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33 A Chen Z L and Shi F H. 2022. Double template fusion based siamese network for robust visual object tracking. Journal of Image and Graph-
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 OE: BRI BARIRER A R REAASE T ARG L T AR A AR T IS, AT MARKE B s (HIs T Bl
NG, TOEE R S R R T RN B TRERAS T D B Y BRI R, SR, 4 2 O T 2R AR 45 11 E AR R
ERILTEAT SR A FH A — 1 2 AR | S A LU S A 3 H AR 1 | A AR AL FAE L TR 65T o 1% 2 i 2=
A 2 IR AR BRI R T — s B R I DU Al B AR RIS 7 15 (siamese tracker with double template fu-
sion,Siam-DTF) . F7i& IS 1 WIAARTEREVE WA , SR ) 38 ik S AR AR 53 S0 Bl A1 WA AR 48 RS 7 B
B R ol HARIRICA I | 8 B 0 AN AR , 55 J 38 5 WU il A AR 4647 o 7 P il 5 FARFIE R, Rl B S
58 TR AP AR 2 A A D0 48T TRk B it . R SURTE 3 A A BARERER A TR 1
S5HEGHAY 9 Rk AT b4, 7E OTB2015 (object tracking benchmark 2015 ) F#ig 4 o, A SC 7722 A9 AUC (area under
curve ) 153 FURG HEJE 43501 4 0. 701 F10. 918, A EL FHERESE 2 A9 StamRPN ++ ( siamese region proposal network ++ ) .
AR T 0. 6% A1 1.3% ;7 VOT2016( visual object tracking 2016 ) Fi i 5 H | AR SCH R HUAS T B 5 1 3 B2 - 34
TS (expected average overlap, EAO) Flli > (R R KL, 43510 0. 477 F10. 172, 1 H. EAO 7543 LL BEHESR 7 SiamR-
PN ++ J2 5 1 1. 6% , lUPERESE 2 9 SiamMask_E LR 1 1. 1% ;75 VOT2018 $dla f v, A SC7 i i 39 - 14
B FORTHNEE 53504 0. 403 F10. 608 , 7T FLik i 4r IHFESS 2 (LA 1| 6, ARSI R PR T EE IR 5] 47 Wi/s,
2 PR R 1) S B PEARMEREOR . BEIE AR SCHR Hh B BUBE AR Rl B bR IR R O A R IR T A T AR A
P £ 11 AR IR B S0 AR R A AR TIE SR R 2 10 ] B AR v T R BR DR B B R S R S T IR E S
BT

KEIRE HAREER (VOT) ;2R AE 2% AR RS s SUBCHR AL ; IR BE % >

Double template fusion based siamese network for
robust visual object tracking

Chen Zhiliang, Shi Fanhuai®

College of Electronic and Information Engineering, Tongji University, Shanghai 201804, China

Abstract: Objective Visual object tracking (VOT) analysis has challenged for computer vision research. Current trackers
can be roughly segmented into two categories like correlation filter trackers and Siamese network based trackers. Correlation
filter trackers train a circular correlation based regressor analysis in the Fourier domain. Siamese network based trackers

have improved the speed and accuracy issue of deep features. A Siamese network consists of two branches which implicitly

Y5 B H#5:2020-11-13 ;18 [E B #8:2021-02-19 ; FED < B #8:2021-02-26

* BISEE A ZM  (hshi@ tongji. edu. cn

ESWE : GHTRHE R B S BOCT H (P ARFHIF(2018) 58 3-6 5. 2020-02-08-00-07-F01480)

Supported by : Key Research Projects for Developing Agriculture through Science and Technology in Shanghai ( (2018)3-6. 2020-02-08-00-07-
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encodes the original patches to another space and then fuses them with an identified tensor to generate a single output. How-
ever, most Siamese network based trackers utilize the single fixed template to resolve occlusion, appearance change and
distractors problems. We illustrate an efficient and robust Siamese network based tracker via double template fusion,
referred as Siamese tracker with double template fusion (Siam-DTF) . The demonstrated Siam-DTF has a double template
mechanism in related to qualified robustness. Method Siam-DTF consists of three emerging branches like initial template z,
appearance template z, and search area x. First, we facilitate the appearance template search module (ATSM) which fully
utilizes the information of historical frames to efficiently obtain the appropriate and high-quality appearance template when
the initial template is not consistent with the current frame. The appearance template, which is flexible and adaptive to the
appearance changes of the object, can represent the object well when facing hard tracking challenges. We choose the frame
with the highest confidence in the historical frames to crop the appearance template. To filter out low-quality template, we
drop the appearance template if its predicted box has a lower intersection-of-union or its confidence score is lower than that
of the initial template. In order to balance the accuracy and speed of our tracker, we use a sparse update strategy on the
appearance template. In terms of theoretical analysis and experimental validations, we clarify that the confidence score
change of tracker reflects the tracking quality more. When the max confidence of current frame is lower than average confi-
dence of the historical N frames with a certain margin m, we conduct the ATSM to update the appearance template. Next,
our fusion module illustration achieves more robust results based on these two templates. The initial template and the
appearance template branch are integrated in terms of fusion of score maps and fusion of features. Result The nine tailored
trackers model including the correlation filter trackers and Siamese network based trackers demonstrated on three public
tracking datasets in the context of object tracking benchmark 2015 (OTB2015), VOT2016 and VOT2018. In OTB2015,
the quantitative evaluation metrics contained area under curve (AUC) and precision. The proposed Siam-DTF is capable to
rank 1 st both in terms of AUC and precision. Compared with the baseline tracker Siamese region proposal network ++
(SiamRPN ++ ), our Siam-DTF improves 0. 6% in AUC and 1. 3% in precision. Since we unveiling the power of deep fea-
ture of historical frames, Siam-DTF precision is prior to correlation filter tracker efficient convolution operators (ECO) by
0.8% . In VOT2016 and VOT2018, the quantitative evaluation metrics contained accuracy (average overlap while tracking
successfully) and robustness (failure times). The overall performance is evaluated using expected average overlap (EAO)
which takes account of both accuracy and robustness. In VOT2016, Siam-DTF achieves the qualified EAO score 0. 477 and
the least failure rate 0. 172. For EAO score, our method outperforms the baseline tracker SiamRPN ++ and the second best
tracker SiamMask_E by 1. 6% and 1. 1% , respectively. Also our method decreases the failure rate from 0.200 to 0. 172
compared to SiamRPN + + | indicating that our Siam-DTF tracker robustness is well. In VOT2018, Siam-DTF obtains the
good result with accuracy of 0. 608. Siam-DTF also obtains the second good EAO score 0.403. As for tracking speed,
Siam-DTF tracker not only achieves a substantial improvement, but also running efficiently at 47 frame per second ( FPS).
In summary, it is concluded that all these consistent results show the strong generalization ability of our tracker Siam-DTF.
Conclusion We propose an efficient and robust Siamese tracker with double template fusion, referred as Siam-DTF. Siam-
DTF fully utilizes the information of historical frames to obtain the appearance template with good adaptability. All 3 bench-
marks analysis demonstrate the effectiveness based on and Siam-DTF consistent results.

