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Abstract: The correlation filtering algorithm determines the target position by the similarity between the template and
the detection target. Since the related filtering concept is used for target tracking, it has been widely concerned, and
the proposal of the kernelized correlation filter is to push this concept to a new height. The kernelized correlation filter
has become a research hotspot with its high speed, high precision and high robustness. However, the kernelized
correlation filter has serious defects in anti-blocking performance. In this paper, the algorithm for the anti-occlusion
performance of kernelized correlation filter is improved. An improved KCF algorithm based on Sobel edge binary
mode algorithm is proposed. The Sobel edge binary mode algorithm is used to weight the fusion target feature. The
target's peak response intensity sidelobe value is more than the detection target is lost. Finally, the Kalman algorithm
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is used as the target occlusion strategy. The results show that the proposed method not only has better robustness

against occlusion, but also satisfy the real-time requirements and can accurately re-tracks the target.

Keywords: KCF; feature fusion; side lobe ratio; Kalman prediction

Citation: Tang X M, Chen Z G, Fu Y. Anti-occlusion and re-tracking of real-time moving target based on kernelized
correlation filter[J]. Opto-Electronic Engineering, 2020, 47(1): 190279

]l

1 35l

1

(circulant
structure of tracking-by-detection with kernels CSK)
1 Meanshift (3] 4]
DSST(discriminative scale space tracking) )
(minimum output sum of squared error
MOSSE) (el

CSK
Henriques [
(histogram of oriented gradients HOG)
(kernelized correlation filters KCF)

Danelljan ©®'  KCF

(color name CN)

(principal components analysis PCA)
11 2

Danelljan  ['°)

DCF)
(spatially regularized discri-
SRDCF) Gauss-Seidel
Bertinetto 'Y 2016 CVPR
HOG-KCF+Color-KCF

Staple(sum of template and pixel-wise learners)

(discrimitive correlation filters

mitive correlation filters

Valmadre [ End-to-

end Danelljan [ CVPR
ECO(efticient convolution operators)

(4] SIFT(scale-invariant feature transform)

(1] LBP(local
HOG
HOG

binary pattern)
Bertinetto  ['°]
Li DCF

(spatially-temporal regularization correlation filter
STRCF) Li 07
(large displacement
tracking visestimation of similarity LDES)
Xu ™ DCF
LADCF(learning adaptive dis-

criminative correlation filters) 2018 Li ™
CVPR SiamRPN(Siamese region proposal
network) SiamRPN
Li B9 2019 CVPR
SiamRPN++ 21]
Fan
CVPR2019

LaSOT (large-scale single object tracking)

Sobel FHOG(fast histogram of
oriented gradients)
FHOG
Kalman
KCF Kalman
SPKCF
(SPSR) Kalman

190279-2



https://doi.org/10.12086/0ee.2020.190279

2 KCF IREzEAEE Foox FLoF diag0)
x x
KCF capnn
(8] C(x)
K
. K =C(k™) = Fdiag(k™)F" | (6)
(xi) yt) f(xi) =w xi kxx Kxx
w x (6) XX
2 F* =F"
min 3, (f(x) =y, +Allw|f QY @ e
w (1)
w=(X"X+AD)'X"y | 2) w a
X=(x,%,,%,.%,)"  X'=(X)' X' X =9/ +N) (7)
A p(x;)
w=Yap(x,) fl@)=(k")a , (8)
f(2)=w"g(z) ¥ y A @
(KRLS) a
a=(K+AD)'y , (3) f(2) k*
a o y Yi I =
e Koty 3 BREERRE
» o KCF
3.1 Sobel-FHOG
) ) Sobel
0 1
! Sobel FHOG FHOG
P=|0 1 (4) Sobel
00 0 1 0
P, =(x,%,%,, X5 X, ) X
n FHOG
x {P'x|u=0,.,n-1} Sobel  FHOG
(DFT) !
X = Fdiag()F" | ) Sobel-FHOG FHOG

(b)

