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Object Tracking Based on Component-Level Appearance Model

WANG Mei-Hua', LIANG Yun'*, LIU Fu-Ming', LUO Xiao-Nan*’

'(College of Mathematics and Informatics, South China Agricultural University, Guangzhou 510642, China)
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Abstract: Dealing with factors such as overlap, blurs from quickly moving and severe deformation, accurate and stable object tracking
has become a critical challenge in compute vision field. First, in this paper, superpixels are used as middle level visual clue to describe the
components of object/background with the color histograms of components as their features. The initial appearance model is proposed by
clustering the features of a component library. The locality and flexibility of components representations allow the appearance model to
describe object/background much more accurately. Then, the Bayesian filter model is used to compute the initial state of target region, and
an algorithm is proposed to check and deal with the disturbance introduced by similar objects to avoid drift and obtain more robust
tracking result. Finally, to reduce the influences of deformation, overlap and blurs to better preserve the features of object, an online

appearance model update algorithm is developed based on the complementary set of the features of components library to enable the
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appearance model to reflect the real-time variation of object/background by the changes of components. Many experiments on video
sequences with different tracking challenges (totally about 12 sequences) show that, compared with the existing object tracking methods,
the proposed tracking algorithm results in less error of center position and more successful frame, and therefore can track an object more
accurately, stably and effectively.

Key words: components library; appearance model; complementary set of features; similar object; tracking drift
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Fig.1 Flowchart of the tracking method
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Fig.2 Procedure of clustering the component library
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Fig.3 Procedure of object tracking based on Bayesian framework
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Fig.4 Tracking result with and without dealing with disturbance introduced by similar object
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Fig.5 Detect the exception extension of target frame caused by disturbance introduced by similar object
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Fig.6 Influence of the complementary set to updating appearance model
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52 RIMERWBEBEMMEMR
BRBIERGR T H SRR, 32 B FR IR 2R 4 . ZR 28 rP O AR A R S 2K B A T B 37 8 WA AR i) 4
Z00 ST AR I 1) SR 288 i L L o SR S e AR N R I o R A T SR S 1 8, DR I SR T 1 S B e T L
fHEE.
9T 2 WA TR T T S ST R A ok S I R w8 A A A RS IR R AR AR K [ AN T T A
JEE (AR AU e 02 RIS 000 381 0 30 A P P40 A I 02 AP 152 T S R O AR 28 ) R 0F R [ A 00 28 (0 3 A R I RR A Ol ok
BB AE R IEANME R F AT AN R clst(O R E 48 T F i LB S 1 ST (oM S (O 7%
55 3.2 WAL E B R 2K clse(k) MR AEBE R 1 F XK A F I RS 23 sR8) R A R (9)HH 5 1 ST (kAT S™(k), M,
Sy(k) 1 SE(k) 43 R clst()yh oK A FRE (R HE I R R T BR85S, (k) RS (k) W3R /R ik 2
RAE T ) N 2 T 15 B B0MR R B S5 (k) AL S (k) SRS 5 3.2 T AR ).
T Sy 350 1 T 5 A e 2 T KT RS2 P 3 A 4 3 4 W0 DA I b, 33K S8 3 A i 5 1R 3R B i N I N N R A T H
PRI IR RO Dt B Y drea(f) FRORHFIE £(f € F) X REEBAEI TR SE(k) = Y -, Area(f),S; (k) =0.
T AL A R IEAMEI R ST (R S (A
ym:gwy&ﬂm;ﬁw+zkﬂmdﬁ ®)
S7(k) =S, (k) + Sz (k), st. S;(k)=0 )
P 6(a) T 7~ A T A 5 2 WUABE R ol P T 6 2 5k 22 MR 4 5, I A PO BE S A B 25 2K, % A
F458 UG R0 1 BB 6(a) 1 AE T R). B 6(b) R HIRFAEAME J7 v BE 3T R MUY B 0 RR A 4R A Ay A P
BOAREAIE AN 1T 0 AR BT DA 20 2B B R e IE AR I (B 6(b)H B HE TR ). B AR B 6(a) 5 B 6(b)
AR MR RS (H & 6(b) L Bl 6(a) M FRERSE FOM LLRALEE 3 51 4T (4 HE ) B HEAf).

