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Co bylo minule

@ Umélé neuronové sité a zobecriovani
o Praktické ukdzky - MLP (imdb), CNN (Mnist)

@ Funkcionalni APl v Kerasu a vytvareni sloZitéjsich architektur
o Ukdazka ensemble modelu

@ Konvolué&ni neuronova sit pro klasifikaci - praktickd ukdzka
(Cats vs. Dogs)

o Model u€eny od zacatku
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Dnes

@ Dokonteni p¥ikladu: Konvolu&ni neuronova sit pro klasifikaci -
prakticka ukdzka (Cats vs. Dogs)

o Model uceny od zalatku

e Zlep3eni schopnosti modelu zobeciiovat pomoci regularizace
(dropout, batch-normalization) a augmentace dat

o Model uteny pomoci pfeneseného uZeni (transfer learning)

@ Znamé architektury konvoluénich siti

@ Aplikace konvoluénich neuronovych siti
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Znamé architektury konvoluénich neuronovych siti

@ nejstarsi typy architektur: Siroké, mélké, ¢asto hlubsi plné
propojena &ast, odpovidaji vice zakladnimu schématu
LeNet 5
@ jedna z pavodnich architektur (Yann LeCun, 1998), pom&rn&
jednoduchd, u&end na MNIST

Input Patch Conv Max Pool Conv Max Pool Fully Fully

Data: 28x28 5%5 (1) 22 (2) 5x5 (1) 2x2(2)  Connected  Connected 2
20 feature maps 20 FM 50 FM 50 FM 1 2 FM (classes)
(FM) 500 FM

Zdroj obrazku: M. H. Yap et al., " Automated Breast Ultrasound Lesions Detection
Using Convolutional Neural Networks,”in IEEE Journal of Biomedical and Health

Informatics, vol. 22, 2018. 5/30
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Znamé architektury konvoluénich neuronovych siti

@ ILSVRC souté&?: zdsadni soutéZ nad datovou sadou ImageNet

ImageNet Large Scale Visual Recognition Challenge (ILSVRC) winners
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Zdroj obrazku: https://cs231n.stanford.edu/slides/2024 /lecture_6_part_1.pdf
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AlexNet

@ prvni CNN-vitéz soutéZe ILSVRC (2012) nad ImageNet-
dsp&snost 84,7 % v top-5),

@ jiZz vyrazn& sloZit&jsi (8 vrstev, 61M parametri, 2 GPU 5-6
dni)

convi conv2 conv3 conva convs fc6  fe7

Input

10 samples 1 sample

Class
D %6 256 384 384 256
256x256 55x55 27x27 13x13 13x13 13x13 | 4096 | 4096
conv conv conv conv conv full  full
max max max
| norm nerm I |
I T
Extract high level features Classify

each sample

Zdroj obrdzku: https://medium.com/@jkarnows/alexnet-visualization-35577e5dcd1a
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AlexNet

@ 96 filtrd 11x11x3 v prvni konvoluéni vrstvé u AlexNet

Zdroj obrazku: Alex Krizhevsky et al.”: "ImageNet Classification with Deep

Convolutional Neural Networks”, Figure 3
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VGGNet

e Ulastnik ILSVCR 2014, rodina modelid (napt. VGG16 - 16
vrstev, VGG19 - 19 vrstev) - lsp&nost 92,7 % v top-5
@ pyramidova architektura

VGG-16

5
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GoogleNet (Inception v1), 2014

@ Vvitéz soutéZe ILSVRC 2014, 22 vrstev

- Uspé&snost 93,33 % v top-5

@ revoluéni prvek: Inception bloky -
extrakce pfiznakl v rlznych 8kalach,
paralelismus, efektivita

1<
convolutions

1X1
wmm

Pervious layer

The illustration is from the original paper[f]

Filter
concatenation
878 5545 >l
convolutions convolutions convolutions
con: rl >§1 i E : d

3X3
max pooling
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Znamé architektury konvoluénich neuronovych siti

@ ILSVRC sout&Z po roce 2014: vyrazn& hlubsi a uzsf
architektury (omezeni redundance: depthwise separable
convolutions), modularita

ImageNet Large Scale Visual Recognition Challenge (ILSVRC) winners
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Zdroj obrazku: https://cs231n.stanford.edu/slides/2024 /lecture_6_part_1.pdf
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ResNet, 2015

