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abstract

Abstract

Visual object tracking which continuously locate a target of interest in successive
video frames is one of the important tasks of computer vision. As an indispensable
component of computer vision related tasks such as video understanding, vehicle
assistant driving system, UAV target tracking and monitoring field, the research of
object tracking is of great significance.

In the field of object tracking, discriminant correlation filter (DCF) model is an
efficient algorithm that learns to discriminate an image patch from the surrounding
patches by solving a large ridge regression problem extremely efficiently. In recent
years, the deep convolutional neural networks (CNNs) have been successfully used in
the vision computer application, and that has promoted greatly the combination of the
pre-trained CNN features with correlation filter. In this paper, our work is based on
CNN-CF, and the main contributions as follows:

1. The deep correlation filter (DeepCF) model. On the basis of detailed analysis of
the traditional correlation filter principle, we establish the deep correlation filter
(DeepCF) appearance model with the convolutional regression. The DeepCF
effectively alleviates the circularly shifting and boundary effect in the traditional
correlation filters. In addition, different from most CNN-CF based models, CNN and
CF are used as independent components, and DeepCF adopts end-to-end optimization;

2. The adaptive deep discriminative correlation filter (adaDDCF) model. The CNN
trained for general image classification purpose lacks sufficient discriminative capacity
for any given objects in a visual tracking scenarios. Based on the deep correlation filter,
the online feature learning strategy is coupled, which can effectively transfer the pre-
trianed classification CNN features to object tracking domain, and construct the
adaptive deep discriminative correlation filter model (adaDDCF) with end-to-end. In
adaDDCF, a convolutional Fisher Discriminative Analysis (FDA) layer, which is

differentiable and thus can be implemented into any deep convolutional neural network,
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updating convolutional features to scene-specific discriminative features.
3. Extensive the detailed experiments on the challenging benchmarks OTB2013,
OTB2015, and OTB50 demonstrate that the proposed adaDDCF tracker outperforms

many state-of-the-art trackers.

Key Words: Correlation filter, Feature Learning, Deep Learning, Visual Object
Tracking
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IARIRERE, Wil 2-1. Wik f g BAME S IRH SRR N,
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W 73 3 A BT SR A B AT Y SRR AR T
G=F(g)=F(f ®h)=F(f)OF (g) (2-4)
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T (2-5), BREAMESS P BEBA n] LUK

F (2-6)
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H
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mmH*Z‘Fi OH _Gi‘ 2-7)
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BRFEIGE S FFT SHATHUE I 588k, 51 NI AEFESCIL T 25500 (K
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Bl 22 — el REARER AR 4 B MR R
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32— 415 33 A9 AR R R A A SR A IR 4 AR i 8
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w=(X"X+A1)"' X"y (2-10)
PHERE XM RN X IILHERE B, RERE X I —FIFRRREAR X, XLy
[V y, o b5, VR0 1R 20 AR R AR R Ui 25 SRR I R A, (R
ANy X, I PRI PR A I GRERHE R X

X1 X2 X3 Xn
Xn X:L X2 Xn—l

X=CO)=|% X X « %, (2-11)
_X2 XS X4 X1 _

TEINAE MR R A B DOBR IR, RIAT AR F 4k
X = Fdiag(X)F" (2-12)
Horp, F ZRoRbus B AR MR M, AHOBUT X R ECERE . & RoR 9 X I PUE
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W =diag(—
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)Y (2-13)

L4k iy, RAC AT BRI SE 0 ES O(n®) L Sk 4 P 6 i P o
WAL S TRy O(nlogn) »  KKIRTE 1B R M A S R00%
213 FIERERIHERIEHR RS
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R B E S R 7 B BIZ S B AR . [F4E, FCNTPMELIEIR A BE T 1 A
ImageNet £EFNZRAIER LRI SRR, I8 AR A FEDKT 167 Z 2 im
T AARASF 5 T AL . Herh R g gifis 1 2 T E R, XS BRI RE
Hir 515001 BARZ IR IR RRAE A & 7L RE s B 4 iR H AR4M L
CNN-SVMISTRE A HVAS N EHE B S TN SR AR 22 I 28 SR, B0 ) 2% e i
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SINT SRR R w, AR 215 7 BLERR:
t d
(D)= a 8 )= +Xw- ' (2-16)
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A 2
W

