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A deep object tracker with outline response map

SUN Haiyu, CHEN Xiuhong, XIAO Hanxiong
(School of Digital Media, Jiangnan University, Wuxi 214122, China)

Abstract: When convolutional neural network is used as a template to locate target, noise may be unavoidable in the fi-
nal location response. To solve this problem, we developed a deep object tracker by combining the convolutional posi-
tion response with the outline position response. For example, in the current frame, after extracting convolutional fea-
tures and the outline information from the predicted target in the previous frame, we obtained the corresponding convo-
lutional position response and the outline position response, and the latter was used to rectify the former in controlling
the noise generated in the convolutional position response. The favorable results of our deep tracker on the benchmark
show that the method of integrating the outline position response into the convolutional position response can greatly
improve the precision and accuracy of the tracker.

Keywords: object tracking; neural network; convolutional features; correlation filter; position response; outline informa-
tion; noise suppression; rectify; deep learning

B bR BRI — TOURL RN R AL ation, SV). 44 (ocelusion, OCC), AZJE (deforma-

WAL S5 o JH T UEY B AR R TR Y
W, 25 HAR R LR RS (i A E L RN, SR
Je A A 5 2t P Al E RS ER AN Al
— AN G as SR T Lk E) H bR R A H
(4, fEJ B AR B Al e 2 R0 T4 2R A
TOHABRRZE ., FIWH TR EA LA
Ak (illumination variation, IV), K/NEAk (scale vari-

s B H#A: 2018-07-26. W4 Hi kit H #3: 2018-12-20.
E T B : TIE AR S STEAH I H (1232050205185680)
BE1E& : PV . E-mail: 6161610009@vip.jiangnan.edu.cn.

tion, DEF). iz ZhA 1 (motion blur, MB), P iz 5y
(fast motion, FM) . [ N ig#% (in-plane rotation,
IPR) ., “F i #1Mig % (out-of-plane rotation, OPR). #f
53278 (out-of-view, OV), T 5 24 il (background
clutters, BC), H#rf% 2 127> (low-resolution, LR) %%,
SEBR b, B bR R R A S E b e S B A
MR RER: &R KRN AIRZ AT
DLz By, Horr, A gk — b L B AT 1Y
7t e A AR TR Y H AR R R ik vk AT
TN, XFIGE B s SO A 3 ) 1) A


mailto:6161610009@vip.jiangnan.edu.cn

© 726+ O R

NN
N

S %14 %

I ER Tk o I GE BR a8 T 40 R T BT 31
Hh R — Mt AT S E R, T IA B X 43 H A f T
B0 H B, 40 Henriques 250 BT #2 M A9 38 BF 48
L % Danelljan 25 38 1 (38 i g, MIEFPE X
PF, DL LB R AR IR AT FR A B R UG e 2 A8 R AR .
XFRBEAFEELC MY ERGERE, 15—
5 BAR A UE AR, SRS T i B AR AR R
X3 (P] BB & H ARy X 880) #E47W sh VL e, LAVL
JiE B B8 =Xk e oz DE JE DX 3802 75 02 H AR &, FF
V4 DCTC B fe v A AR R At HARGLE . SCHR [7]
Hr, FEDHE R FEACRAE R, SRR H
P ST S AN IS e = N A R i B R e ST
PRI ZER, SO 4 TR PR RN L. X
R [5] H, T SCHR (7], AR R R B E
J7 1) A5 B L BRI R PR ACRRAE SR AR AR, SR )5 it
HZA AR AT AR BRI UCEC . MEREE R & L 1
KA, DL T2 02 H bR B B b i A7 E (R
M, SCHR [6] T SCER (5], EEIHE T HARR
JEE ) R, A SR e RUBE DL Ao ' i B, A R 7
J7 Tl BE 7 IR RARRAE o ZRUAY B B e 18 AT S
MR [8-91, T it JLAE, VR BE 2% 2 TR 22 v H 403,
S U000 M = B 78150 0 B R N L
H Wang Naiyan ¥ 78 B 2% > B3k 0 21 BR 5 40
bR i e B B Y (U BIER T8 SR THE: I T N 7 s
MIAE dh, SCHR [12] Hh, B8 00 T 38 728 20 I 4% 1 %
FEIB ER A%, HAERH BHAn (5 B3 HUR BB IEZ
Je, AUUE T B BURRE 72 38 R X AT H AR
ERYUCHEC . SCHk [13] 78 3CHK [12] 956l _E 4ok
FHRUE W AL R TR 4 1 45 2, (45 PO &
BT, O — A B I R R G, AR
[ A A FH A B 45 T B U S R RRAIE o 7R dRile
PIBFFE Y, ZRAE 28 A2 3 T R IO . SCHR [14]
PEH T — PP Bl AR W 2458 i AR 2 2= ) B BRI A1
AR LR AS H b 9 B3R A5 2 5 SCHk [15] 455
RPN Bl 1 fig g HE (1) A5 iR H2 i 38 BR RS B2 5 S
FR [16] D) 2% 423 2k ORI 2R AR 1 5080 0 A SR 3k
75 5 LA A 5 A RRAE 5 SCHK [17] 3£ F FaceNet
H1iY Triplet Loss Bt 2k sl . AR SCIA T,
26 G RS R B R AR L SR A AR, SOmT 7R R T
H bR VT RC A B, By 7638 25 B A 1Y b 7 7 A
(A AL 2 N TR TN SR A A= W SR iR
W, ARSI T —FPERA SME i B TR BE H bRiB
ERAR, FIHAIMEAR BB AL E M R AE IE B L A7
E e N, DT A5 B T E A Y H AR g 7, JF a5
5 5 H A8 BR AR AT T A, Bk 1R B Y Al
Ttk

