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Object-tracking method based on improved cost-sensitive Adaboost

Xue Yizhe, Wang Tuo

Systems Engineering Institute, Xi'an Jiaotong Unwversity, Xi'an 710049, China

Abstract: Objective Visual tracking is one of the most active computer vision research topics because of its wide range of
applications. Currently, target tracking problems are often solved through online learning and detection methods. A tracking
task can be considered a binary classification problem solved using online learning method. However, in the process of on-
line learning, the classifier training takes a considerable amount of time to improve its recognition accuracy. In this study,
a method using the Adaboost algorithm is proposed to solve this problem. The algorithm initially trains weak classifiers in a
certain number of beginning frames and will subsequently perform only as a detector without training to address the issues
related to real time and accuracy. Method The Haar feature needs to be simplified because its computational cost remains
a burden for real-time tracking. Thus, we remove the Haar orientation to facilitate calculation. Positive samples, i. e. ,
samples containing the target, are always the minority in tracking; as a result, the training samples are imbalanced.
Accordingly, the algorithm needs to focus more on the positive targets to achieve higher detection rate. The equal treatment
of false positives and false negatives by Adaboost may no longer be appropriate. In this case, we choose a cost-sensitive

Adaboost to achieve higher detection rate for the positives. Furthermore, given that misclassified samples appear more often

during a scenario because of the complex environment in visual tracking, we add a new parameter in the sample weight-
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updating formula of the cost-sensitive Adaboost to provide more weight to the misclassified samples, which consequently will

be given more focus by the classifier. Finally, we propose a tracking method based on the simplified Haar feature as de-

scriptor and the improved cost-sensitive Adaboost as classifier with online learning strategy. Result In our experiments, we

compared our method with two state-of-the-art algorithms and the original cost-sensitive method in both accuracy and pro-

cessing speed. We tested the different methods on 20 benchmark video sequences. In terms of accuracy, the average repre-

sentative precision of our method is approximately 26%  higher than that of the compressive tracking method and approxi-

mately 11% higher than that of the original cost-sensitive method. In terms of processing speed, the average frame rate of

our method is approximately 38% faster than that of the compressive tracking method. Conclusion Our method is based on

a modified cost-sensitive Adaboost that focuses more on the minority positive samples to improve detection rate. The pro-

posed method performs well in terms of accuracy and speed, especially for non-rigid objects, such as human bodies.

Key words: object tracking; cost-sensitive Adaboost; simplified haar feature; a parameter for weight updating; online

learning; non-rigid objects
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Fig. 1 The flowchart of the online target tracking algorithm

4 SLIMERKESH

4.1 LBHBRIZE

P AR SO v A 2 TR U P b RUBE 114725
Al T A5 DR TG P35 PR 0 o G B R Ay 0 A % i R
MBRERSEEE . R T BB AR ST B I ML R, 8 L 4
SR T HH B A A A 5 Dk (KCEF) ™ '

A TA 20 ML A R i ok A KRR AR A 480 Adaboost
PRERFE (RV TSR I ay f,, () ) FIAS SCHRLT
TR LSS . Ho KCF 1is17°F- 5 4 Matlab,
fihh 3 FpBE S-S5 Visual studio 2010 + Opencv
2.4.9(release iR ) , LU FAEE 8 OS: Windows7
CPU: Intel(R) Core( TM)i3-2120@ 3. 30 GHz, #]if
it E AR A R A ] o A SCER0 Pl 42 LAY ] L haar
FHOES 50 2, B M =50, HA S BBE s il y =
4,y" =8,R =24,I" = 12, WP 1 p 4 BURE 4
Tl X AT LUK C, @ 1,10 C, = IEFEAEH /7
FARH, a = - 0.5, ¥t 8 Wi/ K8l 4z
Ja SGHEA T ARG I SR
4.2 SEIOXTLE

AR E X N SFAERIME B AR AT IR ER,
1Mk 4 FhEEE S B BRER T4 T 40 BRI R N bR o
G511 G55 BT b T BB o B0 230 B Ak B 3
P FETR o R T G BRI ARE AY Jy BR
ILMFH T 20 HARAEMSRNN, BN 1% B A 4L bR
HENRBHE SR, s E, BA ) R, N
TREE WL UL AL AR S itk . il Bas-
ketball FRiEE 725 i, Bolt2 FREE 293 i, David3 R ¢
252 iyi, DragonBaby FRiEE 113 i, Dudek FRiEE 900 i,
FaceOcel FR 5 892 i, Football FR i 362 i, Girl JR
£ 500 57, Human2 B¢ 900 My, Human7 ¢ 250
M, Jump BREE 122 97, Jumping BREF 313 fii7, Mhyang B
15900 1, Shaking JR %5 365 i, Skater2 F 5 435 i,
Skating] FEz 400 i, Surfer #5376 W, Walking #R i
412 iyi, Walking2 ¥R 500 5, Woman FRi5E 597 i,

