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Robust KCF tracking algorithm combined with fuzzy feature detection

LIN Zhenxian', ZHENG Xingning’, WU Chengmao’
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Xi’an University of Post and Telecommunications, Xi’an 710121, China)

Abstract: To address the tracking failure problem caused by image blur in the tracking field, we propose a robust ker-
nelized correlation filter (KCF) tracking algorithm combined with fuzzy feature detection. First, the scale invariant fea-
ture transform descriptor is combined with the local binary pattern algorithm to extract the feature points in the fuzzy
image, and the circular neighborhood is used to describe the feature points and reduce the dimensions of the feature vec-
tor. Thus, the fuzzy feature detector is constructed. Next, the image definition threshold is set. If the definition of the
current image is lower than the threshold, fuzzy feature detection is initiated to obtain the tracking target position by
matching the feature vectors. Otherwise, the target position is predicted by the traditional KCF algorithm. The test res-
ults on the open data sets OTB-2013 and OTB-2015 show that the proposed algorithm can effectively track targets in
fuzzy images with higher accuracy than other experimental algorithms

Keywords: computer vision; visual tracking; kernel correlation filter (KCF); scale invariant feature transform (SIFT);
local binary pattern (LBP); fuzzy feature detector; image definition evaluation function; feature matching

W78 B A 2019-12-09. [ 4% Hi AR B 83 : 2020-07—16. H s R 458 1 5 A A 50 T ARiE K 06 2

e kRl 24 R TE 42 N
R oty C1CTISTDBRITA RIS 1 b s — Wb RS (8, SR T B 5

WIS 1EE : HF 24T . E-mail: 1393608820@qq.com. kS FRELC —irh B AR R SF AV B, oF i


https://doi.org/10.11992/tis.201912010
mailto:1393608820@qq.com

©324 - O R

S S %516 &

M E bs iz st B R TR L U
BRI ST T 1), TE AR e 45 0 A% = 45 B S Ty T
Iz,

Az IR B R FEARYE H AR SN AR AE
SO AR R R AR (H T 20 T RUE R, IR R
H bR F 5 505 B AH U, 25 5) 5 3O B R i,
I BT kT B B R B, SEm PR AR R 8 22
A R B R 4 ST H AR RN B Ok
SRy, TR IR o A v g o e A U H bRz
B, HR T S,

1% AH K JE % 1 (kernelized correlation filter,
KCF) " J& TR IRk, sk 56 1 2
7 [ AR SE B H BT, KCF B B brkEA
HEATIE AR AR A B K B I ZRAEA, 8 1 16 PR
I ) A T g ) R A SR e DA AR 7
BUS S, BEAR T3R5 2 ™, Il i 51 A% iR AL
W A e [P U A Ry S M I 8, ol 7532 B 1 0l 2
RZ S PR I 5 ok o {H % KCF 535 X
LU iz 3l B bR & A A | ROBEAZ 4k | S HS Fliz
SR A AE 0T B R R R, 3 JLAE, CN(color

name)[g]

. DSST(accurate scale estimation for robust
visual tracking)[lo] . SAMF(scale adaptive with mul-
tiple features)"'"’, SRDCF (spatially regularized correl-
ation filters)"”"" # CFLB (correlation filters with lim-
ited boundaries)!" 255 L H AR, 43 50 MR €2 4
fiE 22 RO AZ A | AT Rl 5 70 3 A1 30 5 A% 07 45 07
T AN TR B B 0L R AT AL, R 4 i R0k B R B
KEHE .

SR, X ASER 18 b i B AR AT A RO B AT
BB U A B — DX, A, AR SCFE KCF B3
VR ARG BTN T ORUEE AN AR R IR R 8 A A T
(scale invariant feature transform, SIFT) """, jifl i 4%
A R —AE LR (local binary pattern, LBP) "* 5.7
{75 SIFT $ 34 7 AT AR P 15 32 3 BE 2 1Y
H AR AE A, IR BB QB SO0 RRAE 3 2R 17 4l ik
LR ARCARRAE ] £ 9 48 B2, 255 1 2l 1 1 280 M
fiER I 2%, Hm i OTB-2013"" H1 OTB-2015"" %
P A X P f L #E AT 20 A 5 Bk

