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Abstract: Long-term object tracking remains a formidable challengé compared to short-term object tracking. However,
existing long-term tracking algorithms often perform poorly when faced with challenges such as targets frequently
appearing and disappearing, and drastic changeérin target appearance. This study proposes a novel, robust, and real-time
long-term tracking frameweork based on local search modules and global search tracking modules. The local search
module utilizes the!TransT short-term tracker to generate a series of candidate boxes, and the best candidate box is
determined through confidence scoring. A novel global search tracking module is developed for global re-detection, based
on the Faster R-CNN model, with the introduction of Non-Local operations and multi-level instance feature fusion
modules in the RPN and R-CNN stages, aiming to fully exploit target instance-level features. To improve the performance
of the global search tracking module, a dual-template update strategy is designed to enhance the robustness of the tracker.
By utilizing templates updated at different time points, the tracker can better adapt to target changes. The target presence

is determined based on local or global confidence scores, and the local or global search tracking strategy is selected in the

O FELTH : HK B RFERS (61802058, 61911530397); 1 H 1di L 5 FH24FE 4 (2019M651650)
WA N ] 2024-01-02; 45 B [H]: 2024-02-26; K FH IR [A]: 2024-03-18; csa 7E4E H AR H]: 2024-06-05
CNKI [ %% & K I 7] 2024-06-08

Special Issue & ifZEik 1

© EREERREST  hup/iwww.c-s-a.org.en


mailto:1485003598@qq.com
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
http://www.c-s-a.org.cn/1003-3254/9580.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009580
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F #5334 57

next frame. Additionally, the local search module is capable of estimating the position and size of the target. Moreover, a

ranking loss function is introduced for the global search tracker, implicitly learning the similarity between region

proposals and the original query target. A large number of experiments are conducted on multiple tracking datasets to

comprehensively assess the proposed tracking framework. The results consistently demonstrate that the proposed tracking

framework achieves satisfactory performance.

Key words: visual object tracking; long-term tracking; global search tracking; template update
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Horp, | [ MEXMMERIS AT, R() &N ik RAE. EHON NGB IE R — 2, ze RV FRORMBBURFAE,
p() R M ERAE, Conv,, T3 1x1 BRAZ, i il X, E RV FORH § MEILRFAE.

’ - -~ & i
. N
4 !
’ *H RHERS )
' Z [e.11] , \
[e,hw] l xi \
1 Vo, abs 1x1 Cony,
>O—> > 1
: [e,hw] ] [e,h,w] i [c/2,h,w] 1
1 = = [c/2,h,w] 1
1 1x1 Conv :
depthwise =71 BEY
: “F X |
1x1 Conv 1
1 [eaw] [e,1,1] > 1
: 7 depthwise ___ﬁ e (/2] 1
| el Wl e I
1
1 ;
I e > RN |
1 [ehw] l Softmax i W, [e.hw] :
1 [c/8,h,w] > y
: [c/8,] I . 1
i 1 [ ow] X abs 1x1 Conv - 1
1 [e,h,w] = o | 1
1 [e/2h.w] W 1x1 Conv *. !
— T
1 Db ufs [ 1 [3¢/2,h,w] 1
1 z [hw,c/8] . I
[ [e.hw] —’T t | "/ :
1 key[c/8,h,w] 1x1 Conv
I key[c/8,hw] E“k:at > 1
I - 6_> [iw.cl2] [c/2,h,w] :
1 ' '
- [e.hw] '
\ | value[c/2,h,w) =ll B
r ’
% Vs
e 7’
N ™ - e 2
5 LU AL BHUR S
- &
TR KR N T AR g b by W3R 2 HERPRR: AR T —MNEBHRNI 3k
h R
KR RN — A BE R IR RS L. %I >J 5 BRI JR A R B A AR HE S B AR REAE 2 1]

TR 0 R R, 3 R BB AE T R N BRI & J5 B L AT fE 2 7 2R A IRV R L 1) ) R D9 T X A
RSE. ORI LS MBIV B, St E PV SRR 7 e SRR AR T 2 o R O LA
PR G AR, IR B E, bk SUAORDG BRUR Conveg L RINALIRAKSAE, ~ 4