Key words: visual object tracking; siamese network; fusion of feature; double-template mechanism; deep learning
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58 H b5 BREE (visual object tracking, VOT) 7E
Hlar A (Held 55,2016 ) PL5E Hi 7% ( Xing 45,2010) |
BE2A 545 20 M (Liu 45 ,2012) . AHL3E H. ( Zhang Al
Vela,2015) fl H 25 3 ( Lee Fl1 Hwang 2015) %51
SRS ST 2 4 — U

G, EARER R AR O AT 55 2 X Ak — o R B A 1 A
T HARRE SR (A7 & R4 HEXN T
PR, SEBLMERA Y H bR B ER R R , 3 2Pk
ol P B R ATT STH05

T 3 AH 5 BE U 8 ( discriminative correlation
filter, DCF ) i) F Fr BRER 7 15 A J FE- A8 P 7 1T 48
G RIRER AT TIRKEE R . Bolme %5 A (2010)

e Ao e/ AR L IS A B B e - S B 2 )
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BFER, AR / SENERMESZEENENSENRK BIRRE

iR 22 2 1, $E T MOSSE ( minimum output
sum of squared error ) R ER 5%, J2 fe LR AH G U8
PeAs R BREE ) TAE . #EF MOSSE, Henriques %5 A
(2012) 2 B AZ IR L4544 ( circulant structure with ker-
nal , CSK) BREZSEEE , FI T B ARSI UL 6 2145 14 14
K EA I H A% E Ak e/ — 3 g I 2540 OC 6
P, SEI T BRS040 H A5 € £, Danelljan 5§ A
(2015 ) 44 3 25 ] 1 D] £ 40 30 AH 5C U8 35 2% ( spatially
regularized discriminative correlation filters, SRDCF)
SR e TNGRAEAS F P AR | B2 8 321 3500
FE5 ) BB | A2 [ E W AR 73 6 OF HAR 98 25 (8]
EONRH DB A4S AR EIATIRS . O Tk SR 55 2
JUE 25 [8] 2 Ad 71 B #5 /N, DSST ( discriminative
scale space tracking ) B 5.7 ( Danelljan %5 ,2017h)
ML A A OCUE AR o B A TR AU S T
— M RUE A 3 W R ER 7V . ECO (efficient con-
volution operators ) -7 ( Danelljan 45 ,2017a) T H 1
17 DCF HEZRIAZ A E, 5T AR 200 it 1 45 R R
VERNA: AR A ZS [ BRI /D T 2800 figke 1
DCF HEAL LG FITH A B2 e e v A R, S v 1
ECO B 1 MR VRS E

UTAEAR B TR E 2 D BOR 3 5L T 282
2510 HARBRER FEIK ( Zhu 55,2018 5 Li 55,2019a) 512
Tz RE, T2 MR B s BRI R
H bR R B (R T by 2 > AR P A5 5 0 1B 48 R DX I
PG 2 [] 1) 3 AR ABLRE 4523 BT, 78 323 19 H b R 2
PNIPBARE TP IS TSR RE , 347 3t i 2
SRR SR, 4R 22 BOHE T AR A I 2% 1 BRI
SRR — MR S BR M B> B R H AR g 1
S IR AP WA AR, B REE 7 23 3 T
BEXT A BE T 2040 N 2% 1 SR B S I AA AR i ), AR
SO — T i Ak B Y R T AR A O 4% 1 RURSE A il
A B i R B2 B s (siamese tracker with double tem-
plate fusion, Siam-DTF) , 2035 X4 7if 25 A= ) £ 3 i 54
PAE BRI PRSI AZ A E DL T BRER B R %
[a]# , 7 OTB2015 ( object tracking benchmark 2015)
(Wu %, 2015) . VOT2016 ( visual object tracking
2016) ( Kristan 5%,2016) 1 VOT2018 ( Kristan 5§,
2018) 3 ARHY H bR ERER SR 5 B RAT T R de it
(O RRERZE R iz 17 1 B A Sl 3k 47 Wi/s, R
SCTAER FEETTRRA - 1) X 5 Fir 2 T 254 0 2% 1) B
BRAETE H AR RS RIS AAE B T BRERRICR