1 KCF % ¥ %

1.1 g5

KCF Bl o 1 I8 7 HARFEA R 4L 3 K i
WIGRAEA, (xi,y) A | D VNGRAEAS 5 H X R AR
o LML W A, B AR R B — A
VPR f(x) =w'x, 38 3 B/ MEFEA 55528 Z 1] 1)
22T, SRAFAE 0 & wo R IRIT

mwinZ( Fx) =)+ Awl? )]
i=1

e w R o A AE ) d 5 A 2B RS LE Y IE
IR e S )R S e P S
w=X"X+AD"'X"y 2)
K. x RORFEATEIRH I y AW &, B4
BRE DN 1 R
BEXT R St ), K FEAS X WS B R M
FRAE 25 0] @), K5 AU [] 5 w R W REAS (W 2
GIA, Blw = a(x), a; W55 i MEAS YRR AL

i

FIFAZ PR EL " (0)p(x') = k(x,x") AT HEAS [H] 1Y)
MBI E AR R ERRRE R K=
Clk(x,x)) W, T K K =k(x;,x) KA RE 0 &
a = (K+AD™"y, FI| FHAE P00 0 P A5 2R 50 i
A B P A 4 5
. y

T ea @
Aorre A R B AR e 5l M 5 ke S A% AR P R
FMEK M5 — 47 U R AL a) i o A OB H 4% pR
B %, BT RR:

k(x,x') = exp(_l|x||2+||x/||2 _0_37:71@*@&/) 4)
K o Fom m AL 4 98 ; © R [n] 2 ] 1Y) 45 7fe
BB F RN A B AR
12 WMiNBHRELE

T Y AT EG B R R AR AR 2 (% [ e
NAE, THEACN

fo=k"oa )
Ao ke TR N2 AR x 55 R 0 A 24 Bl 1 B AH
KA Inl o Fe ) o (R B9 7 B Al Y A R e E
bR AT BB B o
1.3 SHEH

R T B LA R A R FU AR AR, T AN T R B T
2 EE A B R AR AR DL 43 2 2R AL W) R,
T ) H ARSI AR FAY EE 4] £

Rupdae= (1-P)% e + X (6)

Qypane= (1-B)ay +Ba @)

K. g RS EA# 2] % T r pre Al update

O3 R b — iR 2w R T S B S
FFIN ARSI 22 B 647, SEA H bR 2L IR ER o

£ 451 KCF Bk A 456 T BHis fiy w15

B, I H ST 6 PR R A% R B, Bk aE AT R

BEHR, AT DL R SE R R R BT oK o (R B AE

T AR G B, 25 5 BRI B 4 . R

CHFE KCF Bk il L2456 1 BOMI R A I 2%, 8

o OB % L 3R BURRAE SR T B R ER H AR Y




o552 1

ARHEED , 25« 455 BRI R AEAG I A 6 P A% R O D D B B 1 ©325-

fr e, #E— 20 B v KCF 532 i B 0K o 2
y]%o

2 HEAEBEA A N B) KCF 3R 5 %

PRER AR, A BRI IR, S i R R
M is Yy, BB KCF Fk R R W, A eG4
KCF B3k ARl T, 38 —Fh 25 A A0 RR A A6 )
()6 KCF BRER TR o 25905 38 i AE A8 B8 1
PRI FRAE ST EA T RRAE 1] 2 G R B 2 >4 Wi
B BRI AR A B, JE 42 = KCF Bk fe B
BT PR A% 0 B I A 6
2.1 BRESE S

SIFT $§ 38 F & —Fp 2 RUEE 19 J5) 8RR A 4l i
Tk, MR IR AL e AR e A B — R
Mo B EE SR 4 A1) 1ERE I EUR K
FAl -, 8 0 i T U TR AR 3 R 2 ], R A
L8 v 17 ELGRR DY B i 0 22 47 4 -3, el [R5
(18 Jry S AR L A5 5 2) i AW L A A0S A £ O A
FoUE MR IR 255 3) THIRRRAIE A5 AR B 15 28 A A A6 3
W B RIA B T ), AR i AR AR 2R R B T 1)
A, A5 B B R, R RRAE S E T  4) 18
TR FRAIE R LA 16 16 83 K /NI AP 46
B, BRI R axa ASF I, 2B T X8
W5 8 AN T Il BB B BRI, B R 4x4x8 =
128 4 A FRAE 3 R 45 1) 1 0

