OueHKa TPaHCNOPTHOro NOTOKA

NO AAHHbIM C Kamepbl
BUAECOHabAOaAEeHUA

denopos A.H., K. ¢.-m. H. UBaHOB C.A.



[locTaHOBKa 3aga4yu

* Pa3zpaboTaTb cuctemy noacyeta U KaaccnmduKaumm
TPAHCNOPTHLIX CPeACcTB MO HanpaBleHUAM  UX
NBUMXEHMA Ha nepeKkpectke np. [Mobeapl u
yn. Monogorsapaenues r. HenabuHcKa

* ObHapyXeHne TPaHCNOPTHOro cpeacTBa

e OTCNeXnBaHUe TPaHCNOPTHOroO CPeacTBa
* OUeHKa HanpaBaeHUA TPAHCNOPTHOro cpeacTsa
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CoBpPEMEHHOE MNOoSoXeHne

* CCTV (cuctema TeneBnaeHmMA 3aMKHYTOrO KOHTYpPa)

* CoBpEMEHHbIE CUCTEMbI AETEKTUPOBAHNA OOBEKTOB
* Faster R-CNN

*YOLO

*SSD
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ConyTcTBytoLwime paboThl

* ObHapyxceHue obvekmos

e OmcnexcusaHue HeCcKos1ibKUX obbeKkmoes
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ObHapyXeHne ob6bLEKTOB

OaHocCTyneH4YaTble AeTEeKTOopbI:

* YOLO, SSD

* Anisimov D, Khanova T. Towards lightweight convolutional neural
networks for object detection. In: 2017 14t |EEE international
conference on advanced video and signal based surveillance (AVSS).
2017, p. 1-8.

e Sang J, Wu Z, Guo P, Hu H, Xiang H, Zhang Q, Cai B. An improved
YOLOv2 for vehicle detection. Sensors. 2018;18(12):4272.
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ObHapyXeHne ob6bLEKTOB

J[1ByXCTyneH4yaTble AeTEKTOPbI:
e Cemencteso R-CNN

* Girshick R. Fast R-CNN. In: Proceedings of the IEEE international
conference on computer vision 2015 Inter, 2015, p. 1440-8.

e Girshick R, Donahue J, Darrell T, Malik J. Rich feature hierarchies for
accurate object detection and semantic segmentation. In:
Proceedings of the IEEE conference on computer vision and pattern
recognition. 2012, p. 580-7.

* He K, Gkioxari G, Dollar P, Girshick R. Mask R-CNN. In: 2017 IEEE
international conference on computer vision (ICCV). vol. 2017 Oct,
2017, p. 2980-8. IEEE.
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ObHapyXeHne o6bLEKTOB

[1ByXCTyneH4yaTble AEeTEKTOPbI:

* Ren S, He K, Girshick R, Sun J. Faster R-CNN: towards real-time object
detection with region proposal networks. IEEE Trans Pattern Anal
Mach Intell. 2017; 39(6): 1137-49.

* Li S. 3D-DETNet: a single stage video-based vehicle detector. 2018.

* Wang X, Cheng P, Liu X, Uzochukwu B. Focal loss dense detector for
vehicle surveillance. In: 2018 international conference on intelligent

systems and computer vision (ISCV). vol. 2018 May, 2018, p. 1-5.
IEEE.

* Lin TY, Goyal P, Girshick R, He K, Dollar P. Focal loss for dense object
detection. In: Proceedings of the IEEE international conference on
computer vision. 2017 Oct, p. 2999-3007.

