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Abstract Firstly, this paper gives the property of wavelet transform of two dimensional noise, analyzes the relationship of
wavelet transform modulus maxima to different decomposed class j and Lipschitz exponent, and points out how to determine
and protect image edges. Then it explains the orthogonal wavelet transform of denoising based on soft and hard threshold,
and puts forward a denoising method based on the wavelet modulus maxima and Neyman-Pearson principle. The method
finds the optimal trade off between image denoising and protecting image edges. Based on the assumption that the observed
image is the sum of the expected image and irregular corruptive noise, the qualitative and quantitative performance of our
image denoising method is compared with others. Simulation results show the proposed method can efficiently denoise, such
as increasing Signal-to-Noise Ratio ( SNR ), lowing Mean Square Error ( MSE) and Relative Entropy ( RE), while
preserving the details of the original image.
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Fig.1 The results of four denoising methods
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Fig.2 The results of four denoising methods
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Tab.1 Performance comparison of four methods

o? wiener2

ddencmp Lm12] £ @37

Bk
MSE 12.03 19.206 11.83 11.73
0.01 SNR 12.67 7.9652 12.83 12.86
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0.1 SNR 4.126 4.2827 4.147 4.730
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ARICH) T Z B R RAG T E 4 3 % A0 E R
INE B GBS, K /NP R R MR TR
BEASHERE M#TEHANNEZHNIBEEE



EeM

FRBE T /NP KB Neyman-Pearson ¥ JU] B {5 iy 1 5 35

969

R—-BrES B BEROEAEN KAUERRER
O(MN) K MN HBREH N

6 % it

(1) /MR K #0 Neyman-Pearson # U (&
B4R 5 R aE , FEHEAT IR 5 W AT, B e AT AR
HRITE , RIFHTER, ERMBZRBEIT
BALVILIE R “ WIS A RE, O T 22 MR i A 6 R AR 6 0
MG, A LT HTIRZ .

(2) FEHTEREBERN, RENERBEE,
FEBEMERITE, SCP o T 2 48875 i/ B2
B UER] 2 ERTIR A B /DB R B R AR B
. E—EREERREMT, 58S M8 N
AR B K, A Neyman-Pearson i U, 7 A B 7 /]
PR R E B, NG R T E, A
R/MEERERM, 20 T/DABEERKERMERK
BESAMBAZEERR, bR ERMES, 5B
thili & s, LAMETE BB R B, X 1A %% S A BT L,

(3) NEESE B MERE XBRBAE, A
TEEFEMBE LRI T ZRAREREGEHRT%
5 BXAPIXYE” R AR

5 % 3 ik ( References)

1 Daubechies I. Ten lectures on wavelets[ M]. Philadelphia: Society
for Industrial and Applied Mathematics,1992:1 ~ 56.

2

10

1

—

12

Donoho D L, Johnstone I M. Ideal spatial adaptation viawavelet
shrinkage[ J]. Biometrika,1994,81(3) :425 ~455.

Shark L K, Yu C. Denoising by optimal fuzzy thresholding in wavelet
domain[ J]. Electronics Letters,2000,36(6) ;581 ~582.

Jansen M, Bultheel A. Multiple wavelet threshold estimation by
generalized cross validation for images with correlated noise [ J].
IEEE Transactions on Image Processing,1999,8(7) :947 ~953.

Liu Juan, Moulin P. Image denoising based on scale-space mixture
modeling of wavelet coefficients [ A ]. In; Proceedings of IEEE
International Conference on Image Processing [ C], Kobe Japan,
1999:386 ~390.

Scharf L L. Statistical Signal Processing: Detection, Estimation and
Time Series Analysis [ M]. New York Addison-Wesley Publishing
Company,1991:104 ~ 178.

Meyer Y. Ondelettes et Operateurs [ M ]. Paris: Hermann Press,
1990.

Mallat Stephane, Zhong Sifen. Characterization of signals from
multiscales edges[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,1992,14(7) ;710 ~732.

Donoho D L, Johnstone 1 M, Kerkyacharian G, et al. Wavelet
shrinkage: Asymptopia? [ J]. Journal Royal Statistical Society,
1995, serial B(57) :301 ~369.

Mallat Stephane, Hwang Wei Ling. Singularity detection and
processing with wavelets [ ] ]. IEEE Transactions on Information
Theory,1992,38(2) ;617 ~643.

Cohen A, Daubechies I, Feauveau J C. Biorthogonal bases of
compactly supported wavelets [ J]. Communications on Pure and
Mathematics, 1992 ,45(5) ;485 ~ 560.

David L. Donoho. De-Noising by soft-Thresholding [ J]. IEEE
Transactions on Information Theory,1995,41(3) :613 ~627.



