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CopeprKaHue

KomnbloTepHoe 3peHne U MallnHHoe
obyueHue (2000-2016 22. — nepsas 80aHA
mexHos02u4ecKol pesosrouuu)

MpoekKTbl n pesynbratbl Prymn «frocHUMAC» (2018)

MepcneKTnBHbIE MmeToAbl U HanpaB/ieHUsA
rnybokoro obyuyeHusa (2017+ - emopol amarn
cospemMeHHOoU pesosroyuu 8 MAQWUHHOM
obyyeHuUU U aHAsU3e OAHHbIX)

MpoeKTbl u pe3ynbratbl PrYN «focHUNAC» (2018)

*B 00Ks1a0€e MOMCHO 0r03HaMb pa0 mem U Mamepuasnos Moux rnpeosioyuux
0630pHbIX 00Knados Ha MOU-2014, MMPO-2017, 3P-2018, T3CY-2018...



Knaccumuecknit « uCKyccTtBeHHbi nHtennekr» (ao 2000 r.)

dyHKUMOoHanbHbIN «UN» = AO/MNO, cnocobHble aBTOMaTUUYECKN BbIMOJIHATb
nonesHole GyHKLUUN, KOTOPbIE paHee MO BbiTb BbIMONHEHbI TOIbKO YE/TOBEKOM.

UN-1: mogennpoBaHue
4YenoBevYeCKMX PacCyKAeHUN

UN-2: aHann3 AaHHbIX
N MalWMHHOE obyyeHune

1 T = 1
dopmanbHbie-Teopun

[ OKa3aTeNbCTBO TEOpPEM
Jlornyeckoe

nporpammumpoBaHue
MNpeactasneHne 3HaHUM:
dpenmbil,
CEMaHTUYECKIME CeTU ..
CUMBO/IbHbIE

npeobpasoBaHma
BblpaXKeHUM
JKCnepTHble CUCTeMbl
HeueTKkne NOrnKku...

L

1 i1
O6yueHune ¢ yuuresiem
[pocTpaHCTBO
NPM3HAKOB. JINHENHbIE
pasgenutenu.
baecoBckoe oby4yeHue.
OwwubKku 1 n 2 poaa.
O6yueHune 6e3 yuntens
KnactepHbl aHanms.
CHUXKeHWne pa3smMepHOoCTU
HeWpoHHbIe ceTn
ObpaTtHoe
pacRpPoCTpaHeHMe...

L |

Hackonbko npu2odHsl 6biaiu 3mu mexHoa02uu K Npakmu4yecKkomy 8HEOPEHUIO ?




AnroputmunyecKkoe obecneuyeHue, Heobxoammoe
ANA aBTOHOMHbIX UHTE/I/IEKTYa/IbHbIX CUCTEM

Hasurauums




[o 2000: Arroputmunyeckoe obecneueHmne, Heobxogmmoe
ANA aBTOHOMHbIX MHTEN/IEKTYa/IbHbIX CUCTEM

HepeweHHble 3agaun: 3D
PEKOHCTPYKLUMA U BU3YyaibHaA
HaBurauma , CermeHTauma n
NOHMMaAHUE CLEHDI,

N

O6HapysKeHMe 06LEKTOB U daBUralma_— Het Bo3moxKHOCTU 0by4eHUA Ha
. npumepax u onbiTe AENCTBUU
pacrno3HaBaHne n3obparkeHnm P P f
O6paboTtKa YnpaBneHue \
CeHCOPHbIX (nnayvposaHune |MporHos UN:
AdHHB——_ || __eafitMuzaumns, | 2040+
2 EHVIe,...) \ nUrpbl,...
MalwunHH RYCCTBEHHbIN
O6yuyaemble obyuer SANEKT __ 3ycneptHble cuctembl
KnaccubuKaTopbl (UN-11 -1) (6a3bl | yctynatot yenoseky
YCTYMaloT YenoBeKy (aHanM 1N, TOrMKa, HeT Bo3moxkHOCTU
HeT BO3MOXKHOCTH AaHHbIX sécyRaeHms) aBTOMaTM4YeCKOro
obyyeHuna Ha 6onbLunX 0by4yeHna cuctem,
AOAHHbIX OCHOBaHHbIX Ha -]

MaTemaTnyeckoe
nporpammmpoBaHue +
3KCNepTHble 3HaHKA.




KomnbloTepHoe 3peHune n
MaLUUHHOEe obyuyeHue
(2000-2016 22. — nepsas 80/HA
mexHos102uYyecKoU pesosntoyuu)



KomnbloTepHoe 3peHne n mawimHHoe obyyeHue
OCHOBHbI€ 334a4M, Iy4LLne MeTodbl U Pe3yNbTaThbl

(2000-2016 rr. — nepsas sonHa mexHonozuveckoii pesontoyuu)

* PekoHcTpyKuua 3D cueHbl n HaBUrauua B HEU:
Structure-from-Motion, SLAM, Road Scene Understanding
and Autonomous Driving

 CermeHTauuA CueHbl U NTOHMMaAHNE BUAELOCIOXKETA:
Saliency maps, Video & 3D Segmentation, 3D-Flow, Multi-
Tracking, Human Detection, Human pose estimation,
Human Action Detection and Prediction, Crowd behavior,
Group analysis, Face Detection and Recognition

* Pacno3HaBaHue ns3obpaxkeHnn, obHapyxeHne o6bEKTOB:
Convolution networks, Deep learning, Image Retrieval,
Object Detection



PeKoHcTpyKuua 3D cueHbl
N HaBUrauma B Heu:
Structure-from-Motion,

SLAM, Road Scene

Understanding and
Autonomous Driving



PekoHcTpyKkuma 3D cueHbl n HaBurauus B He U

e Structure-from-Motion (2000+) — TexHonorms pekoHcTpyKummn 3D cueHbl Ha
OCHOBE MHOXECTBa Pa3HOPaKYPCHbIX CHUMKOB U OLEHKM
NonoXeHua/napameTpoB OTHOCUTENIbHOM OPUEHTALUN CHUMKOB

Scene Chronology. Kevin
Matzen, Noah Snavely.
ECCV2014

Building Rome in a day.
ICCV 2009, Boujou

InobanbHaa HaBurauma no opneHTupam (2014+)

_______________________

---------------------

Y |
: : .. ® ® :
R/ 1 | - \
\ £/ | | -
(5 2| [ifgasetf
/ - 11 S o PO . ’

i =
—

! RURIE W , R
2 RN | \ |\ \ ! -

- GIS-Assisted Object Detection and Geospatial Localization,
a1s pe - Shervin Ardeshir, Amir.Roshan Zamir, Alejandro Torroella, and Mubarak Shah




PeKoHcTpyKuma 3D cueHbl U HaBUrauma B Heun

 SLAM (Simultaneous Localization and Mapping, 2006+, 2014+) — TexHon0rMA
PEKOHCTPYKLUMM 3D CLEHbI M OLEHKM MOJIOKEHMA/NapaMeTpoB ABUKEHUS Kamepbl

camera image : L o oo 00:00:23.680

i L o speet

KF with'coloize

{

To deal with scale-drift, the pose-graph
is formulated on Sim(3), including scale.

LSD-SLAM: Large-Scale Direct Monocular SLAM, Engel and Schops and Cremers, 2014



ABTOHOMHOe BOXXAeHue, nonet: SLAM, UAV, Fish-eye Cameras
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3aZiauM aBTOHOMHOM Hasurauuu B 3D
pewarTca NPU NOMOLLU MHOYKecTBa
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2012-15 - Omnidirectional Visual Odometry _ e b .
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BblCO KOTO“I H ble mnidirectional visual odometry sy 'v‘! ':L'~-m'\"'“ - T . 3 e
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3D peKOHCTPYKLUA )
Ha OCHOBE KaMme p wur image streams (synchronized tirje of exposure)

» Frame rate: 10Hz

TM n a « p bl 6 M ‘VJ] rn a3 )») > One frame consists of four images

~ ix I K-GPS information (direct geo-referekcing unit) |
» accuracy below 3 cm under good conditlens

Real-time Accurate Geo-
localization of a MAV with
Omnidirectional Visual Odometry
and GPS, Johannes Schneider
and Wolfgang Forstner

_Johannes Schneider  Sep 6th, 2014

Multi-Camera Systems in the V-Charge
Project: Fundamental Algorithms, Self
Calibration, and Long-Term Localization,
Paul Furgale, ECCV’14, W15




CermeHTauuAa cueHbl

U NTOHUMaHUNE BNAEOCIHOXeETAd.

