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Abstract: Because of the problem that the target is prone to drift in complex background, a robust tracking
algorithm based on spatial reliability constraint is proposed. Firstly, the pre-trained Convolutional Neural
Network (CNN) model is used to extract the multi-layer deep features of the target, and the correlation filters
are respectively trained on each layer to perform weighted fusion of the obtained response maps. Then, the
reliability region information of the target is extracted through the high-level feature map, a binary matrix is
obtained. Finally, the obtained binary matrix is used to constrain the search area of the response map, and the
maximum response value in the area is the target position. In addition, in order to deal with the long-term
occlusion problem, a random selection model update strategy with the first frame template information is
proposed. The experimental results show that the proposed algorithm has good performance in dealing with

similar background interference, occlusion, and other scenes.

Key words: Visual tracking; Spatial reliability constraint; Deep features; Correlation filter; Model update

1 5§

PR H AR R BRI VST D A0 1) DBt ) A2
—L2A N TN . AN . H B
Tl DA B 5 2 JR A% 4 . MR R B — AR IR S A 1
Wi H ARfs Bah e T OL T, Al vh 5 22 H bRk

Wk H: 20180807 BFIHM: 2019-01-21; MZ&HR: 2019-02-15
SEEES: WiE  warmstoner@163.com

HATH: FEKAREIE4S (61571458, 61473309, 41601436)
Foundation Items: The National Natural Science Foundation of

China (61571458, 61473309, 41601436)

A, WALE. REES. TPk, FEEIRERHEAR
IR FE, 550 B IERERMT 55 C 845 3 T 1R EF 1)
filt i o HET AR AT 9T 32 B ICTE B2 T R R
PR, PCanonRAR G, PREER . SR, R
Iz B UL ROV R LRS54, X Pk K A7 7
R T H AR ERERRE M RE A RE— 4T, TR
KA HARB)EFRRERE, WIFTA BLE
JEiE T Bt E TR, HOG, Harrf§1E. SURF.
ORB. T 7[R HBEFRET LRAE. B\
LR W 4% (Convolutional Neural Network,


http://radars.ie.ac.cn/CN/10.11999/JEIT180780

7

W T T PELU A S LB S 1651

CONN) 2= B [ REAE B )2 TG 4 288 HAs
TN R E MG o B PEE R AT 55, FFEUS T LR 1)
PERER I . PR, 2o far BT 7 MoKy C NN PR % B2 AR A
T B ARERERAT 558 A — MBS 5 1)

CUA PRI TR P8 2 30 10 IR i SV 3 0 0 BR AT
55318 g TR (1) H BRAS I ) RS 100, X e
SEAEASTVE (1) H AR P A SO 8 1) I SR AR 9
ZRONNZF KA, PRI TR DS S i H A o
HRE XSS EVLAFAE IS I, o7 S g 5 55
K BAAE I CNN I 5 )G — 2 i ok R o H
B RSSO AT E AR, B
JE R AE RIS A B VA DG o AR b BR B
E55 19 H AE THERG O B BREAT 5 407 177 AN A2 HE T
H AT TE U o DRI B Al A e I — J2 R A
S} IR AT 5% FF AN FRARIR o 55 20 1) J S )11 24
FEARTIEEE, YNZr—A 3R K10 7 K T 2R IE
FOFEA, (HZAE R N5 e T 28 Ll 3 d, £k
PP EANE, WRIE A H b T R K= R
A, FERZ S ATAE  E ARG, 3 LU E St
RS T

ALk DL 7 S e B I A ) R
(V) EE 2 T2, KRG 05
RIGRURERT H AR TR, A 7 85 R I
B, ASCREUCEAT BAMEN 2 2R AERE T il 6 i
AT I J5— =R B HbR: (2)4 TRl
GREARAN LI, AR SCHE S ZREE BT M)l 25
FHOCUE WA, W T A7 R 10 TR RS A WA A0 K VI A
A, JERE R AT IEA 2 H g ek AR R S L AR
[0, 1MFRARZE, AT 98 VI 25— 7 0 0l 43 2 s 1)
REEBOWIEE, (E3RO B AR B 2 A G, %
F DA Rl 1 7 SR H b () B 2407

ER AR 28 AH IR HARATAE IR 2 1 8, BP9
A BSE R T T CSKM, oNI2L KCFM, DSST!,
SRDCFM™! C-COTMIZ—RFMEFH W 7k, WNE
AN EET SEVEAT T it o AR SCHE R S R L At
by B R AN B SRR AN R T S AL i)
L i Bu R AR e Sl [T AR B Br R 8 P Bei s i P
BET P B 3 R H AR A R, ASCHIANT
— BT H SRS, R MU 1) 5 | AT R A
VYL T DA B B IE, AR FE— 7
To TA, L XF B bR AR B R R R AR A )
B, ASCIE A B IR A 2 AN T — AN REE
BeASHEAT AL BE, B T ARG IR

S NRFAE S IUR 43 R 28 I G AN 7 TN T
PEH T T () ] HE P 24 TR B A BR B
FE MBI HE R 48 B g SR ], ASCRVEA

AT LA BRAEEHS . H AR BEss . RS 5T
PLAEIA L, RN R AT R R BRI, IR R
S EAEER R LI .