YT BUBRAE, 55— 4L TR HERAFAE. 171721

BOBIRE TR0 B I06 . Bk e eE S / ‘
RS R S LA PR 0 PSS A RSB R TRBLAC

, BLI. SRJ5, SAR A FERE AT Softmax B BUGEE. SR 5

X, = Convea(¢(p(xi).2)) ) BRI AR R SRR 3 T 2 AR, SRR

o, o) FREEREBIEH. p() TR T NEARRHE R, SRS RBEEXR, fith %
1], Conv,, 79 1x1 BEUZ, HiiBEHOV M GBS RATLERIT:

ok 2R ORI, v e R AR I ARIE 4] = Convepa((Sofimax((Conveys () Conveys(2) X 2=xi)

. )
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Hrp, Conv,, N 1x1 BF)Z, H 38 T8 EON 5 N\ 8 18
) — ¥, zeRVP FRORBEMRRAE, xRV ROREE
i MEERFAE, Conv,g 1% H 38 T8 20 i N\ 38 18 25
f 1/8.

YIRLIE 2% B s AN SO 38 3k 41 FE 28 50 43 S M H
PRAFAE 42 I BIG 2= A A5 R Bk, e (8
PN FEAT 1 3x3 B SR B AR N RFAE O 4E 58 0 T
HOBRRFAE, B X 4 RS AE: K, eR7V™, W, e RTPHE,
Xt BBCRRAE, B A K,eRT¥™, V,eRPE K Fon il
Bhif e H br AL B AR ALREFE RE. T v R T H bRy
WA BT key-value BT |, DL Non-Local 1) %%
FAHE AR . SR 5 B Softmax BREU1S B He & AL
fii wy:

Wy = Softmax(¢(Kq) ¢/(K)) . (6)

Horb, oo o RAEI RS 230 SR )&, 1S 2 AUE

HIBE W, W HORAGAELE v, BEAT AL, S8 #3015 H A
REAEAE v, AT BE. [N, SR ok A

xly = Convepy(Concat(Vy, Wy X V) (7)

TESRAFIX 4 MR RFHIESS, 2 1 B R A IS R%E
1 features xi & Hlx, i Conv,, REFEAGIHHEE. )5
B 3 KR 12 B =) B0 AE 1), A, b, DAFRAG i
T8 3¢/2 ) H AR SEBIRFE. 5, 18 K SRR AE 5 % ik
RRAE ' YIRS 4 B B, 138 — N RSEN Se/2 mm g
WA, #5583 Convs TR NSRAE XL

X = COnvsc/z([ConVc/z([Xi,Xi],XZ,X;-,Xi]) (8)

AT SRR H H5 2 20 S RFAE P ok S XL, A8 )

TR S AT RN 7, AR R, 0
BRI 4325 5 BRI 275284 F Binary Cross Entropy
Loss l Smooth [l Loss. %A BEHs K 5401 F

1 .
Leelation(2, X) = N_ Lrcnn(X) )
P

Horb, N, ARG HER R
Lienn(¥) = Lets(pis ) + AP Lioc(sins7) - (10)
b, p, B sy Rz H bR 1) BLAS B0 BRI, B, 2wk
BN 1, P RIS] TR HSAE.
233 H&Hi%k (Ranking-Loss)
ARSCIE AR 22 STk A2 I Ranking-Loss K
P A R A R IR R A% X 2 H AR AL 8 7). 7E Non-

8 TR +Z5iR Special Issue

Local RPN W B, i K XA IREHE (S35 i
K=256). 5L[FER %1 T —ANBE R MLP M4 M, H
&5 — 22— AW Softmax. TENZRMEL, B GRYE
AT FARHE RS0 ToU FUR KT 0.5, 4 K M
HESRBURRIC RIS (R4 1) SIS 5t (b2 0). RJF 418
ST A Bk, LUK 5 S B A, 49
S p AR S (B UL L T HE 4 512 1 TR, 9k
AR AE HORSAE 1 R ' 5 EBRRRAE R 2 el
ke, 3| AMLATIR, LA p = [@)] | TR, Hork
y RRFHREE, W0 X %R FRRIRI Wy J9 1, A0
9 0. A BN 20 =82 M1 L4 40 AT KA M. )
TEily 5 = M(p) FR MAXE T 7 g T 9 00 SE ¢
A Bk A

