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Abstract: Estimation of a suitable window shape and appropriate weights in weighted median filters (WMF's)
is one of important problems. In this paper, we propose a new unsupervised design method of WMFs. To
recover images from the noise, any filters must preserve original values of non-corruped pixels and simul-
taneously well estimate the original values of corrupted pixels; however, the preservation quality and the
restoration quality often have a trade-off relation. We formulate the design of WMF as a multi-objective
optimization problem that treats the preservation performance and the restoration performance as conflict
functions. Through the experiments, we show our method obtains a wide variety of filters that have the high
preservation performance or the high restoration performance at one search process. In addition, we discuss

how to select a good set of sophisticated filters from the designed filters.
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Fig. 1 Aspect of crossover method.
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Fig. 2 original images.
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Table 1 Processing performance of nondominated solutions.

D6 D15 D36 D49
MSEo» MSEn MSE | MSEp MSEy MSE | MSEop MSEyn MSE | MSEp MSExn MSE
Degraded Image 0 13228 2654 0 10372 1932 0 9829 1902 0 12266 2410
F1(20th) 130 1534 412 75 3585 729 190 3095 753 21 6360 1267
F1(35th) 202 1091 380 75 1807 398 371 1931 673 6 2682 532
F1(50th) 344 799 435 250 765 346 980 1640 1108 41 404 112
D55 D67 D71 D103
MSEo» MSEy MSE | MSEp MSEyn MSE | MSEp MSEy MSE | MSEp  MSEy MSE
Degraded Image 0 8201 1527 0 14330 2907 0 7369 1511 0 14291 2808
F1(20th) 152 2478 585 356 1535 595 66 1108 280 62 6033 1236
F1(35th) 261 1545 500 435 1380 627 127 638 232 310 4088 1052
F1(50th) 445 942 538 613 1283 749 258 404 288 809 2136 1070
15 X107 1, X0 WELEDPNTNL ZEDHERTE 5.
1.0 | 10/
R —— e R | ,
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N ’ —T] § Pal = - 4 Ay I/ =
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0.2 = XX %30 - - w S
o2 sk w T5. 22T, SHEAHGT, E—HO GA TR (5)
00 02 04 06 08 10 12 700 05 1.0 3 > e ST s
1 e MSE, x10 P L L CRFHF SN ABMEA T T 74 V7 LT 5.

3 LMo (D103, Fi-Fo and MSEo-MSE )
Fig. 3 Distribution of nondominated solutions (D103, Fi-F5
and MSEp-MSE /).
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GA D)XF A =¥ IIREFHRLEAMKE L, H—HWOT 7
O —FIZBW TS - R 2083 5 ROLD ORfA
Th 1% 200~650 O#FPITHRES 5. HACET VL ER
(Elitist Recombination) €7V [25] #¥RH L7z, £HH
Al BIMEZEE LB HBEEIC X B%EN, WY
1T IO L 3 ZEFHlEH R RIEIEF CTh 5.

T, ET DLLHIGT 20 AT TR SN LIRS L,
H—HPO7 7a—F12BW\WT, Th % 200, 300, 400, 500,
BLU600D5HEE L, #NZEFN 20T L TIERONIRE
Baelts s, B, KEREOL L TIIHE—-HMIZX 5%
FHIZ HWEET O 5 ORI E A2 25 5. B 5 3RET
FEIZBWT, 20 ITENENTHE L NIES L FI-F, F
M, BLUMSEo-MSEy FHIZRLIZHRTH D, Fi-Fy
BV TIE, RETHE 20 7 CTHEO N ED MSE
BRI, BIO A 5%DEER L, MSEo-MSE N
TEHE—-AWO7 70— F Tkt s 7z (20 47 T
BOMSE 2R #) #RLTWwhA, F/, ¥21220H
ITOREIED MSEp, MSEn DGR 2R, [NFEh,
REFHOLHWMO T 710 —F % WMF (multi opt.), fEk
DHE—HWD 7 71 —F % WMF(single opt.) £FL L Tw
5. IELHEDSAGIZOWTIE D36, D49, D55 B L U D71
DAHARLTWA, D36 2BV THERTHETRME Th = 200
ELTRERIZE 2 500D X )12 MSEp, MSEy #7&
HITEL, 55BNV TWAS,

£ 212BWT, EROH—HIBKIC L 2 EEITFEOM
BICEHT AL, 77 AF ¥ I2 L o CHEY R MEREIZR
%5 EDHERTE S, RETFHEOHKIRIL, MSE O
DOUERTEORE LIS 5 &, MEOBMEZRE L X
THRIFGERPESNTVWDL I EWS0 5. 72, EHO
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Fig. 4 Designed filter and its processing result.
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ZHW7 7u—F L E—H7 70 —FOlbiE (20 #ITOKE MSE)

Table 2 Comparison of multi-objective and single-objective approaches (The best MSE

out of 20 trials).