R R R T o B, I A O SRR R R — [
RIIRIEAR . 2) 2 T SE R B — AR B A 2 il —
PSRRI R B BIL R, B2 1 e T2 A I 48 1Y
PRI APERE . 3) 4t — > AN WA B AR AR R
(appearance template search module , ATSM ) , 7F I ¢
AR R F AR RARIBCE I8 | e o i i D LA AR [
ST 1A R Rl SRM DA T AR A5 5 4 1) B
ERah

1 MExXIE

LA Aoe B ARERERAS 2 12 W5 42 T
VF 2R A BRI BB 1Y 7 % (Smeulders 55,2014 ; Hen-
riques 5%, 2015; Li 4§, 2018a; Bhat 45,2019 ; Wang
4§,2018,2019 ; Danelljan 55 ,2016)
L1 ETEEMEBRNREIRRER

BET 2R 25 1 B SR T TR 1 PR AR
15 TR . 515 G000 TR S e v R B B
VEANTR), BE T 2R A ) 25 1 AR SR R R P05 B B
TR R —A~ ARG [R]85, W LA 4 bl ) P R 3 I 2%
SRS B S > LA, MR AR A R 2%l S B
A ILESEN 53 S A B, B2 ) HARRRIE 7R B4R
B g3 SRR R S T R IR A R 43 52, A
S AT 51 vh B 56 1 it AR T AE TR A5 3] 10
2z, JE SRR — M R X HC S x, ZEA M LL 2 Fil
x WO SR A T — B IRl o =2 AL
(ERY T M4 @ FRIBM A7 STRYRRAE , 32T 45 1Y
ZHOH 0, SIS I SO 3R 53 SO RRIE HEA T B TR
B BA AT LIRS S Rt SR e o7 e 7 L A %
HACER T BRI A0 AR50 RN i iz [
HEHN

fo(z,x) = ¢,(2) *¢,(x) +b (D)

o, b SRR BAAR L W A% 0l 22 0, =0 (1) AH Y
TR 7z fEEGR x ERPAT ST RE R 15 B B
BRI AR 2T

— e, 2R A= 0 % 5 o DA I 2 A 4 AR
Kk B MG (2,2 ) FURH L B LS bR 28y R AT 29
Lk, LD, ETMNERN S 0GR
Wit de . S 1A f, (z,x) TRYRRES B
B i B AH VG B, 38 5 7E I 25 4R v fe /b 38 B 4 R
1,00
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arg min(y, f,(z,x)) (2)

e FIRFIS LA O T E R R R T
A 2% B BRER A AR T 2 0k il R T &
HL A AH X 55 1 AlexNet ( Krizhevsky ZE 2017) B R
HEZR =T P24 . SiameseFC ( fully-convolutional sia-
mese networks ) FREE5E 7% ( Bertinetto 45,2016 ) LLE 4
XFVE R, — 1 GO A 45 — MR A AR [T 45 A — i
e R XS G, SR 11T, SiameseFC 515 To 1L HEHf
fhirt BAR R, HAgE o 22 RO R AR AR A
SiamRPN ( siamese region proposal network ) R i 5 3%
(Li %,2018a) i i 7022 A5 P 46 2 ) 5 A DX e 26
%% (region proposal network , RPN ) fif Pt 33X — [m] B
RPN W25 T H AR ( Ren 45,2017 ; Liu 4,
2016) , AT LAREATHR A 40 2R A a0, I H 32 35 v 21 3y
B 28 il 45, DaSiamRPN ( distractor-aware siamese
region proposal network ) R 554 15 (Zhu £5,2018) 14
T — ST RIS A L R R A A P
A TP R or . BeAh, Li AE N (2019a) 42
H SiamRPN ++ BREZF i, R — M A B SRAE 3
WEFTHE 1 25 [A) AN 8 BR T, o e 00 T A v Y
EE7Y > 27 NGRS |y e o N R E R AN R T
AT SE N THER T O 22 RS2 IR, 5E R TR 2
W25 [ FAE BE 71, B IR AE IR 2 19 ResNet50 ( deep
residual networks) (He %% ,2016) T M 4% I il zhil|
5 H B RO 25 A= ) 45 . HASiam ( hierarchical atten-
tion siamese network ) 5.7 ( Shen 45,2020 ) #1& T —
NEACE R 2R M g B TR ERERE . b
TRBE AR 0 245 1 B BV 7 S ARORS 7 TR
3 TR TERE
L2 HHERE

WIZM 2 [ 25 AN ] 2 ARRAE B A A TR AR
REET) HRZRAEAL & 2 = AME R & 24
MEAL S B 2RI LR R, T2 IR L O &I
B A AR IR Rl 5 TT AR s A0 B SR i R
C-RPN (siamese cascaded region proposal networks) %
7% (Fan Ml Ling,2019) fill i —Ff 22 By BLAY ER ERHE SR,
1 ZUK— AR5 RPN R R J2 Rk Al 2R RPN
Fh . SiamRPN ++ 35%5 (Li %,2019a) M ResNet50 it
J5 3 MR PP HAHIE , SR 5 % RPN 4 2k
FHIAR A, X AR AE 0 53 J2 R G 3R 15 T AT Y
Wt o