MN
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=
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Hrh, o READFEARMBE, 5 " UEFEABCE R I, A5 B d N ASE
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P 2 o] — RSB BURAE (C-COT) F FHICHEIRAHESE, U3 MAL5EY DCF
HESE K, SINT LR BRARNE A8, ) FH B 2 (A A 0] i 4 2 A1k Y 119 2 21 1)
AT KA BBAh, ZINESEILN AR e AL, 10 TR 0 IR RUIRERAT 55 &2

AY
REL,
- -
-
) e .
> “
| E = -
L

opppgsR  PEAIIES WENE  gamey R
FERFAE LRIERS S {SH R

B 2-9 JESMERIEBARIE T 2 0 HF IR R ALY

BT HAR R BEARAL, BN 7 2 IR AIE JE 0T s 4¢3 L 48 RAZAEBOR B3N
¥ 2 0 PR RHAE AT RS F T SRS B e A, I A B S IRER . |
P B 2 SO H R AR AR B, C-COT & T TmageNet Fililll 2/ VGG-Net >k
PRBURHE, Bl 88— FI RIAVEE AR T TR A IR R 5 B GORT AN 6 ARUZ 10 %
BN RR G B EE AR I 218 B (0 E S AR e g g, A4
WIE AR, ARG E A, H=ANEE, KR T AR,
JH 3K A B 25 0 19 B R RFAE B AT B AR AR AR 2 T S8 =3I ma RE . 3 =
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1Y = 3 X b, 1) (2-19)

Forb, A B3 (Y AT ER R AL R R b, SRS S B IR B R R, X [n] R
ONFAIEIETE d H5 n 4ERFALAE,  HAF AN AL A2 R A AOAUE . B R 7 m) BLE X
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d=1
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B, WEREPA m AUGFA (X, v €< UT), RKIEG B B
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B E AR AN S5 I S AR B FE RO AL R, T8 R — /N AR AE SR i e H A/
T EHIBITS, B E bR S E 7 B, SR H bR SR L3
TR AR B o i FH A 2800 75 2 Ll SR B RFE (R R RE 0 HE 46, BR3¢
M EBRX 2 ITHIRE ST o X AMFAEILFENLHIHRASE —> mean-shift MREFRGEH fi
FHHES B S BT LA AE AR D B AR /MR « SR 53 i0BR 1, B s i
TEHFE, AT HOG X = 4ERE R MEAL 2

2011 ¢, Hare PSR H 1 —Fh ik T 25 14 A0 H T A (13 R AL B b R B2
MEZE (Struck)o SEHTHIEE T 70 FIERER 0 R, W EREAE 90 RAESS, FIHAEL Y
SRR BTG AL . (H 2 ESLLX S BEr, 75 Z0R il TH 0 B Anhr B 4 oy — A brid
FIZioRGl, T BIGIEAF A ERE A BE S B AT L RD R . 4k, 2R3 (bR
N2 R I B RS & SRR 2R A R b (B AR AL B Bl Th) AT A
JERE, 1EHTE Struck BRI TR T SVM 805, 52 AT 48200
TP, BEFEAKA T —Fh a2 b )5 RSk AR b i ) — B AR B
Wror2Rds, Xl R RERI AR T T RRIE . ST T — INEL SR B
SVM % oJHERL, fHE iR G &FEGRHERINZ . T Bk ScRf i = = e
PRAIE, FHm e Semtvege, BRI N T — M TEL S W H SVMs [l
UL o

2016 4, Li S5 BSTyd ik 7% B i 8 I 25 6 AR D8 O 8% 2 2 ) ) B0 R AiE 3R oK
(DeepTrack). F L& MIMFHER R TRELWEIR, I HFREHATF3IHE, H
eI AP 7 U R ERAE SR AT LA 2 H AR PRER PR | K 32 2 — . {E DeepTrack 71, 2
T — P R T R, EERER IR T A B EOR Y o) el AR IER R, DA
HERf TG N AP AR, BASFIAEAL, [RI B b B e AR . SRS 2 A
FARHZE M4 (CNND M FE R Sy B AR AR AN R Sl i) i SR A A . Mok, 49
/™ CNN #gedr— AR AR, AR R AE AT v R ROAE RORE H AR XI5 1
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JA B S XK. X AL AE AR CNN FI4646 — D SEIEAT IR )m, £E
BT AR 2R 7 AT B o AW, i e A A PR A v A A TR Al s SR
fiti PSRRI o A B9 20 BV ML R O Sl & 0, I Hopridepse i
A AL SR 45 R B B SRIEAT I k. IX AR T ONN BOFE 2R RERER 4 R 1
CNN B A S5 K45 5% o HOR AL BE 2 N NSRS RIS 7€ I ERER o

