
calculated as

E = nRF,

where R, is the planef's radius. We know that the planet must be in
thermal equilibrium - not getter hotter or colder over time. The pianet
radiatels energy into space at the same rate it receives it from its star.
The temperature at thermal equilibrium is called the equilibrium
temperature. We can use the same equation we used above to
calculate the star's luminosity but this time using the planet's total
energy input.

E = 4nR'eT}
rranging for 7,

where T, is the planet’s equilibrium temperature. Real

a

The nearest exoplanet 15 around Proxisa (en, 4.21

Temperature

years fros eartn

oedsyiop O

BloodPressu

G pressure Companscns of 3
population sample

PatientsDisplay

ome/indexhtml

-

FlightLandingSimulator Graphics_Comet

Graphics 3pp for Animated line and
comet

Patients TreeAppExample
fm—

GraphicsCharts_3D

Some commonly used charts wilh
interacsions.

PulseGenerator

Line Tracking

Simulation of 3 rcbol Kasking 3
black line on while background

Roadsuspensioninteractio
nin3DOF_SLSimApp

4\ MathWorks
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MATLAB Live Editor

4\ MATLAB R2017,

g > LIVE EDTOR
<D EHE » C: » MATLAB »

B Live Edilov-C:\MATLAB\EXPIOImQExoplanets.mh - — - —— . 37‘ MAT LA B L i Ve Ed i to r :

ExploringExoplanets.mix +

Current Folder

v{nere ais me planet's semi-major axis. Note that we have assumeda
circular orbit so the semi-major axis is the same as the orbital distance,

: — en associant du texte
he value F, is the amount of energy reaching the planet per unit ' il il :l, 7\ ?

area. The light gathering area of the planet can be approximated by

cross-sectional area. Then the total energy reaching the planet can be S LLLL expllcatlf’ des équatlons mathémathues’ du COde et
calcuiated as o T i des résultats

where R, is the planet's radius. We know that the planet must be in
thermal equilibrium — not getter hotter or colder over time. The pianet
radiatel energy into space at the same rate it receives it from its star.

o ano et rcshes o . ‘ VOS scripts avec vos camarades via

temperature. We can use the same equation we used above to

calculate the star's luminosity but this time using the planet's total 00 \‘ 4 - M AT LA B O n I I n e et M AT LA B D rlve

energy input.
E =4nReT,

gives

S i et votre travail (code, résultats et texte
where T, islneplanel‘secumbnumte"vefa ~ 5 :54 ,“ é i

formaté) en un seul et méme document exécutable

https://fr.mathworks.com/help/matlab/live-scripts-and-functions.html
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https://fr.mathworks.com/help/matlab/live-scripts-and-functions.html?s_tid=CRUX_lftnav
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Utilisez des apps MATLAB disponibles

4\ MATLAB R2020b —
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5= . =2 r r Fun T 1) r
/ PIO o, W, == < T“J] oy
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WY APPS
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® w5
@ d 2 ,
CSE Team DMC Demo Image Induction Motor Numerical NXP Cup Projectile app TAH App
Meeting Tracker Morphology Analysis GUI  Computing wit.. ~ Companion
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Generator

VMACHINE LEARNING AND DEEP LEARNING

EY i & s s &) &

Classification Deep Network Experiment Neural Net Meural Net Neural Net Neural Net Time Regression
Learner Designer Manager Clustering Fitting Pattern Recog... Series Learner

VMATH, STATISTICS AND OPTIMIZATION

Curve Fitting Distribution Optimization PDE Modeler

Fitter v 13
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Générez le code MATLAB pour 'inclure dans votre Live script

General model:
flxy) = (x/a+y/b+alphax/a*y/b)n/(1+(x/
Coefficients (with 95% confidence bounds):
a= 458 (4.49, 4.669)
alpha= 1524 (14.16, 16.32)
b= 2148 (20.76, 22.2)
n= 5884 (5605 6.164)

Goodness of fit:
SSE: 0.7961
R-square: 0.9834
Adjusted R-square: 0.9894
RMSE: 0.04501

50

40

30

opioid

20

tetany vs. sedative, opioid

sedative

20
opioid 0

4 Cunefitting Tool "N . ® —-&‘@g
File Fit View Tools Desktop Window Help EIERS
|& & 9@ |E] Hos[0
‘ drugfit K‘ +|
Custom Equation 'I [C Auto fit
- #lx v b [ m |
= |1 (%/at+y/b+alpha*x/a*y/b) *n/ (1+(x/4 Stop
< 1 13
Zaats
b Weights: | (none) =
Results

sedative

Faire toute la démarche sur I'app

Générer
le code
MATLAB

LVEEDTOR

EJH:‘M*?‘ 5 = o Somuv % g ) B Do 0
P foorer  BLLY Code 7 Relaccw ] o3 13 PO Lol S sp
AE NAVIGATE TeT AN

Minimal Opioid and Conc! ions for
In this example, we determine the minimal concentrations of an opioid and

sedative that produce an effective anesthetic. We develop a mathematical model to describe the relationship between drug concentration and
anesthetic response, and then use the model to determine minimal dosages.