1 BRI B AR SNAE R

FEAR VT BC S A 36 BR A, R SRR R o iy
H bR 548 F DX N 438 53 0 AHADLBEE, 326 BCAR AL
BE e RO EAE N BARNLE . F52 1, X Fp EAR
TEHE T IR BE 27 > 138 B 2812 R T4 G e Iy
B EEAES th A ARE
1.1 FEMEEERSE

TE TR B2 S8 B e v, AR 1% DG JE R #4021 2R
He 2% Sk SR Y, Bertinetto 251 55 — Ui 25 A )
KN HTHERE . B 1RR T — Ay 2e 4
W25 LER I, f Rs BN R0 L BUE E E 15
M4 z #om E—Miey ARG E; x BREERKX
W5 @ Fon A RERAE, SRR HARR BN &Rz
e M z5 x milgad BN BRREZ G,
oS B SRR, Z, LI X, Sl TR E 2
8] B4 AH S M T A5 248 R XK AR 5 BHiRZ
[] P SRR 7 (] P B A0 R R X p
LB ER 5 H bR 0 A G R BE, T A5 )RR &R
X3k i . ER 45 H AR B A SRR BE), 2445 21 i
B 2 )5, it = 2 A (R, 5 K i i Y 47
AR R i i 5 AR & o

VA

7

i Z, Q) .
X- X

B1 FENRERF[EME
Fig. 1 Siamese network tracker structure

12 HEXIRKERR

HH OB IS A0 168 B 45 fi T 02 #h SCHK (18] $2 4
e Hy, SCHR [7] 7 H Al E & R T8 R R AE LA e
FIA T #T7 i, AR SCHR [19] 0, K H b 8 A0
KNG IF &, 5 SORE B B PR BE R Jh MG
Z WA RG, NI A SO e . o8 13K
BRI s (o7 25 i 7 T, A S 8 D0 28 93 B8 ol 24
B = AARIE B B, ZIE B AR BT
o H 8 fR/MEATT BT R BOR S

d 2 d
S H-F -Gl +2) |H| (1)
i=1 i=1

Ao g IR 4B IR DR BN AE
TE RS @ 2 T (E ; G X o 14 A7 B8 o7 s 23
P W {H A5 7E H b o0 b i v 0T pR B IR AR O L
H' . F.G #J& MxN K/ - RRETEAERZ
B 4> 0, MIEWIREL, iz