R IR AT D9 AR BRI SRS At (0 24 715 7 fi B BT, X e 82 H AR AU
A 2 ok B B, AN KR ILE AR R RS2 2], (HE 3 33k — R
TR RS AL 7 AR AT B A (AT 5 YHE i ) R B P R AT R — BN PR M Y ] L A
LR T TRHE R ER R 7 k141018202467 ey ) A R T80 SCRIAL A 1, B IX
LETTVEAE A EE AR AR NS ISR, T L SRR 7 2 BR ) HE o R
EREOTERE . B, OGRS AT R AP R RERA DX VE B BT IR AR 29 A
B N2 BN n] REARAS JE AL, LR, IREMIA S AR TH LRI IR R 4552
SRR R 22 ) 2 W] UG RO A S IR SRR Hdls O S iR LB S, A
SO WARFAE S 31 A LB TE— P B G R IR AR SIHLHR, O ELES SR BE N g
A RS AR 7w B g ) BR AR T

25 AKE/NGE

ARFEAT AR CIEPE RS« IRFES 2T URPBEAH DG IR AE L SRR 5 I 7E H bR
SR AT B FH AT 1 AT B A A o BT AR T A DGR IR A A iR EERIAH DG 5T
R S0 o B8 T RUR T I AR SRR B 5 S TE H A RER AU 18 FH B A G R R
o HE=TN T BT R BE A ) R SR I #8455 VAL H AR R R S S
WHF. fefa— A T BRERTUARRAE 25 ) LS, DL TR 5 ST A OGRAR
T DA AR SGERER BRI, N IR SR AR S 56T B IE R H 0 R E AR DGR
PR IR TSR 5] 2
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5 3 T REAOGUER AR SN LR

£ 3R REMEXIEHB[INER
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T EARSORIEAR o AT XS TR B R UE B SRR REAT AT 7T, IRIZ Ry
MERIE AT, AT RAARORUESE, BT IR L 5 ) AR UG A 1 S M AR 2 AT

TERMIRIE,

Feature Extraction ""J

M 3-1 JEEREEEAR 7 SGEAT RA

3.1  HARIEZE

FIRARIDE B &5 (DCF) [ a2 R KB BIRE A RN ZRI [B] VA7
TR RIALE . {22 DCF AER P RIHAAAELLU R F/@: (a) DCF O 1 A 2
DRIENE A, FEAHR R B — MR XS A IEA AL R 1. R, IXEBRE i
I ZRE FEAS RN IR, B 74— 28 fmizm, HIgS 73T DCF 1)
PRERATHIEFEIE. (b) YIGRBERT, AT RS T RZHEREE, ZHETIHN
BIPALAL . [F]I, FERIGEERE DCF HESEH, — /NI il LSBT 95% Il 25
FEASR AR, RSB Ed &, (o) £4£5 DCF A % i RZAL
iR, AAERERIERE T, AARRSE R 2R S Sk am i i A 22 ik, RUE
TRFFANAR 22 7 BRI () 1R BE o IX = Fh A7 TR FR 1] 17 DCF BV RE

EEXTRAE R, AT, ASCHEIREEAAOGIER AR (DeepCF). JHiL
PACHABENUBEEE N B (SGD)  F LI TE Hn H A AR Z R MR DR 0] U ] 7L

1) f£ DeepCF 1, #H T IHREEMAMEZE . AR TAL55H DCF # A%
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AR, HEEMIUREIEA, B TFEMEIEMAEL, B — MR EHE T
B AU T it A R 2 SR AR R B S 1) . AS[R] T DCF AR FH iR, JE it
PR A R R VA 7 AT D@ I /N RS A AR A, T T R S8 e AR AR
i AE B A& 1) & AR

2) 1E DeepCF HEZLHAIE N R FE AL, BN E AR CIER: 8% DDST 1A
MSE H AR REEAG T FERESE MM, H bR A B A R T R A
W, BEIG, ASSCHER IR AR B8 D 28 0 € H AR B, (EALE R A b Al
FRFEyE %5 DDST #7E 417 H bR R .