Aie bobo!
[ 44
G .G G\
e €30, I(ﬁ),,l(‘i(k)
(Lo, & .G G

+ 50, * 7o, * oo, 55,
Import Drug Interaction Data from Excel
Import experimental data using importfile function (auto-generated by import wizard).

1 inportfile('ResponseData.xls')

Infl

Create 3D Vi: to Examine
Create 3D scatter plots that shows how tetany and pressure responses change with drug concentrations.

2 createfigure(opioid, sedative, tetany, pressure)

Fit Surface to Pressure and Tetany Responses

% Tetany Response
[sf1, gofl] = createSurfaceFit(opioid,sedative,tetany);

% Pressure Response
[s2, gof2] = createsurfaceFit(opioid,sedative, pressure);

Nawnew

Determine Minimal Drug Concentrations that Produces Sufficient Response
Call custom function called minDosage.m, which calculates minimimal drug concentrations that produce pressure and tetany responses >
0.8.

8 ninDosage(sf1,s2)|

Intégrer le code MATLAB dans le Live script

14



Créez et partagez des applications MATLAB

Créez votre App via
App Designer

4\ App Designer
a ke & 4
swe |0 fb o | sene &
FiLE ALGH ARRANGE

Mortgage miapp”

Radio Button Group

icer

[123%] spinner

|
z 1 Show grid ol ),
(o G 11 Show resizing hints
Run
== pply Vartealy | tseryst =
SPACE I viEw N
Design View

Amortization Schedule

Loan Amount 300000
.
nterestRate % | - I

Loan Perlod (Years) 30

Principal and Interest

Monthly Payment 0.00

0 02 04 06 08
Loan Period

Configuration

FIELD (N

MATLAB Web Apps

BlocdPressure

B3000 pressure
population sample

PatientsDisplay

&\ MathWorks

Partagez votre App via
MATLAB Web App Server

FlightLandingSimulator

)
()

Patients TreeAppExample

Graphics_Comet

Graphics 3pp foe Animated ine and
comet

PlotSelector

GraphicsCharts_3D

Some commanty used eharts win
mteractons

PulseGenerator

Line Tracking

Sieniabion of 3 robot Mrasking &
biack line on while background

RoadSuspensioninteractio
nIN3DOF_SLSImApp

15



MathWorks core softwar

(S

LABXSIMUS

% Compute Kalman Gain:
W = P*M"*inv(M*P*M'+ R);

% Update estimate
xhat = xhat + W*residual;

% Update Covariance Matrix
P = (eye(4)-W*M)*P*(eye(4)-W*M)' +
W*R*W';

High level programming
language for technical Computing

Graphical environment for
modeling, simulation and design of
dynamical multi-domain systems

4\ MathWorks
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Model-Based Design with Simulink

1. Modeling and simulation ::> 2. Generating code and targeting
(Physical system, embedded algorithms) hardware

Fle €50 Vew Ouplyy Digam Smston Amius Code Tock Hep
S-8a8« HO-BAOP » [Of = ™ 3 @~ -

Wrd e |Tetia | ey Comole | mmcontsie | enconsoer [ e+ | e | B

00O I (@ % — | Te®

FPGA (VHDL, Verilog

18
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What’s Simulink

= Simulink® is one environment for Model-Based Design of

multidomain embedded systems

= Different multidomain physical modeling approaches

= Automatic Code Generation for a variety of targeted hardware

= Engineers and scientists use it to take their ideas from
concept to production.

Arduino

\_

4 )

ST™M

p
IMPLEMENTATION w

C, C++ VHDL, Verilog SPICE

Analog

MCU | DSP  FPGA ASIC Hardware
. -

-

J

\ Electronics /

Raspberry Pi
- VAN

~

&

Android/iOS

Devices

\_

19



Find your hardware

4MathW0rks' Products Solutions Academia Support Community Events

Hardware Support

Overview  Search Hardware Support = Request Hardware Support

Connect MATLAB and Simulink to Hardware

Q

— Explore hardware by vendor — v

Popular: ARM, Arduino, Intel, National Instruments,
Raspberry Pi, Xilinx, Android, STMicroelectronics, Keysight

Live Data Streaming Generating Code and Targeting

Get MATLAB |

Hardware Support v Q

§ Tral software &, Contact sales

Project-Based Learning

www.mathworks.com/hardware

4\ MathWorks

20


http://www.mathworks.com/hardware
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Simulink supports Model-Based Design workflow

1. Modeling and simulation ::> 2. Generating code and targeting
(Physical system, embedded algorithms) hardware

- = O ~ = - Il Daperp——
ve .