2 ANEE

AR T T () R S 2 o ) B PR R
PR . BRI 2 R 2R 2 A A DG DB
A, TR RN 22 A w3 B AT AN R, B
N7 AR AT 58 X 3802 SR B 3R AG 85 28 10w [ ]
I A i N e KBS HARI O B, S a et —
Tt AL SE B SR A A AT B
2.1 ZEERFHE

CNNJE — A2 LI W 28 480, Ik b A ot
SEHLIE RE 1R KM BE 42 T B A OR A A i 284 2
ImageNet!' R HIIL, HBLVF 2 P REAL 5 (1 45 X
P2 R, I AlexNet!'s!, VGGNet!MF1
ResNet45, 4] 72 N H T H AU 3

ARG ], AR E R 28 2 B AN [) 2
FUZFHE R A AR AT SR @2 CNN
FEOEAEE B AR 3l G ANE SURFAE,  IX SRR v] LU
KRIX I ANFEZRB ARG, IF BT H RSN ) 238
AT RAUF (R N, A M LAIX 23 A AL H s 1)+
Yoo AR, FRIZREX T B Arsb AR RS
B, RN DRI H ARSI PEE 1) RS S, X
LERRAE X T~ DX A0 AR AR B ARIEE AR, Rt
A DASRASEN H bR S IAERA K e f7 « X LRE MRt 3 AR
T AR ML A FAT TR IR FEE AR AT A S e AR AT i 5
KR R R A I PERE .

AR VGGNet- 191 M RFIEFREL RS, Ly
“197 R Mgt T T B A I AR () R . AR
Hal W, $RECT AN B AN SRR R IE I EAT
T AL . I RTBIE . RS RZ R
TRB TS m IR, AR S 23R IR R IR 3R T
2 REXAE R, BT ARLE RS (R 40
Bo ARIOTTVE T EAET MEE G 2 038 S Bk ab B
KA, a2 R A R B4 7RG 1 2 1
KGR H RS o
2.2 FXIERF

A K H#EImageNet 2k VGGNet-1945
ARy H AR MR AR IAS K H AR /EConvl-2,
Conv4-4 1 Conv5-4 145 FRRFE 73 il Il 25 2 S AH K
JEWE, LI AR EFRIRER . HES € HARI
FRRIX I, $RBORBEREz € R™WVP, T
G MRl 22 RAEAE, T R AT P S X P A
{8 bR B[ G (1K N224 %2240 #5 H AR 2 4k
fIE z ¥ A5 3 BRI K- J7 1) B4 B R AR Ul 2k
K, BAFEART LLEIR 2,00, (myn) €{0,1,-,



1652 CER S |

41 %

(c) cov2-2

1 BRI BERHAL AT AL

N S BN

(a)fAN (b) covl-2

M—1} x{0,1,---,N

KR g (m, m) ) 24k B 307 B 5
2 2

g<mqn>=exp<—("l_ﬂﬂa)‘Z““‘AUQ)) (1)
20T

I I [ YRR S AR H R, T DA B R
TR N
2
HW%)

h*= arghmin<z
(2)

ok, ABEMLBHEN>0. o=
D 2 ’
S Rz —g(mon)| +AIRIE, R
R s BT DAL R e
2
-MZNHW)

(}:Hd e
(3)

b, Z, GRHS M hz, gfih & s Bk
e Z*hZWEHIHE; o Rom TR miIE 5.
ML 50z (0HT) =0, W] LL R 13 A ANl

Zhdd —g(m,n)

=1

d(de {1,2,---, D} ) LA G g P 45 1
Go (2%"
ey (4)
> 7o (Z7) +A
d=1
PRIk, 455 S e+ 1irh HARIOAERE — 2 EIE

BUSMEE 2, 2, € RMNVD . HDFTAH N Z,, 7]
LA 3 55 ¢ it o) AH DG i 1. ]
L%? (5)

-1 (;Hdo(

Horv, (2)"hZ EH3HE; F R i A
o I ERDER, R E) T ANFZ 2 A A0
N {E\, Ey, Es}, #3315 S 4 1)
M [ P

(d) cov3-4 (e) covd-4 (f) covb-4

Ei=v-Eit7y:- Estys- Es (6)

S, 1, P A W AL
2.3 HORESIEIR] A b KRR

o T WS T HOA SRR W, A
47— RS LA R 7 Y LT 2 o
ML RN R LA 5B
Ty, LR AR A LR X 5k FLAT B K
OIS, i B — A F AT RS
B RSB Covb-A M Rz € RV P
R D e 1 3EAT AN, b o 51— A
QEMMEPEM =Y | S, JthS, #RCovs-4fy

