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Double-Trapezium Cylinder Codebook Model for Foreground Detection with
Shadow and Highlight Suppression

HUANG Jin, JIN Weidong, QIN Na, ZHOU Yan, LIU Jingbo

(School of Electric Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: A foreground detection model for double-trapezium cylinder codebooks (DTCC) is
proposed to solve the problem that there exists shadow and highlight in foreground detection in
intelligent visual surveillance. First an erected trapezium cylinder structure for shadow detection
is constructed in the lower part of the model based on the characteristics that the shadow is less
bright than the background and the chromaticity of shadow is different from that of the
background. Then an inverted trapezium cylinder structure for highlight detection is constructed
in the upper part of the model based on the characteristics that the highlight is brighter than the
background and the chromaticity of highlight is different from the background. The DTCC model
is formulated by finally constructing a main background area in the middle part of the model using
a cylinder structure. Experimental results show that the average frame rate of the DTCC model is
about 15. 61 frames per second and the real-time performance is higher than that of iGMM,CBM
and HC3 algorithms with 76.05%, 24.60% and 41.09% , respectively. The average shadow
suppression rate and average highlight suppression rate of the DTCC model are about 70. 61% and
83.41% , respectively, and both the performance are better than those of the compared algo-
rithms.

Keywords: shadow; highlight; codebook; foreground detection; intelligent visual surveillance

WO H OB e 2012-08-17,  FEF A WUEQ1977—) 3B PRIl Bk /R s G R GBAB MR ) . 58 B LA . 400
H: HKARP IS E SR B E (61134002) s FK A RFHE 5L 4 B30 H (61075104) 5 L 5 1% 3 A BL P Al 55 2 & 30 9%
4% B H (SWITU09BRO69) ,

% 2% R B TE] . 2013-01-10 % 2% o B L« http: / www. enki. net/kems/detail/61. 1069, T. 20130110, 1159. 001, html



%Al

TE S T B 5 R0 v o MR T A SO A ) A i S5 A Y A Y 29

B RE L v W A R AR Y B A R R R A
i+ K3z 2l 5 bR D 5 S IBCHS R G ey A A% RRS A
Hb I AR A AR — A IR L BT R e A
FREFEARIR A H AR AR £ & A br £ R
7 L ) T R DN 1 B A 6 HC R e ) B R
T 5 ARG v — A0 L P Y R

Tk W 3 2 5 X 30 A8 3 &, KaewTraKul-
Pong 4538 i 8 K 2% 2] 28 R - 4 /5 /=5 0 TR & 8 A A
T 5 U 30 1) 2 20 0% I 38 s I B 5 (R 2
2R T ONBE A A O . B AR ] = 4 v
TR A A5 AR R T A7 i A I, S2 BT o ) S
L G (0 G 00 i e (FLAE A R 7 RN B 5 4 ) f
% B 245 g ST R A8 B I X3 2R BT R B AL 3% 4 )
REAY 4 3T Jag 78 DX 8RB a5 /)N A Y TR 23 1 5
e (K NP e S b S ME R L e Y E U it
A . Kim 5552 H A0 A B85 2h 87 5 2 A
LA (R R 5 R AR R R T BR A 2h e LB S RS
YR Do . 52 BR i ME SSUOE TR S SR
B EA MR 018 STFAE - Gallego 25 3% JH %& T X I 1Y
P8 B G LAY B [ 52 L S R4 5 DL - S8 I S
SRS AR R R e e MR TR, Liu 4R
456 1 Zy i DI S RN € B M Y R T A0 L
JEE 0 K JHL e S5 o D) £ B 5 T B SR AR
At . Porikli 45 £2 i —Ff 01 7 2% 2] J7 1k DR B
SAY R FGIHE B IF R — B HE R 45 4
VE R B R 20 25 2 AT B B 520 AR 0y i 53 52 2%
ROREAR . Doshi 4544 A KA N RGB =5 (8] #% 6t
B HSV =z [a] PEAT I3, 0 7 HC3 # 8, X B 52
e SE MRS AT I BR Y AR RO I A AR