@ vitéz soutéZe ILSVRC 2015, 152 vrstev - tsp&Snost 96,4 % v
top-5

@ revoludni prvek: skip connections - ¥esi problém tiché posty

@ residudlni bloky:
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Zdroj obrazku:
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Hloubkové oddélitelné konvoluce (Xception, 2017)

o dalsi revoluéni prvek na cest& ke zvy3eni efektivity a zestihleni
vrstev

@ prostorova konvoluce pro kazdy kandal nezavisle, vystupni
kanaly se nakonec smichaji pomoci bodové konvoluce

1% 1 GNN
Tocdards hemvolus)

'

T N T—
Pl

3 x 3 CNN [axaGNN .[GXGGNN][SxSGNN
—— . 4 =

I

13/30



Neuronové sit& 2 - Konvolu&ni neuronové sité - typy tloh
Znamé architektury konvolu¢nich neuronovych siti

Dalsi populdrni architektury

@ Inception v2, v3 (2015, 2016)

@ DenseNet: (Gao Huang, 2016)

e MobileNet (Google, 2017), EfficientNet (2019), SqueezeNet
(2016)- dal3i ispora vypoletnich prosttedkd

@ NASNet (Neural Architecture Search Network, 2017) - model

se naudil vhodnou architekturu sdm, genetické algoritmy,
reinforcement learning

@ ConvNeXt, 2020
° ..
V Kerasu:

@ https://keras.io/api/applications/
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Dalsi populdrni benchmarkové datové sady

CIFAR-10, CIFAR-100
https://www.cs.toronto.edu/ kriz/cifar.html
e CIFAR-10: 60000 barevnych obrazkd, 10 tfid (auta, psi,
lodg,...)
e CIFAR-100: 100 t¥id
@ malé obrazky, dataset populdrni pro rychlé testovani a
porovnani modeli
COCO (Common Objects in Context)
o detekce objektil, segmentace a popis obrazki

COCO 2020 Panoptic Segmentation Task

https://cocodataset.org/ 15/30
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Aplikace konvolu¢nich neuronovych siti

o klasifikace obrazki - klasifika¢ni hlava
@ regresni tloha - regresni hlava

Pt¥iklad regrese: predikce sklonu ¢&islic

Zdroj : https://matlabacademy.mathworks.com

16/30



Neuronové sit& 2 - Konvolu&ni neuronové sité - typy tloh
Aplikace konvolu&nich neuronovych siti

Aplikace konvolu¢nich neuronovych siti

@ klasifikace obrazki - klasifika&ni hlava

@ regresni tloha - regresni hlava

Fully-connected
layers

-

Class scores

“Classification head”

Convolution
and Pooling

Fully-connected
layers

[

Box coordinates.

“Regression head”

Final conv
feature map

Zdroj : https://i.stack.imgur.com/FGrD1.png
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Aplikace konvolu¢nich neuronovych siti

Zpracovani 2D obrazu
o klasifikace obrazki - klasifika¢ni hlava
@ regresni Uloha - regresni hlava
o detekce objektil - detekéni hlava
@ segmentace obrazu - segmentalni hlava

@ restaurovani obrazu, stylizace obrazu, generovani obrazu -
architektura encoder-decoder

Jiny typ dat

@ analyza videa (3D konvoluce) - ak¥éni detekce (nap¥. sport.

zdznam)

@ sekvenini data (1D konvoluce) - ¢asové fady, audio data,
omezené i pFirozeny jazyk)
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Aplikace konvolu¢nich neuronovych siti

Other Computer Vision Tasks

Semantic Classification Object Instance
Segmentation + Localization Detection Segmentation

CAT DOG, DOG, CAT

=

DOG, DOG, CAT

\ TREE, SKY U U P
VO ' Y
No objects, just pixels Single Object Multiple Object

Zdroj : https://cs231n.stanford.edu/slides/2017 /cs231n_2017 _lecturell.pdf
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CNN a sémanticka segmentace

@ kazdy pixel obrazku chceme oznadit labelem t¥idy
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Aplikace konvolu¢nich neuronovych siti - sémanticka

segmentace

SegNet, U-net,...

enkodér-dekodér architektura

enkodér: klasickd CNN, extrakce p¥iznaki

latentni prostor: kompaktni reprezentace

dekodér: obnovuje obrazek do plivodnich rozméri:
transponované konvoluéni vrstvy (a p¥ip. unpooling vrstvy)

Convolutional Encoder-Decoder

Poaling Indices

RGB Image [ Conv + Batch Normalisation + RellU. Segmentation
B Focling I Upsamgling Softmax

