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Visual Object Tracking Algorithm Based on Foreground Optimization
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Abstract: The introduction of object segmentation technology into the tracking field is a current research hotspot. At
present, the tracking algorithm based on segmentation often calculates the minimum bounding rectangle as the bounding
box according to the segmentation result. However, the complex target movement makes the bounding box contain more
background, which leads to a decrease in accuracy. In response to the problem, this paper proposes a visual object tracking
algorithm based on foreground optimization, which unifies the optimization of the scale and angle in the bounding box into
the foreground optimization frame. First, the foreground ratio in the bounding box is evaluated. If it is less than the set
threshold, the scale and angle of the bounding box are optimized; in the scale optimization module, the conditional probabil-
ity of the bounding box is calculated in combination with the regression box, and the scale is optimized according to the re-
sults of the conditional probability; in the angle optimization module, many deviation angles are set for the bounding box,
and the optimal bounding box angle is chosen by the foreground IoU (Intersection over Union) maximum strategy. The pro-
posed method is applied to the SiamMask algorithm. Results show that the accuracy is improved by about 3.2%, 3.7% and
3.6% in the VOT2016, VOT2018 and VOT2019 data sets, respectively, while EAO is increased by about 1.8%,1.9% and
1.6%, respectively. Moreover, our method has a certain universality for segmentation-based tracking algorithms.

Key words: object segmentation ; object tracking ; foreground optimization ; scale optimization ; angle optimization

1 5§ SV A A AR RS 2 Tz N R LA
bR BB AR L E R S et o OB PRk 20y
AR R BRI W AL B RN R Q%ﬁ?ﬁif‘[ﬂﬁiﬁiﬁjﬂi,ﬁﬂﬁ'ﬁ
' ' \ W kg Y Meanshift''?, Camshift'™®, {H &

Wik H 91 :2021-05-19 5 & [l H 191 :2021-10-07 ; 5T Fi 4 - 4% 03
F4T0 B« ERARREEE (No.62072285); LA 4R34 (No.ZR202102230438,N0.ZR 202102 180144,No.ZR2021030701 19,No.ZR2020MA030); L]
IRAG SR RO (No.2020RKBO1017) 5 L 2R T 27 Be AL 4 2 U 10T H (No. 11688202023 )



#0071

W RN JE TR SO RO RIS F AR BRER SR 1559

2 PR B bi s B EAT BRI, ifi B AR AR b A7 A
ZREPERE etk AR 2 IR & B bR . 54 iU
[, 0 530 5 3 ek W1 0 2t SR IX 43 H AR NS 5%, 76
K AR R B, Al =5 2 LURE 5 BB I RN i 2
2R E . HISETENE P, Bolme 25 R T H /N FE
PR A A AP EARR S M, Rl e = H A R
3 2238 38 25 7] B . Danelljan 2515852 1 T DSST i 5
SR R PR O [ 3 3 e R S D D R A T A [) At 4 o
TR UEE#R AT B AR R, SR % 7 AU RE %
138 AN FEAR A A 11 B R 5 7 A RS, S8R
FERR S A PEREA FR R S . BT, 2R TR
JE 2 2 {9 05 200 DLT B3k R R B 2 ST i 1
FIHPRIRES S . TE X EL N GRS IEFEA R 1 [a] 5
P T — R R G S AR AN LS B R T

SR, B A A BR B 3ok R0 ol FH o) 5 1) 7K P AE
PR H bR, A0 E K FAE |, BEF% HERE IS B SR R I H
i, I LT $AE H AR 1432 35 7 1), 5 il B 0T Atk — 2
i DR A0 Bh A4 28 55 1 2 A HLAE R R B AR e A
FEAERE I P 35, AEF L Ay 5 R0 RUJE 10 o e Ao 250 S
— A MERT, A e SCHER (19, 20 I3 I 35T T ST, SR T X
S RS O ORI AT SR B L AR %
HY SiamMask > B8 H AR B2 25 AT BR 2400
ST B [n) B, 12 A RS FUI B AR G 2 B ,
S R SR NIME R AR R BRERAE . A% W 4 AR
PRER R U TR R R (HR SRR H AR iz 3
R, SIS A ) B /NG N R T 110 9 0 A1 A P 40 55
LR MARSCA N, Xy 5t 2R i T EREE R
BE RN BE AR 5 I AR . DR AR SR SiamMask 7E 4
FEAETL R T — AP T TSR AL B e H AR R ER
B BT T R AR RN A B A R SR 4R TR
BEPERE . ASCEETTERBL T

CUER X730 T B0 BRERHE RUBE AN HERf , $240 TR
JERACT WG . %R W A ARUE T H bRz sk R R
EME, I HAEAZK b BT T B R4 T
PR HE P9 B H 5 EL )

(2) X430 200 PR HE fA BEASHERG , P21 T4
FEDRACTR WG . Ak A% B B T3 o AR AS R R E A
JiE e H5 H bR A AR — 2, i — 3T T IR EEHE
A5 L)

(3)7E VOT2016* . vOT2018™ H1 VOT2019 >/ =
AN e HERRIC A9 BE A b UEAT R R SRR B, A SC R
Hh ARG SO R I LA A ARG B E — S AR ek
PET 438 5 R 2 B AEAE A IR .

