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Abstract: To prevent over-deformation and to solve occlusion problems that are difficult to solve for
correlated filtering tracking algorithms in the tracking field, an improved multiscale target tracking al-
gorithm based on PSR and objective similarity was proposed in this paper. The proposed method com-
bined a traditional correlation operation, peak side lobe ratio, with a perceptual hashing algorithm to
tackle problems such as target occlusion, over deformation, and other complex scene judgments. Ex-
perimental results using the OTB-2015 demonstrate proposed algorithm’s reliability and integrity of the
target trajectory. The accuracy and robustness of our algorithm is better than that of Kernelized Cor-
relation Filter (KCF) tracking algorithms. This paper presents a novel idea for occlusion detection in
the target tracking field.
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Fig. 2 Principle of fast target detection

2.2 KCF BEEBFEMER

KCF 59k SR SR R AR 47 o AH 3 | 47
TEFE LR AN [ . KCF BUAE T 43 228 46 I [X
AR/, BT IR ER s 2 B s . H B2 R
JE SR D) RE 5 JURF A SR 3 VR A B I #% T RE A i
SO B AR HOA TR 3 X e AL R R
PRI A L > G Y R AL S R R O

S HREE R,
2.2.1 EIHFHHH

T b A 0 4 R S 0 10 ) R e
PRI e A (A5 B AR S AR BOA MERG B 5 R A5
B 201 e S EURER R, D4Rk 0 540
A7 X T B A PIZE: (D) 24 H AR BB 0 i 1Y
A FHARFAE 39 AR OGP T 30 s Al i G it e ) 531
I B R R B AR (2008 BARSEAT S Pt
203 5 IR 4 9 T R LU AR ARLE A E PR S
AR BRI BE BT o R R L i e B 4 )

B AR BIE B % B B AT ORI L AR SRS LR
AR A JEAR 4T
2.2.2 WEFHESH

H AR B A8 LA 5T 55 38 P52, Y H bR 2 0 &
A T B AR AR G SR 4k 2 4l 5 H AR HE SR A B
b, B S UE R A B AR B S0E 1A K&
MR IR R B B AR L . T H KCF &
PR HOGU R AE , Hox) iz sl A4 A1k 18 4% e
SN L L EXT H bR T AR I LR S R
Vb 2 T — i J A 25 X 50 2 5 H AR s |
PRAMFERRAE A 1E B0 FE 4R L S R R

B LA ) S, AR S B BRLE RT H AR A T
T 25 #0710 o 25 B AH 5 BR 5 445 S g 107 6 B 1Y
e {1 25 3 L (PSRO BRI AT A (p-hash) MY {4
it Bk PR T — R AT R R E AR o
F A B B R L (HCF) . F I PR 40 A 48
PRI 45 BB BRI R AR

3 4 PSRAEMNAAMHENZHE
15 B VR SR 3E Fhok

3.1 sREBRER

KCF Bk A H & Z RERE#E S, DSST
Bk AT 22 R H b VG AR R M e 1% ) A, H
il 1 33 FiORUBE BRI T S A BB . AR SOk ik R
Wl CH RO AR B 5 AN RUBE L 25 5 TR kL AR B
W F&A DSST 3 RUBERS 40 o (R 3 B B P, 20U
R SEPR R 2R, IR A 3 frs .

_____

o) !
= AU ) PN

25 = | o i
A e (PSR ey

FEREIR X |®' | 1 |@|
1 | 1 1 I
O |
U | ! Response

______

PEA U G 78S Xis

F bRl RS

3 B AR B

Fig.3 Scale pool schematic diagram

SR — ot B b R I Y R AR AR
i i B B R S, (B ) BEAT 46 Ak BE
1 B[R] A REAS B RUREE & P B i o SR B HUHE
TR REAT AR SC U IAG I SR 2% A R L By 4
HH A TRD R Mg 7 R o 0 D e A 9 — 0, Kz Y



3070 b= E I

5 26

RUBEE S A8 k2 247 fe A 1 B AR RS, P 3 T fef
ROBEA Ak 22 % J5 22 B br 47 B ER K I . HCF F
FHTRT A5 0 RBE 4 7 B v 00 e ol BB o A v H
P IR A% Ak i [

