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Required products and add-ons for the workshop

=  MATLAB, Simulink, Stateflow

= Instrument & Control

= Image Acquisition, Image, Computer Vision
= Statistics & Machine Learning

= Signal Processing, DSP System

4\ Add-On Explorer — O X
Contribute Manage Add-Ons

netallod Image Acquisition Toolbox Support Package for OS Generic Video Interface (150)
by MathWorks Image Acquisition Toolbox Team 40K Downloads

Updated 9 Mar 2022
Acquire video and images from generic video capture devices.

“\ Hardware Support _ g

Overview Reviews (150) Discussions (62)

Image Acquisition Toolbox™ Support Package for OS Generic Video Interface enables you to acquire images and video Requires
from DirectShow® (Windows®), GStreamer (Linux®), AVFoundation (Mac) video capture devices directly into MATLAB® @ Image Acquisition Toolbox
and Simulink®.

MATLAB Release Compatibility

This support package is functional for R2014a and beyond. Created with R2014a
Compatible with R2014a to R2022a
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Artificial Intelligence

Ability to learn from data without being explicitly programmed

Artificial Intelligence

Machine Learning

Deep
Learning

Industrilutoation Oil & Gas Medlcal Devices

Clean EnerEb

https://eduscol.education.fr/sti/ressources technigues/introduction-lapprentissage-automatique-machine-
learning-philippe-hautcoeur



https://eduscol.education.fr/sti/ressources_techniques/introduction-lapprentissage-automatique-machine-learning-philippe-hautcoeur
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Types of Machine Learning / Simple Demo Case

Type of Learning

Unsupervised

Learning
(No labelled data)

Categories of Algorithms

Machine
Learning

Discover an internal
representation from
input data only

Supervised

Learning
(Labelled data)

Develop predictive

model based on both
input and output data

Reinforcement
Learning

Train an agent to
maximize a reward
function

Clustering

Regression

Classification

Objective:

Train different classifiers to classify 2
objects from the mini-camera and embed
the model in Simulink

Inputs Grayscale images acquired
from the mini-camera

Outputs | Object types (1 or 2)




Data Analytics Workflow
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Smoothie and mini-camera

Access and Explore Develop Predictive Integrate Analytics with
Preprocess Data
Data Models Systems
4 " 4 M 4 n 4 g
Files Working with Model Creation e.g. Desktop Apps
Messy Data Machine Learning
|% ’ = | & AalB]c
;‘:;MWM
Databases Data Reduction/ Parameter Enterprise Scale
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= o0 l MATLAB Excel
v' ‘ — .NET
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Smoothie and mini-camera

| G-code commands:
S G28: initiate motors and
[ | J position of the camera
M84: stop motors
Baud rate : 115200 gr?buﬂ Rien Ggl Gl Z'SO: move Of
| L’“?“"G'GQ“G”“ W ih J 157.32mm in Z axis

after(2,sec)
COM10 v

Vous pouvez modifier la

hauteur de la caméra
chaine -0
——— P string —> ASCII p Data COM10
—P—o'/o_

Initialisation avec arret des moteurs

X and Y mesures in mm:
cheine Y2 GADRABE {image  Video Use Image Tool

input1

deplacements

Video Viewer
I h 4. Video Viewer

. . File Jeog View Simulation
Connexion_smoothie_captures.slx Ok Q" B

g Export to Image Tool|




4\ MathWorks

Feature extraction
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Feature extraction

1- Sobell.slx or Sobell11.slx 'ﬁ 2- Excel file creation:

We use a Sobel detection with multiple choices for Exécute the MATLAB script clean_data.m to
extracting the features. eliminate redundant data.

The mesures are exported in the MATLAB Copy the numerical vaules in an excel spreadsheet
workspace, variable « out ». containing 3 colomns (ex: Width, Length, Label)

A Stateflow chart was added to stop or start the
acquisition in order to move the object on the plate
and avoid outliers.

Capture des données
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Machine Learning: Classification

Integrate Analytics with

Develop Predictive

Access and Explore

Preprocess Data
Data P Models Systems
f
Files Working with Model Creation e.g. Desktop Apps
Messy Data Machine Learning
|% ’ = | = A
;‘:;MWM
Databases Data Reduction/ Parameter Enterprise Scale
Transformation Optimization Systems
“ | MATLAB Excel
NET
j ‘b'] [ . .exe C/C++
= Java Jdil
Sensors Feature Model Embedded Devices
Extraction Validation and Hardware
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Machine Learning: Classification ‘

Classification
Learner

Study of Fine Tree, SVM and
KNN methods

1- Import the data from the existing
Excel Spreadsheets.