* Hu X, Xu X, Xiao Y, Chen H, He S, Qin J, Heng PA. SINet: A scale-
insensitive convolutional neural network for fast vehicle detection.
In: IEEE transactions on intelligent transportation systems. vol. 20,
no. 3. 2019, p. 1010-9.
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OTcneXxmBaHne HecCKObKNX OObEeKTOB
* Multiple Hypothesis Tracking

Kim C, Li F, Ciptadi A, Rehg JM. Multiple hypothesis tracking revisited. In: 2015 IEEE
international conference on computer vision (ICCV). vol. 22. 2015, p. 4696—704.
IEEE.

e Joint Probalistic Data Association Filter

Rezatofighi SH, Milan A, Zhang Z, Shi Q, Dick A, Reid I. Joint probabilistic data
association revisited. In: 2015 IEEE international conference on computer vision
(ICCV). 2015, p. 3047-55. No. December, IEEE.

e SORT tracker

Bewley A, Ge Z, Ott L, Ramos F, Upcroft B. Simple online and realtime tracking. In:
2016 IEEE international conference on image processing (ICIP). vol. 2016-Aug, p.
3464-8. IEEE. 2016.

* CNN trackers

* Chu P, Ling H. FAMNet: Joint learning of feature, affinity and multi-dimensional
assignment for online multiple object tracking. 2019.

* Wojke N, Bewley A, Paulus D. Simple online and realtime tracking with a deep
association metric. In: 2017 IEEE international conference on image processing
(ICIP). vol. 2017 Sept, 2017, p. 3645-9. IEEE. 8/29
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Dataset

COCO Annotator

60 000 ob6beKToB Ha 982
Kaapax

[lpoBeaeHa ayrmeHTauua
AaHHbIX




Dataset

» 786 n3obpaxeHnmn ana obyyenHma, 196 ona nposepKu.

* 113-33 orpaHMYeHHOro obbema NnamaTu rpadpuryeckoro
npoueccopa Mbl TaKKe MacluTabnupoBanun Kaxkaoe
n3obpaxeHune Ao paspewenHma 1280 x 512.

TN MaWwnHbI Bcero sksemnnapos  CpegHee KONMYECTBO IK3EMNAAPOB Ha
n3obpaxkeHue

AsTOMObOU/Ib 53083 54.06

dyproH 2783 2.83

[py30BaA mawmnHa 2415 2.46

TpamBan 1298 1.32

ABTObOYC 1234 1.26

Tponnenbyc 611 0.62
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OLeHKa TPaHCNOPTHbLIX MOTOKOB

*Bbblna cobpaHa CTaTUCTUKA NPOXOXKAEHUS
TpaHCcNOPTHbIX cpeacts € 8:00 no 12:00 n c
17:00 no 19:00 no 4 Hanbonee NONyAAPHbIM
HanpaBAeHUAM OBUKEHUA.
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Moaynb obHapyXeHua

Bbina ynyyweHa 6a3oBad Nnpon3BOANTE/IbHOCTb
Faster R-CNN ¢ nomouibto:

1) maructpanu nupamuaanbHbix ceten (FPN)
2) [AONO/NIHUTENbHOW BETBU MACKM
3) onTMmu3saumm Gopmbl AKOPEN

4) notepu $oKyca U aaanTMBHOIO 06beagNHEHMUS
GYHKUUN
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BeTBb Macku

* He K, Gkioxari G, Dollar P, Girshick R. Mask R-CNN.
In: 2017 IEEE international conference on computer
vision (ICCV). vol. 2017 Oct, 2017, p. 2980-8. IEEE
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OnTumMmnsaumnsa opmbl AKOPEN

CywecTByeT 3pPeKTUBHbIN crnocob BbIbpaTb AKOPA C
nomoulbto Knactepmsaumm K-Means c nomoLlbto mepbl

PacCTOAHUA, OCHOBAHHOM Ha nepeceyeHnmn no ob6vegnHeHuo
(I0U).

[ToncK no ceTke.