3.2 VPSR i % ¥ i 5 B%

AR P B A B KR T 1 R
ER 0 H AR S AR, S R AR R R R R
A — R E A E bR R SRS AL A G R
W ia B A (E 55 3 HL (PSR A 36 1K 122 2% IR i B —
T AR P JOT . 214 R 1) 45 B ME B T T P e 1
MR — AR e i i o A L MR AT
e RGP T A TV L e 2 R e g

69 frames Normal situation Target

xf
I
o
Reponse i 00
N

F
08
|:>0.416-
044
o)

74 frames Occlusion situation ~ Target Reponse

PRl 4 IE 5 FIVIE P4 R ) BR B o i 1

Fig. 4 Normal and occlusion tracking response maps

SRR I 2 S, R
KCF Bk FR LR st an & 4 fras, HE 4 1)
1 KCF Bk 2 bR v i L (80 78 52 50 vh & A% 42
PSR 78 W 51 A7 7 7% 252 38 $4 1 100 i, PSR 2U{E
BB B K, HAE 5 29k % 8 b TG0 10K i )
) HE A A S PR AR i S i g o BT LA K

PSR = S““f"x —F mean
1 \ 2
N ( F’C' ) Fmenn ) -
J N Z . )

HorP s Fres Fan s Foo 23 901 2871 Wi W 6 [ b B g
B ARAN Cas y) A7 E A WA WA . N H 5 BE N T &
AE, SRR P P RO AR o 22 T e TR
2 R M 26 38 B SR i AR A ) B IR B o
SERUE 09 0% 3 KN, H SR bR E 22 P 0 e AR
Fuew s G Z W R0, F, W3l Frea B {H 2
BERL K A 22 (H AN B 5, 2 30 PSR H JC 2 1 58
W Z IR, A SO U B o 18 2
N Fow o~ FI5EAR BT 07 ZRIE X S PR35 20
KA — 3, o F WO, 538D s Ha
£ N ¥ 7 W 55 3 L (Variance Peak to Sidelobe
Ratio, VPSR) :

, (6)

‘ Fmax_ me ‘2
N(?y (F.,— Fu)®)

o A S P E B F F) Subway
Girl2 BE P #F VPSR #f Fe A% 48 PSR A5 5 RE 40
BOHb IR H L i PG i T 5 ) B 2R

VPSR=

D

W |
o



512 4]

PSR value

VPSR value

Frame: B8
Invalid

Q

=
=

>
=4
n
o
>

PSR value

RAGTE G5 SR PSR RN AR U 1 e 15 o R 2 3071
PSR curve

80 T T T T Ll T L]

701 )
60 7
501 7
40+ 1
30+ .

X:39

20+ Uiz i

10 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
Frame nume
P R
50 VPSR curve . . .
40 - -
|
30+ \/\[ M w \wM
20F i \\.,X94 T
X339 Y144
10 - 79481 )
0 . N . . N N
0 20 40 60 80 100 120 140 160
Frame nume

Kl 5 Subway J¥51 PSR 1 VPSR fli £k
Fig. 5 PSR and VPSR curves of Subway sequences

Frame: [
Invalid

PSR curve

80
7

S

»jr"l‘) g -‘( . |
60 - "M ) h A A [
50 -
40 - 'r' J ) | ‘ i
30+
20

. 1 5 A ™ f i
AL s P Y v
v ‘ N s f ] ¢ \'\f

\ (VR W L T A
[ W [ \J m

10
0

300
VPSR, curve

300 400 500 600
Frame number

Kl 6 Girl2 ¢4 PSR 1 VPSR (i1 £k
Fig. 6 PSR and VPSR curves of Girl2 sequences



3072

5 26 &

Srdr e s i B 5 FE 6, 7E Subway 331 H
55 41 WA 96 Wi Rl H BEHE £ B % L PSR H X 58
96 i 8 AT M IO F I AN 28 4, TG MR X 43 0 Bl
T, 1M VPSR MR8 A 3 . 7 Girl2 K
H 3 4 77 51 v, 100 ~ 120 o1 J2 7 25 3 £ X [A]
PSR H7E i LW A5 %5 B 5 ) R - 78 J5 2% [R) FE T
MmN s, I B2y v B
A A 1 VPSR 3% 2 [l IK T PSR, 6d B HAH
BOMERE B 5 T B . il G e T
SO JE PG TR AN T AL 58 B 48 S BB L mT DL
TOURS B 1 0 07 22 e, s 7 0 0K R B D ) R
HCF B34 A F VPSR HI3E , J /b 1 5 5 EF
0 B e T AR B B A R
3.3 HREVNHMLNEES