2 ETEAEMBHNERE S BIRER
BRI A

2.1 FEMKRREEEEETENEERSH

Wt TR~ )RR MBI 5 I s R 0 £ 1)
KR ERERVERER TARKIR R, AR AT T 24
W0 2% ) BRER VR © 22 0] LUV F 2 58 2 i Bk, (H
ATHAT — S PRI XE B4 15 D 2 S R B R I

N T AR T AR AR 2 Y R ER SR A
BRPE AR SO T 25 i 2 A 0 4 R B AE 2R ) AR BIL
i, K BUPERE T B 64 I DR A T 1 B — [ 2 A 39
UERSIAR . M HT Y 2R AR O 25 BRERHE SRR | S0 0E
AR z IR DR x PR A 2R 52, 3U(1)
W], 2P P2 BB A 25 TR 45 E A z RO AT T
TE S HTW 2 PR SRR z AR ALE , 1R
TG AE A ) 2 R AR AT B — [ S AR AR £ FR
il 1 B e AR RN R AL TR SR
S LT, SRHE DN HLTARIE . (ERENIRER R, /AT
M SEIRA T = RSN, i
A BIEET 2R I 2 ) BR R BT LTSS 1 TR AR
HEAE AR, A T 0T L 3 52 2% 135 DL It ) SR BB 1 E
SRS I B [ E AR IR BRAR TG IL AR
Y3t S FAR H BRAY 25 2 2 AR AL TR] I R T
RIS T B g S TR TR 2 R Y 3 A

= i

4//1,\5

1 r 1 - 261
e s Yo :

BT B[] RE A 1 o R

Fig. 1 Limitation of the single fixed template

2.2 ANEFEER

T T L AR PR, R e e T AR A R 6 Y R
SVE B GIRIE AR SO I T — Rl B XU AR AL i
BT S 1 WA B ME AR D 0 R AR A, 3
1SN 73 52, 38 1 S WA R AR B, £ B
AR HARSHCE I o B NI . 5 A
BT 255 4 BRI S 0E — A, WIIAR AR NS 1 ot
AR ERE SR BOT BB IR B R P e A, T
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AMULASTAR U2 A i Ty s ot iy R 02 485 SR A5 2 1Y, ] LA
RIGVRAE  RBAE N H AR IR 2 2 AP IR AR AL, 7E XL
BAALE T, BIAR B S5 N 25 7, — & i 3
HAMYVER , BeJm DR O B R RS L] L
T3 R AU, B T R R e

WE 2 s, A SCHE Y Siam-DTF By HESL
WA z SPAA z, A E Xl x 463 N5
B, @(x) FORFFAFFREL, ME LR X U2 M/ A
ST AR I A BRI SR HE AL LA B — [ 1Y
IR, maR D) AR, B 2 R
AR SCER I AU AR 4352, 38 2k A WA Al 48 S 3k

AT LABRAS 5 Y A8 2R XI5 e 506 1 9 AR AR AR 2,
ORI Rt THAAAS B RS A 04 oy ] BT

fo(z,,x) = @,(z,) * @p(x) +b (3)
K, @, A b B SCER(1) MR,

TEAS I R, 7R SCHR S 0% BB B ] 7] e )
FHT K IPFE OIS B . WIEREIN z 1Eh B ARXS
B FESARE B TR BARREICAZ , miAR i i
SRR (8 AU AR z, WA B B 2 SR, A

BATEL IR R B v, AR SCRE LA T WA B 2
FSMASHR z, (5 P fb T e IR ER 5 5, KR
P T TR A 4 0 BRI S (R B

i )37 [l
—
ol | .
It . el
L o ]
+ i
T i
_________________________ =) 4
Zg " . IR
] R %1
»(z,)
® BH
ANIASEAAY 2R AR

F2 A Siam-DTF 35 HELR

Fig.2 Ilustration of our proposed Siam-DTF framework

2.3 SMUIEIRIE R

R A4 1 P e e T 208 A 1 5% ) R B B v ) —
A TBEER Y o S AR AT L7 A R AR E Y 4G
AN T8 BB I 25 % B IR BR R Tk i M BE . A
SCHR T SN AR A AR (4 H 975 T DA S it
ARAT 5 YT R X e J5ouf I 19 AP AR z,

R 7 PR ) 05 LA 3 R B 15 8 3 IX I
TR B AR . 5 I8 BRI [l R
BRI AR A SO Y B S WA R A e A B AT

I (e B AR BEAS 43 (4 [y S it e 8T S — A Y R A
Wz, FomA
z' = crop(arg{r’naxfg(z,x)) (4)

S crop () JEETHRAE, LLZIRR R 25 R 0 3
O BRI , (=) Ja BRI LIV B £ 140

13 J7n T AN IR 25 (ATSM) HOAR B A

iy
o o™ | S
ﬁ (’7 ‘
%’\/o‘\) ,,%\ \‘) K‘%’/ \k’\ \é(}ﬁ%

K3 AR R A

Fig.3 Illustration of the proposed appearance

template search module

TER o A B AR U T T A
SCHRREAR B REA TG 2 VR SN , (HUR A/
R MIATE AR BE AT 40T i PR R 2/ A
Bl 85 41 FH AR BINIA K —E, 8B AR |
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P B R 2255 MR TT & 1 2/ 23 %) BRI 45 SR a8 U
K2z, T35 Lei il SR ERERS A T iR
WA AR, A SCHE AP IR Al 8 T A
1543 A0 [8] YT HE 3E I F (intersection-of-union , loU )
AT N EE 7T =R DUk ¥ i3] il s i R (A9
BRSO L5, R T8 Z TSR AW LA AR,
AT Lh X6 BB 25 2R3 J A TR ], e 2 1) D A
Mz, RN
ToU(f (z.0) S5(2' %)) = u,
fo(z'x) = fy(z,x) =0
0 Sl

!