6 RWEERN

6.1 AXZERIRE

AICAE CPU 2.53GHz. 47 2G 1) PC HLMATLAB(R2011b) FHEAF A9 40 I SLIC Skl se i e 1%
B HEBESBAEGE AN 10 F1 300), KA HST Ziee 2510 B 7 B #R A HFE, R Mean
Shift 82532000 S B SR RS A% 55 2 808 1 [0.15~0.207), I 15 5 Ao 00 38 424 1) 150 41 0, 11 ¥ Tl 29 [0.25~0.3].

ASCR A 12 75 (LB S 3R 4)HEAT S50 X 28 P B0 a6 T H AR BRER I 32 ZEPk b, 45 52 4 15 5 B R
PR S, BN E AR, 5B S EER . MR RE AR e AR R 36 R AR ST VR A
BAPEHSIA LR 10 FERE RS 1vTPL L1 SCMP, LSAME® Godec, BHMCPL LOT!, vTDE!,
VTS SPTUONHEAT XS El 4, FLAR WA 6.2 A5 RIS 6.3 7.
6.2 BRIREREE R LR E M LR S0

GRIN T A BREE B 1) 01 BE R T A SO AT A CRL AR I R . ol Bl . AR b BIZURAR . AR
ST R R SRR, HRe A S S IAT 7 1R AT R L 43 #T.

(1) HERSLE

7 R/nT Woman_sequence MM AT N 22 VR ME RS 1) PR B R, P ,Godec, IVT,L1,VTD,SPT il
Ours FiEMIBRERGE R BAEL). BEEL). ESOUEL). HEGLL). BO(BL) ML ML)
FeR . TS T 0 AR AR AR 1 3R AR AR T [ I 27 ) H b R St (R AR AT, 0 0 e 1 A A TR R 3 H A, B
i 28 ) AR B TR S 2474 A U HH 43 40 (U 585 167 o F A JBEE ), M 1T o RS 424 52 PO B A 1 424 O 26 I AT R o
fifg R it H b 10 HoAth J5 ¥5 (0 TVT,VTD,Godec, L1 F1 SPT)EH TN 615 RO B B A 1 30824 35 3 1A 7 A, 76 424 % AE
Ja CE IR ER B H AR AE 32 Wi AT N IVEF 54 E AR AL, Godee 7% A BRE H bR 3 BUH br X 38 oK, 51
PREGZIEAS.IVT A L1 J5 3R A AR RS, 14 % A I 20 8 15 SR8 o H b, 6 65 Ml 35080 i R .
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Fig.7 Tracked results of occlussion
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i PE PR s Z D) AR (A2 872 MUF) 1 CHE), (54 Y AR AL AR T 4RI (1013 T i 355 €9 0607, 00 5 RS B i K
WCVTD J5 L1 VTS J5 v BRI G skt i B 1 S5 s b, 7= A T IR RS

Fig.8 Tracked results of quick motions
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Bl 9 EHL T Lemming J7 81 H AR %A A0 ) R ERACR, L VTD,LOT,IVT,VTS I Ours J i ) #iR it 45 R
PR (SR AR ROORL). B OORL) A A (SRL) KR IVT 7k R AR R MR R AR %
B LA AT BE AR IR H AR E 1 H AR 3RS R AR B AR A I B R I (U B 1081 ()48 (4 4E).
1M VTD J5 %M LOT 75353 T Jay s B IR VE S, AN BEAT 21X 70 H AR RIS 55, 03k ST A 6 K AR R 40 1Ak AR S5 1%
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Fig.9 Tracked results of variation of pose and scale
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RaMH A GEEL). BOGEL). ROGEL). AOEL). HOEEL)MLEEEL)RRIVT J7 ik R
HSE T () A X W R P BRSO IR (LA s ) BT AR I ot BB R A% (B 5 76 W58 (A HE). VTD T ik
A LOT 5 {2 T Jw 8 DG C BR AR 20, 08 1 A A2 A AN R0, e V254l 312 21 22 R 1) H B X S 265 76 o) (4
THENI R (O HE). Godec JT7idoxt H AR DXL FEANH 52 BR BRI T 75 2 52 S 15 SIS, H AR HE 3 Bl K3k I & 21
PREFRIMC (NGRS 76 WUR (O RELHE). SPT J5 AR AR 3 R R X2 H AR AT 5,000 H A A R 18 TB AR I A AR 1K)
SR B R (EUH VR BR BRI 222 (1 H AR (W1 2R 76 W3 (i 2R e ). A SO R AE A AF R B e i i ik ™