2 HxEIE
VT A Sf | 3L VR BE 2% S (9 25 A T 4% 2 ) IR B

EPTEAR TR R MRS . Ho, StamFCPT R LU ZE
A AR SR, 32 B2 G, 1B AT U ] 5 3 58 fps,
SR 12 0 28 A R N o S ik A7 22 RUBE DAt B B0
R AR SiamRPN™ Il % T Faster R-
CNNU R DX 3ol 8 T80 4%, {320 0 (] 09 0 4 22 )3
T, 45 B e I I F) [ I AE A 32 X % T Siam FC.
Li %42 Y SiamRPN-++"fiff e 1 23/ [ 46 o (1 7 B 78
PERIRE, I 4 7 — o BB R R $0UAT 43 J2 R TR B2 2R
B Y A B Y [ I PR T AR g R A

SiamMask" " Bk S AT, ZF k5 a0 B H AR
FAZE G BRI HE T RS . (HJE i T SiamMask B 4% %) 73
RS G foe/ NIMEFE AR S B AE |, 78 H AR & 2R iz
Zfy IF B R M A AR B Z R, Chen 55 2 1)
SiamMask-EP3 2 3 4L T SiamMask A9 B 22 AE 4814 35
T, IR SR Y /N 3R 1 00 3 T 4 AL 1) e s
WG MG, PR — 2D A5 B [ (4 fe /N AMEREE . 2005
ARAE—EFEEE FARTE 1 IR ERAE A a1 (B2 AE H AR
iz I EE KT, 12007 1k I BR R A A T 4 25 M T T
NP

R, AR SCAESE =9 £ X SiamMask iR 555 HE 77 75 1
[F) 8 , A RUBEFIAf BE B3 il 3R AT 1AL, Sk 52 T BRI AE
VAR S5 LA, B S TR
3 ETFmEMAUnMi BRREREE

ARSI LR, 30 = AR 5
— #8453 SiamMask PI2% TAE , f, W22 2%, 4332 M 4%
o T 2, SYRI 2, SR % . Bt 4
P I AT T 22 ST 188 L s RN 2SRk R A — 1k
AR FR 1) smooth,, #5155 LKA L, 5 43 #1343 1 451 2% RS
AL, BR300 5 R A RE R fe i
TEDEAL Z BT SEXT SiamMask i H 1% BRI HE P i 5 Lo 491 1F
FETEEA DT B2 75 e Ak , AN e 28 e ) R
EAHE 75 W AT ROZ LAk, 625 WAL B (MOR,
ASIMS). 55 =FB 53 A il FEARARAR R IZ AR Xof B AE
1 JELAG A BEBOE T 2 M , RS HiT S 3153 ToU (In-
tersection over Union) , ¥ H5 I =y i oEA 75 . AR ST
HHATAE3.3F13.475 .
3.1 MEEIH

FRAE S U, AR T 2 A R T o WS40 3 283 AH
[F] P A5 FEURH 22 D 245 f, , 4 ) A R AE BB, (2) AL F (), T
ANRHE L A TR B FAR G BRI

8o (z.x) =1y (2)%f5 (x) (1)

o SJy UR B AR CHRAE L g, (2, 0) R f, (2) FLf, () FLAHOG
Je Az R g O &L w7 P v A A A3 ] T R A O — 4
RoW (Response of a candidate Window ).

TE = A5 S A R P o 58 R R L e



1560 H, ¥

2022 4F

BN ORFESRER HAHR

=V sl

F = Mr>p

T=opt [MNR', AS/MS]

(et [ e[ i |

Angle
Ti(@p) T0) To(0)

Areaof Overlap
Areaof Union

ToU(T}) =

T = argmax(ToU(T)).. IoU(Ty))

1 JET RS OR A A AL5E FAR B R S0 0 e AR R RAE A2 TR 49 R Ay I U1 43 S i £ 69 Il ST R S TG I B [T UL RE P oA R 4 B B M A i 1
e/ NSMEERE I T o RUBE DA I it AR BB, 7, o 0 O 6 1 9 5 2 BLERATE  AS(AdLaptive Strategy) ) 1 IE 37 42 MS(Mean Strategy)

P W, AOS(Angle Offset Strategy) 4 £ BE I % 5 W& .

L. WUES 3 2 W4 r 647 A 3515 pR AR
FH—E AR AR Y smoothLlTﬁ% ) ﬁt@”ﬂ?ﬁ%m]l‘mgj’?

L= ismoothLl (il o) (2)

8L0]~8[ 3143 3 m A HE 5 LS HE [l 1 ) 45 51
BERS i (80,80 1 DA ELR T (8[2]1,8031). 4 EIX
2, ph i 8 R 45, XoF 0 L P g TP RS RoW T A
wxh [ —JCHERD 5145 s

1+y,
Lmask(0’¢): Z 2Wh zlog(l+e ! ”) (3)
[ 7

BA RoW bRic i —A ZJ0hR% y,, W5 RoW Y —
AHEHE 5 BLCHERY ToU {206, Wy, =15 H Wy, =—1. m,
FRE n > RoW T AY —JCHERS , ¢/ Ry m A 8 (i, ))
Ab B R AR S BT sE 1, 1 S -1, R,
AR FF MR BB

L= L+ 2y L+ A5 Ly, (4)

P REL L, T, A i SO, A, AR =48
SCHEATINAL . U258 e, 7 BRI B B 2 i 11 24 iy
WA [RTUSTAE , B B 14 50 0 A S H e /NN AR TEAE
PREFAE . 7E 3.3 95 F1 3.4 747 49 50 X 12 BRERAE HE AT RUBE A
fRERAL.