TEMER R LI b, T 8 S 7 56 R IR 22 AR X
B He H AR R S DL A R RS A LA
WEVE R T RSk [ 14T AR R A of o R i 2
Kl 2—& 4 iR izJ7 e O IR ZE AR B T
2, B DL R ER 15 20 i B AR R HE .0 5 N AR
S FARE I LS B o [8] B9 IR R BE 2 Sh As ofe AN
[F] 14 B 25 B (A S R A s (A SO 1 1~ 50 1Y
PR BSVE R B(E) | THIATE (6 P R B8 itk 55 B4
Z G BRZ H A R 3R, A e sy i £k, an2R
PRSI R 07 B E AR EELA B R OE (N R
AIYCH HAR B E AR BRER . b b T 260, MR 23 il £k S e
AN BB BRER B AR 7 S E 4 b, 2
Vo (LA T L 7 v S 308 B SRR AR B o X o
i i 7 R DU AR H GRS S P T B

549

© h H R B AR AT A



550

PEEREFF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No.5,May 2016

— KCF

TS

10 15 20 25 30 35 40 45 30
[
Basketball

i

L A R N S R R R R,
0 5 10 15 20 25 30 35 40 45 50
B {H
David3

s

10 15 20 25 30 35 40 45 50
[RE
Football

05

& RN U ST %

e

e

iR

idli

« ACYHER Y -—- CT

0.7

0.6 a0 - =

05 ///‘—;Eér_’

0.4

N

1 i
03F e

i
02} -

0.1F

10 15 20 25 30 35 40 45 50
[F{E
Bolt2

0 5

0.7

03

02F

15 20 25 30 35 40 45 50
[
Dragonbaby

1.0
0.9
0.8
0.7
0.6
0.5
0.4

02F
0.1F

10 15 20 25 30 35 40 45 30
[R{E

FaceOccl

0.6

10 15 20 25 30 35 40 45 50
FR{E
Girl

0 5

K2 MERR& (L)

Fig. 2. Precision curve ( [ )

© h H E R B AR I A



551

F21E/FE5H /2016 FE5 BE—i, T / EFRMEUE Adaboost BFRIRER
— KCF 2R EUEE S « ASculiRs:  --- CT
045 - 1.0
0.40F 09}
035} 08r
0.30F 0.71
3 025f % oer
& & 05
£ 020F &
0.4}
0.15F |
0.10F ol L
0.05F 01k ** s
N " L " s " L L LAk N L N L N L N L
0 5 10 15 20 25 30 35 40 45 350 0 5 10 15 20 25 30 35 40 45 50
[RE [R1E
Human2 Human7
0.35 — g_
030F i :
08}
025} N 07k
+*
3 020 il 3% 061
£ -t £ 51
€ 015t o+ =
“f“‘* 04F
0.10F = J 03}
+* A fvyy e s
0.05F AN S -7 021 AA /:#QW
' ____,--‘H’_/ 01 B A‘é’*
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
[EAREN [RE
Jump Jumping
/M 1.0
P -
/ M“"’“ 09}
// ’ o*m*w
3 0.8 usd
A L oo
p L 0.7
*'1»1'
3 G M
& * / &
& / &
/
1
I
I4
7
e’
10 15 20 25 30 35 40 45 50
[R{E FRE
Mhyang Shaking
1.0 1.0
09F 0.9
0.8} 0.8 4
07F 0.7 e T
s 06f 5 06 i
£ o0sp £ 05 "
= 04f 804 M
03F 0.3
02F 02F | £ =TT
0.1 0.1
__T_-T__-r‘.__‘—.—’l 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 350
[EAREN F{E
Skater2 Skating1

B3 Rz (1)

Fig. 3 Precision curve ( I )

