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Abstract: In order to solve the problem of tracking failuréwef the Sum of template and pixel-wise learners ( Staple)
tracking algorithm for in-plane rotation and partial oeclpsiofl,s’ a simple and effective Channel Stability-weighted Staple
( CSStaple) tracking algorithm was proposed. Firstlys_ &wstandard correlation filter classifier was employed to detect the response
value of each channel. Then, the stability weight“of each channel was calculated and multiplied to the weight of each layer to
obtain correlation filtering response. Finally, by integrating the response of the color complementary learner, the final response
result was obtained, and the location of the maximum value in the response was the tracking result. The proposed algorithm
was compared with several state-of-the-art tracking algorithms including Channel and Spatial Reliability Discriminative
Correlation Filter (CSR-DCF) tracking, Hedged Deep Tracking ( HDT), Kerelized Correlation Filter ( KCF) Tracking and
Staple. The experimental results show that, the proposed algorithm performs best in the success rate, it is 2. 5 percentage
points higher and 0.9 percentage points higher than Staple on OTB50 and OTB100 respectively, which proves the effectiveness
of the proposed algorithm for target in-plane rotation and partial occlusion.
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Fig. 1 Schematic diagram of CSStaple algorithm

1 A M AT 09 B B

AR iR BRER IR B I A B AR E PEA E A K8 e
BB G By b FE 2 S R I, B S s BB e T
ERNMRENEH G B HRARIRERG R
L1 EEREERERL T

AICH Sol T G R UR BB AT Bl I IR R A R
T opunna s ROT R m X nx e (LA cm JERIRE B9 5 BE , n WAL B9 58
e NN R R , ARG @ (AN BRI E—E

AR T M E(E R &

P = [pipasepl ] (1)
Hpie {1,2,,c} REENFS LEBLR(2) REZ
JEHIIE :

w' = max{ (1 - pi/p}),0.5} (2)

A ipl pa S BRZZ A i 0 (L 1) P B B (RIS —
REME A SCHIRE L8 7t BB T8 REMRREN T
BIBN py/py , 24 HARE IR ALBOE A LR FURY, py/p) MIZE
K, GRENEDZZEWE R, RTFE—MRRIEN, 23
PR B2 Rt , B AR A e & AR g
18 HRX S 2 m T AR &R B BT 3CR R, MR ER 4
AT 28T By kX iz K ma b M AE TS &, A S
RANE BB 0.5, R4 1 RTRA U R B3 BEAET

S R DL MRS R, DR Dy 1R MR A o i LA (R Y
FIBIREST , B LARL AR BB ARAN ., At B 55 1 32 A R
TE SR L AP IR NE F7 o ABL ST, 2400 2 W B e B 8/
AR SCA R IXFE—A PLACER AR e B, i AR T BRI L %
JE M o7 B A o ) BRI

1.2 fAxXiEHESHRE

SR AR HER AR SR IR AR SR , YN 4R th — M08 [m] )3 432K
o HIRR B -1 f(2) = w'z, HEBEBIFEAR {x,]
RIS R ENR B ARty | Z B B/ TT IR ZE BB,
I

min | 3 (75~ )? + AN} ] ®

i

HE—H, M AR A EEEHR () WHER
%

a=F'(y/k= +1)) (4)
AL B x B ACHEHER; " RRBEEEET T
T F™ 27 B B B AR e

BIRA—MEREFHNREREF %NS o 8
pui

o = (1-n)a +n.a (5)
KA RARRIE P AR 3T %50 I 2400 0 DAY IR B
AR (4) BB RA, S5 A —WR e+ 1 & R
2 I, TR AR I  3  SRL B

Fouma = F7' (& OF™) (6)

BEMRN5R(2) PEENREENE O MM
J& B AR B EE AR E AT A AH I I8 b A Y

P = zrihannel X w' (7)

TR EF E SRR
N T HREl B B B KA, A S A — MR IR
RMFERT W FE RCBBRE u e R HAHERRR:
ylu] = ey, (8)
Hrpe =[0,0,-,0,1,0, 01" R MTLER L HRR

