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BT 22 WU S . E T S I AR B
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Table 1. Eight image sequence.

5 44 ik J 5K
David EILmERe, REEAAL, JGHARAL,
Car4 REEARAK, SLIEAEAL
Singerl R, JeHBAEAL, ESRif e, R
CarDark MR, REAEN

Dudek R, RUEAR, REEE), R, BEEN

BlurCar2 Podiga), REAWL, @am
Walking RIEEARL, R, BET
BlurFace EEER, Pz, Hm ek
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MIFRIWIGE AL B AR HFr.

4.1 TFEMSH

TATTAE )\NAS AT B ) S5 o b T 6 45
V5, SR AR L 4. 1558, BlurFace 5 Blur-
Car?2 [7 51| Hp 1 3 B2 1) PR EER 7 8 s SR, 76 42
R g R, AA A SCHEVES TLD HES I T
FeE i BRI, LAt S VE A 7 IR R R v 2R H R
F WA S BT DUR S b AR B H AR 38 Sh RO
PUEIZ N ] . HK, 1E Singerl il Card J7 51 91,
H AR 2 i H BT B 1) 6 BB AR 4k, 7E Singer1(102,
1421M7) 5 Car4(192, 232, 315 1) H BB HE 2R AL,

m— TLD - APGL1

— VT

JITA S B8 S35 REHERR T B bR A7 B, (5 2k BRAR
W R Ja, KA AR SCHE AR A 7 51 b o i T
T HFLE, SOM Hik BLAE Singer] LBl T Fase
PRER, {ALE Card J7 51 i S 232 U465 5 2% H A5,
M IVT BIEAE Signerl HEFTEINE T H AR 22 - &
TEJy H bR, ATLAE W, AR SCRERT TR IR 2 4k
BABORIPIA LS. T K, 1£ Dudek, David,
Singerl il Walking /5 #1351 H AR LA
WS DA Jz RZ AR 4k, David(414, 460, 600, 715 157)
bR 2 B H I T 28284k S R AL, AR
SRV B 0 S b T T R ) R, S DL A T )
FasE JRIEE. 7E Dudek 1, A SCHIE RO HEf R IR H
bR, GH4 R IER bR L H H AR AL E 5 K/, AT e
F i, A SCHEE R A H AR iR REAR DL
WERERIBE 1, B35 HARFI R BB 2 Fhr 2810, A
TR E S5 E#. )5, 7E CarDark 3

— SCM

K1 (MTEG) \ASFPIIRR St g )
Fig. 1. (color online) partial results of eight sequence: (a) David; (b) Car4; (c) Singerl; (d) CarDark;

(e) Walking; (f) BlurFace; (g) BlurCar; (h) Dudek.
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Fig. 2. (color online) location error at each frame of eight sequence.
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FURIIAAR, B T TLD ik R R B s, IVT Hik ™
LEERILS, HAbSE Y RERs E H kvt s H
bR, R LA B \AS R SRR 45 2R 0, A SR H
ST DA R B AR fb | I I H AR A
SET e L AR St e s LA A IS S S tidis 3 4
ERERER R A T A 5 MO EE S, W AN
Yyt B ER R ) BB ST ) R S & B

4.2 TEESH

N T PPAS R O BRER AR RO PR R, JRATTR FH R A
FRAEXTSC S0 BT IPAE, 4500 P L
PITHE. FEUIIR, BT % R
o (R o R W SR A R AR . (ERASAE— it
A BRBR 45 SR Ry DA SO B B W) B R, 1A
AT LA PASCAL VOC P7 b33 6 %44
area(Rr N Rg). (24)
area(R1 U Rg)

F2MK 3 IR T LA R iR E
I R, B2 R T 6 N EIRAE A S A
ERSER AR S H AR EAE Z R Z R 2.

score =

®2 CFHESE (%)
Table 2. Average overlap rate (%).

A APG L1 MTT SCM TLD IVT Ours

David 24.7 23.7 742 T71.8 652 60.7
Singerl 24.4 34.8 86.4 725 573 847
Dudek 69.2 72.4 759 647 774 786
Car4 24.2 53.1 342 205 86. 87.6
Cardark 88.5 86.6 84.3 44.8 66.3 87.7
BlurFace 62.5 62.6 8.3 88. 14.7 79.6
BlurCar2 12.2 12.2 5.5 73. 174 85.8
Walking 74.1 65.7 70.1 446 76.6 77.7

