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Shadow Removal of Traffic Surveillance Video by Joint Voting in Spatial-Frequency Domain

SONG Chuan-ming, HONG Xu and WANG Xiang-hai

School of Computer and Information Technology, Liaoning Normal University,Dalian, Liaoning 116029, China

Abstract The static or moving shadows in traffic scenes tend to reduce the accuracy of vehicle target tracking. Thus,it is an im-
portant step to effectively remove the shadows in the processing of traffic surveillance videos. However, there hardly is an effi-
cient shadow removal method yet at present,which resists both static and moving shadows by simultaneously exploring the spa-
tial and frequency characteristics of shadows. Under such a circumstance, this study proposed a shadow removal method for traffic
video by using a joint voting strategy in spatial-frequency domain. The surveillance video is converted from RGB space into HSV
space and then performed non-subsampled shearlet transform (NSST). Assuming that NSST coefficients follows the Gaussian
distribution, the mean and standard deviation of coefficients is used to compute the weighted mask for each scale. Subsequently,
the weighted mask at coarse scale is employed to adjust the mask at fine scale,according to the zerotree characteristics of multi-
scale coefficients. The weighted masks of different scales and color channels are thus linearly combined to form a unified mask.,
which is then binarized by an adaptive threshold calculated by the maximum entropy segmentation based on the least square method.
Finally, the moving vehicle area after shadow removal is determined by a joint voting strategy by using the weighted frequency-
domain mask.the S-channel mask and the V-channel mask respectively. Experimental results show that the proposed algorithm
can effectively remove the static and moving shadows in traffic surveillance video. It reduces the average Euclidean distance by
95% between the ideal trajectory and the output vehicle trajectory of traditional mean shift algorithm, suppressing the interfe-
rence of shadows. Meanwhile, the proposed algorithm enhances the robustness of the intelligent analysis and avoids the phenome-
non of losing the target. Our research indicates that it is conducive to obtaining more accurate shadow removal result to effectively
combine the representation of traffic surveillance video in spatial and frequency domains,and to fully explore the differences of
texture features and color features between moving vehicle areas and shadow areas. The accuracy of vehicle target tracking will be
therefore improved.

Keywords Traffic surveillance video, Shadow removal, Non-subsampled Shearlet transform, Joint voting, Multiscale weighted
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Fig. 3 General flowchart of shadow removal algorithm of traffic surveillance video by joint spatial-frequency domain
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M{nnmy (x, y) ==
1. My (xsy) =1
1. MYy (xyy) =0 FF H M (x.y) =
; (10)
M Ve (x5 y) =1
0, otherwise

)G B AT I ZAE RS M iy (s ) VE R 20032 BT
AN R,
5.4 EEMEALE

TE LR A3 AT 0 S a1 AR SO — s - I A 3R B Y
230 We R A A R R B i HOE AN BRI R,

LR A EA Y0l AR V).

B2 NV REA—ART S WX H 83 A b
AT F , 514 H N RGB 31 6,25 (8] ¥4 46 3] HSV 053 ]

PR3 XA F Y S I8 K VO AT 2 gk
T ORAEDY B i AR e %/\R TR A AR 4

AU 4 THE SHE R Vo IE i B IR R AR Y (E
23
AU S I S Vol AN FE R E R E 5

iR A R BRI o

HUR 6 MR (DTSR AR 09 (IR ML (2).

AP T MR 2O T A A W O [ T R
M, (xs3),

AP S MRAENGCARE 1 TR IA FH T —Am
AR M (xay)

AP MR R
ARG M, (x,y) .

B 10 MR 2 RS S 45 3R 800 W 0 A et A R

FE WA HE S M (s ) B8 TE 540 R E W I AUIE % M5 (s

© 2 T TS —

y)o

HRR11 R G L RE 1 AMRE 2 T 5
PATREA A AT RPN RE TSR — IS M (2,9,

BB 12 WYX 6 SR Vo g — i i ot
TR TR A A% 30 P A B8 T8 1 2 LT MY (2, )

HW 13 MRS /N RYE B SV AS6
T 0 TS MY (e ) BY 1 35 RS B .

LR 14 DIBRE T X E 18 3 40 X (i
My (25 9) 6

AR LS FIHSHITR

0 1 0

':1 1 1]

0 1 0
Xt My (s 30 AT TE 25 2 12 Bk 32 57, 13 8 —(H #E5 My
(xyy),

AR 16 RIEXAD A ZEE My, () 59055

F AT , 42 WU B 3l 40 55 114 408 1 X 38

O(xsy) =My (25 y) XF(xsy) (1)
Hod, 00, y) Fm & B O th7E A 4R (o ) Ab 15 0
F(ax,y) R F e A5 (o, ) b R R AE

BRRLT AV, B A TR W O Ab 33 5E B T A A
5 B bR TE 5 0 it e P 3 B B A G A LGB [ AR 2,

6 XBWERSHMH
BT H R I B — A AR B 46 AN UL An T T R

A B 5 25 B 300 0 M B L R4 2 BB T TR AR Oy 9 Ok B IE A S B
P R D TSI 25 R W L 2) A A 1 %
SRS S Ok I LU 3R B 5 25 BRI L 2R BRI SRR Ak R, T L
B UE B 52 5 BR s
6.1 EFXWLERBEMNENLLESE

I S35 B ZH AR A PR AT S . Highwayl?ﬂﬂiﬁ%*ﬂﬁ
T AT NS AT L . X T X P Am & . B3 &
% 1 M BEE 2 B A A T IR LB S R S R S
BEATME LA X 4

AR SCE LS H TR 2 i 4 R B R G I 25 5 O vk X
V2L R R AT 3 G Ak B SR A P 10 A 1L B B
45 DNM1 kM RNk k) (4E 42 5 MRF J5 &
M4 JE MRF J7 k™), LA, DNML 7 ik K & iz s B
AR g X I UL 10 Ch) FIE 11Cd)) 5 I H., w46 I 2%
S E L DNMI 5 54 /N J7 125 78 42405 X 8L B 52 X 3 f
S DX S R R M 3 T AN O R A2 Bl ST B
B BIHE BE A R BR . T 42 )R MRF MlEE 4 i MRF & 9
BWAAREBTI AN (OLE 11 AE 1)), HE

— R DNML 50/ 5 i 34 75 2240 A T 5
HPE T I
To IR B K

P2 93 1 AR IZ Bl 4 DR T A SCAE vk

(O ER N (DA

B 10 4 FAS Rk B B 52 25 BR 45 R

Fig. 10 Shadow removal results of four different methods
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Fig. 12 Comparison between tracking results before and after

shadow removal for first video
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Fig. 13 Comparison between tracking results before and after

shadow removal for the second video
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Fig. 14 Comparison between tracking results before and after

shadow removal for the third video
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