WAV FE]. 5054 6 5 o 0 W 5 6 S8 4 7]
A FL AR, B M o A G 0 0
AR A B BRI A, BT R
Fl bR AL

. 1, My>m
M”:{o, s @

T RIE R, UR T REAEAE— LN
ﬁmfﬁm,ﬁ%,ﬁiﬁmMﬁﬁiﬁ@ﬁ%,
VE H AR e R AT S e X, SR M Ron . 3
A0 T 75 380 A DX SR o2 e R o (1) 48 2% S

Ei=EioM (8)

Hrp, oRIRITCEN SIRIZH . B o3RI &
Wi )5 6] b ] DL Ao H A i H AR B O B (2, ve)

(x4, y1) = argmn;ax Ef(m, n) (9)

2.4 PBEHLEFRES

FEREFIE R, HARSMURI St TV 2 I
MAKTAZAL, R T 38 A DG BB 28 1 A R ) Sl

s I AT — e R R . (HE M H
B 52 B3 ™ F Y AN ) R AR A S 2 2 AT
BRI S i, R R BB T VAR 2 S K R 1
FREGIABA . JeIE Y H bR A e S P, f%
SR TR A FEER R S EUREAER ek
W FERLAEEREE R, A 28 145 SR H AR 1 Ak
MR B HE T Bl S5 B, A S 8K



7

WO T A S R

PR IR 1653

I R J5ldh H BRABEAR AR 5 A0S B A ) ke ofe D 3
SPREALHIKE JL T I BT, 2R T I R
0T H FRAAR PIREIAR o

TESEG T, ARSCR I H A 0 424 R g A i 3 A
TN SAFAE— R R, AR A 2 e K i Y
B A BB AR A 3 v LAY H b R R A Dl AT 4 2
IR R AR 22 37y 5 AR A 2 mT DA B H A i 18 AR ) kK
PR o G I K EE I SESS, X S A N A A T
H—)5, 15 TP IE 4 A

(1) 24 H bl i ()44 FL S AR S DL R
B 25 e A 1 SR M bR, R AR —
IERVSS P ETUNIENE

()l THAT T IH—4b, HHASTRA T 344
PSP AT ERES,  FUA 1 =35 I VAR A N 5E A1
A AL B, A2 B RN AT, X R
A DL — s P BEATL IR 7 X B

Wk R A EE e K AR T A A 1]
DAFE A N e iR AR 32047 B 14— A 155 S 1 ) e e
o XFEALBE, (F1FBIALAR L BT — @ A 7,
A AR R B ST H bR A I R R

XTI IER R HY, A AL MB35 E R

JEPLARAE L — LM 23 7 TR 43 BRI, AR 55 ¢y A
AP S BT SRS A
(1—n) Al [ +nG © Z,(1),
Al — T<1
C en) AL (vt (1-0) (G © Z1(D)]
T=1
(10)
t1+n§£:Z} C)Zt ,T<1
B! ={ (1-n)B{ +n|wBi{+ (1 -w)
(}::Zt C%Zt )], T::1
(11)
Hi = A3/(Bl+N) (12)

o, nhE 2%, o IR T, 78 5Ok Y
{t, A{FIBY g AR .

TE T WUBEAR AR B A A B TR S
AR T IR AR R R P R R AR R, IR R
TE— L6 H 37 5 R ARKAR il DR G MR R F H b o
2.5 HIERIE

AR RVE I E AR N R LR 2R, K

M i ImageNetF 4 EINZIVGGNet-1917E A%
RPN A . H B BReIER)E, HMHconvl-2,
convd-4flconvh-445F 2 4 HAE IR ZRFE . K
TR R B RIS A 0%, A
AL E M . a2 AN OCHER AR AR B 2 A
Mo 3 P, R FH e B REAT . B A i
Oliﬁfﬁﬁiﬁﬂﬂﬁﬁﬁﬂﬁﬁm”ﬁﬁ@[ié’]?ﬁ%@%(a
BRI, S e KA R A HARAT B o I i 3R Wi A
IR/ NS TR T B8, T R — iR
3 MMEXE

HIUEASCRE A R, EWindows1034F
R, RAMATLABRIC++HIE A it LA L
83k, R T MatConvNet T H A PUSZHLX W0l
SRR W 25 BT ) A5 46« fEIntel Xeon 2.4 GHzH]

® 1 ETZHREMARNEENRIEEE

WA BBIPAL, L, -, I, HAHIEEE Epe=(z0, w), HII
45 R s9=(wp, ho)o
i SR IEREREE Rp=(z,, v), s=(w, hy)o
X Ft=1, 2, -, n, do:
(1) @A H AR E
(a) A ATt H AR E py o 5 55 TROI I, I $HUH:

SRR

(b) A T4 BB E, R (4)FIR (5)FF S ILAR %
i 1 14 5

(c) IR (6) 0 A R AT A, (RS H A
S

()L R (7) PR (8) 3R I A DI P 545 T4
U 7 0 2R

(e) FIH ()€ B¢ Wirh H AR OA7 S pyo
(2) #fisE H st
(a) F R p AUHT—T H BR RBE s, MEAT 22 JRUBERFE, A3 21RAE
MGEL={1,, I, -, I}
(b) SRAISCHR[14] P R ROBEAS VD7 v o B8 et b H b 1) e
R 500
(3) MR
(a) A3 A5 380 7 ] 5 DR 2
(b) ARG AR KN 2 (10) 38 (12) 5 IR A% HEAT 50
,_

e

2% [ T SR X

Sl O—D—
N T - i 37 €]
H\|Ju,j |xﬁg; )ﬁ'i"‘ﬂﬁ_ﬂ_ 7 !
-
it
(HIES
ER P Z JZEPREAE PRERGER

P 2 AT



1654 M7 5 F

SO 4 Ha1

AbER S LA SCE L AT AR, R T GPU
(TITANX)HZEAT I .

MRS HO BT H bR RHE RN H bR
RIRANBATRCE s X T FA T, BN ERE L
IS HARFFAR R LU TN CuE B 2% o A T B
WFAESN, W R SEAE DR B RN B AR )
PR AE B HEAT A . 638 (2) Hh A IE Ak 2
Fa=10": @i dior=0.1: AN (10)—
K (12) TR ) F W E = 0.005, MBLREH
w=0.4. {EX] 2 2R EAS 2 H bR & A5 vH T
RETIE S FRATTAE K& 56 Ll S 56 R0 43 A 1 ik L
W5 IZ MR A BCERE Iy = 0.5, 99 = 0.5, 73 = 1,
AR, EAEE R R, R8s
18 B N ) 7 AT RUE A . ROBEAN THRH]
FISCHR[ 14 AH R B S 50
3.1 7£0TB2015_t A1 REIEMI

ARILAEOTB2015 5 R4 o e vk 5 3
b4 3= I HAR G BR R A AT Lh i, X285 iE
fi45: DeepSRDCFI[23] HDTI[24 HCFI[?°],
MEEMP, X865 vk 35 4l F BRIA S 40
3.1.1 B EERMRMHRE

AR ERERRE S . I R A bR EOTB
By b Sk REEAT VRS, I3 BN T ERER
R BERUS DN Z B0 L 2618 . Bkt ASCHRE
WA TR R R I . X ek, B
SRDeepSRDCFZE % B FASCH L, H2EA
F1 fps /s FRERHEAE 15 I STVAE SEBr Y A
EHHE KPR 74 DeepSRDCF /& 3 T SRDCFHE 42
), AR CSEEEAEDCEF Lk i, BARTERE

1.0
0.9
0.8
0.7

= 0.6

¥z

32 0.5 /,'l."

i o e iy

= 04 — AICH [0.864]
0.3 ".,"';’ - -~ DeepSRDCF|[0.859]
0o b - HDT(0.848]
o1 b --- HCFJ[0.837]
7 A — MEEM][0.786]

0 5 10 15 20 25 30 35 40 45 50

A PTR G, AHRAT A A AR A A
2, HCFR R BERFIER AN HAREAT X, K
FE00.837, MIhZE K0.566, HDTHHHedge %
3 il 5 2 AN B TR PR AR IR 99 IR RS, RS 2
IEFIT0.848, HNEA0.569. AHLL T X PRI
BT 2 AR R IR AT IR ER (0 7%, ARSCHEIEIRS
TG IR A RE R I, KELIAH] T0.864, KLY
F00.624, M THCFAERE LT T2.7%, 4£
JEIE AR T5.8%.
3.1.2 EAZRBMMEESIRT

ASCR I OTB100K e 4 I 114N bdE s R
FEMEREREAT 0 M, 2R3 A T & @ T
FE R IR R T 2, AR RIS R, &%
ARG R, R B4 S 03 3 R R AN R
ERERSAT, 59 AR B FoR A S S H .
LIFP @ R4y k. REEAE 4L (Scale Variation,
SV). AR 4L (Illumination Variation, IV). H#x
HEFY(OCClusion, OCC). 15244 (Background
Clutters, BC). H#rJE4E(DEFormation, DEF).
IEEN ] (Motion Blur, MB). Pz 5 (Fast Motion,
FM). “¥[fi P Jig#% (In-Plane Rotation, IPR). [
A iE#%E (Out-of-Plane Rotation, OPR). Hbxilf i
LT (Out-of-View, OV). k7 ##% (Low Resolution,
LR). N T S UMy WIASC BRI 2k, ik
W IR RE K H 22 )2 0 BE SRR A R AT BR R K VA HCF
HDTHEAT XS EE7