FEfIEH VPSR HI40E 52 9058 1k i, R 1 500 4R
TR 7R 2 P A 2 L OF 48 e e AL T34,
AUEARIZ R AS R L S IR o o 4 % 0% 4 B, T 2
TE VPSR 4 JE il b 88 i — > A8 oL 1 B i 458 B xo)
HEREA T A RUPE T 5, A AR P8 I E b 9 7 1
JE 5 P A

FIE
‘:y | ‘4 =
- In B £ EP Dy Out
s \JFn Fa 2 B ) s
S A SIS
7 HARE AR BAF

Fig. 7 Target template queue

wE 7 AU R A T T — A ER H
BRI HR B 56 A ZE t (FIFO) BA 31 #E 47 455 4 B 77 ik
BT . MEE W I fn g i 1R AR 15 VPSR H
P 7F VPSR {H %5 i B, 1A S 24 w8 e 45 0 R
T H AR, B A FIFO BA%I F,
(IR 5ETE n=10) , [F B A B L B AR Fy &
253 7E VPSR {8 5 AR I, X 224 1 & £ 09 75 22 H b
HEAT MEGR BE A 5t H LS B R AR BA 51 Y A AL
FEXE . MK T BIE R A B AR R A 8K
75 U 58 B 244 i o 18 I s o i B AR A0 R E A

I FHASE AR BA B e 7 08 n A bR HEASE AR L 3T
R R Y A P EGAE RE EE  eR B A A

(p-hash) .Y {H A (a-hash) . B 7 & AH 2 4 DT i
AR AR D C Hp 4 VA — Ak AH G DT E J7 325 7% DG BC B[R]
K5 H bR T UG B 9 %% B 7E SR n T
XL e iE A HCF Bk A LR pR g, 3R 1
Hh ST LU 5 SR UE B SR I A SR N R AR b
AR B B R i TP e A SR U ] R TR E
VL AR B FE AR 22 AN 3 25 Y0 B, DG TRE oE B B
i /2 2K

R 1 EGUE R EEEXT L

Tab.1 Performance comparison of similarity function

2 SEARERT /ms DCECHEREE/ %
RGN Ay 0.26 74
S S4 0 A 1.15 70
5 E DE 1.93 82
A D i 1.73 75

% 1§ HCF 535 1Y i 38050 i P L 28 R iy
A AR B bR A L B o R R, 3R R
Jr BB B, il A A5 1 R SO 0 e Js L LA
TAER SR 3 20 (D di/NRSE 2 B G 5 0 4
75 (2) B AR 5% (DCT) 4% e 2 BSR40 15 B
GO B G A A . X Pk I R AL B
SRR TS R A (B DL BH R B . 4 IR S A I
HZ N A PRk R AR LR B . 25 BE K
T AN R B x5 8RS AERL 77 A4 T RIZOE
3.4 BENEEEMEK

A KCF B3 v, A5 70 B 07 5 W6 hy 248 P 4 1 75
WA 8, h, FIRTEL ¢ WORTR A UE PR, h, ¢
—1 BRI R R —EL R, HAGH

< ] ¥
Frame(t) Frame(+1)
{
o o FFT
c
Ip ¥ 1p . 1-0‘ X he=(1-p)*hy+p*hy
3 g’

K8 Aot il B T AL

Fig. 8 Traditional model updating mechanism



512 4]