{HJ2&, BLA ) SIFT il ik 7 77 76 B 5 it /Y )
M DSIFT iR 7 K55 T —2eih 4 b/ S ARt
U B 5, S BOZ A T 7 1 GO T SRR R 1%
Hh SR IR SRR AR i BS AD, SR U R AE SN T
B s 2)SIFT i 1A= i 1 128 4 A 45 AE 4 3R 457 1)
i, R 26 R RR R 1) A 1 RO A 2 AT B ) 0
Ko B XFELA SIFT ik 7B 2L 2 4, A8 30 i
A S VR SO R G 000 85 R 8 3 SRR AE A P BB i
K

1) FERO E 5 b S U e RRAE A

LBP 535 H T IURME 1 JR S SCEE R AIE, 24
PG AR AT, LBP [R5 nT LLAR B T 06 AR Y
5P AE ELRZS (5 2., B e e AN A8 1 IR B AN
PR, I LA RSB E RS, R AN

B(xy0) =, 2s(v, =v,) @®)
p=0

FUH s B(xo,y0) /R FRAE A5 A LBP {8 ; v 7R FRAE
F K BEAR s v, RN APIBAG R K AR s MAT

PRAL, H s(x)={é’jjgo £ LBP 5.7 5 SIFT
IR F 55, B A 776 LBP RIME 1) 2243

& I TR A A

2) AR AR AE 1 R A [0] 2 1) 24

PR I R P H AR AT RE 2 &R ERE, R (A
TR NH FLA e e AN AR M, AR SCKE FRAIE 5 10 3 E 46
S A A B 40382, O R AE A A0 A% 3R A e
i (EAR 515 35 i 5 4R AIF A A BE B 2R A7 v BT AL,
PR R DRG0 B o T R AR S AR S
(BT B 53 D 5 348 445 7 108 2 1 ) el 3 P Rt ik
T R HARICECRS B . R H R AT A HLARR
Ay

(x=x0)’ +(y—y)* <1’ ©
o (xo,y0) MARAE AT E; (x,y) RIRITEAR I 1%
RIBINLE ; r A RO X242

DS 1R ] DTN 9 A I 1 N o - i €
BT SR ¢ AN D7 I R B, SR )E
A F X A g ) 2 ST R 3R A2
B, (4506 5 Oy B o 11 e KM U 28 0 ) & 1Y 2R
I AT ER, BRI 0 A A, &
Je B A B nxr = w HES IR AF ) fE E AT I3 — 1k,
VD R AR AR Y R )

A R P s ASSORAA R U AG T 7, PT LA AR
Gorh P BRI K R e R AE A, IR AT Z B
fiE R 1 S 5, [R) B BRI T REAE A 3R A 1) A Y
&, WD 5 S REAE A5 DT B A RS ]

22 HEFRIFME SR TE

M — ot P A5 e R B E A, AR kAR
BRI my = (myumy, - me, - my), o i e [1,k],
cell,wl How REAFRAE ) & 0485 . JF Y4
HRE M AR R B p A fF DT REAE 1) i
n=(n,ny, - e, ny), o je(l,pl,celwl, #
FAZS Dy= Sime—nl (e (Lp) 3 15 6442
MR ARRAE 8] 55 p 15 DU R4 AIE 1) 22 22 [ A9 466 6 1
B o o — LR E 1 R g 0T A A o I B S YR T AR 4
Xof B A HUAEL /N 45 (R, W25 3P
AIE i) £ 22 [R] B4) 4% 52 AR ARLEE , 225 BT A5 AH U (R F
2006 ) (L, R 3 PR A 4R AIE [ S A0 A DG S X 5 5 ]
HEAT R — U4 IE M R 1, s 8 Y wr S
rR T A DG IE B0 FO B, R I B R B
R B HE O B
23 WM BRRELE

FRAE T 45 (R AT 51, 158 77 AT 8 10 11, 4524
T PEIAZ00 AT v 1 L, O A% 8 1) KCF 531k
T E AR A 5 A RGO IR AR T R,
Jo3 SRR REAE ARG 2%, 3 R S mr RS LT
D it oS5 170 20 A7 8 Ok A5 31 B AR i O B, B
b BRER HAR, ST IR SRR . B0 S i