Average 47.5 514 549 60. 576 80.3

M 2 MR 3 HR A LA Y, AR SCHE BAE Y
5| Dudek 1 Blurcar2 SE46 A A 503% (3578 i
5l R 2 N ), (AR AT 5
SEFIME ST, AR SCEIELE 8 AT HI I SIS
08 55 %14 80.3%, T8 47 TLD &% 1 60%,
i A0 R ZE P IE Sk 4.6, T8 AL R
TLD 1 20.6%. Kk, K#E4 KRG , A SCHEEM
X0 LA vE B R A ) BRER AR E M, T AR 4 Hb

N2 FPER IS, R 2, AREE A &
HL iR 22 I T LA HY, AR SCREAE AN T 91 1R
72 2R A BE NP 3H, R IAA SO T B AR 1A BAE
EREHER LTI, 4% FRTR, A SCEVEL T A
5 P

#3 CPHHOAERE (AR RE)

Table 3. Average center location error (unit: pixel).

LA APG L1 MTT SCM TLD IVT Ours

David 70.6 122. 4. 5.1 5.1 4.6
Singerl 97.5 34.6 2.7 79 113 29
Dudek 23.4 145 11.6 18 9.7 9.6
Car4 101.3 5.5 62.8 86.1 2.1 2.3
Cardark 0.8 1.1 1.3 274 84 1.4
BlurFace 25.2 23.5 2174 3.7 1481 8.7
BlurCar2 203. 138 258. 6.5 1479 5.2
Walking 3. 4.5 2.6 10.2 1.6 2.1

Average 65.6 43. 70.1 206 41.8 4.6
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Abstract

In recent years, sparse representation theory has acquired considerable progress and has extensively been used in
visual tracking. Most trackers used the sparse coefficients to merely calculate the position of the target according to
the reconstruction error relative to sparse coefficients, and often neglected the information contained by representation
residual matrix in representing step. Consequently, we present a novel sparse representation based tracker which takes
representation residual matrix into consideration. First of all, at initialization of a new frame, we reconstruct the frame
by singular value decomposition (SVD) to eliminate noise and useless information, which contributes a friendly frame for
the following representation step. To obtain the compact representation of the target, we build L2-norm regularization
according to the distance between the candidates wrapped in particle framework and the reconstruction calculated by
dictionary templates and residual matrix. Additionally, we use the Li-norm constraint to restrict the sparse coefficients
and the residual matrix of each candidate. Secondly, as the built optimization problem does not have closed-form
solution, we design a method to compute the coefficients and the residual matrix iteratively. During each iteration, the
coeflicients are obtained by solving classical least absolute shrinkage and selectionator operator (LASSO) model, and
the residual matrix is achieved by shrinkage operation. After solving the optimization problem, we compute the score of
each candidate for evaluating the truth target with considering coefficients and residual matrix. The score is formulated
as weighted reconstruction error which consists of dictionary templates, candidates, coefficients and residual matrix.
The weight is the exponential value of absolute value of elements in residual matrix. Finally, for capturing the varying
appearance of target in series, we update the dictionary template with assembled template, which is composed of residual
matrix, selected candidate and dictionary template. In this paper, the template to be replaced is determined according
to the score which is inversely proportional to the distance between the selected candidate and each dictionary template.
Then we update the dictionary frame by frame during tracking process. Contributions of this work are threefold: 1) the
representation model captures holistic and local features of target and makes the tracker robust to varying illumination,
shape transformation, and background clutter, profiting from preprocessing of SVD reconstruction, the model exhibits
a more compact representation of target without disturbance of noisy variance; 2) we employ a weight matrix to adjust
reconstruction error in candidate evaluation step, as described above, the weight matrix strengthens the effect of error
in residual matrix for evaluating candidates from which target is selected, it is noted that weights are all greater than
one, which leads to reconstruction error expanding according to the error value of residual matrix, and keeps pixels

where there is small error value believable for evaluation; and 3) we adopt an assembled template to update dictionary
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Technology Development Plan for Youth Foundation of Jilin Province, China (Grant No. 20150520057JH).
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template rather than selected candidate. The template updated includes information about both high-score dictionary
template and reconstruction of coefficients of selected candidate, which alleviates dictionary degradation and tracking
drift problems and provides an accurate description of new appearance of target. In order to illustrate the performance
of the proposed tracker, we enforce the algorithm on several challenging sequences and compare the proposed algorithm
with five state-of-art methods, whose codes are all supplied by the authors. For complete illustration, both qualitative
evaluation and quantitative evaluation are presented in experiment section. Through the experimental results, we could
conclude that the proposed algorithm has a more favorable and robust performance than other state-of-art algorithms

when dealing with kinds of situations during tracking.

Keywords: sparse representation, regularization, representation residual matrix, visual tracking
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