0. XBMFS klu] @i (9) B2
klu] = floor(u/(255/bins)) +1 (9)
Hh bins RHFER KR 25, AT BRRE 0, C R
MERRE O, C R L — R4 RE B iR R4
1

e(B) = mysaﬂ(ﬂTt//[u] -1+
T3 Evle] -0 (10)
Stih g 2 R
FHEEEAE R A7) [RA BARESL, 831
- Ni 'Q i 2 Ni 'QII i 2
dﬁ>=g;[|;jkﬂ—1>+T%ﬁhﬁ—o>}

(11)
AP N(Q2) = {ue Q1 kal =ila e {obl. %

82B) _ o 185 i e B PR

B’
- N'(0,)
B =" o,
N(0,) +WNL(-QO)
AT BIER BRI RRARAL , RIS IR 4288 , AR 3T
i Fl—Fh R B I TE R E B R SR B F AR R 4

B = -9,)B" +n,8 (13)

(12)


http://www.joca.cn
http://www.joca.cn

%64

e R R E AL AN R T 8 R A AL SRR H ok 1753

A B RAI AT ¢ WUREREREE R R AR R
Na B O ETT Bl R AR R

TEAE IR B, + 1 Ui, A B 205 AR B B e
R u SRR E T TR, B .

ry, =B ylu] (14)
1.4 @& HE S IR IR WA iz 0 B3R £ Wi Ji2

5 AR Ak A (9 M S U B2 WA B v 1T €8y P )
ro ZJ5 AR A — R R AR AR 25 & O SR Bl IR A 1T
B :

r=aqry + (1-nrg (15)
Hrp g RREET s r FERKER M ERRREZER,

2 LB 5 A

XS BN A T SIS T T A
SCBH SR ERAF CSStaple 5 2477 5532 19 IR EF 45 72 OTBS0M"
OTB100* Jlist4E | My HERERT LSR5 R
2.1 =ZHWigH

TERERIEPAR 53 , A S T B A HOG RHEH B B 1)
BITRAP N 4 x4, WE¥IHE 9, = 0.0l EHEETET
18], EHE0E A RGB HE, B 5 7 I T HR BUE o 32, Bl
SIRAR A 2 FH 0.04, 53 5h, B B e I/ 150 x
150, E&HF 5 = 0.5,

2.2 OTB50 LRy

1E OTBS0 Fy 50 MR L , B 5ol A SCHI R ER 4 CCStaple
55 Ak B BREF 2R 3EAT — KB i B ( One Pass Evaluatien
OPE) N3 L L5, 7 ) Sk 85 Rt F7 ot o 2R X 43
B ¥ BT RN R I R BT LS5 R
2.2.1 BBt

7£ OTBS0 |, ASCHEER T 5 MLk W BR IR 2R #E 4T % b 38
B, ALHE R RN () VT 444 4] 1A 5% 38 % ( Channel and Spatial
Reliability Discriminative Correlation Filter, CSR-DCF) BRER
X W BE B B3 ( Hedged Deep Tracking, HDT) ™) %4k AHKE
PE(KCF) B 384 46 #4 /b SVM R % ( Dual Linear
Structured SVM Tracker, DLSSVM ) ™1 %} 75 2% 3] ( Staple ) R
EE o BT LIRS R A 2 FUR, AR R R TR X —
TEhr . Ho AR E CSStaple BRERS ¥ &AL, 70 B L B
HEE I Staple AL RIESL (KCF) BREREIL 2.5 N E MM
10.4 MESG A
2.2.2 A TEMSH I

AITE OTBSO L#AT T JRYEHTHIRT L 230, FRA B
MBS R 11 RORFEI R R, BD SRR RBER AL I
JB7E iz SR T P e R AR A% Bl 7 T SR R L
& EREILURMER, FERPRER JERX WA EET
IR WE 3 fim. e FE W E T, HDT |G T
58.0% 28 F T FR ( Area Under Curve, AUC) 1843, A CHY
BESRILERE 1.8 MAS R, ACHERERSTEIEE T
W T RN R, 7 EGE FIRAL S R S T
LRI MERRERAS Staple RIUALF , BRER IR, MASC
A CSStaple INA T BB E M EZ G, B 3B/ b+ 55

TR AR 10 8 PR BCEE, T TR W o7 4% 5 8/ Nl 18 AR AN
AR LA S5 B ) oL A A B AT 58, BT DAAR SCRA B B AR
RETESX IR B 14 T R BUAR X B Ao

