Corrigé Intelligence artificielle
TP Robot pick & place

2. Gestion asservie de I’axe 1 du robot

2.2. Réglage du correcteur a I’'aide d’'un modéle virtuel

Q1.

[*a] Block Parameters: PIDController X
PID 1dof (mask) (link) ~

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires
Simulink Control Design).

Controller: PI ~| Form: Parallel
Time domain: Discrete-time settings
® Continuous-time
. Sample time (-1 for inherited): -1
() Discrete-time
* Compensator formula
P+l
8
Main  Initialization ~ Output Saturation  Data Types  State Attributes
Controller parameters
Source: internal r
Proportional (P): |1 | H
Integral (I): |1 | H
Automated tuning
Select tuning method: | Transfer Function Based (PID Tuner App) - Ture..
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Une simulation du fonctionnement du modele avec les parametres par défaut du correcteur
PI (P =1 et I = 1) montre une réponse oscillante. Le systeme devient stable pour t — +oo.

Les performances du systeme ne répondent pas aux exigences du cahier des charges.
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Q2.

Plusieurs réglages des parameétres P et I permettent de satisfaire les exigences du cahier des

charges :

Essail

Essai 2

Controller P

0,00069295

0,00057381

Parameters

0,00014087

0,0001016

I
Rise time 10 % - 90 % (s)

0,109

0,127

Settling time 2 % (s

0,403

0,46

)
Overshoot (%)

19,1

15,4

Performance Peak

1,19

1,15

and

Robustness Gain margin (dB @ rad/s)

Inf
@0rad/s

Inf
@0rad/s

Phase margin (deg @ rad/s)

49,9
@11,6 rad/s

53,7
@10,1 rad/s

Close-loop stability

Stable

Stable

+
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Cantroller Parameters: P = 003693, | = 00001409)

A\ PID: Turer (Mctear_robzt_pick_and_placs/PDCantroller - Siep Flok: Refzrence tracking
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4 PID gains applied o block and block response updated
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Tuned Block
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Controfier Parameters: P = 005738 | = 00001016)
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2.3. Réglage du correcteur a I’aide d'un réseau de neurones artificiels

Q3.

Relevés graphiques pour I’entrainement N°1 avec 10 neurones cachés :

4 Neural Network Training Error Histogram (ploterrhist), Epoch 8, Minimu... - O X

File Edit View Insert Tools Desktop Window Help b

Error Histogram with 20 Bins

40 I Training
[N \alidation
35 I Test
Zero Error
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Errors = Targets - Outputs
4 Regression (plotregression) - O X
File Edit View Insert Tools Desktop Window Help o

«10* Training: R=0.79052 «10*Validation: R=0.75401
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4. Neural Network Training Performance (plotperform), Epoch 8 Minimum ..  — O X

File Edit View Insert Tools Deskiop Window Help e

Mean Squared Error (mse)

10®

Best Validation Performance is 4.9368e-08 at epoch 8

Train
Validation
Test
Best

1 7z

4 5
8 Epochs

6 7

Number of Hidden Neurons = 10

Entrainement N°1 N°2 N°3 N°4 N°5
Training (R =) 0,79052 0,73266 0,46501 0,061259 0,43328
Validation (R =) 0,75401 0,71898 0,37044 0,11777 0,56765
Test (R =) 0,73192 0,72638 0,33364 0,18783 0,53458
Plot Regression All (R =) 0,77648 0,73004 0,4191 0,081147 0,4465
MSE 4,9368¢-8 | 3,5913e-8 | 7,6653¢-8 | 9,2405e-8 | 6,2181e-8
at epoch 8 7 5 5 5
Number of Hidden Neurons = 500
Entrainement N°1 N°2 N°3 N°4 N°5
Training (R =) 0,99903 0,99601 0,99919 0,91803 0,99878
Validation (R =) 0,94733 0,98031 0,89287 0,82998 0,96803
Test (R =) 0,96879 0,95163 0,95676 0,59836 0,14794
Plot Regression All (R =) 0,98559 0,98629 0,97764 0,85297 0,65513
MSE 1,0559-8 | 3,8658¢-9 1,801e-8 3,2908e-8 | 5,2438¢-9
at epoch 9 8 9 6 9
Number of Hidden Neurons = 800
Entrainement N°1 N°2 N°3 N°4 N°5
Training (R =) 0,99968 0,98964 0,76025 0,99919 0,99679
Validation (R =) 0,98111 0,41039 0,59109 0,99169 0,93019
Test (R =) 0,9825 0,53517 0,22122 0,98237 0,96601
Plot Regression All (R =) 0,99376 0,61987 0,45191 0,99587 0,98012
MSE 3,891e-9 7,83e-7 4,4406e-7 | 1,6899¢9 | 1,5299-8
at epoch 10 7 5 9 8
Number of Hidden Neurons = 1000
Entrainement N°1 N°2 N°3 N°4 N°5
Training (R =) 0,9934 0,93978 0,9995 0,99986 0,98891
Validation (R =) 0,75638 0,87519 0,84999 0,8206 0,86648
Test (R =) 0,68501 0,51968 0,70575 0,96227 0,94926
Plot Regression All (R =) 0,80453 0,63767 0,85318 0,96316 0,9528
MSE 54174e-8 | 2,7557¢-8 2,514e-8 3,8794e-8 | 4,0747-8
at epoch 7 6 9 10 7
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Number of Hidden Neurons = 3000

Entrainement N°1 N°2 N°3 N°4 N°5
Training (R =) 0,99995 0,96083 0,94983 0,99432 0,99995
Validation (R =) 0,9062 0,73861 0,56997 0,045892 0,66129
Test (R =) 0,98564 0,72949 0,4778 0,90944 0,56284
Plot Regression All (R =) 0,98375 0,88178 0,67061 0,45403 0,48573

MSE 1,7306e-8 | 6,3439e-8 | 5,4889-7 | 1,6251e-6 | 9,6548¢-8
at epoch 10 6 6 7 10

La qualité du réseau d’apprentissage dépend du nombre de neurones et varie en fonction
des entrainements.

Q4.

Apres de nombreux entrainements, il semblerait qu'un nombre de neurones cachés proche
de 800 apporte une valeur de régression la plus satisfaisante (proche de 1). Les performances
du réseau devrait étre satisfaisantes.

Un réseau entrainé est disponible dans le corrigé : Reseau_neurones_099.slx.

Block Parameters: x1 * *’a Reseau_neurones_099 * - Simulink primary and secondary school use
Constant SIMULATION MODELING
Output the constant specified by the 'Constant value' parameter. If ] Open ~ CE -
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on, L . ][5 ]
treat the constant value as a 1-D array. Otherwise, output a matrix with New &1S3Ve ¥ Library Signal v
the same dimensions as the constant value. > 9 Print ~ Browser Table
: : . FILE LIBRARY PREPARE
Main  Signal Attributes Reseau_neurones 099

Constant value: /—\ ;

N =
| 0.5;20;1.2;50]| il [E \

)
Interpret vector parameters as 1-D Q
Sample time: Constant »Input  NNET  Outp ]:I
|1 | : =
x1 ¥
Cancel He|p _,-;\_v;,[;,|."- (B Function Fitting Neural Network
\

File Tools View Simulation Help

- B0P® - a0 Fld-
= 37 Trace Selection

Function Fitting Neural Net...

# 7 Cursor Measurements

Résultats de la simulation par réseaux de neurones :

Parameétres du correcteur P=0,0006747 | I=0,0002834
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Qe.

Ej Block Parameters: PIDController
PID 1dof (mask) (link)

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires
Simulink Control Design).

Controller: PI - Form: Parallel
Time domain: Discrete-time settings
® Continuous-time . o
Sample time (-1 for inherited): -1
) Discrete-time
¥ Compensator formula
Prfl
5
Main  Initialization ~ Output Saturation  Data Types  State Attributes
Controller parameters

Source: internal
Proportional (P): |0.0006?4?

Integral (1): [0.0002834

Automated tuning
Select tuning method: | Transfer Function Based (PID Tuner App) =  Tune..

|| Enable zero-crossing detection

I OK I Cancel Help Apply

¥ Mateur_rabot_pick_and_piace - Simulink primary and secondary schoal use
SIMULATION DEBUG
[ | Op=n = N s Stop Time 1 il - . = i
W s q 4 o b ] ===
New I Stve v Library S QRN Tl sep  Aum Sep Data Legie T
- =Pt - Browssr abie @ Fest Restart Back = = Feruward Inspecior  Analyoer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS Y
Mateur_robot pick and place =
- g
& g
4
=
u it W imegaient
= ) e
=
Bc (t)
Br(t)
— 60 1
& LI T s S e e B e B
0.070s + 1 s
Gain —
Step Intagratar
PIDController — .
SGGL nom w W m r
Gain r
PO TUNER eGS0l e
Plant: Tyze Pl Domain: « - » — < I
N | Siower Fespanze |ime (seconss; Faster nivzzy e D "4
Bantv  pormcRanallel (Tme = Show
3 a6~ Heset Show Update
L inspect @ qpticns | 3 Add Plote o R o ~| Design Parameters  Black
PLANT | CONTROILER e LHING TCOLS ALSULTS =
5 | Step Pk Refoene wacking
B
&
=1 Step Plot: Reference tracking
14 . . .
— Tunad response
= = -Blck rasponse
1.2
W g o 2
|
Controller Parameters
Tuned Block
0B — —
& » 00069295 0.000ET4T
& 1 00014057 |onzass
5 n nia Infa
< g — M nia Inva |
0.4 Perfarmance and Robustness
Tuned Block
fise time 0.109 secands. 0.11 seconds
02 Scttling time 0,403 soconds 0.2 seconds
- Owershout 191 % 206 %
Peak 119 121
(Gain margin Inf diB 2 0 racs |-t B 2 0 rnchis
0 | Phase margin 499 deq @ 116 rad/s 493 deq @ 114 rad/s
o 0z 0.6 08 12 Closed-loop stability  [Stable Stable 2