2- Use of the Classification Learner
App to compare Fine Tree, SVM

4\ MathWorks
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Classification: import the data

Import the data

1- Click twice on the Excel file d11Avril157.sIx (the height of the
camera was fixed at 157.32 mm.

2- For the Output Type, select Numeric Matrix.

3- Click on the import selection button. It creates a new matrix
d11Avrill57 in the MATLAB Workspace.

,&, Import - Chwork\PASS\Didastel\Lusseau\modell A\d11Avril 157 xlsx — O *
k| - GCermrmaeeeiaeion o
Output Type: [ Replace ¥ unimportable cells with = NaN = '|"
Range: 32:C31 A - - Qf
|BEJ Numeric Matrix v| -
Variable Names Row: |1 = |ml1|mpor‘t selected data into MATLAB Workspace
@ Text Options ~ . | Selection™]
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT A
| d21AvrilMm.xlsx | d114vril157 xlsx |
A B C
d11Avril157
1|W L Forme &

2 80.0500 82.9400
3 83.7900 85.2500
4 97.4300 93
5 97.5700 108.7500
6 100.3600 109.1900
7
8
9

é

106.7400 123.7100
110.4100 137.3700

126.8100 142.5200
0 137.7400 147

I I I I P ey

=
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Classification Learner <\

1. Choose Classification 2 Select a New session

Learner from APP gallery From Workspace

‘ Classification Learner

=R = v @ | = 3. Data set preparation

Classification New sture PCA Costs Optimizer | All QuickTo- A and start session
Session ¥ Selection

I_E E rrl E r 4 New Session from Workspace - [} X
I ED:I From Workspace

. . __ Data set Validation
Start a new session by selecting data from the workspace and specif
Data Set Variable Validation Scheme
From File [dllAvrillS? 30x3 double v ]
[Cross-VaI\dalion v ]

Start a new session by importing data from a file and specifying a va | (®) Use columns as variables

() Use rows as variables Protects against overfitting. For data not set
| aside for testing, the app partitions the data
into folds and estimates the accuracy on each

Response fold.
% a % gﬂj} Lizl Summary I“I (®) From data set variable
Feature PCA Costs Optimizer All Quick-To- All O From workspace Cross-validation folds: e

CI I C k 0 n il OPTION: | el MOD Adj u St O pti m i Zer [Cnlmj = e : ] Read about validation

= I Default Optimizer Options
Train g i B E
Optimizer: @ O p I O n S redictors

b utto n DETe LT3 Range [ ] Set aside a test data set
Acquisition function Expected improvement per second plus ¥ N =] column 1 double 2005 17097
et | ]3] By defautt, datazispartitioned into folds
- 0 co\umn!:i “Uuol AT S S GEURE S SASS S
T e 0 | f Use atesi set to evalgategnodel performance
faximum training time in seconds: 300 sEpalate test serinead of pattitioning the
e o . . Add All Remove All current data set, use the Test Data button after
Number of grid divisions 0 eaC O starting an app session.

Train . How to prepare data Read about test data
All -

1 i i ic. Disti i i Start Sessi C |
[Save andApp\y] [ Cancel ] /4y Response variable is numeric. Distinct values will be interpreted as class labels. ession J [ ance J ’
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Hyperparameter Tuning Why? — Model “knobs” (hyperparameters) need
to be set properly for optimal performance

Standard: A - . —
Grid Search Important parameter Best: Bayesian Optimization

= Bayesian model indicates impact of change

Model picks “good” point to try next

= Much more efficient!

