& | pa =2 -+

CAAI TRANSACTIONS'ONJINTELEIGENTY S"ﬁSf_EM.

"'

ETHRAERE & & B & MR TE R A IR S B ARERER SR

X, #E, W AN, EFT, WEE, RN

FIHASLC:

X, e, Je e, 4. BT RRAR R A R L R SORT AR SCIE I AR BRERFIAL]. B RE R SR, 2020, 15(4): 714-721.
LIU Wei, JIN Bao, ZHOU Xuan, et al. Correlation filter target tracking algorithm based on feature fusion and adaptive model
updating[J]. CAAI Transactions on Intelligent Systems, 2020, 15(4): 714-721.

TELR )15 View online: https://dx.doi.org/10.11992/1is.201803036

L] RERGBR A HAN SO
DX it 2 PRI 19 25 A R 265 L s ¢

Regional loss function based siamese network for object tracking

BHER G AR, 2020, 15(4): 722-731  hitps://dx.doi.org/10.11992/tis.201910005

HETLIDAR/INSHYEF SN ShblL s N AL ST IE
Integrated navigation approach for the field mobile robot based on LIDAR/INS
BHER G . 2020, 15(4): 804-810  https://dx.doi.org/10.11992/tis.202008026

TeNHLREZ F AR DI R] E3h IR [ 42U 5k
Self-organizing feature map method for multi—target active perception of unmanned aerial vehicle systems

BIHE ARG AR, 2020, 15(3): 609-614  hitps://dx.doi.org/10.11992/tis.201908022
FET A TRRRHIERLA ASSD/IN H brkar 537k

SSD small target detection algorithm based on deconvolution and feature fusion

FHER G 4R, 2020, 15(2): 310-316  hitps://dx.doi.org/10.11992/tis.201905035
2 JIHLH A Faster RCNNAHZE A 282 11251

Insulator recognition based on attention mechanism and Faster RCNN

BHE RS 2FR. 2020, 15(1): 92-98  hitps://dx.doi.org/10.11992/1is.201907023
FEAR AW -HOGHHE )32 2 T B R

Motion gesture tracking based on compressed sensing W-HOG features

BHE RS 2FR. 2016, 11(01): 124128  https://dx.doi.org/10.11992/1is.201507005



http://tis.hrbeu.edu.cn/
http://tis.hrbeu.edu.cn/
https://dx.doi.org/10.11992/tis.201803036
https://dx.doi.org/10.11992/tis.201910005
https://dx.doi.org/10.11992/tis.202008026
https://dx.doi.org/10.11992/tis.201908022
https://dx.doi.org/10.11992/tis.201905035
https://dx.doi.org/10.11992/tis.201907023
https://dx.doi.org/10.11992/tis.201507005

5515 B 4 W O R & ¥ i Vol.15 No.4
2020 4= 7 H CAAI Transactions on Intelligent Systems Jul. 2020

DOI: 10.11992/1i5.201803036

ETHIEM S K& BENREE E
BXIEK BiRRERE R

5('] )iillj, %1,?1,2,3’ }%%1,2,3’ /H-ZELZ’}, i%j—'r’—j?’l’z’3, g}lgﬁ,;%l,zg, 4-_;4%,7]&1,2,3
(1LLITIARFAKRF BFE,TTF 4 1230002 ITIREAKRF FRIBLEHFMREK, T T &4
123000; 3. i T TRHE R K F £ F 5 ZA4HFHARA, LT £37 123000)

AR RRE B AR R ER A R R T . E AR Y A A A B R G I (R LA T R A R e A IR A A
T T T 25 5y 1 PR R BB AN SRR 22 i R, 4 T — A BE TR IR A T 1 T R TR R SR G P A G i Dk H
i BR B 51— ZRRAE 38 N A SC 8 U E AR BRER SV o IR ST IR AR RRIE SR S BOKE 31 R R i X HOG R 1IE AL
AR BARRRAE, a8 % 10 G R A 19 25 ) 5 A AR B 5T B Bl o 10 T X35 5 L S DXk Y A S ELARRAE 1]
AL, FF 485 A 150 19 (4 W2 6 e 2 A A A0 ST, S 1 38 1 o 1) 7 sl A B AR ) B Ok B, FE s
DU AR T 56 UF T $2 00, FF15 Wb 20 B A S 8 I S0 E AT PR A, &5 SR 3R IR B vk RE 8 0y Ml N 1 S T
Ko B AR RS IS, R EE H AR R0 IR 2200 T 9.05 B E, FHE B IRE 12.2%, FHEERIER 4.53%,
KRR HARBRER  AH ORI ; FRIE AL G 5 BB TER B AR R R T4 AL L & RAE 5

FESES . TP301  XBIREL: A XEHES: 1673-4785(2020)04—-0714—08

RS AR XE, T E, Al . ETHIERAREENEREHNEXERBHRREEE J). B RE 2R, 2020,
15(4): 714-721.