BT R U A7 TR [ 52 R0 e M RS 5 e ) ()
R, 3 o T A A AR R () S5 4 AR SCHR T — R
SUER A 14 5% A< (Double-Trapezium Cylinder Code-
book, DTCC) Rif 5% 6 P A 5l

1 RS A AR Ji 3

PO AR B R — Fh AR e 1T R IEME Y L & o B MR
RN — DRSA A AR AR N 2D — AR A
W FAFRHIZAR R 2 AT R vh — B AR GIERI 2D 2246
PR TR L T 0o 0 A ) A 3R (B 1 5 3 R 0 32
BEAT IS LU W 2 75 DR i B AR Y ) I B 1
T O B VGG 73 28 5 SR e 2 T 5 ok
RV EH 5 AR b S B T AR B 42 K TH
U S0 LRI 55 Z2 B B 257 35 254 BRI 5 O Ik
AT AR T A S 18] (SE R R L % — B 30

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

Wi/s (495 min P, - 33 45 AR R IS A LT 2
6. 5 AR T 5 Qe 5 BE A€ BE 43 IF  fR] BT 5 AL
Hafigp gk T e LA AR FF 50 1 952 0 s @ A AR 4
(Y I8 R S A T S5 2 A [R5 1A S e S A AT
TR H G N R . AR AR AR DA
RGB B2 (8] & R 77 7 AR 58 B 15 5508 78 5 i)
T BB B 1 A IS YRR s © 2 B L R L
JEE U R R0 0 B2 3R 2 4 Sl 6 2 MU AT EAUA 5 O A BE T
R F1 52 A0 e 5 I 7 ) 520 5 (D 16 2 Al J) 2 A 0
BORANG 3 © 2 I AR 0 i 5 Bt — P P

2 DTCC BRI pAr S 52 3R

BR 2 2 0 1 8 4 4 T EL P45 0 S 16 R T i )
PR B 5 DI R Jr) 0 R KAV T 552 s o 2 R B
ST A BR BT 5 B B R DXOME SRR LA 251
F O L o i o M P 2 e S IR JRE O e T 5 B 2 T2 1 8
AV AT R T 5 B s KR AR S IR AN 2R

RO ASASE Y 19 BT (8 R — A Bl RE AR 6 A . Y
TR T SO RFE W 2 x, B, @
JE o€ L x, BIYEm v, B . Y EMA
JEE 6 R VE TR 4% AR I o B e, 52 7 B RE 4 PN 3B I L 34
ENTEBER . BNATRE R, IRRREN
PR BAT RS L S 00 38 9 R P A b 7 ) A A TR Y
FIAE RS54 T L 35 5 A B 52 (R 46 % (LB 32 1R W] g
W A E 6L T I8 A A A A o DA T 5 RO 0 45 2R o
A SR LR A7 A L WA T A i . [ B
SEME P ET SRR B T R R R FE Y
AR B RE AR S5 R T 35 S5 S IR R AR T fE B
3 590 0 RE LT IR A P A o DT 3 SRS T 4 2R i
S R S R I [R] A7 A L AR T A o

BARE | i o8 M 7 5 i S 3R] A A 1 AR AR i TR A
T AR Y [ AT A 45 4 TG 1R B AT AR e S 4
JEE Rk 19 B 52 MR A Ry 5 R e € AR AR 119 1 5 g 7
SRR RO E . T SRS - 10 3R 5 HE AR 4 4
DL PE AR R 1 B 4 Ak B S8 AR SOl a3 4 28 TR Bl
Y B AS ARSI A 59 A 45 g L UC TE R €00 9 52 14
RETE T — AR SUBAE AR AR . O3 TH
SRS B AR AL o TR AE R P80 s Bl P 582 4G ) X 0 5
BT BT S (0 B2 B R AE o B AL (A B4 3 A LE 57 Y
BRAEAAR LI NV 5 52 (5 8 T R /0N AN 728 mE g R B
o QKL T MR R 5T BE A RRAE . B AL R B AR AL 3
1 2 W PR ) XS 5 e T R P S 8 R )RR L R A
PR AR S R A AL LA I R R 0 BE T RE
AN AR B R B . O B A AR b R 3 A A




