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Double Operator Morphological Filters
LEI Tao® FAN Yang-Yu'

Abstract
suppress noise. Based on the structure elements of central complementary and alternating dual operators, double operator

The traditional morphological filtering operators are time consuming and have poor alternative ability to

morphological filters are proposed in this paper. The filters inherit the important properties of the classic morphological
filters, such as increasingness, duality and idempotence, but they lack the extensibility and anti-extensibility. With discrete
neighborhood property, the double operator morphological filters can remove the block noise whose size is bigger than
the structure elements by using the alternating small structure elements. And also they can suppress the noise while
preserving the image details. Experimental results show that the double operator morphological filters have better noise
suppression performance than the basic and popular morphological filters. Moreover, having the same filtering effect, the
computation of the double operator morphological filters is smaller than others, and the final filtered image has a higher
peak signal to noise ratio and a smaller root mean square error.

Key words Morphological filters, alternating dual operators, block noise, peak signal to ratio (PSNR)
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K1 RHARTESZIERAX “House” JEHG I RMSE UL
Table 1 Comparison of various morphological filters in terms of RMSE for “House”
EBLITA 5% 10 % 20 % 30 % 40 % 50 % 60 %
O 23.6985 33.883 51.3166 67.107 81.9982 95.3334 108.3031
CMF C 21.2827 30.5489 45.6884 59.5761 73.0047 85.8707 97.3213
oC 3.2309 5.3145 16.7403 35.5696 56.9657 77.7911 97.1038
CO 3.1749 5.5824 15.2281 31.5622 50.8404 70.4289 87.9931
GO 4.1698 7.0005 19.0098 34.984 52.1119 69.1991 87.223
OMF GC 3.9512 6.8413 17.1745 30.83 46.6423 63.1608 79.3151
GOC 2.7444 3.5893 6.6082 17.5926 34.481 55.7227 79.1149
GCO 2.7061 3.4405 6.6962 15.0686 31.2289 51.0823 72.5851
MS-O 23.5119 33.3536 49.0614 62.5387 75.3129 87.698 99.586
MSMF MS-C 21.1838 30.0248 44.6989 58.3066 71.4069 84.1913 96.7258
MS-0OC 3.6575 6.364 16.1739 29.5117 45.2623 62.3834 79.6474
MS-CO 3.8968 6.4115 17.6347 31.4979 47.3429 64.1334 81.1511
SO 3.8711 8.3958 22.9085 39.888 57.3044 74.4893 90.4788
re2 SC 3.2202 7.8432 20.1823 35.6407 51.0645 67.3171 82.5456
- SOC 2.2572 3.191 9.7272 22.3596 39.8338 59.5937 79.8713
SMF SCO 2.2283 3.1661 7.9194 19.5255 34.9151 53.3371 72.3351
SO 3.094 6.731 19.0005 34.7006 51.0522 67.5495 84.2581
r=3 SC 2.8561 6.7022 18.1292 32.8551 48.3704 64.2554 80.8018
- SOC 1.6442 3.367 11.7981 25.6646 40.9906 57.8207 75.7079
SCO 1.6023 3.4743 10.8546 22.9365 37.3344 53.5674 71.3871
DO-O 2.9164 3.7158 7.4449 14.4027 27.8582 44.2024 64.3487
DOMF DO-C 2.9907 3.6088 7.3468 16.0989 29.6709 47.6779 68.5023
DO-0OC 3.2492 3.6655 4.8841 7.1121 14.8782 27.7302 50.0443
DO-CO 3.3108 3.759 4.9447 8.052 15.7657 31.2686 53.9997
2 RARFEEEIED 2N “House” JEP G PSNR HL# (dB)
Table 2  Comparison of various morphological filters in terms of PSNR for “House” (dB)
I HEL
A 5% 10 % 20 % 30 % 40 % 50 % 60 %
O 20.6364 17.5312 13.9257 11.5954 9.8547 8.5459 7.4380
CMF C 21.5703 18.4309 14.9347 12.6294 10.8638 9.4539 8.3666
oC 37.9442 33.6216 23.6555 17.1092 13.0185 10.3122 8.3861
CO 38.0962 33.1944 24.4779 18.1474 14.0066 11.1758 9.2418
GO 35.7285 31.2282 22.5513 17.2534 13.7921 11.3288 9.3182
GMF GC 36.1963 31.4281 23.4331 18.3513 14.7552 12.1219 10.1437
GOC 39.3618 37.0307 31.7291 23.2242 17.3792 13.2102 10.1656
GCO 39.4838 37.3985 31.6142 24.5693 18.2397 13.9654 10.9139
MS-O 20.7051 17.6680 14.3160 12.2078 10.5934 9.2710 8.1668
MSMTF MS-C 21.6107 18.5812 15.1249 12.8165 11.0560 9.6255 8.4200
MS-0OC 36.8672 32.0562 23.9545 18.7309 15.0161 12.2294 10.1074
MS-CO 36.3166 31.9916 23.2034 18.1652 14.6257 11.9891 9.9449
SO 36.3742 29.6496 20.9309 16.1140 12.9670 10.6889 8.9999
9 SC 37.9731 30.2409 22.0314 17.0919 13.9684 11.5683 9.7969
B SOC 41.0592 38.0524 28.3711 21.1415 16.1258 12.6268 10.0830
SMF SCO 41.1714 38.1203 30.1569 22.3188 17.2705 13.5902 10.9438
