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https://www.youtube.com/watch?v=Tjx8BGoeZtI

[Tnwem cBoun TpekKep

1. lMNpepctaBneHue (Moaenb) 06beKTa
2. [1ONCK KaHOMOATOB M BbIOOP Ny4yLllero

= [eHepaTuBHblE

3. CpaBHeHMe KaHAWaaTa C UCKOMbIM OOBbEKTOM

"  [MNCKpUMUHaATUBHbIE
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[lpepcTaBneHmne obbeKTa

(h)
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[ eHepaTUBHbIE TPeKepbl

[MpepnaratoT npouenypy NOMCKa KaHANOATOB U BbibOpa cpean HUX NyyLlero
* Mean-Shift

* Particle Filter

* Optical Flow

* etc.
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Mean-Shift
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Mean-Shift

> zeN(z) K@i — x);
E:r:iEN(:r:) E‘F(":ﬂE o :I?)

m(x) =

N(X) — MHOXEeCTBO «ONUMKAULUX» K X KaHONAATOB

K(x) — aapo, cnocob B3BeLWMBAHMA KAaHONOATOB
[lpnMepsbl Apep:

* EnaneyHuKoBa Ke(x) = ¢ (1 = |x]|*|x|), |x] <=1

« PaBHoOMepHOe Ku(x) = ¢, |x| <=1

 HopmanbHoe Kn(x) = c exp(-0.5 |x]*|x])
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BackProject n HegocTtaTkm Mean Shift

* Knaccmnyeckaa pyHKLMA 3HaYeHUA BepoAaTHOCTU — BackProjection ructorpamebl

SKin color model :
32¥32%32 histogram in H3Y
. N buit offline

https://fu.wikipedialorg/wiki/%B0%93%D0%B8%D1%81%D1%82
%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

e HepocTtaTKu

https://docs.opencv.org/master/d7/d00/tutorial_meanshift.ntml

* KonnyecTtBo KaHAMAATOB PaCcTET KBAAPATUYHO OT CTOPOHbI OKHA MOMCKa

* TpebyeT HECKONBbKO nTepauui oisa CXoaguMoCTH
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https://docs.opencv.org/master/d7/d00/tutorial_meanshift.html
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%81%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0

Particle filter

* [eHepupyroTca N KaHaoMpaToB.

o Kaxabl KaHAUOAT MOXET UMETb HETPUBMANBHOE COCTOAHMNE: KOOPAMHATHI,
pasmep (WnpunHa/BbICOT], scale), yron noBopoTa, CKOPOCTb

* [1pn 0bpaboTKe o4epenHOro Kagpa, Bce KaHaAnAaTbl MEHAIOT COCTOSIHUE B
COOTBETCTBME C ANHAMUYECKNUM YPABHEHMEM.

K HWUM pobaBnaeTcs CnyyYyamHbIiv rayCOBCKUMN LIYM

 O6HOB/IEHHbIE KaHOMAATbI B3BEWMBAKOTCA N BbIOUPAETCA pe3yNbTUPYHOLWUN
KaHouMaaT (cpegHun, nyydwmmn, n 1.4.)

« "[lnoxme" KaHAMAaTbl OTH6pPaCkIBAOTCA, BMECTO HMUX Aob6aBnatoTca "xopowmne"
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Particle filter — npumep

 CocTtoaHue KaHgmnpata (X, Y, VX, VY, W, H, s)
* YpaBHeHUA nepexoga X=X+ VX Y=Y + VY

* Pe3ynbTunpyrowmm KaHANAATOM 06BbABNETCA CPpeaAHUMN.
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Systematic resampling

double draw = (double)rng / (double)particles num;
for (size_ti=0;i < particles_num; i++) {
sum += weights_[i];
while ( k / (double)particles num + draw < sum)
resampled_particles_[k++] = particles_][i];
}
assert(k == particles_num);

random_shuffle(resampled_particles .begin(), resampled particles .end(), rng);
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B3BewmnBaHMe KaHOMAATA

« Kpocc-Koppenauus, pasHOCTb KBaApaToOB U T.M.

 CpaBHeHMe rmcTtorpamm

« JItoboun KnaccmdpumkaTop, KOTOPbIM MOXKHO Ccebe NO3BOAUTb
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PasperKeHHbIN ONTUYECKNN MOTOK

— 1] “'ﬁ l\ - "" |
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YpaBHeHMEe ONTUYECKOro NoToKa

(X, V, t) = MUHTEHCMBHOCTb TOYKU (X, Y) B MOMEHT BPEMEHM t

npe,ﬂ,I'IOJ'IOH-(MM, YTO NHTEHCMBHOCTb TOYKUM B NMPOCTPaHCTBE — KOHCMAHMQA, T.€.