Saliency maps, Video & 3D Segmentation,
3D-Flow, Multi-Tracking, Human
Detection, Human pose estimation,
Human Action Detection and Prediction,
Crowd behavior, Group analysis, Face
Detection and Recognition



Saliency Maps (Mmutaumsa 3putenbHOro BHUMaHMUA)

Stimuli Human SC-M

ECSSD

MSRA
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Mpumepbl KAaPT BHUMAHMUS ((I)MKcaLI,I/IVI B3rn1A/4a) Ye/sioBEKa
N pe3yNbTaToB PaboTbl aBTOMATUYECKUX aNTOPUTMOB NMOMUCKA 30H MHTEpeca

A Closer Look at Context: From Coxels to the Contextual Emergence Saliency in Crowd,
of Object Saliency Rotem Mairon and Ohad Ben-Shahar, ECCV’'14 Ming Jiang, Juan Xu, and
RGBD Salient Object Detection: A Benchmark and Algorithms, Qi Zhao

Houwen Peng, Bing Li, Weihua Xiong, Weiming Hu, and Rongrong Ji



CermeHTauma cLeHbl U NTOHMMaHMNE BUAEOCIOXKEeTa

EauHbIY nogxoa K o06paboTke n BbiCTpble MeToAbI aHa/IM3a BUAEONOCeA0BaTENbHOCTEM

CermeHTaluum AaHHbIX (2003+)  ,, (A0800fps) L\ i (SR .. 2

2D, 2D+T, 3D, 3D+T:
'MRF,

* BblaeneHue n npocnexxnsaHme o6HEKTOB
* BblaeneHue U3MeHeHUi B CLeHe,
o6Hapy’KeHue oCTaBNeHHbIX NpeaMeToB
enosek/mawmHa

':.\
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Energy-based, 3D Flow
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HapexkHoe obHapyKeHue nogeu
Ha BUAEeo

MuHumusaums
uenesom GyHKUUN
Ncnonb3oBaHme npasu
(sHeprun) .
aHa/InM3a gMHaAMUYECKOoUn
Mopaenu Ha ocHoBe
CUEHbl ANA reHepaymm
MapkoBcKux ) 'DU' Rgh a
noneii cobbITUM N coobLWEHNN B
cuctemax sngeoHabntoaeHmna Dollar, Wojek, Schiele, Perona, 2014
Ncnonb3oBaHue ,

KapT BHUMaHUA



Pacno3HaBaHue
n obpaboTtKa
n3o06parKeHumn:
Convolution networks,
Deep learning,
Image Retrieval,
Object Detection



Iny6oKkue KOHBONMIOUMOHHDbIE HEeUDOHHbBIE CeTU -
HOBOE NoKoNneHue anropMTMoB 0OHANYKEeHUAa U
PNacno3HaBaHua 06bLeKTOB HA U300NAKEeHUax
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2011 First Superhuman Vlsual Pattern Recognition

http://people.idsia.ch/~juergen/deeplearning.html



KoHBontounoHHaA Yactb CNN paboTtaeT ¢ pacchoeHnamm

Convolutional
layer 1

Convolutional
layer 2

Convolutional
layer 3

Convolutional
layer 4

__________

Full connection
1
1 layer

MHTepnpeTaumna CNN Kak npoLuecca 3BoAOUNN
paccnoeHuns 6a3zoBoro MHOroobpasms
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BbIDOYKAEHHOE paccnoeHue = i pasmepHoOCTH 0 i
_ YrnybneHne paccnoenms = BEKTOP » BEKTOpa ».
paccnoeHue = NPU3HaKoB 7 npusHakos 0 .
= basoBoe : ! |
Komnaktudukaumsa (cxkatume) . NonHocBA3sHasa yactb CNN

MHoroobpasue ! . I
6a30B0ro mHoroobpasus . (nepcentpoH) pabotaet

rny6buHa BeKTOpa NPU3HAKOB = Pa3MepPHOCTM BEKTOPHOro NOANPOCTPAHCTBA |



Convolution networks Deep learning, Image Recognltlon
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NMoKa3aHbl 9 XxapaKTepHbIX
CTUMY/I0B HAa HEUPOH
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ypOBeHb 1

Ha Kakune snemeHThl
n3obpaxeHus
pearnpyroT HEMPOHDI
PA3HbIX YPOBHEWN:
Yyem Bbille C/I0U CeTw,
TeM Bblille YPOBEHb
abcTpakumm

Visualizing and Understanding Convolutional Networks, Matthew Zeiler and Rob Fergus, ECCV’14



ABTOMaTM4ecKkoe obHapyXeHne U pacno3HaBaHMe OObeKTOB
Ha 6a3ze 21yboKuUX KOHBOMUUOHHbIX HelipoHHbIx cemel (c 2011)

BepoaTHocTb pacno3HaBaHus

+ C 2011 r. - pacno3HaBaHue A
06bpa3oB Ha ypoOBHe YenoBeKa
unu Bbiwe (superhuman)

ny6okoe obyyeHue

Apyrue meToabl 06y4eHus

+ Oby4yeHune Ha cBepxbonbLLINX
obbemax AaHHbIX

MocTaHoBKa
EEVERYY
obHapyKeHua
"

Pacno3HaBa-
HMA 06beKToB

dopmunposa-

Hue
«KOMMEKTa
obyyeHua»
Ha ocHoBe
peasibHbIX U

- Hy>XHbl orpomHble oby4yatlouime BbiI6OpKU
- AnntenbHoe moaenMpoBaHue n obyyeHue

O6yueHne
anropuTMoB

06HapyKeHua

n rnybokon
HeMpOHHOW

> 3a4aHHOro MOAeNTIbHbIX cetn
TMhNa AaHHbIX

06beM 0Gy4aIoLLEN BbIGOPKN
+ Uepapxunueckoe
obyyeHue
C NOBbIWEHNEM
abcTpakumm gaHHbIX
OT YPOBHA K YPOBHIO

- PecypcoemKoCTb, HU3Kasa CKOPOCTb
- Heobxoammo bbicTpoe npepobHapykeHue
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dpoHTanmnsauyma nuy, 6e3 3D mogenei




CemMaHTMYecKaa cermeHTauma

3aaava
pacno3HaBaHMWA:
N306parkeHune ->
METKa Kaacca

steel arch bridge

KoHBONOUMOHN3ALUMSA

2

—t

Machine Learning for Aerial Image Labeling - V. Mnih

3a4a4a ceMaHTUYEeCcKom
cermeHTauuu:
N306parkeHune -> meTKa
Knacca + cermeHTauus
rpaHuy,

Effective Semantic Pixel labelling with Convolutional Networks and Conditional Random

Fields - Paisitkriangkrai, Sherrah, Janney and Van-Den Hengel

21


https://www.cs.toronto.edu/~vmnih/docs/Mnih_Volodymyr_PhD_Thesis.pdf
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ObHapy*eHne n pacno3HaBaHMe 0ObEKTOB
B peanbHom BpemeHun (flocHUNAC, 2016)

e

LIBETOM YKa3aHbl KNaccbl 06BEKTOB: XKeNTblit — 6pOHETEXHWUKA, KPACHbIN —
camoneTbl, ronyboit — rpy3soBMKM, CUHUI — aBTOMALLUUHBbI, 3e/1eHbIN - Nt0AM

23



ABTOMAaTUYECKOE ODOHapy*KeHune CamoneToB Ha
aspocHMmKax (locHNNAC-2016)




OTKpPbITbIM KOHKYPC Ha ydllee pewleHne B obnactu
CO34aHUA UHTENINEKTYa/IbHbIX TEXHONOTUMN
AewndpmpoBaHMA BUAOBOU a3POKOCMMNYECKOMU

POOHA

NEPCINEKTUBHbIX
MCCAEAOBAHUN

mHdopmaumm (2017)
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MNEPCMNEKTUBHbIX
MCCAEAOBAHUA

(I) ®OHA Pe3ynbratbl 06HapyKeHua (locHNNAC)

[Moka3aHbl OO bEeKTbl .
KNacca cCaMoneT |




POOHA

MNEPCMNEKTUBHbIX
MCCAEAOBAHUA

MoKa3aHbl 06be
K/J1acca camoe




MNEPCMNEKTUBHbIX
MCCAEAOBAHUA

a) ®OHA Pe3ynbratbl 06HapyKeHua (locHNNAC)

[ToKa3aHbl 0ObEKThI
K/1aCCa CaMOJ1eET El

3]
Kl




MEPCMNEKTUBHbIX
WCCAEAOBAHUA _ ' ‘ &
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a) ®OHA Pe3yn bTaTb! o6H y>KeHI/IFI (I'ocH NMNAC)

MoKa3aHbl 06bEKTHI 2 d
Knacca Kopabnb it /Q
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MNEPCMNEKTUBHbIX . —
MCCAEAOBAHUA =

a)cpoum Pe3ynbratbl 06HapyKeHua (locHNNAC)

[ToKa3aHbl 06 bEKTHI
Knacca Kopabnb




AnnapaTHO-nporpammHble pelieHus

Maxwell
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[lpoeKTbl n pe3ynbraThbl
dryn «rocHUMAC» 2018



OTpa60'rKa peanunsaumm N'KHC Ha npoueccopax NM6407 n NM6408

MpoToTnn cuctembl aBTOMaTUYECKOro 06Hapy»KeHun
W pacno3HaBaHMA Ueniei Ha OCHoBe rMMyboKkux
CBEPTOUYHbIX HEUPOHHDbIX ceTen. Cuctema Ha Hase
nnatel MC121.01 npounssogctea HTU, « Mogynb» ¢
npoueccopom NM6407.

B HacToALwee Bpema pa3pabaTtbiBaeTcs pelleHne ans
ATR c TKHC Ha 6a3e NM6408, paboTatouiee B 32 pa3a
bbicTpee.