3.2 HISIEBIE

AU SRR AR 2 EIE I8 4y, s Ry F s BRI AE
R h o3 E A (0 fe NN Y | 7R R M, e Fa T I0
k6. M TS AR bR R

M=[(xy4) (x5, 5) (XY ) (X ¥p)] (5)

Tie/INIIMEERE Y B SR FH T R i /0N B4 e e T %o i 5
PEATAL I, PR R 8 T NMERIE N . 7 BREEHE M
RS F BT A7 B9 EL i M

F _area
- Miarea ()
F_area Fll M_area 53 51| A Hif 5% F (%) TR RLUFI B R HE M
FYTHIFR . M_area F] 3 3o ) i A5 2], /i 52— (H
FERE I N A, l0, 1] HE R RN

Farca=Am [ S S Hxy)] (7)

x=1ly=1

F

X, Y RH AT A, H (x,y) R RE AR AR (2, y)
AEBYME . AR SCE Y M, >p B BREFHE M PRG54 B
Lo Ay, DRI e o B A MO TR B A .
D) %ok R A 1) RUE R £ B2 3 il A T A
3.3 REM#WUFRRRE

IRUBE DG TR WS 2 — o 5 T i S5 1) R R BR R HE AL
Ty, B3 A DA b B B A 178 LR R K 0 1)
HbR, @R A 218 5. @l g, hHeE a5 2]
BUSHERE H AR &z s, R nfase . ey
oSO T RAHESR ST ROEE LA . 1 2, 75 BEXT
] HE A 7 2 P A B, J o 5 RS AE M — 0 1 B

X;=(x;— x4 )xcos(0)—(y;—yy)x sin(@)+x, (8)
Yi=(x;=x0)xsin(@)+(y; =y, )x cos(0) +y,

ZHRAERE T AE R B S8 0 1 (), ) BERE T 0 B,
HERE I IC M R, () 0 RIS TR A AR B WP BERY (x, ) o
R TI AR 88 -

R'=[(x5 1, ) (X453 (X0 ¥ )s (X451 0] (9)

WIS, T 25 e i R B — 3, G SRR R S
HYARRIPE 5 22 Sk RGBS R o A AL AL S IR . FEiX
BB HARE R (x,,y,), (0,,7,) 0, (x,,7,) HEN
FEAZS[A] S, YREAFEA S BAEHIE M BRIy BRERHE
AR IIAERDE RN R BRERRE B &4



#0071

W RN JE TR SO RO RIS F AR BRER SR 1561

G W SRR A O AR IR ERAE A R A 2%
P BRERAE B & A FRESS 10k P
P(ANB)

P(4)

HWR R AE IR ERAE B R AW R AE T, BRERHE A AN

RAMMESRE 1L K PO:

P0=P(A|B)=

P1=P(B|4)= (10)

P(ANB

(P(B) ) (11)
Hrp,P(A) .P(B) .P(ANB) .P(ANB) 43 50 BREFHE A %
A AR R BEHE B & AR O MESR | BRERAE A A B[R] A &
A RS R BFAE B & AR AR KRR RIHER AT MR
HHEAAN:

XHREA R H
SHIFEA%H
FAFRESE P17 M ORI R W AE7E A R R 1
AHAIE , PO S T 25 09 22 Sk . 24 PLBROR [T PO Bk
s, BT AR DL R, U I R ERAE M MR PR AR
1 s AR, 24 P1/INGCE PO B, e At BRERAE M (1T
SEVERAR . E A o, B 43 HIVEAS A5 PO AP,
B REEDLAC S PRI IE .
TEI 1 IR P1>B F1 PO<a i, BLE M A
AIREPER R R -
T=MNR' (13)
WGBS MO HER PR E N T SR R H
T8 H A M AR 5% 3 3 Bl B AN R AR AR IR P 1
U 35 28 SR A S ROBE DLAR S () BRERAE T, BRERAE T
AHEE M o] B BRI o AL B A T T i b ug s T H
B DU JE B M T o, DAL O R B A PN RS L A5 3 T
P
B 2: Y PI<BIH PO>a it L IE KM PIHE 2
SRR, R X (13) # AT Ak, AT RE s & 2B Rl inic
SCE AR IC RGO, NI K BAR(E S . BT X1
JE 2, A SCHE T P AP AL AL R B < 3411 5 W (Mean Strat-
egy, MS) il H i I 3K B (Adaptive Strategy, AS) , £ JH fil
S A SO R A SR WS PR RE AT LA A AT
(1) ¥IEK % (Mean Strategy , MS)
E s BN 25 18 B AR 132 8l 5 ), X PR RELE &
JE RN T8 BE T ) 4R FAF- 2415 s, B
T w=05%x(R" w+M w)
T h=0.5%x(R"_h+M h)
o, R _wFIR' _h 435 R B SE &, M_w FI M_h 5353
M FE s (AR IR, Si<imy ). o TR
5 2% UL R 3 W A AT 1) P, 29 SR g 2 X MR R A
A 118 i 8 A0 5 B2 43 S B AR A DA FS IR AT T 1)
FET L ICN T R T_h, o AR5 FIRE G ) B ANAS

P(X)= (12)

(14)

