H38 % H1LM b= = SO Vol. 38, No. 11
2018 4 11 H ACTA OPTICA SINICA November, 2018

HETRAAERL & I I H bR B 57k

«%iﬁ(*, 75%5**7 éﬂﬂﬁfl

i ZE TR KA AP TRER, Wb A1 E 050003

TEE xR B AR IR P B AR B AR A R R B0 B AR BRIAE, £ 1 — B 3L TR AR LG KR B
P B S B 4 v b R Y TR R RS A e RlA R D B B RIRRAE L €8, S () 4R A D R S IR
PEURRAIE S 38 58 R0 0 78 52 20 0 0 T (9 A 0 300 4 va B SR BEE (00 R A M L O Xl 5 R AT 3 A7 B8R 8 ke 42 v L s R B
O s SRR 38 2o B A0 14— 2 RBE A G UK I 28 R AR AT B AR B A A RUBE Al 1, I3l 5 1 38 = Ay 40 i ol TE B BT 5
BBt n . B O B ARSI B (E 7R B AR R S A B S B AR R R, 8 i EdgeBoxes 7 ik #2 MU H AR 4%
8 DX 3, R FH 25 A8 Ak S R R AL A B A 0 bR 0 B Ok S0 B BR R A H RS bR o IR BOEE S OTB2015 AN
UAV123 BT8G5 R A A SO Ut B A vk P R O 3 1 B A BR B P 350K B2 4R T 5.0 %0 B ok R B85 °F- 35
Uy Tt 2.6 Y0 . HARIR BT Y HUE Ol 28.2 frame/s, T 1 /2 BRI 00 SC IS PR BE3R . 7E B b5 32 B4 L 00 BT 45 155 0
TR BAT R X B BRI AT RS HE A 0 IR

IR HLASLGE s FARERER s AHOCURIE: BARATI ; FEAEBLG s AIE N RN

hESES TP391.4 XERFRIAED A doi: 10.3788/A0S201838.1115002

Long-Term Object Tracking Based On Feature Fusion

Ge Baoyi”, Zuo Xianzhang”™*, Hu Yongjiang
Department of UAV Engineering, Army Engineering University, Shijiazhuang, Hebei 050003, China

Abstract Aiming at the problems of object tracking failure caused by occlusion and out of view in long-term
tracking, we propose a long-term object tracking algorithm based on feature fusion to improve the speed and
robustness of object tracking. First, the features of histogram of oriented gradient, color space and local sensitive
histogram are fused to enhance the robustness of the algorithm in complex cases, and the fusion feature dimension
reduction is carried out to improve the object tracking speed. Then, an additional one-dimensional scale correlation
filter is used to obtain the optimal scale estimation of the object, and the computational complexity is reduced by
quadrature rectangle-factorization. Finally, the object detection threshold is adaptively determined. When the object
occlusion or out-of-view causes the failure of object tracking, the object region proposals can be extracted by
EdgeBoxes, and object position is re-directed by using structured support vector machine to complete the long-term
tracking of object. Experiments are conducted on standard tracking datasets OTB2015 and UAV123. Experimental
results show that the average accuracy of the proposed algorithm is 5.0% higher than that of other optimal
algorithms, the average success rate is increased by 2.6%, and the average object tracking speed is 28.2 frame/s,
which meets the real-time requirements for tracking. In the case of object occlusion and out of view, the proposed
algorithm can track the object continuously and accurately.

Key words machine vision; object tracking; correlation filter; target detection; feature fusion; adaptive; scale
estimation
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Fig. 1 Framework of proposed tracking algorithm
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Table 2 Characteristics of image sequences in experiment

Sequence Characteristic Frame

number
Panda SV,0CC,DEF,IPR,OPR,OV,LR 1000
Lemming 1V,SV,0CC,FM,OPR, OV 1336
Blur Owl SV.MB,FM,IPR 631
Human5 SV.,0OCC,DEF 713
Jogging-2 OCC,DEF, OPR 307
Soccer 1V,SV,0CC,MB, FM,IPR, OPR,BC 392
Wake boardl SV,IPR,DEF,FM 141
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Table 3 Success rate of object tracking

Algorithm  Success rate  Tracking speed /(frame+s ')
Proposed 0.537 29.8
BACF 0.506 22.3
SRDCF 0.511 5.6
LCT 0.329 23.9
MUSTER 0.436 0.9
DSST 0.311 44.7
KCF 0.294 307.6
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Fig. 9 Tracking results in practical applications. (a) Bicycle; (b) child; (c¢) girl

6 45 S

X S R 5 98 B b BR R R 2E AT BT
& 5 TR AR RS B0 1 I A R AR ARk, Ol i 52
B B EAS STk B 1 AR BR R ARG RS 4
AT A DR AR R R R Y o | LT A
BRERR IR, BB AN ¢ 1) A SCH H R Ak il
B7 I T 4 TR AR B S S R A R 4R 0 H
PR OB B A AR I 5 S B 7 1 B T E AR R A AR
PR FURT BE L [R]I $ m 7 H bm B ER B . 2) i
TN Y — Al RUBE AR G Ul A% %) F AR RO AR A 47 Al
i IR QR i 5 A R AR X H AR EE AT I
ROBEAG T4 R 42 v b R ER A3 . 3)al i A
T AR ARG N0 (5 SR % b G 4 | A R PR R gk
T4 RCHN B AT ARSI 3005 o 45 A i 2 X B4 Hi

