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The contourlet denoising algorithm
based on modified noise variance estimation

WANG Kejun, YANG Xiaofei
(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: In this paper, an algorithm based on the modified noise standard deviation estimation was proposed. The
proposed algorithm provides a new approach for the foundation of common contourlet denoising methods. The combi-
nation of modified image structural characteristic measurement analysis method and filter method is used in selecting
the image sub-block, which is suitable for computing standard deviation of noise. Finally, the histograms of those
sub-images are used to estimate standard deviation of the image noise, which is subsequently used for denoising of
contourlet. In the contrast experiment of standard deviation estimation the filter methods, partition methods and im-
proved partition methods are chosen to compare with the standard deviation estimation algorithm. In the contrast ex-
periment of denoising, the universal wavelet threshold denoising, the common contourlet threshold denoising ex-
tended from wavelet threshold, the contourlet denoising based on wiener filtering, and the contourlet denoising
based on coefficient models are chosen to compare with the denoising algorithm proposed in this paper. The experi-
mental results showed that the method can estimate standard deviation of images more accurately and performs more
reliable than other contourlet denoising algorithms.

Keywords :image denoising; contourlet; standard deviation estimation of image noise; image structural characteris-

tic measurement ; histogram methods
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Table I The comparative test of noise standard deviation

(5)

pRfEZE  SCHK(4]  SCERL7] SCERE8] ASOik
5 4.19 4.27 562 583
10 8.61 8.82 11.03  10.87
15 13.52 13.78 16.72  16.14
20 18.24 19.03 18.26  19.65
25 22.04 23.15 26.58 25.97
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Table 2 The comparative test of noise standard deviation

trifE2e  SCHR(4]  SCER7] SCER(8] A5k
5 3.86 4.03 6.42 5.95
10 8.34 8.41 11.98 11.26
15 12.78 13.13 17.14 15.79
20 17.35 18.44 21.22 19.12
25 21.32 22.67 27.03 26.25
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Table 3 Result of noise variance

WH Tk B4 baboon peppers
n, 74 1204 925 2311
ng 116 1891 1493 3479
n 308 10 000 10 000 10 000
R 0.24 0.12 0.09 0.23
R, 0.38 0.19 0.15 0.35

Vv 17.6 13.7 26.25 25.97
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Fig.4 The denoising experiment of noised peppers image
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K4 MAREERER peppers Bl§ XL ( PSNR)
Table 4 The denoising experiment of different intensity

noised peppers image (PSNR)

£S5 MAREEREEK baboon BREMRSLIE (PSNR)
Table 5 The denoising experiment of different intensity

noised baboon image ( PSNR)

W s wEk . AX
mr mg 0 gy CRUIERI2]

MarE M . EERE A X AL
W R IINE e SCHR[11]3CHk[12] ok

5 33.03 34.42 35.24 36.89 36.45  36.44
10 28.32 3231 33.85 35.03 3449  35.16
15 2489 30.52 31.46 33.38 32.77  33.43
20 2251 29.34 30.33 30.48 31.39 32.12
25 20.27 28.63 29.12 29.82 31.23  31.69

5 3297 34.13 34.95 36.78 36.84  36.23
10 28.17 32.26 34.12 3491 34.84  35.07
15 2474 30.94 31.35 32.41 32,52 33.29
20 2219 29.18 30.66 31.29 31.15  31.31
25  20.08 28.57 29.44 30.32 30.49 31.14
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Fig.5 The denoising experiment of noised baboon image
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Fig.6 The denoising experiment of original noised image
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Fig.7 The denoising experiment of original noised image
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Table 6 Experimental result of denoising algorithm

RS TF-Ha#Ik EiTE2'e
JREG 57.23 60.02
/N 54.37 56.34
e 3 5 53.17 54.58
R 11] 52.88 53.25
SCHR[12] 52.42 53.59
AR SCEE 52.14 52.41
4 £FIE