K
Lar({xi}) =)y xmaxim® = s;, 04+ (1= )
i=1

xmax{s; —m"}+A; (11)

K
Ai= )" [y =yjlxmax{lsi— sj| - m™, 01+[yi # ;]
£

xmax{m" —|s; — s;],0} (12)
Horp, (TR IEARSE S, s N R-CNN BB EAS 703,
m SR TN H AR AR R S, m R T S S T
VIRHEME R B 3w BN 0.7 F10.3. &Rl R iR

X

AR IR GBI AT AR R e |
L zaLnon-lo.(:al + Leelation + ALMR (13)

oo, A AN 3. Luontoca 71 Luctaion 7 HIAE
% Non-Local RPN # % 5 £ 2 52 i 5 £E ) R-CNN
K.
2.4 BIREH

PRt K 2 B S B B 10 R TR, F AR
KU, 9 T RRHOE— B, SV SRR 4
W SR A R R BB . P 6 S AR
Wit i . B T W AS AR, 1, 4b, SR TE HE B A oh i
PRGN BB A, JF7E R-CNN B R eI
= AR SRS MR B (A A B AR, DM T —
I B 7 5 A A 453 A B (R 0 A %, 73
A RIS BRI, B E B8 o WP 4F
iE F, ST Fy SEATHRAE, 4 BN )5, s
FOBAR A F, 46

Fr=(1-w)Fy+wkFy (14)
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i H AR SN A

EIEN YGRS
niJ&E’J N T

7

RS HR. BhASR
ﬁ #
0.88 0.86 0.90
4 .

[ SEFER AR |

6 SRR BT

»
1]

*Iﬂ—l&

ﬁ

[ éﬁﬁ%&m

3OSmAH o
31 SWIIGEE

TEARSCH, R ER B2 AT T 4 /N E0dE ALk 47
2k, 43 4 TrackingNet?®*!. coCcOP!, LaSOT™ 171
GOT-10kP%, 4= Jajf8 2 BREFBLER U L COCO. GOT-10k
A LaSOT #AEEL NG EE, K5 HN 0.4, 0.4
F10.2. COCO =& — Nl 11.8 HiKEHR, BT
80 NN 535, GOT-10k A1 LaSOT 2 40 ot BR i K s 4,
Hrh GOT-10k H 563 M5 I 10000 SRS F%,
1M LaSOT H1 70 X R [ 1400 MFEALH . 75125
R COCO Hd £ 24 v Bl AL B — % R, Xt

AR AT B b o, A2 B — A BB fE GOT-10k AL

LaSOT il b, XEULBUIERT SRR, L BB
PR G 75 Ak 1 3 PRMGORE AT 7 11
B SR
32 #EI%
R M 2R R 4 R 2R R B, T R

FI AdamW 0 S C AT VI, VISR 4015 % 5
R [27], A A SOD RSN S #, 343
REABE IR E 0.9 Fl 1107, 52 H ) 2 = 18 2R R iz
B2 1 COCO Kl HISEIZRN Faster R-
CNN WIfifk, BRFTA Hlth S 4R AT BL 30, {0 (R
HEAR 25— (LB AR AL, RS 12 M B DI

o5 ST HGE SUN 0.01, 755 8 I BURISE 11 W Bsent
RO 0.1, BRER B RAE—MRMER PC IR 1

PyTorch SZHLH), EH — Inter i9 CPU (64 GB RAM)
Al—4 NVIDIA GeForce GTX 2080 Ti GPU (11 GB
RAM). #:7) HL&& SIzpef P, ACBEIH K LN 35 WiERD (fs).
33 XWHERSHH
3.3.1 VOT-LT $¥i4EsLi6 45 3

