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* [MpuHUKMN PabOTbl CBEPTOYHbIX HEMPOHHbIX CEeTEN

* [Ae n KaK MOXXHO HAaUTU NOAXOAALLYIO MOoAeNb ANA
pelleHnsa 3a4a4m

* 3aaaHue 3
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Peakuuun otaenbHbiX HEMPOHOB
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Electrical
signal from
brain

Stimulus ~ Response

Cat image by CNX OpenStax is licensed
under CC BY 4.0; changes made




NepapxmyecKasa opraHm3auma 3puUTenbHON
C l/] CTe I\/\ bl [MpocTble HENPOHDI:

PearnpytoT Ha NATHA CBeTa U rpaHn n3obpakeHusa

KomnneKkcbl HEMPOHOB:

Retinal ganglion cell LGN and V1 PearMpytoT Ha HanpaBAeHMe cBeTa U ABUMKEHUA
receptive fields simple cells

*  CNo¥XHble KOMNAEKCbl HEMPOHOB:
PearMpytoT Ha ABUMKEHUA «KOHLEBbIX 3/1EMEHTOBY

N\

HeT peakuuun EcTb peakuyua




AlexNet — nobeamtens copesHoBaHMa ImageNet
2012 roaa

\

Convolutional Layer — cBepTOYHbIN CNON
Pooling Layer — cBepTo4uHbIn choi!!! (cno nynnHra)




U U
CBEepPTOYHbIMN C/10U
[aHo n3obparkeHme 32x32x3 (wmnpuHa 32 nukcens, Bbicota 32 nukcens, 3 nukcena RGB)

32 height

3 depth




CBepTOYHbIV C/10U

[aHo nsobparkeHme 32x32x3 (wmpuHa 32 nukcens, Bbicota 32 nukcensa, 3 nukcena RGB)
32x32x3 image

S5x5x3 filter
32 7

ObbeanHAaem GUNbTP U N300parKeHUA:
6epem obnactb 3o0bparkeHns n
HAaXo0AMM CKanApHOe Npou3BeaeHme
32 3TOW 061acTU Ha PUABTP




CBepTOYHbIV C/10U

nybuHa punbTpa BCerga coBnagaetc
rnybuHoun BxoasLero n3obpakeHums

32x32x3 image

Sx5x3 filter
32 £/

ObbeanHAaem GUNbTP U N300parKeHUA:
6epem obnactb 3o0bparkeHns n
HAaXo0AMM CKanApHOe Npou3BeaeHme
32 3TOW 061acTU Ha PUABTP




CBepTOYHbIV C/10U
_— 32x32x3 Image

5x5x3 filter w
2
ﬁ>®\ 1 number:

the result of taking a dot product between the
filter and a small 5x5x3 chunk of the image
32 (.e. 5*5*3 = 75-dimensional dot product + bias)

’ wliz+0b




CBepTOYHbIV C/10U

activation map

_— 32x32x3 Image
S5xox3 filter

=
>O convolve (slide) over all

spatial locations
|4
3




CBepTOYHbIV C/10U

__— 32x32x3 Image

y
=

7

5x5x3 filter

convolve (slide) over all
spatial locations

Bo3bmem BTOPOM GUABLTP M 0603HAUYMM ero 3e/1eHbIM

activation maps
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CBepTOYHbIV C/10U

3atem Bo3bMeM 6 dunbTpoB pasmepa 5x5x3, n B uTore nonydymm 6 oTaeNbHbIX KapT aKTUBAL MU

activation maps

32

28

Convolution Layer

32 238
3 6

CNnoXXMB «CTOMKOM» 3TN KapTbl, Mbl MONYy4Yaem HOBOe «n3o0bparkeHne» paamepa 28x28x6




Taknum o6pa30M, CBepPTOYHHAA CeTb — 3TO HepeaoBaHME CBEPTOYHbLIX C10€B U (I)yHKLI,VIl\/'I dKTUBaLUUU
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32

CONV,
RelLU
e.g.6
OXOX3
filters

CONV,
RelLU
e.g. 10
OXOX6
filters

CONYV,
RelU
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P review lzeller and Fergus 20 13] Visualization of VGG-16 by Lane McIntosh. VGG-16

architecture from [Simonyan and Zisserman 2014].

Linearly
separable
classifier

Low-level Mid-level High-level
features features features
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VGG-16 Convi 1 VGG-16 Conv3_2




* AEGINEEEANCTITN HESEOIAETANEREER S
one filter => _
one activation map example 5x5 filters
= (32 total)

Activations: |

We call the layer convolutional
because it is related to convolution
of two signals:

.-. fleyleglxyl = > > fln,ml-glx—n,y—n,]

elementwise multiplication and sum of
‘ a filter and the signal (image)
Figure copyright Andrej Karpathy.




