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(A Study on Nonlinear Noise Removal for Images Corrupted with
a-Stable Random Noise )
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Abstract

Robust nonlinear image denoising algorithms for the class of a-stable distribution are introduced. The proposed

amplitude-limited sample average filter(ALSAF) proves to be the maximum likelihood estimator under the heavy-tailed
Gaussian noise environments. The error norm for this estimator is equivalent to Huber's minimax norm. It is optimal in
the respect of maximizing the efficacy under the above noise environment, It is mixed with the myriad filter to propose an
amplitude-limited myriad filter(ALMF). The behavior and performance of the ALSAF and ALMF in q-stable noise
environment are illustrated and analyzed through simulation.
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Fig. 1. Mean MAD values as a function of standard

deviation of Gaussian noise.
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Fig. 3. (a) Corrupted Lena image degraded by Gaussian noise of variance o2 =924 (PSNR=204B) (b) PMS]
anisotropic diffused image after 10 iterations with o2 =153.3 and PSNR=26.3dB (c) Output of ALSAF after
10 iterations with o =137.6 and PSNR=26.84B (c) Output of ALMF with o? =155.2and PSNR=26.2dB.
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A7 4 (@) THRA BHE(o=30) 2 LB BE(p=10%) 22 Z3tE 0[0|X| (o) ALSAFS| &3 0ID|X|( o2 =359 6,
PSNR=226dB) (c) ol2lo0l= EE{e| & o|n|X|(¢? =557.9, PSNR=20.67dB) (d) ALMFS| &% o|o|x|
(02 =034.7 , PSNR=24.42dB)
Fig. 4. (a) Lena image cormupted with both Gaussian noise of o3y and impuisive noise of ,—109 (o) Output of the
ALSAF after 10 iterations with o2 =359 6 and PSNR=22.6dB (c) Output of myriad fiter with o2 = 557.9and
PSNR=20.67dB (d) Output of ALMF with o> =234.7and PSNR=24.42dB.
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Fig. 5. (a) House image corrupted with a—stable(azl.g) random noise whose power and pgpp are 20403 and
1503 (b) Output of the ALSAF after 10 iterations with o2 —=733.3and pSNR=19.548 (©) Output of myriad

filter with 02 =9g2.9and  pPSNR=18.24B (@ Output of ALMF with 62 =359 18nd  PSNR=22.64B-
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Fig. 6. (a) House image corrupted with q-stable(q—1 ) random noise whose power and psyp are 1948.1 and
1523. (b) Output of the ALSAF after 10 iterations with o2 =g 9and pSNR=18.44B (¢ Output of myriad
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Fig. 7. (a) House image corrupted with a-stable( ¢ =() 5) random noise whose power and psnp are 1921.5 and 15.29.
(b) Output of the ALSAF after 10 iterations with o2 —1195.6and PSNR=17.64B (©) Output of myriad fiter with

02=39.4and PSNR=22.94B (d) Output of ALMF with 02 =252.7and  PSNR=24.1dB-
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