M2 LB, AR LI s
PR ESIAG T B ERER S5 R . JCH S AR D) %
b ARSCEVEAE TR JEYE BT TR SiA N

1.0
0.9 FEEmsss-
0.8 B
0.7 N
% 0 A
= 06 %
i",( 0.5 \"\\\‘
125 04 F— Dc(:pSRDCF[U~G43]“\\\\\
5 N N . W\ v
B 03 |- AsE0.624] W\
0o | HDT[0.569] N
o1 | =--HCFl0.560] RN
R — MEEM][0.533] RN

0 0.1 0.20.30.40.50.60.708091.0

e R 22 1 R 5 (1 B
()P 22 (b) et 2
Kl 3 OTB100WIR 4SS S IRIRS B 1 220 e Tl 1 22
# 2 FERIBMTEENIREEEILER
R7S SV(60) OCC(45) 1V(34) BC(27) DEF(42) MB(29) FM(37) IPR(46) OPR(57) OV(13) LR(3)
KIgk 0827 0.799 0.855  0.872 0.801 0.813 0.800 0.879 0.844 0.756  0.870
HDT 0.811 0.753 0.803  0.855 0.817 0.764 0.800 0.851 0.804 0.663  0.749
HCF 0.800 0.748 0.805  0.857 0.788 0.772 0.788 0.863 0.807 0.680  0.778




CoNg | ST T o R LTI E T D Gt OR R 2 VA PR RES 1655

* 3 TRIBM TEEMRERRINE LR

Bk SV(60) OCC(45) 1V(34) BC(27) DEF(42) MB(29) FM(37) [IPR(46) OPR(57) OV(13) LR(8)
AIEPE 0580 0.594 0.635  0.627 0.570 0.624 0.609 0.605 0.597 0.556  0.510
HDT 0.491 0.528 0.540  0.593 0.546 0.545 0.549 0.557 0.533 0.541  0.376
HCF 0.490 0.526 0.547  0.602 0.532 0.557 0.550 0.599 0.534 0.542  0.383

N3, WLIERBIA S RA E 2 R
Blo B, XWTESARPIRE, ASCEEA LR
FT YRR HE R HCE, HDTHILHAE T 5 b i b 3
ET, IR WA ST A3 1) n] S P XA O 20
SPGB T ARG ML e HT o 53 SN R DA
LT ) A, A BRERORS E AT Bh A b, AR
HCF#A H A%~ 8% IPERES T, XA/ MEH] T A
SCA IR B WL S SR e AT AR A mT A A R A
P, ATRAE — @R R OR AR H BRI 25 KA Fe Y
Vo le Sy AN R R AR 7 eI i, L EAG
i PASCR 2 2 R R BT B A 75, wR
FEME SR, RERIETE R, X+ Hix
s BRI AAZE

0.8

0.7
l 0.6
# 0.5
0.4
0.3
0.2
0.1

it

0 10 20 30 40 50
P AL
(a) K 132 1l 2
C-COT(RGB)|[0.7745)

— AXHZF(RGB)[0.7363)

-+ MEEM(LAB)[0.7081]

—— CF2(RGB)[0.7030]

- == Struck(HSV)[0.6448]

—— KCF(LAB)[0.5882]

3.2 7E£TempleColor128_ A RETEM

h SR N 78 43 MU0 U AR SO PR ER T e, B —
W AETempleColor 1282 Hs 4 o o L BEAT VI

TempleColor 128 FE 1284 A ] B 53 5 R 11
T H], A SR FHAMOT B 54 [ (1 DF
IR AR S 1 R AT LR

P48 7% T 64 BRI RV IR0 RS P8 AR T R iy
Ko fEXEenf LA, C-COTTEM AN br _L#
AT T B A (0,775, 0.569) 0 A U HIAERS
JZ(0.736) M T % (0.533) FHEA 52, FIN, 5
CF2EIEML, AU AR LIRS T 3% 1k
BEHRETE, WIIE LA TH% T, B E
TKCFH . BhimE, AXrigE ke

08 B2
0.7
0.6
0.5
0.4
0.3
0.2
0.1

FREF IR

0 0.2 0.4 0.6 0.8 1.0
o 5 B i
(b) e Th % i 28
C-COT(RGB)[0.5686]
— ARCHP(RGB)[0.5328)
—a~ MEEM(LAB)[0.5000]
—— CF2(RGB)[0.4840]
- == Struck(HSV)[0.4640]
—— KCF(LAB)[0.4182]