= Scale to multi-cores (using PCT) for larger datasets

~

O
O
O

4\ Classification Learner - Confusion Matrix . NOW avallable InSIde
® © © f“‘”'”“”““ - the (Classification/

~ v 2ge :
o = GET STARTED Regression) Learner

Unimportori'pirometer
©)
@)
@)

New Feature PCA  Misclassification
Session ¥ Selection Costs

FILE FEATURES OPTIONS % = app as “Opt| m izable”
B ette r : 33:} Btrowser : QuiciI-IT ..... G mOdeI
¥ History

A DECISION TREES

1 Tree q
Last change: Disabled PCA Pa = P ] ’
o e o P
o] =) 29
q
i edium Tree Coarse Tree rees e

Random Search

2 SVM
Last change: Linear SVM

3 Ensemble
Last change: Bagged Trees

4 KNN

Last change: Fine KNN o
Optimizable

5 KNN E Discriminant Discriminant Discrimina... Discriminant

® o \_ Y,

14
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Hyperparameter Tuning Workflow inside Learner Apps

1. Choose “Optimizable” 2. Adjust Optimizer

model from gallery

‘ Classification Learner - Confusion Matrix

Options (control runtime!)

F v B Y [=] Summary
CLASSIFICATION LEARNER i @ - g ~ & Duplicate "Il
= e = Feature PCA Costs Optimizer | All QuickTo- Al P Use
E',]] bl — ? Selection Train @ Delete Parallel
< s > OPTION MODELS R
New Feature PCA  Misclassification |5 S ARTED v p— o 5 — — 11 . 1] .
e o || % = S 3. “Train”: Bayesian
FILE FEATURES OPTIONS =1 =2 B . .
e m— Al Al All Linear = oOptimizer: [Bayesian optimization v . ! . .
Quick-To-...
 Histoy Acistion arcion (opociod mrovemant porsecond s+ | JOti € O ptl mization iterates
DECISION TREES -
:m ‘,mTree S Ad lterations: [ 0[]
— i BB &
. e B 2z
2 s A Ty e g Py — - o x
b e FineTree MediumTree CoarseTree Al Trees  Optimizable
i Tree Maximum training time in seconds 300 2 CLASSIFICATION LEARNER
3 Ensemble Ac ; Bl & sommary
. Bagged T DISCRIMINANT ANALYSIS Number of grid divisions 10 3 S o = bt ] @ ) & E &
S cielons Da00ec Tise b = New ([@swe - Fewre PoA Cous Opumase | MIQukTo A1 7 Ouplene somer oo 7 Lyow | et eom
A = b Session = Selection i @ Detete = Matrix - Daa v -
Last change: Fine KNN —_—
s Linear Quadratic All Optimizable Models O (7] Model1 | Model 2 °
5 ¢ KNN [A o b DiscHhinaz:D Sty (e (L)1) (@] | o Summary o Srassacavon Enr i = Vakishon Conusan Natie
‘ (21 Tree [Accuraey vaon) 100% ] model 2 @ @&
e e e
e e Accuracy (Vaistation) 70.0% © Estimated min classfcation eror
m - ° Last change: Gptimizable Tree 22 features ? @ Oserved min classification ermo
0.308344 B Gestgont yperparameters
| © Maimum emor hyperparamelers
B 0308342 Optimization Results
= Hyperparameter valus
4| [Masiram rumbes of pits |1
- Spin critenion
3
5. Iterate with -
g
E
O R 5 | « E— .
other data )

What is the minimum classification

oaosas| | |
- -
I |

TRAINING

Prepare for e F & v

- Export Plot Generate | Export o . " " L L L
Inteqgration model 1| "B Fancion |Moddl

lteration

»l

" | Export Model
& Export the currently selected model in the History
list to the workspace to make predictions with new data

Data sl d11AMIST  Observalions: 30 S ZkB  Prediclors: 2 Response: column_3  Respanse Classes 2 Valgation: 5-fold Cress Validation

Export Compact Model
& Export the currently selected model in the History list without
its training data to the workspace to make predictions with new data

15
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Decision Tree Classification

<] ° fitctree

When the model is exported:
>> view(trainedModelTree.ClassificationTree)
>> view(trainedModelTree.ClassificationTree,'Mode','graph')

16
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Support Vectors Machine Classification

Support
Vectors

https://fr. mathworks.com/help/stats/support-vector-machines-for-binary-classification.html
https://fr. mathworks.com/discovery/support-vector-machine.html

17


https://fr.mathworks.com/help/stats/support-vector-machines-for-binary-classification.html
https://fr.mathworks.com/discovery/support-vector-machine.html

K- Nearest Neighbor Classification

-

-8

https://fr. mathworks.com/help/stats/classification-using-nearest-neighbors.htmi

4\ MathWorks

18


https://fr.mathworks.com/help/stats/classification-using-nearest-neighbors.html

Optimizable Tree
Accuracy 70%

Optimizable SVM
Accuracy 100%

Optimizable KNN
Accuracy 80%
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Test different position of the camera, feature extractions and other
objects

1- Camera position:

Apply the same Classification workflow with other data such as
d11Avril177.xIsx

What do you conclude?