(2)  HIfE N RIS (Adaptive Strategy , AS)

o3t oA, B8 2 P R AE MR TR SR
Z XS o th HAR R 2Lz 35 A X R H bR
DLW A& AERIMA A 3=, R R A 2R AU AR 2 2 5L Y
. M AWITEKSE s shit, BT DR AR sh e H AR
Vi B2 T 18] 51T S5 00 a] REPERR R 5 1T A 2 507 0]z )
I, 78 H bR A8 e BE DT 0] 5T AH SERY AT RETEAL/)N

o1 T H ARz sh 75 [ AR TR, 5T ST REdEd
AN—HE . SR SR T A % TR B R R, R A 5.
it 3 I F AR Bz S5 e B T A SR, AR A
I R VA= e Aot T N E s L 1 N S [ P S S
FoalpIRZS SR IG 20 B E A R A7 =X

TG AR SiamMask FEETHE B AR o075, #E 5
— Wi HAR O R (e y,) L AT G IE N (v, ).
PRt 3 3 F b O RS B AR5 IR B £ JRE DR K]
Wi H briz g7 ], f TR

o=yl 180
X mil>e

5=arctan(‘ |
X2 =X

(15)

0=0° b,—yil<e

by 16 (32 T FARAE i F 1R ShBE B T B
e, V25 1 B 6>y IF, F Wy H Am 76 2 BT [0] gtz
3. TASRAE y i B AL SRR BN TR, W RS T A
JE 6108 00 1 K IT 51 SR ] BEPERE R,
JIT LA 17 ) PR 0I2 Bl 75 FR ) M R PRAE F) 98 B
Zw/NTBME e, BNIM_w-R' _wl=w<e. 2 , AW} H
PRPEACEJ5 I i PReskiz 3. Rt 13 SR s AR 2
EwsR
0.5x(R" w+M w), 6=y°and w <¢

- { min(R' w, M_w), else  (16)

T h=05x(R' h+M h)

TEIZSRME 25 HAR R 35 < e sl £ B2 6>y HL
w/INTB{E &, B AL HbRTE R LRz g, 5 HoKF
7 1) A8 AN R MG Pk R B AE A7 155 JBE A 58 2 5T 5110
AT REVEAR TR, DT X R ERAE M [l I AE R P Y B L
I e E 3 5310 S 49 P AR Ay 2B B B A 19 558 A s, Wi
T_w, B5iC o T_h, HC AL R RIS F EANE

A <y B T8 22 we, BIUEH] T B ARTEAK-
Ji 1) kA BB ) . I, BRERAE AR K7 [0 YA EAE
2 Wiia 3l i VY SRR A, S 20T BREAAE MR SERE S H bR
i BEZE PR, e B2 5 FARAS 227 A KRB i 22 . X
W, FEAS 26 F ARG BT HLORIE 5 g i BE 491 ) L Al
b R RS PR 2 ) P B W e/ ML, 32N Tw, T
o B P AL 0 Tk, o A B FIE % AR
AE.

B, PIMEHME MS MRS BRAT L0 PIAE 8 5




1562 H, +

EE 2022 4

PE R G T VTR B AR I A IS SR I AS N AR 4 H
PR 7% 3l J7 ] e B AN [ 0 A0 A6 07 =X, 15 31 B9 BR 2R HE
U

& REEERAETETE | 02 e B e A5 & 24 A
TE B SR AT O, SR R AR A S B BRERAE T, AR AR
ey

T=[(x,p) ) (X355, (%3513 ) (X4, ¥,4)] (17)

AT I R —Fh 5 T 1 5t 1) K3 IR R HE AR
A, BIE A Ak R B A ) IR T L e ) 9%
FEMEAE H AR ZLIZ Bl U OR B8 0 Dr UE B 5 HE 1 B 2
SiaErh, H AL R ORISR T T RS RS BE L
KOREARPERE . 76 3.4 1 ROEDLAR S B BRERAE T 2E47 )
FEDLAL .

3.4 REMRLERRE

ATTHE R L fl L, X A A7 76 Bl b 204 7 ek
2D AR T T BRI AE PN ST O A L. ELAR R
(D)X RBER AL B R ERAE T 0 BE Ve 2 M, &
GRS At R0 S AT . (2) 48 2% £ J32 1 e 2 HE A 1 B — A
M, SRR T R . ) RIESE IR A sc 4
54, B loU. e 2%, % $F 1oU 18 fi =5 19 JiE 5% AE
.

PR BRAE T 00 JEL LA A BE N 6, ok HET A 41 A0 3306 i 4143
SBEE n AW AL BAE, B A . BIAE BT AR A BE
EFEHEEA T, (0-np) , -+, T,(0-) , T,,,(0), T, ,(6+u),
o Ty (Otnu) b T T(=1,2,0 e, 204 1) FRAT T
— e AE .

HI s F oA B A, , TS 0K e G HE T 35843
A B Ry T AERE R A BEAR B P B S2 B L iE N A ,€ 10,
L. REHE N

AIPIZAFP1®AT,P1 (18)

v, O Sy i B v X I T 2R 3R, A, RIS R 1 38 4
FERE . R R AR X (7) 433,18k 1_area.
I, Wi Y oU R

ToU(T, )= 1 area

T, area+[F area—I arca

T _area’}j TR TARAS  F_area NHISHIHIR. IoU(T)
RIS T 5157 1 ToU , BRER &4 14 ToU i KA e F6 HE
T. DRI, #A B % S 27 A -

T.= arg max (IoU(T, ), loU(T, )---1oU(T, ) --1o0U(T, . , )

i

(19)

(20)

