Deeplearning: Pacno3HaBaHWe CLUeH U
AocTonpumedaTeNbHOCTEN Ha N306parKeHUAX

AHgpen boapos




Llenb

— Co34aHne MHCTPYMEHTA ANA TETUPOBaHMA N306paKeHUM Mo CLEeHam
— YacTb cepsuca Computer Vision APl ana ncnonb3oBaHMA B NPOAYKTAaX KOMMaHUU
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Object recognition vs Scene recognition

Object recognition Scene recognition

CunHoHumbl: Places recognition, Scene recognition, Scene classification



[loCcTynHble cepsuUChI



Google Vision API

Labels Text Colors Safe Search JSON Response

Meal 81%

Lunch 70%

Restaurant 68%




Microsoft Computer Vision API

Feature Name Value

Description { "type": 0, "captions": [ { "text": "a group of people sitting at a
table in a restaurant”, "confidence": 0.9718332823686703 } ] }

Tags [ { "name": "person"”, "confidence": 0.9991776347160339 }, {
"name": "table", "confidence": 0.9836546778678894 }, {
"name": "sitting", "confidence": 0.9808034896850586 }, {
"name": "indoor", "confidence": 0.9717702865600586 }, {
"name": "people”, "confidence": 0.9362378716468811 }, {
"name": "group"”, "confidence": 0.8897872567176819 }, {
"name": "restaurant”, "confidence": 0.8656893968582153 }, {
"name": "ceiling", "confidence": 0.8505259156227112 }, {
; N P "name": "scene", "confidence": 0.7870252132415771 }, {
{ B — ”a f "name": "meal”, "confidence": 0.3727511465549469 }, {
\ > i "name": "dinner", "confidence": 0.36563196778297424 }, {
) "name": "seated", "confidence": 0.30345749855041504 }, {
"name": "several", "confidence": 0.11127004027366638 } ]

Is Adult Content: False -
Categories: indoor_venue s Image Format Jpeg

Image Dimensions 500 x 375

Val M A .. T, N_AL 1 aade
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CywecTsytowwue H6asbl

Places2-Standard Places2-Challenge
(2016) (2016)

Volume 108 754 1 803 486 8026 628
# classes 397 365 365
Per class > 100 3068 — 5000 3068 — 40000

— ImageNet 2016 Scene classification (Places2-Challenge): 9.01% top-5 error



Mpumepsbl Places2
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Mpumepsbl Places2

Runway




Mpumepbl Places2

Kitchen




[Mpumepsbl Places?2

Soccer field




ApanTauma AaHHbIX ANA obydeHmA: maneHbKan H6a3a

— CIFAR-10, CIFAR-100 BmecTo ImageNet
— SUN Reduce

* 89 Knaccos

* Train: 50 000

* Val: 10 000

— Oby4yeHue 3aHumaeT 6-10 yacos



AnanTtauma AaHHbIX Ana obyyeHus: Places2

— HeKoTopble KNacCbl HE HYXKHbI, T.K.:
* B HMX HeT HeobxoammocTu B production
* Mano gaHHbIX
* Mpumepsbl: aqueduct, tree house, barndoor
— [Mony4aem Places “Sift”
* 314 knaccos
* Standard train: okono 1 500 000 nsobparkeHum

* Challenge train: okono 7 500 000 nsobparkeHumn



ApanTtauua AaHHbIX Ana obydeHuma: Scene mapping

— CAuvwKom MHoro Knaccos ansa production
— Scene mapping

* bamboo forest, forest broadleaf, forest path, forest road,

rainforest -> forest
* hospital, hospital room, nursery, operating room -> hospital
* hotel outdoor, hotel room, inn outdoor, youth hostel -> hotel

— MCI'IOI'Ib?:VETCFI TOJZIbKO ANA TECTUPOBAHUA U A/14 KOHEYHOIO NOJ1ib30BaTe 1A
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Knaccunyeckme noaxoabl

— Deep convolutional neural networks ©
* Top ImageNet n Places?2
* Cemenctso Inception

* Cemencrtso Residual Networks

Input layer (S1) 4 feature maps

(Cl) 4 feature maps (S2) 6 feature maps (C2) 6 feature maps

I convolution layer l sub-sampling layer l convolution layer l sub-sampling layer l fully connected MLP I




Residual Networks

weight layer
F(x) 1 relu .
weight layer identity

Network can decide how
deep it needs to be...




Residual Networks

Revolution of Depth 282
[ 152 layers ] .

