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Abstract A Laplace and generalized Gaussian mixture distribution-based method is proposed to explore the
nonsubsampled Contourlet transform (NSCT) coefficients. The investigating result reveals that the NSCT, as a
shift-invariant contourlet transform, obtains redundant coefficients in each scale and each direction, and its coefficients
differ from those of Contourlet transform in aspects of general Gaussian distribution. The regularized parameters should be
introduced to generalized Gaussian distribution model to enhance the coefficients distribution. The medical image
denoising experimental results with comparison to similar Contourlet-based methods indicate the proposed modeling
method improves the accuracy of noise estimation, increases the peak signal-noise ratio, and achieves better visual quality.

Key words image processing; Contourlet transform; generalized Gaussian distribution model; image denoising

1 3 5

AN Syl R RG22 40 M A M7 T L, IE4E SR R A BT A 33 .
G5 NS S5, BT S BT A G R B, TR R R BRI R BRI,
ST RHOR AL SIS 20 . Eb . AMEIAES . NI SO SE B AR RO R, AR LI

WKimHE: 2009-08-26; YRS EET: 2009-10-27
BEE&WR.: W HARREIES(CSTC2009BB3 192)H1 5 JITE A2 FE 4 (07X LQO09) ¥ Wy i i .
EEBN: FER0975—), &, Wit YR, EEMNFH R EERE S, BRI S R QU S T T AT

E-mail: niuym@cqnu. edu.cn

051005-1



47, 051005 (2010) BHMYSHBEIZFHE www.opticsjournal.net

BERBRIEX K Hbr, (HXTEMGEER . G M A g A () SR AT F i s, th— 4k Nk B RS 301
YN AE T OX R H AR T B 2 SR R B AR R, M RN, AR NIRRT
HOARR] 200 B 3B BT %, e R Al L i ik G s e 7 e vk A B, xbik, Am4ER HRidgelet
AP CurveletZE P! K Contourlet5 4145 F 45 22 ]S JLART oMy 59, 0I5 Hh i o 0 10 o A0 = sl v 4
e PEIE UL T AR AL B UG P R E R A s ey IhEkAr A, A Contourlet” % # B A3 2% ve AR L
AR TUAR R R T, A R 2 — IR R S B — 4 UG M 7 i

Contourlet 24 L3 B — IIELE it 46 5 A Joh iR Ae 98, A2 ¥ REW G TR PEB A K LT/ N e &
BHGfett, BAmER. KGR RAEMMEFENE . XEEF fix 25T Contourlet 84 (1) 5 22t . il
LN B S X, (AEsEBRR A T, Contourlet 254t 5y P2 A R IR %, Ho R A AT 9 45 T R& T
KA. Contourlet JEpRHUENITEAE &, IR IEE A 9, U] B A0SR S . ik, SCEk
[6132 H T JE 7 KFF Contourlet ZZe(NSCT)K 7 il Contourlet 284 FR AT B A TA L, {H NSCT R
TUARES I 5 2T Contourlet A8 . 7EIX PP L R, NSCT 84 KL FevHEE U2 B 5 H A 3T Contourlet
BHRF ROMANG 2 o ARG BRE R oA T S0 A sE Ak m B AR A A NSCT 2 N R 280
AT T bR, FARIE S SR A 55 5 Bayes $3 K Ja S il vh6) B2 27 B AT T g st .
2 AETRFE Contourlet A5

NSCT i U 7R FE K 58 ik Contourlet 223 Hh AR Y B A AL, [A] IR T Contourlet A8 4 H1(7)
ZoHERE ZI7 M JRAEAL . T FURFENI S 1) 5 A A NSCT AR T RFEG A EE(NSP)MIE TR
REJT 1) JED 25 4L (NSDFB) AN PR AR B 40 2 AR, JLAR 3 oy 70 3R 5 [0 A8 b 25 B S B, 1 560 1
BT NSP 2 U 70 fif LA 3R AT 5 i, NSPHH 8 T SRAT-DE U 2 2 (N SFB) X ARAI 8 70 15 A QI8 0 A4 e
N4 NSFB Hi |2 NSFB JEAT 2x2 AT TRAEA ko QI (@), A RITASAREES 2 v, 0,0 0
F RS EAGH oo X T 22 =207, 25 1 (N NBCRETFS), KN k2 NSP SN I8 3 4% il ik A
H, (z”"*“)]_[;:ﬁH0 (2> 1<n<2""
[ ACE n=2"
(HXERAE, RIGEGEd— 2ot )G, R EHG I AR AT N REE, TRATE N RAFEXHE E I8 3
AUATHEAE, AT R SR . XA PR BN T ICA, ARAEAT j RUBE T 7 38 i PR AT S 4 X
R N [~/ 2V /290  /[—m /2, m /2T, W4 T AR IS . NSDFB SKHJLLT NSP (138 28 i
M, WS LN SR LR T DFB I R RFEIT, AKLL DFB HRUER s, MR 1) B iy

H'(2)= (1)

. .
Iin(z 1) L]“(z) | [JO(ZQ) y D : ...... g
ae [ e L, 1 g ;
H(2) o U, (9 i bgndpass
0 = H(Z5 Y, @ - ﬂ directional
|:| — g v, x x : subband
x : U@ A G Y, | band,
iz @ Y2 H |:| > d?;zzc{)i%srfal
|:| Y, U (29 J. i subband
’ NSP | NSDFB

(@ () ©

Bl NSCT JE¥ 2% 21 % S I i (a)NSP [F45#4); (b)NSDFB {45545 (c)NSCT & i fe
Fig.1 Components of NSCT pyramid and flowchart of NSCT filtering. (a)structure of NSP; (b)structure of NSDFB; (c) flowchart
of NSCT filtering
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Fig.2 (a) Noisy image; (b)~(d) histograms of NSCT coefficients under different scales and directions
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Fig.3 Model distributions versus histogram distributions of NSCT coefficients under different scales and directions.(a)Laplace
distribution; (b)generalized Ganssian distribution; (c)variable generalized Ganssian distribution
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Fig.4 MRI image denoising example with the proposed method and other methods. The noisy intensity is 30. (a) noisy image;
(b)denoised with wavelet thresholding; (c)Contourlet thresholding; (d)NSCT thresholding; (e)the proposed method
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Table 1 PSNR of two CT and MRI images after processing by different denoising algorithms

CT image MRI image
1=10 1=20 1=30 1=40 1=10 1=20 1=30 1=40
Noisy image 28.62 22.57 19.82 16.86 28.41 22.96 19.04 17.28
Wavelet soft threshold 31.17 27.73 23.78 20.74 30.20 26.74 23.03 19.74
Contourlet soft threshold 31.22 27.92 23.95 20.88 30.23 26.85 23.20 19.91
NSCT soft threshold 32.15 28.34 24.42 21.03 30.64 27.01 24.04 20.36
Proposed method 32.09 28.21 2441 21.10 30.43 26.93 24.12 20.45
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