2- Other features with ++ Basic mix objects

Excel files: d21AvrilMm.xlIsx

d21AvriIMm177.xlsx

3- Try with your own objects

20
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Deploy to Enterprise Infrastructure or Embedded Systems

Al models in MATLAB and Simulink can be deployed on enterprise systems or the cloud,
or on embedded devices.

Automatic Algorithms
Code and
Generation Models

Enterprise Scale
Systems
MATLAB el
oxe C/C+

Java Jdil

Embedded
Devices and

=0
S5

Vs
-
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Prepare the deployment with Simulink

1- Open Sobel2.six 'ﬁ
Change the SVM model name in the Classification SVM block

2- Verify the settings (camera, threshold)
3- Run the model

Test du modéle de prédiction

\ma Video
7™ Viewer
Vérifier les paramétres Videa Viewer
CCCCCCCCCCCCCC mage - -
UUUUUUUUUUU ajout d'un rectangle idea
inputt I g Rectangles Fimage 050
uuuuuuuuuuuuuuuuu
/ VVVVVV
! Blob ) Vérifier le nom de la varlable du modale
nnnnn ige Open BW Analysis BBox dimensions
»Th / /
||||||||| T Movin
0 0.004 0.008 0.012 0.016 0.02 dimf ,.,\,eragi . .
w{ oox P .
ton dim2 x .= label
»| Maving R
Average
Mon SWM
S -

23
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Control the position of the camera depending on the object

- | Sobel3.sIx with the
rectangle feature

P Sobel33.slx with the
Major and Minor axis
feature

24
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Key Takeaways and Further models on the Printer 3D

25
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Resuiats

New Multi-Physics Project

4\ MATLAB R2022a S epper mOtor FD ; e [:]

PROJECT SHORTCUTS

odeis

@ ,ﬂ % Imprimante_indirecteV2_1 & motor_stepper_fullstep
\ *& printer_model_sm3
. Imprimante_indirecteV/2_2 Imprimante_indirecteV2_pos_etats motor_stepper_halfste|
New  Organize L4l tmp B B L4l tmp - oS *a test_slider oy SeRper °
Shortcut  Groups [*& Imprimante_indirecteV2_pos \*& motor_stepper_microstep
MANAGE CAD ET CINEMATIQUE JUMEAU MOTEUR
@ Eal = » ¢ work » PASS » Didastel  Lusseau » Imprimante3D »
Current Folder ® I .
Name ~ Al Project (52) 2T Layour .—l_.‘, ST e =
Nomore de pas :: }—»J ™ . b
= Folder Name =~ Status Classification i +{w=0) St e
CADfiles - 25 pas correspond 8 251 845 deg ou § mm pour 1 sec ek Ll T“'—
g.%. Dependency Analyzer CADfiles v E \ A ._ gt ) '- D
FIOCUIT‘IEHTS documents v E
Images images vﬁ
models = models vﬁ
fesourees +Friction v
utilities %4 Friction_lib.slx .
o i work *& Imprimante_indirecteV2_1.slx v @
T e o2 iqital Twi
‘5 Imprimante_indirecteV2_DataFile.m \/@ D I g I tal W I n b‘
N [ & -
& Imprimante_indirecteV2_pos.six v(a Smm—
*& Imprimante_indirecteV2_pos_etatssix Ul @
*& motor_stepper_fullstep.slx v @ . I
*& motor_stepper_halfstep.six v @
& motor_stepper_microstep.slx v @
"% printer_components_lib.slx v Design J k"
& printer_model_sm3.slx v@a Design Nombre da pas El_l_"/o O+l B b
i testsidersix & Design ermeremssmsmee |
Labels N resources .
#{"]l| Classification UT"TES vE = 0
winr ~ .
=)
Ly 1S Resulats -
= Lk -—3 \ . m
- el . — Stoppar tiotor 3
Imprimante3D.prj (Project) ~ | Command Window e $—g o ]
After simulating, plot joint position and velocity {code})
Jx >> [¥
g B3 F o B = |

Kinematics

27
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