61 VR0 A A% 108 T R ) R OR sl O £ B
ANHER A A A K . ToU 5 Bl HIAE F B3RS 00 oo 48 F2 7903000
HEH FLSEHE A9 22 57, A1 R ToU SRS R P4 1 AT
S 5 AN [ A R T B HE 2 ) ) 22 57, DRI > ToU e K
T REAF DO A 7 B2 SE MR . TR SR W], A SO A

FEOUAL TR I 558 1 BRI 1) 8 B M L SRR AR

4 KWEHH

AR SC ) S I8 SR TR B H bR R EE A IR 5 VOT (Vi-
sual Object Tracking) # #& £ [ # 17 69 , 4 7l &
VOT2016.VOT2018 F1 VOT2019, ¥ & i #5 KEbRic . T
MAEAE KB A, & R, EAO (Expected Average
Overlap). i B R F 900 HE 5 B SEAE (1) ToU {8 #E 47 1
Aty | (LR RN 0 v 5 8 s M AR R B B MO Bk T
YT MRS J3 A 2 5140 5 Oy R BER G D), 2 1) R 8k
ZEEPEN2E ; EAO E VPN BREFPERE L5 B PEFE AR, B
INHE VOT 4 h i EE TN S50
4.1 XWEE

SR IR . 64 17 Y Windows 10 #:/E 245, CPU : In-
tel (R) Xeon(R) Gold 5218, GPU: GeForce RTX 2080 Ti.
Python 3.7 525, Matlab R2018b 2 [ . SCI Z:%k. 3.1 1%
o BCE UK BREUAEE 28 =32,0,=0 ,=1. 331 1,
2016 4 A 3L 5E B {5 B=0.85 ;2018 1 2019 4 H B8 E
5 {6 B=0.8 ; 7 — i 4 s g [/ 340 :p=0.9, a=
0.2,6=8,y=50.3.475 ,n=1,u=20".
4.2 HBhILIE

R T IR AR AR 8 A B AR SR 3.3 T B R
EALAN 3.4 735 B4 i BEAR AL IR R EA T T 31 il S 565, &5
MFE 1. X B ,SO(Scale Optimization)ﬂ\jzliiﬁF}LF
PoeEig, SO (MS) Jy ¥ {E HR w4k REE ,SO(AS) A A
& N SR IR A AL N AO(Angle Optimization)ﬂilzliiﬁj
FEPL AR

e, R 10 T SiamMask+S0 (MS) Fl SiamMask+
SO (AS) P Ffr 55 s (1) 14 B , 52 5 2 BH 19 ol 5 ek 76 K5 82 A
EAO 390 T R e 55 7 SiamMask , 4 1] /& SiamMask+
SO (AS) I T SiamMask+SO (MS) (45 5 . [F AT, % 14
1 T SiamMask+SO (MS)+A0 F1 SiamMask+SO (AS)+A0
B 45 5, B 9K SiamMask +S0 (AS) +A0 B 76 K B Al
EAO [ A H & PERE . BRI, Ol N SR BS (AS) b
(B W (MS) 1) Eff B 5 i SR AR PEBE TR A . 7 =128
P4E I, SiamMask+SO (AS)+A0 &1 A H SiamMask %
BAGE EAr R TF 4 3.2% .3.7% . 3.6% , EAO 43 |42 T+
T 1.8%,1.9% F11.6%. 5350, A SCHE H Y SiamMask+SO
(AS) +AO 7F =A% 4ls 4 09 A5 B2 J7 1 ¥ 48 T Siam-
Mask_E 5%, [FBT EAO 8457 4E VOT2016 #1 VOT2019 I
YT SiamMask_E &4

R, A SCX He T A G SR WS Y SiamMask+
SO (AS) Lk & SiamMask+SO (AS) +A0 A9 45 5, 7F Siam-
Mask+SO (AS) % fill b #F 47 /A B2 I8 4k AO J5 , 7
VOT2016.VOT2018 1 VOT2019 %44l 4 |, EAO 43 %
#T+1.5% .0.8% .0.1%, [a] i} & e Pk 78 — A 8de 4 15



507 W W RN JE TR SO RO RIS F AR BRER SR 1563

) 8 3 1 2 0 o, A B2 LA A0 B — E YA

HE .

R1 ZAHIREETHMLR S RGN &ELRE)