32 HETEHEReEYI

LR PRV B VAR AL AT P T AL IR EE, i CSKPY, KCF, 4y — iy
[l 5455 1) B BRI 46 EE

B 3-1 Wi AR B AR RN S CRED R4 5 SE B Rl A 2% B I 25k
ARKE, SRIG TR BE T BRI A% B R AR REGIAT AL . 5 SK F AR
TUBIEARLL, B REEFEAR  “ESL” W MR A T IR0 K =1 5L
BRRFEAR . AEIX AT, ARSI R R A AR 9 4 1 ] DAY 1 %
321 MHHXIREYT

B, A% SR O R T O [ VSO T P TR BB B CSKI29),
KCFI . 4y 5 — AN 5 V45 5 159 B B0 463 1R, 5 IO B £ 11 2 A
X eR™, DURAIRIMIE b2y e R 3K m YIRS n e RRE
YERE. X BT, AIBIIIEIE ERRA Y, By i MEeR. K5, R
MIE B bR BIHERH f(2) =w'z RS w, 8 ME TR B AR s,

arg min X - w—y|"+ 2w (3-1)

X H,
i

off FRHATHGENT. e~ T R4k B e ok o] LA 1

w=(XTX+A1)* X"y (3-2)

SR, M m Aln 8RR (BT 1000, XEMGEEREE A L), A E=R
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SRAE [V ) ARG M AT 5o 20Ks PRG0S [ R AE LB BR B IR o O 1 LAt
B, £ DCF 1, i\ MRS AP AR ARG A . Rk L
AN TR BT R RO 5 X1, BATZM 75— R R g v el )9
7] L

3.22 RELERIEKEET

AR LM Z(CNN) I BRI R A, A 52 2] — BB R F#(GD)
B . ANF T DCF ARSI R AL B AR, T I8 I 7 2 B ok
SRR FRIAEA o 2838 fo Jm — = L E oyt 106 BUZ R T SLIX LA
[BUAZER . 54 SR SCUE B A 3 AR BAR AN R 152, AEIR R IE B O R %8
REFEREF, ARG, 1133 85 x5 1 9 YE I AL B IR LA 508
BT BEAT PR o

< ,,., Pre-trained
. [‘*IE'J () @) VGG-Net
o ek el
f OP S
' Concat CF1 CF2 CF3
sy
- /" o o ol i
pe— e F Al
Concat \ v
features Correlation
interest filter layers

B 32 PREA USSR AR

ASSCR A Z IR CNIN S8 34 AR S8 s [l A s 28 (R N2, AR SR 5%
/N RST RPE R A ST IR AR . i T4E VGG 28, HJZ M2t
2RSSR TE R, IRE PSSR 2 5 ONIE R P, RAEH Ry
EfE R, BASUE - BIZEIREE VGG-Net AN A AL J g i 4
REAN R AR by, 2% AR FH XU VSR AEL R AN R JZ T pooling # AT 3 EUAN ]
L2 0 HF R AR B RF LSRR B S8 — R

0 BB 3-2 BREEAORIER A P, X R AR (Roi), 220
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VGG-Net T Il 5 152 4 w, 42 L) KR i U@ e RO 38 7R R AR 0 B2 I R~F i
CxWxH, XBw ncREN, mABELR. BTSRRI &
U@ (x;) e R WS RLFIHE AR X I x; € X, A /N RS IR A6 B8 D #5451 1 SR
R DCF W — RFRAFFE A T 2R K X 28 B BURFAE (KR A . U, U@ AR
U@ 35 Rom = BIREM QIR ZE Rt IF Hw=Wwow® w3} Al
b={H",b® b®} 55N CF-CNN FIBIAI S5, HISCHEN I f AT ARIR N

F(k) :U(kfl) *W(k) +b(k)
Hrh, x(x)=max(0,x) N Relu IEL A FIH R EL, *RnBREE. ETARES
ACEA M pool EMAEREZ, I HF—Zi#id padding £ 75 R #8570 #F %

W xH A%, y={y(, )|, j) €{0,1,...W -3x{0,1,..., H =T} Jyi i i H #x,
HAy(i, j)=exp(—=(i-W /2> +(i—H [ 2)?/20?) Ao Fmhmbi b, &4
[ FE A B x; e X0 R E I H A7 8 y(i, j)ey » % I CF LA 2 40K

