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Multi-target tracking approach combined with SPA occlusion segmentation

Ding Huan, Zhang Wensheng
State Key Laberatory of Intelligent Control and Management of Complex Systems

Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Multiple-target tracking in complex scenes is one of the most complicated problems in computer vision. Handling
occlusions between objects is the key issue in multiple-target tracking. This paper introduces a method of motion
segmentation into the object tracking system, and presents a SPA (skeleton points assign) based occlusion segmentation
approach to track multiple people through complex situations which are captured by static monocular cameras. In the
proposed method, we select the skeleton points and evaluate their occlusion states by bottom information like optical flow;
then we assign these points to different objects using advanced semantic information, such as appearance, motion, and
color. Finally a dense classification of foreground pixels is used to accomplish occlusion segmentation. Object tracking is
handled by a particle filter-based tracking framework, and a probabilistic appearance model is used to find the best particle.
Experiments are performed using the public challenging data set PETS 2009. The experimental results show that our
approach can improve the performance of the existing tracking approach and handle dynamic occlusions better.

Key words: multiple-target tracking; occlusion segmentation; particle filter; skeleton points; motion segmentation
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Fig.1 Dynamic occlusion and occlusion segmentation

HATF e 2 BArIREE ik R 2 A G 2R
B g (MHT) ™ DL K I 45 M 25 K0 30 O 186 g i 2%
(JPDAF) 2/ i i % i MHT K JPDAF J5 3% %t H 45
A 5 S2BR B AR IR AR 22, 1 ok R B 4
TRESEE BAE TR . —Fh PR ) Y Rl &2
ANBAR LA AR S LB L SR, 7R AR 2252 PR
N, AABAR B SRR W 1% B, HR TG 2
T TR — Hb o530 8 22 MRSk A EER

A PR [ Gk 22 B R BRES D7 K 2K i
PEAE A AR (1) — 3 40 B A R g 1o AR v A 2
51 ST a1 B B AR, (H X s
RO BRI R v 0 B AR A X4 Al Y X 43 B
T

SRS AT & T AR R G b B R ETE Y
T AR  Hai 258 A8 WU T2 81 8ol £ 432 50
JZ, KA EM 75 A6 H BAREAR (1830 ; Qian 2 A
i FR A R LA 3 H AR 92 3 5 280, LLEAE
i MCMC HEZR T R E5 fB1 -55 00 000 450 4 DG 36 1) 4K 4 5
Papadourakis 2¢ A" i) FH B (0 15 S B4R K 1 B
IEXFRTRAR R, 22 ok H AR i e s 424 )
ARG Ak B A T BRI A BB I € B
WA m A AT A % 1R 3 H AR B S 43 A
XFEEFSAb BRAG EEELAE T, [R B X H AR 7E S S h 1 g
S E SRR, S B0 B AT B br 2 18] ) 43 B
RS b FRACR A

TEROE W SCHR T, 12 30 0 B 2 0 sk
SABR B HE S b DA 30 T o A A BR R 45 O
Papadakis 25 A" SR HIAL 8 12 315 B A8 1 fE & 56

B0, R IR 53 %007 35 15332 36 B bR s Silva % AR
LR AR BB SRR A, I X Bl JE T 52k
X EETTIEMRIFKAE T 18 1502 3h 0 81 D7 i, MR R 2
MR R IEATIE 3 70 &, B 5 BRER F b5 e P SOk
Il B SCHR EIE, BREASS SR IRIERN, [ I X LET5 5 XS
AR R AT T, IR AU B R

BT L3R DA, $ ) — bR A Rl R e
IR (SPA) BYIEEFS 73 8 73k , SR HCH B 9 56 TR Ak
VRN B 2R MR B SR A — Bt 8] 2 51 o 1Y
FEAERE DL R I 28 B AT UL A P s A AN [ S 7
SRR, 2 05 S8 4y R IE B B AR AT B K
18 B R RAIE R B AR IR 45 458 3l w1
BFERN -, R BT AT 12 S i AR A, R AT g
WA HEZR AT 2 HARERER .

1 FFiEtkid

ARICHR AT B H A5k 22 FARER ER 7k 32 22
1 3 AR A -

DEFEBESEERR RR A S
AL W AR R RIS AT . A
TR AL 1 B A5 S R AR YRR A D S A i Hh R
“fEfmE S TR A

2)Fl SPA B YE] AP PRIEA SO T
AR AR SRR R B bSO R AR B A R
B R9iE ST T EIE IR, 2 E AN TR F AR
{195 i 5 Qs P e s 3 o S (1l I

(1) BALGHPCSVEEE (ILEE 2 ) ARG
JEHLE S, PRI FHARE B AL, X LA 1B 4
i MR | 25 i PRAG LA s — Wi R, FEX %
25 3 W R P S b SR R T AT (R b B RS A DL
FCTE O 15 2 B AL VEFCRE R , F TRl R 2l

(2) BAEHARIR (ILEE 3 1Y) ARYR S 3 WilA]
b B 2R R DE RO R, b B A AR S R A R
TR S AT 2SR, Z 5 5 A 77 AR R
ERA FARRYBI 23 0] 02 3 355 B LU 1 B 8
FRIRE 4 H AR

(3) BN ATRHED I 4 7)) K HAbz
S LA A IRAY 1 2RO R 0 28, AT SE BT A
18 BT A A2 R H AR iz st

VKT UEBAER T B2 A bR ERER RIS
P45 BB AL 30 T 1 PR HE A A R b
WEAEAL T AT R GRS R B, Sk T A3 B e & £ A



92 REE S EIEAR www. ¢jig. cn

17 %

FRELERLE AL
2 BRRHRERSEER

ARSCHE N B P o ) R R G e R
(skeleton points) HEAT ), X B B 22 05 P8 303950
34 T B bR A L G 0848342 3 B An 15 B A RRE
Mo W H GRS TR S 3 WL ER Y 41
() B O, AT BT R SRS (R B i B A2
AT o
2.1 BEAMREK

AR S IR SR A F T T O R A B R AR
P, I S BA R 3 AMRHE

1) B2 S 8 B N 38>, B2 50 A 7E B s X
HA R XA RE IR B 28 s RE A5 A0 5 H AR KR
oiHE B HI R AR N

2) B AR SAE Y RRRROE , XA A B A
DCTC A i TE A F BT 1 4 S 4 A AR A5

3) TR R B AR, JUH AT N B AR, KR
J& TR, PR B 22 A 0 2 7 Ak #E A W H bR e
Be LA B rEfe

H AR A A AR S B2 BU)T 5, 40 Harris (KLT
Ko SIFT 45 Y24 B s se FE AR AL R b sy fi i %
MAE Hbrse B AR5 8 (A b 7 43 A 38/ TR] B i
SRR 3 2T A BN H A R A PEEC, AR
MItE BARVCEL 28 5 h R KR 2=, R, X bk
TEANIE B3 A SO VR B 2R

RS FRATTE ] Sand 25 A SR G FURE
SR B AR 2) o TXRIARFAE A S Tt fa] S A
FE 3000 7% 08 T R AR AL 5 P X 0 i v Y 52
e, FEAE S B F A PR, 3 5 h AN AR B B A
MRS , MAEAETEIS S 3000 5% B AR o HR %, RE g
o E s sl s, T2,

' " @ _4\‘—17 i

K2 SEHAFIE S
Fig.2 The optical flow feature points
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Fig.3 Skeleton points match between two objects
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Table 2 The analysis of skeleton points states
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Fig.4 Skeleton points assignment results
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Fig.5 Motion segmentation results
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