~+-CSStaple(# ) [0.618]  ---DLSSVM(CVPR2016) [0.608]
—Staple(CVPR2016) [0.593] o~ HDT(CVPR2016) [0.603]
—»-KCF(PAMI2015) [0.514] -+-CSR-DCE(CVPR2017) [0.593]

1.0

0.8

0.0 0.2 0.4 0.6 0.8 1.0
B R
K2 OTBSO bA[R] BRER#R X Lt
Fig. 2 Comparison of different trackers on OTB50

—+-CSStaple(A30) [0.598]  -»-DLSSVM(CVPR2016) [0.580]
---HDT(CVPR2016) [0.580] ——Staple(CVPR2016) [0.576]
-5~ KCF(PAMI2015) [0.497] —a—CSR-DCF(CVPR2017) [0.554]

1.0 T
N
(1T R Nt o X YO
P St
> 1>~>~-->\>: . %
%0.6' v‘\.b__ N
ﬁ ‘h\ \
E B,
Ho.af W
:&\N
0.2 '\\
0.0 : : :
0.0 0.2 0.4 0.6 0.8 1.0
R
(a) PN R LT %

t-CSStaple(£37) [0.613] -»-DLSSVM(CVPRZ016) [0.592]

——HDT(CVPR2016) [0.603] -+ Staple(CVPR2016) [0.585]

—»-KCF(PAMI2015) [0.514] -+~ CSR-DCE(CVPR2017) [0.571]
1.0 ; . . :

0.0 0.2 0.4 0.6 0.8 1.0
b=
(b) W T K

’l3  OTB50 - -/ PIeks 24 Wil Jd It T a2

Fig. 3 Success rate under two attributes of in-plane rotation
and occlusion on OTB50

2.3 OTBI100 _ERyiFfE

1E OTB100 EATCEIRT 5 A5Gt MBRER SR 2EAT T LT
ZXFLG S B, A A B A1 A 8] A) S R A B A OC I8 I ( CSR-
DCF) Rt #H A3 PR ¥ ( Long-term Correlation Tracking,
LCT) "0 o i BE BB (HIDT) M0 4 4k M1 56 % 3 ( KCF)
BR' HhFEAE S (Staple) BRER ' A BRER 27 OTBLOO 1R,


http://www.joca.cn
http://www.joca.cn

CIgAr

1754 it AR A %38 %
hERME 4 R, puter Vision and Pattern Recognition. Piscataway, NJ: IEEE,

B 4 AT LA 1, CSStaple 763X 100 ~#4R b R 045 I
I B E S TR Z R IR ERE B AN Staple F1 CSR-DCF;
FESCRT R BB B op, Staple B9 AUC 184%2% 57.9% , 1CT #y
AUC 1843 456.2% , A3 IR B 5 519 AUC 1843 Jy 58. 8% , #i
Lt Staple F1 LCT 435188/ T 0.9 NH 4 S H2. 2N E 43 /5.

—+—CSStaple(Z30) [0.588] ——HDT(CVPR2016) [0.564]
—x-CSR-DCF(CVPR2017) [0.585] —a-LCT(CVPR2015) [0.562]
—o—Staple(CVPR2016) [0.579] —»-KCR(PAMI2015) [0.477]

1.0
0.8 "--ﬁ\h___v\b: e
-D-..\»b'
%06 \"b\k N
B -
dt-l>2<()_4‘ hORY
R
\k_'\
0.2} R
R\
0.0
0.0 0.2 0.4 0.6 0.8 1.0
B E R EE

B4 OTBIOO b AR[FERER# XL
Fig. 4 Comparison of different trackers on OTB100

3 4%

ALFEANIEAE T (Staple) BRER 42 B0 ZEAL B AIA T BT
EEMEAT, BRE T BERE MK HHTES
(CSStaple) B E7 4% UCHE ST B9 BR B7 4% BE B I MU AR IR 1T 8 TR
.37 FIR AL R A, B T 7E BB A vE R &R OTBSO I
OTBI00 EIRAS T 8 M4 R, BB T — L TR I
BRERAR . ER, AU N TIRIDE AL MK R ERE
oAt IR REARBRAS A RBAR , R 2R ST X DG AR (b IR
DHRBREFRBHHTE SR
Sk (References)

[1] BOLME D S, BEVERIDGE J R, DRAPER B A, et al. Visual ob-
ject tracking using adaptive correlation filters [ C]// Proceedings of
the 2010 IEEE Computer Society Conference on Computer Vision
and Pattern Recognition. Piscataway, NJ: IEEE, 2010: 2544 -
2550.