© h H E R B AR I A



552

PEEREFF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No.5,May 2016

— KCF & JFURMI USRS « ASClRs: ---CT
10 1.0 / AAAAAAAAAAAAAAAAAAAAA :"" AAAAAA
.0'
09} 09} /:‘MW R
0.8F 0.8F o
0.7F 0.7F "1r”+
% 06F '*,.o*' A 06F o
= - Caand //f £ 05+
.:_é 0.5 . e , A .E\;-:l 05
0.4f o 0.4f
03} »* /7 03}
t y ;
02F / 02F
7
0.1F 7 0.1F
e ey oy 4/ 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
R R {E
Surfer Walking
0.8 1.0
0.7f 0.9}
081
0.6F
071
051 0.6F
& 04} &= 05f
= 03} = o0af
02 03
' 02F
0.1 01}
0 { ) ) ) . . i i i ) L . . . . " i i
5 10 15 20 25 30 35 40 45 50 0 S 10 15 20 25 30 35 40 45 50
R F{E
Walking Woman

CENTESHEAQ D)

Fig. 4 Precision curve( Il )

TEALFH R 526 v , th T KCF Bl FI i -F- & 2 Mat-
lab, HAth 3 Fp & 12 Visual studio 2010release 5
X TREM C+ + Ry, $E A A, HI
Ab PR FE SIS AT T CT, S dn AU U Adaboost
PR R R TS S B B0 00 L, DA AR JHF- Bt
VER LB o D T ARAS AR E B A4 881, H ] —
WAL 3 FhRE I BB AT 3 U, RN RE T Y 3
AR PO (A, T B iR, A SOk
FAD A S BRER S A& 5 R o
4.2.1 AERRRSLIRGS

X T 2—&] 4 Jirs B R 2 i 4 Gl R AT R
ST P I 20 B iy X537 149 9 A 238 A Sy B35 308 o 40 43 R
BERCR IR MER R 1B TR 2—[&l 4
B 20 B 4 FhEETE BT XTI TR R . AFR 1 AT
B A SRR AR HERR 2 KT KCF 5k
s T HABP RIS LU 5k o BB T, AR SO 12
SEERFMER R CT 2 26% , & AR f i
AR ZY 11% o NI 2—I&1 4 aT LI, S P AP

BUERA L, 75 20 ZH I iSRS rh AR SR Y SRR L
HEET 78 Human7 , Jumping & Walking 4% A7 B i
25 T PRI HE SR, At 2 A0 A9 A4 3R 4 e i B0 ot
F/b— RS AR T ERIE T A SR B — 8
AP 5 5 I AR AN BB R AR L, A SR R T
7 Human?2 , Jumping , Mhyang & Walking X 4 />4
ERECR S 22 T R B, A A R AR 2 AR
AH I al R Ao S R 0, RE I AE U Skater2 | Skatingl
S Shaking - 9 B B2 ROR JC O B, AT LU HY B0
IR . A SCRE AT DITERIAG I 2 B B feli 73 2 e
13 EARGF 2 ), 24 EARRRAE AT K AR el R i) 22
A, A SCRE R HE PR 58 T 19 R 0 AH F At
ke, E S Gir YA, RIAE H A7 ™ H
P SCREAE L E B R IS BB AR P MR B b, X
M FE U Basketball \Bolt2 . FaceOcel Skater2 %5 H#x
PLah R el AL 2 AL P15 3] 1 ENIE, 75X JLZL
P H 3 14 ) s i A5 & 4E, KCF BR 5 Boli2. Girl
CT fRF: Basketball FaceOccl Skater2 HH T AN

© h H R B AR AT A



553

$214& /558 /201658 BE—8, Th / ETRMNEUE Adaboost BFRERER
——— HFRESEIE KCF —— CT BRI BURE . —— Ak

Football

anye- 44

=

T3 IR

v
A" )

