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Research on a new function for image adaptive denoising

Li Cailian" ,Sun Jixiang' ,Kang Yaohong®
Y (College of Electrical Science and Engineering, National University of Defense Technology, Changsha 410073 China)
2 (Information Science Technology College, Hainan University , Haikou 570228 China)

Abstract: In this paper we introduce a new function for image denoising. The new function is simple and continuous. It
obtains some advantages from both: the hard-thresholding function and the soft-thresholding function. It overcomes the
shortcoming that there is an invariable dispersion between the estimated wavelet coefficients and decomposed wavelet
coefficients of the soft-thresholding method. At the same time, this function overcomes the shortcoming of the hard-
thresholding method with discontinuous functions. We proof that the new function satisfies the shrinkage condition and has
infinite rank continuous derivative. At the same time, it has adaptive character and is suitable for various mathematical
processing. These advantages make it possible to construct an adaptive algorithm for image denoising. At last, several
numerical experiments show that the proposed new function is very effective and predominant. It gives better performance
both in terms of PSNR and in visual quality. Our function can preserve more significant information of original images like
edges and details than the soft-thresholding function. At the same time, the images denoised by our function are smoother
than those denoised by the hard-thresholding function. It also gives a better MSE performance than two typical methods.

Keywords: wavelet transform; hard-thresholding function; soft-thresholding function; new denoising function; MSE

estimate ; image denoising
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Fig. 1 Three thresholding function
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Tab.1 PSNR comparision of several thresholding function for image denoising

/dB
SR Lena (512 x512) Paper(256 x256) House ( 256 x 256 )
t RSNR/AB  #f g #rekdk WEME BERME TR W BEEE S BiREk
10 28.13  29.73 32.00 33.13 27.67 30.64 31.73 29.19 31.78 32.85
20 22,11 26.71 28.47 29.43 24.22 26.53 27.62 25.95 28.11 28.99
30 18.59  25.00 26.34 27.18 22.34 24.21 25.22 24.14 25.73 26.61
do 40 16.09  23.80 24.82 25.55 21.11 22.57 23.56 22.92 24.16 24.92
ZZ 14.15  22.84 23.66 24.71 20.21 21.29 22.30 21.97 22.88 23.65
12.57  22.03 22.64 24.05 19.53 20.33 21.29 21.21 21.92 22.97
10 28.13  32.14 29.82 32.51 30.81 29.30 30.74 31.88 29.54 31.13
20 22.11  28.06 23.06 24.33 26. 88 22.81 23.88 27.60 22.89 24.01
30 18.59  24.35 19.18 20.10 23.48 19.05 19.80 23.89 19.07 19.87
/2¢In N
40 16.09  21.38 16.50 17.20 20.71 16.41 16.98 20.97 16.43 17.02
50 14.15  19.01 14.46 15.01 18.47 14.39 14.84 18.64 14.40 14.87
60 12.57  17.05 12.81 13.25 16. 60 12.76 13.13 16.72 12.77 13. 14
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Tab.2 PSNR value of new thresholding function for image adaptive denoising

/dB
Lena 512 x512 Peppers 256 x 256
o
10 20 30 40 50 60 10 20 30 40 50 60
A 28.13 22.11 18.59 16.09 14.15 12.57 28.13 22.11 18.59 16.09 14.15 12.57

HeRs  34.52 29.35 27.64 26.04 24.91 24.09 31.86 27.97 25.39 24.24 22.54 21.92




1988 FEER KL www. ¢jig. en 16 &
31(2):15-18. ]
3 gjn: _L/I:\’ [ 5] Liu Shoushan, Yang Chenlong, Li Ling, et al. Adaptive wavelet
thresholding based ultrasonic signal denoising [ J]. Journal of
. Zhejiang University, 2007, 41(9) :1557-1560. [ XI5F 11, 1 =
=) —_— g N ANk ) N N iy . ok i R e
ARTCHR I TR 2 MR R AL T A TR 250 O T LR NI R S 501, 9
P LR PGS A AR T, 17 HL e Bk S e H A RE241,2007, 41(9) :1557-1560. ]
ﬁﬂﬁ% '@/l\ﬁiﬁ ’ffﬁﬂ:ﬁﬁ—}%ﬁﬁ%ﬁ}ﬂ, Ejﬁj@ |‘Eﬂ{ﬁ|¥| [ 6] Hu Bo, Chen Ken, Xu Jianyu. A method for image denoising
B RN BB A B L B B S i . A SCHTE based on new wavelet packet threshold [ J]. Journal of Ningbo
IR T 26 S 0 5P T Universiy, 2009, 22(8) 434435, L, BRI B 2L, A
; . M e TR/ B 0 7 [T, K2R
h 7E /N AR T o B AT M ST 4 R HETF RN A B AR B R 7 3 [T ] TR 22 4l
. e % S S - 2009, 22(4) :454-458.
1A% ST R HRAT T AT A T2 S R @ :