VOT2016 VOT2018 VOT2019 .
Al R EAO T Al R EAO T AT R EAO T IR ps)
SiamMask 0.620 0.214 0.436 0.597 0.248 0.406 0.596 0.467 0.283 88
SiamMask_E 0.645 0.210 0.452 0.627 0.248 0.427 0.625 0.482 0.298 —
SiamMask+SO(MS) 0.644 0.228 0.437 0.623 0.267 0.410 0.622 0.487 0.294 88
SiamMask+SO(AS) 0.654 0.233 0.439 0.634 0.276 0.417 0.633 0.502 0.298 88
SiamMask+SO(MS)+AO 0.642 0.219 0.443 0.622 0.258 0.415 0.619 0.482 0.294 75
SiamMask+SO(AS)+AO 0.652 0.224 0.454 0.634 0.267 0.425 0.632 0.497 0.299 75
AN, F 1T K BRAS SCHY DAk S s 2 B A1 6 5 on 1
PR PR BE , 32 2 IR DR 1 Ak e B B B A B X0 Y Semifeel | g
L H b, FE S T BRI AE AR N B BOH AR R fil ASRCF 08
AT B T W T e 5 A B 05 S o B
% AEB AT T, #1800 T S A ERE T L
Y47 B, SiamMask 3. 7 3 B ol 88 fps, SiamMask+SO % B
(MS) Fil SiamMask+SO (AS) 2, % 88 fps . HI K& ££: 4k 5 b
W XoF R A R R 5 {HL B8 0 A B A R S A9 Siam- g+
Mask+SO (MS) +A0O F SiamMask+S0 (AS) +AO Ay 3 J& E N
K75 fps, BT A AR AL TT B H 5 24 S R0
ToU {8 , 7 Fi A7 FIT e A6C , {E0 473 4% fl 45 0 4% B 5 1 >
A 0 5 3 1
4.3 SERAEENLER e
FE RO AL R SCR T 13 0 W (AS) BRI 2 VOT016 AT
K 2~ 4 B AR TE R Ours 398 SiamMask+SO (AS)+AO 14 ;
PREEZE F . AR SCHE VOT2016, VOT2018, VOT2019 =4~ 2 Sameeien | o
B i L 5 124 E PR HT I R R T TR ARERE A L il oy 0‘8
5. 4y 92 SiamMask?", Siam-RPN'® | SiamRPN++%" $ UmeEa | 3, 0‘7
DaSiamRPN"**' , SPM'¥"' | Siam R-CNN"*' | SjamDW'**" , -
TADT* , ASRCF'*'"" , Meta-Tracker ' , UpdateNet™' g °°
ROAM++ ). Siam-Mask 545 B0 S 18 42 SC 9 HL E g .0% !
A B 1Y, HA 46 01 (1 45 S SCPF 458 11 S0k 24~26 ] 804 +
ol AR I H W T 293
& 2 A IREE SR AE VOT2016 ) EAO 1543 &, 4] 3 02
i VOT2018 15343 Bl . 22k SRR 2% EAO 75343 HEJF , 4n 0.1
FEIPER AR SCH) EAO 1353 e . 78 VOT2018 $idli 46, 5 ; :
K A A AL B W I ) SiamMask B35 88 o T Siam- Order

RPN++F/1 Siam R-CNN P> Fif 74 ) 512 .
4.4 itit

ARICHEMAAE B R DGR B g iR R E AR
S TR PE T o0 B4 T &5 53R AR SO
RTEMMLE 3 iz sh AR AL = AN JEHE T, M B Sia-
mMask 59245 B2 15 B4R K B $2 71, OF Hoae = 1 HoAth [
PRETHTE . AR T AR SR T DU R o Ak
JE 580 M TERE .

FET 4 Sy 8 53 ot 1) SR B 28R, S A4S H B 2 Sy R W

3 VOT2018 EAO 543 &

Wya, #8 k A T AN TR AR Y 32 gl e B R R AR A
N BT 7, SiamMask [ 2 B9 B 22 AE f K5 B e #% #8
S ABRA BT ATEZH T IE . Mtz
T, AR SCHR B AE B RBE A 2 SN 00 LA L AE
PR S5 EE A B sy . DR, A SR DL AR SR A H bniz
gy, ROEARAL , Tk e 25 52 2% 1) 55t i) A e e f R 1
HERATE .



i 2022 4F

g

(a) Basketball

(b)Bolt2

o0
8]
Z
g
£
)

(d)Iceskater2

SiamMask:

P4 AR B R A5OR

Ground truth : ee—

5 #ig

B T L4080 A B T R4S 31 A BB AE R VE A 1Y
[P R, A SCHE T — b 35 F A s U AR 1 A5 B s R i
S BT T R R AR Sk 43 i B TR
SR AE PN PR S LU 8], R e TR A SO E— e R
A& A e T B AR E 5 R E B R, £E VOT2016,
VOT2018 1 VOT2019 =4 4E I+, 5 SiamMask 57
AHH WS B 4R TH 24 3.5%, EAO V-39 42 7124 1.76%,
55 Al ] o T B4 SR A L AT A Y BR R MR RE L
BUETEFPLES s R E AR LS sh AR L 6 R Z =
ABORFRE S RGBSR A SO S B S AT T
R, 6k 3 3 1 A BR O SRR R R AR R S TR AT 1
i 2 S I

&% Sk

[1] MATHUR G, SOMWANSHI D, BUNDELE M. Intelli-
gent video surveillance based on object tracking[C]//Pro-
ceedings of the 2018 3rd International Conference and
Workshops on Recent Advances and Innovations in Engi-
neering. Jaipur, India: IEEE Press, 2018: 1-6.

[2] GAJJAR V, KHANDHEDIYA Y, GURNANI A. Human
detection and tracking for video surveillance: A cognitive
science approach[C]//Proceedings of the IEEE Internation-
al Conference on Computer Vision Workshops. Venice, It-
aly: IEEE Press, 2017: 2805-2809.

[3] CHEN B, SAHDEV R, TSOTSOS J, et al. Person follow-
ing robot using selected online ada-boosting with stereo
camera[C]//Proceedings of the 2017 14th Conference on
Computer and Robot Vision. Edmonton, Canada: IEEE
Press, 2017: 48-55.

(4] BRZAM. FARHLES iHE RS0 00 B ST (D], 15 42 7Y
LHLTRHER A, 2004,

ZHANG Ai-mei. Virtual Reality Research of Target Track-
ing and Aiming System[D]. Xi’ an: Xidian University,
2004. (in Chinese)

[5] AGARWAL N, CHIANG C, SHARMA A. A study on
computer vision techniques for self-driving cars[C]//Pro-
ceedings of the International Conference on Frontier Com-
puting. Singapore: Springer, 2019: 629-634.