Hi — g* 07:,‘ (2)

d
S FEoFH+
k=1

/=




54 NI

5, 55 G SME MR DL

WREE B briB ER 2% « 727+

K. g. F RETRX () 6. F R EUH R AR
}ﬁé AR« ARFRBOZXT R0 2 I8, o TR KD

. K2 Q)T GooF iBHE Al (t R 1 B Z)),

B o3 oIS BT 2 CAE B, IR A ¢ 211
Gy 7o R (3) AN (4) 3T LD, A — A
2000 7 AT s () 3K
Al=(1-a)Al +aG oF, 3)
B,=(1-a)B_ +a ) FloF} )

vl A s ST DI E R 7 V= L DIVACT I g
GEIE
SEAioZi

N =D {H.oZ) )

P=D
B+

(a) JiL &

(b) Canny (c) Sobel (d) Roberts (e) Scharr ® Prew1tt (g) Gabor

A p RN AL AR e K A7 & H
PRI E ; D! jilk%ﬂﬁﬂl@i”f S AR 7
B — Wi Y REAE, 520 Q) Ry FOAEXS R
1.3 BiRMEER

ENEMH, BirmIMEE B BEA EEN
B, Mas b T BERINEAS B, NS
A — it BB e A, P AE i AL 4R
w2 FEAIN T BARBANEAR B & K E T
P HERRAME R B — BT His 55
Z I, # ﬂgﬁxﬁlf@ﬂ%tﬂ HAr¥, J WCHR £ fit— 4>
RIFMREXS ., BT HIR5EREINE LFE
ORI 28 5, PRI 27 AT 1 T sk on 1 O Aok
K 5 br B9 4 EAS B, # WA )7 UA Canny . So-
bel., Roberts, Scharr, Prewitt, Hog, Ilt4h, 45 /N
A A 7 2, A I AR N 5] 2 B

(h) Hog

B2 SMEERRNAE
Fig. 2 The samples of methods to detect outlines

2 BRa A TY o B IR B AR BR

ARSCAE A AL BRI 28 R A s, MBS
SCHR [24] BT i 849 JR R | O 1w 1R B4 R AR ELAT A AR
PEIE (N 3), BEMEIE 7 A SCR G SMEAE B Ry
%o Bl 3(a) 94 B 4% B 52 BUORY R AR, 14 3(b)
i i 4 ) TSR A B 2, T LA BRIAD 3(a) B ARAE
150K 58 42 b B A 5 B AR e B9 AR RLE o AN R AT
w, AN A EA S Z Tk, BT
77 1) b B B PR S B TR Y T3z B, AR S
eI T7 ) B 2 7 R AR BUME AR B

PN e Y
SN AT N N AR N Y O
o O YO PO P N
iEIFAETIANESAPI TS CONSAEMENEENTENE
B B E RN TN O
PR PO O
P el P P O Y A
PP R U O P Y
INEMUSLrSAAsLenE EEUNNERSAERESNEE
N O e S
ERNFUNGLmSLE-LdN
A P O S S
PRTL e T aRar (e SR -
W Y
CNLEMUAT UNFwTUR s FREDNENESESSSHGRS
LYRALeNrMrLANTRON ENEERENRLENEEREE

() BFRIZEAFAL (b) i . 7 I PERHE

3 4FEXSEL
Fig. 3 Features comparison
2.1 ML

AR SCHE I AR I A SN WELE A TR B 3 R A

LR AP 4 Bis, E AR 4L a, — A2
A PR 45 i ¥ R0 A6 DE E 7 40, X S o
o FH A B 265 42 0% B e A AT 2 B DR IiE, AR
ZNEBICECE 7Y, 75— A HAME AR B4 H
AHSCDE P AT L B VT IE, FR 2 O i D AR 7o

B4 A EREREEN
Fig. 4 The architecture of the proposed deep tracker
2.1.1 AARIE B4
T3 B A B A5 FRUDC IE 08 23S A P A BRI 2% 4
R RRAEHEAT B AR, B A VSRS, Wi G T R
g, A SOk [12] BT 2R B9 KR, AR SCALfdE ]
T3 R UEE, B B AR B R R SRR [12] — R —

XFFEAS, 4\%%1‘«7}&%%?&%%5@ Hbr, H z
KR, HYE R Hox W, x3, %5 — &7 Y i i
H DL B —it H A At Sy A UE’JQQ%%E’JEH