© 326+ O R

%16 &

HbRIC AR AN 1 R

B1 RHERLELSR
Fig. 1 Matching result of fuzzy image

HCHE S B B R R PR AN R 2 s

BRI
pES s

B
B

=

"/

I

GLD 2

) /

[aE T rare N ps—
RO | g |
{ 1
SRR R
| st makat s | e
L{ O F (0 }J

F e —

B2 MtEEREE
Fig. 2 Flowchart of the improved algorithm

3 EBERE AT

3.1 XWiIEE

F 1 OTB-2013"" F1 OTB-2015"*! %41 £ ) i
ARICEILWMERE, B0 BE A 50 100 4R TE
SERE T 5 o LG s B H BRI A X 1 R
g R EEAE Y 2.5 4%, 1F 4LZ%10.000 1, 23 )4 96

0.1, HH ZH 72 5 B 2 0.02, & A% R &Y
Tr2Eh 0.5, MR LB B BEE O 170, FE il R
BB R 18, LLH T, BB KR
99, ¥ RHAE R BB SB35 53 Sy 6 A T[]0 (B DX 8,
BRE T ) 1 =8, 4a X HE B B{E 1 R 0.6, A 5% AR
FE AR 0.95, JF B 73250 ok 72 vh B S 80l
[i] 5 ANAE

SLIG PR 3% A Intel(R) Core(TM) i5-5200U CPU

—

@2.20 GHz AbFE %, 4 GB i547 17, MATLABR2014a
SRS
32 EESW

TR A G B A SRR A O R Y R
EERCR, L OTB-2013 1 OTB-2015 % ¥ £ gk i
T 4 HACERMERBSTE S, 43004 Coke. Jogging.
Couple F1 Jump J5 51, I-¥ Fr % J37 51 Bt B b 32F 45
FECRB A A B, R0 5] R i 4 SR G 1 3 BT, A
A BT RN R, SR EHE | IS EAE R
HE | B0 HE 2T (5 4E 43 940 % KCF DSST!™,
SRDCF"™ | A T i FIAR S5 325 110 R AT

SCI 1: OTB-2015 %4 4 9 Coke J751 52 3
AT IR DL R g it (3 1Y . BREE S A0
& 3(a) Iz 55 17 T, P43 8 B, BREE H bRz
FIFR O B2 I, 4 BRI RE IE A ER i E H
FRpiR . NS5 68 M 3] 141 dit, JL 45 K] 45 25 4545
R, SR EE H BRSNS T T, KCF 83k B R
PR BB, DSST Bk AR IR 2 2 H A5, (2
EREEA S T RKRENT R=EE, RAARSCH SR
F1 SRDCF 533 1T LA IE fff o o7 21 R B AR 97 &
55 281 T, WL A5 P AR AR A58 B, AR SCHEL Tk
F1 SRDCF By AK IH AT DI A #REE 2 B b5, I+ HA
320G REAR AR B 2 e, T 7 B 1 S R R R I

SEH 2: OTB-2015 Fdli £ i) Jogging J¥ 41,
PREE B AR 575 SR, Jf B AR ER R b H AR
7 A B R B L BR R A SR AN R 3(b) BT
55 66 i, PTG 3 7, 4 Fh 8 2 6 1E 6 BR 5
FIHFRAR . A 86 WiF] 116 Wi, BREE H AR 2 3|
T SR LMt ASORS RN £, AR SCERAKIH AT DL IE
B T B R B E AR B0, LAY 3 R AR
BRI

SIS 3: OTB-2013 %4 5 1 % Couple [7 4132
TR, JF Lz S R . ] 3(c)
o8 21 MUANES 89 Mot i) T AR Ak IR B 25 R s AR
SCAR AT LA AT A% 1 E AR 21T A RER B
Il SRDCF 53k tH PRER i = B4, DSST &k
NI FF 46 7T LR 5 2] H bR, 2 5 BRI AR 975 4,
[ RE B0 T R AR MO B 4 . BB AR 125 o, #1
AT PG P U AL A5 35 BT, (L2 eI BR B H AR 2 8 T



F24

PR | 25 25 B AROR) 00 A T A1) 5 0 A2 A DX O 0 IR B 2 ©327 .

