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Target redetection method for object tracking based on correlation filter
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Abstract: In recent years, due to the advantages of fast speed and strong robustness, correlation filter based
methods have been developed rapidly in the tracking community. However, when the existing models are used to
deal with complex scenes, it is difficult to meet the requirements of practical application. The background aware
correlation filter (BACF) suffers from the maximum response weakening problem when handling the challenging
scenes, such as rotation of the target appearance, scale variation and out of view, thus result in inaccurate tracking
result. In order to tackle these problems, a target redetection method for visual tracking based on correlation filter
was proposed. On the basis of the background aware correlation filter, a correlation response detection mechanism
was introduced to judge the quality of the tracking result generated by the correlation filter. After detecting the
tracking result was not credible, a particle filter resampling strategy was exploited to generate abundant particles
which was beneficial to perceive the state of the target, and the center of the target could be redetected. On this
foundation, an adaptive scale estimation mechanism was adopted to calculate the size information for the target,
by which the final tracking result could be obtained. To validate the effectiveness of the improved algorithm,
the extensive experiments on three public datasets: OTB2013, OTB2015 and VOT2016 were conducted,

meanwhile, several state-of-the-art trackers: correlation filter and deep learning based trackers were also chosen as
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comparison, and the performance of all the compared trackers was shown from the aspects of annotated video

attributes, tracking accuracy, and robustness of the algorithms. Experimental results demonstrate that the proposed

target redetection tracker achieve a favorable performance on these three datasets, meanwhile, it effectively

improves the accuracy and success rate of the BACF when handling the challenging situations of target rotation,

scale variation, and out of view.
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Fig.1 Flowchart of target redetection method for object tracking based on correlation filter
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Fig.2 Comparison results of the proposed method (red) and the baseline (green)
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Fig.3 Overall precision and success plots on OTB2013

*& 1 OTB2013 HIREE KRBT
Tab.1 Attributes comparisons on OTB2013 dataset

Attribute/Name Proposed method ECO DSST SRDCF KCF BACF

LR 75.5/68.9 76.0/66.2 54.8/28.8 63.8/60.4 54.6/30.1 70.8/63.9
OPR 77.1/71.1 75.9/69.6 59.5/46.6 69.5/62.8 60.2/47.3 72.3/66.8
NY% 78.5/72.4 78.0/71.0 61.6/38.8 72.4/65.8 57.7/37.2 73.8/69.2
ocCC 72.2/64.3 77.0/69.3 62.8/43.3 69.2/59.7 59.2/45.1 72.0/64.2
DEF 82.3/70.7 76.5/67.9 62.3/45.9 71.4/62.9 60.5/45.8 76.9/70.5
MB 71.5/68.1 71.0/65.8 52.0/38.2 73.7/66.7 55.4/42.3 69.1/66.2
FM 73.1/68.4 76.1/70.3 49.9/36.1 74.3/68.8 53.9/39.6 73.7/70.3
IPR 73.3/67.7 67.3/59.8 61.6/49.1 62.3/56.6 58.9/46.0 68.5/62.6
ov 71.1/62.0 73.1/61.7 41.6/32.3 57.9/51.9 44.1/37.4 69.2/59.0
BC 74.4/69.1 76.6/71.7 68.9/54.6 73.6/63.6 62.5/50.0 71.5/66.1
v 76.5/70.0 71.6/66.7 70.8/49.0 74.4/66.4 67.0/46.4 73.3/69.6
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Tab.2 Attributes comparisons on OTB201S5 dataset