[2] HENRIQUES J F, CASEIRO R, MARTINS P, et al. Exploiting the
circulant structure of tracking-by-detection with kernels [ C]// Pro-
ceedings of the 2012 European Conference on Computer Vision,

LNCS 7575. Berlin: Springer, 2012: 702 -715.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

2015: 5388 —5396.
BERTINETTO L, VALMADRE J, GOLODETZ S, et al. Staple:
complementary learners for real-time tracking [ C]// Proceedings of
the 2016 TEEE Conference on Computer Vision and Pattern Recog-
nition. Piscataway, NJ: IEEE, 2016: 1401 - 1409.
MUELLER M, SMITH N, GHANEM B. Context-aware correlation
filter tracking [ C]// Proceedings of the 2017 IEEE Conference on
Computer Vision and Pattern Recognition. Piscataway, NJ: IEEE,
2017: 1387 -1395.
SR B, B BT QU I I L SE B AR BB T B T] -
L F, 2017, 37(5): 1466 - 1470. (ZHU M M, HU M H.
Long-term visual object tracking algorithm based on correlation filter
[J]. Joumal of Computer Applications, 2017, 37(5): 1466 -
1470.)
I R BT R R S Y B AR BRERL 1. LR
JH,2015,35(2): 466 — 469, 475. (PENG S. PENG X M. Object
tracking with efficient multiple instance learning [ J]. Journal of
Computer Applications, 2015, 35(2): 466 —469, 475.)
R it I EIM]. Ut AR A, 2012: 116.
(LI H. Statistical Learning Method [ M]. Beijing: Tsinghua Uni-
versity,_Presy, 2012: 116.)
WU ¥%/LIM J, YANG M H. Online object tracking: a benchmark
[MC]// Proceedings of the 2013 IEEE Conference on Computer Vi-
sion and Pattern Recognition. Piscataway, NJ: IEEE, 2013: 2411
-2418.
WU Y, LIM J, YANG M H. Object tracking benchmark [ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
2015, 37(9): 1834 —1848.
LUKEZIC A, VOJiR T, ZAJC L C, et al. Discriminative correla-
tion filter with channel and spatial reliability [ C]// Proceedings of
the 2017 IEEE Conference on Computer Vision and Pattern Recog-
nition. Piscataway, NJ: IEEE, 2017: 4847 —4856.
QI'Y K, ZHANG SP, QIN L, et al. Hedged deep tracking [ C]//
Proceedings of the 2016 IEEE Conference on Computer Vision and
Pattern Recognition. Piscataway, NJ: IEEE, 2016: 4303 —4311.
NING J F, YANG J M, JIANG S ], et al. Object tracking via dual
linear structured SVM and explicit feature map [ C]// Proceedings
of the 2016 IEEE Conference on Computer Vision and Pattern Rec-
ognition. Piscataway, NJ: IEEE, 2016: 4266 —4274.

[3]

[4]

[5]

ZHANG K H, ZHANG L, LIU Q S, et al. Fast visual tracking via
dense spatio-temporal context learning [ C]// Proceedings of the
2014 European Conference on Computer Vision, LNCS 8693.
Cham: Springer, 2014: 127 - 141.

HENRIQUES ] F, CASEIRO R, MARTINS P, et al. High-speed
tracking with kernelized correlation filters [ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2015, 37(3): 583 -
596.

MA C, YANG X K, ZHANG C Y, et al. Long-term correlation

tracking [ C]// Proceedings of the 2015 IEEE Conference on Com-

This work is partially supported by the National Natural Science Foun-
dation of China (41501377), the Natural Science Foundation of Jiangsu
Province ( BK20150906, BK20170040) .

FAN Jiaqging, born in 1994, M. S. candidate. His research inter-
ests include object tracking.

SONG Huihui, born in 1986, Ph. D., professor. Her research in-
terests include remote sensing image processing.

ZHANG Kaihua, born in 1983, Ph. D., professor. His research

interests inlcude image segmentation, object tracking.


http://www.joca.cn
http://www.joca.cn