[ERM] VYnpasnaaowwmii npoueccop ARM Cortex AS 800 Mruy,
| [ODRl nopr ans noakntouerua DDR3 800 MIy, (6.4 I6/c)

ipxjteuryt)a jpou,ejco pa,
COKYK

o e bHOCTb I'K .C
NME407
JonemIe
1939 GE
| ARM|[DDR] |
Fnybokan
i e KOHBONIOLMOHHAA
- - HelipoHHasn Bnepsble:
CeTb (TKHC) MpoToTun oTeuecTBeHHOW 60pTOBOM

— 8 [B/c B8 KamAayO CTOPOHY

— 6.4 [B/C B KaXKAYHO CTOPOHY N M6408

2 TB/c B Kakay+ CTOPOHY

annapaTtHo-nporpammHon ATR Ha TKHC




MpoekTt PN no coszparHuto CT3
AnAa aBTOHOMHbIX PTK v rpynn PTK



CoszpaHue CT3 anAa aBTOHOMHbIX PTK v rpynn PTK

3 . | l; - ;
Mpu asunxkeHnn PTK no cnoxkHou ol ¢ o Y A
nepece4yeHHO MECTHOCTH: 3D mopens, SfM, SLAM: DSO

- MocTpoeHune B peasibHOM BpeMeHMU
MHPOPMALUOHHOUN TPEXMEPHOMU
CeMaHTUYEeCKO Mmoaenn MeCTHOCTU
(mnonHas 3D moaenb oKpy:KatoLe
06CTaHOBKM C pacno3HaHHbIMU TUNAMM
NOBEPXHOCTEN, OPUEHTUPOB, OOBEKTOB,
uenen u npenaTcTemmn);

O6Hapy:keHue u pacnosHaBaHue
npenaTcTBuii: SqueezeSeg

- ABTOMaTU4ecKoe obHapyKeHue,
pacno3HaBaHUe U NPoCaeXKnBaHue
MHOXecTBa uenei c nomoulbto NKHC,
No3BoOANAOWME NONYyYaTb pe3yabTaThl,
npeBoCxogALLMe KauyecTBO N CKOPOCTb
paboTbl YeNOoBEKA-HABOAUMKA.

O6HapyXeHue U npocneXkKmsaHue
o6bektoB: DSOD, Re3, TRACA

CemaHTHnuyeckana cermeHTauma: Deeplab
v3+, DeepFeatureFlow

MM6kaa moaynbHaA apXUTEKTypa OnHamuueckan TpexmepHana cemaHTUUYeCKaa moaenb
MHorocneKkTpanbHoi CT3 PTMN + CT3 YMIMH Aarankw PTN OKpy»KaloLeil 06CcTaHOBKMU

Tennosuaop FLIR A615

PROSILICA GT2050 /
Basler acA1920-50gc

PROSILICA GT2050/

[Aatumkun YMIMH

Basler acA1920-150uc

Tennosusop Pergam UM640

Janbromep MNepram GLR-10



Arperauma Bcex TMNoB AaHHbIX B 0AHON MHPOPpMaLMOHHOM 3D mogenu

AnHamunyeckasn
TpexmepHas
Mmogenb Mmpa
(Kamepbl +
nmpapel +
AATYNKM)

CemaHTHyeckasd
cermeHTauusa

Ob6HapyKeHue U
npocnexxmnsaHme
obbeKToB

Pe3yanaT: ANHaMUYEeCKaA TpexmepHaa CeMaHTNYECKaa Mo4eNb oxpymarou.l,eﬁ 0bCcTaHOBKMU




CeMmaHTUYECKUU KoppenaTop
nNna obHapyKeHUsa obbeKToB
No OAHOMY 3TaNOHY
NN MasIoOMy YNCNY 3TA/ZIOHOB



1. KoppenaunoHHoe obHapyXeHune
00BbEKTOB Ha n3obpaxeHusax (Image Matching)

OTanoHHbIN oparMeHT TecTtoBO€E nM30bpaxeHne

. Jlokanusauyms
| obbekTa

KoppensaunoHHbIN NunK

km

mak(Es, 72) = 0.67695

2. CpefHee OTHOLLEHWe curHan/wym
3. Hann4une noxHoro nuka
4. Hnskoe oTHOLIEHNEe curHan/wym

064 . NMpumepbl AByMEpPHbIX KOPPENnALUOHHbLIX NOSen:
e i 1. BblCOKO€ OTHOLLEHME CUTrHanN/Wym
160
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KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

KoppenaTop:
+ [laeT NoKanmM3auuto Ha nsobparkeHunm
+ paboTaeT No ogHOMY 3TaNIOHY

- He MHBAPMaHTEH K MacLuTaby, p:

- He LOMYCKaeT U3MEHUYMBOCTH (O}

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

KoppenaTop:
+ [laeT NoKanmM3auuto Ha nsobparkeHunm
+ paboTaeT No ogHOMY 3TaNIOHY

- He MHBAPMaHTEH K MacLuTaby, p:

- He LOMYCKaeT U3MEHUYMBOCTH (O}

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

KoppenaTop:
+ [laeT NoKanmM3auuto Ha nsobparkeHunm
+ paboTaeT No ogHOMY 3TaNIOHY

- HE MHBAPMAHTEH K MacLUTaby, p:
- He JloNyCcKaeT U3MeHYMBOCTU I

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

Koppenatop: E
+ JaeT IOKaNM3aumio Ha U306 pakeHuu
+ paboTaeT Nno 0o4HOMY 3TaJIOHY s F
- HE MHBAPMaHTEH K MacwTaby, pakypcam
- HE AONYCKAEeT U3MEHUYMBOCTU GOPMBI

., pe3ynerat oOHapyXeHus
:.‘ 'l. 7 . -T?H_"J?- 3

r Lu‘

2R |

TEKYLLUUN 3TanoH

!

CM€EHa 3TaJ1OHa

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

-

KoppenaTop: :
+ laeT IoOKanM3aumto Ha n3obparkeHnm

+ paboTaeT No ogHOMY 3TaNIOHY i

- He MHBAPUaHTEH K MacLTaby, paKypcaiM
- He AOoMNYyCKaeT U3MeH4YMBOCTN GOPMbI

TEKYLLUUN 3TanoH

CM€EHa 3TaJ1OHa

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

KoppenaTop:

+ laeT NoKanm3auuto Ha nobparkeHum

+ paboTaeT No ogHOMY 3TaNIOHY

- He MHBAPUaHTEH K MacLTaby, paKypcaM 3
- He AOMNYCKaeT USMEHYNBOCTH (I)OprI \\ 49
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TEKYLLUUN 3TanoH

CM€EHa 3TaJ1OHa

nocriegoBaTesyibHOCTb KaapoB



KoppensauynmoHHoe npocnexmsaHue
OOBEKTOB Ha BuaeornocneaoBaTeribHOCTAX

OCHOBHOWM HeAOoCTaToK
KOPPEeNnsTopos:

npob6iema N3MeH4YNBOCTHU
3TanoHa (noTpebHOCTHL B
MHOXECTBE 3Ta/IOHOB)

nocriegoBaTesyibHOCTb KaapoB



2. CemaHTnyeckmn nouck (Image Retrieval)
B KONneKkunax nsobpaxeHun npu nomowmn N'KHC

3anpoc (3TanoH)

\ The alhfle House

91 sl Sloy

CeMaHTMYeCKMIN NOUCK:

+ paboTaeT N0 OAHOMY 3Ta/IOHY

+ MHBApPMaHTEH K MacwiTaby, pakypcam, AOMYCKAET USMEHUYMBOCTb POpPMbI
- He JaeT JIoKanm3aumio Ha n3obpaxKeHnm



3. ObHapyxeHne n pacrno3HaBaHne 06 bEKTOB
B peanbHOM BpemeHu npn nomouwin NKHC

MnoTesy 0 NoN0XKEeHUU FKHC-peTekTop:
obbekTa (0bbemnowmin  + UHBAPUAHTEH K MaCLLITaﬁy,

NPAMOYrO/IbHMK) paKypcam

+ AOoNyCKaeT N3SMeHYNBOCTb
dbopmbl

+ 1aeT NOKaAM3aLmnio obbeKTa
Ha n306paxKeHumn

Fnybokana cetb popmupyer
DNA KaXKA0U AaUerku
pa3bueHuna Kagpa:

MacKy cemaHTUYeCcKowm fMnotesbl
cermeHTauum (cteneHb KNnactepusyroTtca + He pa6OTaET no oaHomy
NPUHAANEXHOCTH n popmupyerca 3TaNOHY, TpebyeT Ans
SRR CAEEEEE) OKOHHATENbHBIN CMUCOK  GyyeH A TMraHTCKOM BbIBOPKM
OnucbIBaloLWMe NPAMOYTroNbHUKM __ . VctnhHbin GT for cell:
M METKU KNaccoB X CprafompmeyroneHuk o -
1 X
Y,CT-C
Oeckpuntopbl ANA sYeek » 5 XlGT &
6T —
pelieTkn (C..C) Y57 - C:,
L) (XZ%\ GT for cell:
PewéTka KoopauHaT NpsIMOYrofibHUKOB ()
—0 0
0
0
f — 1
PelwwéTka ceMaHTU4€CKOW cermeHTaLmm
Test
OAHONPOXOAHDIN ANTOPUTM OBHApPY>KEHUA N pacno3HaBaHMA 06 bEKTOB 47




«3 B 1»: 3ada4a cemaHTU4YecKoro Noucka
06beKToB Ha n3obparkeHum

3a4a4a CeMaHTUYEeCKOro noucKa:

3aZa4yel CEMAHTUYECKOrO CpaBHEHMA Ha30BeEM Mnpoueaypy obHapyXKeHua o0b6bEKTa
Knacca no 3a,aHHOMY 3TaNIoHY K/acca (M3obpaxkeHunto NMbo Habopy N30b6paskeHni).