35| & 3K : LIU Wei, JIN Bao, ZHOU Xuan, et al. Correlation filter target tracking algorithm based on feature fusion and ad-
aptive model updating[J]. CAAI transactions on intelligent systems, 2020, 15(4): 714-721.

Correlation filter target tracking algorithm based on feature fusion
and adaptive model updating

LIU Wei'*, JIN Bao'*’, ZHOU Xuan'**, FU Jie"*’, WANG Xinyu'"*’,
GUO Zhiqing"**, NIU Yingjie'*’

(1. School of Sciences, Liaoning Technical University, Fuxin 123000, China; 2. Institute of Intelligence Engineering and Mathemat-
ics, Liaoning Technical University, Fuxin 123000, China; 3. Institute of Mathematics and Systems Science, Liaoning Technical Uni-
versity, Fuxin 123000, China)

Abstract: For the problem of object tracking failure caused by background interference, object occlusion in object track-
ing algorithm based on a single feature, and the problem of error updating and poor real-time performance caused by mod-
el updating for each frame during tracking, a correlation filtering object tracking algorithm based on feature fusion and ad-
aptive model updating is proposed in this paper. In the feature extraction phase, the edge feature and HOG feature are
weighted together as the object features to enhance the learning of edge features. During the updating phase of the model,
calculating the similarity of singular value eigenvector between the predicted region and the real region, and according to
the set threshold to determine whether the model needs to be updated or not, and reducing the number of updates to the
model by adaptively updating. The algorithm is verified under the standard test video set, and compared with two typical
correlation filtering algorithms. The results show that the algorithm can better adapt to background interference and object
occlusion problem. The average center location error is reduced by 9.05 pixels, the average distance precision is increased
by 12.2%, and the average overlapping precision is increased by 4.53%.

Keywords: object tracking; correlation filter; feature fusion; model updating; object occlusion; background interference;

computer vision; singular value decomposition
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Br5ab e BRI . N TR BE . B a4 i 4 ik
S HE R R, FEALDE T 0. DLAS N L B RE S L A1
W s A T LA T Y (EAE S PR N
AT T I 1 22 RE 5 Bk AR, EZE G OE AR {E
ROEARL . HAREERS | 5 5 T80 JENHATEAZ | TiE
e BB . R AT Ok — 2k H bR R R
Rl R O e R T G i Dk A R R R
AR SRAE AW, ) FH Al A Pl L AR 46 (fast
fourier transformation, FFT) {0# 23 [0 #: fHiz 55, ik
A7 AH G U8 U B N 25, 38 2o X e 2 T A7 A DG U8
P e 7 H AR, PRHBR RS B K S I 83 4R T
M2 K

He /N iR 22 A1 (minimum output sum of
squared error, MOSSE)" 31§ Ji% %% f¢ 5L K AH G 3k %
T B AR ERER, %05 Bk B — 09 K B2 R AE, o
s T AR, EERRE — . 25 7E MOSSE
FRALAE E, — R A M A R B Ho
CSK™ R FI St — WY IR BEHRAE, B2 5w 2% .
FIEY 5 B AR LAY B2 R, KCE™ SR 1) 6 % 1T
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by BRGSO . S TR E T R TR
H bR B P45 1% 0 T B4 b 5w IR R, 5 R R ER R
NGFEAE g AR B B AR, #0017 UG EIA
(R 4 KR 015 8, 11 HOG 45 AIF 2 43 B 48 B K 1%
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FoR f BFFIELESL 1€ (1,2, ,d}, AHOCUR P Bk
H 12 3 — A Fe A A G R B A, ZUE B A%
F AR AR 2 B R R U A b . 38 B /M
R R B (1) e

Dt f =gl +a ) | (1)

e« FORTEIASC (0 WS ICHE S f1 % LA B
TLRFR), ¢ e HUNGRREA f AR B A o
o a>0 ZIEMALSH . b R % E— %k
FEAS, SRARAT .