W :{\N(D,W(Z),W(S)};FD b :{b(l) , b(Z)’b(3)} ,

JW.b) = min, =min[2 UO(%) -y, D)+ | W ||2J
ex (3-4)

=min(|JU® —y| + u[|W )
o, W b G R, 4 A R S BUR HAUEA R E 5

Hw b, AT LUE I Sz A A 3 5 A e SRS SRR TS A B R BRI AR
R, 152w A

5 DCF Hfij 1] CNN+DCF #tt, FTRESREIERILSEE: (@)
SRR B BURIREAR R R I S OREAR, XA B TR i PR REAT A f) & e 1k
(b) B EHRAL 23 R [ SRR A AT AR RN ZRATSE T [, 3 R
PEARBRER A IR . (¢) DeepCF KM R I BUNG BRI AE MAORIE R A, &
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g5 77 sGNNI R (5 L, SRR B INAR S o (d) ARdE R g 20 5
JE A R RER B Z BRI, 1) DeepCF A HIAR B2 [ 7 2SR A A I 4% 4 g )
DA 22 SRR, SN R AR ER AR A

33 ETREMHEXIENIIRE
FEFHA RN AL L R EEHEZL ] LA I S5, K. B = AN B, AL
DA =Bk R, i 34,

b/ SP Y

AR I o7 7 P a2l

B 3-3 A BriiiRe

HIGEWIB BL: X T RAFP ), ASCHE e B T HI46 1) Ground Truth #8]— 3l
SRIXIF . BT ERERT 1 008 S E R A, D (I ZRIX 38 1% L H Ax
XK EE RG22, DUSTTREZ M 55 15 505 5., AN FRAIR 1 78 )5 Sl R R R 2
SRIG, MRS 3.2.2 T HAR B R R A 4% o Fo b, REAER IR S HUR: T ImageNet
Tl 25453 1000 251 VGG-Net F#1iE. [B1V5 B br B0 LU & ek BOR A %, Hor %
A I B FEAT = FE OB LG o B S5 w b, FERIAEAGIETLRT, SR Y
E = BB IR . BES ERERRAE T, B SHR T 2 kA, DIEH
A, EBILBNA E AR A ECE PR ER

RPN B TEIXANIY B, 82 X e 2 38T DA b —ii H As b By o0
—HUX IR ARG, R X PR R AE AL 2 2] = BB AR A, S o —
AN TE PRI AP o B B2 SRR R F e 0 R AR ) AR S AR R DR/ I
bt o S5 A LI P el d sl 240 SRR R A1 45 SR AR e R S o i £ o7 T 0 P
BNERALE IR HARA B o R FRan i 3-3 fim e 3T RN, AR
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3-4 MEEM, DeepSRDCF, SRDCF, KCF #1 DeepCF IR 45 R A Bt

SRR B NI H b AE s s RE AN R A AR A, BRI R A A
W S RTUINZRAR Y, DAIE S 24 A F s SR AR (K 7 A4 o [RIATTAa I kK
B, SRR BN 25 DX 3 22 A i 45 RAE AR YR AL e D 1T L R el
A, KA P B s ot A e VI 2R B Kt T BB . AR B, BRI S AR KL
I FEATUE T B (R AT ST

34 AKEING

AREHE T IREACUEE 25 (DeepCF) HIMESE o TR JEAH ICUE I 5K 44 Ge ) 31
AR DGR 2 ARSI IR BE B R M 2 v, RO G P =R g7 K, R
PR LG R I s 10 75 3R A e 8 AW L o 2 AR IR IR 45 R HH PR 2 /N B A AR 5
HAEBRP U BRIEFIL A, AL SUR TR 5 N 2 15 5745 B AN A RN 4
IR o R PSEAH TR e A% GUAH S B I A% K FE SR T BRER I RE -
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%45 BENMREREXIENSE

TP VRARIR 1A% S8 T A O 8 A B e TR A AR B VR AR O B
SRS, DUNAERESS R BN . AFE U E— =W ARy, E BRI T
BT ARFAE B I NAE LG5 ST B SR, PR T E & R A ) R A % 8 U A
(adaDDCF).