Ix +u,y+v,t+1)=1I(x,y,t) Ncnonb3ys pasnoxeHune Tennopa

Ix+u y+v,t+1)~Ixyt)+Lu+l,v+lI,
nosly4yaem:

Lu+ Lyv=—I;

Frame | Frame i+1
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PelweHne meTogoM Jlykaca-KaHagbl

na ypaBHeHuUs:
Lu+ Lyv=-I

[Mpeanon0XKunM, YTO BCE TOYKU B MaJZIOU OKPECTHOCTU (Hanpumep, 5x5), nmetor
OOVH N TOT )K€ BEKTOP CMELLEHUSA
I (x1,¥1) Iy(xp V1)
A= : : b=
[1oNOUM Le(Xn, yn) 1y (X, Yn)

—I (%1, Y1)
_It(xni yn)
Tor,u,a MOXHO pewnTb cUCTEMbI METOAOM HAUMEHbLLUNX KBa4PaTOB
u : u
|a() o »min. (%) = @arayt an)

Ha npakTuKe MeTog BblMNCNAETCA UTEPATUBHO HA NMpamMmae n3obparkeHums
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[lpobnema Manon/HenoaxoaaLwen anepTypbl

B onpepnenéHHbix cnyvyasax cucremMa

. Aperture |
MMeeT MHOXeCTBO peLleHUN

True Motion

Ha kaxkpon ntepauunun LK Bbluncnser

(?.Lz'_|_1) _ (ATA)_IATE;- Aperture 2
Vit Z

[Tpo61eMbl BO3HUKAIKOT, KOraa
2
T I3 Iy
M=AlA= Z(My 2 )

MJ10X0 o6ycnosneHa
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Median Flow Tracker — nepBoe npmnbnmnkeHune

h.

y

median

E
X

mediah
residual

Tracked point Rectangle displacement
zhou24388.blog. 163.com

* BbibpaTb TOYKM B NPAMOYIrO/IbHUKE
* Bbiumcnntb gna Hux optical flow (n ot6pocuTb "nnoxme")

 B3aTb MegmaHHble cMeweHna no XmnoyY
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NNcye3sHOBeHMe ToyeK
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Median Flow tracker - npononHeHue

e MOXHO MCNO/b30BaTb Pa3Hble CTpaTernn Bbl60pa TOYHEK ON1d TPEKUNHTa

* MOXHO GUNBbTPOBATb TOYKU, A9 KOTOPbIX CMELEHMNA OT TEKYLLEro Kagpa K
cnepyrowemMy n OT CIeAYHOLWEro K TEKYLEMY He COBMagatoT

e MoOXHO (I)VI!'IprOBaTb TOYKN, AN1A KOTOPbIX CMeLlLeHNne «KCUJIbHO» OT/INYHaETCA
oT MeadNaHHOI'o

« [nAa oueHKM MacwTaba 06bIYHO OLLEHVMBAETCA OTHOLWEHME MEXKAY BCEMU
napamMu TOYEK BHYTPU OObEKTA Ha TEKYLLEM N CeAYIOLWEM Kaape

« YenatenbHoO MMeTb OTAENbHYIO NPOoLEeaypy ANA AeTEKTUPOBAHMNA CPbIBa
TPEKUHra

Internet of Things Group



A OTKypaa BoobuLe 6epeTcH
OOBEKT AN CONPOBOXAEHUNA?
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Tracking-by-detection

Internet of Things Group
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https://motchallenge.net

Short name:
Benchmark:

Description:

SRK_ODESA
CVPR 2019 Tracking Challenge

SRK ODESA follows tracking-by-detection approach, where special attention is paid to achieving better generalization at similarity
estimation stage.

Prediction:
Faster R-CNN with ResNet101 backbone and 3x-Cascade, which was trained with MOT17 and CVPR19 detection sets, was turned into the

prediction module by removing RPN block. The combination of predicts and public detects from the previous frame played the role of RPN
output for the current frame. The output of regression and classification heads regarded as predicts was then mixed with the
current frame public detects in order to get the final set of boundingboxes.

Similarity Estimation:

The object embedding employed in this solution was obtained by means of deep mefric learning. The same model with embedding size of
128 was applied within SRK_ODESA solution submitted to KITTI Pedestrian Tracking Benchmark.

Neither MOT nor KITTI data were used for model training.

Matching:
Incoming detects corrected by Kalman filter were matched by means of Hungarian algorithm to the list of existing tracks. The history depth
for the tracks was set to 100 frames.

Team Affiliation:
Samsung Research&Development Institute Ukraine (SRK)
57 L'va Tolstogo Str., Kyiv 01032, Ukraine
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https://motchallenge.net/
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https://www.youtube.com/watch?v=1BY2CxiMYvQ

[Twem cBoun Tpekep — coBpeMeHHbIn (2019) nogxon

1. lMNpepcTaBneHne (Moagenb) 0O6beKTa
1. MpAaMOyronbHuK

2. Macka ob6bekTa (cM. DAVIS challenge)

2. [1oNCK KaHOMJATOB M BbIOOP Ny4yllero

= DL petektopsl (cM. SSD, Faster-RCNN)

= BeHrepckuun anroputm, Multiple Hypothesis Tracking, n T.n.
3. CpaBHeHMe KaHanaaTa C UCKOMbIM OObEKTOM

= DL MeTpukn nogobusa
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https://davischallenge.org/

Kpnutepum oLueHKM KayecTBa

* Visual Object Tracking (1 06beKT)
* Precision = # npaBUnbHbIX NpeacKkasaHun [ # npeackasaHuUm

* Recall = # npaBunbHLIX NpeackasaHnm [ # KagpoB C O6BHLEKTOM

« Multiple Object Tracking (N o6bekTOB) e & ‘ N\

>i(me+ fpr+ mme:)’ (2) ‘”{h y

¢
2,18t 1 2 1‘.

MOTA =1 -

where m;, f p;, and mme, are the number of misses,
. w . . Misses o \
of false positives, and of mismatches, respectively, for ) ‘ posttives ./'

time t. \ .
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