Llenb noncka coctoana B Tom, 4To6bl HANTK HAbOP acCNeKTOB U
LKA, KoTopble makcmmmnsunpyrot IOU mexay obbekTamu B
obyuatowem Habope 1 AKOPAMU, KOTOPbIE CONOCTABAAIOTCA C
HMMMK BO BpemaA obyyeHums.
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[ToTepsa dokyca

dokanbHble notepu (FL) cnykat 3ameHomn obbi4HOM
NnepeKkpecTHOM SHTPOMNMUM U MOTYT ObITb OnpeaesieHbl
KaK: (p ify=1
Pr = {1 — p otherwise,

FL(p:) = —a;(1 — p)¥ = log(p;)
3pecb y € + 1 yKasbiBaeT uesnieBoM KNacg, a
p € |0,1] ABnAeTcA oLueHOYHOW BEPOATHOCTbIO A/1A
Knacca c metkon y = 1. [NapameTp Yy ncnonb3yercs
ONA YMEHbLUEHWNA BeCa IETKUX HEraTUBOB, iy €
|0,1] aABnAeTcAa 4ONONHUTENBHBIM
YPaBHOBELLUMBAOWMM GAKTOPOM M onpeaensieTca Kak
a anAa Knacca lwm 1l — a aona Knacca - 1.

y =2,a=025 16/29



ApoanTtuBHoe 00beanHeHne PyHKUNN

[Mpon3BoaANUTENBHOCTb MOAeNn bblla NOBbIWEHA C
NOMOLLbIO a4anTMBHOro o6veanHeHusa pyHKumm ROI
Ana Kaxpgoro yposHA FPN:

obbeanHeHne GYHKLUUN C HECKOIbKMX YPOBHEN C
NOMOLLLbIO PYHKLUMMN mMaX.
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[etanun cetn obHapyXeHUs

* Ilcnonb3oBaHa modenb ResNet-50 B KayectBe OCHOBbI
BMeCTe Co cTaHaapTHOU KoHpurypaumen FPN ot Detection.

* CTOXaCTUYECKUN TPAAUEHTHbIM CNYCK C UMMYAbCOM Obin
MCNONb30BaH ANna obyyeHmAa cetn. HavanbHaAa CKOPOCTb
oby4yeHuna paBHa le-3 u cHukeHa B 10 pa3 nocne utepaymnm
20k n 27k. B obwenn cnoxHoctn obyvyeHune 6bino
npeKkpaweHo nocne 30k utepaumn. Batch size, pasHbIN 4,
O1A BCeX 3KCNepUMEHTOB.

e J1nA ycCKOpeHus cxoaMmmocTu OblIM MCNONb30BaHbl BeCa,
npeaBapuTesibHO obyyeHHble Ha Habope aaHHbix MS COCO.
MNepen, obyyeHnem Bcen cetTu Mbl NOACTPOUAU MOcCnegHue
ypoBHu RPN u BetBn Knaccndbukaumm/mackm Ha 1k
NTeEPaAUMMN C JIMHEMHOW CKOPOCTbIO CHUMKEHUA CKOPOCTU

obyyeHus ot 25e - 3 go le - 3.
18/29
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Mogynb oTcneXxuBaHug

Moaynb oTCAeXMBaHMA NpeaaraeMomn CUCTEMbI OTBEYAET Ha
1Ba BOMNpoca:

OTKyada B351CA KaXKAblh aBTOMOOUAL?
Kyaa oH Hanpasnanca?

Tpekep SORT.

SORT obecneunBaeT He0HX0AMMYIO PYHKLMOHANIBHOCTb AN
OTCNEXKUBAHUA 0OBEKTOB B HECKO/IbKMX Kadpax.
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Moaynb oTcneXxmnBaHus

*CHavyana pasgensiem NepeKkpecTtok Ha HEeCKO/bKO
HenepeceKatoWwmMxXca PermMoHos.

*[lapa MCXOAHbLIX W LEeneBblX A0POr OAHO3HAYHO
OMNMUCbIBaET Hanpas/eHne NBUMKEeHUA
TPaAHCNOPTHOrO CPeacTBa.