\ 16.4

b 11.7

22 Iayers 19 Iayers I
3.57 I o I 8 layers 8 layers shallow

ILSVRC'15  ILSVRC'14 ILSVRC'14 ILSVRC'13  ILSVRC'12 ILSVRC'11 ILSVRC'10
ResNet GoogleNet VGG AlexNet

ImageNet Classification top-5 error (%)



Residual block

X/ lil\‘
{}weight BN
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(a) original (b) proposed



O6y4yeHune ResNet

— [Ona obyyenma CNN mncnonbsyetca framework Torch
— ®opk ¢ peanmnsaumm ResNet ot Facebook (de facto SOTA):
* https://github.com/facebook/fb.resnet.torch

? " toch

A SCIENTIFIC COMPUTING FRAMEWORK FOR LUAJIT




TecTbl KayecTBa paboTbl

— Places val — validation set Places “Sift”
— Places val Scene map — validation set Places “Sift” + Scene mapping

— Cloud test: n3obpaxeHunsa coTpyaHUKOB 13 061aKa, pa3meyeHHble BPYYHYHO




Pe3synbtatbl ResNet (top 5 error, %)

Places val
Scenemap  N/A

Places val

test
[

ResNet-152 Benchmark

Cloud test 21 6



Pesynbtatbl ResNet (top 5 error, %)

Places val 13,5
Scenemap  N/A

ResNet-50 ImageNet
Places val

test

ResNet-152 Benchmark

Cloud test




Pesynbtatbl ResNet (top 5 error, %)

Places val ResNet-200 ImageNet

Scenemap  N/A

ResNet-50 ImageNet
Places val

test

ResNet-152 Benchmark

Cloud test



ResNet-152
Benchmark

Predicted:

museum/indoor
coffee_shop
clothing_store
pet_shop
bakery/shop

Mapped labels:

shop_none_food
museum
restaurant
shop_food




ResNet-200

Predicted:

cafeteria
sushi_bar
restaurant
food _court
pub/indoor

Mapped labels:

* restaurant




YnydyuweHune ResNet

Building block

— O6yyaTb oveHb bonbuwmne ResNet BCE cnoXKHee ¢ pOCTOM UX yOUHbI

— YMeHbWMM rnybunHy, HO yBEANYUM LLNPUHY (T.e. Konndectso ¢punbTpos) Residual 610Ka



Wide Residual Network

— WRN-50-2
* ResNet-50 c yBennyeHHbIM B 2 pa3a KONMYECTBOM PUIBTPOB BO BHYTPEHHEMN
bottleneck 3x3 cBépTKe
* ImageNet top-1 err:
—WRN-50-2:21.9 %
—ResNet-200: 21.7 %

* WRN-50-2 noyTtu B 2 pa3a bbictpee, yem ResNet-200



Wide Residual block

ResNet Residual block

.SpatialConvolution(256 -> i~ :, 1x1)
.SpatialBatchNormalization (4D) (64)

AW SRS

.SpatialConvolution( - , 3x3, 1,1, 1,1)

.SpatialBatchNormalization (4D) (64)

*FAR1
.

.SpatialConvolution(i-: -> 256, 1x1)

WRN Residual block

: cudnn.SpatialConvolution(256 —> , 1x1)

: nn.SpatialBatchNormalization (4D) (128)

: cudnn.RelU

: cudnn.SpatialConvolution( - , 33, 1,1, 1,1)
: nn.SpatialBatchNormalization (4D) (128)

: cudnn.RelU

: cudnn.SpatialConvolution( -> 256, 1x1)

: nn.SpatialBatchNormalization (4D) (256)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)




PesynbTtaTbl Wide ResNet (top 5 error, %)

[
Places val ResNet-200 ImageNet
Scene map
12,9
Places val
test

18,8
Cloud test



Pesynbtatbhl Wide ResNet (top 5 error, %)

/
Places val , ResNet-200 ImageNet
Scene map
]
WRN-22:6
Places val
test

18,8

Cloud test 202



Pesynbtatbhl Wide ResNet (top 5 error, %)

Places val ResNet-200 ImageNet
Scene map
WRN-22-6
Places val
e I

WRN-50-2-ImageNet

Cloud test




Pesynbtatbhl Wide ResNet (top 5 error, %)

]
Places val 11,5 ResNet-200 ImageNet
Scene map
WRN-22-6
Places val
ot
]
WRN-50-2-ImageNet
Cloud test

WRN-50-2-ImageNet
Places2-Challenge




Nyqwaa cetb: WRN-50-2-ImageNet Places2-Challenge

Places val

Scene map

Places val
test

Cloud test

ResNet-200 ImageNet

WRN-22-6

WRN-50-2-ImageNet

WRN-50-2-ImageNet
Places2-Challenge




WRN-50-2

Predicted:
restaurant
pub/indoor
beer_hall
food court
dining_hall

Mapped labels:

* restaurant
* dining room




[Mpumepsl paboTsl



Predicted:
°* mountain_path
* rainforest
* forest path
° creek
* valley

Mapped labels:

* forest
* mountain path
* creek
* valley
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Predicted:
* palace 0.21
° museum 0.16
* plaza 0.12
° vyard 0.1
* church 0.13




YnyyuweHune moaenwu



PyramidNet

— CemenctBo ResNet npogonKaeT ynyywaTbea
— PyramidNet: mHoroobeuwatouwme pesynbtatbl Ha CIFAR-10/100 1 ImageNet
— Places val

* toplerr:43.57%

* top-5err:13.12%

§l|&[ 8|88 8|8

~
oV
~



ResNext

— Wpen: pa3butb Residual 610K Ha HECKOIbKO NapanaenbHbix 6/710KOB MEHbLLETO Pa3mepa
— [MoKa3ana pe3ynbTaThbl XyXKe Halwen moaenmu

equivalent
256-d in d 256din 256-d in

256,1x1,4 | | 256,1x1,4 |, . 15,| 256,1x1,4 256, 1x1,4 | | 256,1x1,4 |, .3, 256,1x1,4 256, 1x1,128

v v paths v v v paths v
4’ 3X3, 4 4’ 3x3’ 4 ecee 4' 3x3, 4 41 3X3, 4 4, 3X3, 4 s 4, 3X3, = 128, 3)(3' 128
> > > e . ot group = 32

4,1x1, 256 4,1x1, 256 4,1x1, 256 | CONCADnMme |

128, 1x1, 256 128, 1x1, 256

256-d out 256-d out 256-d out



“KpeaTtnsHble” noaxoabl K ynyyweHunto CNN



Class activation mapping

— Class activation map (CAM) — 3710 TO, Ha 4TO “cMOTPUT” CceTb Ha M30b6parkeHnn Npu ero
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Class activation map gns knacca c:

MC(X’ y) — Zk Wlffk(x, y)



Class activation mapping

— WNpea: ak3emnaspbl 04HOM CUEHbl A0/KHbl UMeTb B KayecTBe Class activation map

(CAM) noxorkue 06BbEKTDI

Iiviniroom classroom




Nob6asneHune Class activation mapping 8 Loss

2

— Class activation map noctynaet Ha Bxoa, cetn 1
— Eé pe3synbraTt fobasnaetca B Loss cetn 2

— CeTb 2 oby4yaeTca c HOBbIM Loss

I -
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Ob6y4yeHune HoBoM ceTn Ha Class activation mapping

— Class activation map noctynaet Ha Bxoa, cetn 1
— ObyuaeTca TonbKo ceTb 1

— Ha inference ncnonb3yetcsa aHcambnb ceten 1 um 2
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a
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Ensemble averaging



Class activation mapping: npumeHeHue

— JNoobyyann WRN-50-2
— B KauectBe cetn 1 ncnonbsosanacb ResNet-50 ImageNet

— [loBbICUTb Ka4eCcTBO He YAan0cCb



[lanbHenLwmne nnaHbl

— O6yuaTtb HoBble apxuTekTypbl CNN (13 cemencTtBa ResNet)
— MNonpoboBatb Apyrmne BapuaHTbl CAM

— Pa3nunyHble noaxoapl ¢ bonee “ymHon” 0b6paboTkom natyen nsobparkeHus



PacnosHaBaHue ,ﬂ,OCTOI'IpMMeLIaTEJ'IbHOCTEM

— Heobxoanmo pacno3HaBaTb “3HaKoBblie” mecTa

— [lonb3oBaTtenn 4yacto potorpadupyroT y A40CTONPUMEYATE/IbHOCTU
& O, Co6opbl X
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CNnoXXHoCTH

— [lpaKTHU4eckn HeT uccneaoBaHunm
— HeT rotoBbIX AaHHbIX

— Manoe KonmnyectBo “4nctbix” n3obpaxKeHni B OTKPbITOM AOCTyNe ANA KaXKA0M

AoctonpmnmedaTtesibHOCTU

— HeAcHOo, YTo MMEeHHO cunTaTh “AocTonpumeydaTenbHOCTbo”

* [lom c 6bawHamu Ha nA. JibBa Tonctoro(Cl6). Tripadvisor : HeT, Google: aa



Cbop H6a3bl

— Cocrasnsaetca cnucok n3 100 ropogos

— [1nA KaxJoro ropoga CKaymMBatoTCa jSon JaHHble 4OCTONPUMEYaTeIbHOCTEN C

nomoulbto Google Places API
— ITW AaHHble NapcaATca U PUNbTPYIOTCA

— o nony4yeHHOMY CIUCKY AOCTONpPUMEYaTEe/IbHOCTEN CKauMBaeTca n3 nomcka Google

COOTBETCTBYHOLLME KAPTUHKM (N0 20 WTYK)