CemaHmuyecKuii NoOUucK — NoUcK 06veKmoe mozo-xce Kaacca npu ycaoeuu
cywecmeeHHbIX U3MeHeHUl KAaK 8 rNosoX eHuUuU U 8 YC/108UAX CbeMKU, MaK U 8
cmpyKmype camozo obvekma (Hanpumep, 06veKkm usmeHun KoHgpuzypayuro)




«3 B 1»: TKHC ansa

CEMaHTUYECKOM Koppenauum

BbixogHow cnow

b RN

Hdeckpuntop

(onucbiBaloLWwme NPAMOYrofibHUKU 3TanoHa N
HanAeHHbIX 06BHLEKTOB) FKHC CeMaHTUYECKNIN KOppenaTop:
Cema eckoro
— + MHBapMaHTeH K macLuTaby,
JeckpunTopbl
ANsi BXOAHOro == cront PaKypCam
n30bpaxeHnn e""::;':';;ic + JOMYCKaeT U3MEeHUYMBOCTb
FKHC FKHC dopMbI
HAeTekTop Leckpuntopa 7
06LeKToB sTanoHa + JaeT IoKanmsaumto obbekTa Ha
n3obparkeHum
. S = S = + paboTaeT No 04HOMY 3Ta/N0OHY,
ecToBoe 3TanoH
n306paxeHne He TpebyeT ana obyueHusn
OAHONPOXOAHDIN aNTOPUTM CEMAHTUYECKOTO NOUCKA FUraHTCKOW BbIGOPKHU

N METKMU KJiaccoB

Hdeckpuntopb
peLweTkm

-

TecTtoBOE n3o6paxeHue

OpHon POXoAaH bIX aJIrdPUTM NOUCKaA

OnucbiBarowme NnpPpAMOYroJyibHUKU

UCcTUHHBbIN
o1y o, MpAMoyronbhmuk  GT for cell:

(xl 1] ) leT— CX

1 ANSA avYeek GT
3 XZGT — Cx

zm GT for cell:
PewéTka koopanMHAT NPAMOYronbHUKOB ()
—0 0
0
0
— 1
PewéTka cemaHTU4YECKOM cermeHTauuu




ANrOpUTM CEMAHTMYECKOro NOMCKa N306parkeHni




KayecTBo paboTbl ceMaHTUYECKOro KoppensaTopa

O6yueHue:
» Basa nsobpaxeHui ILSVRC 2014 — 456567 nsobparkeHmin, 200 KaTeropuin 06EKTOB C
OTMEYEHHbIMU 06 BEMNIOLLMMM NPAMOYFO/IbHUKAMMU
= 512x512 — pa3mep BXoaHOro nsobpaxeHua ans obHapyxKeHna obbeKTa
=  128x128 — pa3amep M306parkeHns-3anpoca (3TasioHa, XapaKTepU3yrLLLEro Kiacc)
TectupoBaHue:
= Ba3a n3obparkeHnn ILSVRC 2014 — 200 n3sectHbix and 90 HEM3BECTHbIX KN1accoB 0ObEKTOB
DOCTUrHYyTbIN pe3ynbrar:
* KauectBo 06HapykeHMAa MAP gna HeM3BeCTHbIX K/1accoB
coctasnsaet 85% MAP ana nssectHbix Knaccos!

KauyecTBeHHble NnpMmepbl paboTbl CEMAHTUYECKOTrO KOppenaTopa:
n30bparkeHne-3anpoc, TecToBoe n3obparkeHne n KoppenaumoHHoe none



OrpaHun4yeHuA

N HepellueHHble npobnembl
(8 pamKax nepsol 80s1HbI
mexHoso02u4ecKoU pesosroyuu)



OcHOBHOe PYHKLUMOHANbHOE orpaHnyeHue Knaccuyeckmnx CNN:
HEBO3MOKHOCTb MOCTPOEHMA N UCMONb30BAHMA CTPYKTYPHbIX
Mmoaeneun, NPOCTPaHCTBEHHO-BPEMEHHbIX JTOTMK U OHTONOTNU

AN aHA/IU3a C/IOXKHbIX OObEKTOB U ANHAMUYECKUX CLUEH

Mopaenb cobbiTUiM 1 NpoLLeccos

Group walking, Group
running, Group merging Mogaenb cueHbl
and Group splitting.

5e3 0] 6yL-| eHNNda Non yL-I dOTCH BB(?BBx), BB(?BBy), Frame(?F1), MBB(?MBB1), MBB(?MBB2), BB_Detected_In_Frame(?BBx, ?F1),

BB_Detected_In_Frame(?BBy, ?F1), BB_Bottom_Left_Point_Y(?BBx, ?h), BB_Bottom_Right_Point_Y(?BBy,

C n M LL| KO M C n O).K H bl e 2d), BB_Number(?BBx, n4), BB_Number(?BBy, 5), BB_Top_Left_Point_X(?BBx, ?a),

BB_Top_Left Point_X(?BBy, 7?f), BB_Top_Left Point Y(?BBx, ?e), BB_Top_Left Point Y(?BBy, 7I),

O I—I M Ca H Mﬂ Oq e B MAH bIX plj-l ﬂ » BB_TOp_Rjght_POint_X(?BBX, 7]), BB_Top_Right_Point_X(?BBy, 7b], BB_Top_Right_Point_Y(?BBy, 7C),

MBB_ID(?MBB1, ?n1), MBB_ID(?MBB2, ?n1), Number_BB_In_Frame(?F1, 2), Number_Frame(?F1, ?nl),

v Number_MBB(?MBB1, 7n2), Number MBB(?MBB2, ™n3), add(?x2, ?b, 20), greaterThan(?a, 7b),

L'IenOBEKa CMTya LI.” M greaterThan(?h, ?d), greaterThan(?n3, ?n2), greaterThanOrEqual(?b, 7x1), greaterThanOrEqual(?e, ?c),

lessThanOrEqual(?a, ?x2), lessThanOrEqual(?e, ?d), subtract(?x1, ?a, 20), subtract(?z1, 7j, 7f), subtract(?z2,

7h, ) -> BB_Represent MBB(?BBx, ?MBB1), BB_Represent_ MBB(?BBy, ?MBB1),

MBB_Detected_In_Frame(?MBB1, ?F1), MBB_H(?MBB1, ?z1), MBB_Top_Left Point X(?MBB1, 7f),
MBB_Top_Left_Point_Y(?MBB1, ?1), MBB_W(?MBB1, ?z2)

Events detection using a video-surveillance Ontology and a rule-based approach,
Yassine Kazi Tani, Adel Lablack, Abdelghani Ghomari, and loan Marius Bilasco, 2014



TexHonornyeckasa npobnema: KoHcTpynposaHue n obyueHme CNN -
ANNTENbHbINA PYYHOWU NPOLECC C HErapaHTUPOBAHHbLIM PE3y/IbTaTOM

HeTt n He npegBnautca Teopmumn noctpoeHusa u obyuyeHmna CNN,
KOTOpaAd 6blna 6bl cnocobHa OTBETUTH Ha cnegyrouwme oCHOBHblIE BOMPOCHI.

- KakoBa gomkHa 6biTb cnoxXHoctb CNN ana peweHun
3aj4ay onpeaeneHHOro TMna Ha AaHHbIX onpeaeneHHOM
CNOXHOCTM Npu 0byyeHnn Ha BbIBOPKax onpeaesieHHOoro
pa3mepa’

- Kak ontumanbHo popmumnpoBaTtb CTPYKTYpY ryboKoi cetu
AN KOHKPETHbIX TUNOB 33434 U KOHKPETHbIX TUNOB AaHHbIX?

- Kak ontTumanbHo popmupoBaTb cTpaTermio obyueHus
rnyboKou ceTn 415 KOHKPETHbIX TUMOB 3341384 U KOHKPETHbIX

TUNOB AaHHbIX?

- OT Yero 3aBUCUT CKOPOCTb 06yueHnA ryboKom ceTn, 1 Kak
Ha Hee BAMATb B npouecce obyyeHna?

- Kak 3apaHee oueHUTb A0CTUXKUMbIE pe3ybTaThbl
HeKkoTopoM 3aaaHHon TKHC npu obyyeHnmn?

- Kak npeackasaTtb uam xota 6bl cemaHTUUYECKMU
MHTEpPNpPEeTUPOBaATb CTPYKTYPHbIE ONUCAHUA, KOTOPbIe
noporkaaeT rnyboKasn ceTb?




2015: Anroputmumnueckoe obecneueHue, Heobxoammoe
ANA aBTOHOMHbIX MHTEN/IEKTYa/IbHbIX CUCTEM

llepeasa eonHa BN InyboKkue cemu yyamca uzpamo
mexHosno02u4YecKou u.ynpaenamso Ha npumepax, Ho 8
pesonoyuu: u2pax ¢ KoMmbuHaMopHsIM
rny6oKoe JdaBuUllauud 83pbl8OM Cyw,ecmeeHHOo
obyueHme+ ycmynarom 4yenoeeKy
3penne CEeHCOPHbIX (nhanMpoBaHue NporHos UN:
aH = /:,:'* A/ 3aL||MF|, 2030+
KoHcmpyupoeeaHue eHme,...) rpbl /
u obyyeHue \ a p
v a3poie mexco

0numenoHbolii py4Holi Mawuh " YYCCTBEHHDbIN p 2ny6OKU ,:',
npouyecc ¢ S INEKT
HezapaHmuposdHHeim | OOYYHEHHUE ” obyueHuem,

(6a3pl 3HaHMNK, 6a3zamu 3HaHuli
pe3ynomamom. (aHan
CnoxcHo dobbisame T OlfnKa, u cucmemamu
6onbwue 0aHHbIe 9nA a palcyKaeHuns) asmomamu4ecKoz2o
obyyeHus 8o ecex ebleooda
HYXCHbIX OOMeHax N~ coxpaHsemcs




[lepcneKTuUBHbLIE
meToAbl U HaNpaB/1eHUA

rnyboKoro obyueHus

Bmopou sman coepemeHHOoU
pesosaryuu 8 MAWUHHOM oby4yeHuu
U aHasu3e 0aHHbIx (2017+)
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KomnbloTepHoe 3peHne n mawmHHoe obyyeHue
ANA UHTENNEKTYa/IbHbIX CUCTEM