E=

GF'

H=z—m—
T4
ZF"Fk+/l
k=1

2

K () PIENACS G T f Wk 200 55
YR, SR T BRBCH R .l B/ ME T A
SRY IR 22 R AR R L DR 7 o HFR BT A
MEERN dxd LV RGOR IR, X TAEL2: 1T
AR HAER S B . N TR e R
HIE AL, 8 (3). (4) B (2) H A AE DG uE
#r H! [ 45rF AL Flop b B,

Al = =mAL, +nG.F,| 3)
d

B,=(1-mB,+1 ) FF! @)
k=1

e p B 20 3, M (5) TR AR B B AR I
DXIK 2z A P SCAR 23 v, SRR I R R AL By K
BT HARIRE

y=F" {ZAlz’ /(B+ 1)} 5)
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FERHE B2 BB Bk et Ay Rl & 30 2%
FRIE R HOG FEAEAE A HARFRIE, BRI T

1) 53 B2 BCH AR XY I ZARHAIE Fegee 71 HOG
*%?E Fuog;

2) MIn k& 24k 6,

3) A SRR S HOG FRIE R A 5 19 H br
FRIE: F = OFcage + (1 =0)Frog o

Hrb6€[0,1], 4 6=0 i, Fox iR KAl HOG
FEAE; 24 o=1 1), o R Rl &Rk . 525
HPOAR I i 7 1 X0 G AR AE A 2 6 B (E .
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EFE1 & AeC(r>0), WAFLE m By i
M U Fn BYPYAERE V, ffi15

Z 0\
A=U( ) O)V (6)

A Hi R 2= diag(oy, 00, ,0), T 01,00, 0, J
HRE AT A SETA . X (6) 2HFE AW

A} S A

F T Ay SRR 1) f AR ARUPE A B [ A T
AL

1) 43590 X6 0 DX 3 5 B S X PR 5 B R A 7
ZF SEAE AT, A5 3 T [X e 5 B S X A S 1 B
SEAEFFAE ) 1 My F1 M,

2) FIH AR SZ I BT H5 My R M AR EE

_ MM,
M- M)|

3) A A>0.5, Fon TN X 48 5 52 X AH
W38 5 5K (3). (4) AT TR, ] B s B BRI
2] B 1=0.025, DIREE REFRVERER ; %7 1< 0.5, )
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FRUEBHESE OTB-50 il OTB-100 F/ELET 5t T4k
(] 5L FY 18 2 AT 31 R A T B S 56, Hev 9 ZH []

I} A7 H b 5 [ 2T, 2% 2 00 91 ) ot . H
PR R/N A BAFAE R TRl RS B LA 1

Fz1 WXAMER
Table1 Test video information

MR Wk HARKR/MAIGERBR) BRI M Wi BARKR/ IR A R) F [ n]
Basketball 725 81x34 OCC.BC.1V Liquor 1741 210x73 OCC.BC.SV.IV
CarDark 393 23%29 BC.1V Matrix 100 42x38 OCC.BC,SV.IV
Coke 291 80x48 OCC.BC.1V Mhyang 1490 70%62 BC.1V
Crossing 120 50x17 BC. SV MountainBike 228 56%67 BC
David3 252 78%64 OCC.BC Shaking 365 71x61 BC.SV.IV
Deer 71 65x95 BC.MB Singer2 366 122x67 BC.1v
Dudek 1145 36x51 OCC.BC. SV Skating1 400 84%34 OCC.BC.SV
Football ~ 362 50%39 OCC.BC Subway 175 51x19 OCC.BC
Footballl 74 43x26 BC Trellis 569 101x68 BC.SV. 1V

H: OCC—ilEdY, BC—1y T3, SV—RUEAAL, IV—IEHAS L, MB—iz SR

22 FEAFR

S T VPAS E A R R SR B P g, AR SOl A
TR FE AR FhuO A B R 2 (center location error,
CLE). X 18 ¥ & 1l 7 % (region overlap precision,
OP). i B 45 FE (distance precision, DP) ., F i o i
(frames per second, FPS), R &7 K i (tracking length,
TL). H CLE Al 2/ H AR b0 5 552 B AR
R ] ) YRR EC R S, OP S A IX 38 5 EL S [X
S o S T e — 1 P L A0t 5 5 R A8
BN E 5 b, DP A 7 B R 25 /N F—E BH Y
PR S TR E 43 L, FPS SR R RD A B
A TR, TL S DB ER FF 45 21 rhoc A6 B 12 25 T B
B — € B E LU T A%, CLE B{E B /N, OP,
DP., FPS. TL HY{E#ER, BRERZBCR ML
23 SRR

ARSCILBETT 3 S5, B 1 SR A 18 41
AL XA R B (BT 2 R AR
DSST!"™ #3  #£F HOG $31E ) SRDCF 57.3:")
AR SC B B0 1) BR R AR AT % L5 5 2 2 S
S R E A R B B 5T M H AR 4 )
R AP 5] L ) R R R 5 B 3 AL S B X L
3 ol R B AR 1) R R LR

