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Vehicle shadow removal with multi-feature fusion

Qiu Yichuan, Zhang Yaying, Liu Chunmei
The Key Laboratory of Embedded System and Service Computing , Ministry of Education, Tongji University, Shanghai 200092, China

Abstract: Objective A novel algorithm that combines color feature and edge information is proposed to detect and remove
vehicle shadows in complex traffic scenes. Method First, a background model is built with the classical Gaussian mixture
background modeling method, and the moving vehicle foreground is obtained through frame difference. Second, a serial fu-
sion strategy that combines color feature and edge information is applied to detect and eliminate vehicle shadows. Based on
vehicle shadow detection by edge information method of the moving target foreground, the RGB color feature detection meth-
od is implemented to detect the shadow area further and to obtain a precise result. Edge difference and morphological pro-
cessing methods are used during the operations to detect and eliminate shadows effectively. Shadow assessment is periodi-
cally evaluated on the foreground area to improve the efficiency of the algorithm by determining the necessity of applying the
proposed algorithm. Result By comparision with SP, SNP | DNMI1 and DNM2 algorithm, the proposed method realizes
about 10% advance on shadow detection rate and shadow recogmition rate. The high accuracy and robustness of the pro-
posed shadow removal method are confirmed by the test results, and the effectiveness of the method is validated. Conclu-
sion The proposed method that combines color feature and edge information outperforms those based on a single feature be-

cause of their unicity. In addition, the false detection rate caused by complex edges in shadow regions and color similarity
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between vehicles and shadows is effectively decreased.

Key words: color feature; edge feature; multifeature fusion; shadow assessment; shadow detection; shadow removal
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SO PERE 25 5, PR XTI BB E A, LU T

BAANRRIE 7 A SO R B PR RE 22 57 0 FVE SRl
Fi Microsoft Visual Studio £ PC #1.( Windows 7 SP1,
Intel E7400 CPU,4 G DDR2) |-528),

PR 1 PR R ) IS R 8 s .

MK 8 Highwayl EUGIMR Rt # AT A, BT
SRR A AV Z B 5 8 PR R o X5 65, 5
B2 B0 L4230 R B 23 B AE ZERIG R , 3L
IINER 3 I AR ARG A B A IS R AR AN 5
B, (BJENEEAR BF BT AT BRI ROCR R 47

M8 Highway2 [EG 00 1k 72 ) 01, Tt ER
T T 2 H N R B0 5 B2 B AR B, 7
3 B 0 A T8 2 SR, 5 3B 5 A DN X 1
PN s & s S =R R NS N 5
AT/ N R R 58 2 TH R, 2230 5 O B L3R
ek, RGBT R AT S TR AR, S
SN g5\ e ol A AR E1 9

M 8 Highway3 G000 72 ) 01, Tt ER
AR A, B TR LT, 3 304 B B 0
BRI M bR . 223 B 6 552 W1 i, B2
R Fe A e, 2 S OR B L LA e o . MR B
P/ INAER T B R R AR SOOI AR HE kAT
K

&8 Qidongl G 72 AT, il 5 5300
BT I BRAOR R4 . B i T AR 4R BGE FE R 2L
RATRARIAR , BT ST B

M8 Qidong2 PG Ay Ik 7 AT 1, it IR
ANSEEAEBE SR FME R, B AR K W] i, X~ 2
TRIERL G BT A S RINAROR . BB IR G
A S n] WL IHBRROCR R4, RER - B
SR, R T A /N Ay IR TR 424
RIS OR B LS8 8, AT 2004 M /N o0 ok 2
TRE .

x1 WikfERKEBRFS

Table 1 The sequences of images for test

Highway1 Highway2 Highway3 Qidong] Qidong2 Qidong3
KL 59 K /% 22 440 500 500 987 605 852
BICINE V2 3 320 x 240 320 x 240 320 x 240 352 x 198 352 x 288 352 x 288
5PN L/ PN BN rhg g (iFN g
5% 58 BE i LS B A R 5
TR (22 /s) 30 ~35 8 ~15 20 ~35 10 ~20 5~15 15 ~30
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Highway1

Highway?2

Highway3

Qidongl

Qidong2

Qidong3

(a) Jr g &

(b) B R ATIE 3l H b

(c) A A 1 15 (d) B ER rig 3l H s

K8 G

Fig. 8 Test process for images

MIE 8 Qidong3 P& {5 ) i 2 W AT, | T i
B Ze LA e R s B K, 3 Sl e i
PP AR AN T 5, B DU B A9 AR 2
A EH 4, MBA R4 BB IEERE R
F 5 AU BH 52 98 BR ROCRAR B, 4 B A 357 R B AR
T