VOT-LT RAIEIEEME 35 MK, aitg
146 847 i, PRIEFA F A% 5. VOT2018-LT 4#E
& TR A RLAER 5 B GOl R, I HAF 3 AL
AFAE 40.6 M) T K 'ﬁﬁ%%ﬂﬁﬁkﬁﬁé&ﬁ%*a t,
RSN T S AT AR TR AR, T
LV At T B, %I&;ﬁ% T VOT2019-LT" i 4. & 51N
[ AN ERANELAT PR VE IO R, IF HLVE A AR A
VOT2018-LT {R+F—F. SCHR[37IE4R H 1 3 M
W R i A ME BRI TR AR BREERE B (TP). BREE TS IR
(TR) FNEREZ4> % Fl-score (F1). TP Al TR F-F- 1 %€ &%
EVFGHERR FL.

2T P(19)TR(ty)

F@o) = by + TR(ry) (as)

A SCH G H AR ERER RS B H AR IR BRI 4 [ 26 A
S D ER R T RE 3 AT I, R A S ) O R S A
K PR ER B8 2 MR Lk T . VOT2018-LT.
VOT2019-LT ¥ #5452 ML AT M, 45 R

W 1 FIK 2 Fiow. | \
R AFERETTIAA(E VOT2018-LT e PR B 4
L MEREXTEE
BB, MRA R WHERPr  AE%Re P (fls)
Ours 0.724 0.742 0.706 35
Kee"pTrack 0.713 0.727 0.703 18
LTMU 0.690 0.710 0.672 13
Siam R-CNN 0.671 0.667 0.675 5
SiamRPN++ 0.626 0.644 0.608 21

%2 AFEREIERE VOT2019-LT K EREFHURAE F 1

PEREXT G
PRERSLI R HEW R Pr FEEES
Ours 0.714 0.731 0.697
KeepTrack LT 0.712 0.725 0.700
LTMU 0.697 0.721 0.674
Siam R-CNN 0.664 0.654 0.673
MBMD 0.575 0.623 0.534

Nk 1 FoR, BT AN AR PR ER 7 VI L B
B fL4E KeepTrack” . LTMUP". Siam R-CNN!",
SiamRPN++"*!. 5 H §i A8 £ % H (4 KeepTrack #
b, ASCHR I R IR ER R AR F1 s 1.1%, JF HAE®
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B LT 2 KeepTrack M52 47, Toi 2 & 7 T
Rl 2 SERHPE 5 T, # R AL T LTMU 5 Siam R-CNN
Hik. [FIFE, VOT2019-LT [ A] Ee itk 45 S L2 2. [RIkTE
WRIEHEN R . A A 23R 0 2 R R B g b, AR
PAPE & B ERTES .
3.3.2  LaSOT #¥asEsrsn st 1

Al A SCHTE LaSOT #u#i 45 Eidk47 %t b, LaSOT
R ANEBM L BT RN IR AR 1%
MEREEELFE 280 MM, FAN LA~ 351K 2 500.

0.9
0.8
0.7
0.6
=
2 05 F
g — [0.736] Ours
s [0.722] TOMP
2 04 m— [0.722] STARK
A \— [0.711] SLT
3 e [0.709] CSWinTT
0.3 s [0.696] KeepTrack
v r s [0.690] TransT
| B w— [0.684] Siam R-CNN|
0.2 f s [0.607) TACT
I s [0.593] JointNI T
0.1 F — [0.572] LTMU
s [0.497] ATOM
0 smmmsss [0.493] SiamRPN++
L L L
0 10 20 30 40 50
Location error threshold
(a) MERR

KR R PR EE AR AR T R, Bl AR
R D A A JEE 11 R A S S A AR T RE . PP 5 TR R
HAEMHRAE L. & 7 Frow, 5 3A % R 5 R B
TransT #HLE, RS HVRIREE R RIRE T 3.8%, K E
WILE T 4.4%. Ah, ASCHEEMERE BT STARK™Y,
PRI ZSE R T 1.6%, MEERR S T 1.3%. 5HAh 9 MR
ER A EL, AR STV AE ) A ff 14 7 THD AR A T B
UFHIYERE. T TR b R A SO R B S R, R
Tt ER i s AT AT AL, ﬁujé‘l{ﬁqi

