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Co je MATLAB a Simulink

Strojové uceni, statistika a optimalizace
d MATLAB ;mm':w%l : = e G = \»wv@d"
L o o o o Deep learning, neuronové sité, fuzzy
— InZzenyrsky nastroj a interaktivni prostredi pro —I— .
védecké a technické vypodcty Zpracovani obrazu a pocitacové vidéni
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— otevreny system Vypoéetni biologie

e Simulink
— nadstavba MATLABuU

— modelovani, simulace a analyza
dynamickych systému

.y , , Méreni a testovani
— prostredi blokovych schémat — —

. T ” h . e
— platforma pro Model Based Design B So=tatych aplikac

|\ Generovani kédu (RT a embedded) |

» Aplikacni knihovny
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MATLAB a Simulink v prumyslu
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Vyvo] metodou Model-Based Design

[ INFORMACE ] [ POZADAVKY

Modely prostredi

Modely fyzickych komponent

Alginy /
/ IMPLEMENTACE \
[ C, C++ ] [VHDL, Verilog ] [Struktt:;:)vany]
k[ uP ] [ DSP ] [FPGA] [ASIC] [ PLC ]/
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[ INTEGRACE A NASAZENI
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Modelovani, simulace a testovani
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Ménic

Automatické generovani kodu
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Nasazeni




Pristupy k modelovani

* Pro ruzné situace jsou vhodné razné pfistupy

Fyzikalni vztahy

Nameérena data

< ,White-box“ model

~-grey-box“ model

Modelovani rovnic
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Ladéni neznamych
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Model
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,black-box“ model

Identifikace
soustav
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Modelovani algoritmu

- Ridici systémy TonC

3s+1
PID(s) C]
52 +55+2
Zadana PID regulator Vystup
hodnota Soustava ze soustavy

U E®| e
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« Zpracovani signalu a komunikace

v

« Zpracovani obrazu a pocitacove vidéni

L

e adalsi...

« Spole€na simulace soustav a algoritmu e o

Generovani kodu pro ciloveé platformy
— C/C++, HDL, PLC, CUDA




Al

UMELA INTELIGENCE (Al)

Libovolna technika, ktera umoznuje
strojum napodobit lidskou
inteligenci
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MACHINE LEARNING )

Statisticka metoda, ktera umozni stroji “naucit se” zadanou ulohu
na zakladé dat bez explicitni tvorby programu

[UNSUPERVISED LEARNING

SUPERVISED LEARNING \
(oznacena data)

(neoznacena data)

A
> " ++.:
DEEP LEARNING SN .
T (Neuronové sité s S°
mnoha vrstvami) /

REINFORCEMENT LEARNING
(data z interakce)
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Al modely v prostredi MATLAB

Machine learning Deep learning
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3 cesty k vytvoreni Al modelu v prostredi MAT

inputSize = 12;
numHiddenUnits = 100;
numClasses = 9;

layers = [ ...
sequenceInputlLayer(inputSize)
bilstmLayer(numHiddenUnits, 'OutputMode’, "last’)
fullyConnectedLayer(numClasses)
softmaxLayer
classificationLayer]

FiowEEom:

fitcauto / fitrauto

Funkce, skripty
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Interaktivni navrh
prostrednictvim
grafickych aplikaci

w Image Networks (Pretrained)
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SqueezeNet GooglLeNet ResNet-50

Show more

v Sequence Networks
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Sequence-to-Label Sequence-to-Sequ...

Vyuzit
preddefinované sité
a pred-ucene site
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Al a Model-Based Design

VYZKUM POZADAVKY ]

NAVRH
Modely prostredi J
Modely fyzickych komponent }
+ Algoritmy J

IMPLEMENTACE
C, C++ ] [VHDL Verilog ] [StruktturovanyJ
ext

JOVMIdIE3A V ALS3AL

ansprMAst e

INTEGRACE ]

10 https://www.mathworks.com/solutions/ai-model-based-design.html
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Postup navrhu systemu vyuzivajiciho Al

11

Priprava dat

Cisténi a pfiprava
|||||| [ dat

9 Lidsky vhled

_DI]_'I Data generovana
simulacemi

Modelovani Al

% Navrh a ladéni
Al modelu

s Hardwarova
e Xani
—=ics akcelerace uceni

‘;k Interoperabilita

Navrh systemu

Integrace Al s
dalsimi algoritmy

'|>|3_., Simulace systému

— x Verifikace a validace
—V systému

&
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Nasazeni

. Embedded zafizeni

% Enterprise systémy

¢ Koncova zafizeni,
cloud, desktop
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Typicky priklad: Asistencni system automobilu

