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Grayscale Image Denoising based on Cellular
Automata: Examination of Evaluation Method

Shohei Sato! Hitoshi Kanoh'

We have already proposed an evolutionary method for designing the transition rules of
cellular automata (CA) that performs grayscale image denoising and showed that the CA
designed by proposed method runs faster than previous methods. In this paper, more
careful experiments that tested 10 images for the reduction of impulse noise,
salt-and-pepper noise and Gaussian noise were carried out. We first provided the
classification of test images and evaluate the performance of the obtained transition rules
for each group. As a result, we found that the performance of obtained transition rules
was affected more by the spatial distribution of the frequency component than by the
frequency response of images. Moreover, we show that the rule obtained by the proposed
method employs symmetry-based strategy in the noise reduction process and this
property can reduce complexity of CA.
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BCAL: p=0.1 D Z:TRE S 4172 2 IRHE CA[10]
BCA2: p=0.3 D5 TRkEF S 4172 2 IRHE CA[10]
Median: A5 4 7 > 7 4 VX [14]
CWM: Center Weighted Median Filter[7]
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FPTFRA NG L OB MAIRZ D700, TR OBFMIZESS HERITo -, #
DOFFELE LT, WEBEFIEELTHW AT T 7 405, CWM, TSM OMHEIZE
BLZ. AT AT T A4NEEHNDZETA UV INVA ) A R ERETDHZENTE
50, [RFFCEBEF O » U0 E BB O —Hnkbihvd. Z OREEE
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DOIEIE%Z CWM/MED & BES. TSM IZAT 4T 7 40 F2 & CWM 5 L7z FIET
Y, BHT D7 4 VZZEFT LGV REZ H720[3], JEBREERER 22 MR -
TWHEEICK L THBMAES TH DL EEXOND. £ 2T, BT ZERN 2
WY ZRTHEL LT, TSM & CWM OMERELL 2 VY, TSM/CWM & FE5.

M 4R LT X FEICHL, A7V R A X(p=0.1)% LT CWM/MED
BLOTSM/CWM % &5 L=, #ifilia CWM/MED, fittii% TSM/CWM & L7=5A 0
KT A NEBRO A EK 5 IZRT.
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B/ANOWEBIZOWTOREERT. 72721, Z0—7 DT\ T i Barbara D D
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MU=V SIE, TFEHE A XLSMTH T DHRENE L, T 4 Xk Ly
— A THDLZENbholz. HUT Ty ) AR LTI AT —T7 4V EZBRLE
NTHot=. Tus T /A4 RZH LTI, CA CWM DX 2EERtO RN
REMRICHESS FEIV L, UaF—T 40 FZD K DI, W0 KB IT 21T
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TN —T DO EAT > 123556, g O &8RS S KT 5 (CWM/MED @
BRAREL DN ONT, ETOFEOMERENMMETT I ERbhro7. ZhE= vy
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#3 Z—7 A: Crowd \Zx19 5 EE(PSNR)
Rule Rule Rule BCAl BCA2 MED CWM TSM WIENER
1 S G

Impulse Noise

p=0.1 33.0 241 313 336 30.7 323 33.6 352 183
p=02 294 20.8 257 30.6 25.1 29.7 28.3 29.7 152
p=03 256 185 22.0 27.1 21.1 259 23.8 255 135

Salt & Pepper Noise

p=0.1 327 364 292 335 28.6 322 32.7 33.8  15.0
p=02 27.6 325 226 294 21.3 28.3 25.1 25.1 12.0
p=03 226 289 179 253 16.9 232 19.5 19.5 10.2

Gaussian Noise
1 314 31.6 32.1 29.0 3
26.2 282 274 25.7
23.0 25.5 243 23.7

c=10 31.7 286 313
c=20 274 23.1 263
=30 246 202 232
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[Fl—D 7 =T N TOREEZIT>T25E, TSM/CWM O/ NSWIFEEF SN WG INI—v % CWM L L2 5aI2iE, /A AOEIENEKR LGEITERR
=L OPEREITAR RIS Em WA A A b, 2o Lnb, BRI L—E BETFLICSWRERH D Z L3bhrole. ULEORERNG, RFEOMERIZELDE
TSM LV b CWM (T <, ZEMMICH —RAHMTOh TS LEZbND. £T2, Bk sy L0 b, AEREREOZMMRRY OXEZ LIV ZTRTNLEEZLLND.