Attribute/Name Proposed method ECO DSST SRDCF KCF BACF
LR 78.4/70.3 80.1/66.2 56.5/32.1 66.8/62.8 57.7/36.5 71.8/65.9
OPR 82.8/76.0 81.7/74.4 66.3/51.2 75.0/67.6 67.6/53.7 78.0/71.8
Y% 82.6/75.3 80.8/73.4 66.8/43.1 75.1/67.5 64.6/42.9 78.0/71.9
ocCcC 75.9/71.5 79.9/74.8 62.8/49.0 72.2/66.8 63.5/53.2 72.9/69.5
DEF 83.1/73.9 81.2/73.9 59.8/46.7 74.8/67.7 63.0/52.0 78.9/71.3
MB 79.5/78.1 77.9/75.2 59.1/50.1 77.5/73.7 60.5/52.4 74.8/73.7
FM 78.3/73.7 80.3/75.1 59.0/46.7 77.3/72.0 62.9/50.4 79.5/76.1
IPR 79.5/72.6 75.3/66.5 71.2/56.3 72.2/64.4 71.0/57.2 75.3/67.8
oV 73.0/66.9 76.3/67.0 45.7/38.0 59.0/53.5 48.7/42.7 72.4/64.6
BC 81.0/76.8 83.6/78.5 72.0/57.2 78.4/70.3 71.6/60.2 77.6/73.5
v 81.5/77.7 78.7/75.4 73.3/55.3 78.1/73.7 71.3/53.8 80.3/77.9
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Fig.5 Comparisons results of the proposed method against correlation filter based methods on VOT2016
& 3 VOT2016 BiREBHER
Tab.3 Accuracy scores on VOT2016 dataset
Name/Attribute Camera motion Illumination change Motion change Occlusion Size change Mean Weighted mean
Proposed methed 0.5900 0.6627 0.5147 0.4886 0.5215 0.5641 0.5727
BACF 0.4986 0.6924 0.4412 0.4413 0.4586 0.5265 0.4976
SRDCF 0.5909 0.6872 0.4900 0.4206 0.5053 0.5415 0.5377
DSST 0.5544 0.6765 0.4896 0.403 0.5194 0.383 0.5367
KCF 0.5034 0.4540 0.4219 0.4638 0.3625 0.4517 0.4610
ECO 0.5858 0.6597 0.4918 0.4254 0.5151 0.5465 0.5503
MOSSECA 0.4708 0.3911 0.3691 0.3639 0.3392 0.4086 0.4287
& 4 VOT2016 HiREERHERFS
Tab.4 Robustness scores on VOT2016 dataset
Name/Attribute Camera motion Illumination change Motion change Occlusion Size change Mean Weighted mean
Proposed methed 18.00 2.00 22.00 16.00 10.00 13.6667 15.6584
BACF 42.00 9.00 8.00 49.00 18.00 28.00 32.5734
SRDCF 34.00 8.00 31.00 20.00 20.00 21.1667 24.1220
DSST 49.00 6.00 6.00 50.00 18.00 28.00 28.6667
KCF 54.00 8.00 56.00 24.00 28.00 34.00 40.9333
ECO 15.00 0.00 12.00 17.00 7.00 9.1667 10.0788
MOSSECA 55.00 11.00 52.00 20.00 36.00 32.3333 38.1698

232 ST

[ 6 /8T OTB2013 1 OTB2015 i 4 HY & 43
PREESE T, FHB AT AR R B mLAX 43

Box3 J7 5 M2 AR LS 5T 4R B b A BT i
R IREERCR . fEiZAF o i — Bt je, A
SCHR TR T DL BREE E AR, oA vk BRERAE B T
—ERENIRE, EE LR BHr. Jumping 751 %
BILTERHIE 3 L i ST R PR R T R BR R A 2R .
KCF J7i% . DSST ik ez ¥ 5 £ B K 4. Human3,

Human9 J7 811075 278 B A% & AT 28 F R 2R A
SLEMERE . SO T IEEX AT A L SEE T X E
FREUERMERES . Dragonbaby 741 W, HAR7ES DL m
b BA VTN IR | T a e o RO AR AL S
& Pk, SO 7k AT AR A b Al 412 BRI H AR e f 1Y
FRAEAS 4 . Bird1 J3 81 Hfee 5 76 28 B 2 J2 s i o 4 3l
P4, BAs i EF, 5227 50 B bR CE R B, Sch
TRSCI T B (R E A R, PR IS AIE T B R AL
A RLER, Tiger2 JP 9 BAT RS B 42550 s
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Fig.6 Comparisons results of eight sequences on OTB dataset
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Fig.7 Comparison results of the proposed method and the others on VOT2016 dataset
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Tab.5 Effect of particle numbers on speed perfor-

mance
Particle numbers 20 30 40 50
Speed/FPS 31.2 28.3 26.8 19.9
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Fig.8 Failure tracking cases
3 5

