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Shearlet-based Image Denoising Using Trivariate Prior Model
GUO Qiang! YU Song-Nian'
Abstract Two shearlet-based denoising methods using trivariate prior model are proposed for image denoising. The

dependency among shearlet coefficients is analyzed via mutual information. According to the dependency characterization,
a noisy coefficient s, its parent coefficient p and its cousin coefficient ¢ with opposite orientation are exploited to establish
the trivariate maximum a posteriori estimate model. In the case of s, p, ¢ having the same standard deviation, a simple
closed-form solution is derived from the trivariate model. For s, p, ¢ with different standard deviations, an iterative
denoising method is given, and the convergence of the iterative algorithm is proved. Experimental results show that the
denoised images by the proposed methods achieve not only better visual quality but also higher peak signal-to-noise ratio
(PSNR) and mean structural similarity (MSSIM) values.
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Fig.1 Benchmark images for the experiments
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Ja MG 4% “-NSST” FoRF kL ILEEE T E T RAE
BYU AR e 1Y), 1 TG 5 48 ) o SR A bR BY )
WA SN, BEAN R TR SE I, AT = AR
LRI S B K 1.7 [ 77k 2 SR ) e a4
A7, HAEARIRECh 5.

K3 (MLEE 1068 1) 45 H T 25 2 e Byont %
1% Lena () 25WR 451 (K14 0, = 30);
4 (W E0) 25T XS e K5 Barbara R 6
L gE L (KRN o, = 30). AMERH, K
SCHT SR P8 Bh 7 IR AR AT B A R, T

HE G 7 B4 P g A Curvelet-
KS. Contourlet-HMT FI Shearlet-ST Jy kM j5
(B O 35 A I S 0 W, A 2R A XS
2 (WK 4 (b)~4(f). ME 4(g)~4(31) Finm
Lmp gk WA A, R NSST Refe it — D L
PG IR R . 2 2 Ak 3 0 9l 4h T AN ) g
FEAER, & LR MR Lena. Barbara UL
Boat 2t )i PSNR 5 MSSIM #Ff & &g b L
BN 2 AT LUE ) 7R AR HE BT 1) % e 1 A
DUR, AT RN 71238 Curvelet-KS+ Contourlet-
HMT Fi1 Shearlet-ST 1Mtk fe A7 01 255, 1M
KH NSST BTSSR, A SC P AP 7 7200 2 Kl $
2R E% Y PSNRORT MSSTIM, 2 ek Bt 1
T+ Curvelet-KS 1 Contourlet-HMT, [&] i 1 4f
Shearlet-ST-NSST.

SRR, ARSCTTE 2 1 HEAR e s LT

R 2 H{ITELEE RIS PSNR IHEL (dB)

Table 2  Performance comparison for denoising methods in terms of PSNR (dB)
Lena Barbara Boat
o =10 o =20 o =30 =10 o =20 o =30 o=10 o =20 o =30
R R 28.17 22.13 18.62 28.17 22.14 18.62 28.17 22.14 18.62
Curvelet-KS 33.82 31.13 29.38 29.17 25.45 24.44 31.18 28.81 27.41
Contourlet-HMT 33.53 30.45 28.21 30.88 26.53 25.22 31.40 28.53 27.16
Shearlet-ST 33.56 30.89 28.48 31.14 26.91 24.38 31.74 28.44 26.73
AICITE 1 34.64 31.64 29.77 31.87 27.71 25.58 32.49 29.50 27.92
ATk 2 34.66 31.70 29.81 31.88 27.72 25.62 32.51 29.56 27.89
Shearlet-ST-NSST 35.39 32.47 30.53 32.78 29.65 27.75 32.93 29.98 28.52
A Ji 1-NSST 35.53 32.71 30.84 33.11 30.04 28.07 33.37 30.27 28.90
AT 2-NSST 35.56 32.78 30.92 33.13 30.07 28.15 33.42 30.31 28.96
K3 FIEEEEEE MSSIM ) FuAL
Table 3  Performance comparison for denoising methods in terms of MSSIM
Lena Barbara Boat
o =10 o =20 o =30 oc=10 o =20 o =30 o=10 o =20 o =30
o E % 0.5635 0.3395 0.2330 0.7030 0.4943 0.3675 0.6078 0.3990 0.2888
Curvelet-KS 0.8614 0.7919 0.7 185 0.8 392 0.7263 0.6 586 0.8223 0.7 540 0.6 723
Contourlet-HMT 0.8476 0.7453 0.6 556 0.8576 0.7486 0.6 782 0.8136 0.7127 0.6 446
Shearlet-ST 0.8503 0.7 686 0.6 866 0.8490 0.7343 0.6378 0.8264 0.7072 0.6 165
A1 0.8753 0.7931 0.7117 0.8 742 0.7714 0.6834 0.8468 0.7551 0.6771
AILTTiE 2 0.8786 0.7992 0.7133 0.8 742 0.7717 0.6841 0.8470 0.7558 0.6773
Shearlet-ST-NSST 0.8931 0.8203 0.7428 0.8879 0.8277 0.7726 0.8561 0.7705 0.7039
AT 1-NSST 0.8958 0.8272 0.7 596 0.8946 0.8372 0.7 830 0.8653 0.7813 0.7261
A Ji 2-NSST 0.8967 0.8291 0.7613 0.8952 0.8 380 0.7 842 0.8 660 0.7850 0.7 286
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Fig.5 The accuracy of the noise level estimation
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