[#] 4 TempleColor1 28k 45 Y [F1RE 5 h 2 FH R Dh 2% h 2%

TempleColor1 2844 5 |5 5 56 1 ) HR 5 SE A
P, HOOREAT AP TERESE S ).
3.3 HEBSXTERERY RERI RN

T BE 2 o BT SR A% T 00 x BRI BE (15K
Wiy, AT TP SR EAT PR 0 FFAEOTB2015 K4l
e b T AR S, SERR A R R 4APTR . H

R4 BEEESRHXIRERMERERZ IR L SEI

SRCT SRCT-S  SRCT-R SRCT-S-R
HIhE 0.624 0.618 0.610 0.603
BRIEFRE 0.864 0.856 0.841 0.838

i, SRCTARER A LE 7, SRCT-SF7RA N2 (1]
ALAEMELR, SRCT-RE /S AUEAT 15 MUBAR [ AL
W, SRCT-S-RACEK L LA S &R AR H
AT DA Y, R 2 s A ] SE PR 2 R
ol 32 o AT S SR I K 0 B R M B R
W, Horp, AL T2 LR, B HL S BT S
XPELERIPERE R R, RS R R 3% .
4 HERiE

ALY T Pl 2 () i S PR 20K B AL
WERER TS, AR AR XIS 7RG R ER
PERERIL. FILE LR BCE R M4 1) 2 2 HAMRFAE



1656 mo7 5

41 %

TN Z A OUERE2S, 18 A 77 20615 21
12 A N B AT RS . [ 25 I8 201 s Ak i 5
Mo, T8 3 565 2 1 I A O R AR A B — AN O T H AR
DX IR AR RS, 200 H e 1] E 4 2
Ju. A, GRS B I RS DL PR R
PRSI G PRERB Y R 52, SR —FPBEAL I
T M TR AE S ) 7 A A R R R AR AR F R — A
RIFIPIRA, IR DA RO A BLER . 5 RTIeE
W), AR A SCEVEIUS T LT O Bk bR
LRI, HRESLR IR, KR EIMAAAEIR 2 T4
HAF T — DAk ER N R 5T
ASCEF R FEUAR NS, 1K BB a] LA T
R, & 22 R R AT 453 4 i T8 3 2
e, R TAHCIER VAR I T e HE, S
J7 T 3 208 B A b B — Wi O 58 JE SR T IR
Ik, ATAFMLEBEAT T P OCHT AR R . 534 H R
(PVRFAIE P BB LK 22 42 A 3 R4 e ImageNet I
WNZRAT 201 o 2 58 21 43 258 n) j0RH PR ) 380 ) 22 S
P, X SBETY FEAS S AL PR PR ) A e LIk B . 1T
TER, BT 2 g 2% 3] ¥ Siamese W 4 252057
BT BORERRE ST, A A
VID EXFBERIAT NS, A5 T8 R R 1 R
Mo HERMGR M4 FBEHAA R 72, Wnl Lod i
X G 3 B ) 77 ST N ZRBY, 3 s 2 (45 e vk

2 F

[1] SMEULDERS A W M, CHU D M, CUCCHIARA R, et al.
Visual tracking: An experimental survey[J]. IFEE
Transactions on Pattern Analysis and Machine Intelligence,
2014, 36(7): 1442-1468. doi: 10.1109/TPAMI.2013.230.

[2]  WANG Naiyan, SHI Jianping, YEUNG D Y, et al
Understanding and diagnosing visual tracking systems[C].
Proceedings of 2015 IEEE International Conference on
Computer Vision, Santiago, Chile, 2015: 3101-3109. doi:
1109/I1CCV.2015.355.

3] RAWAT W and WANG Zenghui. Deep convolutional
neural networks for image classification: A comprehensive
review([J]. Neural Computation, 2017, 29(9): 2352-2449. doi:
10.1162/neco_a_ 00990.

[4] GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich
feature hierarchies for accurate object detection and
semantic segmentation[C]. Proceedings of 2014 IEEE
Conference on Computer Vision and Pattern Recognition,
Columbus, USA, 2014: 580-587. doi: 10.1109/CVPR.
2014.81.

[5] SHELHAMER E, LONG J, and DARRELL T. Fully
convolutional networks for semantic segmentation[J]. IEEE

Transactions on Pattern Analysis and Machine Intelligence,

[10]

[11]

[12]

[13]

[14]

2017, 39(4): 640-651. doi: 10.1109/TPAMI.2016.2572683.
WANG Naiyan and YEUNG D Y. Learning a deep compact
image representation for visual tracking[C]. Proceedings of
the 26th International Conference on Neural Information
Processing Systems, South Lake Tahoe, Nevada, USA, 2013:
809-817.

HONG S, YOU T, KWAK S, et al. Online tracking by
learning discriminative saliency map with convolutional
neural network[C]. Proceedings of the 32nd International
Conference on International Conference on Machine
Learning, Lille, France, 2015: 597-606.

NAM H and HAN B. Learning multi-domain convolutional
neural networks for visual tracking[C]. Proceedings of 2016
IEEE Conference on Computer Vision and Pattern
Recognition, Las Vegas, USA, 2016: 4293-4302. doi: 10.1109/
CVPR.2016.465.