(5)
A, £ (z,x) Fon AR z F0I0 A o] U1 A
ToU(box, ,box,) s~ box, Fl box, MZZIFIL, uw /&
FSEBEE 1 B (E 240, T LURE S [ I HE AR
HE ba] DAAE B — TR AR BORT B S WL AR, {5
SR ST R AT 0B — MU B SRR
Bk, P4 IR T SiamRPN ++ BRERSTIEAE OTB2015
YA basketball 751 b & AR RG24, AT L
BB T ST B> i 4 R 2 Huirh | B SR Y
BEEADIEE S (RZ/ET 0.97), @i
— MR P2, T L BB A A A 1 T
TR R R E IR PR, B0, 18 4 TRy A
FE B o3l B T B AN AR A4
B BRI B AR RS o AR AR OR R B B Sk
A B

(I) l(;O Z(I)O 3(I)0 4(I)0 S(I)O 6(I)O 7(I)O
Wi
K14 SiamRPN ++ FRERFEVLLE OTB2015 FdE 4R
basketball J751 I {1 & 15 £ 155325 1k
Fig.4 The confidence change of SiamRPN ++ tracker on
sequence basketball in OTB2015 dataset

1E LIRS Br R KT RSO — P [ 3 R 5

B 5 2 A P T AP B AR 1 R PRI S, H
PR Hb UL, 7F 24 R R K R B A 40 DA — 5 BE m
T D3 se N i34 A5 BEAS A B A SO T i
Ja SN A 1 R AP i X (5) RIS LA
Mo e mITE T, 33X A B B BT AL A DR IE A SCARVL AR
W LA R 5 224 FiT T AS DT B R G 24 1 A AR
2.4 FAETEDR
R T R4 R FERUSERR ML A A 35, 263X A4
SOEERTT T — ARG A, 43 ) AT w5 1]
FVRFIERL& PRFPAS [F] 1 Rl 5 7 I 4B R0 BB AR 41
MR 73 32
L) me 1 PRI o B AT SRR R T 2
A ) AR 53 2 R A A AR 43 S 1 i o i) iz [
Rk iR =X (1) A=l (3) 2 BIAR A A 40 32
XoF N7 Fey e 7 ] &R I LB A T 7 L SR FE ISR B
s =a-f,(z,x) + (1 —a) - fi(z,,x) (6)
A, s BEARAFEMMNIE, « e [0,1] FRM
Jof IR E B AN R AL, B, S8 o RORWIIR L
B 5 S HT R XA AR B . o BN, WY IR AR
55 YR 2R DX A AR S, R« = 1, )
K(6) B RIE R (1), ERE R H 6
BEAR
M 3 ] -5 S WS BT 1 0] G RS A RN A/ AR Al 5
H B, 7 R T R SR B
)RR G, CafA 2R R (L %,
2019a;Fan 1 Ling,2019) , {ifi FIARAF il & 7T LA 5
o PR ER SR A, VRIS T 24 Y
2 AME R I ZR R IR & 2R ik L&,
1 FIX P43 3 HL A A R] 4 23 18] 43 %, BT LSl
GRS B AFAIE 2R 5 FI R Rl G J s
MREIE A R XS T i e a1, HAA
®4(2,2,) =B @,(z) + (1 =-B) - @,(z,)
s = @,(2,2,) % @p(x) +b
(7)
A, s ERARENLIE, B e [0,1] FRRHEmS
B AR R AR, BB, IVRRIE Rl 45 B B A T
A ER K, 2 2 ANRASEAR (7 AR A E A
X LA b WA G O A B AT TR, S g R
FEU A0 e o7 ] £ BT AR B ) e 4R
Fh, e R A i SR A L IR AE Al A S PR
Pitt— A5 20427, $2H1% Siam-DTF R ER SR VL 1)
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SRR

A BT S £, £, f, 5 WG AR
s
it R AETR S § WD R s,
B LB BB 2 UL 0, (2) «
SO WL, ML R £

XT 2 ~ L Z I aE—A i T

)RR N W AOBBR A5 s, | BT
R x, .

2) FFIHE < 5% (1) H 0 B 2
HIIIEE f, (2.x) .

3) AN ILBER AL 3 B2 ATSM, AR £ <
LS fiem MR (4) B (5) HEEAM TR

t=i-N

z, (A (1) TH5E AN AR A z, A Bl 8 e 7
fo(z,,%)

4) ffi Hmh Al =X (6) X (7) 75 Y mr
A R R 25 T s,

3 XWESMH

3.1 #EAEN)| %56

AR SCHR LAY Siam-DTF 835 A AL S AUE Y 3=
T4 IS 43 32 B RRAE , 7T LA JL 80 il
B, HEH A 2R A MBI R, A8 3¢
2 H ) Siam-DTF J5 5k 1T LAAR 25 5 3 7 FH 7 AT ] &
TR M R IR R L b, FEJR SR AR SOK
Z N AR SiamRPN ++ BREZAE