(2017+, emopas sonHa mexHonozuveckoii pesontoyuu)

nyboKune copeBHylOLIMECA CETU ANA UMUTALUU AAHHbIX
GAN, Domain Transfer Learning, Zero-Shot Learning

UHTepnpeTtauma guHammnyecKoum BusyasbHo MHGOpMaLUK Ha
ecrectBeHHoM fA3blKe Action Detection and Prediction, Video
Annotation, Video and Language Understanding, Text-to-Video, VQA

ObyuyeHue rnyboKnx ceTem Kak aKTUBHbIX areHTosB
Reinforsement Learning, Lifelong Learning

'nybokoe obyueHue ¢ NCNONb30BaHMEM CTPYKTYPHbIX Moaenen,
6a3 3HaHUM 1 Nporpamm 1I0rMYecKoro BbiBoAa
Graph Structured CNN, Deep Visual Reasoning

CNN pna ctpaterMyeckmx urp ¢ KOMOUMHaToOpHbIM B3PbIBOM

ABTOMaTU4YECKOEe KOHCTPpyMnpoBaHue n obyueHume rnybokux cereu



Domain Transfer Learning

From dataset to dataset

From RGB to depth

[MepeHoc Bbly4eHHbIX 3aKOHOMEPHOCTEN B HOBYIO 06/1aCTb MPUMEHEHUA

Adaptive Deep Models across Visual Domains, Kate Saenko, ICCV, 2017



[eHepaTMBHbIE KOHKYPUPYIOLLUE CETU

Adversarial networks

Encoder Reference

Encoder Adversary

Generates features such Tries to discriminate

that their distribution P between samples from P and
matches reference samples from Q

dictrihittion O

leHepaTop co3aaer Busyaanble o6pa3sbl, cTapafAcb 06maHyTb AIUCKPUMMUHATOP...

§—

@2
Encoder

l
s«qua!.l‘ubeu J

can be shared
Unlabeled Target Data
.E @Q =

&~

AN
./l \,‘l
'&/&4

...JAJMUCKpMMUHATOP cTapaeTca oTMunTb paHTasum leHepaTopa OT peasbHOCTH

Adaptive Deep Models across Visual Domains, Kate Saenko, ICCV, 2017



Generative Adversarial Networks (GANSs)

Summer _ Winter

horse — zebra winter — summer

Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks,
Jun-Yan Zhu et al., ICCV, 2017



GAN - ceTb,
obnaparowian
BOObpakeHnem!

Unpaired Image-to-Image Translation using Cycle-Consistent
Adversarial Networks, Jun-Yan Zhu et al., ICCV, 2017




Deep Robot Grasping with GAN

‘ (b) Synthetic Images
(a) Synthetic Images Adapted with our Approach (c) Real Images

A TOTAL OF MORE

THAN 25.000

Using Simulation and Domain Adaptation to Improve pHYS|CA|_ TEST [;RASPS
Efficiency of Deep Robotic Grasping, Bousmalis et al., 2017




[MpmeHeHne KoHKypeHTHbIX TKHC ana cuHTesa ¢poTopeannucTmyHbIX
nsobparkeHun pasnnyHoro amanasoHa (FfocHNMMAC-2017)

peanbHoe TB peanbHoe UK nsobpaxxeHue

n3obpaxkeHue

peanbHoe UK peanbHoe TB nsobpaxkeHue
n3obpaxkeHue




Visual Description of Image and Video

Visual Description: Image Captioning

men playing fnsbee END

';’: :" o‘ > .4 K

Convolutlonal Network Recu rrent Network

Visual Description: Paragraph Description

This is an image of a baseball
game. The batter is wearing a
white uniform with black lettering
and a red helmet. The batter is

wearing a white uniform with T . - AT D e
black lettering and a red helmet. ! i a b is playing a guitar
The catcher is wearing a red S

helmet and red shirt and black

pants. The catcher is wearing a red

shirt and gray pants. The field is

brown dirt and the grass is green.

Closing the Loop Between Video and Language, ICCV Workshop, 2017



Visual Description of Image and Video

Visual Description: Visual Storytelling

—— —

a little girl standing  the sandwich has the pictureisofa awomanis holding a little kid hanging
in a room in front of meat, tomato, girl who appears to a little girl and onto the brown
a cutting board cheese, and be gong to school smiling . wooden bench .
cucumber on it. giving a thumbs up

a little girl getting the girl made a afterlunch, thegirl  the girl met with  later she spent tirr
ready to make lunch sandwich with gotready to go. her beloved in the park .

%]

S =

@ O

=§, B cucumber and meat caretaker .

she Is getting ready she took a delicious she was all thumbs she fell in love with  after school we
&  for her first day of sandwich . whenwedropped  hernewschool decided to rest up
& school , her off . teacher .

Huang et al. (2016). Visual | Storytelling. NAACL

Closing the Loop Between Video and Language, ICCV Workshop, 2017



Visual Question Answering

Bonpochbl |
Many questions can be asked about an image caMe |
* Isit sunny? Pa3INYHbIX

Is it safe to cross the street?
How many cars are parked on the road?

How does the person
in the middle feel? »

S Ll

l
.- @

Bonpocsbl, Tpebytouiye

CLEVR Dataset paccyXaeHunmn
Q: Is there a blue box Q: What shape object Q: Are all the balls small?  Q: Is the green block to the
in the items?” A: yes is farthest right? A:no right of the vellow sphere?

A: cyvlinder A: ves

Closing the Loop Between Video and Language, ICCV Workshop, 2017



Reinforcement Learning = OnepaHTHOe Hay4yeHue poboToB

v

.t§

.3

i
)

4

¢ ObyueHuMe c noaKkpenneHnem
/.. = obyueHue nytem

=]

RS noowpeHnn UAM HakasaHuA
| CMNOHTAHHOMU aKTUBHOCTU |



MoHuMaHue BuaeonHPopmaLumu KaK KoonepaTtuBHasa urpa

ABYX areHToB, BeayLiuX aManor
©

AreHT Q He BMAUT AreHT A BUAUT

& @ 5i
£ (a—— 2
nsobpaxeHue B e~ m— 2 =i usobpaxeHue
o3 - o - ~ - ot
© s Aot N
[ Two zebra are walking around their pen at the zoo.

S
Ooz;: : J Q1: Any people in the shot? ]
o

[ A1: No, there aren't any. '~

=)
a4

©
2 o@ Q10: Are they facing each other? J

[ A10: They aren't.

[ [0.1,-1,02, . 05] ]

| think we were talking about this image! ]
Qe

Learning Cooperative Visual Dialog Agents with Deep Reinforcement Learning,
Abhishek Das, Satwik Kottur, José M. F. Moura, Stefan Lee, Dhruv Batra, ICCV, 2017



O6yueHune c nogKkpensieHMem aBTOHOMHbIX poboTos
B Hemn3BecTtHou supTtyanbHou 3D cueHe (challenge)

—
| Vihat is to the left of the shower? J

2. UcchepoBatb
ceMaHTU4YecKoe

1. MoHATb BONpOC

e

-

3. CnnaHupoBaTh MapLipyT

" : 3 J
- AW 3 3 %
> g - IR
G > 3 c -
o £

Learning Cooperative Visual Dialog Agents with Deep Reinforcement Learning,
Abhishek Das, Satwik Kottur, José M. F. Moura, Stefan Lee, Dhruv Batra, ICCV, 2017



Deep Visual Reasoning for VQA: reHepatop nporpamm

Question: Are there more cubes than yellow things? Answer: Yes

things—| LSTM | LSTM > gr:haatner Clas‘sifier
4 * .
yellow—| LSTM | | LSTM | count Exegutlon
B i Engine
filter
than—| LSTM | | LSTM —*| color greater_than
’ * [yellow] E) i
—
cubes—*| LSTM | | LSTM [—* <SCENE> co:nt coznt
4 v filter || filter
more—| LSTM | | LSTM [—* count color shape
* [vellow] [cube]
8 LS’TM LSTM ey t t
there —» —> | shape
3 ; o /  CNN \
Are —»| LSTM | “»| LSTM [—*| <sceNeE>
Predicted
Program Generator Program

Inferring and Executing Programs for Visual Reasoning, Johnson et al., ICCV, 2017



Deep Visual Reasoning for VQA: reHepatop nporpamm

Q: Is there a blue box Q: What shape object Q: Are all the balls small?  Q: Is the green block to the
in the items? A: yes is farthest right? A:no right of the yellow sphere?
A: cylinder A yes
: verall Accuracy
Predicted Program: Predicted Program: CLEVRO
exist query shape 10 PesynbraTt 95—7.
filter shape[cube] unique i ]
) npesocxoaumnT 89
filter color[blue] relate [right] P A ' “ & b
scene unique PE3Yy/ibTaThbl a
filter_shape[cylinder] YyenosekKa! I
filter_color[blue] 70 | |
scene 60 ;
|
50 {
: 47 l
Predicted Answer: Predicted Answer: ! |
J - ) I i - .
yes 7 Cyhnder 20 Q-type LST™ CNN CNNeLSTMJ Human  Ours-strong fOurs-semi Qurs-semi
mode ASTM  HSAMLP (700K prog.) 18K prog) (9K prog.)