# 4 7 —7 B: Goldhill |Zxt9 2% PEAE(PSNR) #6 ZJ—7 C:Pepper (257 % PEFE(PSNR)
Rule Rule Rule BCAl BCA2 MED CWM TSM WIENER Rule Rule Rule BCAl BCA2 MED CWM TSM WIENER
I S G I S G
Impulse Noise Impulse Noise
p=0.1 328 249 31.6 325 31.5 30.8 324 342 192 p=0.1 323 249 322 306 24.4 31.1 332 353 193
p=02 298 216 272 307 26.3 294  29.0 30.6 16.2 p=02 296 21.7 275 2938 21.8 29.6 294 309 163
p=0.3 26.7 194 234  28.1 22.5 269 252 26.6 14.5 p=03 264 19.5 240 28.0 19.5 27.0 253 27.0 14.5
Salt & Pepper Noise Salt & Pepper Noise
p=0.1 32,6 37.0 29.6 323 28.7 30.7 319 33.6 15.4 p=0.1 319 368 295 30.4 23.6 309 321 33.9 15.4
p=02 283 327 23.0 295 22.0 28.1 24.9 25.6 12.4 p=0.2 276 32,6 232 2809 19.5 28.0 252 25.4 12.4
p=03 229 294 183 255 17.3 233 19.9 19.8 10.7 p=03 222 288 184 255 16.0 23.5 20.1 19.8 10.7
Gaussian Noise Gaussian Noise
o=10 312 286 309 3I.1 31.0 30.1 31.1 28.7  32.1 o=10 312 285 313 30.6 26.3 304 317 29.1  32.1
0=20 274 228 264 281 26.1 275 272 255  28.6 o=20 27.6 227 267 28.1 23.9 27.7 275 25.7  28.8
0=30 24.7 19.8 234 258 23.0 25.1 243 23.5  26.0 0=30 24.7 19.8 23,6 257 21.7 253 244 23.6 27.0
# 5 Z/L—7 B: Lighthouse {Z %3 % 4 AE(PSNR) #7 J—7 C:Kiel IZ%f 7 % PEHRE(PSNR)
Rule Rule Rule BCAl BCA2 MED CWM TSM WIENER Rule Rule Rule BCAl BCA2 MED CWM TSM WIENER
I S G I S G
Impulse Noise Impulse Noise
p=0.1 28.7 24.1 279 279 27.5 26.1 27.3 27.8 19.0 p=0.1 257 240 26.1 253 26.0 235 252 24.5 19.5
p=0.2 26.1 209 246 263 24.0 247 251 25.9 16.0 p=0.2 243 21.1 23.8 245 23.7 229 239 23.6 165
p=03 238 189 215 245 21.0 232 227 234 14.3 p=0.3 228 19.2 216 233 21.3 22.0 223 224 14.8
Salt & Pepper Noise Salt & Pepper Noise
p=0.1 285 320 269 279 26.1 26.0 268 27.9 15.4 p=0.1 255 29.0 253 254 24.7 234 249 24.5 15.6
p=02 254 283 21.8 25.8 20.7 24.1 23.3 23.8 124 p=0.2 233 26.2 21.2 24.2 20.4 22.3 22.2 22.0 12.6
p=03 212 253 175 230 16.7 21.1 18.9 19.0 10.6 p=03 206 240 175 222 16.7 20.3 18.7 18.5 10.9
Gaussian Noise Gaussian Noise
c=10 295 284 297 283 29.0 263 279 262 310 c=10 264 275 273 25.8 27.0 23.6 256 23.8  30.1
c=20 26.1 22.8 255 262 252 249 255 240 268 0=20 245 224 246 246 24.4 22.8 241 225 26.0
o=30 23.7 19.8 227 242 224 233 232 224 247 0=30 22.8 19.5 223 233 22.1 219 224 21.3  24.0
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# 8 7 —7 D: Barbara (2%} 5 EE(PSNR)

Rule Rule Rule BCAl1 BCA2 MED CWM TSM WIENER
I S G

Impulse Noise
p=0.1 274 242 265 267 27.6 249 273 26.3 18.9
p=02 256 21.0 242 25.6 24.1 24.1 252 25.0 15.9
p=03 237 19.0 21.6 242 21.1 229 228 232 14.2
Salt & Pepper Noise
p=0.1 273 31.8 257 267 26.3 248 269 26.2 153
p=0.2 249  28. 21.7 253 20.8 23.6 233 23.0 12.3
p=03 213 5.7 17.6  23.0 16.8 21.1 19.0 19.0 10.6
Gaussian Noise
o=10 27.6 282 267 27.0 28.5 25.0 275 253 31.1
o=20 253 22.8 244 253 25.0 239 252 235 271
o=30 233 19.9 223 237 223 227  23.0 22.0 248

44 EE
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