Fig.10 Tracked results of objects with non-rigid deformation
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Fig.11 Tracked results of disturbance introduced by similar object
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Fig.12 Tracked results when there are large illumination variation
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6.3 BIRIRIRGERIEZ LRSI

AR SR AP 28 v B 15 2 Y B8 SRR 19 ) A0S H bR BRI BEAT R B A AT 1 A v R T R T R
G525 SEBR F AR O 22 1 B8 BB, U B R B 2R v B R R v OB A R R A L v P 2
PR BT 2R T AW 41 o R RS PR, 127 B O, 1 B B B D PR AR 22 R I A A e

1AM T 2R (B IVT,L1,SCM,LSAM,Godec, BHMC,LOT,VTD, VTS, SPT) R i 12 2H W45 5 41 (1) iR
B LR 52 (DA 15 26 260 P58 PO T 5022 I R . 2 P £ 6 B P 3 ) — WA 1
AN R ZE I OBUE AR R O MEL 3R 1 WA SCTTVE(Ours S LE T A R 51 o 5 L R ~1- 34 ol iR Z2 AL
TR MBI NMEL A B A SO T35 T K YR 22 S /N R 7 AR A HL A 10 R B & R

Table 1 Average errors of center location in pixels

R ORERE RGP R

il SPT BHMC Godec IVT L1 LOT LSAM SCM VTD VTS Ours
basketball 5.6 8.8 8.1 221 113 69.6 83.1 12.9 7.9 7.9 5.0
bird_2 7.6 18.8 8.9 121.8 273 61.1 18.8 14.1 50.9 49.8 6.0

Bolt 6.5 118.3 177.7 424 2495 8.3 393.7 10.9 13.4 15.1 6.9
Diving 79 14.3 48.7 75.2 80.1 33.1 71.9 82.5 1009  99.2 12.3

Face 15.8 10 29.5 43 28.5 30 245 24.5 31.3 32.1 32
gril_mov 10.3 104.8 103.1 373.1 2614  30.5 45.6 104.8  48.4 50.1 11.5
lemming 5.4 160.4 104.8 13.7 164.4 15.9 72.1 195.2 86.2 86.4 6.7
Liquor 8.8 37.3 76.7 2363 137.6 10.3 177.1 248.8  94.6 49.5 7.9
Singerl 12.4 54.9 22.5 16.7 50.0 12.2 75.1 21.1 19.9 9.8 10.1
Skating2 33.1 66.3 28.8 206.5 196.6 358 51.8 184.1 18 19.1 16.6
transformer2 BMP  11.3 56.3 B2LT 135.4  265.1 23.6 99.5 34.5 48.6 359 9.7
Woman_sequence 11.3 10.1 57.0 132.7 127.6  119.7 7.5 9 111.1 1123 7.4

K24 T A1 AR Tk BRI R 1A ot B, HG b A8 SRR (R AT R s AL, B A R IR IR DOEL A SR
PASCAL VOC challenge ff Rl I POV 40 i i 15 Bk i T A B8 Ry by 3 — W) B IER 45 5L R Ay 0 b H
FRALE A score>0.5, Ik B AZ T R 8 I B 75 U R B SR ML H: 7 score=area(R MR g) area(RAUR g),area() A TH AR
PR IR) AR 4 b ER R TR 22 3 IR T e LR 2 b AL (B A R TR 2 0 N A A R
PR 7V W B IR 2 B3R 2 WAL AR ST ¥ (Ours FI)TE 80% LA L [RAAT 41 R 5 e Th ity ini o 2 5L R 7 471 IR
ER R WA R T IR 2 Xt — 20 U B, 5 I R R R ER U VA LU AR SO VA R AT B B A 1) IR R 4 R