Human2

Skater2

A E——— S — e _—— S —— ————

Walking
K5 ORESE IR A R

Fig. 5 The results of different tracking methods

© h H R B AR AT A



554

PEEREFF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No.5,May 2016

A4 2R, AR SCO L AN BEAR NS B st B B H b, 3
VA SCR 2 B — @ i e, 288, % T
Woman 3% A 14 H AR 1 A9 ™ £ 1 9080, B
P 2 BIL AR SR B RO 25 T KCF; %t
F 41 DragonBaby Jump X F£[ B AR £l sl F R 21
PR, BT A1 S R TC AR B, A ke o [l
S e B, AN BT R — SRR B W ., %
T3 SERORAR — L B 22 SX R E 3 AR I
DUREZAS 1) M0 B 7 ) BR B ROCR S MR B, AR SO 45
Y € Cy U T 2T & %8 i A AR AT s 1
(4, ] WA SCR AT A S THRY 25 8], danfef 5 % C, .G,
PLIR S B B ROR , X AT A T ik — 2B 0F 58, &1 S
T 4 R RETE L MR Y A T IR R 2K
Ro A TIRUEZULE, T A PUATES & N5 S WiTT-h
VRIS ) oA TARM ) S W7 , DT BE 2 1E
Hu U] T 4 Fh B Y BRER ASCR (Girl A TS
WSR2 A BT R RE ) s (1) 22 55 400 3] 480 g ]
AORRAA) o AT AR A SCRE AN I IR R e i
JRI T AR SSCRABAR W] 8., DA T 8 W B0 ) A 288k o
F1 RERRAEWHE(BEHN20)

Table 1 Processing representative precision

SRR A

L] KCF 83k CT Rk U Pk
Basketball 0.9228 0.5572  0.8455 0.8952
Boli2 0.0171 0.5461 0.4608 0.4232
David3 1.0000 0.4841 0.4325 0.4325
DragonBaby ~ 0.3363 0.0442  0.2655 0.2743
Dudek 0.8933  0.3933 0.2033 0.404 4
FaceOccl 0.7298 0.2545 0.6334 0.6558
Football 0.7956 0.7127 0.7873 0.7956
Girl 0.8640 0.7520 0.8220 0.9420
Human2 0.2144 0.0922 0.1233 0.084 4
Human7 0.4720 0.776 0  0.1640 0.2520
Jump 0.0574 0.0410 0.0656 0.1393
Jumping 0.3387 0.3035 0.2971 0.1949
Mhyang 1.0000 0.7278 0.7722 0.664 4
Shaking 0.0247  0.0137 0.0658 0.3233
Skater2 0.6943 0.0184 0.3632 0.662 1
Skatingl 1.0000 0.1750 0.4375 0.6775
Surfer 0.9096 0.0027 0.3059 0.444 1
Walking 1.0000 1.0000 0.9976 0.6359
Walking2 0.4400 0.4320 0.3260 0.3800
Woman 0.9380 0.2044 0.1792 0.204 4
FHMERE 0.6324  0.3765  0.4274  0.4743

4.2.2  KbPEHEESLHSS

A SRR A& SCERL6 J/EE A C + + 2
JF P UcE T A SCRE AR R I . SRR A R
Wz 2 s, /LR A SRR B R T CT,
SEER R T CT 249 38% o Jil A2 AR 3L Adaboost
S RARTER 1 TUMTIN 2Rt f BRAS PRI, T CT 1
AR DU 4325 25 B R US4 T U 25, DI 75 22 3
ZWF ], ] DA SO 1 S RE B AT s [RIRE SRR
AR5 I AR AR BB o A 3 R B A AR [
AT DA SO HE A B AR AN 5 e b B E

%2 METHME

Table 2 Processing average frame per second

/(W1/s)
L CT IR IR AR
Basketball 13.77 16. 74 16.47
Boli2 14.18 21.13 21.13
David3 14.81 16.20 16. 50
DragonBaby 13.13 18.96 19.06
Dudek 13.70 21.26 21.29
FaceOccl 13.95 21.27 21.24
Football 14.21 21.14 21.19
Girl 15.81 21.24 21.28
Human2 14.75 16.13 16. 11
Human?7 14. 44 21.10 21.19
Jump 16.22 20.68 20.76
Jumping 15.31 21.13 21.20
Mhyang 15.17 21.28 21.32
Shaking 13.12 20.75 20.53
Skater2 16. 14 21.21 21.27
Skating] 13.28 17.46 17.67
Surfer 13.46 21.17 21.19
Walking 14.41 16.25 16.28
Walking2 13.86 21.20 21.24
Woman 15.02 21.25 21.24
S HgiR 14. 44 19. 88 19.91
5o #

DL Adaboost S AR 3R 19 £ Bl 2% > B9 45 & haar
RRAEF R LA 0 R BRI ), A SOB LT A R T
PRATE R o) SR ok R B 1) 0 P 2 0 T 4k

© h H R B AR AT A



$01% /558 /2016458

B—, Tih/ EFRMNEUR Adaboost BFRiRER

T haar FFAEFFACHE TAUM U Adaboost FI%, iR
$R TR ot JE B AU UES Adaboost 15 £RHR B
Sk SEERASRAW], Bk 5 RS A e R e BR R
FIAR RO, RS X N AFAERIE H AR AT #47
BRER , A —E I PLTYERE Ty HLARBH AR B R .
XT € Cy J o SESHTIN T E R SRR SRR S
LY , [ AT 2% B8 H b RO 2SRy Tl e
1T AR AR X 88 (A AT 5, DU B RE A8
PR IT 5