«728 ¢ O R

S 1 514 4%

RIS, H x Fw, L4 R H xW, x3, WM
B AU [ 2 BB RIS £, f 2 SCHR [25] R
T ) AlexNet W25 (R & £ 2), $REUH
XF I 0 4 B AR Z, B0 X, 2 ), o 0 A OGRS
s A R A
2.1.2 &Ik IT B ER o

TE 3B B3 7 10 08 I DT BE 58 40, S LA 7 B
B EOREE AR AMEE S . BT BErAg4h
WEREEHFETHRSESZE, A THIRAE
FRIGIMNEAS B, T2 & — i 2G5, HiA
XHEE x Pt BERWAMNEAE BB R
1 W i s, A =X (2) W iR Ak ug ik T
Bo i AT s ZEA9 A A B, A0SR 24 A AS 2 1 i Y
i, SR S (5) SRAS H AR B 7 B R, SR 5 A
= 3) F1 (4) BHr A il B,
22 {&IEES

TETA il FHAME A5 8 %7 B0 B HE 716 TF Y
BT, BT EREERZ 2R T RN
] PR O RRAE , 33X Al e R Ak AR AE 25 5 5 307 A
H b 4 DX 3 A 77 A W R 4 A7 B8 i 97 A5, DA T T
A7 B MR Gn A S R R FE A A e R
iR (X, Y G+ EE A B X, Z iR R
KRR JE, BUE MK E IR IZAL S B BRI FH 5 Mk

. %ﬁ—afﬁitii,,,
AL D O e
PRy :

(a) TR VCIC ()57 1y

(b) T VT TC Ao 2 )3

K, MBI EARRED), AEXT Y, 74 R X, HARE
HME b H—E KT R EBREErY o5 b, B AR T
HMEAT BB U8 I VT Be A9 A7 e b K 2 ST H
PR DX AL, &l 5 rb s I D JE 9 45 e 17 J T 7
KA ZIMEAE B AL E M R, A DA S 2 i B
b B9 T A6 DX, Ao 45 7 i iz 4 7R B AR X
b, DT I8 B 4 e S kS B R TR R H
B W S g IE By A7 e W BT, 1T LLE B
H b B9 07 o o B FEAB I T, P T A2 0 g
PR N o BRA AN AL E W N, P S B AL
FoAR, T LU INABCE R DA 1R &
IR UE DT S AR ON I IEARE FL R T i
Sy 15 BB IMAS T2

Ry = NRony + (1 =1) Ry (6)
A p BAEAR ; Reon 7245 BUUE T 19 07 B 0 [ 5
R 52 A HAMEAT B0 08 I8 VT FC 0% 47 5 0 1V 5 R
BERALEIEZ G WALE N . =3 2Z B¢
A S EE 4, H TAEIEAT Ron Ml Ry BIEHNA
— R, WO AEAE IE T, 2843 56 P A 57 B N i
TR A IE— b 3

Rold

B5 (EmMMEEL

Fig.5 The transform of position response map

3 LI E ULKCVE M 48 AR

SIS

L AR UCECHS 43, 2% i 9 B ] STk [12] —
(B8 T 2% 1Y 4 7 3230 41, AR I B 2 480
405 650 UK BREHLES FE T AT 201, P25 U 25 0% B s
£ 2 ILSVRC-2015 #L450 H 4 4 2 rp 4R B 19
4417 DA 5, 281 2k 0458 5 R B

hein =N™' " Gy x|~ In(sigmoid (R, )|+
iJ

3.1

(1-G))x|-1n(1 ~sigmoia(R%, )] ®

KN HGIHWHITEANE; i) NG T TRER
5] ; sigmoid PREA :

norm — max (Rold) (7)
() B I P Ao B M
iemoid () = — o)
sigmoid (x) = T on (s

YIZRIE, W 4% 1) A& —XFEAS, JF B, $uAT

— KB T R 8 XIREA, —XfFEA, Z 4

JE IR 127x127x3, X B9 4 J& 255%255%3, it

WM& f 5, Z, YL & 6x6x256, X, WY 4t JE /&

22%22X256, Roowy 23 =R VEHE T, 428 N

255%255, ¢ 2] R H B 2% 2] %, WIRE R 0.01,
SR A AN TR A8 B ek T R e

Sglobal

[ = Ly X 1 Sdecay (10)