30 [ . ]

Ko

1 AT %

R

57 DX AT AR DR A5 O B R I . R 2T i 40 BT 119 3L
BAE AR A (DTCO BRI 1 R

B 1 DTCC &

T A ] — 07 1 18 35 AR A [R] B 20 B W42
JFH X={x1 %55 s xn ) »x, NI ¢ B 2] 1) — 1%
FWELE ., DTCC AL+ RGB Bl i A, o A —
MMEEFEST— DR C={civcrnrener ) H—PHY
REH L AT o M FEEM BRI —A 9 Jodl

¢; =< Ri\Gi B Lo s Lnawsi s fishi s pivq > (1)
A M FIF S WBARPHL TR, .G B,
SR VE LS FE R R R G B BB {H s L.«
Lo 53 500 A9 DG T A5 7 19 A5 3R 1) B /N R e R 52 J3E A1
S R VG PR S AR 3R AN B8, BRIV DC 1 T A I 2
SR 0 =7 A RT3 DG e ) B R RS 1) 8] B s s g 50 301 M i
P — WA e S — WS E VT 4 i 221

fith A Ay 2 I B3 R S 0 Bk CRIG S AG D) i BEAD
(14 T 7 vk R
fR.+R, fG,+G, [B,+B,

S T B RS
minC || x, | L) smaxC |l x, | 5 L)
f,+19maX{A;'9t_Qi}9p;'9[> (2)

e I x, TRV AR 36 ¢ i 20 ) IS AR, x,
=(R,.G,.\B). || x, || =(R*+G*+B)"*,
RSN RS G S W)
1. 6<d

D(x,,v;,)) = 0. il (3)
X M FAHR =Y EHmME, v, = (R,G,
B)so R x, Blv, IR, HE L (O iR d H
FE B B, Ho X (5) s,

o= (llx [I*=pH" =

2
s 7= (S50 @

Xfp Mx, £y, PWBEBEENEE; <x,vn>=

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

RR,+GG,+BB;= | x, || || v | cos0.0 K x, 5,
s | v || =R +Gi+B)H"*,
et (Lw —ptgys L < [ x | < I
e Lw << [T x| << L
et (p—Lu)tgls L < [[x || <1
0, HoAt

(5)
A e MR EIE  — B 3<<e<<10; Low = alnuis

Imm,,->m K SR H o<1, —

BO04<a<<0.7,.3 HERSHH B>1, — M HL
LIS Sy MG O R 44 Ak i 1) M £ o — MBI
2n/ 9 y<<dn/9,0<¢<n/4.

23, RURR AR AR B A (DTCC) R 5 K6 T 452 750 44
A58 B o 5L TR SR AR AT A 45 A DG T B 5 AR 4 B R
IR 7 i A S )RR AR 3 i R A A A A
(R 25 4 5 R SCAS B — Fof SR 1 17 B30 (0 4SS R0, T DA S
P L T SR T 5 L B R A v s MR S S ok B D T
S G IR R A kb

3 e 5

R T B MR (A R AR ST 2 B,
BEXF 4 ANSEERLGEAT T R LA . 2 B 43 0l Sk
IR JE VR 27 28 3 0 RF 43 TSR AIL A B A AL 2% A
WEFE 240 % ATON 350 B 14 B 52 46 00 1 1 ) 1 4
& Campus_ raw. avi (it 2 Videol) #1 Intelligent-
Room_ raw. avi(i i Video2), 4 PHEEI4>H] 2. X
BRL 3 rb Ay BE T IR A A B B i R (Ol
IGMM) s SCHK L6 1 H 9 Ji 4 55 A B 80 (G 2y CBMD 5
SCHRC10 ] b i 38 7 HSV 238 ] 59 5 R B R G
HC3) PLEASCH R G2y DTCO) .