RARZE S5 R PSR A1 ULRH L B e B0 2 R it 3073

ZACAE T Y B R A B R R b SRR I 4
I R R TR ) T, LA i R B ) o R N T R
AR SCHE A R R S R L R
TSP FOAR L B TS, MRS VPSR EAE
JRE S 405 FOORE ARLPE B M 25 A, > b R Jg 3 G 4
SR OB AR I DA Ry 2 I 2% H AR SR BUICHE %
TR 5 >4 H bR 0 A R sl R ZUB AR B S ORI
B ANHUH H R, HCF 38 480 3 5 A
K(8):
J‘o:O; JERH bR
i = (1— o) Y, ph!*/< p=0. 007 s AR MR 2 H bx
p=0. 012; #EH B br
(8
For s nl S AR SR 0T AR
3.5 HCF EEEERE
HCF HARS AL BRUNT
F e b < AR A A5 1 51 1 575 — ot 1] 4 38 B SR 2
H A o SR AT HH 56 108 U BRI 28 10 45 0T S 4L
For i=2. /5 Wik,

B CSR WUFESI R FOREE i — 1 WY H bR
P P FEB R S | MoK 731
RS @ 55

ERZY AR oRIR

(D) MG Py F Sy N Fi R BUE FEAS X

(2) FIUHFFMBEAR X, Fla, 715 45 R

PR FE Y5

(3) Y, F5e KMy o7 ) A7 8 5 2 >4 i ot ) A
fi#E P,

Z R

(4 BARBUH B FEA X, $5HLE H 1 46 0 n
WA X Xo e X

(5) BE alk Bk 1.2 BBERM Y, (<1<n
<5);

(6) K Y, i) IO i BB RABL N Y RO 2l S
i A Y T H AR Y il R

EI A o 10 B 40531

(7) HEF 0 590 SR s < ) FH o 17 6 B Y 15
5 1Y 107 W 25 A L VPSR

(8) W Fiv AH AL B2 o - ) T JRR 0 ey A B ko

B HFRUERE Acc;
(9) B EBIH VPSRy, AHRLE B {E Aveasim;
if (vpsr<<VPSRth) &&. (Acc>1.3X Aveasim)
HHTMORTS B bR O AT B bR, %23 9=0;
else if (vpsr<<VPSRth) &.&. (Acc™>Aveasim)
G I 3 Y H AR R BAIC, 2 2 & 9=10. 0075
else
AR 1) 1) AR TR I D8 B R R,
B [ 3 7 SR
(10) H& R E (27 2] 32 o BT 24 1ij 98 B Al
H 3R a1 it SR s B i e s HiY .
Hi = (1= HIY 4 nhlf
End

4 FIM X e s B 5

4.1 ZIRIRE SYREXITFNIRE

SCH V- A VS2015 professional, C+ + i
AP, A ML ¥ TE Intel Core i5-
6420p CPU., F 4 2. 80 GHz,8 GB N £ AL & 1Y
i b 5E . XHE G KCF 503 0 3 50 A 16 2l . B
HOG $#1F . B i AR e 2 6 0 0. 5.2 2 W F
A 0. 012, IEMAE 2% A Jy 0.000 1, RERH
F oy 1.2, BEARMERE REER R PR AE
TSR O Z B0 P4 ) A A B L X R
3 R S S e U AR K, SR R — i 3 Y O 2R
B

N
0.5 v
_7N—1,Z;VPSR" (9

Horp . VPSR, #2361 P (935 J7 0 55 3 150 1A
VPSR, AAEWTFT R AE . N by 7 51 50, 5% Al i B
fift P T SRR AEAN R 3 5 R SEBR I R N TR S
(T R, KR 548 1 B[],

7R 3306 R B 400 38 A A 3 4E-O TB-1000
(Online Object Tracking: A benchmark) 3 iiF f
PR VA bR v 32O WAl £k — b
BRI F 2 (AUC) , T35 R I 530 3 R o 1) 285
HHME () B %5 5y — iR 0 B il 2 (thresh-
old) , P13 H bR AE vt 250 2 L 1R 25, BRI T 4K

VPSR,



3074 e K TR 55 26 45

B v LA SR AR TR A 1 17 401605 9 4 | Precision plots of OPE _

—
s HCF[0.899)]

e, %t 30 IE HCF Sk i b gk i b ng . Bk 09) = = Koo
1% & £ (Illumination Variation, Scale Variation, 83 ol Tha “:géé%gﬁ]%o]_:
Occlusion, Deformation, Motion Blur, Fast Mo- .§ 0.6] e=roisel |
tion, In-Plane Rotation, Out-of-Plane Rotation, ;é 8451
Out-of-View, Background Clutters, Low Resolu- 8;
tion) , FE B 1% 2, 01/