K L BWIIRZE T B BV R HEA

TR R, AR SR BUE H 0.868 55 sy 22718 24 1T S

B LR E T RE; Sueey T/ 208 JLIRBH T BE



54

NG, % A AN W L0 TR B b 5 . 729 -

Ja, PRAT — U 2T FAY FEI, A ST 6 650, 11
P VT e AR o A Fs ZEAEAT U2, Horp, M3 H An A
BE M 7 5 ) e 30T BRI

g=exp(x2+y2) (11)

20

X g 6 THILR;x.y BRBRNE, o 5
il 7 e 45 R b 5 E AR AE OC B E RN, anEl 6
Jin, AR SCHBUE N 16, 8 T A5 4 A 0 5504 1Kk
IHOREE 3 DNHEE, SMEAR B B 52 05 2 8] SCHR [5]
rh— 57 H SCR (28] {4 22 38 8 Dy 1 R
BT, SR HE IR 2.1.2 95 Frik 7 vk AT HARAE
HEVCEC, B IEHB 5 A E n 2t =501k i
TE Y, AR SCHR A HLE A 0.967 8.

(a) =10

(b) =20

B6 oMRE
Fig. 6 The effect of 0
32 EWEE
AR SCAH FH Tensorflow™” HEZE R S B AL, Ji
AN 1.4.0, LHZETERCE 4 15-7300HQ 2.5 GHz
CPU, GeForce GTX1050 GPU HI2E1C A HIB 71 .
3.3 MR BB E U RIFMIELR
3.3.1 A
H PR I8 ER T 2 A R PR A [R) L AR RN,
I, VU — AN 16 5 A5 8O0 25 10 73 8 o 4 151 RN A
TR RS RGBS ) B s iR 22
T, B b8 ER 0 BT 3 AL ) B B R A
FERFME SR, H R85 R ) 2 57 18 B
Bl Horpr, ity 2 22 S48« JB BR a8 I b 1 B AR
HE [ O 5 4R 2 B FRAE I 0 Z [ iR 22,
BRGHE B RN, B8 R R o ME U
_ A aek N A groundiruth (12)
A ek U A groundiruth

K s A 378 1B BE 28 T 3B 25 2] B bR X 8
A growanun 178 PR IT 8 1) H AR X, X T 5 —
MTTT 5, 0 SR ot Y L R 25 /N TR B B
TSR TIHABE, WA I8 B8 7E % Y
1B R R AT AR L BT, I — AL 51
MR L, R A R
332 MiXHEE

ASCAE H H ARiB EROF- 75 (object tracking

benchmark, OTB)""*! H1 CVPR-2013, OTB-50 #i
OTB-1003 /™% 5 X A ) Bk b AT I AL . X
3 ANEHE S 4 A 51,50 A 100 448 51,
AN S -4 & T IV, SV, OCC., DEF, MB,
FM.IPR, OPR, OV.BC.LR FHIZATIMHNE,
FEX ST E A2 T, i85 B 4iTe
ErAn B TR, LUK BE A T T A T X0k J i
16 R A% 138 BRPERE o
3.3.3 44 e AT iE AL

AR SCHEAR R o F 5 R T MR B
T AF A S R 11 A3 i 97 FIF A 9% g sk 1], an 7
FTrR o a0 il 4h T $EBUIME A5 B B[] 48 2 AR
BN A5 B N7 A A7 B8 1) J07 7 A6 9% A st ] o DA I
AT LR Y, AME AR B B B ) A X 55 o0 A B
(FTEME R 2Z R T e M OC R )5 [RIE, BREUN
B 0L ) B ) AR G, A R — 2D i