56 SO IR A B2 W, AR SCAR I T DUBR R B H A, T
HoR 3 MR LR R R B

(d) JumpJF31

B3 W YRIRER

Fig. 3 Tracking results of video sequence

SEH 4. YEEL OTB-2013 344 4 P (% Jump

Gl BREEZE AN 3(d) B BUAT S 20 AN
55 62 i, BRI B RSN AR | & B R O BT TR
T 5 2% L, AR SCH L T 3 S e sl AR R A AG
i, TEASDR A5 v 4 B3 K B A M RRAE A, A
7 AF B B 0 ) A, T LAl 3 R B 3k 357 o R
FEREIME
33 EBESH

Shy it — 25 IR AR ST B B AE A5 AU B v
4 B B 1 i, O IR BEORG R B R T R A S A Y
WA R AR . b, BRGNS 0 B SO TN Y H AR
85 N T AR B AR B 2 ) R B /T
JIT &5 180 I A0 T 50 o RS A (5 R A
FE SCOR T A AR AE 9 T RS N AR B ARHE
F14) T FR P 2 SRR T 4 I P T o TR
FUAE o R FH 8 LS00 5 i 1, G A B M3
208K, MIIRBHELN 0.5,

1) BRI 3 500RS i 3 R T 2R 0 #r

4 FhE VL X} Coke ., Jogging ., Couple 1 Jump ¥
B 1) SR SO 0 S R R T SR 3R 1~2 B S5 H
fiby 3 Fofr 52 560 B0 AR G, A SO 0K 1 B R T
RYPA IR SR F A . Ui AR EREOR] 3 BUR
Br HARM A5 B R R, AR AR SCA v g
1R AF A I 25, DASER A b 2 B R A R AR
R, T BR R 2 H AR, JF HLBR ERAE L 5 %5 K
A5 B, 15 B0 B M R .
KCF %% . DSST %% il SRDCF 23k i T8 B4
USRI P, 70 B0 BR300 S AR TS
BRI B4

*1 BREFIBHEIL

Table1 Comparison of accuracy

AT 41 KCF DSST SRDCF AL

Coke 0278  0.564 0.896 0.773
Jogging 0231 0228 0.231 0.704
Couple 0.093  0.107 0.592 0.686

Jump 0.057  0.082 0.033 0.443

*2 BREFIIBINEILL

Table 2 Comparison of success rate

AT 5] KCF DSST SRDCF A3

Coke 0265  0.498 0.848 0.756
Jogging 0225 0225 0.222 0.827
Couple 0.086  0.107 0.542 0.614

Jump 0.057  0.082 0.033 0.358

2) B Py ZK Bl LA R 53 A
Oh 8 UEAS A i 7R H A A 51 Y 3



© 328+ O R

S S %516 &

£, I\ OTB-2015 % 4is 4 Hh 36 B 2K [F] J& 7% 1
A, 45 LR AT A TR R RO fb Ab B R A
W B RN B R g 4 A R 4~5 BT R« AR SCRLEE )
R o0 B R R T 3R B R A — o AR SO RS B
h 68.2%, TF £ KCF Bk 3Eat F3Em T 18.1%,
LR L) SRDCF Bk 1 5.7%; A SCE B
W 49.5%, 1E 4 81 KCF 5k () 3 al b 42 5
T 19.2%, LA H) SRDCF k425 T 2.3%, 52
0 H5HE U0 B, AR SCOR T B S Bl R R AT A T
i, 0] DLTE BB R 3 R K B R RRAE A
I3 3k 2 X6 I B AR SZ AR AL BE AT H BRI 1) £
VC L, HF Ao e A B B AR B AL S, iR e T
KCF 53 7E A5 PR L (0K 1 B2 0 i 2l %

09 ¢

0.8}

8.; - ﬂﬂgﬁ;;ﬁ;‘;ﬁaﬁ
205t Y
EKE 04+ !éll'
- /4 ,

03 // _ZIKI

02t ? KCF

L) -a- DSST
0.1
‘ ‘ . -+ SRDCF
0 10 20 30 40 50

b AL D22
B4 FHRBHEHZ

Fig. 4 Curve of average accuracy

1.0 .
I — AL
09 KCF
08+ -=- DSST
0.7} -+~ SRDCF
L 06
EH‘i 0sfEEEEy
04+t
03}
02}
0.1}
0 02 04 06 08 10

HAREIE
B 5 FEHINEMLE
Fig. 5 Curve of average success rate

S3Ab, BRI AL B OTB-2013 %4 4 BL (1 WL A%
Fe A, JF 8 HH T A SCR B B 4G
KU, SIA B KCF FE A e, A SO g n] LR
R A5 R B8 E AR AT A S0 i, EL RS 8 45
155, MR — 25 U0 AR SO0 A i

