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A Study on a Nonlinear Filter

for Image Restoration

Uk Kim

Department of Control and Instrumentation Engineering,
The Graduate School,

Pukyong National University

Abstract

According to the wvarious mass media and development of the
communication technology, modern society go into an advanced digital
information age. So image become an important mean to store or
express the data. Especially in digital image processing including
Image compression, image restoration, and image recognition, a lot of
researches have progressed and noise removal skills of image
restoration are essentially needed for getting a high quality image.
These noise removal skills target the algorithm development to remove
the variable noises efficiently which happen in the procedures of the
data transmission.

Generally, impulse noise and AWGN(additive white gaussian noise)
are considered as representative noises which contaminate the digital
image, and many considerable solutions are developed for the various
types of noise caused by various factors. In the impulse noise

environment, SM(standard median) filter is simple and it shows a
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great performance. Also, WM (weighed median) filter putting the
weight in each pixel value and its modified CWDM/(center-weighted
median) filter were proposed to enhance the image details. And various
filters which applicate the SM filter and many modified median filters
were proposed, so there has been a lot of progress in the impulse
noise removal and the improvement of preserving performance.

Although SM filter represents a good performance in the noise
removal of image, it is insufficient at the edge preserving that is the
other factor of image qualities. So, it can not be applied to the field
that importantly considers the image details. Accordingly, modified
median filter algorithms have been proposed to complement the defect,
however they show the limit of increasing the image processing time
a lot as repeatedly processing the computation.

Therefore, in this paper, to restore the corrupted image by impulse
noise, a nonlinear filter based on Min—-max operation was proposed and

it was compared with conventional methods through simulations.
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3.2.1 SM(standard median)¥ g
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Fig. 2. A Course of Standard Median Filter.
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Fig. 4. Impulse noise detection window (5X5).
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(a) Original image (512 X512) (b) Original image (128 X 128)

Fig. 9. Test image (Lena).

(a) Noisy image (512 X512) (b) Noisy image (128 X 128)

Fig. 10. Noisy image (Lena, p=20%).
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(a) SM filter (MSE=86.62) (b) CWM filter (K=2, MSE=60.22)

(¢c) Min—-max filter (MSE=59.17) (d) Proposed filter (MSE=22.01)

Fig. 11. Denoising results (Lena, 512 X 512).
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(a) SM filter (MSE=86.62) (b) CWM filter (K=2, MSE=60.22)

(¢) Min—max filter (MSE=59.17) (d) Proposed filter (MSE=22.01)

Fig. 12. Denoising results (Lena, 128 X 128).
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(a) Original image (512 X512) (b) Original image (128 X 128)

Fig. 13. Test image (Baboon).

(a) Noisy image (512 X512) (b) Noisy image (128 X 128)

Fig. 14. Noisy image (Baboon, p=20%).
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(a) SM filter (MSE=503.17) (b) CWM filter (K=2, MSE=351.39)

(c) Min-max filter (MSE=331.88) (d) Proposed filter (MSE=121.54)

Fig. 15. Denoising results (Baboon, 512 X 512).
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(a) SM filter (MSE=503.17) (b) CWM filter (K=2, MSE=351.39)

(c) Min—-max filter (MSE=331.88) (d) Proposed filter (MSE=121.54)

Fig. 16. Denoising results (Baboon, 128 X 128).

_23_



T T T T T T T T T
600 - —o— SM filter (5X5) 1
—o— CWM filter (56X5, K=2) E
500 . —2— Min-max filter (3X3) i
—e— Proposed filter (5X5)
400 - 4
a
% 300
=7 2]
200 - D//. N
O
é%?./ ]
100 [ 3 R o g/gZQ . . _
—iS )
0 *e—9 e ® | , | , |
0 10 20 30 40 50
Impulse noise [%]
(a) Lena image
T " T o T . T r T
BOr o SMfilter (5X5) ]
0l —°— CWM filter (5X5, K=2) / Y
—A— Min—max filter (3X3) ]
600 - —*®— Proposed filter (5X5) / 1
500 | . O,,,,/o—f/o'/o/o/ B / 1
- D o
(L}J) 400 | /E//A / i
E 7] 7B ]
/*/D'/:/E /
300 |- D;i// . iy
L A ./
200 |- o = 4
o/
o
100 , o e g
o I 1 " 1 " 1 " 1 " 1
0 10 20 30 40 50
Impulse noise [%]
(b) Baboon image
Fig. 17. MSE with variation of noise densities.
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Table 1. MSE comparison by each method (Lena).

density SM CWM Mirll—max Pro.posed
filter filter filter filter
9% 71.74 42.57 30.37 9.61
10% 76.20 46.65 38.38 10.85
15% 80.37 52.23 46.76 15.89
20% 86.62 60.22 59.17 22.01
25% 94.63 72.01 76.85 34.47
30% 100.30 86.47 93.91 45.48
35% 116.88 129.34 120.15 68.81
40% 141.44 214.59 153.45 91.98
45% 178.11 348.71 197.14 140.05
50% 267.00 622.61 259.68 187.77

Table 2. MSE comparison by each method (Baboon).

density SM CWM Mirll—max Pro.posed
filter filter filter filter
9% 478.97 310.27 262.09 84.27
10% 486.28 il 10 283.97 84.12
15% 494.44 334.96 306.72 97.68
20% 503.17 351.39 331.88 121.54
25% 515.03 372.93 364.62 152.54
30% 532.99 408.23 398.95 193.56
35% 554.74 462.68 434.99 238.29
40% 588.86 557.88 488.17 298.99
45% 654.77 743.62 552.49 372.62
50% 765.35 1044.23 641.09 462.13
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