Inferring and Executing Programs for Visual Reasoning, Johnson et al., ICCV, 2017



Visual Reasoning with Graph Structured CNNs

Graphs: Bridge to Language and Thought See' = pixels = spatially grounded graphs

The boy wants to go

o [o)
o 90 o
Human pose o™\ b B
?":— 9o c,":’B OQ:E
= o o
s N
N N _
Abstract Meaning Representation BN = . Segmentation
[Banarescu et al. 2013] ‘/ ety —
s ZAONS NN
"' « W q B =BE = B 5
0 = @ -.{ \...... ...é oy /
e @ =N == BN =N . ’ e _,_f,:"—;o
‘ ® o Abstract Syntactic Trees Tracking /[ T
= Image: Wikipedia e
)
(3) -
= o @

Google Knowledge Graph

Associative Embedding for Graphs

Objectmap  Relation map

decoder  Object bbox
=9 =
v v
A “Frisbee” E A [
(e : deocder relation __source. @?tﬁn
SIS '*T,; — \E—=
\ “catching™ ﬂu s
S decoder object bbox embedding
feature map f—’] D =
* G 7
H i { extracted feature vectors “doo” =H
Krishna et al, “16] w [T Il
Scene Graph Generation ( O]

Seen and Thinking, ICCV, 2017



Visual Reasoning with Graph Structured CNNs

Seeing and Thinking

; = Q: Is Beyster the tallest
///’ Vision Engine \_\\\ building on campus?

Knowledge Base Reasoning Engine

Why Premise Selection

Knowledge Base Reasoning Engine

Seen and Thinking, ICCV, 2017

Premise Selection

R e e = R
x ( NextTo(EECS, Beyster) \
v | Height(EECS) > Height(Dow) ’
X | Age(Dow) < Age(EECS) |
VxVy vz (x < A <zZ)ox<z |
A : ( | RAY D ) -5 | Vx IsBuilding(x) A OnCampus(x)
X | NumberOfClassrooms(Dow) = ) — Height(x) < Height(Beyster)

/
~. \ ;
¥

Q: Is Beyster the tallest
building on campus?

|

v

|

Knowledge Base Reasoning Engine

Learn Heuristics (“intuition”) for Premise Selection

Conjecture: VYx IsBuilding(x) A OnCampus(x) Fact: Age(EECS) < Age(Dow)
— Height(x) < Height(Beyster)

< .
S

NN ot

L Classifier 1

Y

Relevant / Irrelevant



Visual Reasoning with Graph Structured CNNs

Learn Heuristics (“intuition”) for Premise Selection

Conjecture: VxIsBuilding(x) A OnCampus(x) Fact: Age(EECS) < Age(Dow)

— Height(x) < Height(Beyster) e
% G )
- m \ b /
¢ °© [Graph Embedding ] [ Graph Embedding ]
s N L alll

[ Classifier ]

Y

Relevant / Irrelevant

Teaching Computers to See and Think

in Graphs and Embeddings

% Q
L
.lh.' [0 [ ]

7' Vision Engine "\ / \
18/ g N\ g0
-
o *
p $ L ]
i . @ o (,7-,.[!1—01 —_—
| o) it i
B o (&)
Knowledge Base Reasoning Engine

Seen and Thinking, ICCV, 2017

Deep Graph Embedding
Tema moero goknaga Ha MMPQO-2017

|
vx3y PG AQ(,Y) —> s @ =
Sy

HolStep [Kaliszyk et al. 2017]

Benchmark for machine learning for Theorem Proving
*  2M+ conjecture-fact pairs of higher-order logic statements

Conjecture: Va3 (sin(a) = sin(B)) = ((a = B)V(a == - 3))
Relevant fact: VaV¥j3 sin(a — 3) = sin(a)cos(3) — stn(3)cos(a)
Irrelevant fact: (z > 0) A (y > 0) — (xy > 0)
Sequence embedding Graph embedding
- |
f \
CNN CNN-LSTM QOurs

[Kaliszyk et al. *17] [Kaliszyk et al. "17]

Accuracy 82 83 90.3

He To/NbKO BM3yasibHble 3a4a4m!
CNN nokasbiBaloT siyylime pesysbraTthbl B
AaBTOMATUYECKOM JOKasaTesibCTBE TEOPEM




Visual Reasoning with Graph Structured CNNs

Teaching Computers to See and Think
in Graphs and Embeddings

Seeing: Pixels to Graphs

Connectionist Al ‘ ~ Symbolic Al

Teaching Computers to See and Think
In Graphs and Embeddings

o) =

Al @ -l
e 3
“V Vision Engine .L\O.lh
e
Ll
.\ >

=
()

‘o
=

Knowledge Base Reasoning Engine

Seen and Thinking, ICCV, 2017
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8 sude 2paga ceMaHmMuyecKux ceasel
110380715em ucros3o8ame 6a3bl 3HaHUU,
s102u4ecKkull 861800 U 38pUCMUKU

0718 aHAAU30 8UOEO0OAHHbIX O pedsibHOM MUpe



OT ALPHAGO K ALPHAZERO

Thousands of Steps

0 100 200 300 400 500 600 700 0O 100 200

Thou

2R loyt policy SL policy network RL policy network Value network ()0O - -
01? cemb ebluapana y 4emIuoHa rno uape e 0
2 | BREE
£ Iid TTTgT OAKpPernJieHUE
w ¢—+~t—f—f :
| | | 0
. f , ‘* Ld .
Q. \6;0 ( i I‘ 5= S [ [ Y 7 7% 5 72 A 8
4 AN R, anLdE Chess - 10*7 variants
’ Q :l & * § * ¢ M Go-10'" variants
Human expert positions Self-play positions A e —————
ST ] E i eise i ©
'E N AxN BE T9 ] R ﬁ
<l _H N il 2l SRR Pibasdt Sa N gl
2017 . n . . ’ » Leeee - wee "
ans. HeE B - g, te
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|!h ﬂﬂﬁﬁiﬁﬂﬂg' AW CDEFGH)KLMNOPORST
5000 © Chess o G Shogi Go
4000 + 4 yaca S — /
I 8 yacos
% 2y - AlphaZero
20001 —— AlphaZero —— AlphaZero —— AlphaGo Zero
1000 t —— Stockfish —— Elmo — AIphaGo Lee
O 1 I i

Cﬂadabl B! C CMOﬂUH C M. COKUHOB 2018
s TSSATIM um. M.B. Kesouiaa PAER (omy)



OBLIAA CTPATEMMA NOBEAEHUA

KoM6uHaTOpHbIM  B3pblB  NPMBOAMT K  HEBO3MOMKHOCTM / 06yueHme
(OpMMUpPOBaHMA U 3aNOMMHAHUA NPEeABapUTE/IbHOM OLEHKM BCeX & 'KHC ¢

AONYCTUMbIX AEUCTBUMA. noAKpenieHUeM

MpaBuna «urpbl» MOryT ObiTb KaK JAMCKPETHbIMM, TaK M
HenpepbiBHbIMM, Ba)XXHO Ha/MuMe Bbl6Opa a/lbTEPHATUBHbIX

NE€UCTBUM.
RL policy network Vaiue network

% :
E % 3 g RN
30 B3 B LY N
d lglclf)eoxpﬁ HO uepaem ,é ma c cobol u

8blyHUBAEI I8PUCMUKU DH_@HKU cumyayudi

) y-.i \ qu\". 1 q..L .

HOMIOU [RINON

Beg

Self-play positions

[ nyéuHa U LUMpUHA AepeBa aHaM3a
Pa3BUTUA CUTYaLMM OrpaHU4MBaETCA

A0CTYNHbIMA BPEMEHEM BblYUCeHUIA [ < | I
Cnauobl: B.C. CMonuH, CYM. CokosioB, 2018

M 0OHEMOM MaMATH. MMM um. M.B. Kendbiwa PAH (OML)




OT GO K STARCRAFT Ii

PLAYER

HEALTH VISION

MOJIHOLEHHbIM TAKTUYECKUM
BOEHHbIN CUMYJISTOP C YNPOLLEHHOM
MOJE/Iblo BeAeHus 609.

lpoTokon mini games :
MoveToBeacon: agsuxeHWe No MapLipyTy

CollectMineralShards: noctpoeHune
ONTUMA/IbHOrO MapLIpyTa Yepes n ToYeK
FindAndDefeatZerglings: [MoMCK 1 yHUUYTOXEHUE
OAMHOYHbIX BPaXeCKUX eanHUL,

DefeatRoaches: Mouck U yHMUYTOXKEHME
OAHOTUMHOM BPaXKeCKOM rpynnbl.
DefeatZerglingsAndBanelings: Mouck u
YHUUYTOXKEHME BPAXKECKOM rpynrbl, COCTOALLEN U3
ABYX TUMOB NPOTMBHMKOB.
CollectMineralsAndGas: C6op pecypcos.
BuildMarines: MocTpoiKa 3aaHMM, c60p
pecypcoB, Npou3BOACTBO €ANHML,

Pa3smep nons 19x19 64x64, 256x256
W Bbllle
Tun urpsl noLuarosas peanibHOro BpeMeHu
C NoJIHOM C HEMOJIHOM
Hdopmaumen nHdopmaumen

Oco6eHHocTH Starcraft ll:

- 6onee 20 pa3nnyHbIX TUMOB 6OEBLIX €ANHML
n 6onee 15 TMNOB CTPOEHMM  ANA KaxKaoM U3
TpeXx CTOPOH KOH(M/IMKTa

- ANA KaXKA0M CTOPOHbl KOH(p/IMKTa 60eBble
eAMHULbI U CTPOEHMA UMEIOT YHUKa/IbHbIE
XapaKTEPUCTUKMU,BAUAIOLLME HA TAKTUKY
NpPUMEHEHMA

-Urpa c HenoJiHoM MHdopmaLmen
(HE06X0AMMOCTb pa3BeaKM U T.4.)