— Wtoro: 2827 poctonpumeyaTtenoHocten, 56 540 nsobparkeHum



TecTol

— Cloud test

* M306paxKeHnA OT COTPYAHUKOB

* Py4yHaAa pa3meTKa

* 200 KapTUHOK

* 15 roponos

* 10 000 n3obpaxkeHu He AOCTONPUMEYATE/IbHOCTEN
— Search test

* Mowuck Mail.Ru

* 3-10 n3obparkeHnm Ha 4OCTONPUMEYATENIbHOCTb



Jltoan

— [lepsble mogenn nokasanu naoxue pesynbtatbl Ha Cloud test n “6oesbix” dpoTorpadumax

MaLume

| Jemnre AN |
FAL L Aaaniamen VorCon wnlin Y

Train



Jltoau

— [lepsble mogenn nokasanu naoxue pesynbtatbl Ha Cloud test n “6oesbix” dpoTorpadumax




“Ntoackan” ayrmeHTauun

— CTaHAapTHblie MeToAbl ayrMeHTaLUM: NOBOPOT, CIy4aliHOE Bbipe3aHMe YacTu U306parkeHua 1 1.4,
— B npouecce obyyeHuns B HEKOTOpble N30b6parxkeHna aobasnanncb noan

- pres




Fine tuning scene-moaenu

— ba3a obyyeHns maneHbKas, a 4OCTONPUMEYaTEIbHOCTM — YaCTHbIW Cay4an scene
— WRN-50-2, obyyeHHana Ha Places Sift

— CBepxy ceTn gobaBaaeTca HECKOIbKO NO/IHOCBA3aHbIX U BN cnoés

— Obyuatotcs 31K HoBble c/iom U 3 BepxHux Residual 6,10Ka

— BmecTo ctaHgapTHoro softmax loss ncnonbsyetcs center loss



Center loss

— Center loss ctapaetca npu obyyeHnn “pacrtawmTtb”

ﬂpeACTaBMTEHEﬁ Pa3HbIX KZ1aCCOB MO Pa3HbIM K/1aCTeEPaAM

— [pu 0by4yeHUU B AaHHbIe bbln A4obaBNeH eweé oamnH Knacc "He
P Yy A, 4 e o4

AOoCTOpUMeYyaTenbHoCTb”

— K Hemy center loss He NnpumeHaAncs




Embedding

— [locne obyyeHUs OT ceTn oTpe3aeTca NocaeAHUN KNacCUPULMPYIOLLMIA CNOM

— BxoaHoe n3obparkeHne nocae NPoroHa Yyepes ceTb NpPeBpaLlaeTcsa B YUCN0BOM BekTop (embedding)

embedding

v

v




OnopHbIX BEKTOP KNacca

embedding 1

s
embedding 2 OMOPHbI BEKTOP
embedding 3

»
>




OnpeaeneHne AOCTONPUMEYaTENbHOCTU

— BxoaHoe n3obparkeHune NPoroHseTca Yepes CeTb, U ero ambeaanHr CPaBHUBAETCS C

OMOPHbIM BEKTOPOM KaXAOoro Ksaacca

— Ecnun pesynbtaT cpaBHEHMA MeHblUe nopora, TO CYNTaem, YTo Ha M3o6pa>|<eva| He

AoCcTonpmnmeyaTte/ibHOCTb

— WHaue, 6epém Knacc ¢ HanbobLIMM 3HaYEHMEM CPaBHEHMUSA



Pe3ynbTaTbl Ha TeCTax

— Cloud test

* To4yHOCTb gocTonpumedatenoHocTtun: 0.616

* ToyHOCTb He gocTonpumedatenbHocTu: 0.981
— Search test

* CpepHAaa TouyHocTb: 0.669

* CpegHaa nonHota: 0.576



[Mpumepsl paboTsl



Cobop Bacunusa
bnaeHHoro MockBa




édrale Notre-Dame de Paris

Cath




Old Town Square [lpara




Not attraction




[lanbHenLwmne nnaHbl

— Cobupatb 6a3y no ewe 6onblemy KONNYECTBY rOPOAOB
— HoBble meToabl 06y4yeHnA cet ANsa JaHHOM 3a4aum

— WccnepoBatb BO3MOXKHOCTU YBEIMYEHUA YNCA KnaccoB be3 nepeobyyeHna cetu



3aKko4yeHue

— CywecTtsyrouwme Habopbl AaHHbIX AnA Scene recognition
— Wide Residual Network — nyywas mogennb

— [anbHeunLwwune naaHbl N0 Yy4YLWEHUIO MOAENN

— 0630p 3a434M pacno3HaBaHUA AOCTONPUMEYATEIbHOCTEN
— Anroputm cbopa 6asbl

— ObyyeHne moaenun ANs pacnosHaBaHWA JOCTONPUMEYaTe/IbHOCTEN



I Cnacubo 3a BHMMaHue!

Bonpoceo!?

a.boiarov@corp.mail.ru