Table 2 Count of successful frame

T2 BRERGTARIN R B ER IR

il SPT BHMC Godec IVT LI LOT LSAM SCM VTD VTS Ours
basketball 712 473 584 77 21 340 228 39 520 669 713

bird 2 94 28 84 5 5 8 5 5 10 3 94

Bolt 245 7 4 4 10 241 5 16 218 181 294
Diving 27 82 1 26 1 35 31 27 23 26 154

Face 35 - 33 34 12 39 31 51 34 30 88
gril_mov 1453 6 1 88 90 1072 1158 95 858 759 1375
lemming 1302 124 370 548 224 668 307 488 615 627 1298
Liquor 1724 11 349 400 347 886 57 352 482 707 1725
Singerl 344 1 216 160 123 248 73 334 150 344 350
Skating? 93 35 20 40 16 324 324 78 504 473 598
transformer2 BMP 124 33 54 37 19 41 38 47 45 45 124
Woman sequence 250 69 40 49 47 22 298 305 47 45 308

6.4 RERFERIITERE LR

Wu % NPUHE Hy Benchmark LU L BRI J5 V5, K H A5 P A B0 LA 5t S 880% A SNTEOR: 22 PR i
RO R AR SR AR [R) T VR AT 20050 B, G v s WAk 3138 3 Bt vl S A SO AT e W 2 AL 1 LOT
THEAE RGO T IEAOE T SPT 753, 32 B A SCAUAL T MU R S0 I (10 845 31 4 o 17 S B ). AR
VTD J5ikM VTS T B SERCER 0 i 1A S5 5, A0 AT AL DU Jo SR e O 3 5 DS R B 2R W el A
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LA AE R FEE S SR AN oy I, AR SC 7 95 300 o 2 8 AR A5 3% 5T K R B e v S5
Table 3 Efficiency of algorithms, the value is frames per second

=3 IRENAR TSR BE R S R ER R K

il SPT BHMC LOT LSAM SCM VTD VTS Ours
basketball 0.18  0.60 0.10  0.16 0.19 127 125 0.16
bird 2 0.20 1.15 0.06  0.14 0.15 1.12 121 023
Diving 0.15 0.92 0.14 032 0.18 131 120 0.13
face 0.18 - 042 015 022 128 121 0.14
gril_mov 0.12 073 0.07 030 0.16 127 1.17 0.10
lemming 0.15 0.69 0.06 021 0.12 131 130 0.17
liquor 0.13 0.79 0.07 024 0.15 122 125 0.11
Singerl 0.17  0.70 0.06  0.97 044 128 130 0.12
Skating2 0.13 0.99 0.09 026 0.18 1.10 120  0.15

Woman sequence  0.21 0.99 0.13 1.74 0.20 1.30 1.25 0.23

7 % g

AT R H AR ER R AP K4 T DV il AR T W 9 e T A R BB () H AR BR R TV % T T
DB AR 32008 H AR #8383 23 A 84 P2 e i A S R AR BB SR« A RO R IR AW AR AL K H AR AT 5t
G BT AT P A A PR SR A TR ST 75 92 A AN ST VA RE NS A H AR I £ L R A o 2T AR el 7 38
FREERIIN 73 BEAER 10 3% HARFRIE, SR AL a4 . A7 280 UL AY . A0 A SC T Y A R Ak B B A AL 490 1
FEAT AL BRI s oK 0T P8, A7 R A ke T ARADUY) A5 TS 10 R A I L 3 1 K B AU 97 (1 5 B & R
RSB R ER T IEAN LG 7R 2 R EA PR DU T (R . RIZURAS el Eah i, Bk,
MR TP ST 5, A8 307 1000 BRI R LA 5 25 10 R e A 50 B /[ ) Bt 4 2R v iR 22, B W AR
SCITERE s S0 A A AL BRER 57 v 1A I S Pk il 418 (1t S v A HLASUE A B ER 45 2R
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