1) BRI X L S5

XF 18 HAFAETT 5 T AU IR 752 56, Sl 1
FE R ) AR A S80S, LK R 0.1, A
0~1 Xl & 24 6 A7 KA, BE8 M b i
PEry 6 ank 2 Jros, 3o ik A SCOR vk AL 1 9
H G 8 U R R AR W RO . BT S AR

FH [ 22 2% 2] %6 y=0.025, #1°R F [7] DSST AH 7] 1y R
BEAGTE, BRAS SCHR SR A I8 AR 7R R R I
A, A B 2 5R R TR BT R S 45 AR
T2 R, ALLAE I, AR SCEEXT 18 NP1
CLE. DP F1 OP 5453 R 81 47, PR R B L mk
P HA XS LB . AR SCEIES R 18 4L
B34 b i B R 2% CLE K 8.91, E3y b B 2
H B DP 4 92.92%, V¥ i & m UK OP
81.65%, [F] H:Ath 19 Ffr 450 3 2R 30 A A 9 &5 SR AH L,
A SO L R Y o B iR 22 CLE W2 9.05, F
Hyepon B EOR E DP B0 12.2%, -3 5 & i BURS
& OP 34111 4.53%.

2) Tt T K HAREERY T A9 BR R S50

A7 ™ 5 54 M AR RS A 3 4
Basketball, David3 Fll Liquor /3 #E175250, K 1
FT7R A 3 AT BR R 26 . DAL 1 H (a)~(c) 7]
LLE i, 7F Basketball 5G4 F, MU HESHE N
0.5 W, A5 8k 1) 1 & 1 BUKS E 5 T DSST &
¥ . SRDCF 8.1 7F David3 BUE &, A B
A B 2 i UK B BEIK T SRDCF 5.3, 1T DSST
BV 7E Liquor 088 4, AR SCHE VL ) T & R A
FEHUAR T [7] SRDCF Al i 45 2, fL T DSST
Bk mE ()~ MBS LLE H, 4
% 2% 25k 20 I, 7% Basketball 3484, A S8
5 Y I BORS B i = T SRDCF B34 #il DSST &
5 7E David3 $odlE 4 b, A& SCHL B [F] SRD-
CF # L, (A i & T DSST 8% ; 7F Liquor
BE g, AR SCHEEMIEE RS, 185 T SRD-
CF &k, i T DSST & vk, YEE A E N
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0.8 Hf, Basketball, David3 . Liquor 3 ™% iz 4E David3 Z(#54E 1, A U f SRDCF ik B A
AR ZEG Z LT SRDCF FI% s DSST  A4H A A9 BR B 4 38, (B K T DSST 8% 7F Li-
Bk, mE (2)~0) BIRE KR LIFEH, 4 quor FUE M b, A SCE LS KT SRDCF &k il
1§ Ri1%H 20 B}, 7€ Basketball Bl S, ARCHE DSST Hik. 26 Tk, RHMMFE LML, &
W BREE K R T SRDCF 8.7k J: DSST &k 78 SCE VLIRS SR 4T,

K2 3FMEZRAEISANTFT EHRESRE

Table 2 The tracking effect of 3 algorithms on 18 groups of video sequences

B CLE/MR R DP/% OP/% TL/M
MR Rl SR KA
DSST SRDCF A3 DSST SRDCF A3 DSST SRDCF A3 DSST SRDCF A

Basketball 0.6 83.4 251 129 451 32 77.9 1.66 269 429 12 8 243 725
CarDark 0.5 1.03 131 1.01 100 100 100 100 100 100 393 393 393 393
Coke 0.2 175 20 175 869 804 866 79 711 784 101 91 101 291
Crossing 0.5 15 1.88 137 100 100 100 100 100 100 120 120 120 120
David3 0.5 88 523 395 61.1 100 100 54 992 921 154 252 252 252
Deer 0.2 103 512 954 887 100 90.1  88.7 100 84.5 24 71 2471
Dudek 0.7 136 142 118 814 796 829 989 961 93 48 46 46 1145
Football 0.5 167 682 9.09 798 100 98.6 63 84.8 508 289 362 225 362
Footballl 0.9 321 215 864 514 784 973 351 541 392 38 58 63 74
Liquor 03 130 766 376 405 982 981 41 98.4 986 385 385 385 174l
Matrix 0.3 66.4 688 425 29 37 42 20 36 27 18 36 33 100
Mhyang 0.3 21 506 202 100 99.8 100 100 958 100 1490 1380 1490 1490