SO 38.3205 31.5692 22.5555 17.3241 13.9705 11.5384 9.6186
r—3 SC 39.0154 31.6064 22.9632 17.7987 14.4392 11.9726 9.9824
o SOC 43.8116 37.5860 26.6946 19.9441 15.8771 12.8891 10.5480
SCO 44.0357 37.3134 27.4185 20.9203 16.6886 13.5528 11.0584
DO-O 38.8339 36.7297 30.6936 24.9619 19.2317 15.2219 11.9600
DOMF DO-C 38.6154 36.9836 30.8088 23.9949 18.6842 14.5645 11.4167
DO-0OC 37.8953 36.8481 34.3550 31.0908 24.6798 19.2717 14.1437
DO-CO 37.7323 36.6293 34.2480 30.0128 24.1766 18.2286 13.4830
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Table 3  Comparison of various morphological filters in terms of RMSE for “Peppers”
EBLITA 5% 10 % 20 % 30 % 40 % 50 % 60 %
O 21.6984 31.047 45.7525 59.6472 72.9212 85.7051 97.1962
CMF C 24.2578 34.0877 50.5764 66.0269 80.6198 94.3466 106.0654
oC 8.2077 9.7027 17.159 32.4136 51.3784 70.7276 87.8779
CO 8.4617 10.0491 18.5177 35.6981 56.8221 77.6596 95.5664
GO 7.2752 9.6376 18.1181 31.4957 47.0059 63.1456 79.2527
OMF GC 9.5444 11.4698 20.6374 35.2261 51.8041 69.4642 85.7407
GOC 8.5448 9.1304 11.1371 18.4052 32.5845 51.6569 72.1
GCO 8.3609 8.8189 11.1048 19.2113 35.0952 56.7852 77.8908
MS-O 21.162 30.3982 44.4258 57.8016 70.9728 83.646 96.0305
MSMF MS-C 23.1398 32.9202 48.041 61.4418 74.2445 86.4826 98.2109
MS-0OC 8.7362 10.8945 19.1015 32.1401 47.4312 63.9851 80.7367
MS-CO 5.7735 8.3957 16.9594 29.6958 45.4506 62.1656 79.0892
SO 8.2213 11.0673 21.1723 35.5868 51.4779 67.3468 82.6133
re2 SC 8.5764 11.8537 24.1746 39.7216 56.3318 73.2879 89.1762
- SOC 8.3118 8.8589 11.7325 20.5607 35.9225 53.646 72.5197
SMF SCO 8.55 9.0181 12.7589 23.2144 39.3503 58.9517 79.1671
SO 5.0229 8.1459 18.3847 32.5805 48.3775 64.4224 80.583
r=3 SC 5.0553 8.5079 19.1613 34.397 50.2967 66.8462 83.2693
- SOC 4.9099 6.355 12.3807 23.0832 37.9012 54.1324 71.5236
SCO 4.8893 6.7533 13.223 25.4414 40.5055 57.1605 74.9747
DO-O 8.7789 9.3003 11.3996 17.756 30.2298 48.1094 68.0028
DOMF DO-C 8.3618 8.9461 10.9484 17.0865 28.3523 45.3112 64.2595
DO-0OC 9.1863 9.4823 10.4326 12.2694 17.6644 33.0102 53.5978
DO-CO 9.1279 9.5157 10.3108 12.4354 17.8121 30.4467 50.2087
F 4 RARERSEIERE SN “Peppers” JEH G PSNR L (dB)
Table 4 Comparison of various morphological filters in terms of PSNR for “Peppers” (dB)
iyt I
A 5% 10 % 20 % 30 % 40 % 50 % 60 %
O 21.4022 18.2904 14.9225 12.6190 10.8737 9.4707 8.3778
CMF C 20.4338 17.4788 14.0519 11.7364 10.0020 8.6363 7.6193
oC 29.8464 28.3929 23.4410 17.9163 13.9152 11.1390 9.2532
CO 29.5817 28.0883 22.7790 17.0779 13.0405 10.3269 8.5247
GO 30.8939 28.4514 22.9685 18.1658 14.6878 12.1239 10.1505
GMF GC 28.5358 26.9397 21.8377 17.1935 13.8435 11.2956 9.4671
GOC 29.4968 28.9210 27.1954 22.8320 17.8706 13.8682 10.9721
GCO 29.6857 29.2225 27.2206 22.4597 17.2259 13.0461 10.3011
MS-O 21.6197 18.4739 15.1781 12.8920 11.1090 9.6819 8.4826
MSMTF MS-C 20.8436 17.7815 14.4986 12.3615 10.7175 9.3922 8.2876
MS-0OC 29.3044 27.3867 22.5094 17.9899 14.6095 12.0092 9.9894
MS-CO 32.9019 29.6497 23.5426 18.6769 14.9800 12.2598 10.1685
SO 29.8320 27.2500 21.6154 17.1050 13.8984 11.5645 9.7898
9 SC 29.4647 26.6538 20.4636 16.1503 13.1157 10.8302 9.1258
B SOC 29.7369 29.1832 26.7430 21.8700 17.0235 13.5401 10.9217
SMF SCO 29.4915 29.0285 26.0146 20.8157 16.2318 12.7209 10.1599
SO 34.1118 29.9120 22.8417 17.8717 14.4379 11.9501 10.0059
r—3 SC 34.0558 29.5344 22.4823 17.4004 14.1000 11.6293 9.7211
B SOC 34.3093 32.0685 26.2759 20.8649 16.5577 13.4617 11.0418
SCO 34.3459 31.5405 25.7042 20.0200 15.9805 12.9889 10.6325
DO-O 29.2620 28.7609 26.9930 23.1439 18.5221 14.4862 11.4803
DOMF DO-C 29.6848 29.0981 27.3438 23.4777 19.0790 15.0067 11.9721
DO-0OC 28.8679 28.5925 27.7629 26.3543 23.1888 17.7578 13.5479
DO-CO 28.9234 28.5620 27.8649 26.2376 23.1165 18.4600 14.1152
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DOME DO-C 0.153231 o[p(k,1)] = min{§[p(k,1 —1)],
DO-0OC 0.297445 Sp(k—1,D],8[p (k, 1+ 1),
DO-CO 0296805 §lp (k+1,0)],6 [p (k, )]} (A4)
pk—2,1—2) pk—2,1—-1) pk—-2/1) pk-214+1) pk—2,1+2)
plk—1,1-2) pk—-1,1-1) pk-11) pk-11+1) pk-1,1+2)
W (k1) = p(k,1—2) p(k,1—1) p (k1) p(k,1+1) p(k,1+2) (A1)