BIXF BACF IRz Hin it TRz sl . A S ieh:
TR J R | A 1 SRR N R IR, B — b TR G
T R T D B R B AG BR B i o R R D D
BREE H AR, AH ORI e AR T — o B, (5 R 08
WX B AR BRI, R E bR AL R, 455 3 A N
REAGTHRLEL, oA H A5 Bl ROEAS 2., 15 2 5137 IR ER
S5 RIS R AH DGR . O T IR T Y
H R, 7F OTB2013, OTB2015 & VOT2016 % ¥ 4

b RIAR S P T 1 S ORBE o 2D TR AT R L, SRR
WSO T7 i X e« ROBEAL e | 3z 5l A0 25 PR A
ARG T —8 TARTH R TR M 2%
= ANURFIE R A, S THIRERRG BE, JF 51 A 8] 23 )5
S RARES 7 1) BRE

S 3k

[1] Mei X, Ling H. Robust visual tracking wusing LI
minimization[C]/IEEE, International Conference on Computer
Vision. DBLP, 2009: 1436-1443.

[2] Bao C, Wu Y, Ling H, et al. Real time robust L1 tracker using
accelerated proximal gradient approach[C]//IEEE Conference on
Computer Vision and Pattern Recognition. IEEE Computer
Society, 2012: 1830-1837.

[3] Zhang T, Bibi A, Ghanem B. In defense of sparse tracking:
Circulant sparse tracker[C]//Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2016: 3880-3888.

[4] Zhan J, Wu H, Zhang H, et al. Cascaded probabilistic tracking
with supervised dictionary learning [J]. Signal Processing:
Image Communication, 2015, 39: 212-225.

[5] Zhang T, Jia K, Xu C, et al. Partial occlusion handling for visual
tracking via robust part matching[C]//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition. 2014:
1258-1265.

[6] Bolme D S, Beveridge J R, Draper B A, et al. Visual object
tracking using adaptive correlation filters[C]/2010 1EEE
Computer Society Conference on Computer Vision and Pattern
Recognition. IEEE, 2010: 2544-2550.

[71 Danelljan M, Shahbaz Khan F, 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.

[8] Ma C, Huang J B, Yang X, et al. Hierarchical convolutional
features for visual tracking[C]/Proceedings of the IEEE
International Conference on Computer Vision, 2015: 3074-3082.

[91 LiY, Zhu J. A scale adaptive kernel correlation filter tracker
with feature integration[C]//European Conference on Computer
Vision, 2014: 254-265.

[10] Danelljan M, Héger G, Khan F, et al. Accurate scale estimation

for robust visual tracking[C]//British Machine Vision Con-

20200182-10



s Gk A2

www.irla.cn

% 50 A

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ference, 2014.

Hong Z, Chen Z, Wang C, et al. Multi-store tracker (muster): A
cognitive psychology inspired approach to object tracking[C]//
Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition. 2015: 749-758.

Ma C, Yang X, Zhang C, et al. Long-term correlation
tracking[C]//Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, 2015: 5388-5396.

Danelljan M, Hager G, Shahbaz Khan F, et al. Learning spatially
regularized correlation filters for visual tracking[C]//Proceedings
of the IEEE International Conference on Computer Vision,
2015: 4310-4318.

Danelljan M, Robinson A, Khan F S, et al. Beyond correlation
filters: Learning continuous convolution operators for visual
tracking[C]//European Conference on Computer Vision, 2016:
472-488.