Sk T AR R X B R R AR R R T B R e
BTG ROC 7315 i A 1 AT 8 A & 43
fatr. BHR & 2% (Shadow Suppression Rate) Rgs
A # ) 2R (Shadow Detection Rate) Ry, 43l %€
Xy

I, :min<ﬁlmx_,v,

_ Fh . Stp

Stp 4+ Sen” Str 1 Sex
s Flop 78 B AR R AR i 5t ELRS T 485 21 Sy
B 5 AR R A EG S RN R H AR HAGI 45 Rt
NS BB B Sex RARAR R N BT 52 HLAG I &5
AR R RN

A= IS T %5 & (Highlight Suppression Rate)

Ry Al 5 55 M 7 46 ) 2% (Highlight Detection Rate)

RSS =1 RSD - (6)




4

TE S T B 5 R0 v o MR T A SO A ) A i S5 A Y A Y 31

Rup 53 515 L
F Hy
Rus =15 B Buv T B
2 Flp 2875 B 52 R 57 A5 3R hy i 5% HLAG I
R MAT AR R A B Hep R AR TR g iy 52 e s
HL A 45 3R A Ry i 52 MR A AR R A B R RR
AN B BRI S EL ARG 45 2R B 52 BRI R A
B0 Brw R AR 2 A O B 52 BCRT 5 BRI 45 SR AN
H B BT S R B
B 5 1R 46 2R (Shadow Error Rate) R Fll (5 5% M
7 e K R (Highlight Error Rate) Rye 43 W€ XK
Sk _ H»
Sep + Stv’ By 4 Bex
o See RN TR A B BTN S5 5 8 B3 114
FEAEG SRR R B R B I 25 R A S B
MR RANEG H o RoR AT SR RN S
S M P LG 45 2R Ay R 5 MR S AR R B Bro KR
16 2 S B 52 B8 S EL ARG &5 SR b oy B 52 s 5 i 1%
R Ben R AR R O B 52 sURT 5 BRI 5 R OR
H B BT SRR ER A
BH 52 6 ) 22 $1 (Shadow Detection Coefficient)
Csp 1155 55 M 75 6 2 i (Highlight Detection Co-
efficient) Cyp 2E SCUNF o A6 M 5 08 K, 3RoR AL
R AL 24 P10 A ) 3B A G I M B B

Co — Rsn C _ RH[)

“Sh T 53 ~“HD —

SI R 5 HI R
SE HE

AR S S8 A 4 s Inter (R) Core (TM) 2,
CPU T7200 XM # 2.00 GHz 4 ¥ 2%, 2.50 GB N
1% s Windows XP #:/E & 4t s Microsoft Visual C+ +
2008 JF & P8 . TEMEBE 7 923 b . CBM L HC3 Al
DTCC R H a.f.e X 3 NI S 500 %10 S 5L
4, TiIGMM R ] i #5580 2 800 1l i) 2 5002l B i
100 21,

3.1 EHER
Videol #1 X} % MMz 8l N, 73 BE5 Tl 352X

Ry = D)

Rse Ry (8

(9

() TR

(b)iGMM
Bl 2 EAMSER 4 R ) H SR R AR

http: / www. jdxb. cn

(c)CBM

http: // zkxb. xjtu. edu. cn

288 142, CBM,HC3 F1 DTCC f1ht A ¥ 2 By BE 5
TR B S 1 3 3l 7 . 4 RS AR (0 T S U R o B
TR A 55 2 3k ik 7 PSR 56 1 50 1 179 i,
A FREE TR (1 T 6 LE AR 4G R o 2 IR SR T
fH,E 1 Fin, LREEHRFEW . DTCC 7EM A g
IS S5 53 I B3 11 S Aot s 4 b A N P B R 1Y
A1 FINFTI P 4 APEER 4G W R AR
R /e s !