00 st

035 a1 &0
0.30

025}
2020}
0.15}
0.10}
0.05}

e e —
0 50 100 150 200 250 300

B 7 BEEHR
Fig. 7 The results of elapsed time

34 FRMRER

A SCHE HARE BRI P & B AN JLAE R T 1
JB B 2% CFNet_conv3'™!| SiamFC 3s''” Staple"™ .
fDSST" . ACFN-selNet”!! SAMF™ LCT™,
MEEM" | ACFN-attNet"", DSST""| KCF"' #:47 T
Pods, HA5 KAl 8 iz, X BALZE Y T CVPR-
2013 (S5, FHAIHE 9, FULE/R T #4018 523
B (O 2 45 SR80 15 Ui 0] SCHR [34]), 18] 8(a) R
RBE R T 45 2R, 18] 8(b) AR B s 4 1K
FEEISE R . A 8(b) &5 R Al LUE i, 7Erh O
P2 BEAR R E LT, A 3B BR d R IH A 5 1L
75 1) P A, Ul I TR IE B Y AR v, AR SO B R
ar KA T BUD I RESERS , SO B 1E] 8(a) BT
K, ATLLE B, 78 & R B AR/ MO T, A
SCHE ER A B S R AR IHAL 75, AR 2236 15 4% 17 B
A HA, BT B R h, KR
THRZWNHEEBRAER, FE T HARZEZL; A




<730 - /O A

S S ¢

H 14

SCHB B A AR BEAT AL A B9, A T AMEAR
SR AN ) DA A 7 e R A, BT AR AT A

— 7R3 [0.624]

—— SiamFC 35 [0.608]

—— fDSST [0.595]

—— SAMF [0.579]

—— ACFN-attNet [0.563]

—— KCF_LinearHOG_AT [0.539]
1.0

0.9 =

—— Staple [0.600]

—— MEEM [0.566]
—— DSST [0.554]
— -~ KCF[0.514]

EERHE
(a) I

E 8

CFNet_conv3 [0.610]

ACFN-selNet [0.589]

DHEER IR . DL RS R IR SCRY B B
i HA LTS B ERRCR .

—— "3 [0.849]
—— ACFN-selNet [0.823]
—— SiamFC 3s [0.809]
—— ACFN-attNet [0.794]
—— SAMF [0.785]
—— KCF [0.740]

1.0

MEEM [0.830]
— CFNet_conv3 [0.822]
fDSST [0.802]
~ Staple [0.793]
~ KCF_LinearHOG_AT [0.766]
---DSST [0.740]

09+
0.8+
0.7+

0 5 10 15 20 25 30 35 40 45 50
L2 I E
(b) K5I

ML &R

Fig. 8 The results of object tracking benchmark

SiamFC_3s

#0045
R

CFNet_conv3 Staple
! #0010

-

(c) Skiing

B9 EBERARENRZ
Fig. 9 The direct feeling of our tracker

3.5 EWHRE

38 B & 0 E 8 A S
WETZAHTIHEE, WX 24 Z LT 51 E
ROLF5 136 BRSO R AR NS S, T AR SO
TAME A5 Bk X H AR 0 A7 B i E A7 MR
i, T LA i DR 5 45 Y 38 B A AR T
ML, ACHB B BA L FH B EERE T, Bl T
Tt MBI ], 3ok B2 s LA B AR SR M AT 51 3
BERICRA EWER, WNIE 9 FF7R, IELL AR SCB RS .

4 %5 FE
A% 2% 3R M LA 2 FEURR G 9 SL R 1 i B 1

PIIE B s AR B A 25 2R, DT A S T
NS E RN 2 =NV E AL ) VA & B o Vil I S PR A
W 45 41l 5 o 0 BURFE ST SRy i L O 1 MY
ROk, SRR, £ FEAT O B DT BC Y F e, mT L
it 3k 5 A DX 5 AOR 2 RX B e AR
AEAYFZ IR o Rl JLAF L 75 38 B3 e AH LE, 1258
A — s B AT, BERS A AR R H AR AL E
PRSI o 45T R A AR n] DL — 25 R 5 i) 46
JRe o7 B Y 14 B TR] 5 AR S AR 46 O F 22 ik 2
(] 5L A AR e A AR DU, R 5 T L o o s i
£1%9 757 3R S BT )57 5 37 ) M P AL R T



PINEET*, 45 A A R N A TR I H AR B

- 731 -

S & k-

[1] WU Yi, LIM J, YANG M H. Online object tracking: a
benchmark[C]//Proceedings of 2013 IEEE Conference on
Computer Vision and Pattern Recognition. Portland, USA,
2013: 2411-2418.

[2] 3, X% AUSE R ER TR ZRIA (1] B RER G4l 2010,
5(2): 95-105.

YANG Ge, LIU Hong. Survey of visual tracking al-
gorithms[J]. CAAI transactions on intelligent systems,
2010, 5(2): 95-105.

