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Mixed statistical model image denoising based on
shift-invariant non-aliasing Contourlet transform
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Technology, Chongqging 400054 ,China;2. College of Electronic Information and
Automation,Chongqing University of Technology, Chongqging 400054 ,China)

Abstract: To avoid shift-variance defects in the original Non-aliasing Contourlet Transform (NACT),
a new approximate Shift-invariance NACT(SINACT) was proposed. On this basis, a mixed statistical
model image denoising method was presented based on SINACT. This method took full advantage of
the characteristics that there were intra-scale and inter-scale correlations for signal coefficients and
there was no intra-scale correlation but strong inter-scale correlation for noise coefficients at small
scales. Furthermore,a mixed statistical model was used to estimate the small-scale signal coefficients
to avoid noise coefficients amplified by the non-Gaussian bivariate model. Experimental results show
that the proposed scheme can overcome the aliasing in the Contourlet transform domain and can avoid

“scratching” and edge blur phenomena in the reconstructed image. The denoising Peak Signal to Noise
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Ratio(PSNR) of the proposed scheme is on average higher by about 2. 87,1. 32 and 1. 36 dB than those

of the Contourlet transform hard-threshold denoising, Contourlet transform domain HMT denoising

and hard-threshold denoising based on NACT, respectively,and it can achieve an excellent balance be-

tween suppressing noise and preserving as many image details and edges as possible.

Key words: Image denoising; Shift-invariance Non-aliasing Contourlet Transform (SINACT) ; intra-

scale correlation;inter-scale correlation; mixed statistical model
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Fig. 1 Four-band Contourlet transform and its equiv-
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Tab.1 PSNRs of denoised images with different algorithms

CT- CT- NACT SINACT Proposed

HT HMT HT HT

Bar- 25 20.36 25.17 27.49 27.17 27.87 28.26
bara 30 18.83 24.24 26.11 26.21 27.13 27.81
35 17.58 23.58 24.74 25.44 26.31 27.04

40 16.52 22.97 24.43 24.87 25.79 26.52

Man- 25 20.21 21.88 24.30 23.32 24.25 25.03
drill 30 18.39 21.22 22.89 22.05 22.59 23.24
35 17.39 20.79 21.67 21.58 22.09 22.61

40 16.30 20.44 21.22 21.19 21.57 22.17

Image ¢ Noisy
method

B9 RO 10 43 B 45 H T Ry 22k 35 BF 4%
vk % Barbara (3R R 213 X 213 K /M) Fi

(a) Barbara Jf &
(a) Original Barbara

(b # W&

(b) noisy image

(o) CT fs 5 {1 (DCT BT /R AT Jef it
(¢) Denoising by CT-hard (d) Denoising by CT_HMT

(e) NACT 1 [ {i i (f) SINACT 7 5 i 2
@ Denoising by NACT-hard () Denoising by SINACT-hard

(g) AXT7ik
(g) Denoising by proposed method
B9 &Fh MRS vL X Barbara 19 25 M RUR (6= 35)
Fig. 9 Denoised Barbara images with different algo-
rithms(6=35)
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(a) Mandrill J& &
(a) Original Mandrill

(b) &M &4
(b) Noisy image

(o) CT f 5 {H 1% (D CT BT /R AT Je it ik
(©) Denoising by CT-hard (d) Denoising by CT_HMT

(e) NACT 1 [ {i 1 (f) SINACT 1 [ {8 1
(e) Denoising by NACT-hard  (f)Denoising by SINACT-hard

(g) A3T7i%
(g)Denoising by proposed method
Bl 10 4% 25 W5k Xt Mandrill 25 20U (0=35)
Fig. 10 Denoised Mandrill images with different al-

gorithms(g=235)
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B FAAE R 7S . A SO ik R NACT-
HT 35 M H, BR300 2 AR 4 1 B O /. NACT-
HT KA MR G = TR N s, X
JE H T AT ARG ) M SO R R 1 AT AE
AT E,SINACT BT MB AL,
U 2 T 5 PRI 300 5 4071 B v A
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P e e 2 - B8 AN B 8] AL SR TR R SR B DT
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JER A A 14 % o KA S A IE . S A
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PEATAS T S DT G 1 Al v 00U A R A /N R
JE T AFAE TR R AR RO R o A L 5 S0 3%
B S 7 3025 M 77 35 i ol O B A 1A 5 o B R A
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BAR . e — 2P WIS A AT DL 580U 52 /N A
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