KT HAE Siam-DTF 8 &5 7 25 9 P BE, A SCHE
OTB2015 ( Wu %%, 2015 ), VOT2016 ( Kristan %%,
2016) 1 VOT2018 ( Kristan 52018 ) 3 /> K 5 B iz
Bllnde BEATS  BRERAVE RS SiamRPN ++
(Li 5%,2019a) AH[F A BC B 22 8, IF HAE A S8 vh
G — A TFITEAG bR
3.2 ZIRHET

ASCHEH Y Siam-DTF J7 7% £ F Python3. 7 Fll
PyTorch 0. 4. 1 S280, f5fi{f GPU SN 5K GeForce GTX
2080 Ti &4, WA A AR 127 x 127
B RN SR 255 x 255 1K, AP R
TR (ATSM) FIRS BRI S ECN m w v Fl o
MRYEZ 960 /0 BB E M 7.0.15.0.6 0. 15 F10. 75, {8
PR RS , R T]—BE S v A R 91 BT

A I S HORCE R E AL

ARSCHR Y Siam-DTF J7¥E S0, F 24 TR
P, 15, FUA T 24 T i) 10 1] 0 A A 03l 2
—E AR SN UL AR A R AT (ATSM) A 2530
TERFR T ELIG 5T AR S P IR ol &
R S FUHT R AR/ IN A T 5 i AR e b A 3 ROH T
ZIE R 1A U, AR A A N ) AR
kA TAMUBAIFE @, (z,) IR, BTz, 2N
T3 s e, FRERBT R A, D7 ST x, BURHE @, (x,)
C &5, Rl IR ¢, (x, ) #EFTEMEAE
BARARINB R ¢, (2,) o 2T LA E MR
, Siam-DTF B2 J7 % (19 1V BE A6 A R 8% T+ (9 [l i
REASLRIFLL 47 Wi/s MO BR B R Aks AT o
3.3 SEEATEMER

N T IV Siam-DTF RE 7L HMERE, 5
HFT R e ik i BB A AT TS b, AR SO IR
TS R A 3 T AR A 2 1 R B LA R At
WA EET A AR U P ( DCF ) B BRER S A HEA T
Feds, XF b SC 5 7E OTB2015 ( Wu 4%, 2015)
VOT2016 ( Kristan 55,2016 ) #1 VOT2018 ( Kristan %,
2018) 3 RAVATFHRER B4R b 5E L,
3.3.1 {£ OTB2015 $diafe - Aoxs tb 9e 5

OTB2015 A4 1 100 4~ HA PEEIER BT
GV RN, e — )2 T R R Sk M RE PEAN B A TF
Bl BRI B9 IR A IS8 B8 . AUC (area
under curve ) FIAE e & ( precision) , AUC J& A T) %
MR T BT AR, B R R s T B(EM 0 ~ 1
SRR TG S rb s A T B S T AE
FIELSE ARMERYSZ I O R T 45 E Y B, R HERE it
ZEIARER T BUIAE rhC AVEL S H ARAE O BE B A
20 1R ZIEH N RO S R E R e, SRR A
)5 ¥k 5 SiamRPN ++ (Li 4%, 2019a) | SiamDW
(deeper and wider Siamese networks ) ( Zhang I
Peng,2019 ) ., C-RPN ( Fan #11 Ling, 2019 ) | GradNet
( gradient-guided network ) ( Li 5§, 2019b) ., ATOM
(accurate tracking by overlap maximization ) ( Danell-
jan 5% ,2019)  DaSiamRPN ( Zhu %%,2018) . Siam-BM
(better match in Siamese network ) ( He %5,2018) .
ECO( Danelljan 55 ,2017a) fil ECO-HC ( efficient con-
volution operators with hand-crafted feature) ( Danell-
jan % 2017a) A4 RRME A IR A LT LS, 4%
BAE OTB201S5 K 48 1 i nd Ly 25 i 24 AIAS i &
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£k 2 antEl 5 fniEl 6 fras , BARFE bR i) H i 45

mE 1 PR, FEIA KRB LR, RSB
Siam-DTF J7L7E AUC FUKS #EFE A~ 48 45 Y HE 44 5
1, 553 A PR B2 39 SiamRPN ++ (Li %5,2019a)
FAEL , Siam-DTF 75 ¥: 16 AUC 1545 F4R 5 T 0. 6% |
KRR T 1.3% . X159 85 T A SCHE i BURE AR
B, AT LA 2808 o B A T S P SR AR AL A
LTt i PERe . BT 3e R T BRER DI s it
TREEFRFAE , Siam-DTF AR e FE LB T BE 5 b A A
Kok BRI ECO( Danelljan 25 ,2017a) /& 0. 8% .,

0.8

| — Siam-DTF
— SiamRPN++
— ECO

04— ATOM

— SiamDW

— C-RPN

0.2 — DaSiamRPN

— ECO-HC

GradNet

0 02 04 06 08 10
pEE
K5 RIEDyEAE OTB2015 $diide by msh 2 h 2k
Fig.5 Curves of rate of success by different

methods on OTB2015 dataset

0.6

ILRZES

0.8F
7, — Siam-DTF
i 0.6F / — ECO
& — SiamRPN++
e 04k — SiamDW
' — C-RPN
— DaSiamRPN
02k ATOM
— GradNet
ECO-HC
0 10 20 30 40 50

BB RIZEIE

Bl 6 ARy iAE OTB201S Bii s b RG i i i £k
Fig.6  Curves of precision by different methods on