Time (seconds)

Controbler Parameters P = 0000653, | = 0.000140%)

Avec les parametres P et I du correcteur déterminés a l'aide du réseau de neurones, la
simulation du systéme est treés proche des performances du systeme exigées par le cahier
des charges. Avec une base de données plus étoffée, le résultat serait plus satisfaisant.
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3. Enrichissement de la base de données

3.1. Régression linéaire

page  Formules

ERFY )
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3
0,1145]
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Renge DT~ %.;;:;::p: _ L Replae unirpntable cells witl: = Kabd r
Varlable Narns Row: |1 |y — § Lr:'::‘::-
MPORTED T4TA LRAMFCRTABLE CELLS hpoRT =
|
A B © D
ModeleC1234

VarName1 05 VarMame3  VarNamed
Humher  TRumber  TMumber  TMumber v

T Gabikie-0d) 100015 AR [V
2| A4D00e-4 1 00000-04 LARIE NAZ3
3| §4000e-34| 15000e-04 01150 0.a550)
] 2E000e-04 01140 1.0
Oe| A e el LARETY 13m0
| AE000e-04 0.1120 1
55000x-01] o110, 13800}
| Bdnoge-02| 10 1240
O G4l 04 TIAOMN 010N 1
10| 54000834 B2000k-04 piogn 121
11| 54000204 81000e-04) 01070 RER
12 han 11 HE] AL 104

MPORT
Curtpurt Typee 1 Repilacs - artable celks w = Nal ""
o it Type Rrplacn unimpartakie colls with = Kah V
. . | = z Irport
Vzriable Narmes Riow Sl p—— | ez
4 DATA UMIMFCRTABLE CELLS MPORT -
|
I3 [ C
RucharcheCdbis
VarName1 s VarMame3
Numiber = HNumter * Mumber N
1
2 Dk O] 1dulte 04 1144
3| G4000a-04) 235006-0 01744
4| §4000e-4| 32500u-01)
5[ Ganooe-as] 4150002 0112
0| a4l 04 G060 LRRLE
7| §4000e-34) 55500e-04) 01105
QiR E T
U ke 02
10| 54000e-04|
11| 64000e-0
12| Haiile 0L
4 New Session from Workspace - m] *
Data set Validation
Data Set Variable (= Cross-Valldation
Modeletlads 1ixd table v Protects against overfiting by partitioning the
data set into folds and estimating accuracy
on each fold.
Response
0 From data set variable Crose validation folds: | & =
() From warkspace
Varnamed doukble 0.422 ... ¥
( Holdout Validation
Predictors Recommended for large data sets.
Name Type Range . . a
W VarName1 dauble 0.00064 . 0.00064
W | el5 double 1e-05 . 0.001
»  VarMNamel daouble 0107 . 0118 | Resubstitution Validation
e S s - Mo protection against overfitting. The app
usas all the data for bath training and
validation.
Addall | | Remove All
How to prepare data Read about validation
| Start Session Cancel |
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[~ |
Rational Squared  Matem 52  Exponential
Cuadratic | Expane:

@ H B H H & W e ¥
Agvanced Use Response  Prechcted v, Resiluals  Min MSE Test Export Plot Generate  Espont
- Paraliel - Daa » &~ toFigure  Function  Modsl v

TRAIN

Sortby | Mode! Numbar v it @
4.4B Gaussian Process Regr . RMSE (Validatiany - Predictions: model 1.19

Lt change. Exponential GFR 373 feahures.

[EYENREN

449 Gaussian Process Regr..  AMSE (Vakdston) 0.10303 . 1 -
Last change: Rasonsl Quadratic GPR 313 feamurea L

Emars

Seyls
1.20 Mevral Network RMSE [Vaidalion) 02320 L eyl
Last change: Narmow Neural Network: 13 features * Markers.

Box plot
Sumenary

Modsl 1.1%: Trained

Keaxin

% | Recard number v
Training Results

RKESE (validation) 0.10303
R-Squared (Vakiation 099

MSE (Vakdabion) 0010815
MAE (Valdation) 0087528
Freciction speed 1000 cbaisec
Traning time: 0.50414 sec

How to uze the response plot

Madsl Type

Preset. Rasonal Quadratic GPR
Bass function: Corstant

Kol furchion. Rabonal Quadralic [y
Use isotropic kernel: tnse

Kamed scaie: Automane

Sagrial standand devialion’ Autanabe

Standard@e rue -
OIpTIZe NMErc Farameters. 1N
Optimizer Optiens
Hyperparameser cptions dissbled

Faature Selection f
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PCA Record number
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B
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Sortby | Mode! Number *|ilt Legend
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Last change: Exponental GFF 303 feahures
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1k —  Pertect prediction
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13 . actual plot
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1 Modal Summe o
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Traiming Reauhs
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Trawrang hims
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Modsl Type

Presel Rabonal Quadralic GPR
Basss function: Constant

Kamed function: Riabonal Ouadratic oTE
Use isctopc karnal tna . .
Kemed scale Autormasc

Signal standard cenation: ALamatc
Sigma: Ausamatic
Standardize: rue
Optimize nuamens parametes. e

Optimizer Dptians
Hyparmarameser cpions disabied

Faarture Selection
2 feanwes used in e moded, besare FCA

04 o0s 06 o7 o8 [2:] 1 11 12 13 14
PCA True response
PCA disabled

Dana st ModeleC1234  Obeervations: 12 Size: 2kB  Predicions: 3 Response: VarNamed Walidation: 5-fold Cross-Validation

1 = [ -
B = = =
s Feature  PCA Fiational
Session v Salection Quadratic

@ =7 I I I = P & ¥
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Sumen

o Hemwls
Model 1.1%: Trained - =) True response

Predicted respanse
Training Results .
RKESE (valdation) 0.10302
R-Squared {Vaikdatian) 090
MSE (Vakdation) 0010815
MAE (Valdation) 0087636
Freciction speed 1000 cbaisec
Traning time 0.50474 sec

Recom number
Predictor

0051 i 12 L3 thhe resicuals plot
Modal Type
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Fichier Accueil Insertion Mise en page  Formules Données Révision

alln —
5 gf’ Calibri Jn A A == .
:@ -
Coller G I S - |l = ==E=
Presse-papiers I Police = Al
D26 < Jx
A B C D E

1 0,00064 0,00001 0,118 0,562
2 0,00064 0,000055 0,1165 0,4358
3 0,00064 0,0001 0,116 0,422
4 0,00064 0,000145 0,1155 0,6243
5 0,00064 0,00019 0,115 0,859
6 0,00064 0,000235 0,1145 0,961
7 0,00064 0,00028 0,114 1,090
8 0,00064 0,000325 0,1135 1,2549
9 0,00064 0,00037 0,113 1,370
10 0,00064 0,000415 0,1125 1,3933
11 0,00064 0,00046 0,112 1,400
12 0,00064 0,000505 0,1115 1,4013
13 0,00064 0,00055 0,111 1,380
14 0,00064 0,000595 0,1105 1,3586
15 0,00064 0,00064 0,11 1,340
16 0,00064 0,000685 0,1095 1,3079
17 0,00064 0,00073 0,109 1,280
18 0,00064 0,000775 0,1085 1,2465
19 0,00064 0,00082 0,108 1,210
20 0,00064 0,000865 0,1075 1,1679
21 0,00064 0,00091 0,107 1,130
22 0,00064 0,000955 0,1065 1,0873
23 0,00064 0,001 0,107 1,070
24 0,00064 0,001045 0,1055 1,0288

Qs8.