[31 WU Yi, LIM J, YANG M H. Object tracking

benchmark[J]. IEEE transactions on pattern analysis and

machine intelligence, 2015, 37(9): 1834—1848.

A, B B, G 05 TR S TE U H AR BRI TP A 1

FHPERE S (7], A3k 4R, 2016, 42(6): 834-847.

GUAN Hao, XUE Xiangyang, AN Zhiyong. Advances on

application of deep learning for video object tracking[J].

Acta automatica sinica, 2016, 42(6): 834-847.

[5] HENRIQUES J F, CASEIRO R, MARTINS P, et al. High-
speed tracking with kernelized correlation filters[J]. IEEE

(4

[

transactions on pattern analysis and machine intelligence,
2015, 37(3): 583-596.

[6] DANELLJAN M, HAGER G, KHAN F S, et al. Discrim-
inative scale space tracking[J]. IEEE transactions on pat-
tern analysis and machine intelligence, 2017, 39(8):
1561-1575.

[7] HENRIQUES J F, CASEIRO R, MARTINS P, et al. Ex-
ploiting the circulant structure of tracking-by-detection
with kernels[C]//Proceedings of the 12th European Confer-
ence on Computer Vision. Florence, Italy, 2012: 702-715.

[8] BERTINETTO L, VALMADRE J, GOLODETZ S, et al.
Staple: complementary learners for real-time tracking[C]//
Proceedings of 2016 IEEE Conference on Computer Vis-
ion and Pattern Recognition. Las Vegas, USA, 2016:
1401-1409.

[9] LI Yang, ZHU Jianke. A scale adaptive kernel correlation
filter tracker with feature integration[C]//Proceedings of
European Conference on Computer Vision. Zurich,
Switzerland, 2014: 254-265.

[10] ALOM M Z, TAHA T M, YAKOPCIC C, et al. The his-
tory began from alexNet: a comprehensive survey on deep
learning approaches[J] arXiv: 1803.01164, 2018.

[11] WANG Naiyan, YEUNG D Y. Learning a deep compact
image representation for visual tracking[C]//Proceedings
of the 26th International Conference on Neural Informa-
tion Processing Systems. Lake Tahoe, USA, 2013:
809-817.

[12] BERTINETTO L, VALMADRE J, HENRIQUES J F, et al.

Fully-convolutional Siamese networks for object

tracking[C]//Proceedings of European Conference on
Computer Vision. Amsterdam, The Netherlands, 2016:
850-865.

[13] VALMADRE J, BERTINETTO L, HENRIQUES J, et al.
End-to-end representation learning for correlation filter
based tracking[C]//Proceedings of 2017 IEEE Confer-
ence on Computer Vision and Pattern Recognition. Hon-
olulu, USA, 2017: 5000-5008.

[14] GUO Qing, FENG Wei, ZHOU Ce, et al. Learning dy-
namic Siamese network for visual object tracking[C]//
Proceedings of 2017 IEEE International Conference on
Computer Vision. Venice, Italy, 2017: 1781-1789.

[15] LI Bo, YAN Junjie, WU Wei, et al. High performance
visual tracking with Siamese region proposal
network[C]//Proceedings of 2018 IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Salt Lake
City, USA, 2018: 8971-8980.

[16] ZHU Zheng, WANG Qiang, LI Bo, et al. Distractor-
aware Siamese networks for visual object tracking[C]//
Proceedings of European Conference on Computer Vis-
ion. Munich, Germany, 2018: 103-119.

[17] DONG Xingping, SHEN Jianbing. Triplet loss in Sia-
mese network for object tracking[C]//Proceedings of the
15th European Conference on Computer Vision. Munich,
Germany, 2018: 472-488.

[18] BOLME D S, BEVERIDGE J R, DRAPER B A, et al.
Visual object tracking using adaptive correlation filters[C]//
Proceedings of 2010 IEEE Computer Society Conference
on Computer Vision and Pattern Recognition. California,
USA, 2010: 2544-2550.

[19] DANELLJAN M, HAGER G, KHAN F S, et al. Accur-
ate scale estimation for robust visual tracking[C]//Pro-
ceedings of the 25th British Machine Vision Conference.
Link6ping, Sweden, 2014: 1-5

[20] CANNY J. A computational approach to edge
detection[J]. IEEE transactions on pattern analysis and
machine intelligence, 1986, PAMI-8(6): 679—698.