Al algoritmus
detekce jizdnich pruhd a vozidel

Model dynamiky vozidla

Ridici systém - - )
pro testovani chovani systéemu

Highway Lane Following Test Bench

Sat Velocity s LaneFollowingDecisigiLogicAndController
{mds}
— Set Velocity (rad

=N mvs) Stearing Angle

{rad}
Syetem Time

{rad} i
Lanes | Stearing Angle Pose
Camera ns stesring_angle trad}

)
Acceleration
{m's%) . _ lim's)
Accaleration Velocity
ego_acceleratin/s=)

|— ; Y W
,‘A .- ‘\

» 5, o TN

4 .
Aciors < BCce imis?y R
¥ Vehicles

wehicle_detections ehicle Dynamics
E| 5

Lane Boundaries * Time

| Longitudingl Velocity
MIO Track Index ——»=

— Vision Tracks M Longitudinal Welocity P{ Lane Boundaries
tracks {p's) {mis)
Achors
Radar | Radar A
Metrics Assassmen it
Forward icla Sensor Fusion Lane Following Decizion Logic and Contraller
Simulation 3D Scenano
ndaries
actol

Senzoricka fuze
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Typicky priklad: Asistencni systém automobilu
Priprava dat Modelovani Al Navrh systemu Nasazeni

ENERER OOEDOO

ﬁ/':\ -

7.
— 58
T LU S
* Uprava dat z kamery * vybér a uprava Al model( » propojeni Al modelu s * generovani kédu pro
« oznacenijizdnich pruhl a (hluboké neuronove sité) ostatnimi algoritmy cilovou embedded
vozidel v datech pro * uceni Al modelu « simulace a testovani platformu
uceni Al model( » ovéfeni Al modelu modelu celého software
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Ukazka: Systém pro klasifikaci a pocCitani objektu

Klasifikacni algoritmus zalozeny na Al

— blok pro inferenci nau¢eného modelu z knihovny Deep Learning Toolbox

Ridici systém

— stavovy model v jazyce Stateflow

— fizeni otaceni stolu e

— pocitani stejnych objektu

* Spusténi a nasazeni algoritmu

— Vv testovacim rezimu

— Vv rezimu samostatné aplikace

« Hardware

— Raspberry Pi 4, webkamera, servomotor

14
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Transfer learning
 Vyuziti preddefinovanych a pred-ucenych siti

datova sada 1 datova sada 2 2 1 2

m] ]
m] ]
ood
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m] oooo =}
“ “ SqueezeNet GoogleNet ResNet -50
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[m O O
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@ ,znhalost" sité
— = 0 &

model 1 model 2 : :

15
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Deep Network Designer

« Graficka tvorba a uprava siti pro rychle

Si navr

4\ Deep Leaming Network Analyzer
Network from Deep Network Designer 144 A
Analysis date: 09-Jul-2020 16:27:39
4\ Deep Network Designer
~ | aNaLYSIS RESULT
DESIGNER . Name Type Activations
I . E data Image Input 224x224x3
I:Il:’l:| @ IE' g Qy § conv1-7 234x324x3 images with ‘zerocenter normalization
| = 7 1
| &, Zoom In ) G 2 conv1-Te7_s2 Convolution 112+112x64
Nex Unlock Fit @ ZoomOut | Auto | Analyze | Export 1 °
All Layers | to View Arrange -  pocit2 convi-relu_7x7 ReLU 112+112x64
! R
W o AVIGATE -~ e
NETWORK BUIL WIGAT LAYOUT | ANALYSIS | EXPORT ) - ~ pool1 302 Vx Pooing P
Layer library Designer ~ Propef 1 3%3 m: 010
poomzs pool1-norm1 Cross Channel Nor... |56+56x64
Input type 1 o €l nermalization with
2-norm2. { om2- conv2-3x3_reduce Convolution 565664
« INPUT conv2- 343, 6x56%6
crossChannell Humber of ) R 64 1x uons w
imagelnputLayer — 1 Mumber of 1 conv2-relu_3x3_reduce RelU 56x56x60
® conv2-r. =
| 1 conv2-3x3 Convolution 5656192
image3dinputLayer —_— ® convzon. 182 3x3x54 convolu stride [1 1, 1
pooi2-3x3_s2 ] conva-relu_3x3 RelU S6x56x192
maxPooling2dL 850022, :
m sequencelnputlayer o et i nossto conv2-norm2 Cross Channel Nor... |56x56x192
! ! ’ . el nermaization w
ﬁ featurelnputLayer o incepti...$ inceptio..# incapio... inoepto. pool2-3x3_s2 Max Pooling 28+28+192
inception_3a-.. inception_3a-...
. convolution2dL. convolution2dL.
#L inputLayer
m roilnputl ayer
nception_3a-r... inception_3a-r.. inception_3a-...
pointCloudinputLayer reluLayer J relulayer maxPooling2dL
+ GONVOLUTION AND FULLY CONNECTED
convolution1dLayer n_3a. ] inception_3a-.. inception_3a-.. i incetion_3a-..
ion2dL. I convolution2dL.. convolution2dL... £ convolution2dl...
convelutien2dLayer
o |
P convolution3dLayer ( \ Y r % En 000 T o0 00 3000
hl ¥ inception_3a-r... inception_3a-r... inception_3a-r... tteration
relulayer relulayer reluLayer 15k
) L T
groupedConvolution2dLayer Valdaton Los
transposedConvidLayer — v - Overview "
inception_3a- §
depthGoncaten...
transposedConv2dLayer = - o0s|
transposedConv3dLayer
ﬁ inception_3b- ‘ inception_3b- % 00 To00 7500 2000 2500 3000
3 % teration
g fullyConnectedLayer . L comvolution2dl_ | convolution2dl.

