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Design of Asynchronous Correlation Discriminant Single

Object Tracker Based on Siamese Network

XU Long" WEI Ying' SHANG Sheng-Xing! ZHANG Hao-Yun' BIAN Jie! XU Chu-Qiao'

Abstract The existing single target object tracking algorithms based on the siamese network can achieve very high
tracking performance, but these trackers can not update online, and they heavily rely on the semantic information
of the target in tracking. It caused the trackers, which based on the siamese network, fail when facing the disruptor
who has similar semantic information. To address this issue, this paper proposes an asynchronous correlation re-
sponse calculation model and an efficient method of using the target’s semantic information in different frames.
Based on this, a new discriminative siamese network-based tracker is proposed. To address the convergence speed
issue in the traditional first-order optimization algorithm, an approximate second-order optimization method is in-
troduced to update the discriminant model online. To evaluate the effectiveness of the proposed method, comparis-
on experiments on Got-10k, TC128, OTB, and VOT2018 between the proposed tracker and other lastest state-of-
the-art trackers are adopted. The experimental results demonstrate that the proposed method can significantly im-
prove the performance of the baseline.
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Table 1  Ablation studies between the proposed
algorithm and baseline

Rk AO  SRgs SRo.zs  FPS

Baseline 0.445  0.539 0.208 21.95
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Fig.4  The accuracy-success rate comparison experiment results of the proposed algorithm on TC128
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Fig.5 The accuracy-success rate comparison experiment results of the proposed algorithm on OTB2015
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Table 2  Tracking performance comparisons among trackers on OTB2013 in terms of background clusters
and deformation
-~ HET A PUHIZZ) Rk
1-
I E b AR I bk [pRsIES b3 D] bk
ECO-HC 0.700 0.559 0.567 0.719 0.570 0.697 0.517 0.648
ECO 0.776 0.619 0.613 0.772 0.655 0.783 0.630 0.764
ATOM 0.733 0.598 0.623 0.771 0.595 0.709 0.579 0.714
DIMP 0.749 0.607 0.602 0.740 0.618 0.739 0.561 0.685
MDNet 0.777 0.621 0.620 0.780 0.652 0.796 0.658 0.822
SiamFC 0.605 0.494 0.487 0.608 0.509 0.618 0.483 0.583
DaSiamRPN 0.728 0.592 0.609 0.761 0.565 0.702 0.625 0.780
SiamRPN (Baseline) 0.605 0.745 0.591 0.724 0.589 0.724 0.627 0.770
Baseline + AC 0.605 0.745 0.591 0.724 0.589 0.724 0.627 0.770
Baseline + AC + D%/~ 3 0.599 0.741 0.603 0.749 0.645 0.797 0.651 0.808
Baseline + AC + D/ 6 0.592 0.733 0.597 0.742 0.636 0.787 0.650 0.807
Baseline + AC + D 9 0.598 0.736 0.586 0.725 0.587 0.723 0.654 0.809

RPN, W N TiEEZ RS S 5, A ik
Fi DaSiamRPN 7 VOT2018 _F [fsih 45 5 5 A

SEATHORL. 3R 5 AR SCHIE S it BRER AR A 3
T PP A HE RS o . A B A SRR BE T R RE X EE
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Table 3  Tracking performance comparisons among trackers on OTB2013 in terms of illumination change