FRT, RHE, M, . TR TURERMIERIE S o > AL R
A ). TR B 2EH, 2015, 37(9): 2033-2039. doi:
10.11999/JEIT150031.

LI Huanyu, BI Duyan, YANG Yuan, et al. Research on
visual tracking algorithm based on deep feature expression
and learning[J]. Journal of Electronics & Information
Technology, 2015, 37(9): 2033-2039. doi: 10.11999/
JEIT150031.

feaknm, WA, WP, A BETIRAIR BE M I £ I AL R ().
M7 515 2R, 2016, 38(7): 1616-1623. doi: 10.11999/
JEIT151449.

HOU Zhigiang, DAI Bo, HU Dan, et al. Robust visual
tracking via perceptive deep neural network[J]. Journal of
Electronics & Information Technology, 2016, 38(7):
1616-1623. doi: 10.11999/JEIT151449.

HENRIQUES J F, CASEIRO R, MARTINS P, et al.
Exploiting the circulant structure of tracking-by-detection
with kernels[C]. Proceedings of the 12th European
Conference on Computer Vision, Florence, Italy, 2012:
702-715. doi: 10.1007/978-3-642-33765-9_50.
DANELLJAN M, KHAN F S, FELSBERG M, et al
Adaptive color attributes for real-time visual tracking[C].
Proceedings of 2014 IEEE Conference on Computer Vision
and Pattern Recognition, Columbus, USA, 2014: 1090-1097.
doi: 10.1109/CVPR.2014.143.

HENRIQUES J 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. doi: 10.1109/tpami.2014.2345390.
DANELLJAN M, HAGER G, KHAN F S, et al. Accurate
scale estimation for robust visual tracking[C]. Proceedings of
British Machine Vision Conference, Nottingham, UK, 2014:
65.1-65.11. doi: 10.5244/C.28.65.


http://dx.doi.org/10.1109/TPAMI.2013.230
http://dx.doi.org/10.1109/TPAMI.2013.230
http://dx.doi.org/1109/ICCV.2015.355
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.1007/978-3-642-33765-9_50
http://dx.doi.org/10.1109/CVPR.2014.143
http://dx.doi.org/10.1109/tpami.2014.2345390
http://dx.doi.org/10.1109/tpami.2014.2345390
http://dx.doi.org/10.5244/C.28.65
http://dx.doi.org/10.1109/TPAMI.2013.230
http://dx.doi.org/10.1109/TPAMI.2013.230
http://dx.doi.org/1109/ICCV.2015.355
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1162/neco_a_00990
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.1109/TPAMI.2016.2572683
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT150031
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.11999/JEIT151449
http://dx.doi.org/10.1007/978-3-642-33765-9_50
http://dx.doi.org/10.1109/CVPR.2014.143
http://dx.doi.org/10.1109/tpami.2014.2345390
http://dx.doi.org/10.1109/tpami.2014.2345390
http://dx.doi.org/10.5244/C.28.65

CoNg | W

BT [a) AT SR LRI PR L R S

1657

(15]

[16]

(17]

(18]

(19]

20]

(21]

(22]

(23]

DANELLJAN M, HAGER G, KHAN F S, et al. Learning
spatially regularized correlation filters for visual tracking[C].
Proceedings of 2015 IEEE International Conference on
Computer Vision, Santiago, Chile, 2015: 4310-4318. doi:
10.1109/ICCV.2015.490.

DANELLJAN M, ROBINSON A, KHAN F S, et al. Beyond
correlation filters: Learning continuous convolution
operators for visual tracking[C]. Proceedings of the 14th
European Conference, Amsterdam, the Netherlands, 2016:
472-488. doi: 10.1007/978-3-319-46454-1  29.
RUSSAKOVSKY O, DENG Jia, SU Hao, et al. Imagenet
large scale visual recognition challenge[J]. International
Journal of Computer Vision, 2015, 115(3): 211-252. doi:
10.1007/s11263-015-0816-y.

KRIZHEVSKY A, SUTSKEVER I, and HINTON G E.
ImageNet classification with deep convolutional neural
networks[C]. Proceedings of the 25th International
Conference on Neural Information Processing Systems, Lake
Tahoe, USA, 2012: 1097-1105. doi: 10.1145/3065386.
SIMONYAN K and ZISSERMAN A. Very deep
convolutional networks for large-scale image recognition|[C].
International Conference on Learning Representations, San
Diego,USA,2015.

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al. Deep
residual learning for image recognition[C]. Proceedings of
2016 IEEE Conference on Computer Vision and Pattern
Recognition, Las Vegas, USA, 2016: 770-778. doi:
10.1109/CVPR.2016.90.