e " . — [ 7] Tian Yujing, Zuo Hongwei, Zhu Zhouhua. Research on wavelet
PRI, 345 T HBEE Y PSNR AEL, [R)IN) MSE {ifR/h, " °d ) ;’ ) . )
N o N - o N threshold and the application of RLS adaptive algorithm speec
IR, F3 MR KGR T 22 b ORASF 1 s o {1 pR R 25 M 11930 2% - ,
/—'"Ijz‘,'iﬁq?i?ﬁ I:]Bj‘&ﬁj?tT§Hlﬂﬁ@ﬁE/j5P]ﬁ fﬁ; . denoising approach [ J ]. Journal of Wenzhou Vocational &
= : Eip : i > A ] —

1 ';” oL El HA - E Technical College, 2009, 9(3) : 59-60. [ H T &, /2204, 4
Té.'_‘ Hn ; H= =% - % NS ' y
BARE T ZRERITE Xj“ﬁ?; ﬁm TR R . NEIRUELAN RLS FLEREF 261V FFE L))
Jﬁm IZ:E ’ Jﬂ:j‘j E ﬁﬁj@{%z‘uﬁg%,f/\ Tﬂﬁbo HAY 5 AR 22 2247 ,2009,9(3) & 59-60. ]
[ 8] Qu Tianshu, Dai Yisong Wang Shuxun. Adaptive wavelet
§%3‘Zrﬁk ( References) thresholding denoising method based on SURE estimation [ J ].
Acta Electronica Sinica, 2002, 30(2) :266 -268. [ X33, 8
[ 1] Donoho D L. Denoising by soft-thresholding[ J]. IEEE Trans. WA, ERR. FeT SURE Jofm Al [ 38 N7 /1N 9 i 2 052
Inform Theory,1995, 41(3) .613-627. (], B T24R 2002,30(2) :266-268. |
[2] Lin Ying, Chang Yonggui, Li Wenju, et al. A denoising . . .
[9] Burce AG, Gao HY . Understanding waveshrink ; variance and
algorithm of wavelet threshold based on a new thresholding
. . L bias estimation[ J |. Biometrika. 1996, 83(4) ; 727-745.
function[ J]. Noise and Vibration Control, 2008, 28 (1) : 79-
8. [ AR, A A5 S0 2 Ae. HTF— Flh  B( 5R 1/ [10] Florian Luisier, Thierry Blu. A new SURE approach to image
B J MRS [ J]. M S HR A, 2008, 28(1) ; 79-81. ] denoising ; interscale orthonormal wavelet thresholding[ J|. IEEE
[ 3] Hou Ruifeng, Guo Ke. A new threshold function denoising Transactions on Image Processing,2007, 16(3) :593-606.
method based on wavelet transform[ J]. Modern Computer, 2009, [11] Stein C. Estimation of the mean of a multivariate normal
301(2) :39-41. [ BB, 9BR). 55T /N 5 1 37 1B 1 oR 2 distribution[ J]. Ann. Statist, 1981, 9.1135-1151.
KW [1]. BUCTTRIL,2009,301(2) :39-41. ] [12] Huang Pukan, Chen Jianwen, Lou Shengqiang. Modern Digital

[4] Fei Shuangbo, Zhao Ruizhen.
threshold based on SURE rule[ ] ]. Journal of Beijing Jiaotong
University, 2007, 31(2) :15-18. [ 3¢ %0, X ##. SURE #
O By T A5 /0N e M 2 M (0] b 50 325 K 2 2 4k, 2007,

Image denoising with wavelet

Signal Processing[ M ]. Beijing: Publishing House of Electronics
Industry, 2003 :105-111. [ SEHE, MR Sc, #/0. AR ST
S A ER] M. Jb T BT Tolk H AR, 2003 :105- 111 ]