and low resolution

- TR fRo HER BB S
w BRUES I IERUES M IBUES M DRUES S
ECO-HC 0.556 0.690 0.536 0.619 0.566 0.685 0.586 0.749
ECO 0.616 0.766 0.569 0.677 0.659 0.786 0.636 0.800
ATOM 0.604 0.749 0.554 0.654 0.529 0.665 0.617 0.762
DIMP 0.606 0.749 0.485 0.571 0.564 0.695 0.610 0.750
MDNet 0.619 0.780 0.644 0.804 0.662 0.813 0.623 0.777
SiamFC 0.479 0.593 0.499 0.600 0.485 0.617 0.512 0.635
DaSiamRPN 0.589 0.736 0.490 0.618 0.533 0.688 0.583 0.726
SiamRPN (Baseline) 0.585 0.723 0.519 0.653 0.532 0.684 0.586 0.726
Baseline + AC 0.585 0.723 0.519 0.653 0.532 0.684 0.586 0.726
Baseline + AC + DR7? 0.600 0.749 0.554 0.697 0.610 0.785 0.593 0.740
Bascline + AC + DRZ° 0.592 0.741 0.546 0.688 0.596 0.770 0.586 0.732
Bascline + AC + DRZ° 0.581 0.724 0.549 0.689 0.533 0.687 0.576 0.716

* 4  OTB2013 LM-FHAMER: . MEFAMEE 5N I ERERPERERT L
Table 4 Tracking performance comparisons among trackers on OTB2013 in terms of out-of-plane rotation
and out of view

SFHISMiER: ELI A R

Hik
ECO-HC 0.563 0.718 0.549 0.763 0.587 0.740
ECO 0.628 0.787 0.733 0.827 0.651 0.793
ATOM 0.607 0.751 0.522 0.563 0.654 0.792
DIMP 0.596 0.737 0.549 0.593 0.636 0.767
MDNet 0.628 0.787 0.698 0.769 0.675 0.842
SiamFC 0.500 0.620 0.574 0.642 0.542 0.665
DaSiamRPN 0.599 0.750 0.570 0.633 0.587 0.740
SiamRPN (Bascline) 0.598 0.736 0.658 0.725 0.608 0.751
Baseline + AC 0.598 0.736 0.658 0.725 0.608 0.751
Baseline + AC + D723 0.611 0.760 0.702 0.778 0.656 0.819
Bascline + AC + D3¢ 0.604 0.752 0.659 0.733 0.631 0.791
Baseline + AC + Dp3° 0.597 0.740 0.660 0.735 0.603 0.755

R, BT ATOM ARAEff VOT2018 FARMIERN M EseietY. Ak B E B S OTB MITFAh Hng —
sy AT P SEEG A5 5 DRI 50X L i bR A OC 1 2, BPRPEAL R ERER A O B 1 Migh E I B ARG B
HIREN 0. KATIEEREE DS, S8 5 10 S A 5 S 1) PR 45

% 5 71, Baseline ¥§ VOT2018 W31 &A1 R, BEITEFNEREE HE S 3 (Average overlap,
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Table 5  Experimental results on VOT2018
Baseline A SEI R
HE

KR -Gkt YNLES EAO FPS AO FPS EAO
KCF 0.4441 50.0994 0.1349 60.0053 0.2667 63.9847 0.1336
SRDCF 0.4801 64.1136 0.1189 2.4624 0.2465 2.7379 0.0583
ECO 0.4757 17.6628 0.2804 3.7056 0.4020 4.5321 0.0775

ATOM 0.5853 12.3591 0.4011 5.2061 0 0 0
SiamFC 0.5002 34.0259 0.188 31.889 0.3445 35.2402 0.182
DaSiamRPN 0.5779 17.6608 0.3826 58.854 0.4722 64.4143 0.3826
SiamRPN (Baseline) 0.5746 23.5694 0.2941 14.3760 0.4355 14.4187 0.0559
Baseline + AC 0.5825 27.0794 0.2710 13.7907 0.4431 13.8772 0.0539
Baseline + AC + DR/~ 3 0.5789 14.8312 0.2865 13.6035 0.4537 13.4039 0.0536
Baseline + AC + DR/ 6 0.5722 22.6765 0.2992 13.5359 0.4430 12.4383 0.0531
Baseline + AC + DR/ 9 0.5699 22.9148 0.2927 13.5046 0.4539 12.1159 0.0519
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ERESAE — NI BB T Y ER KA EE R ES
R, R HE TP ES R, XAMEBR, #R
SRR A A T Sk

3 5 AT LAE H, AR SCHIEALE 3 Rkl 7 S
PIUF T A ER L. 7F Baseline f§ /% — S H 48R T,
AT HEAESEAR T T 0.79%. 2m =3, AL
JTIRAE Baseline SRIBCRIERR T HEIEAERIL P 8.7382
%. M m = 6 I, 7& BaselineEAO 845 F, A7k
P SESETH T 0.51%.

