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Denoising Algorithm with Neighboring Window Optimal Threshold
in Contourlet Domain

WANG Xuan®, ZHANG Xiao-jing*, MA Jin-ming?
(1. School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710062;
2. Shanghai University of Electric Power, Shanghai 200090)

[Abstract] This paper proposes a novel image denoising algorithm based on Contourlet domain. By using Contourlet transform, the noised image
is decomposed into a low frequency subband and a set of multiscale and multidirectional high frequency subbands. Optimal thresholds and
neighbouring window sizes for each subband are determined by minimizing the loss expectation of estimating Contourlet coefficients and image
denoising is implemented via shrinkage of Contourlet coefficients. Simulation results show the superiority of the proposed method in denoising noise
and preserving texture details compared with the existing methods and the proposed method yields better visual effect and higher PSNR as a result of
considering dependencies of Contourlet neighborhood coefficients.

[ Key words] image denoising; Contourlet transform; Stein estimation

1 Big

B G ALK IR S R A B Z B 5 e, BIRIE
B G BB R E B R N A R
BEARR IR A 2 0 sl itk , 6T /NS DB R S R %
BT RN SR, A R ph— e/ B R
WKERERNGBREN, HTFHREEAREE, FRRLE
7N B 4G rp R BT S, AR A A 15 IR N Y
ANREA B R4 BRI SR A E B

SCHR[4-5145 th — BT G [ 45 — 475 #t——Contourlet 75
Weo BB BA RIFH T RS ) Rk R, AR AF
P 5 30 S0 TR A B P 204 ) RS 7R [ 7 1 B 1 v
HLAE R H BT — Be 3T Contourlet 25 e i Pl 4 D8 e 431071,
XF B 447 Contourlet 284, 7£745 #8645 L0 R [F] 47 1 € U8
W ME, W7 R PSRN S LI, KB T RIFRIE
IR

BT 3 2 J7 1A AN AR AR 2R BRI AEL PR RN - 5 1 B —
AT AL B, B 74 A0 B 145 P9 R B0 JR AR % 454
P A A GO AE RO FE W E G, WERSREA R

A SCHR H—Fh Contourlet 254 $sf iy 408 $ul 7 foc At I 4 B 44
SR . i EIEAEE S Contourlet A5 Hfutgirf, R FH# M
AERTM 4Rk, K3 Contourlet 25 46 45 2 Bt v 45 22
B MG E S AR R R RE SR MRED

KMo
2 Contourletds #i 538 Bt 5 Steinfh
2.1 Contourlet 7Bz

Contourlet 754 J& ) F hi 3% Hi 5 34 7 23 g A0 i 151 08 33 2%
ML —F PR RN ZHMNEGRERTE.

BH 2 HIH:

(V)F 5o

(2)77 1125 e

56 P i G BT B R B AR e k) BRI AT 26 R A R R H 3R
AR, BB AE S AR T RS SAR—
ARB, Hody B R B s i 46, Contourlet
A5 48 T JAU T30 30 B ) S 45 MU SRE A PRI A% o R P S IX 2
BER BT KA 450, HA T kRS F
M, RBNMEATE W MR W 4R R4
AN TR BB AT B, B Oy ik, A Rk,
AR 2 Y BN 7 B A R , WS R O A M A A

/AN e 5 Contourlet 54 2% i R G &l 1 FioR o

HEEWH : BRuE H AR EEEE Y B35 H (2009IM8003) 5 |8 P i i
REEGE A RE 37 G BT H4: 9 B 3 H (2009CXS025)

EHHMA: £ OIEQ966—), B, BlFEdER. WL, B Bl
M, BRI HONR, BERRRA; D, RIFRR.
WA HB: 2009-08-25 E-mail: wxuan@snnu.edu.cn

—223—



(a) /e 45t
B 1 AEAE#HS Contourlet A #n i & M F R

(b)Contourlet 75

2.2 Contourlet Ap3iz kB
¥ By & Contourlet 28 #udgf v ARE AL B R KL oo Ry 0 Y

EFEE D, WSRO RS- 95 Ak

Su? =2 ke, @ @)
Contourlet 45 e 18 ME 3 BRI T Rk 3 o B9 A58 6 ©:

@ij = o3 (2)
oo,

1-4%1S2  A<S
i _{ ! ! @)

o A=5,
2 MEESEABEE O KD L5 H{E A% Contourlet 28 #35
TR A IR EE M, STERITIAM A T R BE 2

A=\20%1gN @
Hor, NRRYHFHMRBANEG o, J R UERR = 57 75 A
#e2E; APHE O OR/NEER 3X3 8 5X5. WIFEEEN 2
SR, ANEA BN, 5 ERR e e R e o
2% FOREIE 1 HELAG V7 A DA o

Median(|a; )

" T 06745 )

SCRRIGIA A A B e BT 7 B0, FEARYE A [ 74 Y
RER A A AT E — A BE, BT X 8 7 S AU IR
FBURAR I N7 i B — B AT A B, A AR
THE RO RIS SR, ARG RN R A
G, JEMRRCRAN R
2.3 Steinfhit

u=(y:i=12,--,d) F—d fERE, X; H Hi 9 08 0
FEEVA i RERIERS M, = () R p ARAEIE X, B
VA, 4 A() =x+9(x) « A g(x) R4 BERT iy, A
otk i n®

E, 200 pl =d+E Qo[ +2v-g(0} ()
3 AXHEE

M4 3K (2), % Contourlet 25463t R %L oo A V1 T35 10
R H

m$:5@@ﬂﬁﬁ%5@m%y%w} @)
Hor, o) R

iey) = pyoy (8)

REO)WEH

(o) = o5+ 9(w;) 9)
e, glo)h

9(wy) = By — o (10)

K¥RORAR(10)F:

—224—

g(wij) = ) Sij

—a; A= Sij

9(wy) B4 Berfny, MIEKRE6), H:
loss = E{16,-0, 7| =N, +Effg(@) +2V- 9@}  (12)

Horbr, NORTFW S MRBAE

HIBE AT DL, P32k loss BfE 4 5 & 0 R/»
L B R 8o X @y WY S A A T A8 P 24 0 BE 4 2K loss (2, L) X
B/, GXPERRT DA & R E T S ARIBR B iR D
KA L G5HERBIME A . B

(A%,1°) =argminloss(4, L) (13)

BARSEHITN . WA E4ikT Contourlet 254, 133
BTWES O, k=01 K-1, m=12-- M, Hf, K}
Contourlet ZE 4t /M i B2 H; M A K 240 B 7 1] 5

HAE R (13) P A F B IR BRI E D KNG &
PBME, AERERQXTEA T REERATE . X4
) & #k4T Contourlet 48 e, JXAE#EAF 3] O IEME B 4 -

4 EREREH

AR Matlab % g Gu e 75 i 44 25 3 F SCR[6- 7109 55
VA B AR SCB AT T S B4l B o 9550 % i 512 X 512 (¥ Barbara
B, BYEA 0, kil 24 514 10, 15, 20, 25, 30 I
HiH W . Contourlet 28 ek “9-77 #45X 4 fig A pkva Jj ]
VU BB ALELT 3 BAMRY, B IH 4,8, 160 £ 14 H
T3 MR A DR MR G L D 1 MR L (PSNR), RTRAR
2RSS 1 D Mtk T S AT SCHR[6-TTRY B3

F 1 Barbara £ MR {5 58 W FE 5 B 6 (8L 5 R b b ¢

(11)

PSNR/dB
W7 2
SWEG ORI CRITIEE A

10 28.13 29.26 31.14 32.31

15 24.61 27.82 28.92 30.06

20 22.11 26.65 27.41 28.54

25 20.17 25.39 26.29 27.41

30 18.60 24.56 25.42 26.51
R AR 7 250 20 B 307 1k S Barbara Bl 4% 5 3 Fi

Ti 1 W g 2 SR 18] 2 B o

— 3

(C)SCHRIBISE M AR (d)ICIRITISEE 4R

() AR SLHEME I 45 R
& 2 Barbara Ef M4 R

(#5227 B0)



	1  概述
	2  Contourlet变换域滤噪与Stein估计
	2.1  Contourlet 变换
	2.2  Contourlet 变换域滤噪
	2.3  Stein估计

	3  本文算法
	4  实验结果与分析

