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Robust Long-term Object Tracking With Adaptive Scale and Rotation Estimation

XIONG Dan' LU Hui-Min* XIAO Jun-Hao! ZHENG Zhi-Qiang®

Abstract A robust long-term object tracking algorithm with adaptive scale and rotation estimation is proposed to deal
with the challenges of scale and rotation changes during long-term object tracking. Firstly, a robust scale and rotation
estimation method is proposed based on the Fourier-Mellin transform and the kernelized correlation filter for scale changes
and rotation of the object. Then a weighted object searching method based on histogram and variance is proposed to
deal with possible tracker’s failures in the long-term tracking (due to long-term semi-occlusion or full occlusion, etc.).
When the tracked object is lost, the object can be re-located in the image using the proposed searching method, so the
tracker can be recovered from failures. Moreover, this paper also trains two other kernelized correlation filters to estimate
the object’s translation and the confidence of tracking results. The customized kernelized correlation filter can make the
estimated confidence more accurate and robust. The confidence is used to activate a weighted object searching module
and determine whether the searching windows contain objects or not. The proposed algorithm is compared with the
state-of-the-art tracking algorithms using the online object tracking benchmark (OTB). Experimental results validate the

effectiveness and superiority of the proposed tracking algorithm.
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Fig.1 The kernelized correlation filtering model learning based on the Fourier-Mellin transform
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Fig.3 The architecture of robust long-term object tracking with adaptive scale and rotation estimation
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Fig.7 Tracking results using RLOT, ROT, SRDCF!! LCTR, TLDM and Struck®® on 11 OTB image sequences

# 2 OTB Ml it fEhy 11 NPsI e & i se ik
Table 2 The visual tracking challenges included in the 11 image sequences selected from the OTB datasets

551 JEMEME CPEISMIER  FURE CRERS MM EshER)  Pdhzdh CFmiEsE  mAPLIE  mEEs PR

David 1 1 1 1 1 1 0 1 0 0 0
CarScale 0 1 1 1 0 0 1 1 0 0 0
Dogl 0 1 1 0 0 0 0 1 0 0 0
FaceOcc2 1 1 0 1 0 0 0 1 0 0 0
Jogging-2 0 1 0 1 1 0 0 0 0 0 0
Lemming 1 1 1 1 0 0 1 0 1 0 0
MotorRolling 1 0 1 0 0 1 1 1 0 1 1
Shaking 1 1 1 1 1 0 0 0 0 1 0
Singer2 1 1 0 0 1 0 0 1 0 1 0
Tigerl 1 1 0 1 1 1 1 1 0 0 0
Soccer 1 1 1 1 0 1 1 1 0 1 0
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TE LA S5 B BRERVE BB AR LU 4, R 1 2 X
EEPLP) H AR R AR et TLD JARFEIRER .
o I 1 2 2] 2 A ke ke, 24 R R 2 2K B BB A5 P VRS
H bR, T HAS I X0 A A e B R 5 4%, EA5AG
W F R EERL B R B T 518, TLD Ao G A Bl e v
AL 5, JCIR I R O T BB I AN EF (W Singer?,
Shaking, Soccer), TLD %/ #E 42 - 54 % J&
Hbr K leE 23 (40 MotorRolling). TLD FkH
A M R BRI A I R W RE T, (2 R ER AR R
K H TG RE IR ER B AR, B RE H R 2, Tk
I —F-A8E PR R TR kY H iz sh &R Bk AT,
T 5 TLD & PEae th 2 2 52, i Jm BAR
REFFUCE Or H bk, (HJ2 el ] B A TE LR Z I EI1R
ot SR B2 S WP 0 (4 Lemming, Tigerl). RLOT
FTROT B3 A1) FH A HL - — Mg AR A 46 FIAZ A % D8
sttt HARI ROZAIE R 2480, 16 B e e ie i il
JRUBE AR AL B R ER AR B4 (4 CarScale, Dogl,
FaceOcc2, MotorRolling, Singer2). {H}& ROT %
AR, 4 B bR ™ =R E R, ROT
PREFR UG ok HATIKIE, T RLOT RRA% F-UCAG
F HAR (W Jogging-2, Lemming, Shaking, Tigerl).
5 LCT 0, Fatdew i al, BAH s 5 X
AR e i, RLOT A6 AR Bt 2 A A AL
(Soccer). jdid P HTA] LAE H, 24 HARFAERE
AN iz s i (R Al Pl gz al), AR
i) RLOT., ROT Sk i e B &, s PR Hr
SR 2P I R T R ER R v AR AR R ) A K
PE.

54 BRSBTS

ANTF] H B R ER SR AP AL BT R AN 3
7%, 145 RLOT, SRDCF, LCT, KCF, DSST, TLD

M Struck. MFE 3 W LAF i, KCF HREET 1)1
A PR AR 5 , HUORA SR RLOT BRERE
¥, SRDCF, LCT, DSST, TLD #1 Struck R T
fob P T R HS VAR A 30 fps. SRDCF i i %45 1%,
{4 4fps. RLOT 7 KCF Al B34 T e R
FERGTE . PRERGRE AR AR TR T B Ay 22
DA H AR R S, S 3ot s, — & fE
PBRAR T AL B TE R, F R P A B R AR A
% 36 fps, 3SR /& H AR R ERAY SE PR K.

3 AIFEERERFIAR T A BT R

Table 3  The average frame rates of different object
tracking algorithms

PR RS URUES
RLOT 36

SRDCF 4
LCT 27.4
KCF 167
DSST 27
TLD 20
Struck 28

6 LEi

AT — b B A RUBE A T2 17 P )
8] H AR R #7535 (RLOT). %538 ] PASY hy =4~
gre 1) B L — A ARAR A A S DB KU
eSS R b 2) ET M UE B HAR-F A2 A
BREREEREAS AT 3) B BT ATy 22 ARy
HR R, ASCR T IR BE S HER A Tt H AR
RUE . TR 240, I BB X IR R4 R A B
R HEAT A ROEA, DA BR R4 R R A IR A, AR
i R R R A B R A B T By ANy
ZENRLI) H AR R A, i & AR IR SAE B A M
KM PRI R IIRE ST, AR SO R RIERS 2 o fil
TIAEBR . R ZE SR A A VIR A B R i
U T HABBRER TR, S IRESRIAAITERE. A 3CHE
OTB #udlde LIV 7 Sclumtye, H-5HniEmm A
PREREASAIEAT T RO, SRIR A R IR UE T A SR
SR A B
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