TERAEH LS Baseline [ FPS faAx 1X] b A

AT AR B, A SCO7 0 T8 s AR /) 78 SR
IO, BRER 2% A IE R R PR T 0.8714 i /#5.

AR B AO fetaxttbd, HBm =91, &
X5 L R UE SRR T 1.84%. AT EEIR B, A
S EAE BRI AR R AT O — A 55 B R R A
H IR EME B 1 Widhg, b AH b T Bk A
SiamFC, A AR B IP AT BA B K
P

TESERTPEREXS LhH, BT A STV A T
(P[] SIS 14 B8 (1) PR AN B 52 31 1 S5 & i
PEYEREIIRE I, (R EA SCRVE TR 1% TR b T B PR RE
PR IR ERE RS RIS EAO PERELL
FEAEFVEFRAIC 0.2%.

K 7 N 5% L RIAS [E] BR BR 43 7F Baseline T
FRIR o — 68 e 1 AR R B R R 56t B A 0

HE 70 EH, Gm=30, SN E-S&



2 VRIS J T A G H I I 27 2T 2R A I 2% H bR BRI 5% 377

PERE SR (1, AT RUE Y, ASSCREE FORA AC |
UL, AHRLIRS BB HESVE A Tt (HE &
P DN B B T SR T R B, e M SRR AT LB,
KA N AC Tﬁ%%%ﬂ%ﬂiiﬂ (RIS T £E
T 24 AC ITE AL, BRI 7 AN R a] i)
HbrfE S, ANF] AC BB [ () I 7= ] DU i 32 48
PEW ) T7 AGHAT 0. A2 AC P FIS IR 7S 4 1 T[]

Wk,u (BIETIR, %) S, IX(H15 R

HA T HWTEARNM4EE ErE R, R HIX
ik% AL 4k B bR, BREE S v 78 4 A AL
it A5 A5 Bk TH 52w B brw B 38 5k R AN [H
i 2] H s 22 545 BRI 5 R B 2 0 H AR 25 Fh ARk
BN, AN DIERE FE S8 LR BRI

K 8 NAEFREE#SE VOT2018, & % Ar

= > M S — -
i, A DA OB ) SI N Bk T HARE 2 1. AHLIZE) . BB R RS, 5
1.0
O Baseline + AC
Baseline + AC + Dy ~* 0.8+
3¢ Baseline + AC + D¢
§/ Baseline + AC + Dp;° 061 C
O KCF M
+ SRDCF s - @'
<] ATOM 0.4r
¥ SiamFC
SiamRPN 0.2+
[] DaSiamRPN
A\ECO . | | | |
0 0.2 0.4 0.6 0.8 1.0
EHETE (S = 30)
FHNLIZES —
HIFLIEZ) e LA O Baseline + AC
u 2 Baseline + AC + Dy~ *
I D u <> + 3¢ Baseline + AC + Dy 6
§/ Baseline + AC + Dp°
KEEkE P O A~ % O ~ A O KCF
. =+ SRDCF
BB g _ WO * + <] ATOM
£ SiamFC
e 4O _ ATk O SiamRPN
5 [] DaSiamRPN
R A fy, L A e - ECO
0 e &
Bl 7 R R e PR R R SR UG 1L 0 L )
Fig.7 Comparison of accuracy robustness and tracking faliure
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Comparison of accuracy robustness performance under different attributes on VOT2018



378 H 3

(8 = i

49 %

(PR B — A P X L, X e 5t 5 OTB2013 231,
TH%EOTB¢@AIWW}&VOHMBEA
6 Fft.