K B
iGMM CBM HC3 DTCC
T 7S ) 7 7. 409 4. 439 8. 030
W 8.764 12.010 8.093 15. 031

A Ff AL R X A AT SR 409 T Ay 3 5 0 Bk RS an
2 FT7s . S5 RFRW 4 PR RL Y RE IE B AR DU H 32 3h A
A S G 0 25 SR R AR o i L AR A HL L A TR
87 B 5% R0 5 MR R T bR 7 AR R B R R
IGMM X [J] 5% JL-~F- 3% A AT Ao I B o 2408 B 25 5 HC3
Xif B 52 A5 Al T Bk A5 SR ) I 37 s 2 Wi s 2 i B A
CBM Xf B 5245 — 5 T bR AR - 52 i 5 W 7 52 i) 48
/N sDTCC X BASE A b 250 BRABUR . HL3Z 8 52 M 75 5%
M) 452 70N R0 d BRARL

A PRSI AATEE 409 T A 3 B 20 R R A 6 Pk
REZRHTINE 3 Frs. 3 45 %W . DTCC 1F
BF) 52 105 o3k 256 RS- 35 1 5 T 7 3 B 23R 43 331 2R 61 90 2%
F80. 48 %0 , V-3 F oA 3 AL 435 Ry 140. 88 %%
3. 370 F X B 52 R S M RS R 0 R
0. 40 %61 0. 64 % , A% T I A 3 A4 7Y 43531 oy
60. 72 %6 F1 50. 84 %0 ; B 52 M1 5o W 7 TH B P AR B

P IR R AR
3.2 ERLE
Video2 41X} % N K1z 3l AR, 43 3 Ry 320 X

240 182, CBM.HC3 1 DTCC f#) i 4 #4 2 By B
TRUAI 025 1 3 3 H . 4 FoRd 8 i 75 5 0 5 o B ik
TSR 2 ik Jy , BPYSR 26 1 Wi =58 300 i,

(e)DTCC




32 [ . ]

"
s
4
=

H47%

J
100

0 50
SHRAFS
(a) B 3% T BR Ze 1l 4k
8r —— DTCC
—e— CBM

—— HC3
6 —— iGMM

0 50 100
SHARFS

(o) M52 A At 2k

0 50 100
SHAFS

(b) v 5 W 7 3 B 4 il 46

3.51
—— DTCC et
3.0 —e— CBM gt
—— HC3 ,Mf ]
2.5 —— iGMM " e

3 FE AL 4 FAREL Y T B R R R R R 0 AT

A TR Y (1 T 8 LY B A SR O 2R S Y -
.13 2 Fin . 25 RW . DTCC 7R A4y i
S R B B SR 4 R AL R AR Y .

A2 ERFEIb 4 AR 69 M E bR

MR /g - s !

B B
iGMM CBM HC3 DTCC
i A ¥y 3 14.535 12. 694 19. 038
B34S 8. 966 16. 148 19. 019 20. 327

A PSR LTSS 300 M i) T 5% U6 ok 80 SR G &
4 s, B4 g RFW,IGMM %1z 3h Ak K& HH
AL IRl SN NN AN S o
ARG LA REHER X 2 8 s AR, RO 25
CBM.HC3 F1 DTCC #4858 1F £ I 11 428 8 A 4K, K

(HiGMM

() IR B 1R

http: / www. jdxb. cn

(c)CBM
B4 E SR 4 R ) F S50 R AOR A

http: // zkxb. xjtu. edu. cn

D E AR B A HE B A X R FLL T B AR AR AE B
SR e 0 W TR BR O E A AE 3 25 5. HC3 X
S — i I HIAE AR A7 AE T B 52 R B
[7i) BN 52 15 7 W 75 5% 0 1) s CBML 6 99 5% A 40 11 4
F S ABAR A7 76 55 _E BA B A 22 e 5 s DTCC i B
AT D T PR AR HL 2 R e MR S /N L R 4 B
PRI P R S AR

A PRSI A ATEE 300 M fr) 3 B 28 R A 6k
Re /A HTanE 5 Fin. &5 455 E . DTCC [yF
RS B 2R N 79. 33 %0, - 249 i 20 W 75 31 bk R
86. 352 , I BF 52 R A R Ry 18. 48 %, - 35 15 52 It
PR N 0. 19% , B 5 A ) 52 M 75 314 ok o ik it
e, R A