M PO 22 H AR B A SR P H R R E bR
HH LT 4 o B bR A BRIRD L, 4 ) FH AR AE e 20 5
M fi 3 X 3ol B HBC SR s R A A6 B O s A kAR R T
H AR R B B9 3 32, 78 OTB2015 Fl UAV123 4 4
T A B A R A AR S R

HT T A DG U I TR 1 A R R R L B
WX H bR AR R A2 | T A 4 TR 3R R B NG 00 28R
ANGF K ok T AT E bR T B2 R AE A D B AR TR S 5 i
% ) i,

5 £ X W
[1] Henriques J F, Caseiro R, Martins P, et al. High-
speed tracking with kernelized correlation filters[J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2015, 37(3): 583-596.
[2] LiY, Zhu]J. A scale adaptive kernel correlation filter

1115002-12



e ES

2
¥

i

(3]

(4]

(5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

integration[C] // European
Conference on Computer Vision, 2014: 254-265.
Danelljan M, Hager G, Khan F S, et al. Discriminative

tracker with  feature

scale space tracking[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2017, 39 (8):
1561-1575.

Ma C, Xu Y, Ni BB, et al. When correlation filters
meet
tracking[J]. IEEE Signal Processing Letters, 2016,
23(10): 1454-1458.

Danelljan M, Hager G, Khan F S, ez al/. Convolutional

convolutional neural networks for visual

features for correlation filter based visual tracking[C] //
Proceedings of the IEEE International Conference on
Computer Vision Workshops, 2015: 621-629.

He Z, Fan Y, Zhuang J, et al. Correlation filters
with weighted convolution responses[C] // Proceedings of
the IEEE Conference on Computer Vision Workshops,
2017: 1992-2000.

Cai Y Z, Yang D D, Mao N, et al. Visual tracking
algorithm based on adaptive convolutional features[]].
Acta Optica Sinica, 2017, 37(3): 0315002.

RN, MER, BT, . ETAENEBAEY
EARIRERE [T, Jaséail, 2017, 37(3): 0315002.
Zhu G, Porikli F,
Tracking objects everywhere with instance-specific
proposals[C] // Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2016:
943-951.

Ma C, Huang ] B, Yang X K,

correlation filters

Li H. Beyond local search:

et al. Adaptive

with long-term and short-term
memory for object tracking[J]. International Journal
of Computer Vision, 2018, 126(8): 771-796.

Bolme D S, Beveridge ] R, Draper B A, et al. Visual
object tracking using adaptive correlation filters[C] //
Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, 2010: 2544-2550.

H K, Fagg A,
background-aware
tracking[C] // Proceedings of the IEEE Conference on
Computer Vision, 2017: 1144-1152.

Boyd S, Parikh N, Chu E, Distributed

optimization and statistical learning via the alternating

Galoogahi Lucey S. Learning

correlation filters for visual

et al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

1115002-13

direction method of multipliers []J]. Foundations &
Trends in Machine Learning, 2011, 3(1): 1-122.
Vondrick C, Khosla A, Pirsiavash H, et al.
Visualizing object detection features[J]. International
Journal of Computer Vision, 2016, 119(2): 145-158.
He S F, Lau R W H, Yang Q X, er al. Robust
object tracking via locality sensitive histograms [J].
IEEE Transactions on Circuits and Systems for Video
Technology, 2017, 27(5): 1006-1017.

Danelljan M, Khan F S, Felsberg M, et al. Adaptive
color attributes for real-time visual tracking[C] //
Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, 2014: 1090-1097.
Ning J, Yang J, Jiang S, et al. Object tracking via
dual structured SVM and explicit
map[C] // Proceedings of the IEEE Conference on
2016

linear feature
Computer Vision and Pattern Recognition,
4266-4274.

Hua Y, Alahari K, Schmid C. Online object tracking
with proposal selection[C] // Proceedings of the IEEE
International Conference on Computer Vision, 2015:
3092-3100.

Liu W, Zhao W J, Li C. Long-term visual tracking
based on spatio-temporal context[J]. Acta Optica
Sinica, 2016, 36(1): 0115001.

XU, BSOS, . B B S0 K B AR R
ER1J]. b, 2016, 36(1): 0115001.

Danelljan M, Hager G, Khan F S, et al. Learning
spatially regularized
tracking[C] // Proceedings of the IEEE International
Conference on Computer Vision, 2015: 4310-4318.
Hong Z B, Chen Z, Wang C H, et al. Multi-store

tracker (muster): a cognitive psychology inspired

correlation filters for visual

approach to object tracking [C] // Proceedings of the
IEEE Conference on Computer Vision and Pattern
Recognition, 2015: 749-758.

Wu Y, Yang M H. Object
benchmark[J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2015, 37(9): 1834-1848.
Mueller M, Smith N, Ghanem B. A benchmark and
simulator for UAV tracking [C] // European Conference
on Computer Vision, 2016: 445-461.

Lim ], tracking