3 - Recherche Overshoot

&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BdD\3 - Recherche Overshoot\1 Modele C12345.xlsx
IMPORT
Range: W E:Tﬂtiu:lypei . [ Replace ~ unimportable cells with ~ NaN - + : W
Variable Names Row: |1 = e ) Imp_or‘t
@Text Options = Selection ¥
SELECTION IMPORTED DATA UMIMPORTABLE CELLS IMPORT
| 1Modele C12345xisx |
A B C D E
ModeleC12345
VarName1 e05 VarName3 VarNamed4 VarName5

Number  ¥Number  ¥Number ¥YNumber YNumber ¥
1| 64000e-04| 1.0000e-05 0.1180 0.5620 15.8000)
2| 64000e-04| 1.0000e-04 0.1160 04220 17.2000)
3| 6.4000e-04| 1.9000e-04 0.1150 0.8580 18.5000)
41 6.4000e-04| 2.8000e-04 0.1140 1.0900 19.8000)
5| 6.4000e-04| 3.7000e-04 0.1130 1.3700 21.20004
6| 6.4000e-04| 4.6000e-04 0.1120 1.4000 2240004
7| 6.4000e-04| 5.5000e-04 0.1110 1.3800 23.70004
8| 6.4000e-04| 6.4000e-04 0.1100 1.3400 25
91 6.4000e-04| 7.3000e-04 0.1090 1.2800 26.3000)
10| 6.4000e-04| 8.2000e-04 0.1080 1.2100 27.5000)
11| 6.4000e-04| 9.1000e-04 0.1070 1.1300 28.7000)
12| 6.4000e-04| 1.0000e-03 0.1070 1.0700 304
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&, Import - C\Users\olivitOneDrive\Bureau\TP Robot pick & place\Enrichissement BdD\3 - Recherche Overshoot\2 Recherche C5bis.xsx

IMPORT
A
Output Type: O Replace ~ lunimportable cells with ~ NaN -+
Range: .E\'I:D12 A B:ET m W
able -

Variable Names Row: |1 = ) Imp_ort
@Tex‘cOp‘clonsv B Selection v

SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT

| 2 Recherche CSbisxlsx |‘
A B C D
RechercheC5bis

VarName1 e05 VarName3 VarNamed4
Number  ¥Number  ~YNumber  ~Number ~

1| 6.4000e-04| 5.5000e-05 0.1165 04358
2| 6.4000e-04| 1.4500e-04 0.1155 0.6243
3| 6.4000e-04| 2.3500e-04 0.1145 0.9610f
41 6.4000e-04| 3.2500e-04 0.1135 1.2549|
5| 6.4000e-04) 4.1500e-04 0.1125 1.3933
6| 6.4000e-04| 5.0500e-04 0.1115 1.4013
7| 6.4000e-04| 5.9500e-04 0.1105 1.3586|
8| 6.4000e-04| 6.8500e-04 0.1085 1.3079
9] 6.4000e-04| 7.7500e-04 0.1085 1.2465
10| 6.4000e-04| 8.6500e-04 0.1075 1.1679
11| 6.4000e-04| 9.5500e-04 0.1065 1.0873
12| 6.4000e-04 0.0010 0.1055 1.0288]
4 New Session from Workspace — O X
Data set Validation
Data Set Variable (®) Cross-Validation
| = leEnAsaE 182 Easle v Protects against overfitting by partitioning the
data set into folds and estimating accuracy
on each fold.
Response
-?-From data set variable Cross-validation folds: E
[ From workspace
| varNames double 15.8 vom ¥
() Holdout Validation
Predictors Recommended for large data sets.
Name Type Range o i -
VarName1 double 0.00064 .. 0.00064
e05 double 1e-05 .. 0.001
VarName3 double 0.107 .. 0.118 () Resubstitution Validation
VarName4 double 042214 No protection against overfitting. The app
] |v s double 15.8 _ 30 uses all the data for both training and
validation.
| AddAl | [ Remove Al |
How to prepare data Read about validation
Start Session ‘ ‘ Cancel
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@ Regression Learer

W

@ - B B H H & L

3

L Festure  PCA Linear Interactions i e Advared Use Fesponse  Prechcted vs.  Rescuals  Min MSE Test Eaport Plot - Generste  Espont
Session v | Selectian Linear Linear Linear - Paraliel Actal * - Data» &1 = toRgure Function Moce v
i FLATH TRAIN! ESTNG LXPORT =
* Mode Fiesponse Flot o
Sort by | Mods! Nambar ANk bi | Plot
1.0 Linear Regression RMSE (Valdalion) 0078382 * Predictions: model 1.3 . ”
Last change: Linear 414 feanures a0k I v
4.2 Unear Regrossion RMISE (Valldation| 0 13541 #
Last change. Interachons Linear 414 feshures L]
28 Seyle
1.3 Linear Regression RMSE (Vakdabon) 0078292
Last change. Robust Linesr Al features = Markars
Eow pint
1.4 Stepwise Unear Regres. . RMSE (Validation) 0 083282 - [
Last change: Stepwise Lingar 414 feanures - Xeanis
¥ Cusrent Model Summary o L X | Record number v
Model 1.3 Trained
Training Rwsults oW 19 s the response plot
RMSE (Valdation) 0076262
R-Squared {vaidatian) 100
MSE (Valdabion) 00058204
MAE (Valdation) 0052602
Freciction speed -580 obaises .
Traning time 0.53377 sec
Modsl Type - L]
Preset Robust Linsar
Tesms: Linear
Fsbust epton On s
Optimizer Opticns Ly
Hyparmaramener opaons dissied -
Faaune Selection
AN feanures used in Se model, before PCA 6L
ng L 1 1 1 L L
drmatied 2 4 [ & 10 12
Record number
4 Data set ModeleC12345  Observabors 17 Swe 2kB  Predictors 4 Response Varlames Malddaton 5-fold Cooss-Validaton

=
! n =
L's = =
New  Feswie  PCA
Session v Salection

* Modsls
Sort by | Modo! Mambar

1.1 Uinear Regreseion
Last change: Linear
1.2 Linear Regression
st change. Inberachorrs Linear
1.3 Linesr Regression
List change: Robust Linear
1.4 Stepwise Linesr Regres
Last change: Stepwise Linear

rent Model Summary
Model 1.3 Trained
Trairing Resuhs

RMSE (Vahdston)
R-Squared (Validation) 1.00

Teres: Linear
Robust opton: O
Optimizer Options
Hypamparametar opions disabied

Feature Selection

PCA
PCA disabied

vt
RMSE (Validatian) 0076352
414 feanres

RUSE (Validatiany

=41
A1 feshres

RMSE (Vakdaticn) 0.076292
414 teanuen

RMSE (Validation) 0 083262
408 feares

0076282

MSE (vaktanon) 00058204
MAE (Vakdabon) 0082502
Prexiction speed ~080 pbsiser
Training time 053377 sec
Mods! Type

Prasat Fesu

A feahaes usad in e moded, bedors PCA

H KB H H & W = ¥
Response  Prechcted v, Resiluals  Min MSE Tes
el

W _ o

Eaport Pl Generate  Export
Al = toFigure  Function  Model =

Predictions: model 1.3 £ 865

Predicled response

16 18 F 22 24
True response

Data set ModeleC17345  Observabons: 17 Sme:2kB Prediciors: 4 Hesponse Variames Validation: 5-fold Cross-Validaton

Legend

®  Cbsers

—  Perfict prediction

How b use the predicted vs.
astual plot

@ Regression Learer

L i
BT = |
New | Festure
Seamon = Salecion

* Models
Sort by | Mods! Nambar

1.1 Linesr Regression
Last change: Linear
4.2 Linear Regression
Lt change: Interaciors Linear
1.3 Linear Regression
Larst change. Robust Linesr
1.4 Stepise Linear Regres
Last change: Stapwise Lingar
¥ Curent Model Summary
Model 1.3 Trained
Trainiing Resuits

RMSE (Valdation) 0076262
R-Squared {Vaiidatian) 100

Optimizer Dpticas
Hypemarameter opaons disstied

Fazture Selection

PCA
PCA disabled

Linear

vt
RMSE (Validalion) 0.076382 =
414 feanures

RMSE [Validationy 0

541
A/ features
RMSE (Vakdabor

0078292
Ald features

RMEE (Validation) 0083262
414 features

MSE (Vakdation) 0.0058204
MAE (Valdation) 0062602
Preciction speed -980 obalsee
Traning time 0.53377 sec
Medsl Type

Preset Robust Linear

Terms: Lingar

Fobasst cpton On

AN feanres used in the moded, before PCA

@ m

Agvanced  Use

A = (3 = ¥

Fesponse  Prechcted vs.  Rescduals  Min MSE Test

Export Pl Generste  Evport

B Aciusl ~ Dam v 4l toFgue  Funcion Model v
— 5 TEsTG EXPORT
in Predicied va. fichial Plol = Vaidation Residuals Fiot
Predictions: model 1.3
.
.
01k
.
005 .
g .
a
£
I
o
% .
-
=
i .
& .
.
005
01
.
.
I I I 1 L I L I
16 128 20 n 24 26 28 30
True response
Dsts st ModeleC1Z345  Observatiors 12 Siw 2kB  Prediclors 4 Fesponse. ViaiNames Validation. 5-fold Cruss-Velidation

Legend

®  Rosicuals

Style

= Markers
Lines
B plot

X-axly

®) True respanse
Predicted response

_Recomn namber
Predictor:

How 1o wie the residuals plot
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Fichier Accueil Insertion Mise en page  Formules  Données Révision Affichage

O |calibri A -lA x| == ® - 2 Renvoyeral
E@ -
Co‘l’ler o G I S ~ - D A~ = = = € 3= [ Fusionneret
Presse-papiers = Police = Alignement
E26 - Jx
A B C D E F

