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Impulse Noise Filtering through Evolutionary Approach
using Noise-free Pixels

Muhammad Tarig Mahmood" - Young Kyu Choi™

ABSTRACT

In impulse noise filtering techniques window size play an important role. Usually, an appropriate window is determined according to the
noise density. A small window may not be able to suppress noise properly whereas a large window may remove edges and fine image
details. Moreover, the value of the central pixel is estimated by considering all pixels within the window. In this work, contrary to the
previous approaches, we propose an iterative impulse noise removal scheme that emphasizes on noise-free pixels within a small
neighborhood. The iterative process continues until all noisy pixels are replaced with the estimated pixels. In order to estimate the optimal
value for a noisy pixel, a genetic programming (GP) based estimator is evolved that takes few noise-free pixels as input. The estimator is
constituent of noise-free pixels, arithmetic operators and random constants. Experimental results show that theproposed scheme is capable
of removing impulse noise effectively while preserving the fine image details. Especially, our approach has shown effectiveness against
high impulse noise density,
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Table 1. GP parameters setting

Parameters Set Values
. Feature vector v= (v, v, 1) along
T 1t 2r "3
b with random constants [-1,1]
Fiinstisas et Plus, minus, times, divide, power,

cosine, sine, log, exp, sqrt
Minimization of MSE & generational

Fitness criterion

Pop. size & 3 ;
G tiohs 50 & 500, respectively
Pop. Initialization & Ramped half and half & tournament,
Sampling respectively
Expected offspring rank85
Operators : 5 2
srobabilities Variable crossover/mutation ratio

Survival criterion Keep the best individual

o, y, & n¥A S5 A SE Fgo= FEol 8=
2 A A ol v, & niA 5A WEHE YERG.
%719 Ty #d TEaY EYE WA S8 2F
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)
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B e
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#7 SMF [10], PSMF [5], DBA [6] ¢ NIDF [3]¢] ] 7}
o] WE e uwe o] 833t ¥ 2= LENA 94 g 4
g 278 BodFa glck LENA 94l 10%14 90%7H2]
JuA & F7lete 2PAIZ YAl AgE BHE F
23 23 HF PSNRo] 33442 & o] vlsf 714
+3<S ¢ 4 2=d, SMF, PSMF, DBA, NIDF ¢ 74
M7 PSNRe| 1766, 2090, 3036 % 253322 ettt
CAMERAMAN %4 i@ 4% A& BojFE Table 2
o ME Aok wWH3299)e] 71ES] 4 (1743, 2034,
2958 2 2361)l Hls) A5F AF o A ¥ &S RAFE
AL o 4 gt} Table 4= LENA% CAMERAMAN %%
of Hal AulHez oi¢ =237 B BABOON %4l
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Fig. 1. Standard test images: (a) LENA, (b) CAMERAMAN,
and (c) BABOON




Table 2. Performance comparison for LENA image

10% 33.74 38.31 41.54 3745 42.89
20% 2047 34.79 37.33 34.04 39.18
30% 24.03 30.74 34.82 3137 37.03
40% 19.15 26.09 32.52 2955 35.02
50% 15.37 21.13 30.19 2742 3331
60% 12.41 12.33 28.19 2353 3176
0% 10 9.95 25,66 17.34 29.86
80% 8.15 812 23.3 16.5 27.74
90% 6.66 6.64 1967 10.25 24.16
Mean 17.66 209 30.36 25.33 33.44

Table 3. Performance comparison for CAMERAMAN image
Fig. 3. LENA image (a) corrupted with 80% salt-and-pepper

10% 34.63 36.76 417 3456 43.47 noise, restored images using, (b) SMF, (¢) PSMF, (d) DBA,
209 29.22 33.17 37.19 32.15 393 (e) NIDF, and (f) Proposed

30% 2367 2092 | 3434 3052 3698

40% 18.74 2619 | 3167 | 2866 319

50% 14.92 2139 | 2941 26.3 33.11

60% 11.94 11.93 2693 22.56 31.16
0% 9.67 9.66 24.55 1746 2897

80% 7.81 7.8 2206 12.37 26.56
90% 6.25 6.25 18.37 794 22.46
Mean 17.43 20.34 2958 2361 32.99

Table 4. Performance comparison for BABOON image

10% 2399 31.93 37.12 31.66 38.19
20% 26.78 30.25 33.06 29.63 3457
30% 22.88 27.68 30.33 27.89 32.39
40% 18.78 24.37 28.14 26.37 30.63 ()

)

59:’5 15.25 zf)>55 ?6-1] :34-72 204 Fig. 4. BABOON image (a) corrupted with 80%

60% 1244 1247 | 2424 | 208 213 salt-and-pepper noise, restored images using, (b) SMF, (c)
70% 10.15 10.15 2248 17.73 2563 PSMF db), (d) DBA, (e) NIDF, and (f) Proposed
80% 829 828 2053 | 1278 2366

90% 6.77 6.77 1845 865 21.14

Fig. 274+ tgdt Whioz 294 23 9458 Ho
i gled, 2 B 440 542 & Jeha gl
Fig. 29| (a)= LENAG 4ol B3 22 okel 20%¢°] <lH
Z A5E 715t HES 93 BeFa gl o] 9A
o sl &2 AAF A7t byl Yehd ek (22
SMF, PSMF, DBA, NIDF % z|¢tgl who] o)3) 291z
A3 G4, At Wyje] 74F 4ol ke AL NG
Hog IAY £ Qled, 71E9 WHE FolHE DBAZ
M 4 ZAA3E HolFn 9t} Fig. 3& e wiozm
80%2] B2 F&E Zhste] AsA dAEE G4 g A
d d3E BeFEd, 99 LENA 94 Fig. 1(a)3 v
3 B9l B2 Fig 3@t 99 34e & ol 4 gle
AEE 3t 299590 AL & 4 AU} ol # 9
disl DBA 2¢n2F2 vlad e 2A}E BoFxu g
Qlojut oAl B8 FolA e 9 &Mdistortion effect)

Mean 16.7 19.16 26.83 22.39 2917

Fig. 2. LENA image (a) corrupted with 20% salt-and-pepper b uehbs 2e & & gk o3 gl da st
noise, restored images using, (b) SMF, (c) PSMF (d) DBA. A R dEHME Aty dwe o oA Ans
(e) NIDF, and (f) Proposed HojFglon 53] oz 282 2 ejm ke MM
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B2 (fine detail)o] M= 2 Bs) F= AL & F
2t} Fig. 4% €237} @2 BABOON 4] digh 4%
A3E Yepln Qled], 7|E9 W E2S BABOONS # g
£ B43ed FR8A &2 A& & 5 Ak o] Ao
£ 71 9322 E5E FoM4: DBAY 7 £2 4%S 4
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g
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4 AdsAch Agd PP o] 3tae FAE i3
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% 714 olgde] F8% i FRE HHOE FHsI-
GP #43 #+8 Mesich A8E 3 At WHol
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o] AAY P & F B FE AL ¢ F AU
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