pk+1,01-2) pk+1,0-1)
plk+2,1—-2) pk+2,1-1)

elp (kD] =

s[p(k 1,1)] = min{p (k —

elp(k,l = D] =min{p(k - 1,1-1),p (k1 -
[p(k+1l)] min{p(k‘l%p(k-i—ll—l)
[p(k,l+ 1) =min{p(k—1,l+1),p(k,1),

pk+1,1l) pk+1,1+1) pk+1,1+2)
pk+2,1) pk+2,1+1) pk+2,1+2)

min{p(k,l—1),p(k—=1,0),p(k, 1+ 1),p(k+1,1),p(k,1)}
2l)7p(k—17l—1),p( 1,0

),p(k—1,1+1),p(k, 1)}
2),p (k1 — 1)7p(k:,l),p(k+17l—1)}
pk+1,0),pk+1,l+1),p(k+2,01)}
pk,l+1),p(k,l+2),p(k+1,14+1)} (A2)
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[

5Bc[p(k,l—1)]—max{p( _171_2)3 ( _17l)7p(k+17l_2) (k+17l)}
5Bc[p(k—1l)]—max{p(k—2,l—1), ( _2l+1)7p(k7l_1) (kl+1)}
dge [p(k,l+1)] =max{p(k—1,0),p(k—1,1+2),p(k+11),p(k+1,1+2)}
dpe[p(k+1,0)] =max{p(k,l—1),p(k,l+1),p(k+2,1-1),p(k+2,l+1)}
5 [p (k,1)] = max {p (b — 1,0 — 1), p(k = 1,0+ 1) ,p(k+1,1— 1), p (k + 1,1+ 1)}
CESCIESS
€Be [p (kvl - 1)] y €Be [p(k -1, l)] y €Be [p (kv I+ 1)} y €B¢ [p(k + 171)] y €Be [p (ka l)] (ﬁi&ﬁmg)
JINEE
€B,B°) [p (kv l)] =€B (6BC [p (kv l)]) = (A5)
min{(SBc [p(k7l - 1)] 7530 [p(k - 17l)] 7630 [p(k7l + 1)] 7630 [p(k + lvl)] 75BC [p(k7l)}}
6(3,30) [p (k,1)] = 0B (eBe [p (K, 1)]) = (A6)
max {6BC [p (kvl - 1)] yEBe [p (k -1, l)] y€Be [p (ka I+ 1)] y€Be [p (k +1, l)] y€Be [p (k7 l)]}

4 =X (1)~ (4) PSS EEZY i) i A SUN 87 7 Svalbe I, Jones R. The design of morphological filters using
BESH5isE R mE 9 (a) Fros, £ IT. W fE e, multiple structuring elements, Part I: openings and closings.
Qw&f%%m:@% 52 5IEEME E 9 (b) Bk, ST Pattern Recognition Letters, 1992, 13(2): 123—129

N AR A 25 5B k% g
AF HZHK&$£LP’ BB FRS LB A 9 (c) 8 Jones R, Svalbe I. The design of morphological filters using
FioR. multiple structuring elements, Part II: open (close) and close
(open). Pattern Recognition Letters, 1992, 13(3): 175—181
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