09 ¢ L
e

0.6

8

<

2 05t

8 )T

8 044 I _[0 671]STARK. |

=1 — [0).668] SIT

wn

03 ||| e [0.662 (SW TT

s [0.575] TACT
s [(0.572|LTMUJ
0.1 || === [0.569] JoinNLT |

]
1
51K
]
1T
1 —.[om]s R(NN
0.2 |
]
1Jo
]
1

.—[0495 s mRPN++ |

0

0 0.2 0.4 0.6 0.8 1.0
Overlap threshold

(b) MR

7 AFETTESE LaSOT $udfa 4 E I HERsZ A Th

B Ground truth WSS SiamRPN-++

Siam R-CNN s [TMU B KeepTrack W STARK Ours

K 8 7 LaSOT ##idE T #ib BR i 4 1
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i H AR G N H

34 HELSCIG

AR ATRE B R R AE AR AT AT A AT, R ALK
Tt S 4 RS 43, AR SCER I B8 L4 3 AR SR
PREFSS . 448 2R PR ER A% AN DU AR 58 37 S, O T F
il S P VERE, ASCSEELT U AR K. 3 3 R,
AR B BT R IS R 4 SR 14 2% R B s 0 AR M RE R 2
SR, 7E VOT2018-LT £a4E ik ge s i, &3 hn—
ANBLER, B VERE AR AT 215 T, SRR T 4 A
IR RS 5 R R AR LA R

2R3 1E VOT2018-LT F¥aE b AR R B 44 114 Be Xt b

JRERERER AR R EREE BICE R AERIR Pr 1 915 Re LR HUFL

N — — 0.720 0.642 0.679
N N — 0.740 0.665 0.700
N N N 0.742 0.706 0.724

SLYOR 4 R4 R AT — R O LS,

99 T VRS TIRO RN, A ST T RIS, B %
SR T 443 2R e 28 1 Ay S0 (1 R R 3, JFAE OTB-
2015 M SE EITAR TR IOMERS. 753 4 TR g REW,
M4 JR 48 R R B AR BRI % Non-Local RPN R B,
HAER R A 27.5%, 1R BN 35.6%. [FIFE, 4
N B % 22 SRR Rl B AR, HERR R IR = 31 52.5%, R
D) AR ] 70.7%. SR, 1X AL 416 nT DLt —
R E RS, IIE N 64.95%, HEHIE N 81.8%. iX Lk
S 45 Bk T Non-Local RPN R AI % 4045 G il &
B AE A SCEVE T TR ) OCHEAE A . Ak Ranking-
Loss 51 2 X B2 (M 3 5 1B — 52 10 BTk
F 4 ENT RS RIREERFERELE (%)

RHIEIA R, A SCHE OTB-100 A A PR EREHE 4 bk
1T 7 BSR4 R 1 R BB AR 2 i AR
SR ERER S HLP AT 1 20 A A BT ER IR BE AR B .
FEFR 5, | S AT SR 1 O AT 2y R AR AT DL AR
AREARIITERE. BRI BBk —
SELPAL, (HE WA RER S N R ZE. 2% 5 TI5E 6-8
TR, BERE T2 R ARRFE, BRERA AT 5 g
HRHERR. =508 AT o SR AR, AT DASRAT S A0 1k

ar
B i

-
4 Non-Local #ifl

i

ZYFFAIE

(a) FEFES-
B9 HFRSHEHURHE R AT AL

%5 REFRHOoT B R R (%)

(b) ALk

(c) REX

Non-Local ~ZZUHHEfl  Ranking-

RPN Bt ABUR  Lesshik o TR
N — — 27.5 356
v — y 302 389
— v B 70.7
v Y wh 64.9 81.8
N A 65.9 82.8

MUY BEY GEEM AR R R

— —\ 5 — 30.2 389
. % 1 1~ — 613 756
. 3 — > — 62.0 76.6
‘A — v — 615 763
— — — R 61.7 77.0
v RN — — 64.3 81.0
v v v — 65.0 81.8
v v v v 65.9 82.8