Tracking

Classification
Domain

B 4-1 R 73 FSU AL T BR 3

41 HFIER

E—THARSCHE T DeepCF HEHE, —PrEARMIAR DCIR I 2% R A HESE
DeepCF | BHRE T BRI 2 2 HH 2 A AL RE R R 72, 0o IR ER IR 2k
PRV R R AT U SR 51648 DCF MLL, DeepCF MREFHESE W] LLRAFE K&
“CRSRT REA, SRS g

£ DeepCF HEZE A& SCHUAR DCF A& 48 10 F LAFE, A 12T ImageNet il
UIRIN G RRFE . (R 73 RFIEAAAE AN B S (a) 25T ImageNet KA
SEIGRIG 7 KM 2% O B R, 1M A IR ER 75 B A A B bR AL AT,
LR I3 R 2% (R AE T IR BRI, FURFE R DA s (o) TR BE 43 2K 2%
ARG R R BT SCH AR, ST, HARERER (0 R IE— & 238 S H br, Bk,
PRERMLE I “&” I B AR 5 3 BURER KK
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Feature learning layer
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42 EENIHRIREEA R UER A% (adaDDCF) HEZE

FEAEE FARSCIR W 1 B 3E NP AR AR R JE B 4% (adaDDCF) HESE, 1
DeepCF ZEfittl E# SURFALSE WL, K70 IR RFIEE RS 5 5 238 & BRER I 1) 45
fiE o F T3 T 20 B R I ZR IR I X 28 5 I 200 v H B B A A AR B O R ALE
Wi L, AEREAE H R ER IR A B ERER I PRI K AT REREIX AN 70 R AR “ 7 Bt
(R1, DAL R B RIS RF T A% 22 ) B08 & BRER KR . B T ibshbl, AC
K ANRFIE A 2] SRS AE 2R 3h 25 1 52 21 HAT F 77 IO RFALE DAIE R B3 o

R 27 ) M FH TR 0 ST 55 00N SR DR 73 2 I L e 45 38138 3 R 7 1]
AR R ER BRI AL o k70 FEM R I ZRER AT B, Xt H A BRI i o A 3 SO
KT H BRI E A PR SCH R — R4 i 75 30, il 51 A2 3] — MR R Y
Fisher JI5 /2 K 3] BATHN I HHRFAE, 5 3 H00 758 R A T BRER . AR SC
K AR 2N IR B SR 570 M 28, Fisher $5 =18 M ERE G £ 2 CNN
AL _E [ Fisher JAHE NI AE LG I ZRBERL, (645 A 5 AT 5 [RIZR SR N AR B
/0Ny AN E) S AR IRV SORE R, DA 3 T A 31 2 A6 T s A0 SR IR BE AT [X 701

£ adaDDCF R IR AR SCHE B A F 9 SN AR, I AR G R 5% > SR
TR JE AR SRS I A AL SN ULAE ORALE BRIER T B R HIT B2 T HERA 52 07 H b s AR5 IR IE 27
> A BENS 2 > B F ST HIRHIE, RS S AR RS, e R R A R A4 B

4.2  REMLEFHE Fisher F5|
ARSCPRFAE 2 > SRR AL THAE R E AR S UE IR T I — /2 97 1Y) Fisher 51
2, DATRIZRM Z8RRAEAE 4N o T Fisher 50 #ENI Y Fisher 71 = 54k >
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4-3 FIE L R AR R I 2
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RHIE: 2] Helg (FL) A THIZRRHEZ G, BIU® e RO FRIRKFIE 3% =) FEHE 1)
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I3 UG5 X A B X P2, R RERFE 2% ST SRR JZ u® = {uP I AT U ={uiP}
S RANE SORRRIE . TEAR SCR FH IR B 3 L 1) ) 1R B8 AR DGR 2% (DDCF) #8E7Y
ik T ERAB AL S MU AT SRR IE S 2 R E—F AR AR (3-4)), At
FORFFAE S 2] SIS0 A S SRR HDRE ). N, &5ia B4R
2 H T R S BR S Hw =W O W@ WO ATh ={H%, 0P 0P}, X AT
TR P A DG YE B ASEAY HHR A TI NARRAE 27 20 SR, FLA % BR80T ASE BT R
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—min(U® -yl + 4[IW [ +A(S, - S,)) *+h