4 %EiE

XA P 5 1) R AT A 205 R B s R
I N B — Mk s, AR SCTE KCF Rk iy 2R |, 32
T — 2 G ORI R AR A DU 1 B KCF BRER
o SR R SO R ARSI, W] LR

BB G LB 5 B FRRRAE S IR R4 )
H AR FRAE ) ST VC AL, 325 T KCF 53k i %
Ao WU P 51 AT Ak R 2 R B, AR SRR T
RO A% b mT AR R g ) A, L HORS A R A
RIS, T g A SR A B
A YUK PE FOEREOR ARV 38 FH T KR 4345k 1]
BRI, A2, 5480 KCF H kML,
ACEEHRTIIAT LBP Bk, 7E48 50k 1Y [H)
A T AR, SEUREEE R, T—4
WFFE A bR S 2 AN 0 S0 BE A oL F it — 20
PR B IR E T

% SRk

(1] B0, MRS AR SCURE & 4 BUAR 227 > 1 F AR BR
R [T, BOt SR F IR, 2020, 57(12): 121012.
YANG Yaguang, SHANG Zhenhong. Object tracking al-
gorithm based on correlation filtering and convolution re-
siduals learning[J]. Laser & optoelectronics progress, 2020,
57(12): 121012.

(2] wE, 0. HARMRERRIELSOA (1], H 3L, 2019,
45(7): 1244-1260.

MENG Lu, YANG Xu. A survey of object tracking al-
gorithms[J]. Acta automatica sinica, 2019, 45(7):
1244-1260.

[3] ORON S, BAR-HILLEL A, LEVI D, et al. Locally order-
less tracking[J]. International journal of computer vision,
2015, 111(2): 213-228.

[4] BABENKO B, YANG M H, BELONGIE S. Robust object
tracking with online multiple instance learning[J]. IEEE
transactions on pattern analysis and machine intelligence,
2011, 33(8): 1619-1632.

(5] FHIMG, WRid, 5%, 55, J& T8 4 H bRl 5 B R 25
& (7). B L2AR, 2016, 42(10): 14661489,

YIN Hongpeng, CHEN Bo, CHAI Yi, et al. Vision-based
object detection and tracking: a review[J]. Acta automatica
sinica, 2016, 42(10): 1466—1489.

[6] 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.

(7] TRk, 22 D%, WA, 55, —Fh F IS AR ST A 4031

X KCF REZTTIE [J]. BAER G2, 2019, 14(1):
121-126.
NING Xin, LI Weijun, TIAN Weijuan, et al. Adaptive tem-
plate update of discriminant KCF for visual tracking[J].
CAALI transactions on intelligent systems, 2019, 14(1):
121-126.

(8] sKAL, B A HHOCHEDE H R BER FE IR ERA [7]. PR 4
EIE 2441, 2017, 22(8): 1017-1033.


http://dx.doi.org/10.1007/s11263-014-0740-6
http://dx.doi.org/10.1109/TPAMI.2010.226
http://dx.doi.org/10.1109/TPAMI.2010.226
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.1007/s11263-014-0740-6
http://dx.doi.org/10.1109/TPAMI.2010.226
http://dx.doi.org/10.1109/TPAMI.2010.226
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.1109/TPAMI.2014.2345390
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092

o552 1

MAERD, S« S5 S ASUARE TIE G 4 45 A A% R O 208 T8 R BB

*329-

ZHANG Wei, KANG Baosheng. Recent advances in cor-
relation filter-based object tracking: a review[J]. Journal of
image and graphics, 2017, 22(8): 1017-1033.

[9] DANELLJAN M, KHAN F S, FELSBERG M, et al. Ad-
aptive color attributes for real-time visual tracking[C]//Pro-
ceedings of 2014 IEEE Conference on Computer Vision
and Pattern Recognition. Columbus, USA, 2014:
1090-1097.