[21] DALAL N, TRIGGS B. Histograms of oriented gradients
for human detection[C]//Proceedings of 2005 IEEE Com-
puter Society Conference on Computer Vision and Pat-
tern Recognition. California, USA, 2005: 886-893.

[22] DERICHE R. Using Canny's criteria to derive a recurs-
ively implemented optimal edge detector[J]. International
journal of computer vision, 1987, 1(2): 167-187.

[23] ELDER J H, ZUCKER S W. Local scale control for edge
detection and blur estimation[J]. IEEE transactions on
pattern analysis and machine intelligence, 1998, 20(7):
699-716.

[24] OLSHAUSEN B A, FIELD D J. Emergence of simple-


http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1007/BF00123164
http://dx.doi.org/10.1007/BF00123164
http://dx.doi.org/10.1109/34.689301
http://dx.doi.org/10.1109/34.689301
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.2016.2609928
http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1007/BF00123164
http://dx.doi.org/10.1007/BF00123164
http://dx.doi.org/10.1109/34.689301
http://dx.doi.org/10.1109/34.689301

©732 . /O A

S S ¢

H 14

cell receptive field properties by learning a sparse code
for natural images[J]. Nature, 1996, 381(6583): 607—-609.

[25] KRIZHEVSKY A, SUTSKEVER I, HINTON G E. Im-
agenet classification with deep convolutional neural net-
works[C]//Proceedings of the 25th International Confer-
ence on Neural Information Processing Systems. Lake
Tahoe, USA, 2012: 1097-1105.

[26] BLEIHOLDER J, NAUMANN F. Data fusion[J]. ACM
computing surveys (CSUR), 2009, 41(1): 1.

[27] KALMAN R E. A new approach to linear filtering and
prediction problems[J]. Journal of basic engineering,
1960, 82(1): 35-45.

[28] FELZENSZWALB P F, GIRSHICK R B, MC-
ALLESTER D, et al. Object detection with discriminat-
ively trained part-based models[J]. IEEE transactions on
pattern analysis and machine intelligence, 2010, 32(9):
1627-1645.

[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.

[30] ABADI M, BARHAM P, CHEN Jianmin, et al. Tensor-
flow: a system for large-scale machine learning[C]//Pro-
ceedings of the 12th USENIX conference on Operating
Systems Design and Implementation. Savannah, USA,
2016: 265-283.

[31] CHOI J, CHANG H J, YUN S, et al. Attentional correla-
tion filter network for adaptive visual tracking[C]//Pro-
ceedings of 2017 IEEE Conference on Computer Vision
and Pattern Recognition. Honolulu, USA, 2017:
4828-4837.

[32] ZHANG Jianming, MA Shugao, SCLAROFF S. MEEM:

robust tracking via multiple experts using entropy minim-
ization[C]//Proceedings of the 13th European Conference
on Computer Vision. Zurich, Switzerland, 2014: 188-203.

[33] MA Chao, YANG Xiaokang, ZHANG Chongyang, et al.
Long-term correlation tracking[C]//Proceedings of 2015
IEEE Conference on Computer Vision and Pattern Recog-
nition. Boston, USA, 2015: 5388-5396.

[34] SUN H. Y data[EB/OL]. https://github.com/SMZCC/A_

proposed deep_tracker.

EE =N

PN, B, 1993 4R, Wi -HHFSY
e, RS R G AN EE | B bRER
B R A ) AR,

Wi 72, B, 1964 A, 2%, 18
+JE, FEERFE T B EAR A
ARG F AR 5 RS A A 2
WEE, BEFARIL 100 435

B IUHE, B, 1991 44, B -FSY
A, B FE O ) oA A R 0 A AR
F UG G IR]  REE 2R S M
%:‘}%O



http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1038/381607a0
http://dx.doi.org/10.1115/1.3662552
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1109/TPAMI.2009.167
http://dx.doi.org/10.1007/s11263-015-0816-y
http://dx.doi.org/10.1007/s11263-015-0816-y
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker
https://github.com/SMZCC/A_proposed_deep_tracker