B1 (a) &B; (b) FHOG;
Fig. 1

190279-3

(c) Sobel-FHOG
(a) Original image; (b) FHOG,; (c) Sobel-FHOG



https://doi.org/10.12086/0ee.2020.190279

3.2 BiERIEENm R 58 E 55 (AL (Adaptive target T
response peak sidelobe ratio, SPSR) T 0.1
(PSR Rpsr ) T 0.25 T
KCF 0.36 SPSR T
Kalman
(23]
PSR T PSR SPSR T
Rosp = (8 —#) /0 5 ) Kalman
Sinax U 10 Kalman
o Znax f(2) Kalman
X Y X
SPSR - PSR u 0 “ X=A-x +w KBZP) (11)
(rxc) o (rxc) ‘ m
P =A-P-A'+Q , (12)
r c
2(a) Jogging 2(b) Rom105 X Py
SPSR w Q
SPSR
SPSR Z=p+V , (13)
P -H'
(@) 1.0 =—Fr (14)
H~Pp -H'+R
0.8
X =X+K(Z-H-X) , (15)
L 06 P,=P-K-H-P, , (16)
N
o
» 04 rMV'/VMw [WMW‘N“WM\WV‘"“"’w""v K Xe
0.2 +\ P. % R
0 o160 200 300 SPSR T Kalman
(11) (15)
() 1.0 B
X=A-x +w+PZP (17)
0.8 e m
0.6 - Xe = X (18)
A AN N A |
I A . Y X X Y
& Yo
i
02} LY P KCF
; ‘ e =lule R =]
0 0 100 200 300 3.4 BRENEELRE
(FHOG) Sobel
K 2 SPSRHE %A, (a)Jogging; (b) Rom105
Fig. 2 SPSR time value. (a) Jogging; (b) Rom105 (SPSR)124 SPSR
SPSR T Kalman
3.3 HBIREEHLE KCF
Kalman Kalman
KCF Kalman
Kalman KCF
x=kx+(1-k)-
1-k)-p, w0 "
y=ky+(1=k)-p,

190279-4



https://doi.org/10.12086/0ee.2020.190279

A 0.0001 n  0.02

4.2 MHREVHETTE

While( )
1) Sobel-FHOG Sobel-FHOG= SPKCF
mSobel+nFHOG OTB 6
2) Coke Girl Jogging
Roml105 Subway  Tiger2
3) Kalman KCF
4) 9) D, =m/ N (distance precision Dp)
(SPSR) Sg =S,/N (success rate  Sg)
5) If SPSR> T Eq;= \/(x, —x,,) +(y,—y,,)" (center location error
5.1) (11)~ (16) Kalman Ecir) V =N/t _(velocity V)
(10) p O,ore =area(R R,)/area(R UR,) R
5.2) 6)~ (8) KCF Ry area
Else S Oscore>0.5 S 1 (x y)
5.1) (12)~ (14) (16)~ (18) t (X0 Yn)
p Kalman t N fioc
5.2) 10 KCF KCF
End 4.3 PUEHILER
End While 4.3.1 SPKCF KCF
3 KCF SPKCF KCF 6
4
4 5’?3@%% ﬁj\jﬁ SPKCF  KCF 4
41 TRIMERSH SPKCF KCF Jogging
SPKCE 6 roml105  Tiger2 SPKCF
0.7 KCF
DSSTS ECO KCF' LDES SRDCE! SAMF(scale 0
adaptive with multiple features tracker)® STRCF 20
Matlab2018b Intel(R) SPRCE  KCF
Core(TM) i5-7400 CPU with NVIDIA GTX 1050 4G 4.3.2
3.0GHz 16G Windows10 64 bit PC 5 (
KCF SPKCF DSST ECO
o 05 KCF LDES SAMF
( }=| Sobel-FHOG —= Kalman, KCF = = SPSR
I
<ispor T -
YN Y
Kalman i = KCF

B 3 HiEEAARRALR

Fig. 3 Algorithm overall flow char

190279-5



https://doi.org/10.12086/0ee.2020.190279

(@ 1.0 (b) 1.0 (¢) 1.0
0.8 0.8 0.8 — SPKCF
—KCF
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
0 fiCoke 0 #Girl 0 #Joggin
0 100 200 300 0 100 200 300 400 500 0 100 200 300
(d) 1.0 (e) 1.0 f 1.0
08 0.9 08 |
0.8
0.6 0.6
0.7
0.4 0.4
0.6
0.2 05 0.2
0 [froomis ‘ 0.4 BT . oo : 0 )
0 100 200 300 0 40 80 120 160 0 100 200 300