1 0,00064 0,00001 0,118 0,562 15,8

2 0,00064 0,000055 0,1165 0,4358 16,5199

3 0,00064 0,0001 0,116 0,422 17,2

4 0,00064 0,000145 0,1155 0,6243 17,8299

5 0,00064 0,00019 0,115 0,859 18,5

6 0,00064 0,000235 0,1145 0,961 19,1657

7 0,00064 0,00028 0,114 1,090 19,8

8 0,00064 0,000325 0,1135 1,2549 20,4941

9 0,00064 0,00037 0,113 1,370 21,2

10 0,00064|  0,000415 0,1125 1,3933 21,7954

11 0,00064 0,00046 0,112 1,400 22,4

12 0,00064 0,000505 0,1115 1,4013 23,0741

13 0,00064 0,00055 0,111 1,380 23,7

14 0,00064 0,000595 0,1105 1,3586 24,3441

15 0,00064 0,00064 0,11 1,340 25

16 0,00064 0,000685 0,1095 1,3079 25,6126

17 0,00064 0,00073 0,109 1,280 26,3

18 0,00064 0,000775 0,1085 1,2465 26,8793

19 0,00064 0,00082 0,108 1,210 27,5

20 0,00064 0,000865 0,1075 1,1679 28,1429

21 0,00064 0,00091 0,107 1,130 28,7

22 0,00064 0,000955 0,1065 1,0873 29,4063

23 0,00064 0,001 0,107 1,070 30

24 0,00064 0,001045 0,1055 1,0288 30,6735

25

4 - Recherche Peak

&, Import - C\Users\alivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BAD\4 - Recherche Peak\1 Modele C123456.xlsx

IMPORT
Output Type: [ Replace ~ unimportable cells with ~ NaN - &
Range: ;\1:F12 hd H:ET " Qﬁ
H Table i
Variable Names Row: |1 = ) Imp[:nr‘t
@Te)c‘cOp‘clonsv . Selection¥
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT
|1 Modele C123456xIsx |
A B C D E F
ModeleC123456

VarName1 e05 VarName3 VarNamed4 VarName5 VarName6

Number ¥ Number ¥ Number *MNumber *MNumber ~¥Number ¥

1| 6.4000e-04| 1.0000e-05 0.1180 0.5620 15.8000 1.1600)
2| 64000e-04/ 1.0000e-04 0.1160 04220 17.2000 1.1700]
3| 6.4000e-04| 1.9000e-04 0.1150 0.8590 18.5000 1.1800)
4| 64000e-04| 2.8000e-04 0.1140 1.0900 19.8000 1.2000]
5| 6.4000e-04| 3.7000e-04 0.1130 1.3700 21.2000 1.2100)
6| 6.4000e-04| 4.6000e-04 0.1120 1.4000 22.4000 1.2200)
7| 64000e-04| 5.5000e-04 0.1110 1.3800 23.7000 1.2400)
8| 6.4000e-04| 6.4000e-04 0.1100 1.3400 25 1.2500)
9| 64000e-04| 7.3000e-04 0.1090 1.2800 26.3000 1.2600]
10| 6.4000e-04| 8.2000e-04 0.1080 1.2100 27.5000 1.2800)
11| 6.4000e-04| 9.1000e-04 0.1070 1.1300 28.7000 1.2900]
12| 6.4000e-04| 1.0000e-03 0.1070 1.0700 30 1.3000]
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,&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BdD'4 - Recherche Peak\2 Recherche C6bisxlsx

IMPORT
Output Type: [ Replace ~ unimportable cells with ¥ NaN -+ :
Range: R1:E12 - E:ET o v
able v
ariable Names Row: |1 = ) Imp_ort
@Te)ct Options = . Selection
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT
| 2 Recherche Cébisxlsx |
A B C D E

RechercheCé6bis
VarName1 €05 VarName3 VarNamed4 VarName5
Number  ¥Number *Number ~YNumber ~Number ~

1] 6.4000e-04| 5.5000e-05 0.1165 0.4358 16.5199
2| 64000e-04| 1.4500e-04 0.1155 0.6243 17.8299
3| 64000e-04| 2.3500e-04 0.1145 0.9610 19.1657]
4| 64000e-04| 3.2500e-04 0.1135 1.2549 204941
5| 64000e-04| 4.1500e-04 0.1125 1.3933 21.7954
6| 64000e-04| 5.0500e-04 0.1115 1.4013 23.0741
7| 6.4000e-04| 5.9500e-04 0.1105 1.3586 243441
8| 6.4000e-04) 6.8500e-04 0.1095 1.3079 25.612§
9| 64000e-04) 7.7500e-04 0.1085 1.2465 26.8793]
10| 6.4000e-04| 8.6500e-04 0.1075 1.1679 28.1429
11| 6.4000e-04| 9.5500e-04 0.1065 1.0873 29.4063]
12| 6.4000e-04 0.0010 0.1055 1.0288 30.6735)
4. New Session from Workspace - O X
Data set Validation
Data Set Variable (®) Cross-Validation
(Modelec123455 L0 BEels v Protects against overfitting by partitioning the
data set into folds and estimating accuracy
on each fold.
Response
© From data set variable Cross-validation folds: |5 [ =]
| From workspace
| VarNameé double i.16 .... ¥
() Holdout Validation
Predictors Recommended for large data sets
Name Type Range o ) .
VarName1 double 0.00064 .. 0.00064
e05 double 1e-05 .. 0.001
VarName3 double 0.107 . 0118 I | Resubstitution Validation
VarName4 double 0.422..14 No protection against overfiting. The app
VarMame5s double 15.8 30 uses all the data for both training and
validation.
l:‘ aoubile -]
| Addal | [ Remove Al |
How to prepare data Read about validation
Start Session ‘ ‘ Cancel
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@ Regression Learer

fr » | = d
w | B M - L @ B2 B H B & K B ¥
= Feature  PCA Linzar Fiobus: Sremmise Advanced  Use Response Prechcled vs. Residuals  Min MSE  Test Export Plol Generate  Esport
Sesmion v | Selectian Linesr Linear - Faraliel Actual - Data » 21~ toFigue  Function Model v
o =
Sorby | Mode! Mumber it i | Piet
Larst change. Interachors Linear 0% feahures o Predictions: model 1.4 7
-
1.3 Lines: Regression RMSE (Validation. 00045295 7
Last change: Robust Lingar 515 features 13 L] — Emo 7
A4 Steprise Linear Regre RMSE (Vakdation) 0 0D2B4RS &
Last change: Stepwise Linsar 15 features Style
128
1.8 Tree RMSE (Validation) 0042251 ! &) Moy
Laret change. Fine Tree 55 feanues Loz
18 Tiee RIMSE (validatian) 0 06183 126 - 1] s
Last change: Medum Troe 515 features + g - [Fimcord number =
- 1 Modkl Sumeniary o 2
5o
Modesl 1.4 Trained £ 124 b How ta wse the responze plot
Training Reaiuhs E
RMSE (Vabdaton) 00020485 2 |
R-Squared {Vakdatian) 100 5122 L]
WSE (Valkfation) 8102608 =
MAE (Vakdation) Q0024822 g .
Preciction speed ~B90 obsisec -
Trasrung time 2741 sec 12 r
Modal Type

Preset. Stepwise Linear

Infsal terms: Linear

Upgser bound on erms: Irserctions 118 .
Maximum number of steps: 1000

Opeimizer Options .
Hypermaramener opions disstiied
116 ¢
Feature Selection
Al features used in the moded, bedore PCA -
pen 2 8 0 12
PCA diabled Record number
I Uata st ModeleC 123456 Cbservations: 12 Sow 3k Predciors & Sespanse: VarNames

@ Regression Leamer

o E @ B M M EH & W B ¥
= P e Advanced  Use Response Preccied vs. Residuals  Min MSE  Test Export Plot  Generate  Expont
Session v Selection - Paralial Actual - - Dama v - 1o Figure  Function Mol v
L ; TRAINISG PLOTS G LXPOAT =
~ Models aldation Predicted vs. Actil Plat d
Sorby | Mode! Mumbar it |
Larst change Interachons L 515 leahures . Predictions: model 1.4 £ 0E e 0}

& Chservaions

1.3 Linesr Regresson RMSE (Valdaton) 0.0045295 - y
) = Pafuct preds
Lasst change: Robust Linear 575 features. 13
1.4 Stepwise Liness Regre .| RMSE (Vaidation) 0.0028488 Howrto use the orecioted ve.
Last charge: Stepwise Linear 615 featums Al plat
128
18 Tree RMSE [Validation} 0042281
Last change: Fine Tree: 5/ features.
16 Trew FMSE (Validation 183 126
st change. Medium Tree 515 features
- @
- o g
Modal 1.4 Trained §=L 124
Training Resuhs é
RMSE (Vabdmior) 00028465 2
R-Squared (Vdalion) 100 5122
MSE (vakdation) £1028e.08 g
MAE [Vakdation) 00324578 i
Predicton speed ~B90 cbeisec
Traming time: 2741 sec 12
Model Type