(d)HC3

(e)DTCC




54 HEE L A5 - TR B 5 R e 2 M 7 14 UK A A T A i S5 A 0 A5 7 33
1001 L
8or ,f'- - forpppet e
,‘:»
o 4 —— DTCC
4 & A —e— CBM
“aor J& —— HC3
7’;;};5 —— iGMM
7 7
/2
20F £p
iff —
W"“jﬁxf‘mmﬁrﬁ 1 1 J
0 50 100 0 50 100
BRAFTS SHRAFS
Ca) BFI 5 11 B 3 ot 2k (b) 75 25 I 74 304 B 3Ry 28
¥ prec e 067 —— prcc
—e— CBM —— —e— CBM
—— HC3 e —— HC3
60 —— iGMM =
e 0.4
el
8 <
\% 40 _yfxﬁ ém
& ‘x,w* PR & -
f[ e 0.2 .
20 w -
1 J 0.0 J
0 50 100 0 50 100
SHAFS BRAFS
(o) P RE 1R 2R fh 2 (d) 73 5 M 70 R e i 2k
B 5 NS 4 B R Y T B R R AR M BB A AT
A i . proved adaptive background mixture model for real-
n Te

Oy fifr DR RE ML B S A v T SR AGL I A7 7 B B2 R
o WP S W R (R) L R — B OXURR A IR RS AR
(DTCO Ry st AR AL, 2 EA 3 K¥FFai: OFH
Bh R AR 45 g DC I B 52 A1 5 2 S €00 T RTIR 75 g 5 2 S
8 B RRAE . S2 3L T B2 R e 8 TR P B4 A B80T B
O ST —Ff RG89 B (R T, S B T 9 3R LB R
IR 5 M P IS A9 AT 0003 55 ) i S 087 A R
AERY 8 ANE AT bn . SCHEE R R W, DTCC 2
T LAY 58 vy 1) S IR L S A 0 [ B A
RO bR T B 52 0 o 2 M P ) R

SE K

[1] ZHANG Xiayi, LIU Fugiang, LI Zhipeng. An im-
proved foreground object detection method based on
Gaussian mixture models [ C] // Proceedings of 2010
International Conference on Multimedia Communica-
tions. Piscataway, NJ, USA. IEEE, 2010;: 90-93.

[2] GUAN Yepeng. Spatio-temporal motion-based fore-
ground segmentation and shadow suppression []].
IET Computer Vision, 2010, 4(1) . 50-60.

[3] KAEWTRAKULPONG P, BOWDEN R. An im-

http: / www. jdxb. cn

(4]

(5]

[6]

[7]

http: // zkxb. xjtu. edu. cn

time tracking with shadow detection [ C]// Proceedings
of 2nd European Workshop on Advanced Video-Based
Surveillance Systems. Dordrecht, Netherlands: Kluw-
er Academic Publishers, 2001 149-158.

W, BHAR, B T =49 E A WAL
B BARRI L [J]. VG R 50l R 2 2= 4, 2012, 47
(4) . 662-668.

HUANG Jin, JIN Weidong, QIN Na. Moving objects
detection algorithm based on three-dimensional Gaussi-
an mixture codebook model []J]. Journal of Southwest
Jiaotong University., 2012, 47(4) . 662-668.

WA, LR, Bos, AN TEMR S F R AR X
Bope s /MEFE [T, VLSRR, 2011, 45
(8. 7-12.

XU Shengjun, HAN Jiugiang. ZHAO Liang, et al.
Algorithm of minimizing local region energy for image
segmentation [J]. Journal of Xi’an Jiaotong Universi-
ty, 2011, 45(8); 7-12.

KIM K, CHALIDABHONGSE T H, HARWOOD D,
et al. Real-time foreground-background segmentation
using codebook model [J]. Real-Time Imaging, 2005,
11(3) . 172-185.

GALLEGO J, PARDAGRAVES M. Enhanced Bayes-




34

W' o

K

,%,l:

R

Eitd o547 %

[8]

(9]

ian foreground segmentation using brightness and color
distortion region-based model for shadow removal [C]
// Proceedings of 17th IEEE International Conference
on Image Processing. Piscataway, NJ, USA. IEEE,
2010 3449-3452.