Zdroj : SegNet: A Deep Convolutional Encoder-Decoder Architecture for Image

ol

e r" o bkare eSS a1 011 ANCC
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Aplikace konvolu¢nich neuronovych siti

Other Computer Vision Tasks

Semantic Classification Object Instance
Segmentation + Localization Detection Segmentation

CAT DOG, DOG, CAT

=

DOG, DOG, CAT

\ TREE, SKY U U P
VO ' Y
No objects, just pixels Single Object Multiple Object

Zdroj : https://cs231n.stanford.edu/slides/2017 /cs231n_2017 _lecturell.pdf
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CNN a Detekce objekti

Jeden objekt - dvé hlavy:
o klasifikace
@ nalezeni okenka — regrese

Object Detection: Single Object Correctlabel:
(Classification + Localization) Cat l
Class Scores
Fully Cat: 0.9 Softmax
Connected: Dog: 0.05 Loss
4096(0y Car:0.01 }
AN | Multitask Loss + —Loss
Vector: Em ]
4096 405104 Box
Coordinates — L2 Loss
. (%, y, w, h)
Treat localization as a T
regression problem! Correct box:
(v, w’, h)

https://cs231n.stanford.edu/slides /2024 /lecture_9.pdf
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CNN a Detekce vice objekti

Zdroj : https://matlabacademy.mathworks.com
Triantafyllidou, D. et all: A Fast Deep Convolutional Neural Network for Face
Detection in Big Visual Data.
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CNN a Detekce vice objekti

R-CNN (Region-based Convolutional Neural Network)

@ obrazek je rozdélen na rizné oblasti (ROI) pomoci algoritmu
selektivniho hledanfi

@ kaZda oblast je zvétSena na stejnou velikost a predlozena
predutené konvolugni neuronové siti (VGG-16 v pdvodnim
¢lanku).

© Nakonec jsou pouZzity dvé hlavy: klasifikdtor pro klasifikaci
kaZdé oblasti a regresor pro dolad&ni jeho hranic.

R-CNN: Regions with CNN features

@] warped region

1. Input 2. Extract region 3. Compute 4. Classify
image  proposals (~2k) CNN features regions

Image Source: R-CNN paper by Ross Girshick et al
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CNN a Detekce vice objekti

varianta: fast R-RCNN
o rychlejsi vypocet diky sdileni pfiznakd mezi oblastmi zadjmu
(ROI - region of interest)

Feature Extractor Object Classificstion refinement layer

varianta: faster R-RCNN
@ automatické rozpoznavani ROI uvnit¥ modelu

Featu
= e Classification
L
o ‘ ROl pool - —_—
NN [5) _“_, Classification
A R Layers
] _
Regression
Layers &
Repion propasal network (RPN) —h
Bounding box

Feature Extracior Object Classieation refnerment ayer

Zdroi ‘https: / /www mathworks com /help /vision /ueg /cetting-started-with-r-cnn-fast-r-
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CNN a Instanéna segmentace obrazu

Zdroj : He et all., Mask R-CNN, 2017, Figure 2, https://arxiv.org/abs/1703.06870
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Aplikace konvolu¢nich neuronovych siti - segmentace
obrazu

o rozsiteni Faster R-CNN o dalsi vé&tev pro pfesnou segmentaci
objektu na drovni pixeld

Classification
Fealures

_— =
RQI Align

e AT N
P

yers

Region proposal network (RPN}

Segmentation
Layers

Zdroj : https://www.mathworks.com/help/vision/ug/getting-started-with-mask-r-cnn-
for-instance-segmentation.html

28/30



Neuronové sit& 2 - Konvolu&ni neuronové sit& - typy dloh
Aplikace konvolu&nich neuronovych siti

Aplikace konvolué¢nich neuronovych siti - human pose
estimation

Zdroj : He et all., Mask R-CNN, 2017, Figure 7, https://arxiv.org/abs/1703.06870
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Dalsi aplikace konvolu¢nich neuronovych siti

@ analyza videa - 3D CNN
o sekvendni data
o audio data (nap¥. prevod na obrdzek - vstupem je
spektrogram)
e Casové Fady - uleni na historickych datech, 1D konvoluce
e zpracovani pfirozeného jazyka (napf. je vstupem embedding
matice)

bt
NREN

Zdroj : https://www.mathworks.com/content/dam/mathworks/ebook/gated/deep-

learning-practical-examples-ebook.pdf
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