OTB2015 dataset

3.3.2  7E VOT2016 44 I A xt e scsh

VOT2016 $E4E i 60 4~ EA7 Pk i i 9045
G 2H R, T AE R TR AT R H AR IR R AR R 2 —
VOT2016 % 45 A i b5 B B R85 A M o 33 vk i 1k
REVEATVPAN RS 51 B (accuracy ) 48 A2 BR &5 15 49~

*1 AEFHETE OTB2015 HiEE FA R LR
Table 1 Comparison of performance among
different methods on OTB2015 dataset

(A7 AUC HEA
SiamRPN ++ 0. 695 0. 905
SiamDW 0. 666 0. 900
C-RPN 0. 663 0. 882
GradNet 0. 639 0. 861
ATOM 0. 667 0. 879
DaSiamRPN 0. 658 0. 880
Siam-BM 0. 662 0. 864
ECO 0. 691 0.910
ECO-HC 0. 643 0. 856
Siam-DTF (4 30) 0.701 0.918

TE L P RS S S R4 2R

WS, BB R (failure) HGR TR, B IK
PEREVTAiti i o) 1] 22712 55 B (expected average over-
lap, EAO) fif £, %45 b [5) I 2% 181 OKG B 55 F0 65 4
e, SLEG K AR X 5 SiamRPN ++ (Li 4%,
2019a) ,SiamDW ( Zhang #1 Peng,2019) . C-RPN ( Fan
F Ling 2019 ) . SiamMask _E ( Chen #01 Tsotsos,2019) |
ASRCF ( adaptive spatially-regularized correlation fil-
ters) ( Dai 4§, 2019 ) | DaSiamRPN ( Zhu %%, 2018) .
SiamRPN( Li %5,2018a) .ECO ( Danelljan %5 ,2017a) #1
ECO-HC ( Danelljan %5 ,2017a) 45 VOT $k &k € HE 4 5
A R R Rk AT L A R 2 R T LU

R2 AREFHETE VOT2016 £iEsE FHyHEEELLE
Table 2 Comparison of performance among
different methods on VOT2016 dataset

ER7R EAO Ko RIREK
SiamRPN ++ 0. 461 0. 643 0. 200
SiamDW 0.370 0. 580 0. 240
C-RPN 0. 363 0. 594 0. 950
SiamMask_E 0. 466 0.677 0.224
ASRCF 0. 391 0. 563 0. 187
DaSiamRPN 0.411 0.610 0.220
SiamRPN 0. 344 0. 560 1.080
ECO 0.374 0. 540 0.720
ECO-HC 0.322 0. 530 1.080
Siam-DTF (< 30) 0. 477 0. 640 0.172

TE O AR R 2% 91 Bl 4



$Eo7TE/E4H/2022F4 8

BFER, AR / SENERMESZEENENSENRK BIRRE

i, Siam-DTF 757419 EAO #4438 5) T 0. 477,
RIGR B e /b AR 0,172, 76 EAO #3443 1, AR 3
Jr i LR, SiamRPN ++ 428 17 1. 6% , 55>
%52 ERY SiamMask_E BEEEE T 1.1% . BIRMH
T SiamMask _E | A SC 5 15 AR B B2 45 49 A0 X 8¢
I AR R A Y 2, SiamMask _E 53232 851 Fl
FT 0 BIARTEAR B 000 e e AR AE , X AR WA H AR
SR BAR XS BB A FOAE . 5 SiamRPN ++ 5%
FALE AR5 1 2R IO EO 0. 200 FEARE] 0. 172,
FEr WY Siam-DTF J5 1% 75 1 i 52 2% PR 558 6 £ if
BAH i E R,
3.3.3  7£ VOT2018 B4k LX) L5

VOT2018 Hfii 4k th 60 > HAT Pk i LA
I, B EAR T APEAS PR UE S VOT2016 B4k
FHIE LB B AR SO 75 S SiamRPN ++ (Li 5§,
2019a) .SiamDW ( Zhang #1 Peng,2019) .C-RPN( Fan
F1 Ling,2019)  ATOM ( Danelljan %§,2019) . LADCF
(learning adaptive discriminative correlation filters )
(Xu %%,2019) . DaSiamRPN ( Zhu %§,2018) . SiamR-
PN( Li %§,2018a) 1 ECO ( Danelljan 4§ ,2017a) 4
8 il St (0 B SR AT LU B, BLARHE AR Y L 8K
HIRINER 3 s,

R3 FEFEE VOT2018 HIEE L EEEL

Table 3 Comparisons of performance among
different methods on VOT2018 dataset

Bk EAO KR RIRE
SiamRPN ++ 0.413 0. 602 0.239
SiamDW 0.370 0. 580 0. 240
C-RPN 0. 363 0. 594 0. 950
ATOM 0. 401 0.59 0.204
LADCF 0. 389 0. 503 0.159
DaSiamRPN 0.326 0. 569 0. 337
SiamRPN 0.244 0. 490 0. 460
ECO 0.28 0. 484 0.276
Siam-DTF ( 30) 0. 403 0. 608 0.258

TE L PR R % 5 R L4 2R

M3 afLLE 1, 5 SiamRPN ++ 1 ATOM #H
., AT 1E Siam-DTF I T BHA 555 IR g
PERE, LA, FE T A REE R, Siam-DTF J57 ik 1E

BB BT 3 B AR T e drny 45 28 153 0. 608, A
B AT 53 1 S S5 B T i — 20 SR AR SO vk R A il
Bl BRI H AR,

B 7 it — R TAR AP SiamRPN ++ |
ECO Fl Siam-DTF 5 MR ER R IETE 3 A Fk S i3 P4
J¥%1 birdl jumping Fl ivonman _F [ 8 PEXT 45