22 30 ik ( References)

[ 1] Huang K Q, Chen X T, Kang Y F, et al. Intelligent visual sur-
veillance: a review[J]. Chinese Journal of Computers, 2015,
38(6): 1093-1118. [#YLAF, BRlbest, sk, 5. Bl
PR ZRIR (], LA 4R, 2015, 38(6): 1093-
1118. ] [ DOI; 10.11897/SP. J. 1016.2015.01093 |

[ 2] Avidan S. Support vector tracking[ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2004, 26(8) : 1064-
1072. [ DOI; 10. 1109/ TPAMI. 2004. 53 ]

[3] Grabner H, Leistner C, Bischof H. Semi-supervised on-line
boosting for robust tracking[ C]//Proceedings of 10th European
Conference on Computer Vision. Marseille, France: Springer,
2008 : 234-247. [ DOI: 10.1007/978-3-540-88682-2_19 ]

[ 4] Kalal Z, Matas J, Mikolajezyk K. P-N learning: bootstrapping
binary classifiers by structural constraints [ C]//Proceedings of
the IEEE Conference on Computer Vision and Pattern Recogni-
tion. San Francisco, CA, USA. IEEE, 2010: 49-56. [ DOI.
10.1109/CVPR. 2010. 5540231 ]

[ 5] Kalal Z, Mikolajezyk K, Matas J. Tracking-learning-detection
[J]. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 2012, 34 (7). 1409-1422. [ DOI. 10. 1109/TPAMI.
2011.239]

[ 6] Zhang K H, Zhang L, Yang M H. Real-time compressive track-

ing[ C]//Proceedings of 12th European Conference on Computer

[7]

(9]

[11]

[12]

[13]

[14]

Vision. Florence, ltaly: Springer, 2012. 864-877. [ DOI 10.
1007/978-3-642-33712-3_62 ]

Freund Y, Schapire R E. A decision-theoretic generalization of
on-line learning and an application to boosting[ J]. Journal of
Computer and System Sciences, 1997, 55(1) ; 119-139. [ DOI.
10. 1006/ jess. 1997. 1504 ]

Viola P, Jones M. Rapid object detection using a boosted cas-
cade of simple features[ C]//Proceedings of IEEE Computer So-
ciety Conference on Computer Vision and Pattern Recognition.
Kauai, Hawaii, USA. IEEE, 2001, 1. I-511-I-518. [ DOI:
10.1109/CVPR. 2001. 990517 ]

Viola P, Jones M J. Robust real-time face detection[ J]. Interna-
tional Journal of Computer Vision, 2004, 57 (2). 137-154.
[ DOI: 10.1023/B: VISI. 0000013087. 49260. fb |

Friedman J, Hastie T, Tibshirani R. Additive logistic regression
a statistical view of boosting ( with discussion and a rejoinder by
the authors) [ J]. The Annals of Statistics, 2000, 28 (2) : 337-
407. [DOI. 10.1214/A0S/1016218223 ]

Masnadi-Shirazi H, Vasconcelos N. Cost-sensitive boosting[ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
2011, 33(2): 294-309. [DOI. 10.1109/TPAMI. 2010.71 ]
Masnadi-Shirazi H, Vasconcelos N. Asymmetric boosting[ C]//
Proceedings of the 24th International Conference on Machine
Learning. Corvallis, OR, USA: ACM, 2007 : 609-619. [ DOI.
10. 1145/1273496. 1273573 ]

Wu S Q, Nagahashi H. Parameterized adaBoost: introducing a
parameter to speed up the training of real AdaBoost[J]. IEEE
Signal Processing Letters, 2014, 21(6) : 687-691. [ DOI: 10.
1109/LSP. 2014.2313570 ]

Henriques J I, Caseiro R, Martins P, et al. High-speed tracking
with kernelized correlation filters[ J . IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2015, 37(3) : 583-596.
[DOI: 10.1109/TPAMI. 2014. 2345390 |

Wu Y, Lim J, Yang M H. Online object tracking: a benchmark
[ C1//Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. Portland, OR, USA: IEEE, 2013:
2411-2418. [DOI: 10.1109/CVPR.2013.312]

555

© h H R B AR AT A