AT i 7R Non-Local RPN bR 5 £ 0 RF1E
RS AR PAE R RS IO TH I RCR, 7EE] 9 R | —2
H3E A # RPN A1 2 ZRp AR Al A A5 8 2 > AR AR
TXECRRAE B SR B SR AL (Y i | J2 . T DUE 3, ELAH
e R EBFHE 43 RPN Be8 A2 il HE 2 A0 267 1 B Al
BB GBI R A, AT B A [R] Sy (R 280 R i
B RFRFHERT LL7e 70 M H bR BBRRHE, DN RE RS 4>
TR AL H G SRR B B X A P IR LR R

N T IRAIE 2 SRR B A R R BT ) 4 Bl S

FIBS N T REME 45 4% Ja 18 &R IR B R it — /N 2
PRIV, A S g 1t 4 JH 2 ol 8] JH At ) 8 R B 245 o
FEEUAR T — S I BRI 7 VR ) AR DA B SR 5 gk 4t
{iF VOT2018-LT % ¥ £ HHr 1T il i 28 PR IR 28 (19 7
BE. PO A0 AR PP SO E R RS (B SiamMask™!
SiamRPN++ . Ocean'!) 75K i R B¢ 37 5 o (1 FR I
71. WTLAMNER 6 & HH, A4 G0 1) B R B AR 7 A et PR
Yy s RIAE, 247 il e 45 A SCHE H 1R 4 R A 4%
i, VEREr AIAS 2 T E KRR F, 0 SiamMask, F1
Fabm A Z BT 49.9% $2 T+ %] 64.8%, SiamRPN++ (1]
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F1 M 49.5% 0% 64.3%. {5 E A HR I BR i 7 %
ELGLT "R Ji A 1 B A I 2% 5 3 BA SO I 4 )
R IREARBI, WG R AT LLE A BIZIGN T 2.4% 1)
PERESRT:. SLIR L5 R — UKIESE T AT i & R &R
PRI 7 VTR B v VT AN BR R A8 10 M RE O T 1A 20
(_RPARFRBe A A I 25 5 He B A SO HE I 4 = 4
IR,

R 6 IR ER RS T R I PR BEXS EE

BRER B LEE L e Pr HEl#Re
SiamRPN++ 0.495 0.622 0.411
SiamMask 0.499 0.633 0.412
Ocean 0.521 0.529 0.513
ELGLT 0.638 0.669 0.610
SiamRPN++ R 0.643 0.653 0.633
SiamMask R 0.648 0.636 0.642
Ocean_R 0.665 0.667 0.663
ELGLT R 0.651 0.670 _0.634

b

#
%

4 siipERE

AR EA I RR R IAE S S LR T 4 T 0 5 0 5
G4 R RIRER 38, 57 HIAE RPN BT BUAI R-CNN BB
A Non-Local BEHURIZ SR & B0k, {675 b3
TP ARSI E R0, LA AR ARG 1 i
b, ENBRERAE S 2 IR BRI T B R SR R
A T LA 8 6 BRI . % R B 2
LA R 5 F A R R 3R QU IR 4L 1
AR5 T 5% F AR IR BRI, T FLAT B
SLBRER WG IR I, LAY, A SCE B T BRI
B S84 800 51\ T HE 44 5 38 A 1 B
BRAE 1. 9 T VAR ACCHR KN BRERHE S P, 2%
AN A IR BRER U AT T S0, SR AR AT
YHIE R T 2AERBHE 20 Tl S K v AR B
A0, T DA G T AR e B PRGER IR H AR
Ok L B 5 8 P 5 R AR BB A U L
52 SRR, IR T bR 58 A i 5L 6 A Rt AR
%4 BREEE FoR &2 HARBUBHI SR 2
FESBAR FL bR 56 T R ORI,

SE 30k
1IN, 2R, E4R. BARIR Rk RR. BRI 5 A
T % fg, 2018, 31(1): 61-76. [doi: 10.16451/j.cnki.issn1003-
6059.201801006]
2 Grishchenko I, Ablavatski A, Kartynnik Y, ef al. Attention
mesh: High-fidelity face mesh prediction in real-time.
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