0

0 10 20 30 40 50
*2 HETite Location error threshold
Tab.2 Test sequence in our experience K9 OTBXf g K
A AF Wik ETE TR Fig.9 OTB contrast result diagram
Woman 597 1V, SV, OCC, DEF, MB, FM CSKE™ L KCE . DSSTE . Staple™, i1 I K 2
Walking 412 SV, OCC, DEF
Walking? 500 SV. OCC. LR S TLDM Bk, DA 40 A B i 40 3 Y ed %2-
CarScale 252 SV, OCC, FM, IPR, OPR ECOMU ¥ (ECOHC 2 CPU JRA) ., #4#E
Skatingl 400 IV, SV, OCC, DEF, OPR, BC VIR TPk AR AR b A2 SR o AT B RS i 2 3
Freemand 283 SV, OCC, IPR, OP
Dog! 1 350 SV. PR, OPR AT UL Y HCF A9 R 05 4 78 AR e b A0 T oAt
David3 252 OCC, DEF, OPR, BC 6 A~ B BE AR, TE AR F 45 R UL K k. https: //
Girl2 1 500 SV, OCC. DEF, MB, OPR github. com/AApunch/HCF,
Faceoccl 892 0CC
Faceocc2 812 IV, OCC, IPR, OPR o
Basketball 725 IV, OCC, DEF, OPR. BC 3 WHRERE
Football 362 OCC. TPR. OPR. BC Tab. 3 Test sequence accuracy in our experience
Subway 175 OCC, DEF, BC i
. p i HH R R AUC Threshold
Skatingl 400 IV, SV, OCC, DEF, OPR, BC /(frame * s 1)
Lemming 1336 IV, SV, OCC, FM, OPR, OV HCF Proposed 78 0.788  0.899
Jogging 370 OCC, DEF, OPR TLD ICCV2010 31 0.462  0.561
CSK ECCV2012 225 0.556 0.712
4.2 XMHERER KCF TPAMI2015 192 0.633  0.800
ARSCHREE T M Ewa e, oA E 4 DSST BMVC2014 59 0.682 0.781
T LT Y 6l B AR X L R A AR OC U8 Y STAPLE CVPR2016 80 0.768 0.782
ECO-HC CVPR2017 62 0.726 0.726
I Succqss plots ovf OPE . )
0.9% = S0y | | o ‘
0.8 rrrrrr e eeT s 4.2.1  ROE GBS BIAE T HF I 57 4R
g O ;%ﬁﬁj 8 I R 45 4 A ) 1 247 B e
2 05 B, T m s HCF B L K HE 6 s
5 g;‘ 43 S Jogging |, Basketball, Subway, CarScale
0.2 75 i as R G
O'(l)o =5 = 0 e % 10(a) Jogging 1 (b) Subway P M iz FH 55i
Overlap threshold FEia B AR P A R R AR Pk N ZE SR X L

AT LUA 7 S AT T DA Eh BR B A HCF



512 ) RAEZE 5 SR PSR A AR /0 5 84 R i 3075

4 TLD DA K. ECOHC3 R L, B bl i $2 b 3 FP 43055 (d) Basketball #0550 2 42 45 #H 81 T
TR RE ) T s (o CarSeale FFAJE H0 Y REAS b H AR5 B B ZUE A8 2 50 5 2%
BV SEE P e 2 P R S RUBE AR AL, e 5 S IR R BB I ) LR AT Bk 4 R R R
)4 HCF, DSST,STAPLE I ECOHC, i ¥ BT B bR R 4y e 2858 38 58 BUIR BR B R
HCF Bk it i 2 REMRe 17, Bl & T Frédfik HCF.