A

0 00

Leamables

eignts 7x7x3x64
1x1%64

Heights 1%1%64+64
ias =64

Meights 3w3n64x192
Bias  1x1x192

Progress  me—
Saus  Tranng stooped

Stopreason: M epoens compieted

Time

Stttine 16an2024 113857
Eispsedtine o0asor
nformation

Epocn 0001500

eraton 3000

Leaming atoschedule:  Constant

Leaming rate: 00005

Vasaton oquency: 50

Vasoatn patence. ot

Ojective metric Loss
festvaicaton
Single GPU

Outputnetworkc

Hartvare resource

(65 ponas mage)

£ THUMUSOFT
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Zaclenéni deep learning modelu do Simulinku

* Pripravene bloky pro deep learning

6
t
A
e
‘leopard ®
Klasifikace obrazu, Sekvenéni sité pro zvukova,

. — Detektory objektt
\ sémanticka segmentace / \ ry objett / k textova a signalova data /

Yimage ypeed | Yinput output Himage v Ninput % ypred [ Ainput % output [
L Labals
% b I I
Image Classifier Pradict Dieep Learning Object Detector Stateful Classify Stateful Predict

 Blok MATLAB Function

17
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Nasazeni na cilovou platformu

Generovani
kodu

Jakékoliv CPU
zadné vyzadované

@ ZYNQ l

\_ knihovny )

<3

NVIDIA.

oneDNN
Library

wo Ly

- life.augmented

I3 TEXAS

INSTRUMENTS

r

ARM Compute
Library

~N

J

&
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Ovéreni spravneho fungovani site

» Testovani sité s novymi daty

» Vysvetleni a vizualizace fungovani sité

naucena sit’

&
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Activations

CAM & Grad-CAM

Label

Y

Occlusion Sensitivity

Y

R

LIME

Gradient Aftribution
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Verifikace Al modelu

4 )
* Deep Learning Toolbox Verification Library
— cil: zajistit robustnost a spolehlivost hlubokych neuronovych siti
* Formalni metody pro overeni robustnosti \_ Y.

— proti tzv. adversarial examples

/ verified

ﬁ

\ violated

« Odhad citlivosti sité na drobné zmeny vstupu

« Rozdéleni dat na in-distribution a out-of-distribution

— moznost sledovani za béhu nasazené sité
20
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Redukce modelu
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« Snizeni pamétovych a vypocetnich naroku nasazeného modelu

« Quantizatice

— prevod z floating point do fixed point aritmetiky

* Pruning

— odstranéni nedulezitych ¢asti sité

Deep Network Quantization App
Taylor Pruning
LSTM Pruning

yolov3 and yolov4 object
detector quantization

R2020a
R2022a

R2022b
R2023a

Accuracy (%)

Pruning
~4x nizSi naroky na pamet

Classification Object Detection Semantic Segmentation

< 5% snizeni presnosti
100 T T T

50 F

Classification Object Detection Semantic Segmentation

(I Original Network [ Pruned Network |
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MATLAB a spoluprace s dalsimi nastroji

* Import modelu z prostfedi TensorFlow, PyTorch

* Import modelu v otevieném formatu ONNX

1" TensorFlow

!

- TensorFlow-Keras Import R2017b
4\ Gl ONNX Converter (Import & Export) R2018¢
MATLAB ONNX
- TensorFlow Converter (Import) R2021a
T TensorFlow Converter (Export) 2022
¢ PyTorch PyTorch Converter (Import) 2022
More layers, functions, operators, 2023

models, and versions supported
22
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Dekuji za pozornost.