VEDALDI A and LENC K. Matconvnet: Convolutional
neural networks for matlab[C]. Proceedings of the 23rd
ACM International Conference on Multimedia, Brisbane,
Australia, 2015: 689-692. doi: 10.1145/2733373.2807412.
WU Yi, LIM J, and YANG M H. Object tracking
benchmark[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2015, 37(9): 1834-1848. doi:
10.1109/TPAMI.2014.2388226.

DANELLJAN M, HAGER G, KHAN F S, et al.
Convolutional features for correlation filter based visual
tracking[C]. Proceedings of 2015 IEEE International

Conference on Computer Vision Workshop, Santiago, Chile,

[24]

[25]

[26]

[27]

[28]

[29]

[30]

YEE
{5 it :
AR

2015: 58-66. doi: 10.1109/ICCVW.2015.84.

QI Yuankai, ZHANG Shengping, QIN Lei, et al. Hedged
deep tracking[C]. Proceedings of 2016 IEEE Conference on
Computer Vision and Pattern Recognition, Las Vegas, USA,
2016: 4303-4311. doi: 10.1109/CVPR.2016.466.

MA Chao, HUANG Jiabin, YANG Xiaokang, et al.
Hierarchical convolutional features for visual tracking[C].
Proceedings of 2015 IEEE International Conference on
Computer Vision, Santiago, Chile, 2015: 3074-3082. doi:
10.1109/ICCV.2015.352.

ZHANG Jianming, MA Shugao, and SCLAROFF S.
MEEM: Robust tracking via multiple experts using entropy
minimization[C]. Proceedings of the 13th European
Conference, Zurich, Switzerland, 2014: 188-203.

LIANG Pengpeng, BLASCH E, and LING Haibin. Encoding
color information for visual tracking: Algorithms and
benchmark[J]. IEEE Transactions on Image Processing,
2015, 24(12): 5630-5644. doi: 10.1109/TIP.2015.2482905.
TAO Ran, GAVVES E, and SMEULDERS A W M.
Siamese instance search for tracking[C]. Proceedings of 2016
IEEE Conference on Computer Vision and Pattern
Recognition, Las Vegas, USA, 2016: 1420-1429. doi:
10.1109/CVPR.2016.158.

BERTINETTO L, VALMADRE J, HENRIQUES J F, et al.
Fully-convolutional siamese networks for object tracking|[C].
European Conference on Computer Vision, Amsterdam, the
Netherlands, 2016: 850-865.

PRSI, BRI, ARIERE, 55, JE T DRt 8 U284 JR i 20 Bl
WERERSAE[T]. TS E B AR, 2015, 37(10): 2397-2404.
doi: 10.11999/JEIT150183.

HOU Zhiqgiang, ZHANG Lang, YU Wangsheng, et al. Local
patch tracking algorithm based on fast fourier transform[J].
Journal of Electronics & Information Technology, 2015,
37(10): 2397-2404. doi: 10.11999/JEIT150183.

e U5, 199144, WA, WU ATHHEAIE . HERER

¥

¥

S

R

e

1964454, #d%, W07 R fe Bk s . Bl
197344, %, WIFTH N RALEE . 1AL,
, 198544, WM, W7 IR G AR EE . AR,

b ?HH


http://dx.doi.org/10.1109/ICCV.2015.490
http://dx.doi.org/10.1007/978-3-319-46454-1_29
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.1109/CVPR.2016.90
http://dx.doi.org/10.1145/2733373.2807412
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/ICCVW.2015.84
http://dx.doi.org/10.1109/CVPR.2016.466
http://dx.doi.org/10.1109/ICCV.2015.352
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/CVPR.2016.158
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.1109/ICCV.2015.490
http://dx.doi.org/10.1007/978-3-319-46454-1_29
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.1109/CVPR.2016.90
http://dx.doi.org/10.1145/2733373.2807412
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/ICCVW.2015.84
http://dx.doi.org/10.1109/CVPR.2016.466
http://dx.doi.org/10.1109/ICCV.2015.352
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/CVPR.2016.158
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.1109/ICCV.2015.490
http://dx.doi.org/10.1007/978-3-319-46454-1_29
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.1109/CVPR.2016.90
http://dx.doi.org/10.1145/2733373.2807412
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/ICCVW.2015.84
http://dx.doi.org/10.1109/CVPR.2016.466
http://dx.doi.org/10.1109/ICCV.2015.352
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/CVPR.2016.158
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.1109/ICCV.2015.490
http://dx.doi.org/10.1007/978-3-319-46454-1_29
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.1109/CVPR.2016.90
http://dx.doi.org/10.1145/2733373.2807412
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/ICCVW.2015.84
http://dx.doi.org/10.1109/CVPR.2016.466
http://dx.doi.org/10.1109/ICCV.2015.352
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/TIP.2015.2482905
http://dx.doi.org/10.1109/CVPR.2016.158
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183
http://dx.doi.org/10.11999/JEIT150183