#0063 | #0080 #0100

HCF TLD CSK KCF DSST ECOHC

10 7 BhEETEXT 4 2 IS 7 510 11 BR B 45 2R

Fig. 10 Tracking results of seven algorithms for four sets of occlusion sequences

4.2.2 OTB2015 Benchmark & % ¥ £
DK e 4 P L2 R R 5 47 L 0 X L 5 2R FHEfE . HCF 5k 76 45 7 1 R AR T Al 5k
WMHIE 1 s, AT ESEREMEE TR E PUPk iR EREIL T .



Y,

3076 2

e

K% TR

5 26 &

Precision plots of OPE-occlusion Success plots of OPE-occlusion

—CF[0.893] 1™ s HCF[0.776]
09 e KCF[0.787] - Staple[0.752]
e * * * Staple[0.767]
0.8 — (sq;ﬁn m} H
0.7 o ,Egt')lflﬁl‘;{(wsl" CSK[0.550]
§ 06 —T{,D%OS’%I} g e TLD[0 4]
g 0.5 §
~ 04 é
0.3
02
0.1 .
0 . . 0 .
0 10 20 30 40 50 0 02 04 0.6 0.8 1
Location error threshold Overlap threshold
Precision plots of OPE-out-of-plane rotation ~ Success plots of OPE-out-of-plane rotation
1 v 1
s HCF[0.795]
= Staplef0.691]
. SST(0.641]
o [ COHC(0.640]
- Staple[0.716] 07 == KCF[0.603]
ECOHC[0.642] @ CSK[0.564]
5 ==TLD[0.594] § 0.6 “==TLD[0.467]
‘B @
’g § 0.5
v} 204
203
0 10 20 30 40 50 0 0.2 0.4 0.6 0.8 1
Location error threshold Overlap threshold
: Precision plots of OPE-out of view Success plots of OPE-out of view
00 = —uclﬂ'{ggg} : s HCF[0.830]
CF[0. .
0.8 Dss%[o.m] - CSK[0.688]
0 7 = CSK[0.622] = DSST[0.630]
- Staple(0.550] e ECOHC[0.510]
'5 0.6/ ===ECOHC(0.443] 2 06 = Staple[0.471]
% @
505 205
[ Q
£ 04 S 04
03 “ 03
0.2 0.2
0.1 0.1
0 0 * 3
0 10 20 30 40 50 0 02 04 0.6 0.8 1
Location error threshold Overlap threshold
4 Precision plots of OPE-deformation 1 Success plots of OPE-deformation
s HCF[0.899) ] s ECOHC[0.840)]
T L T
0.8 % ! le(0.748] |7 —M‘J’;‘[ﬂéﬁg]
0.7 d LSK[? 739] = DSST[0.588]
& DSST[0.707) o
'5 0.6 w==TLD[0.445] 5
% ?
5 0.5 2
o Q
£ 04 2
0.3 1
0.2
0.1 :
[0} 0
0 10 20 30 40 50 0 0.2 04 06 0.8
Location error threshold Overlap threshold
i Precision plots of OPE-fast motion
09 w—CF0831] =
058 =
0.7 |
o
8 06
205
2
= 04
03
0.2
0.1
% 10 20 30 40 50
Location error threshold
F 11
Fig. 11