D6 D15 D36 D49
MSEo MSEx MSE | MSEo MSEy MSE | MSEo MSExy MSE | MSEo MSExy MSE
Degraded Image 0 13228 2654 0 10372 1932 0 9829 1902 0 12266 2410
Th=200 470 823 541 206 499 260 1250 1908 1377 29 107 44
WMF Th=300 575 987 658 132 633 225 512 1513 706 24 109 41
(single opt.)  Th=400 662 1372 805 79 817 216 335 1617 583 22 137 44
Th=500 238 1276 446 55 1018 234 207 2259 664 18 279 69
Th=600 117 2147 524 21 2393 463 61 4230 868 10 755 156
WMF (multi opt.) 190 800 312 72 891 224 262 1954 590 30 203 64
D55 D67 D71 D103
MSE» MSEyxn MSE | MSEp MSEy MSE | MSEp MSEy MSE | MSEp MSEN MSE
Degraded Image 0 8201 1527 0 14330 2907 0 7369 1511 0 14291 2808
Th=200 560 1005 643 575 1037 669 153 454 215 1025 2184 1253
WMF Th=300 270 997 405 555 1130 671 102 577 199 601 1975 871
(single opt.)  Th=400 177 1458 416 289 1572 549 103 622 209 341 2399 745
Th=500 94 1870 425 206 1863 542 65 861 228 298 2570 744
Th=600 42 2751 546 96 3284 743 38 1318 300 59 6172 1261
WMF (multi opt.) 175 1378 399 205 1877 544 95 658 210 222 2951 758
o7 x103 e o x10°% x10°
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Fig. 5 Nondominated solutions out of 20 trials.
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6 [M—FtHIA Db ETOLHWEET & H—HHETO
Fig. 6 Comparison of multi opt. and single opt., under an equal

computation cost.
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3 EEZELLT VY ORI (P L RERE)
Table 3 Processing performance of selected filters (avearge and standard deviation).

WMF (multi opt.) WDMF (single opt.) MF  WMF PSM PSH EPR

ave. std. Th=200 Th=300 Th=400 Th=500 Th=600 | (3x3) (3x3)
D6 376 34.4 705 846 1031 810 676 693 573 737(70) 729(70) 571
D15 343 62.9 289 239 231 275 584 595 466 538(80) 538(80) 435
D36 672 40.1 3581 785 617 664 996 757 605 629(80) 629(80) 491
D49 653 115.3 2760 55 69 92 827 1243 1286 | 1497(130) 1640(90) 920
D55 449 32.2 2978 476 461 553 627 721 555 659(60) 659(60) 542
D67 604 29.3 798 733 600 644 932 615 554 677(110) 676(110) 609
D71 247 15.5 228 213 224 289 345 256 204 150(40) 149(40) 163
D103 | 933 73.0 3617 1045 831 859 1626 1194 995 | 1251(100) 1243(100) 960
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CHE
A.1 ROLD #&t=

WP % 2= (v, 22) &L, 2 ZHLETEEMOE%E
Qp(x) ={z+(i,j): =B/2<i,j < B2} £ 5. D
EEFEMOmERIE (B+1)?2 &5, Qp WO T E Z
DBDOWFEEZ ZNLEN uy, uy &L, WEETOMWHEE L
SO WA & DS E IS E#EA L, &0 5
% [0, 1] 12RO 72D THi/h B & UM ZR 2 W72k D
dyy ZRD 5.

dyy = {1+ max{log, |(u; — u,)/255|, —b} x 255
(A1)

ROLD #iat& Tl Eoe v TH bz O & IEF AL
FOEDEZLETFTL LT, FOEFWEIZLTWS., K
(A1) 2BV Ta, bIFEOEKTHY, o & BHHOIE
Z, bIIFTBUIDEERE L TWwA, T2 TIERCIC
PV, a=2, b=5 &7 5.

ROLD #iat &3 d,, & FMEICHERE 2, KX (A2) DX
I, NECHLS n D dy, OHITRKD SN, R,
ri(z) X i FEHINS VW, ,, TH5D.

n

ROLD,(x) = ri(x) (A.2)

=1
WEAYT 74 NVFOFHIIZB VT, EREo ROLD
Mati% Qp(e) = {z + (i,5) : —B/2 <4,j < B/2} THif
EW(r+(,7) >0D8H, TobbBENOEOMBEED A
THWTd,, 2ROL. BETh €D, KHFEzIZoO0
T ROLD,(z) 8 L, BERMGOLAIEIMS, FHE
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