Preset Stepwse Linear

Inital terms: Linear

Uppes bound an lerms: Ineractians 118
Maimum number of staps: 1000

Optimizer Dptians
Hypermarameser cpions disabied

116
Faature Selection
A8 feanres used in e model, betore FCA
en 1.16 118 12 122 124 120 128 13
PCA disabled True response
I‘ Dt st ModeleC123458  Obsesvabons 12 See kB Predclors 5 Response. VarNamed Vasdation S-tokd Cross-Val

w1 = I = ] J
E = G @ M =5 I = K B ¥
o Feature  PCA == Response  Precected vi.  Reskduals  Min MSE Test Eaport Plot Generate  Espont
Sesmon v | Selectian Actual v - Dam v 4> toFgue  Funcion Model v
- . 5 . , p— =
* Models Valldation Residuals Plot
Sortby | Mode! Namber it Lagana
Last change. Interachons Linear % leahres . =10 Predictions: model 1.4
®  Rescuas
1.3 Linesr Regression RMSE (Valdation). 0.0042295 .
Last change: Robusk Linasr 515 feanures al sy
44 Stepise Linear Regre .| RMISE (Valdation) 00028488 . B exkers.
Lzt change: Stepwse Linear 515 features . ¥ Lines
1.8 Tree RMSE (Valdation) 0042251 Bou plot
Last change. Fire Tree 515 feaures *
2! Hemnls
1.8 Tree RMSE (Validatian) 0 06183 = Tiue respanss
Last change: Medum Troe 515 feaurcs = Preicted respunse
- odal 5 1 :
1 Modkl Sumeniary o H . e ——
Modsl 1.4: Trainec -
]
Tral ving Resuhs =0 v
RMSE (Vahdaton) 0.0028465 £
F-Saquared (Vadation) 100 ] :
WSE (Valdation) 1026808 e Ao 2 3 the resicuals plot
MAE (Validation) 00024828 & .
Preciction spoed ~B90 obsisec
Traang time 2741 sec
2|
Medal Type
Preset Stepwise Linear P
Inal terms: Linear
Uppsir bound on ferms: Interactians al
Masmum number of steps: 1000 »
Cpeimizer Dpsiens . .
Hyperparameter opfions dissbled 4t
Feature Selection
A features used in the model, before PCA . . -
— 116 118 1.2 122 124 128 13
PCA disabled True response:
I Uaa st ModeleC1Z3456  Obsenations 12 Sge: 38 Predciors & Response VarName
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Fichier Accuell Insertion Mise en page Formules Données  Révision  Affichage  Aide
o X L _
D B |Ca|ibri =11 - A A - = o~ ?E Renvoyer & la ligne ay
EB -

Coiler G I s- H- - A~ | == = & 3= [ Fusionneretcentrer
Presse-papiers = Paolice [ Alignement

F26 v S

A B C D E F

1 0,00064 0,00001 0,118 0,562 15,8 1,16
2 0,00064 0,000055 0,1165 0,4358 16,5199 1,1643
3 0,00064 0,0001 0,116 0,422 17,2 1,17
4 0,00064|  0,000145 0,1155 0,6243 17,8299 1,1774
5 0,00064 0,00019 0,115 0,859 18,5 1,18
6 0,00064|  0,000235 0,1145 0,961 19,1657 1,1906
7 0,00064 0,00028 0,114 1,090 19,8 1,2
8 0,00064|  0,000325 0,1135 1,2549 20,4941 1,2037
9 0,00064 0,00037 0,113 1,370 21,2 1,21
10 0,00064 0,000415 0,1125 1,3933 21,7954 1,2169
11 0,00064 0,00046 0,112 1,400 22,4 1,22
12 0,00064 0,000505 0,1115 1,4013 23,0741 1,23
13 0,00064 0,00055 0,111 1,380 23,7 1,24
14 0,00064 0,000595 0,1105 1,3586 24,3441 1,2431
15 0,00064 0,00064 0,11 1,340 25 1,25
16 0,00064|  0,000685 0,1095 1,3079 25,6126 1,2563
17 0,00064 0,00073 0,109 1,280 26,3 1,26
18 0,00064|  0,000775 0,1085 1,2465 26,8793 1,2694
19 0,00064 0,00082 0,108 1,210 27,5 1,28
20 0,00064 0,000865 0,1075 1,1679 28,1429 1,2826
21 0,00064 0,00091 0,107 1,130 28,7 1,29
22 0,00064 0,000955 0,1065 1,0873 29,4063 1,2957
23 0,00064 0,001 0,107 1,070 30 1,3
24 0,00064 0,001045 0,1055 1,0288 30,6735 1,3089
25

5 - Recherche Phase margin

&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BAD\5 - Recherche Phase margin\1 Modele C1234567 xlsx

IMPORT

S W Cégimb:wﬁ . [ Replace ~ unimportable cells with * NaN -+ v
Variable Names Row: | 1 = = ] Imppr‘t
@Tert Options * Selection ¥
SELECTION IMPORTED DATA UMIMPORTABLE CELLS IMPORT
| 1Modele C1234567xisx |
A B C D E F G
ModeleC1234567
VarName1 e05 VarName3 VarName4 VarName5 VarName6 VarName7

Number  ¥Number  ~YNumber ~Number ~Number ~YNumber ~Number ~
1| 64000e-04| 1.0000e-05 0.1180 0.5620 15.8000 1.1600 52.4000)
2| 64000e-04| 1.0000e-04 0.1160 04220 17.2000 1.1700 51.7000f
3| 64000e-04| 1.9000e-04 0.1150 0.8590 18.5000 1.1800 50.90004
4 64000e-04| 2.8000e-04 0.1140 1.0900 19.8000 1.2000 50.2000)
5| 64000e-04) 3.7000e-04 0.1130 1.3700 21.2000 1.2100 49.4000)
6| 6.4000e-04) 4.6000e-04 0.1120 1.4000 224000 1.2200 48.7000)
7| 64000e-04| 5.5000e-04 0.1110 1.3800 23.7000 1.2400 48
8| 64000e-04| 6.4000e-04 0.1100 1.3400 25 1.2500 47.2000)
9] 64000e-04| 7.3000e-04 0.1090 1.2800 26.3000 1.2600 46.5000)
10 6.4000e-04| 8.2000e-04 0.1080 1.2100 27.5000 1.2800 45.7000)
11| 6.4000e-04| 9.1000e-04 0.1070 1.1300 28.7000 1.2900 45
12 6.4000e-04| 1.0000e-03 0.1070 1.0700 30 1.3000 44.2000)
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&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BAD\5 - Recherche Phase margin\2 Recherche C7bisxlsx

IMPORT
A
Output Type: [ Replace - unimportable cells with ~ NaN -+
e v
h
. . - bl Import
Variable Names Row: 1 - X )
@Te)(t Options ¥ Selection ¥
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT
| 2 Recherche C7his.xdsx |
A B C D E F
RechercheC7bis
VarName1 e0s VarName3 VarName4 VarName5 VarName6
Number  *Number  ~Number ~¥Number ~¥Number ~Number ~
1| 6.4000e-04| 5.5000e-05 0.1165 0.4358 16.5199 1.1643)
2| 6.4000e-04| 1.4500e-04 0.1155 0.6243 17.8299 11774
3| 6.4000e-04| 2.3500e-04 0.1145 0.9610 19.1657 1.1906]
4| 64000e-04| 3.2500e-04 0.1135 1.2549 20.4941 1.2037
5| 6.4000e-04| 4.1500e-04 0.1125 1.3933 21.7954 1.2169|
6| 6.4000e-04| 5.0500e-04 0.1115 1.4013 23.0741 1.2300]
7| 6.4000e-04| 5.9500e-04 0.1105 1.3586 24,3441 1.2431
8| 64000e-04| 6.8500e-04 0.1095 1.3079 25.6126 1.2563
9| 64000e-04| 7.7500e-04 0.1085 1.2465 26.8793 1.2694]
10| 6.4000e-04| B8.6500e-04 0.1075 1.1679 28.1429 1.28264
11| 6.4000e-04| 9.5500e-04 0.1065 1.0873 29.4063 1.2957]
12| 6.4000e-04 0.0010 0.1055 1.0288 30.6735 1.3089]
4 New Session from Workspace - O X
Data set Validation
Data Set Variable (®) Cross-Validation
|CEseleEARsEy SR enic ) Protects against overfitting by partitioning the
data set into folds and estimating accuracy
on each fold.
Response
. Blopidatafeivanablc Cross-validation folds: a
[ From workspace
| VarNameT double 44 .2 ... v
(I Holdout Validation
Predictors Recommended for large data sets.
Name Type Range o - .
VarName1 double 0.00084 _. 0.00064
e05 double 1e-05 .. 0.001
VarMame3 double 0.107 . 0.118 I : | Resubstitution Validation
VarName4 double 0.422..14 No protection against overfitting. The app
VarName5 double 158 30 uses all the data for both training and
validation.
VarName6 double 116 .13
] double 442 524
| AddAll | | Remove Al |
How to prepare data Read about validation
Start Session ‘ ‘ Cancel
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|

Fichier Accueil Insertion Mise en page  Formules Données  Révision  Affichage  Aide Q Rechy
=% o | =
D |Ca|ibri =111 - A A = = ’Q/‘ = EB Renvoyer a la ligne automatiquem
By ~