LIU Zhigang, ZHAO Fei, YANG Hua. A new meth-
od of moving shadow elimination combining texture
and chrominance of moving foreground region based on
criterion [ C] // Proceedings of 8th World Congress on
Intelligent Control and Automation. Piscataway., NJ,
USA.: IEEE, 2010: 6282-6286.

PORIKLI F, TUZEL O. Bayesian background model-
ing for foreground detection [ C] // Proceedings of the
third ACM International Workshop on Video Surveil-
lance & Sensor Networks. New York, USA: ACM,
2005 55-58.

[10] DOSHI A, TRIVEDI M. Hybrid cone-cylinder code-

book model for foreground detection with shadow and

[11]

[12]

highlight suppression [ C] // Proceedings of IEEE In-
ternational Conference on Video and Signal Based Sur-
veillance. Piscataway, NJ, USA. IEEE, 2006:. 19-
19.

WA, HU, 27, — B R T B R A A A Y e
wER A L)) HENR S kR, 2010, 47
(12): 2149-2156.

XU Cheng, TTIAN Zheng, LI Renfa. A fast motion de-
tection method based on improved codebook model
[J]. Journal of Computer Research and Development,
2010, 47(12) . 2149-2156.

AMATO A, MOZEROV M G, BAGDANOV A D, et
al. Accurate moving cast shadow suppression based on
local color constancy detection [ J]. TEEE Transactions

on Image Processing, 2011, 20(10): 2954-2966.
(G X A)

(4SS 21 30

[3]

[4]

[5]

L6]

BRI, kA, TR, . UMES R —FhEing s oy
R [T W% 38 K% %R, 2005, 39(6): 551-
557.

YIN Qinye. ZHANG Ying., DING Le, et al. Coopera-
tion diversity: a new spatial diversity technique [J].
Journal of Xi”an Jiaotong University, 2005, 39(6):
551-557.

JING Yindi, JAFARKHANI H. Relay power alloca-
tion in distributed space-time coded networks with
channel statistical information [ J]. IEEE Transactions
on Wireless Communications, 2011, 10(2): 443-449.

BB R, XV, MR T IS 1F GE R 2% g
i (e P R 4 A 5 BE R C LD, V9 %2 558 K% %40
2012, 46(4) . 83-87.

LU Zheng, YU Zhijun, LIU Haitao. Combination
channel of cooperation communication-the performance
analysis and resources allocation of the network [J].
Journal of Xi’an Jiaotong University, 2012, 46 (4):
83-87.

YANG Weiwei, CAl Yueming. Distributed space-time-
frequency coding for broadband wireless Relay net-
works [ J]. IEEE Transactions on Vehicular Technolo-
gy, 2012, 61(1). 15-21.

http: / www. jdxb. cn

[7]

[8]

(9]

(10]

[11]

(12]

http: // zkxb. xjtu. edu. cn

JING Yindi, HASSIBI B. Distributed space-time cod-
ing in wireless relay networks [J]. IEEE Transactions
on Wireless Communication, 2006, 5 (12). 3524-
3536.

JING Yindi, JAFARKHANI H. Using orthogonal and
quasi-orthogonal designs in wireless relay networks
[JJ.
2007, 53(11) . 4106-4118.

JING Yindi, JAFARKHANI H. Distributed differen-

IEEE Transactions on Information Theory,

tial space-time coding in wireless relay networks [J].
IEEE Transactions on Communication, 2008, 56 (7).
1092-4118.

JING Yindi. Combination of MRC and  distributed
space-time coding in networks with multiple-antenna
relays [J]. TEEE Transactions on Wireless Communi-
cation, 2010, 9(8): 2550-2559.

JING Yindi. Unitary space-time modulation via Cayley
transform [J]. TEEE Transactions on Signal Process-
ing, 2003, 51(11). 2891-2904.

ACOLATSE K, BAR-NESS Y. Performance analysis
of space-time spreading DS-CDMA systems over fast-
fading general time-correlated channels [J]. IEEE

Communications Letters, 2010, 14(11). 993-995.
G X A)