Danelljan M, Bhat G, Khan F S, et al. ECO: Efficient
Convolution Operators for Tracking[C]/CVPR, 2017, 1(2): 3.
Galoogahi H K, Fagg A, Lucey S. Learning background-aware
correlation filters for visual tracking[C]/ICCV, 2017: 1144-
1152.

Xu T, Feng Z H, Wu X J, et al. Learning adaptive discriminative
correlation filters via temporal consistency preserving spatial
feature selection for robust visual object tracking[J]. IEEE
Transactions on Image Processing, 2019, 28(11): 5596-5609.
DOI:10.1109/T1P.2019.2919201.

Dai K, Wang D, Lu H, et al. Visual tracking via adaptive
spatially-regularized correlation filters[C]//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition,
2019: 4670-4679.

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.

Mueller M, Smith N, Ghanem B. Context-aware correlation
filter tracking[C]//Proc of the IEEE Conference on Computer

Vision and Pattern Recognition (CVPR), 2017, 2(3): 6.

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

20200182-11

Wu 'Y, Lim J, Yang M H. Object tracking benchmark[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2015, 37(9): 1834-1848.

Wu Y, Lim J, Yang M H. Online object tracking: A
benchmark[C]//Proceedings of the IEEE Conference on Com-
puter Vision and Pattern Recognition, 2013: 2411-2418.

Wu Y, Lim J, Yang M H. Object tracking benchmark [J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2015, 37(9): 1834-1848.

Xu T, Feng Z H, Wu X J, et al. Learning adaptive discriminative
correlation filters via temporal consistency preserving spatial
feature selection for robust visual object tracking[J]. IEEE
Transactions on Image Processing, 2019, 28(11): 5596-5609.
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.

Ma C, Yang X, Zhang C, et al. Long-term correlation
tracking[C]//Proceedings of the IEEE conference on computer
vision and pattern recognition, 2015: 5388-5396.

Bertinetto L, Valmadre J, Henriques J F, et al. Fully-
convolutional siamese networks for object tracking[C]/
European Conference on Computer Vision, 2016: 850-865.

LiB, Yan J, Wu W, et al. High performance visual tracking with
siamese region proposal network[C]//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2018:
8971-8980.

Li Y, Zhang X. SiamVGG: Visual tracking using deeper siamese
networks[J]. arXiv: Computer Vision and Pattern Recognition,
2019.

Zhang T, Xu C, Yang M H. Multi-task correlation particle filter
for robust object tracking[C]/Proceedings of the IEEE

Conference on Computer Vision and Pattern Recognition, 2017:

4335-4343.
Zhang L, Gonzalez-Garcia A, Weijer J, et al. Learning the model
update for siamese trackers[C]//Proceedings of the IEEE

International Conference on Computer Vision, 2019: 4010-4019.



%28

ISk A2

www.irla.cn % 50 %

F—EHEN: 2 (1991-), £, 2012 FFFRIGKE I TR ZZHMF TR 2 AREAL, 2016 435715
KBTI BB R 2207 . 2016 4E B A IEAE SR K B T K2R 22 HLR
SRR, BRI DT AT NG . BRI . AR AR C R R AR
105, 25 THZARRF RS T FERHES S REERREAXRIH | S RHTOE
T HE 2RI H, 2 5 R EZ AL F] 2 5, Email: sakina_js@163.com

BIREE B JIEHEGR (1978-), 5, 2002 4E ARG KA TR EARL 2 SHE AR 2 L2400,
2007 4F-F1 2014 45 73 5 A5 BE TR 1845 505 B R G L2 0 A f 2207 o 2012 4F:
8 H % 2013 4 8 H, AR B K7 vi 12 . SRR BRI TR 2% . 1WA =W, {5 8
ferfu E£4F . EEMR T EREMN S S E A GRA M AU . R E R 2= AR
AR ERREE AR R LR AR AR SR A TR BRE
PRI 2 — R BB HE AR RSB K . Email: dixiaogiang@cust.edu.cn

20200182-12