HE 8 A H W, X m =3, FREESSAEMLIZ
. EIRARAL . IEEh AR MER A R FEAR A 5 N7 T
(PRGBS B e v B T AR ME S TEARNLIZ B
BRT, AXFEIEMBEERR THE 1 41 AT-
OM FEMIE IR, BB ELT ECO, UK
T ATOM. 75 & ¥ PEFKE RS 7 H ¥ 4F T DaSiam-
RPN. 7R FEAR e, 3B isshA8 1k, Stk 4 4
HHEE ST, AEEEEREE LER TH 14
(I RR ST, TR S AR S B A0 AN 452 O BV 1 () A
T, $ET T SRR N R AR e ) e

TEIBHN WM R T, R RS
1 %5 ATOM A5, XS24 RIIE T,
HARTERAETEAS G, A SCHEETT LA S 32 7 BR R
(11 RE PRI 1.

EHMIREE ST, ASCEIRER S-S5
P E R EE IR AR — 5, F#T 5 DaSiam-
RPN AN 1 411 ATOM ZFEAS K. 76 IRAR{L
G5 N, R CHEIEEREE - S e TR
A DaSiamRPN. J&i [RS8 J& 6 IR AR fb 5 30l R i
) H bR R A T RIZL R A AR A, 10 A SC VR AE fif ik

X LS IAR AL T T A — e L.

TE N6 I 34 1R 175 Se i, AN SCRVETERG 2 -5
'ﬁLmEﬁleAmeﬁh ﬁ,ﬂﬁf@%
P EE TR LS DaSiamRPN, X — I % () R
RIAT PAJH 25 2 A AC B 5T N, RIS 1 ik
SE I AR RS (1 HARE 9 MR, 7R 4R 58 4 0l R A
BN HARFEAR, W A58 F 7 He it 22 it Ay A4
BRI, W Re AR IE S WA 1 52 1 H SR AHE I
MAB R, PRE T BREAMERE

m@97uﬁﬁ,%?m%ﬁﬁ%Koﬁu
SRDCF £ 7 54 EE R M E] 200 i f, X5 5 ) 47
HESEMEACT 0.2, XU KCF A1 SRDCF 1)
PRERVERE XS 7 51 K B BE UK. SiamFC 7R 7 51K
FEE L 200 Wb 1 R IR 1 W R FE, SR EAO
R 0.2, KCHEIELE m = 6 I, HEREMEREEA K
Tt

AIAE VOT2018 [19F B g iR 5 AL itk
SR U R o Ath d5 T 1) BR B g AT 6 B, 18 B IR
BT I B S R L i 26 an ] 10 Fiow. W]
DUE Y, ASCEVETE 4 M & PR EE LA R
PRIt Mm =9 B, KXHEELEFA 6 FE LT
PEREE I T AW L. ORI E ST, T

—%— Baseline + AC
Baseline + AC + Dp?

—&— Basecline + AC + Dy ¢
—»— Baseline + AC + Dy
—— KCF
—a&— SRDCF
—8— ATOM

W SiamFC
—&— SiamRPN
—+— DaSiamRPN

—6— ECO ; 2 =
200 400 600 800 1000 1200 1400
FEAIK
< ATOM 1.0
1 DaSiamRPN
# Baseline + AC + Dy ¢ y 0.8+
SiamRPN *Mfg
Baseline + AC + Dg;° w 067
Baseline + AC + Dp~3 my
ECO =04 L
{0 Baseline + AC bl A v -
W SiamFC 0ol *
{ KCF L O
4+ SRDCF 0 : . . |
10 7 4 1
ER74

B o EREFSME VOT2018 FEHERN T B E 8 B R Re Xt L

Fig.9

Trackers’expected overlap performance comparisons on VOT2018
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EOA comparison curve in realtime on VOT2018
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