- Ha/IM4Me ynpoLEHHOM S3KOHOMMYECKOM MOAENU

- C/I0XHble UrpoBble npaBuaa (Hainume
aBuaumu,lNBO, apTmnnepmm, NnpoxoamMMbix/
HEeNpOXOAMMbIX Y4aCTKOB MECTHOCTMU)

- NpaBuJ1a KOHKYpCa 0643bIBalOT
MCNO/Ib30BaTb CTaHZAPTHbIM UHTEepdenc
no/sib3oBaTe s



UA-UHOOPMALIMOHHAA CUCTEMA

NepcneKkTUBHbIE rNYGOKUE HEMPOCETEBbIE MOAENU

AOXKHbI NO3BO/IMTb ONEPATUBHO CTPOUTL MOAENM //  Takmo-
TaKTUYECKUX CUTYaLMM M NPOBOAUTL aHa/IM3 " CTPaTﬁ;g:IeC"“e

ONTUMAa/IbHbIX NYTEN PELUEHUA CTPATErMYEeCKUX 3aJau

B 80eHHO-cmpamezau4yecKkux ugpax cemu

" MOKa rpouzpbiearom 4esio8eKy, HO CyO0s Mo
< OuHaMuKe pa3sumusi, Ha4Hym ebiu2pbleamsb
qepes 2 3 200a (2020+)

-.. ‘ 1-:i": - ./ =.

& COMPAN’ “PLATOON— 4
‘BATTALIONCP = =

DIVISION CP — |

Cnatoebi: B.C. CmMonuH, C.M. Cokonos, 2018
MMM um. M.B. Kenodbsiwa PAH (OUL)



nyboKune cet GopmMUpYIOT U y4aT rnyboKkue cetu

ObyuyeHue c noakpenneHnem. Q-Learning.
32 GPU (Mpeabiaywmnin BapmnaHt 800 GPU)

Accurac Sample blocks ' '
ey P Conv,3 Conv,5 Conv,3
Block List [ AvgP3 |
- add | | concat |
j \
L0
envl e e _

Practical Network Blocks Design with Q-Learning, CVPR-2017
https://arxiv.org/pdf/1708.05552.pdf



nyboKue cetm popmMmpyIoT U yyaT rnybokme cetu

(—) 0.930 .
Sample architecture A
with probability p 0.925} —
R
=F
2 0.920 e
_ _ 80915 TSI
Train a child netwark S e ——
with architecture A to % 0910 ORI R P
The controller (RNN) 500 GPU convergence fo ge! 2 age T
validation accuracy R 3 —RiTop 1 Uniaue Modes
2 0.900 - - RLTop 5 Unigue Models |+
- RL Top 25 Unique Models
= e |
(ﬁ == RS Top 25 Unique Models
f‘;:'“ dgar;dt'ﬁfc‘;ﬂ’r;‘;: 0-8905 10000 20000 30000 40000 50000
t P I Number of Models Sampled
Image Net Model image size | # parameters Mult-Adds | Top 1 Acc. (%) Top 5 Acc. (%) Asmomamu4ecKu
Inception V2 [19] 224x224 11.2M 1.94B 74.8 922 CCbOpM HeleeiRisieys
NASNet-A (5 @ 1538) 299299 109M 2.35B 78.6 94.2 eﬂy6OKU6 cemu
Inception V3 [36] 299 %299 23.8M 572B 78.0 93.9 griepesoie
Xception [3] 299x299 |  228M 8.38B 79.0 94.5 npee3ownu
Inception ResNet V2 [34] 299x299 55.8M 13.2B 80.4 953
NASNet-A (7 @ 1920) 299299 22.6M 493B 80.8 95.3 nokasamenu
ResNeXt-101 (64 x 4d) [41]  320%320 83.6M 31.5B 80.9 95.6 2nybokux cemed,
PolyNet [42] 331331 92M 34.7B 813 95.8 ChOPMUPOBAHHBIX
DPN-131 [4] 320x320 79.5M 32.0B 81.5 95.8
SENet [15] 320320 145.8M 42.3B 82.7 96.2 ALl
NASNet-A (6 @ 4032) 331x331 88.9M 23.8B 82.7 96.2 (2017)

Learning Transferable Architectures for Scalable Image Recognition, CVPR-2017
https://arxiv.org/pdf/1707.07012.pdf



2018: Anroputmumnueckoe obecneueHue, Heobxoanmoe
ANA aBTOHOMHbIX U MHTEN/IEKTYa/IbHbIX CUCTEM

Bmopasa eonHa
mexHosno2u4yeckou

peesoaryuu:
rnybokoe
obyuyeHue+
KOMNblOTEf
3peHue+
6a3bl 3HaHuU+
CeMaHTU4YRCKue

0¢  (O6paboTKa

mogenun+
cucTembl

NOTUYECKOro

BblBOAA+ y6VaeHUe .
aBTOMaTuyecKqe (aHan (6a3bl 3HaHUNY,

OrnKa, (1
CYMAEHM ﬂ) Bce Heobxo0umoe
0719 A8MOHOMHbIX

I
. 'ONL'E—"-@'“/ cucmem!

nporpammmpoBaHue+

obLeHune c YyenokeKom
Ha ecTecTBEHHOM SisbiKe+ nobeaa B rot
OonepaHTHOE HayYEeHUE AFEHTOB + ceTH, 06

NaHHbI
P




MporHos (2020+): BOSHUKHET eanHan TexHonorna obyyaemoro
MAaLLUMHHOIO UHTE/NNIeKTa, KoTopasa obecneyumr:
e BepeHne nHpopmaTMBHOrO ABYCTOPOHHero gnanora UM-UN n UN-onepatop

Ha eCTeECTBEHHOM (pYCCKOM) A3blKe B rnpouecce NoCtaHOBKU U BbINO/IHEHUA
onepaTtuBHLIX 3aa\4,

e ObyueHune NKHC peweHuto 3aaay 06paboTKkM CEHCOPHOM MHPOPMALUN C Y4ETOM
3a4a4 ynpas/ieHus;

e O6byuyeHune FTKHC noHMMaHUIO CNOXKHOM HabntoaaemMmon AMHAMNYECKOM CLUEHDI
C UCMONb30BAHUEM CTPYKTYPHbIX moaenen, 6a3 3HaHUN U IOTMYECKOTO BbIBOAA;

e O6byueHne TKHC aBTOHOMHbIX CUCTEM, AENCTBYIOLLUX B 3apaHEe HEN3BECTHOM
BUPTYanbHOW AnHammnyeckomn 3D cueHe;

e HenpepbiBHOe camoobyyeHmne FTKHC NN Ha npoTAXKeHUM BCero uuKkna
NX PYHKLUMOHMPOBAHUSA;

e ABTOMaTU3UPOBAHHbIN NPOLECC KOHCTPYUPOBaHUA, 0by4eHNA N onNepaTUBHOIO
noobyyeHmna ’IKHC NN c ncnonb3oBaHmnem oby4yarowmx rnybokux ceten.

YpoeeHb mexHono2uu obyyaemoz20 MmawuHHO20 uHmesnnekma (2020+):
MonHasa 2o0mosHocmb K OKP no co30aHuU0 uHmenaekmyanoHoix cucmem!



[lpoeKTbl n pe3ynbraThbl
dryn «rocHUMAC» 2018



MpeobpasoBaHue 2D usobparkeHUM
B 3D BOKcenbHYI0 moAe/ib C MOMOLLbIO
reHepaTUBHbIX KOHKYPUPYIOLLUX CETEN

85



/':j\“'x e

— - >

« [ns npeobpaszoBaHUst LBETHOIO N300paXkeHns B BOKCENbHYIO MOAENb
pa3paboTaHa reHepaTuUBHO-cocTA3aTenbHaa cetb Z-GAN

« [ns acpdekTnBHOW nepenadn KOHTYPHbIX NPU3HAKOB OT N300paXXeHns B
BOKCESbHYI0 Mofesb pa3pabdboTaH HOBbIN B BOKCENbHOW MOAENM:
«ppyKcenbHaa Moaenb»

«  @pykcernbHas Mogenb AeNUT NPOCTPAaHCTBO CLEHbI Ha TpaneuneBnaHble
aJfIeMeHThI

* [lpun 3TOM KaXXabl 3NIEMEHT KOHTYPHO COOTBETCTBYET MCXOQHOMY MUKCENY
n3obpaxeHus

MpeobpasoBaHue M306paXKeHNA B BOKCE/IbHYIO MOAeNb 86




ApXUTEKTypa ceTu

256 X 256 X 3 128 x 128 x 32 64 X 64 x 64 32x32x128 16x16%x256 8x8x256
4 x4 %256
2 X2 %256
1x1x256
a a [=] a [=] a [=] a
EP EP P 2 Ep Ex P e
S< S+ S~ S g+ S~ A S+
. —> —> —>

-~ —-F-m-n-s
|
|
|
|
|
|
|
|
|
|
|
|

4_—_—_—_—_—_

1
|
1
1
|
1
|
|
|
|
1
v

€¢——————-— -
¢ - = ——— -

a_ Q< Q< Q< Q< S+ N az
z X z X z X zx 2 x z X z X z X
S— 5 < S S S < SN SN SN +
gXx g X g g3 |3X W_‘éé 35
— o < © o <
Ix1x1x512
2X2x2x%x512
4x4x4%512
88X 8x8x%x512
16 X 16 X 16 x 512
128 x 128 x 128 128x 128 X 128 X 64 64X 64 x 64 x 128 32X 32x32X256
2D conv. D nv. . . ! .
co 3D deco — 2D convolution <— 3D deconvolution I Copy inflate
feature map feature map v