* [Mpobaema He3aKOHYEHHbIX TPAEKTOPUA.
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OKCMEPUMEHTDI

* Bce akcnepmmeHTbl npoBoanamncb Ha Ubuntu 18.04
c rpadpuyeckmum npoueccopom Nvidia RTX 2080 Ti,
12 appamm npoueccopa (npoueccop Intel® Core i7-
8700 @ 3,20 ITu) n 32 I'b onepaTMBHOMN NAMATHW.
Mbl cO34aU1 Halle pelleHne Ha OCHOBe

opuumanobHomn peanmlaumm Facebook Detectr.
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[ 1pOTOKOMN OLIEHKW

OueHKwu:

* cpeaHtolo ToYHOCTL (AP),

*  CcpeaHtoto TouHoCTb Npu 10U, 5 (AP ),

*  CpeaHtoto TouHoCTb npu 10U 55 (AP 55),

* nosiHoTa AP ana orpaHunumBsatoLmx pamok (APPP),

* CcpeaHAs TOYHOCTb ANA CermeHTaumm skdemnaapa (APseem),
[1ns 3apa4m OUEHKM NOTOKa TpaduKa:

* cpeaHAA abcontoTHaA OLWMDOKa,

e cpeaHAaa abcontoTHas NPOLLEHTHYIO OLNOKY.
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Pesynbrarthl

MpousBoauTenbHOCTb 0O6HapyKeHUA

B Tabanue npuBeaeHbl pesynbtathl 6azoson moaenun Faster R-CNN
HapAAY C BAMAHUEM KaXKA0ro NpeasoKeHHOro yay4leHus.

Baseline Overall gain

Mask branch X v v v v
Anchors optimization X X v v v
Focal loss X X X v v
Adaptive feature pooling X X X X v
Apbb 573 58.2 564 569 592 +1.9
gn”“ 790 79.7 79.7 79.7 80, +1.3
APED 675 68.8 689 694 /0.0 +2.5
ﬁl'*“:” - 56.1 56.4 56.7 572 +1.1

D”” - 789 794 795 80.2 +1.3
,.qﬂ“” - 68.0 69.2 68.8 69.1 +1.1

ltalic values indicate the performance gain relative to the Faster R-CNN baseline when applying all the proposed
improvements 24/29



[Mpon3BoAUTENBHOCTb OOHAPYXKEHUS

Mbl 0XXnaanmn 6onblUEro BbiMrpbilia OT ONTUMU3ALUKN AKOPEN,
MOCKONIbKY Ha PUCYHKe YETKO YKa3aHO, YTO AKOpA, BbIOpaHHbIe C
MOMOLLLbIO NpoUeAypPbl MOUCKa MO ceTke, 0becneymBatoT NyyLIMM oXBaT
OCHOBHbIX UCTUHHbIX 610KOB
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Direction Mean absolute error Mean absolute percentage error
North-East w17 8.49
West-East 1290 985
East-West 345 34
South-West 2261 153
Average 55.08 125
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ccnegoBaHue oWMOOK

e 1NUTENbHbIE OKKNO3UN MEXKAY TPAaHCNOPTHbIMMU
cpeacTBamMu B NI1OTHOM TPAaHCNOPTHOM MOTOKE.

* Pa3paboTKa adpPeKTMBHBLIX aNTOPUTMOB A4
NOBTOPHOUN NAEHTUDUKALMM TPAHCNOPTHbIX
cpeacTs.
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[10CTYNHOCTb AaHHbIX U MaTepunanos

Becb Koa AOCTYNEeH OHNAaWH,
https://github.com/alnfedorov/traffic-analysis.

Fedorov A., Nikolskaia K., Ivanov S., Shepelev V.,
Minbaleev A. Traffic flow estimation with data from a
video surveillance camera // Journal of Big Data.
2019. Vol. 6. Article 73. DOI: 10.1186/s40537-019-
0234-z, indexing: Scopus Top10%.
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