W Mimancye

Balancing Conliclier SWih  Disturtance Swch

21
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Simulink vs Simscape

Loy )
File Edit View Display Diag i i Analysis Code Tools Heip
=-o-8 - B gO®P = [~ w0 [horma ORI R
o —pf- 1 1 |
k b 5 <l : :': - Mass2
: Spring2
m +h
Tx I <l- =hE .
. ‘ P
; e |
> ’ —DW—P 1 ———» 1 —
) = S Mass1
Spring1
-] .
- Input/Output Block Diagram ' Simscape s

22



What’s Simscape

-

Hydraulic

i

Simscape

Electrlcal Mechanical Magnetic

Thermal Two-Phase

Liquid Fluid

AN
e ] 0

Thermal

R

d)

~N

Custom
equations
if v > V.
i= (
else

Moist
Air

4\ MathWorks
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Simulink vs Simscape Multibody

Simulink Model

theta1 -{:qi_m

- - ;.‘
& v 1
thetal_0*pi/180 rad
ﬂ sin

Simscape Multibody Model

i

Create your own 3D models or Import CAD models with
Simscape Multibody

‘ MathWorks:

24



Controls of Robot Arm

4\ MathWorks

4\ Mechanics Explorers - Mechanics Explorer-youBot_Arm

Eile Explorer Simulation View Tools Window Help
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What MATLAB/Simulink does:

Acquisition des données Conception et simulation de systémes

Analyse des données Simulation des systémes a événements discrets

Modélisation mathématique Modélisation physique

for k=1:max;

xFET = ££t(dat Prototypage rapide

Développement d'algorithmes ; XEfT = abs (xF
mag = 20*1logl0

Calcul Pardllele Génération de code embarqué
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Machine Learning/Reinforcement learning Data visualization and sensor fusion

|4 Figure 1; Forward Colfision Weming With Tracking Bample =& ==
vors C 314 view comennion 2 0¥ Tog) alevdil 9 e BOBE0 File Edit View Inset Tools Desktop Window Melp -

NEEL | kAL ODEL-E(0B(aD

Birds-Eye Plot

4 visien detection
©  radar desaction
[0 wacked chject
hi

Recorded Video

(history)
O mostimperiant cbject
lane baundades

L

lseeel @ vx —l— messen

Deep Learning

- % -‘ _— -
Brersiia R T T T ———— 28




m ThingSpeak“‘ Channels Apps Community  Support ~ HowtoBuy  Login

Understand Your Things

The openleTl platform with'MATLAB analytics.

QGet Started For Free ' Learn More J

WL Collect Ll Ana lyze W Act

Send sensor data to the cloud. Analyze and visualize your data with MATLAB. Trigger a reaction.



https://thingspeak.com/

What industries use
MATLAB/Simulnik?

4\ MathWorks
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Our Customer Industries

Metals, Materials, and Mining Neuroscience Railway Systems Semiconductors Software and Internet

31



Who are our customers?

4\ MathWorks
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Our Customers / Key Industries

@ % AIRBUS F.WT-I\IGO gle
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TOYOTA - - gg
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" Genentech Mg MERRIMACK’
Museum of Science =
@ BOSCH
\f“_ LIl 2 = ..,.,
o - FARADAY
KSREAN AIR
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Carnegie o £ EMBRAER
j FUJITSU —
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4 . Cognizant codtne QHyd'°

Alcatel-Lucent @ doccm O Québec



But also ....

SIEMENS
@) AIRBUS
THALES
WAT
Schneider SWEL

&\ MathWorks

UPE

Lys

STMicroelectronics

—
—
INTO CONFIDENCE

0E|ectr|c
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Where can | find what industries do

with MATLAB/Simulink?

Témoignages d’utilisateurs

: .

Vidéos ~ Recherche

ecnercne par Froaurt

Recherche par Type de vidéo

Témoignages des utiisateurs x

Recherche par Application

&, Conta

Témoignages des utlisateurs x  Tout supprimer

Résultats 1-25sur 74 )

La SNCF utilise des réseaux neuronaux pour la modélisation de la réponse
dynamique d’un véhicule ferroviaire

Pour prendre en compte les réponses dynamiques des trains, la SNCF souhaite
modéliser le comportement des véhicules en fonction des paramétres de la voie. La
SNCF a envisagé d'explorer la modélisation.