Co!ler G I s~ #~ O A+ | = = = €& 3= [ Fusionner et centrer -
Presse-papiers = Police = Alignement
H27 2 Jx
A A B C D E F G
1 0,00064 0,00001 0,118 0,562 15,8 1,16 52,4
2 0,00064 0,000055 0,1165 0,4358 16,5199 1,1643 52,0435
3 0,00064 0,0001 0,116 0,422 17,2 1,17 51,7
4 0,00064 0,000145 0,1155 0,6243 17,8299 1,1774 51,2998
5 0,00064 0,00019 0,115 0,859 18,5 1,18 50,9
6 0,00064 0,000235 0,1145 0,961 19,1657 1,1906 50,5561
7 0,00064 0,00028 0,114 1,090 19,8 1,2 50,2
8 0,00064 0,000325 0,1135 1,2549 20,4941 1,2037 49,8124
9 0,00064 0,00037 0,113 1,370 21,2 1,21 49,4
10 0,00064 0,000415 0,1125 1,3933 21,7954 1,2169 49,0687
11 0,00064 0,00046 0,112 1,400 22,4 1,22 48,7
12 0,00064 0,000505 0,1115 1,4013 23,0741 1,23 48,325
13 0,00064 0,00055 0,111 1,380 23,7 1,24 48
14 0,00064 0,000595 0,1105 1,3586 24,3441 1,2431 47,5813
15 0,00064 0,00064 0,11 1,340 25 1,25 47,2
16 0,00064 0,000685 0,1095 1,3079 25,6126 1,2563 16,8376
17 0,00064 0,00073 0,109 1,280 26,3 1,26 16,5
18 0,00064 0,000775 0,1085 1,2465 26,8793 1,2694 46,0939
19 0,00064 0,00082 0,108 1,210 27,5 1,28 45,7
20 0,00064 0,000865 0,1075 1,1679 28,1429 1,2826 45,3502
21 0,00064 0,00091 0,107 1,130 28,7 1,29 45
22 0,00064 0,000955 0,1065 1,0873 29,4063 1,2957 44,6065
23 0,00064 0,001 0,107 1,070 30 1,3 44,2
24 0,00064 0,001045 0,1055 1,0288 30,6735 1,3089 43,8628

6 - Recherche Pulsation

,&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\Enrichissement BdD\6 - Recherche Pulsation\1 Modele C12345678xIsx

IMPORT
S W Cégfl:—UTbTIYDEI . O Replace ~ unimportable cells with ¥ NaN - 4 V
Variable Names Row: |1 = == ) Imppr‘t
@Te)(‘t Options * Selection ™~
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT
| 1Modele C12345678xisx  * |
A B C D E F G H
ModeleC12345678
VarName1 e05 VarName3 VarName4 VarName5 VarName6 VarName7 VarName8

Number  ¥Number  ~MNumber  ~YMNumber ~Number ~Number ~¥Number ~Number ~
1| 6.4000e-04| 1.0000e-05 0.1180 0.5620 15.8000] 1.1600 52.4000 11
2| 6.4000e-04| 1.0000e-04 0.1160 04220 17.2000] 1.1700 51.7000 11
3| 6.4000e-04| 1.9000e-04 0.1150 0.8590 18.5000] 1.1800 50.9000 11
4| 64000e-04| 2.8000e-04 0.1140 1.0900 19.8000] 1.2000 50.2000 11
5| 6.4000e-04| 3.7000e-04 0.1130 1.3700 21.2000 1.2100 49.4000 11
6| 6.4000e-04| 4.6000e-04 0.1120 1.4000 22,4000 1.2200 48.7000 11
7| 64000e-04| 5.5000e-04 0.1110 1.3800 23.7000 1.2400 48 11
8| 6.4000e-04| 6.4000e-04 0.1100 1.3400 25 1.2500 47.2000 11
9| 6.4000e-04| 7.3000e-04 0.1090 1.2800 26.3000 1.2600 46.5000 11
10| 6.4000e-04| 8.2000e-04 0.1080 1.2100 27.5000 1.2800 45.7000 11
11| 6.4000e-04| 9.1000e-04 0.1070 1.1300 28.7000 1.2900 45 11
12| 6.4000e-04| 1.0000e-03 0.1070 1.0700 30 1.3000 44,2000 11
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&, Import - C\Users\olivi\OneDrive\Bureau\TP Robot pick & place\\Enrichissement BdD\6 - Recherche Pulsation\2 Recherche C8bis.xlsx

IMPORT
A
Output Type: 1 Replace ~ unimportable cells with ~ NaN -+
s e T v
- - LE(ils hd Import
Variable Names Row: |1 = A X
@Te)(‘t Options * Selection ™
SELECTION IMPORTED DATA UNIMPORTABLE CELLS IMPORT
| 2 Recherche C8bis.xlsx I\
A B C D E F G
RechercheCEBbis
VarName1 e05 VarName3 VarName4 VarName5 VarNameé VarName7
Number *MNumber ~MNumber ~Number ~Number ~Number *MNumber -
1| 6.4000e-04| 5.5000e-05 0.1165 04358 16.5199] 1.1643 52.0435'
2| 6.4000e-04| 1.4500e-04 0.1155 06243 17.8299] 11774 51.2998|
3| 64000e-04| 2.3500e-04 0.1145 0.9610 19.1657] 1.1906 50.5561
4| 64000e-04| 3.2500e-04 0.1135 1.2549 204941 1.2037 49.8124]
5| 6.4000e-04| 4.1500e-04 0.1125 1.3933 21.7954 1.2169 49.0687]
6| 6.4000e-04| 5.0500e-04 0.1115 14013 23.0741 1.2300 48.3250]
7| 64000e-04| 5.9500e-04 0.1105 1.3586 24.3441 1.2431 47.5813
8| 6.4000e-04| 6.8500e-04 0.1095 1.3079 25.6126 1.2563 46.8376]
9| 6.4000e-04| 7.7500e-04 0.1085 1.2465 26.8793 1.2694 46.0939]
10| 6.4000e-04| 8.6500e-04 0.1075 1.1679 28.1429 1.2826 45.3502]
11| 6.4000e-04| 9.5500e-04 0.1065 1.0873 29.4063 1.2957 44,6065
12| 6.4000e-04 0.0010 0.1055 1.0288 30.6735 1.3089 43.8628]
4 New Session from Workspace - O X
Data set Validation
Data Set Variable (@) Cross-Validation
(e ree o ein S22cRcablc ) Protects against overfitting by partitioning the
data set into folds and estimating accuracy
on each fold.
Response
. lomidataiciianahis Cross-validation folds E
) From workspace
| varNames deouble 1 .. 11 ¥ |
() Holdout Validation
Predictors Recommended for large data sets
Name Type Range o .
VarMame1 double 0.00084 .. 0.00064
e05 double 1e-05 . 0.001
VarName3 double 0.107 . 0.118 () Resubstitution Validation
VarName4 double 0422 .14 No protection against overfitting. The app
VarName5 double 15.8 30 uses all the data for both training and
validation.
VarName6 double 116 .13
VarName7 double 442 524
[ |varNames double
[ AddAl | [ Remove Al |
How to prepare data Read about validation
Start Session ‘ ‘ Cancel
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3 Resultat applic C8bisx

Fichier Accueil Insertion Mise en page  Formules  Données  Révision  Affichage  Aide Q Rechercher des outils adaptés
'gg |Calibri =111 - AN == Hr - at) Renvoyer & la ligne automatiquement Standard
o G I §$~ #+ dA-| === & 3= Fusionner et centrer ~ B2 . 9% oo
Presse-papiers [T Police = Alignement = Nombra
K23 ~ S
A B C D E F G H
1 0,00064 0,00001 0,118 0,562 15,8 1,16 52,4 11
2 0,00064 0,000055 0,1165 0,4358 16,5199 1,1643 52,0435 11
3 0,00064 0,0001 0,116 0,422 17,2 1,17 51,7 11
4 0,00064 0,000145 0,1155 0,6243 17,8299 1,1774 51,2998 11
5 0,00064 0,00019 0,115 0,859 18,5 1,18 50,9 11
6 0,00064 0,000235 0,1145 0,961 19,1657 1,1906 50,5561 11
7 0,00064 0,00028 0,114 1,090 19,8 1,2 50,2 11
8 0,00064 0,000325 0,1135 1,2549 20,4941 1,2037 49,8124 11
9 0,00064 0,00037 0,113 1,370 21,2 1,21 49,4 11
10 0,00064 0,000415 0,1125 1,3933 21,7954 1,2169 49,0687 11
11 0,00064 0,00046 0,112 1,400 22,4 1,22 48,7 11
12 0,00064 0,000505 0,1115 1,4013 23,0741 1,23 48,325 11
13 0,00064 0,00055 0,111 1,380 23,7 1,24 48 11
14 0,00064 0,000595 0,1105 1,3586 24,3441 1,2431 47,5813 11
15 0,00064 0,00064 0,11 1,340 25 1,25 47,2 11
16 0,00064 0,000685 0,1095 1,3079 25,6126 1,2563 46,8376 11
17 0,00064 0,00073 0,109 1,280 26,3 1,26 46,5 11
18 0,00064 0,000775 0,1085 1,2465 26,8793 1,2694 46,0939 11
19 0,00064 0,00082 0,108 1,210 27,5 1,28 45,7 11
20 0,00064 0,000865 0,1075 1,1679 28,1429 1,2826 45,3502 11
21 0,00064 0,00091 0,107 1,130 28,7 1,29 45 11
22 0,00064 0,000955 0,1065 1,0873 29,4063 1,2957 44,6065 11
23 0,00064 0,001 0,107 1,070 30 13 44,2 11
24 0,00064 0,001045 0,1055 1,0288 30,6735 1,3089 43,8628 11
25
3.2. Confrontation des résultats
Qo.