M 7 (a) ATLAE H, 7EBRER HAREPSET , Siam-
RPN ++ fl ECO FA ¥ B T HAR £ K, M54
THRJGWICEMKE , A SC 7 36 M AE PSR 16 &
Az DA BGHERS 3 2% 5 20T AR B H bR, AL 7 (b) AT
DAE A SO AR TN E A 308 SRRk ok
SRAS A AR SR ELAT W 4F 1 BRER AR, SiamRPN ++ 54
PO T BRERIEAS . AT (¢) FTLAF AR SO
et 2E BRIk s LRGP S R 22 A EE T
() IR 25 AR R AT, B PEAH L T SiamRPN ++ Al
ECO koA, 38 2o 78 B AT Hk 0 0 LAy 3 1
Y X)L B, AR SCHE B Siam-DTF 5 25 76 i
P ORI E AR B A R AN ULAS 1k 545 B R AT 8k T
DIUERA & A7 B A%, i SiamRPN ++ Fl ECO &3 44 1
BT BREE HAR E G, A ST Y B RUREAR AL ]
A DL IS i v 2 e ) 4 R B A A M R T R
N B VR A AR, AR SCO 9 H At R B B 1k TN %) i
FAERE A (A 6(c)) .,

3.4 HEASKIE

R IBES N AR AR A8 R AT KB AF FE 29 AN ToU
AR AVER (8] SiamRPN ++ FlIAS SC 7 B pEA 71 Fl
S, A5 AN 4 Frs, PTLIAE ), SiamRPN ++ J7
LIRS 2 VR AN IBR , AT BUS U A i 2%, I
T R A AR ot A S A S R R IR T B i 25 B Pk
A SC I X AN USRS I T B85 B2 29 BT ToU 24
FF i BT T A SN AR A, PRI Siam-DTF,
A Siam-DTF 205l A T — & Mt Re#E 7F . (EA57E
B SE, ToU 29 HOM Eb T B 05 B 29 A o 1 1 g 4
FHTHIE , AUC $2 F 4350020 +0.4% F1 +0.2% , K
BREEHE T 500 R + 1.0% Fl +0. 4% , X &N ToU
XoF [l I o7 1 R RUBE 2 SRR, AR SO iR e R
F(5) 7%, R X AN AR AR IS 0 T B A B 23
Al ToU 293, v LAA R4 B 5 2 mir it H A5 28 0 —
AN , S SR 5 2 A, R A T TR
(R RESR T
3.5 BSHIZE

AR SCE AT S A3 ML IR I UE , B2 S 4
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1 BAH I ARYHEPE: [C[IECO [ SiamRPN++

(c) ironman)¥F 51|

7 A8 3 APk i 51 B BRERSS R LR
Fig.7  Qualitative results of trackers on 3 challenging video sequences

((a)birdl ; (b) jumping; (¢) ironman)

F4  SPUEIRIE REHUE RS
Table 4 Ablation experiment on appearance template search module
/%

Tii: SR e A7 BE 20 A ToU 245 AUC W EE
SiamRPN ++ A 69.5 90. 5
Siam-DTF, HMILRAR 69.4 (-0.1) 90.5 (+0.0)
Siam-DTF, AN + B A B AR 69.7 (+0.2) 90.9 (+0.4)
Siam-DTF, AMIAET + LoU 23 69.9 (+0.4) 91.5 (+1.0)
Siam-DTFfinal SMIBEAR + BASFEZIH + ToU 243 70.1 (+0.6) 91.8 (+1.3)

T L T AR S B LA 4 5 WU SR AN T SiamRPN ++ BUFE AR fL

A BUBME X AN 5 s . 036 5 T 24 ®5 BEEBRUNERE
Pt jiiXﬂ*ﬁ*ﬁﬁlﬁ?ﬂﬁf DL 3 B oz ﬁé\ﬁ Table 5 Recommended value range for hyper-parameters
A DU RE B PERERT BB SEBURFLDCTE]
N [3, 8]
4 & m [0.1,0.2]
u [0.6, 0.65]
ARSI T 2R T AR A I 4% 0 B S A T ) [0.1.0.2]
X H AR B ES B BR AW A A JR H T (0.7, 0.8]

— R BB R B BURE AR 5 2 2 R 2% R B 0
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Siam-DTF, A] LAFE 73 1 FH P st it 69 15 5, R4 R 1
F4 BB I bR S UL A 5 S LA, 336 BT 350 F)
XUSERALEI T T A G T 2R 25 W 285 (Y BRER S0k
B [F S B B R R , B e 1 SRR AR TR X S Ah
WAL AL FURE L TR RO BRERTERE . A SCHE T A ob
WA I R B RE LRI AR B S 2 TS DE BC A
RO AR A3 | o B 1t A AL , J5 f 1 FH g
B LA & T XA A . 7 3 D FR
A FARBRER 22T B Ak b A SEIRIE ] 1A SO A R
AR AE 3 AN BRI Siam-DTF BJHUS T 855 14
PRERSSR

RS A SRR I R BRI T A R
AESRTT, EUE I S ot 368 5t — > S WL AR 114 1
TR ] B SUSEARBIL A AT LA E— 2547 58 o 2 M AR
HLE e 2R AR SRR A 7 U S — AP
B, B SPGB S % HARTEA [RLAR ST A i
RIZRIK 30 1 G 24 SN ULB A RO G AR 1 45 2R
P AR TR B R
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