Date: 30 janvier 2017

Corindus Develops Real-Time System for Telerobotic Coronary Intervention
Corindus used MATLAB and Simulink to develop the CorPath GRX platform for
catheter control, and Simulink Real-Time to run the real-time application on Speedgoat
targets. using Precision Time Protocol to...

Date: 21 Jul 2020

Corindus Vascular Robotics Platform Enables First In-Human Telerobotic
Coronary Intervention
Corindus has developed a robotic platform that makes it possible for surgeons to

MATLAB EXPO

LAN

MATLAB EXPO
FRANCE

4\ MathWorks
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https://fr.mathworks.com/company/user_stories.html
https://www.matlabexpo.com/fr/2019/proceedings.html

How do | access to MathWorks tools?

4\ MathWorks
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Campus-Wide License: Anytime, Anywhere Access for
Faculty, Staff, Students, and Visitors

MATLARB for Desktops MATLAB Online
Individual access on personal and Access MATLAB with a
university-owned machines web browser
- Installation - No installation
- Acces to >100 products -Limited products (see_link)

-Uses the latest version of MATLAB

MATLAB Mobile

Access MATLAB on
iIOS/Android devices

- No installation
-Limited functionalities

37


https://fr.mathworks.com/products/matlab-online/limitations.html

How do | get trained on MATLAB and
Simulink?

4\ MathWorks
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Self-paced Online Tutorials (free for Université de Lorraine)

FREE D FREE D FREE
FREE FREE = FREE g‘s}"__ b & &
O (&) i

MATLAB Onramp Simulink Onramp Deep Learning Stateflow Onramp Machine Learning Image Processing Signal Processing

Onramp Onramp Onramp Onramp
sl ‘/ _

) 1
. v AL
O ’30

Control Design Onramp with

Solving Nonlinear Solving Ordinary Introduction to Linear Introduction to Introduction to Simulink
Equations with Differential Equations Algebra with Statistical Methods Symbolic Math with
MATLAB with MATLAB MATLAB with MATLAB MATLAB
/ ;&ii ,:zfe
' A
MATLAB MATLAB MATLAB for MATLAB for Data Machine Learning Deep Learning with
Fundamentals Programming Financial Processing and with MATLAB MATLAB
Techniques Applications Visualization

https://matlabacademy.mathworks.com/
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https://matlabacademy.mathworks.com/

Generate Certificate or report

MATLAB and Simulink Training

Training Overview  Find a Course +  Get Certified ~ Training At Your Facility  More =

Getting Started

Launch

Details

Launch

Details

MATLAB Onramp

Get started quickly with the basics of MATLAB.

Simulink Onramp

Get started quickly with the basics of Simulink.
|| 13% Unlimited access

Deep Learning Onramp

Get started quickly using deep learning methods to perform image recognition.

Stateflow Onramp

Learn the basics of creating, editing, and simulating state machines in Stateflow.

» My Courses [ Contact Training

2 View/Share Certificate
£ Settings

R View/Share Certificate
£ Settings

2 View/Share Certificate

4\ MathWorks

Course Certificate

View/print certificate

Share certificate:

m n c.? shareable link

40
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Other online free trainings (series of videos)

= Physical modeling

AV e s o S
- e -

https://www.mathworks.com/acade
mia/student-competitions/physical-
modeling-training.html

https://fr.mathworks.com/videos/series/s

tudent-competition-code-generation-
training.html

Computer vision

https://www.mathworks.com/a
cademia/student-
competitions/computer-vision-
training.html

obile robotics

https://www.mathworks.com/academi
a/student-competitions/mobile-
robotics-training.html
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https://www.mathworks.com/academia/student-competitions/physical-modeling-training.html
https://fr.mathworks.com/videos/series/student-competition-code-generation-training.html
https://www.mathworks.com/academia/student-competitions/computer-vision-training.html
https://www.mathworks.com/academia/student-competitions/mobile-robotics-training.html

Free download (Book & Models)

Modeling and Simulation
of Multi-Physics Systems with
MATLAB - Simulink (R2015b)

for Students and Engineers

Second edition

Introduction to Model-Based-Design

o MATLAB
e Simulink
e Simscape
e SimMechanics
e SimHydraulics
e SimElectronics
o Stateflow

4\The MathWorks

This book is an introduction to modeling and simulation (8
chapters, more than 90 models and scripts)

Book & models : Link

4\ MathWorks
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Modeling and Simulation of Multi-Physics Systems with MATLAB

o