* ApXUTEKTYpa CeTu OCHOBaHa Ha CeTU pix2pix
« [obGaeneHbl 3D OeKOHBOSOLUMOHHbIE (PUNBLTPDI

MoaundnumpoBaHbl CKBO3HbIE CBS3U MeXQy CrosiMu (BepTukaribHble NMUHUK) angd
nepenayn 2D npusHakos B 3D npmnsHaku

MpeobpasoBaHue M306paXKeHNA B BOKCE/IbHYIO MOAeNb



Pesynbrarthl

Input GT TL-network MarrNet 3D-R2NZ2  Z-GAN

« TecTupoBaHue ceTu nponsBoannock Ha Bblbopkn Pascal3D+
« CeTb cpaBHMBarnachb ¢ TpeMsi apxutektypamm «state-of-the-art»

« Z-GAN npeBocxoauT aHanorn B paspeLleHnn BoKCernbHON Modenu u
BO3MOXXHOCTU Npeacka3aHnsi HeCKONbKNX 0ObEKTOB B Kaape

MpeobpasoBaHue M306paXKeHNA B BOKCE/IbHYIO MOAeNb 88



MpeobpasoBaHue 2D nsobpaxkeHuu B 3D BOKCE/NIbHYIO
MOZAeNb C NOMOLLbIO FreHepPaTUBHbIX KOHKYPUPYIOLWUX ceTei

§i ECCV 2018

European Conference
on Computer Vision

8 - 14 September 2018 | Munich, Germany

4rd International Workshop on Recovering 6D Object Pose

BEST PAPER AWARD

Vladimir A. Kniaz, Vladimir V. Kniaz, Fabio Remondino

for their work

Image-to-Voxel Model Translation
with Conditional Adversarial Networks

9th September 2018, Munich

89



Mpoekt OO0 «lasnpomHedTb HTLL»:
AHanNun3 KapoTaXXHbIX Anarpamm
ANA aBTOMAaTUYECKOU Koppenauuu
pa3pe30B CKBaXXWH

90



iR

pea; bopmayy @%

o gk
MNopasecHoit 6nok-6anaHc
leodpuamnyeckuin
noabeMHUK ¢ nebeakoin N
N
Hanpasaaiowmit —
« 3aueMeHTUMPOBaHHbIN KOHAYKTOP SP

reodusmnueckuii Kabenb

— CkBa)kuHa c X

_ OetekTop ¢pusnyeckoro nons
R reodusuuecknii npubop
"+ WcTouHmK reodmsnueckoro nons

KouBaa TMC npeACTABASET COOOM OAHOMEPHbLIM CUTHAA, I'IO/\ye bil B
PE3YABTATE UMIMEPEHMI (MPU MOMOLLM AQATYMKA) 3HAYEHUM MHEKOTOPOTO
JOU3INYECKOTO MOAS HA PA3HBIX TAYOMHAX BAOAb CTBOAQ CKBODKMHAI

30A04YY MICCAEAOBOTEABCKOTO 1. CuHTE3 (BOCCTAHOBAEHME) CUrHOAQ TUC

2. Mpueaska NMMC-T1C
NPOEKTA MO NPUMEHEHMIO 3. NMounck (Koppeaiums) yHacTka CKBOXKMHbI

[KHC K aHAOAM3Y AQHHbIX TNC HQ APYTOM CKBOKMHE



CUHTE3(BOCCTAHOBAEHME) 3HAYEHMM CUTHAAQ U

CUHTE3 KPMBOMK NO APYTMM UCCAEAOBOHUAM

FEHEPATUBHbIX KOHKYPUP ) .
- FAYBOKUX KOHBOAIOL, bIX HENPOHHbIX CETEN
CUHTE3 Y4aCTKA KPpMBOU

Pryrn «rocHHUMACY),
A. Xamaapos, A. Ak
(OO0 «a3npomH

OTAEABbHbIM
AOKAQA!







~

KAXAOM

KOK NPEACTABUTb HEPETYAIPHYIO

CKBOXKMHbI AAS OOPABOTKM AQHHBLIX B CNN

OcHoBHas npob6Aema
CTPYKTYPY MOAS CKBAXKMH M CAOXKHYIO TRDAEKTOP



CUHTE3(BOCCTAHOBAEHWME) 3HAYEHMIN CKBAXMHbI

CPAC M HeENpPEPLIBHbIE 9APC [MpoeacTtaBaeHme TMC CKBAXMH CAOXHOM
AN YYETA HEPETYAIPHOM CTRYKTYPbl  JOOPMbI OAMHAKOBLIMK TEH3OPAMM
MOAS CKBAXKMH C AQHHbIMMU [NC

NKTD

Tema moero AOKAaAa Ha MMPO-2017
\

M | 0 2000

1 ml\ |LIO llsI;w_J.L

Pz

[6x1xN]

N-otcyetoB

a4

Y4ET POPMbI MOAA CKBAXKMH
N TDAEKTOPUM KAXKAOM CKBOXKMHDbI




CUHTE3 (BOCCTAHOBAEHUE) 3HAYEHMIN CKBAXMHbI

0.

.D 2000 4000 i

-

0’
N-orcueros . 0=

[6x1xN]

Y4ET POPMbI TPAEKTOP MM

CKBO>XMHbI

[lpeAcKa3aHne
NPOM3BOAMTCS MO MATU
OAVPKAMLLMM CKBOXKMHAM

KoopAMHATHI
OTHOCUTEABHO TOYKM X0,y0
OMOPHOM CKBAXMHbI

[lpeACKa3aHune
MPOOBOAUTCH AAS
MCCAEAOBOHUM g

NcCcAeAOBAHMU
MACLLUTAOOM
OTCYETOB

totca A0 1024



CUHTE3 (BOCCTAHOBAEHWME) 3HAYEHMIM CKBAXMHbI

AATOPUTM AYTMEHTALMU AQHHbIX:
1. M3 obyyatoLLen BIODOPKM CAYYOMHO BbIDMPAETCSH O CKBOAXKMH.

2. AAS KODKAOM CKBAXXMHbBbI HOXOAMUTCH 50 OAMPKAMLLIMX CKBOXKMH.

3. N3 natmaeCcatm CKBAXKMH CAYYAMHBIM ODPA30M OTOMPAETCH 5
TEKYLLMX OAMXKAMLLIMX CKBOXKMH, YIIOPAAOYEHHbIX MO PACCTOAHMIO AO

oSS




0.8

|\ i ”

0‘5\”"1'.1" '1 I
J'Jn "\ lr“l.:' \F.\Ab

0.4

0.2
0

1 ckBaXXnHA | 32 CKBOXXMUHbI CeTb

GPU (GTX 1080) 14 mc 46 mc ResNet50-ResNet18

CPU (Core i7 5930K 1 213 mc 6782 mc

noToK)

MOAEAMPOBAHME PELLETKM 256x256x1024 3gHMMAET
nopsaaka 3000 cek. (375 cek. npu 8GPU) npu
MCnoAb3oBaHMM GPU



CUHTE3 (BOCCTAHOBAEHWME) 3HAYEHMIM CKBAXMHbI




3SAKTKOYEHUE: KntoueBble npuaoxkeHua u texHonornm M (2020+)

SLAM, 3peHne n UHTenneKT
aBTOHOMHDbIX PTK n BJ1A,

Reinforcement Learning, GAN
PTK, BJ1A, ABTOHOMHbIN TPAHCNOPT

ObHapyrkeHne 0O beKTOB,
6opTosbie CNN, ATR,

KomnsieKcbl 0byvyeHma ATR
PTK, BJ1A, BTO, ACN

buometpua,
NHTennektyanbHaAn

BUAOEOAHA/IUTNKA
Cuctembl 6e3onacHoOCTH

CemaHTUYeCKaAa cermeHTauua,
ABTOMaTU4eckoe

AewndpupoBaHume
PasBeaka, MOHUTOPUHT

CTpaTerm4ecknim MHTENNEKT,
Reinforcement Learning, Deep

Reasoning, Urpbl/onepaumm
BoeHHaA cTparterua, 6usHec

GAN, pacno3HaBaHue CUrHaNOoB,
CTPYKTYPHblIE AQHHbIE,

CTPYKTYpPHbIE CeTun
[o6blua n ansanH marepmanos

AHann3 60/1blWNX AAHHbIX
o camoneTe / Kopabne /
npeanpuaTUmn
TpaHCcNoOpT, NPOMbILLIEHHOCTb

HenpounHTepdencol, YyteHne
Mmblicnen, Knboprusauymsa

byayuiee yenoseyecrsa

CeTn KOHCTPYUPYIOT U y4aT CeTu

byayuiee yenoBeyecrsa




CoBpemeHHOe cocToiHMe u banxkanwume
Lo/‘ nepcneKTUBbl Pa3BUTUA TEXHO/IOTUM @
rnyboKoro obyuyeHnA U KOMNbIOTEPHOTO % AT
3peHus

HO.B. Busunbrep, 4.9.-Mm.H., npod. PAH, viz@gosniias.ru
12-a KoHpepeHuma NOU, Utanua, r. lasta, 08.10.2018

Cnacubo 3a aHumaHue!

12-14 mapta 2019 r. 8 Mockse, B UKW PAH cocTtonTca Hay4HoO-
TEXHUYECKaA KoHpepeHUna “TexHnyeckoe 3peHune B cuctemax
ynpasneHus - 2019” (T3CY’19). http://tvcs2018.technicalvision.ru/

ISPRS International Workshop “Photogrammetric and computer
vision techniques for video Surveillance, Biometrics and
Biomedicine” — PSBB19, May 13-15, 2019, Moscow, Russia
(BMK MTY) http://technicalvision.ru/ISPRS/PSBB19/
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