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

activation map

__— 32x32x3 Image
oxox3 filter

=
>O convolve (slide) over all

spatial locations
|
3




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 1




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 1




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM
7

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 1




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 1




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 1

KapTa aktnsauum byget 5x5 nukcenen




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 C warom 2




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 C warom 2

KapTa aktnsauum byget 3x3 nukcenen




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 3




PaccmoTpum pasmMepHOCTb MOJIYYEHHbIX B
pDe3y1bTaTe CBEPTKU M30OpParKEHNM

/

N306parkeHne 7x7
nukcenen, dunotp 3x3
7 c warom 3

PUNLTP NPUMEHUTb HENDL3A




F Pa3mep KapTbl akTUBaLUW:
(N-F)/war+1

N Hanpumep, npn N=7, F=3:
War1:(7—-3)/1+1=5
War2:(7—-3)/2+1=5
lWar3:(7-3)/3+1=2,33




Ewe pa3 B3rnAHemM Ha pa3aMepPHOCTb KapT aKTUBauUun. Hanpumep, ecnm K nsobpaxkenuto 32x32 nukcens
nocaeaoBaTeIbHO MPUMEHATb CBEPTOYHbIE GUABLTPLI pa3mepa 5x5, To KapTbl aKTUBaLUKUM ByayT NnocieaoBaTeIbHO
CMMATbCA, U 3TO BbI3bIBAET Npobaembl, TaK KaKk TepaeTca nHbopmaumsa

32

32

CONV,
RelLU
e.g.6
9X9x3
filters

28

28

CONV,
RelLU
e.qg. 10
SX5X6
filters

10

24

24

CONYV,
RelU




Ha NPAaKTUKE nepes npumeHeHnem CBEPTOK K M306pa)+(EHMFIM ﬂ,06aBI'IFHOT NosA, 3alO/IHEHHbIE HYNTAMUA

olololololo Hanpumep, 4T0bbl COXPaHUTb PAa3MEPHOCTb NPU NCNOAb30BaHNM PUABLTPA
3x3 nuKcena, Hy»HO 406aBUTb NoJie WNPUHOM B 1 NUKCeNb

0

0 Mpu ncnonb3oBaHuu puabTpa ¢ warom 1 pasmepa FxF, pasmep nona

0 paccumTbiBaeTcs no popmyne: (F—1) /2

0 Hanpumep:

F=3: nonel nukcenb
F=5: none 2 nukcens
F=7:none 3 nukcens




Cnoun nyaunHra

*  CXumatoT KapTbl akTnBauun, nepenasad ciegyrowemy cioro Hamnbonee 3Ha4YNMblE 3Ha4YeHnAa, TemM CaMbiM
AenaroT npeacraBjaeHnA M306paH(eHMﬁ KOMMaKTHEE
° anMEHHI'OTCFI OoTAENIbHO K Ka)-K,EI,OI';I KapTe akKTnusaunu

224x224x64
112x112x64

pool
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— R
downsampling
112

224

224




Single depth slice

MAX POOLING

max pool with 2x2 filters
and stride 2

11112 |4
S| 6|7 |8
312|110
1123 | 4

>




[ToHOCBA3HbIV C/IOU

32x32x3 image -> stretch to 3072 x 1

Input activation
Wz
1 10 x 3072 1[0
3072 X 10
weights
1 number:

the result of taking a dot product
between a row of W and the input
(a 3072-dimensional dot product)




[ToHOCBA3HbIV C/IOU

Stretch pixels into column

02 | 05| 01 | 2.0 1.1 -96.8 | Cat score
231

1.5 | 1.3 | 2.1 0.0 4 | 3.2 | == | 4379 | Dog score
o 24

| N = 0 025 | 0.2 | -0.3 -1.2 61.95 | Ship score
Input image 2
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http://cs231n.stanford.edu/

| lOUCK pelleHn




Ha 4TO HYXXHO 0OPATUTL BHUMAHME MPU MOUCKE
Moaenu

* pellaemasn 3afa4a: Moaenb AOKHA pelwaTb NOCTaB/IEHHYO HaMM 3a4a4uy (KnaccudpumKkauum,
KnaccupuKaumm 1 1oKanmsaumnm)

 TpeboBaHMA K BbIYUCAUTENIbHbIM MOLLLHOCTSAM

* TOYHOCTb Mogenu (no pe3ynbTaTaM 3KCMEPUMEHTANbHbIX AaHHbIX)

* npu BbIbOpe MOAENN HYXKHO UCKAaTb KOMMPOMMWUCC M BbIBUpPATb Te MOAENN, KOTOPbIE AAOT HanboNbLIYHO

TOYHOCTb NPU HAMMEHbLUUX CUCTEMHDbIX TpE6OBaHMF|X




[0TOBbIE M OBYYEHHbIE MOAEN

https://github.com/CMU-Perceptual-Computing-Lab/openpose



https://github.com/CMU-Perceptual-Computing-Lab/openpose

"OTOBblE MOAeNn, Tpebyrowme obyyeHna nnm
lepeobyyeHuns

Cat Dog 277




Transfer learning

1. Train on Imagenet
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2. Small Dataset (C classes)

Reinitialize
this and train

> Freeze these
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3. Bigger dataset

Train these

With bigger
dataset, train
more layers

> Freeze these

Lower learning rate
when finetuning;
1/10 of original LR

is good starting
point




Transfer learning
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https://www.pyimagesearch.com/2020/06/22/turning-any-cnn-image-classifier-into-an-object-detector-with-keras-tensorflow-
and-opencv/



https://www.pyimagesearch.com/2020/06/22/turning-any-cnn-image-classifier-into-an-object-detector-with-keras-tensorflow-and-opencv/