TEARE A 2 @i 2 Highwayl I
Highway2 [& {5 J3* 51 1) B4 X L, ol WL AH 58 F SP
SNP, DNMI, DNM2 3% 4 B 5k, A ORI T

Highwayl I Highway2 [&11% 5 1) 1 B 5% 46 0 i 0 o
U, SRS i I HTE TR e i
ZRRRAE , AN A . P A R AE 5 IR 0 G R AE
s, R BT 2R 2 T8 R 0 A2 2, T A P 0 2%
FSAE SRERS T I A AE TR AN 1 14 A 3 2 5
BS54 R E 02 M B
AR F AR DAL, M S S AEAE A ] BRI, AT 5
HORCRAE AR, 5 Qin 25 AP, Wang % A7,
Ling 25 A1 Choi 28 A ™) {82 BE A1 1L, AR SCRL A
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FRRAERER Yy 5 R BT, {BAE Highwayl (Y
FHAM Wang % N SEIE 38 B 570 A

At A EG T 5)  E s X, AR SCERLTE A B
M) WS T R R AR BB 1 FH R A 2%, B

ST ARSI PRAR BE R RE o AT R I A 1AL, 2
— PR T ZRAERL S 1 F BB Rk ARG
RAEBA ST BR T 12 9 BE All_E R 3 PR AIE , R AN RS
TIRIE S BT ARL R 240 R AR SR B , 4545 7
PARFAE R DIE A5, BT X B A R D MR B o S 56
LNV RPN ﬁ%ﬁxﬁl&fiﬁfﬁcl_ﬁﬂ%f*ﬁ?ﬂﬁ
TR 15 T A S i SE o , R A A
THBRBCR R4F, # @?ﬁﬂﬁiﬁ?$/\%ﬁﬁ‘{£%%ﬁﬁ
P, HoA RAF A MERR P A PR

22 3T ik ( References)

[ 1] Al-Najdawi N, Bez H E, Singhai J, et al. A survey of cast shad-

ow detection algorithms[ J]. Pattern Recognition Letters, 2012,

FFISE 0T T 38 ST 0, A SCHR S R AR 4 L Ab 3 PUN RT3 2 e A R0 ) B 52 U3 236, {H 2 A
X Ling 258 A0 0 0k 4 0 1 B B 40 B o AR SO uﬁi VERESK S , Bl ST IR 45 6 1 10 G R (I A5y
AR PRI AL T4 3 B RTENI A IE AR OE A TESCORAE A A b, DVGE /N B2
ERARS ASEIIRPIE AR RL  WRCPE/NT 10% ) WTTRIRBIA 505 K 1
il 4 °F- FERETHCPHIRT 30% ) .

®2 IWHER
Table 2 The experimental results /%
Highwayl Highway2 Highway3 Qidongl Qidong2 Qidong3
Ak
n 3 n 3 U] 3 n 3 Ui 3 n 3

spi2! 59.59 84.70  46.93 91.49 * * * s s # # *

SNp™! 81.59 63.76  51.20 78.92 * * * # # * # *

DNM1 ™" 69.72 76.93  54.07 78.93 * * * # # * # *

DNM2 2! 75.49 62.38  60.24 72.50 # * * # * * * *

Qin'*’ 72.51 84.90  75.38 74.12 * * * # # # # *

Wang 93.21 92.23  75.62 80.55 * * * # * * * *

Ling!'®’ 78.11  99.92 * * 77.48  99.36 * * s * # #

Choi?’ 77.98 82.95 # * 79.87 85.98 * # s # # *

B, 98.91 58.05 97.69 42.60 95.92 72.08 98.77 66.90 97.62 59.52  99.06 57.55

% 53.52 95.14  45.60 98.73  60.51 98.35 64.26 97.04  53.57 98.20 74.07  96.73

AL 85.77 88.64 79.06 94.69 90.04 94.07 93.76 89.08  93.87 92.13  94.60  90.92

33(6) : 752-764.
4 2%. 'io/l': [2] Salvador E, Cavallaro A, Ebrahimi T. Cast shadow segmentation
using invariant color features[ J]. Computer vision and image un-
derstanding, 2004, 95(2) ; 238-259.
TR R I A RS 1o A i A7 1 ] et al. Shadow removal of vehicles

Song X H, Ding Y, Gen J F,
in a video system based on RGB chroma model [ C]// Proceed-
ings of the International Conference on Computer Science and
Software Engineering. Wuhan, China: IEEE, 2008 977-980.
Cucchiara R, Grana C, Piccardi M, et al. Detecting objects,
shadows and ghosts in video streams by exploiting color and mo-
tion information[ C]// Proceedings of the 11th International Con-
ference on Image Analysis and Processing. Palermo, Iialy:
IEEE, 2001 360-365.