(6] #kk, B . HARMERELHR]. A sh k4, 2019, 45
(7): 1244-1260.

MENG Lu, YANG Xu. A survey of object tracking algo-
rithms[J]. Acta Automatica Sinica, 2019, 45(7): 1244-
1260. (in Chinese)

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

[8] 4, A& F K, IR, & IR0 HAR R ER L LR

RO E E S ETE 4R, 2019, 24(12): 2057-2080.
LI Xi, ZHA Yu-fei, ZHANG Tian-zhu, et al. Survey of vi-
sual object tracking algorithms based on deep learning[J].
Journal of Image and Graphics, 2019, 24(12): 2057-2080.
(in Chinese)

[9] SUN D Q, ROTH S, BLACK M J. Secrets of optical flow
estimation and their principles[C]//Proceedings of the 2010
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition. San Francisco, CA: IEEE, 2010:
2432-2439.

[10] XUL,JIAJY, MATSUSHITA Y. Motion detail preserv-
ing optical flow estimation[C]//Proceedings of the 2010
IEEE Conference on Computer Vision and Pattern Recog-
nition. San Francisco, USA: IEEE, 2010: 1293-1300.

[11] NUMMIARO K, KOLLER-MEIER E, VAN GOOL L.
An adaptive color-based particle filter[J]. Image and Vi-
sion Computing, 2003, 21(1): 99-110.

[12] DUK,JUYF, JIN Y L, et al. Object tracking based on
improved MeanShift and SIFT[C]//Proceedings of the
2nd International Conference on Consumer Electronics,
Communications and Networks. Yichang, China: IEEE,
2012: 2716-2719.

[13] EXNER D, BRUNS E, KURZ D, et al. Fast and robust
CAMShift tracking[C]//Proceedings of the 2010 IEEE
Conference on Computer Vision and Pattern Recognition.
San Francisco, USA: IEEE, 2010: 9-16.

[14] BOLME D, BEVERIDGE J, DRAPER B, LUI Y. Visual
object tracking using adaptive correlation filters[C]//Pro-

ceedings of the 2010 IEEE Computer Society Conference



o7 W AR TR SO RIS H AR R R S vk 1565
on Computer Vision and Pattern Recognition. San Fran- sion. Amsterdam: Springer, 2016: 777-823.
cisco, USA: IEEE, 2010: 2544-2550. [25] KRISTAN M, LEONARDIS A, MATAS J, et al. The

[15] DANELLJAN M, et al. Discriminative scale space track- sixth visual object tracking vot2018 challenge results[C]//
ing[J]. IEEE Transactions on Pattern Analysis and Ma- Proceedings of the European Conference on Computer Vi-
chine Intelligence, 2017, 39(8): 1561-1575. sion. Munich, Germany: Springer,2018: 3-53.

L16] TH58, skaE . 2T B VEARAE 0 EFE I HARER R [26] KRISTAN M, LEONARDIS A, MATAS J, et al. The sev-
[I1. H T4, 2020, 48(1): 118-123. enth visual object tracking vot2019 challenge results[C]/
DING Xin-yao, ZHANG Xin. Visual tracking with sa- Proceedings of the IEEE International Conference on
lient features and selective mechanism[J]. Acta Electroni- Computer Vision Workshop. Seoul, Korea: IEEE, 2019:
ca Sinica, 2020, 48(1): 118-123. (in Chinese) 2206-2241.

[17] E36TF, HaE, 570, & . TR Kb R VLR T AR [27] BERTINETTO L, VALMADRE J, HENRIQUES J F, et
H AR IR EE 732 (3. #7241, 2017, 45(3): 704-711. al. Fully-convolutional Siamese networks for object track-
WANG Zhi-dan, JIANG Jian-guo, QI Mei-bin, et al. De- ing[C]//Proceedings of the European Conference on Com-
formable object tracking based on max-pooling graph puter Vision. Amsterdam: Springer,2016: 850-865.
matching[J]. Acta Electronica Sinica, 2017, 45(3): 704- [28] LI B, YAN J, WU W, et al. High performance visual
711. (in Chinese) tracking with Siamese region proposal network[C]//Pro-

[18] WANG N Y, YEUNG D Y. Learning a deep compact im- ceedings of the IEEE Conference on Computer Vision
age representation for visual tracking[C]//Proceedings of and Pattern Recognition. Salt Lake, USA: IEEE Press,
the 26th International Conference on Neural Information 2018: 8971-8980.

Processing Systems. Lake Tahoe, Nevada: Curran Associ- [29] LIB, WU W, WANG Q, et al. SiamRPN++: Evolution of
ates Inc, 2013: 809-817. Siamese visual tracking with very deep networks[C]//Pro-

[19] ROUT L, MISHRA D, et al. Rotation adaptive visual ob- ceedings of the IEEE Conference on Computer Vision
ject tracking with motion consistency[C]//Proceedings of and Pattern Recognition. Long Beach, USA: IEEE Press,
the 2018 IEEE Winter Conference on Applications of 2018: 4277-4286.