B 4 KCF 5 SPKCF AL LB ALF{zE F £ F N (%A SPKCF, # 4% KCF)
Fig. 4 KCF and SPKCF overlap with the real position on the video (the red line is SPKCF and the blue line is KCF)

Coke
——— SPKCF
Girl —— DSST
——ECO
—— KCF
Jogging —LDES
SAMF
—— SRDCF
Rom105 ‘ — STRCF
Subway - o o)
Tiger2
B5 BRSNS
Fig. 5 Part of target occlusion results
SRDCF ( ) STRCF) 318 329 7
Coke KCF SRDCF  STRCF Subway DSST  LDES
200 210 Girl
DSST  KCF Tiger2
SRDCF 450 SPKCF SRDCF
480 500 Jogging STRCF 124 205
8 DSST KCF 290
86 98 108 7
131 150 Rom105
SPKCF 6 8

190279-6



https://doi.org/10.12086/0ee.2020.190279

(a)

(d)

K 6

1.0

0.8
0.6
0.4
0.2

1.0

10

20 30

40 50

0.8
0.6
0.4

02|

0

0

10

20 30

40 50

—DSST
---ECO
.- KCF
---LDES
.- SAMF
---SRDCF
-.- STRCF
— SPKCF

(b) 1.0 - © 10
0.8 0.8
06 0.6
0.4 | 0.4
0.2 ? 0.2
0 0 40 s °

(e) 1.0 f 1.0
0.8 | [ mmmmmaias e 7 08
06 0.6
04 | 0.4
02 ] 0.2
0 0

0 10 20 30 40 50

HRETRMME LeyH54h % B . (a) Coke; (b)Girl; (c) Jogging; (d) Subway; (e) Rom105; (f) Tiger2
Fig. 6 Accuracy diagram of tracker on different videos. (a) Coke; (b) Girl; (c) Jogging; (d) Subway; (e) Rom105; (f) Tiger2
LDES SAMF SRDCF STRCF
0.845 0.829 0.817

SPKCF

KCF 0.655

DSST

7.88 10.60 9.54 9.55
30.02

LDES SAMF SRDCF

SAMF

1 0.8
Coke Girl  Subway SPKCF 0.802 LDES
Girl ~ Subway 100%( SAMF SRDCF STRCF
20 pixels ) DSST LDES  Subway 0.898
25.7% 72.6% Jogging Rom105
Tiger2
DSST  KCF LDES SAMF 3
STRCF ECO SRDCF  SPKCF KCF 30 ECO LDES SAMF SRDCF
DSST  KCF STRDCF 7
LDES SAMF SRDCF STRCF 8.98 SPKCF  6.55 KCF
84.1% 87.3% 88.2%
86.7% ECO  SPKCF 90% ECO LDES SAMF SRDCF STRCF
93.2% SPKCF 95.8%
2 4 SPKCF
DSST ECO KCF 0.8 STRCF LDES
0.501 0.754  0.655 DSST 19.17
A1 AEMINELENLER
Table 1 Results of the videos
DSST ECO KCF LDES SAMF SRDCF STRCF  SPKCF
Coke 0.931 0.911 0.838 0.952 0.935 0.808 0.897 0.921
Girl 0.928 1 0.864 1 1 0.992 1 1
Subway 0.257 1 1 0.726 1 1 1 1
Jogging 0.231 0.974 0.235 0.977 0.974 0.977 0.977 0.99
Rom105 0.805 0.805 0.796 0.808 0.805 0.767 0.797 1
Tiger2 0.323 0.900 0.39 0.584 0.526 0.748 0.533 0.839
Average 0.579 0.932 0.687 0.841 0.873 0.882 0.867 0.958