2k

5 & #®
TE % AH 26 I8 I IR B 45 v (KCP) fYFE 22 °F L 4t

Xt AR RUBE AR Ak )R R 1 RO AR A 5 7

. Precision plots of OPE-scale variation

Success plots of OPE-scale variation

1
Towtos 1 0.9N ol
4] -
sm1c|074l] i 0.8
Ticoncpis) o 07
_5 e TLD[0.638] 06
3 %05
= S 04
a. 3 .
03
0.2
X 0.1
() i 0
0 10 20 30 40 50 0 02 04 06 08 1
Location error threshold Overlap threshold
Precision plots of OPE-in-plane rotation Success plots of OPE-in-plane rotation
—CF[0.924] B e HCF[0.854]
DSST[0.890] e DSST[0S21]
taple[0.860] | o Staplef0 818]
(m—rCFO830] —CF[0,639]
w—TLD[0.753] w—CSK[0.646] | |
CSK[0.741] ECOHC(0.643]
g e ECOHC[0.627] w—TLD[0.577]
2
[
0
0 10 20 30 40 50 0 0.2 0.4 0.6 0.8 1
Location error threshold Overlap threshold
Prlecision plots of OPE-illumination variation  Success plots of OPE-illumination variation
" ' 1 .
el WL w— HCF[0.806]
09 09 = S
0.8 0.8
| - Staple[0.638] | e w—DSST[0.602] |
0.7 - - E(?ZMEC\US%'!] ) 078 =, = - F.CDHC[OSS‘1]
g 06 ==TLD[0475] =06 1L D[0.380]
'g 0.5 § 0.5
£ 04 S 04
03 03
0.2 02
0.1 0.1
of - - . 0 - )
0 10 20 30 40 50 0 02 04 06 0.8 1
Location error threshold Overlap threshold
l?recision plots of OPE-background clutter S(]xccess plots of OPE-background clutter
w— CF[0.942] 1 = w—THCF[0.822]
0.9 i HCF{O,SM} ;‘ 0.9 = B Smpllc[ﬂ.76£|
08 om0 08T EEem SN |
0.7 " ioncrte | o 07
§ 06 —mopsl || =06
‘505 205
e 3
~ 04 3 04
03 03
0.2 0.2
0.1 0.1
0 [0)
0 10 20 30 40 50 0 0.2 04 06 0.8 1
Location error threshold Overlap threshold
Success plots of OPE-fast motion
09
0.8:..
o 0.7 CSK{[0.608]
E 0.6 e ECOHC[0.606] |
205
5
F 0.4
03
0.2
0.1
% 02 04 06 o8 1
Overlap threshold

9 Bk R A1) B R B 4 R

Tracking results of nine challenge sequences

285 [ I Ay A8 R G P25 70 A 26 T 00 B B o e 1
M, i HHY T — P e T A O U I BRI V7 R [ A
WLAH ALY JBE S0 A AR v A 3 006 L AR 3R A v A

JE

S TR 28 i A R A R A R AR R RS R



5% 12 4]

RARZE S5 R PSR A1 ULRH L B e B0 2 R it 3077

HL A5 BE B8 A 1 A6 7 SR OB 8 B B 1 PO
A ROR 3 R R R R B AR E . B AR K
T HARREAL . AT DUAR 46 52 B 7 0 1 18 A 09 1%
GEEAE 2R B2 B e B TR AR AIE

i o AR SR A5 R LR B, HCF Bk fig

S % UK -

[1] CHEN Z, HONG Z, TAO D. An . experimental
survey on correlation filter-based tracking [ ] J.
Computer Science, 2015, 53(6025) :68 -83.

[2] ZHAO G, SHEN Y, WANG J, et al.. Adaptive
feature fusion object tracking based on circulant
structure with kernel [ J]. Acta Optica Sinica,
2017, 37(8):0815001.

(3] Dta¥, Fkdk, #4 %, ETWABEEY AR

PRERSTILT]. 4osh 5ok T4, 2017, 46(9).292-
300.
MA J K. LUO H B. CHANG ZH. et al.. Visual
tracking algorithm based on deformable parts model
[J]. Infrared and laser engineering, 2017, 46
(9):292-300. (in Chinese)

(4] &EF, 2k, IERE.F. RABHACHEESEN A

W E HARIREELT]. ¥ M T2, 2016, 24
(2):448-459.
ZHANG L, WANG Y J, SUN H H, etal.. Adap-
tive scale target tracking using nuclear correlation
filter [J]. Opt. Precision Eng. ., 2016, 24 (2);
448-459. (in Chinese)

[5] BOLME D, BEVERIDGE ] R, DRAPER B A, et
al.. Visual object tracking using adaptive correla-
tion filters[JJ. 2010 IEEE Computer Society Con-
ference on Compuler Vision and Paltern Recogni-
tion, 2010:2544 -2550.

[6] HENRIQUES ] F, CASEIRO R, MARTINS P, et
al.. Exploiting the circulant structure of tracking-
by-detection with kernels[J]. Computer Vision-EC-
CV 2012, 2012, 702 -715.

[7] DANELLJAN M, KHAN F S, FELSBERG M, et
al.. Adaptive color attributes for real-time visual
tracking[ J]. 2014 IEEE Conference on Computer Vi-
sion and Pattern Recognition, 2014:1090-1097.