XHE ANV ZE, IR E R . Hrp S — DA 00y E—F A5
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i eul j (4-2)
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B R RE TSR AR, BN RRFAERE A u® (A, BT
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7 1 —_ 1
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n ,oqo n oo
4 (4-3)
D _ W
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R, BT Fisher 450 1E 35 L, AT DL E LI T,
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EERIAGTRE (4-1) AMUE R m SR E G R B A bRRE, B> —
AN R A FITBE JT ) CNN RFHERE i AN sttt — 20 s, RSk NG
o

4.3 TAEIIRY CNN 43 SRR =
FEERER T, N T AT 5 b BT R T AB AL ) H bR, A< 340 531 R R 2 D i
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BRI, AEVR PR AR YRR AR O HT M AR Y, FLOZ LU PR A U O
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WO WO AW ®
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0 )
oW ow
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Wi SO BRAEATHE— P RAFW O BIBLIE,
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A2 b FIBE B AT RN N,
oL
MZZ(‘?F))M
Poopa (4-8)
1<1<2
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2) MIIFRE: 5l R FAE R SR RSERER 1 AR
O, HEFRLFHER ©,, EEREPE NS =|0, nd|/|®, ud,|, HH~H
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Precision Success Rate

Tracker

thr=20 Average thr=20 Average
adaDDCF 87.2 80.0 73.5 61.2

correlation filter with deep CNN
DeepSRDCF 85.0 79.4 76.4 63.5
HCF 83.7 76.7 71.8 56.2
CFnet 71.7 71.7 73.2 58.8
correlation filter with hand-crafted features

SRDCFdecon 82.4 77.2 75.8 62.7
SRDCF 78.9 74.0 72.0 59.7
OCT-KCF 75.7 70.2 58.9 52.3
SAMF 74.4 70.0 66.7 53.5
DSST 69.3 65.5 59.6 52.0
KCF 69.2 64.7 54.4 47.6

5 recently representative trackers, and the top 1 tracker from Wu et al.

CNN-SVM
Staple
LCT
MEEM
DLSSVM
Struck

81.4
78.4
78.9
78.1
76.7

63.9

74.7
73.1
70.0
71.3
71.1
59.7

64.6
70.1
69.3
61.3
61.6
51.7

55.4
57.8
59.8
53.0
54.1
46.0
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Precision Success Rate

Tracker

thr=20 Average thr=20 Average
adaDDCF 88.2 80.9 82.0 64.3

correlation filter with deep CNN
HCF 89.1 81.8 72.7 60.5
DeepSRDCF 84.9 79.4 77.8 64.1
CFnet 82.2 76.5 76.0 61.0
correlation filter with hand-crafted features

SRDCFdecon 87.0 80.6 79.8 65.3
SRDCF 83.8 77.6 76.5 62.5
OCT-KCF 83.4 77.0 68.2 57.4
SAMF 78.5 73.9 71.8 58.0
DSST 73.7 68.7 66.1 55.3
KCF 74.0 68.9 60.9 51.4
5 recently representative trackers, and the top 1 tracker from Wu et al.["!]
CNN-SVM 84.1 78.2 72.3 59.2
LCT 83.3 77.2 79.8 62.3
MEEM 83.0 75.9 68.0 56.6
DLSSVM 82.9 77.0 70.8 58.9
Staple 79.2 74.0 73.7 60.0
Struck 65.4 60.8 55.6 47.1

2 5-2 OTB2013 4%t b 52t
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5-6 OTB50 HHHEXT L sLis:

Precision Success Rate

Tracker

thr=20 Average thr=20 Average
adaDDCF 83.9 77.5 69.5 57.7

correlation filter with deep CNN
HCF 80.1 73.3 58.3 51.3
DeepSRDCF 77.3 72.9 67.7 55.9
CFnet 72.3 67.8 65.6 53.8
correlation filter with hand-crafted features

SRDCFdecon 76.3 71.4 69.8 55.9
SRDCF 73.1 68.1 66.6 53.8
OCT-KCF 72.6 66.5 54.0 47.2
SAMF 64.9 62.1 57.1 47.0
DSST 62.4 59.3 53.8 46.2
KCF 61.0 57.3 455 40.2
6 recently representative trackers, and the top 1 tracker from Wu et al.["]
CNN-SVM 76.6 71.4 58.4 51.1
MEEM 71.1 65.2 54.2 47.2
DLSSVM 69.5 64.8 55.9 48.7
LCT 69.0 63.7 61.9 49.3
Staple 68.0 64.6 61.2 51.2
Struck 57.3 52.1 41.9 38.4
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