P 1 Rise time 10 % - 90 % (s) Settling time 2 % (s) | Overshoot (%) Peak Phase margin () | Pulsation (rad/s)
0,00064 0,000055 0,1165 0,4358 16,5199 1,1643 52,0435 11
0,00064 0,000145 0,1155 0,6243 17,8299 1,1774 51,2998 11
0,00064 0,000235 0,1145 0,961 19,1657 1,1906 50,5561 11
0,00064 0,000325 0,1135 1,2549 20,4941 1,2037 49,8124 11
0,00064 0,000415 0,1125 1,3933 21,7954 1,2169 49,0687 11
0,00064 0,000505 0,1115 1,4013 23,0741 1,23 48,325 11
0,00064 0,000595 0,1105 1,3586 24,3441 1,2431 47,5813 11
0,00064 0,000685 0,1095 1,3079 25,6126 1,2563 46,8376 11
0,00064 0,000775 0,1085 1,2465 26,8793 1,2694 46,0939 11
0,00064 0,000865 0,1075 1,1679 28,1429 1,2826 45,3502 11
0,00064 0,000955 0,1065 1,0873 29,4063 1,2957 44,6065 11
0,00064 0,001045 0,1055 1,0288 30,6735 1,3089 43,8628 11

P 1 Rise time 10 % - 90 % (s) Settling time 2 % (s) | Overshoot (%) Peak Phase margin (°) | Pulsation {rad/s)
0,00064 0,000055 0,111 1,38 23,7 1,24 438 11
0,00064 0,000145 0,116 0,429 17,8 1,18 51,3 11
0,00064 0,000235 0,115 0,943 19,2 1,19 50,6 11
0,00064 0,000325 0,114 1,31 20,5 1,2 49,8 11
0,00064 0,000415 0,112 1,4 21,8 1,22 49,1 11
0,00064 0,000505 0,111 14 23,1 1,23 48,3 11
0,00064 0,000595 0,11 1,36 24,4 1,24 47,6 11
0,00064 0,000685 0,11 1,31 25,6 1,26 46,8 11
0,00064 0,000775 0,109 1,24 26,9 1,27 46,1 11
0,00064 0,000865 0,108 1,17 28,1 1,28 45,4 11
0,00064 0,000955 0,107 1,1 29,3 1,29 44,6 11
0,00064 0,001045 0,107 1,05 30,5 1,31 43,9 11,1
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Rise time
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| Rise time 10 % - 90 % (s) Settling time 2 % (s) | Overshoot (%) Peak Phase margin (°) | Pulsation (rad/s)
0,000055 4,721030043 216,6590179 43,46333816| 6,5017607 7,7659462085 0
0,000145 0,432900433 31,283037 0,167695837| 0,2208255 0,000389865 0
0,000235 0,436681223 1,873048907 0,178965548| 0,0503948 0,08683423 0
0,000325 0,440528634 4,390788111| 0,028788773| 0,3073856 0,0248934 0
0,000415 0,444444444 0,480872748 0,021105371| 0,2547457 0,063788117 ]
0,000505 0,448430493 0,092770998 0,112247065 0 0,051733057 0
0,000595 0,452488688 0,103047255 0,229624426| 0,2493766 0,039301154 0
0,000685 0,456621005 0,160562734 0,049194537| 0,2945156 0,080277384 0
0,000775 0,460829493 0,521460088 0,077010934| 0,0472664 0,013233855 0
0,000865 0,465116279 0,179809915 0,152436316( 0,2027132 0,109812085 0
0,000955 0,469483568 1,168030902 0,361487164| 0,4399166 0,014571867 0
0,001045 1,421800948 2,060653188 0,565634831 0,08404 0,084809907 0,909090909

% Ecarts Application/ Simulation
P =0,00064 | = 0,000055

.
| e 0

Peak Pulsation

(rad/s)

Phase
margin (°)

Settling Overshoot

% (s) (s)

% Ecarts Application / Simulation
P =0,00064 | =0,000145

0,6
0,5
0,4
0,3
0,2

0,1

Peak Phase

margin (%)

Pulsation
(rad/s)

Settling Overshoot
time 2% (%)

% Ecarts Application / Simulation
P =0,00064 | =0,000235

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15

. o
0,05
- — | 0

Peak Pulsation

(rad/s)

Phase
margin (°)

Settling Overshoot
time 2 % (%)
% (s) (s)

% Ecarts Application / Simulation

P =0,00064 | =0,000325
= (|
Rise time Settling Overshoot  Peak Phase  Pulsation
10%-90 time2% (%) margin (°) (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P =0,00064 | =0,000415
Rise time Settling Overshoot Peak Phase Pulsation
10%-90 time2% (%) margin (°)  (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P =0,00064 | =0,000505
m [ -
Rise time Settling Overshoot Peak Phase  Pulsation
10%-90 time2% (%) margin (°) (rad/s)
% (s) (s)
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0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

0,6
0,5
0,4
0,3
0,2
0,1

0

% Ecarts Application / Simulation

P =0,00064 | =0,000595
I [ I I _—
Rise time Settling Overshoot Peak Phase  Pulsation
10%-90 time2 % (%) margin () (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P =0,00064 | =0,000685
Rise time Settling Overshoot Peak Phase  Pulsation
10%-90 time2 % (%) margin () (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P =0,00064 | =0,000775
I I [ I e T
Rise time Settling Overshoot Peak Phase Pulsation
10%-90 time2% (%) margin (°) (rad/s)
% (s) (s)

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

1,4
1,2

0,8
0,6

0,4
0,2

2,5

1,5

[y

0,5

0

% Ecarts Application / Simulation

P =0,00064 | =0,000865
Rise time Settling Overshoot Peak Phase  Pulsation
10%-90 time2% (%) margin (°) (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P =0,00064 | =0,000955
Rise time Settling Overshoot Peak Phase Pulsation
10%-90 time2 % (%) margin (°) (rad/s)
% (s) (s)
% Ecarts Application / Simulation
P = 0,00064 | =0,001045
Rise time Settling Overshoot Peak Phase Pulsation
10%-90 time2% (%) margin (°) (rad/s)
% (s) (s)

Les résultats numériques relatifs aux performances du systeme asservi sont globalement
assez proches entre les deux méthodes (mis a part pour la premiere des douze valeurs de
I’échantillon des parametres de I qui n’est pas sélectionnée par défaut avec I'application).
L’enrichissement de la base de données par régression linéaire est légerement moins précise
mais plus rapide qu’avec I'utilisation du modele par schéma blocs.
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4. Identification du type de biscuit

4.1. Importation des données d’apprentissage

Q1o0.
Le dossier Photos biscuits apprentissage comporte 999 photos des 10 biscuits classés dans 10

dossiers relatifs a leur catégorie.
Il y a 700 photos utilisées pour I'entrainement du réseau et 299 photos pour la validation.

4 Import Image Data — O X
TRAINING VALIDATION
i Import validation data to help prevent overfitting.
Data source: | Folder v | Data source: | Split from training data v |
Select a folder with subfolders of images for each class Specify amount of training data to use for validation.
C:\Users'olivitOneDrive\Bureau\TP Robot pick & place'\Photos biscuits apprentissage J Browse Percentage: a [ |Randomize
AUGMENTATION OPTIONS
Random reflection axis X Y |:|
Random rotation (degrees) Min ‘ -90}%] Max: |
Random rescaling Min 1 %] Max
Random horizontal translation (pixels) Min 0 %] Max:
Random vertical translation (pixels)  Min ‘ O}%] Max: | 0 :
|1 | Images will be resized during training to match network input size. Import || Cancel |
4 Deep Network Designer =~ o X
DaTa
Import
Data »
IMPORT Y
Desugner Data anng :
Training data by class
o 22 Data Traning v
Source \Photos biscuits apprentissage
Observations. 700
Classes 10
Most observatior Matadi (83)
Coeur blanc (58)

Fewest observations

Maitao Marquisette Matadi Nordica Obsession

Biarriz Cigarette russe Coeur blanc Défichoc Lait Défichoc noir
Class labsl

Show random observations of | <Al classes> »

Marquisette

Matas

Biarmz Cigaratte russe

Données d’entrainement : 10 classes (biscuits) et 700 observations (70 % du nombre total de

photos).
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«# Deep Network Designer = [=}
Data

Import

Data »

IMPORT

Desgner Data Trammng
Validation data by class

Data Valation v
Source \Photos biscuits apprentissage
Coservations. 286
Classes 10
Most observations. Déifichoc lait (35)

Number of cbservations

Biamz

Show random observations of

Marquisetie

Cigarette russe

<Al classes> v |

Coeur blanc

Délichoc tait

Délichoc lat

Défichac noir
Class labsl

Maitao

Obsession

Marquiselte

Cigarette russe

Matadi

Noragica

Nordica

Fewest observations

Obsassion

Coeur blanc (25)

Données de validation : 10 classes (biscuits) et 299 observations (30% du nombre total de
photos).

4.2. Vérification et formation du réseau

Q11.

4\ Deep Network Designer

DESIGNER
J 7 Cut [
o B & . ; & Zoom In
5 44 Copy
New |Dupiicate Fit & ZoomOut
to View

NETWORK LD NAVIGATE
Layer Library

imagelnputl ayer

image3dinputlayer

SequenceinpulLayer

featurelnputLayer

rodnputLayer
LUTION ANE

convolution2dlayer

convolution3dLayer

groupedConvolution2dLayer

transposedConv2dL ayer

transposedConvadl ayer

tullyConnectealayer

NCE

IstmLayer

bitstmLayer

gruLayer

000 W EEEEE: DDDER:

g B ¢

Auto  Analze Export
Arrange s 2
LAYOUT  ANALYSIS EXPX
Desgner  Data aning © |¥ Properties
Yroweamvoraye -

; fullyConnectedLayer

Name 1o

4 InputSize

tpusize 10

pool5-drop_7... _
dropoutLayer wegnts 7
T Hias i
WesghteamRateFactor 10
Weighte 27 actor
A/ sl eamRater actor 10

fullyConnected...