190279-7



https://doi.org/10.12086/0ee.2020.190279

k2 FRARXAIN L6 F E A
Table 2 Coverage of the algorithm on the test video
DSST ECO KCF LDES SAMF SRDCF STRCF SPKCF
Coke 0.832 0526 0.722 0952 0.818 0.636 0.722 0.773
Girl 0.306 0.774 0.756 0.980  0.904 0.776 0.940 0.960
Jogging 0.225 0.958 0.225 0.971 0.967 0.971 0.971 0.971
Rom105 0.773 0.773 0.767 0.761  0.773 0.761 0.764 0.956
Subway  0.223 1.000 0.994 0.726  0.989 0.994 1.000 0.994
Tiger2 0.319 0.723 0400 0.574 0.532 0.945 0.497 0.861
Average  0.501 0.754 0.655 0.845 0.829 0.817 0.802 0.898
3 F AN LR F iR E
Table 3 The average center error of the algorithm on the test video
DSST ECO KCF LDES SAMF SRDCF STRCF SPKCF
Average 5524 7.88 30.02 10.60 9.54 9.55 8.98 6.55
k4 FHRIFRE
Table 4 Mean velocity (f/s)
Coke Girl Jogging Rom105 Subway Tiger2 Average
DSST 28.9 72.5 374 69.4 95.4 22.7 54.38
ECO 38.8 59.8 41.41 51.42 56.04 39.42 47.82
KCF 219.82 361.91 330.08 432.95 476.72 184.22 334.28
LDES 9.05 31.38 15.99 25.49 24.39 8.74 19.17
SAMF 11.53 48.14 26.71 32.83 35.15 10.8 27.53
SRDCF 5.24 9.32 5.45 8.35 12.49 4.98 7.64
STRCF 14.17 16.1 14.98 16.41 259 14.71 17.05
SPKCF 83.5 143.16 119.47 151.45 175.56 66.14 123.21
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Fig. 7 Average accuracy on six videos
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Anti-occlusion and re-tracking of
real-time moving target based on
Kernelized correlation filter
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(a) Original image; (b) FHOG; (c) Sobel-FHOG

Overview: Target tracking is a topic that has been discussed in depth in current academic community. Its application is
quite broad, spanning monitoring, motion analysis, medical imaging, behavior recognition, monitoring and hu-
man-computer interaction. When the tracking target is occluded, the accuracy of the current algorithm is not high.
Therefore, the research of target tracking algorithm is still an important topic in the field of computer vision. The kerne-
lized correlation filter is one of the most effective methods in the target tracking algorithm. It has become a research
hotspot with its high speed, high precision and high robustness. More and more experts and scholars are committed to
optimizing the existing features, so that the improved algorithm can achieve good experimental results. The kernelized
correlation filter mainly uses the histogram of oriented gradient (HOG) in feature extraction, and determines the target
position by the similarity between the template and the detection target. However, the inherent nature of the gradient
makes the histogram of oriented gradient of the target very sensitive to noise and the target cannot be tracked by using
this algorithm when the target is occluded. In order to overcome these shortcomings of the algorithm, this paper pro-
poses an improved kernelized correlation filter that combines the Sobel edge binary mode algorithm. Firstly, the Sobel
edge binary mode algorithm and the histogram of oriented gradient are used to weight the fusion target feature, and the
HOG edge detection is enhanced for the target feature, which makes the tracking target information more obvious. Se-
condly, in order to make the Kalman prediction algorithm can accurately judge the target after it is occluded, the target
position obtained by the kernelized correlation filter in the unoccluded tracking process is continuously merged with
the target position obtained by the Kalman algorithm. Finally, the target's peak response intensity sidelobe ratio is cal-
culated, and the detection target is judged whether it is lost. Combined with the Kalman algorithm, the position of the
next frame of the target can be predicted according to the state before the target is lost. In this paper, six sets of occlu-
sion test videos are selected on the public database visual tracker benchmark for experiments. In order to verify the ef-
fectiveness of the proposed algorithm, the authors use Matlab2018b programming, and select DSST, ECO, KCF, LDES,
SRDCF, SAMF and STRCEF as a comparison algorithm, which has good performance. The final experimental results
show that the proposed method improves the accuracy of the algorithm when the target is occluded.

Citation: Tang X M, Chen Z G, Fu Y. Anti-occlusion and re-tracking of real-time moving target based on kernelized
correlation filter[J]. Opto-Electronic Engineering, 2020, 47(1): 190279
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