Computer Vision(WACV). Lake Tahoe, USA: IEEE, [30] GUO D, WANG J, CUL Y, et al. SiamCAR: Siamese ful-
2018: 1047-1055. ly convolutional classification and regression for visual

[20] HUA Y, ALAHARI K, SCHMID C. Online object track- tracking[C]//Proceedings of the IEEE/CVF Conference
ing with proposal selection[C]//Proceedings of the IEEE on Computer Vision and Pattern Recognition. Seattle,
International Conference on Computer Vision. Santiago, USA: IEEE, 2020: 6268-6276.

Chile: IEEE, 2015: 3092-3100. [31] CHEN Z, ZHONG B, LI G, et al. Siamese box adaptive

[21] WANG Q, ZHANG L, BERTINETTO L, et al. Fast on- network for visual tracking[C]//Proceedings of the IEEE
line object tracking and segmentation: A unifying ap- Conference on Computer Vision and Pattern Recognition.
proach[C]//Proceedings of the IEEE Conference on Com- Seattle, USA: IEEE, 2020: 6667-6676.
puter Vision and Pattern Recognition. Long Beach, USA: [32] HE A, LUO C, TIAN X, et al. A twofold Siamese net-
IEEE Press, 2019: 1328-1338. work for real-time object tracking[C]//Proceedings of the

[22] PINHEIRO P O, COLLOBERT R, DOLLAR P. Learning IEEE Conference on Computer Vision and Pattern Recog-
to segment object candidates[C]//Proceedings of the Neu- nition. Salt Lake City, USA: IEEE, 2018:4834-4843.
ral Information Processing Systems. Montreal, Canada: [33] DU Y, LIU P, ZHAO W, et al. Correlation-guided atten-
ACM, 2015: 1990-1998. tion for corner detection based visual tracking[C]//Pro-

[23] PINHEIRO P O, LIN T, COLLOBERT R, et al. Learning ceedings of the IEEE Conference on Computer Vision
to refine object segments[C]//Proceedings of the Europe- and Pattern Recognition. Seattle, USA: IEEE, 2020: 6835-
an Conference on Computer Vision. Amsterdam: Spring- 6844.
er, 2016: 75-91. [34] REN S, HE K, GIRSHICK R, et al. Faster R-CNN: To-

[24] KRISTAN M, LEONARDIS A, MATAS J, et al. The vi- wards real-time object detection with region proposal net-

sual object tracking vot2016 challenge results[C]//Pro-

ceedings of the European Conference on Computer Vi-

works[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2017, 39(6): 1137- 1149.



1566 H, ¥

EE ¢

2022 4F

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

CHEN B, TSOTSOS JOHN K. Fast visual object tracking
using ellipse fitting for rotated bounding boxes[C]//2019
IEEE/CVF International Conference on Computer Vision
Workshop(ICCVW). Seoul: IEEE, 2019: 2281-2289.
ZHU 7, WANG Q, LI B, et al. Distractor-aware Siamese
networks for visual object tracking[C]//Proceedings of the
IEEE European Conference on Computer Vision. Mu-
nich, Germany: Springer, 2018:103-119.

WANG G, LUO C, XIONG Z, et al. SPM-tracker: Series-
parallel matching for real-time visual object tracking[C]//
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. Long Beach, USA: IEEE, 2019:
3638-3647.

VOIGTLAENDER P, LUITENET J, et al. Siam R-CNN:
Visual tracking by re-detection[C]//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recog-
nition. Seattle, USA: IEEE, 2020: 6577-6587.

ZHANG Z, PENG H. Deeper and wider Siamese net-
works for real-time visual tracking[C]//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recog-
nition. Long Beach, USA: IEEE, 2019: 4586-4595.

LI X, MA C, WU B, et al. Target-aware deep tracking
[C]//Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition. Long Beach, USA:
IEEE, 2019:1369-1378.

DAI K, WANG D, LU H, et al. Visual tracking via adap-
tive spatially- regularized correlation filters[C]//Proceed-
ings of the IEEE Conference on Computer Vision and Pat-
tern Recognition. Long Beach, USA: IEEE, 2019:4665-
4674.

PARK E, BERG A C. Meta-tracker: Fast and robust on-
line adaptation for visual object trackers[C]//Proceedings
of the IEEE European Conference on Computer Vision.
Munich, Germany: Springer, Cham, 2018:587-604.
ZHANG L, GONZALEZ-GARCIA A, WEIJER ], et al.
Learning the model update for Siamese trackers[C]//Pro-
ceedings of the IEEE International Conference on Com-
puter Vision. Seoul, Korea: IEEE, 2019:4010-4019.
YANG T, XU P, HU R, et al. ROAM: Recurrently opti-
mizing tracking model[C]//Proceedings of the IEEE Con-
ference on Computer Vision and Pattern Recognition. Se-
attle, USA: IEEE, 2020: 6717-6726.

EEEN

WEM JL 1965 FE 1T AAETINAR S, M
FAR TR 2 B B LR 5 HR 2 B Bz
W A S, 2T 1) R e ST L RGN
S HARERER .

E-mail: qs_xie@163.com

XBER 20,1996 4F 5 3 4 T IIARTT &, )
AR TRy Be (5 B 50 7 TR 2 B Loy
A, FEEOFFETT 180 HARERER .

E-mail: 1322699199@qq.com

ZEBEB(BEIEE) B, 1975F10H4T
WP M, T A BN I AR T 4 B 8L
b 5B AR B BB, W58 07 10 M B
BE . E AR IR R

E-mail: azytyut@163.com

Z= 198043 AE T TN, K
UK A BR A S T RSB BN R G ST
+ B FE SR KR S LA T