Tsai V J D. A comparative study on shadow compensation of color
IEEE Transactions on

1661-1671.

aerial images in invariant color models[ J].
Geoscience and Remote Sensing, 2006, 44(6) :
[6] Jiang K, Li A H, Su Y Z. An adaptive shadow detection algo-
rithm using edge texture and sampling deduction[ J]. Journal of

Xi’an Jiaotong University, 2013, 47 (2) . 3946. [ Zif], 2=

TIEA . 25 DS SRR HEWT ) A I 1 A S A 5
‘/ﬂ 1. PHRASH R4, 2013, 47(2) : 3946. ]

© i [H K G BT AR AU AT



$20%& /538 /20153 8

E—)Il, 3KIFZE, XEE / SRS NZERPERIER

(7]

[10]

[11]

[12]

Vargas M, Toral S L., Milla ] M, et al. A shadow removal algo-
rithm for vehicle detection based on reflectance ratio and edge
density[ C]// Proceedings of the 13th International Conference
on Intelligent Transportation Systems. Madeira, Portugal: IEEE
2010 1123-1128.

Wang J M, Chung Y C, Chang C L, et al. Shadow detection and
removal for traffic images[ C]// Proceedings of the International
Conference on Networking, Sensing and Control. Taipei, Tai-
wan: IEEE, 2004, 1. 649-654.

Yan Z, Zhang H, Meng H, et al. Cast vehicle shadow segmenta-
tion based on contour analysis[ C]// Proceedings of the Intelli-
gent Transportation Systems Conference. Seattle, WA, USA:
IEEE, 2007 ; 866-871.

Joshi A J, Papanikolopoulos N P. Learning to detect moving
shadows in dynamic environments [ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2008, 30 (11):
2055-2063.

Amato A, Mozerov M G, Bagdanov A D, et al. Accurate moving
cast shadow suppression based on local color constancy detection
[J]. IEEE Transactions on Image Processing, 2011, 20(10) :
2954-2966.

Tu L F, Zhong S D, Peng Q. A method to detect moving objects
and to eliminate shadow in natural scene[J]. Journal of Xi’an
Jiaotong University, 2013, 47(12) . 26-31. [ J@4L3%, 4,
el ARG N B AR 5 BBk L)), 1%
AT K 2E R, 2013, 47(12) : 26-31. ]

Wang B, FengJ Y, Guo HF, et al. Adaptive background upda-
ting and shadow detection in traffic scenes[ J|. Journal of Image
and Graphics, 2012, 17(11) ;: 1391-1399. [ F M5, i, 5
R, S5 YR TP RIS SR S B R Bk ()]
EE % E I 2, 2012, 17 (11) . 1391-1399. ] DOIL: 10.
11834/jig. 20121108

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ji X, Wei Z, Feng Y. Effective vehicle detection technique for
traffic surveillance systems[ J]. Journal of Visual Communication
and Image Representation, 2006, 17(3) : 647-658.

Yang M T, Lo K H, Chiang C C, et al. Moving cast shadow de-
tection by exploiting multiple cues[J]. IET Image Processing,
2008, 2(2): 95-104.

Ling Z, Lu X, Wang Y, et al. Adaptive moving cast shadow de-
tection by integrating multiple cues[ J]. Chinese Journal of Elec-
tronics, 2013, 22(4) . 757-762.

Hsieh ] W, Hu W F, Chang C J, et al. Shadow elimination for
effective moving object detection by Gaussian shadow modeling
[J]. Image and Vision Computing, 2003, 21(6) : 505-516.
Wixson L. Ilumination assessment for vision-based traffic monito-
ring[ C]// Proceedings of the 13th International Conference on
Pattern Recognition. Vienna, Austria: IEEE, 1996, 3. 56-62.
Xiao M, Han C Z, Zhang L. Moving shadow detection and re-
moval for traffic sequences[ J]. International Journal of Automa-
tion and Computing, 2007, 4(1) ; 3846.

Prati A, Mikic I, Trivedi M M, et al. Detecting moving shad-
ows; algorithms and evaluation[ J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2003, 25 (7). 918-
923.

Nadimi S, Bhanu B. Physical models for moving shadow and ob-
ject detection in video[ J]. IEEE Transactions on Pattern Analy-
sis and Machine Intelligence, 2004, 26(8) ; 1079-1087.

Qin R, Liao S, Lei Z, et al. Moving cast shadow removal based
on local descriptors[ C]// Proceedings of the 20th International
Conference on Pattern Recognition. Istanbul, Turkey: IEEE,
2010 1377-1380.

Choi ] M, Yoo Y J, Choi J Y. Adaptive shadow estimator for re-
moving shadow of moving object[ J]. Computer Vision and Image

Understanding, 2010, 114(9) . 1017-1029.

© i [H K G BT AR AU AT

0319



	fm.pdf
	目录.pdf
	20150302.pdf