Blasinitiahizer

4

prob
softmaxLayer

¥ Overview

Y

output
classificationLa...
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4\ Deep Leaming Network Analyzer a] X

Network from Deep Network Designer 144 0 0 00
Analysis date: 02-Jan-2023 17 14 35
ANALY SIS RESULTY v

® data Name Type Activations Leamables

! data Image Input 224x2283

L& 1 22442 nages with Zerocente’ oonnalizaton

& otk T onvolution 112x112x64 Weights 7x7x3x64

‘ - Blas

® poolt-3x3._: L 12:112x64

Max Pocling

Cross Channel Not

onvolution 56x56264 Weights 1

d BL

fuce Rel .

3
nvolution 1 i
) [ Bi
® pool>-T3 = Rel
0nv2-nom2 ross Channel Nor_ 5
3 Max Poaling
Su--9 caphioa. 3 nception_3a-3x3_reduce onvolution 28x 289

nception_3a.5x5_reduce onvolution 2Bx28x16

inception_3a-relu_3x3_reduce Rel

. fax Pooling
nception_3a-pool_proj Convolution 28x28%32
1x192 fions with strds |1 1) and paddng
nception_3a-relu_pool_proy Rel
Convolution 28%28x64
32 I
el 2828« =

@ ricoption_4a- @ Inception_4a- @ incoption_da:"® nception_a.

L’architecture du réseau comporte 144 couches. Le réseau est prét pour 'apprentissage.

Q12.

4\ Deep Network Designer

Training Progress (02-Jan-2023 17:19:57)

———————— -> i) Final

Accuracy
Training (smoothed)
Training

= =@ — - Validation

Acouracy (%)

Loss
Training (smoothed)
Training
— -8 — - Validation

20 30

|
100 150
lteration
w
o
o
-
20 30
i onat
100 150
lteration

Designer Data Training
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La précision du réseau est assez satisfaisante : 99,67 %.

Le temps de calcul (58 min) peut varier suivant les
performances de I’ordinateur utilisé.

En réduisant le nombre de classes (biscuits) a analyser et en
modifiant le réglage des parameétres d’entrainement, les
temps de calculs peuvent étre fortement réduits.

4.3. Test du modele d’apprentissage
Q13.

Results

I Valdation accuracy:

99.67% |

Training finished:

Training Time

Start time:

Reached final iteration

02-Jan-2023 17:19:57

IEIapsed time:

58 min 13 sec I

Training Cycle
Epoch:

Iteration:

Iterations per epoch:

Maxamum terations:

Validation

Frequency:

Other Information
Hardware resource:
Learning rate schedule

Learning rate:

30 of 30
150 of 150
5

150

50 iterations

Single GPU
Constant
0.01

Le réseau d’apprentissage corrigé est disponible dans les fichiers trainedNetwork_1.mat et
trainlnfoStruct_1.mat.

Pour les importer : Import Data — cliquer sur le nom du fichier a importer — Finish

Les fichiers importés se retrouvent directement dans le Workspace préts a étre utilisés.

| rrainedNetwork_1

R —
PLOTS bé a9 e E (2) OI.-'.\' ch Decumentation Pﬁ

|-41'P (= [of | O O riaites aF el P, L analyze Code a == ? Preferences (% (2) &8 community
New  Mew |Mew | Open (] compareff Mmeert | seve i NEFEITIRE RS Favorites & un and Time Simulink | ayout CFsetpath oo Help % L=
Script Live Script | v | Dato Workspace (£ Clear Workspace ¥ ¥ | Clcar Commands * |l eratier = - = & Leam MATLAB
ILE VARIABLE CODE SIMULME ENVIRCMNMENT RESOURCES -
<% T Bi ba ¥ G ¥ Users » glivi » OneDrive * Bureau * TP Robot pick & place » - p
Current Folder  ®) | Command Window ¥ | Workspace (S
:Nra:ne > 4\ Import Wizard - ) B e

h column using column names.
ach row using row names.

Variables in C\Users\olivi\OneDrive’\Bureau\ TP Robot pick & place’\Corrigé réseau biscuits\traininfoStruct_1.mat

Impert Mame Size Bytes Mo variable selected for preview.

[ traininfostruct 1 1

% Moteur_roba.,
" Reszau_neur..

< >

Hexl > L Gererate MATLAR code | Cancel

Help =« Rtk
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Recopier puis exécuter les lignes de code (voir tutoriel) indiquant le chemin a suivre pour
retrouver la photo du biscuit a identifier.

File Edit View Insert Tools Desktop Window Help
Dede @08 R(E

Coeur blanc, 100%

File Edit View Insert Tools Desktop Window Help
Dede @ 08| K [E

Nordica, 100%

HOME
=] JL il Lz, New Variable » L& Analyze Code > = @ Preferences 0% Community
(E L’!} Qf O3 3 rinarmes 24 = , L % () E & 2 %
I » . =

New Mew New Open |{|comnare  Import Save U Open Vaniabie > favoates & Run and Time Simulink  Layout Set Path Add-Ons  Help — Request Support

Saipt liveSuipt v v Dale  Workspace [ Clear Workspace v v 4 Clear Commands ¥ v [l P - v Zlleam MATLAB
|l | VARMELE | coDE SIMULINK _ ENVIRONMENT RESOURCES -
G TIRIE 0 > ¢ Users b olivi » Onelrive » Bureau » TP Robat pick & place » P
Curent Folder & | Commard Window ® | Workspace ®

>> 1 = imread{"cC: A ve\Bureau\TP Robot pick & pl o5 biscuits a identifier Name ~

B > I = imresize(I, [224 224]): o= Hr

H >> [YPred,probs] = classify(trainedNetwork 1,I); 4 Figure 1 - o X Jo 13kl

i imshow (1) file Fdit View Insert Tacls Desktop Window Help E""“‘ NTAEE (2260%e-14223..

label = YPrad; = | traineciNetwork_ v

] & F, = -
= zitle(string(label) + ", " + num2str(100*max({probs),3) + "i");: DEds (@08 R(E Ll waininfostruct.1
B LEGC sl YPred 1x1 categonco!
B & Tosorial New V5 >> Coeur blanc, 100%

o7 1 - TP Intelli.

B 2 - Tutoriel

OF 3- Tuteried .

@7 4 - Tutoriel .

8’ 5- Tutcriel .

O 6 - Comigé

‘ Diag exigen.

% Mateur_robo..

"a Reseau near..

4 Figure 1 = O X 4 Figure 1 = a X 4 Figure 1 =

O X

File Edit View Insert Tools Desktop Window Help ™
Daede @ 08 RE

Marquisette, 100%

4 Figure 1 - ] X

File Edit View Insert Tools Desktop Window Help
Dede | @ 068 R[E

Matadi, 100%

4 Figure 1

[m] X

File Edit View Insert Tools Desktop Window Help
Dade @ 08| R [E

Maltao, 99.4%

4 Figure 1

a X

File Edit View Insert Tools Desktop Window Help ™
Dedse| @ 08 KE

Cigarette russe, 100%
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4 Figure 1 = m] X 4 Figure 1 = | X
File Edit View Insert Tools Desktop Window Help ™~ File Edit View Insert Tools Desktop Window Help
Dede @ 08 K E Dede @ 08B RE

Délichoc noir, 97.2%

Délichoc lait, 99.4%

La qualité des réponses proposées par le réseau construit précédemment est exacte pour 9
biscuits sur 10.

Sur les deux photos ci-dessous, il y a une confusion entre le biscuit Obsession (réponse exacte
a gauche) et le biscuit Biarritz (réponse fausse a droite).

L’amélioration du réseau consisterait a modifier les parametres d’entrainement mais aussi
et surtout a rajouter des photos supplémentaires pour l'apprentissage.

L’enrichissement progressif de la base de données devra prendre en compte les nouvelles
vues des biscuits mal reconnus.

ey Figure 1 - O X & Figure 1 = a X
File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help
DNede @ 08 KE Dede @ 0B K [E

Obsession, 100% Obsession, 74%
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Les photos suivantes sont relatives a des biscuits a 1'envers ou collés. Le réseau

d’apprentissage n’a pas été entrainé a les reconnaitre avec une précision satisfaisante.

4 Figure 1

File Edit View Insert Tools Desktop Window Help ~

- | X (4 Figure 1

File Edit View Insert Tools Desktop Window Help

— o ¥ & Figure 1

] X

File Edit View Insert Tools Desktop Window Help

Dad

A

S

@ 08 RE

Cigarette russe, 97.3%

Nade /0B K [E

Maltao, 42.5%

Dede @ 0B RE

Cigarette russe, 98.8%

4 Figure 1 — ] X
File Edit View Insert Tools Desktop Window Help ™~
Dade| @ 08| k(E

Biarritz, 89.6%

4 Figure 1 = [} X
File Edit View Insert Tools Desktop Window Help
Qcde /@ 08(RE

Obsession, 100%
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