ARICE T — b T e R R A b R
e ET5 PEAG T PRSP bR o 22 I, SR T8 A9
WP LT T30 | T R bR 5 AT PR GL S 45
IR EZE (BT 7 00 5B sl ol 5 2 Sk o
PR P AR ZE A TH 0 L AR SO i R B vy
AT LA A T AN [ W 7 i ) P O 3 e 5 i
FIAREAG T, RN R 2 T2k AR A il e 22
(BT HE R I LM, WOR WG RS/ —E R b
fipk R4 B 5 R ) BRI S DL IR RS, i LA
Ab B B 2 AR R G o B AR i S
FIFERET™

SEH

[1] DONOHO D L, JOHNSTONE L M. Ideal spatial adap-
tation by wavelet shrinkage [ J ]. Biometrika, 1994, 81
(3): 425-455.

[2]STARCK J L, EMMANUEL C. The curvelet transform for
image denoising| J ]. TEEE Transactions on Image Process-
ing, 2002, 11(6); 670-684.

[3]DO M, VETTERLI M. The contourlet transform :
cient directional multiresolution image representation [ J].
IEEE Transactions on Image Processing, 2005, 14 (12):
2091-2106.

an effi-

[4]TAI Shenchuan, YANG Shiming. A fast method for image
noise estimation using Laplacian operator and adaptive edge
detection[ C]//Proceedings of the 2008 International Sym-
posium on Communications, Control and Signal Processing.
Valetta, Malta, 2008 1077-1081.

[5]CHEN Yikai, WANG Jingfa. Skew detection and reconstruc-
tion based on maximization of variance of transition counts
[J]. Pattern Recognition, 2000, 33(2) . 195 -208.

L6 1R E, L. —Fh R M A R A T vk [0 ] ) R e
R ASRFR A4, 2008, 31( 2) : 44-47.

MAN Jiaju, SHEN Jun. A method of image noise estimate
[J]. Journal of Natural Science of Human Normal Universi-
ty, 2008, 31 (2) . 44-47.

[7]BILCU R, VEHVILAINEN M. A new method for noise esti-
mation in images| C ]//Proceedings of the 2005 IEEE EUR-
ASIP International Workshop on Nonlinear Signal and Image
Processing. Sapporo, Japan, 2005 18-20.

[8]OLSEN S. Estimation of noise in images: an evaluation[ ] ].
Graphical Models and Image Processing, 1993, 5(4) .
319-323.

[9] VETTERLI M D M. Contourlets: a directional multiresolu-
tion image representation [ C ]//2002 International Confer-
ence on lmage Processing. New York, USA, 2002. 357-
360.

[10]KIM Y, LEE J. Image feature and noise detection based on
statistical independent tests and their applications in image
processing[ J]. IEEE Trans Consumer Electronics, 2005,
51(4): 1367-1374.

[11]ZHOU ZF, CAO ] Z. Contourlet-based image denoising al-
gorithm using adaptive windows[ C]//IEEE Conference on
Industrial and Applications. Xi’ an, China, 2009 3654-
3657.

[12]CHEN G Y, ZHU W P. Image denoising using neighbour-
ing contourlet coefficients| C ]//Advances in Neutral Net-
works. Beijing, China, 2008 . 384-391.

[13]LIU Lixiong, LIU Bao, Huang Hua, et al. No-reference
image quality assessment based on spatial and spectral en-
tropies [ J ]. Signal Processing: Image Communication,
2014, 29(8) : 856-863.

EE® T
TRHE, B, 1962 4k #H, i+

A S0, JEEERESET ) S AR R ol o 22

CESN S Pr Rk et B IS TR ot N

2R RERE ) AU UM Bl g A

ARG AR ARIETL300 R

Fbe &, B 1985 4EA 1T A
A, BB T T I AR | B R AL
BB/, B E RIS B ELEG
I