MountainBike 0.6 773 515 7.86 100 100 100 100 100 100 228 228 228 228
Shaking 0.2 837 869  8.17 100 1.64 100 100 1.1 100 365 4 365 365
Singer2 0.3 766 152  8.16 100 70.8  99.5 100 81.1 100 366 242 361 366
Skating1 0.6 103 236 76 89 64 995 655 498 632 309 177 309 400
Subway 0.5 246 297 238 100 100 100 100 983 100 175 175 175 175
Trellis 0.5 266 682 211 100 100 100 975 954 100 569 569 569 569
A {E 27.88 1796 891 80.72 80.10 92.92 74.69 77.12 81.65

L 3 A g s s B m e 2 s 1, PEREt s ]S DSST 8 Ml i M g, 7617 78 3
5,10 F7FT7R, 5 A HoAth 0l R0 AT 9 X6 Ll SR, A B ] Y R AR 4% 3 BF 4 35 bR 24 B T DSST, 5
SO AR B TE 2 B0 R VU e RELF T DSST  SRDCF AH F, A S04 H 955 17 15 CLE FA&1IK 5.79,
Bk, Hodr, 7F Coke 1 Singer2 ZE MMM ) DP 4 15.27%, OP #215 3.04%.

1.0 1.0 ¢ 1.0
s 0.8} B 0.8 1" s 08|
= 06 E 06 & 06
@ e =
T 04 0.4 0.4
el i el — Ak
S 02 S 02 S 02} — DSST

. , \ - SRDCF
0 02 04 06 08 10 0 02 04 06 08 1.0 0 02 04 06 08 10

(a) Basketball 5 2 [ FHRG B2 (b) David3 & & 1 FHE () Liquor 575 i FHURS i
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1.0 1.0
0.8 0.8
E £ 06 £ 06
i R i
& 04 & 04
=9 o o ]
a A a i
0.2 0.2t
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
REGE WEGRE WEBE
(d) Basketball H.0 B4 E () David3 Hul B Bk (f) Liquor HvCoFE Bk
800 I 300 800
) B T "
a o SRDCF Ny
§ 500 § 500
4% Pl
e 20T — A
= =
200 200 DSST
100 ; 100 SRDCF
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
WEGE WREGH REGHE
(g) Basketball MR K (h) David3 BREZ K (i) Liquor BREE K&

E1 3AESTHEBFRIES TRER L&
Fig. 1 Tracking curves of 3 groups of background interference and target occlusion
K2 fr i 2™ B 5T U0 HAR R 2 5 736 M £ 45 o, 78 0 £ 25 AR AR SR
P25 U Y BRER S5 L, T LU Hh, W00 Basket-  SRDCF #f5 ] LA B b 4k 22 PR 25 H 45, DSST %/
ball, David3 ., Liquor 735 75 2F 16 Wit 57 80 i, 5% BRE W% . Z9REW, fE A EmHE ST K
722 WA A R, 3N AE AR 32 WU, A o0 i, FIAREER DL T A SO A BR ERVE RE A

= } 4 = A = .. e
(a) Basketball MEFFFIABBEREER  (b) David3 ISP IMLERS; (¢) Liquor IR RF4s

(e) David3 i PH45 SRR ER 25 3 (f) Liquor 4425 s Mg 25

- 4
(d) Basketball 3 £ Bz £

E2 3ABRTFHEEREN FOREER
Fig. 2 Tracking results of 3 groups of background interference and target occlusion
3) BRER X S5 FE VAT 18 LU 91 b A R B R AN 3 B
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Table 3 Tracking speed contrast of 3 algorithms

FPS FPS
AR RSN iEAE AL SR
DSST  SRDCF AL DSST  SRDCF A
Basketball 19.1 3.08 10.1 725 Liquor 3.64 2.98 2.36 1741
CarDark 435 6.8 17.9 393 Matrix 30.6 4.89 11.4 100
Coke 17.9 3.18 6.94 291 Mhyang 12.4 321 7.34 1490
Crossing 40.4 8.7 19.4 120 MountainBike 12.2 3.03 6.72 228
David3 8.17 3.26 5.77 252 Shaking 9.13 3.03 5.43 365
Deer 8.74 32 5.25 71 Singer2 4.91 3.03 2.89 366
Dudek 2.78 2.62 1.86 1145 Skating1 173 3.14 7.74 400
Football 30.7 4.16 155 362 Subway 38.8 7.76 17 175
Footballl 352 7.36 12.7 74 Trellis 6.64 3.23 4.8 569
3 4EiE U241, 2017, 22(8): 1017-1033.
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