[10] DANELLJAN M, HAGER G, KHAN F S, et al. Accur-
ate scale estimation for robust visual tracking[C]//Pro-
ceedings of British Machine Vision Conference. Notting-
ham, UK, 2014: 65.1-65.11.

[11] 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.

[12] DANELLJAN M, HAGER G, KHAN F S, et al. Learn-
ing spatially regularized correlation filters for visual
tracking[C]//Proceedings of 2015 IEEE International Con-
ference on Computer Vision. Santiago, Chile, 2015:
4310-4318.

[13] BT8R, BT, A, 55 R EAEDAEAR I A ik
23 [ TE N SRR SCE I B FRERER [7]. D67 K% T A%,
2018, 26(2): 492-502.

YANG D D, MAO N, YANG F C, et al. Improved SRD-
CF object tracking via the Best-Buddies Similarity[J]. Op-
tics and precision engineering, 2018, 26(2): 492-502.

[14] GALOOGAHI HK, SIM T, LUCEY S. Correlation fil-
ters with limited boundaries[C]//Proceedings of 2015
IEEE Conference on Computer Vision and Pattern Recog-
nition. Boston, USA, 2015: 4630—4638.

[15] NI Zhensheng. B-SIFT: a binary sift based local image
feature descriptor[C]//Proceedings of the 2012 4th Inter-
national Conference on Digital Home. Guangzhou, China,
2012: 117-121.

[16] #, BRiR, JE12%, 4. 56T LBP 9 TLD HbpiEs st
Bk )] GRS HIERSE, 2019, 36(11): 136-138, 143.
YANG Jiao, CHEN Qiang, ZHOU Ling, et al. Improved
TLD target tracking algorithm based on LBP[J]. Trans-
ducer and microsystem technologies, 2019, 36(11):
136138, 143.

[17] 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.

(18] WU Yi, LIM J, YANG M H. Object tracking
benchmark[J]. IEEE transactions on pattern analysis and
machine intelligence, 2015, 37(9): 1834-1848.

[19] LOWE D G. Distinctive image features from scale-invari-

ant keypoints[J]. International journal of computer vision,
2004, 60(2): 91-110.

[20] PhEo, ¥, sRAENE, 55, BE T kik SIFT 12 Ot3% &l
BICHCE [0 THRLRL, 2019, 46(4): 280-284.
SUN Xueqiang, HUANG Min, ZHANG Guifeng, et al.
Multispectral image matching algorithm based on im-
proved SIFT[J]. Computer science, 2019, 46(4): 280-284.

(21] FEE K. YUSoH pg 1 Gs A EfA T~ 0], P4 1R
FRA-2AR, 2019, 46(1): 39-45.

TANG Guoliang. Anti-fuzzy local feature descriptor on
images[J]. Journal of Xidian University, 2019, 46(1):
39-45.

(22] 557, S0, TR, & T 24k SIFT BT AMUBLIA K F P

HEVCHC [J]. BT R 2A4R (A AR R), 2019, 52(1):
5-9.
HAN Yu, ZONG Qun, XIN Na. Fast matching of UAV
aerial image based on SIFT[J]. Acta Scientiarum Naturali-
um Universitatis Nankaiensis (Natural Science Edition),
2019, 52(1): 5-9.

(23] XIAE &, fysHeR%E, 4], 45, SR FH S (RGN L2 o5 o ok

HEHY KCF BRERFEW (1], TFEEAL TR 5 0, 2018,
54(20): 166-171.
LIU Yanfei, HE Yanhui, JIANG Ke, et al. Improved KCF
tracking algorithm using outlier detection and
relocation[J]. Computer engineering and applications,
2018, 54(20): 166-171.

IEERA:

MM, B0, P+, FEOR 7

1) /N B M AR AR5 | (R Ak
IR o KRBT 30 7

2T, WA, FEBSEr
0] UG AR HBRIRER

R, E R AR, EERI T
] R B 5 40 B M5 BAL B L BIR
HESFEEZEE, ER¥FARLX
200 455



http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.11834/jig.170092
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.3788/OPE.20182602.0492
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1109/TPAMI.2014.2388226
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.11896/j.issn.1002-137X.2019.04.044
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037
http://dx.doi.org/10.3778/j.issn.1002-8331.1710-0037