A R B0 b BEBR R H b iz gl B e A
PEPRAAE IR, S8 T T RE A R B . AR LR KCF
PERESE i 1 1200, X U 24 i HC A JL A 45 42 1 R B8R
B HCF B R A B An B 2 S5 5 B A 3
SiR F) A P AT P DA R R i B R

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

[9] DANELLJAN M, H GER G, SHAHBAZ KHAN
F, etal.. Accurate scale estimation for robust visu-
al tracking[J]. Proceedings of the British Machine
Vision Conference, 2014.

[10] ZHANG K, ZHANG L, LIU Q, etal.. Fast vis-
ual tracking via dense spatio-temporal context
learning[J]. Computer Vision-ECCV , 2014 127 -
141.

[11] BERTINETTO L, VALMADRE ], GOLODETZ
S, etal.. Staple: complementary learners for real-
time tracking[J]. 2016 IEEE Conference on Com-
puter Vision and Pattern Recognition ( CVPR),
2016.

[12] GALOOGAHI H K, FAGG A, LUCEY S.
Learning background-aware correlation filters for
visual tracking[J]. 2017 IEEE International Con-
ference on Computer Vision (ICCV), 2017,

[13] MA C, YANG X, ZHANG C, et al.. Long-term
correlation tracking[ CJ. Computer Vision and Pat-
tern Recognition. 1EEE, 2015:5388 -5396.

[14] KALAL Z. MIKOLAJCZYK K. MATAS ]J.
Tracking-learning-detection[ J]. IEEE Trans Pat-
tern Anal Mach Intell, 2012, 34(7) . 1409-1422.

[15] Fkwk, Hax, ER.F. ETFHREXINER
PRERITIEF R MR SR BT, ash bk T8,
2017, 46(5):6-12.
LUO H B, XU L Y, HUI BIN, Status and pros-
pect of target tracking based on deep learning[]].
Infrared and laser engineering, 2017, 46(5): 6-
12. (in Chinese)

[16] WU Y. LIM J. YANG M H. Object tracking



3078

Pl

K% TR

5 26 &

[17]

[18]

benchmark[J]. IEEE Transactions on Pattern A-
nalysis & Machine Intelligences 2015, 37 (9);
1834 -1848.

B, HFREEL, XEHF.F. ZRIERMAG RN £
HARBRER(T]. #E K, 2013, 6(2):163-170.
YAN HUI, XU TF, WU QQ. et al.. Multi target
tracking with multi feature fusion and matching [ ] 7.
China Optics, 2013.6(2) :163-170. (in Chinese)
AR, ZHOH, BB, %, N H Mean Shift f143
Peryba PR R (1], % 4% T4, 2010, 18
(6):1413-1419.

YAN J, WU MY, CHEN SZ, etal.. Using Mean
Shift and blocking anti occlusion tracking [ J].

Opt. Precision Eng. , 2010, 18 (6): 1413-1419.

EE® N

RAETEA978—) B IR B R 2
32,2006 4 52l F op [ B2 B K B
2FRGE B AU S ) BT 5T T L R A 2
7, EZNFRA RG] . B AR IR 7
BT 5% . E-mail: huajun. song @ upc.

edu. cn.

[19]

[20]

[21]

(in Chinese)

DALAL N, TRIGGS B. Histograms of oriented
gradients for human detection[ C]. IEEE Comput-
er Society Conference on Computer Vision & Pat-
tern Recognition. 1EEE Computer Society, 2005
886 -893.

WENG L, PRENEEL B. Attacking some percep-
tual image hash algorithms[ C]. IEEE Internation-
al Conference on Multimedia and Expo. I1EEE,
2007:879 -882.

DANELLJAN M, BHAT G, KHANF S, et al..
ECO: Efficient convolution operators for tracking
[J]. 2017 IEEE Conference on Computer Vision
and Pattern Recognition (CVPR), 2017.

FOEQ996—) . B IR EE A B+
W5 A, 2017 4F F b [ K A (4
O WG 2 2E N, FFNE B bR IR I
75 1 B BF 58, E-mail: yw19960216 @

163. com



