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Abstract

Floating-point images that express pixel information as real numbers are used in HDR images. There have been
various researches on efficient median filter algorithms, but most of them are applicable to 8-bit depth images
and there are only a few number of algorithms applicable to floating-point images, including Gil and Werman's
algorithm. In this paper, we propose a median filter algorithm that works efficiently on floating-point images by
improving Kim's algorithm, which improved Gil and Werman's algorithm. Experimental results show that the
execution time is improved by about 10% compared to the Kim's algorithm by reducing the redundant work for
the repetitively used binary search tree and applying the inverted index.
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Field Type Value

X integer the index of row (key)

the number of times that the key

activecount integer value of the current node is
within a given set
the sum of activecount of nodes
count integer in the subtree rooted at the

current node
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1 for row=0 to n—1 by 2r+1
2 for cwl=0 to m—1 by 2r+1
3 Initialize 7, ER,, and idcER, using
Flrow—r..row+ 3r|[col — r..col + 3r]
4 Activate the elements in columns
from col—r to col+r—1 using idvER,
5 for j=0 to 2r
6 Activate the elements in column
col+j+r using idrER,
Update ER,s
for i=0 to 2r
9 Find the median between row
row+i—r and row+i+r using idcER,

10 Deactivate the elements in column

col+j—r

Fig. 2. Improved median filter algorithm.
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Fig. 3. An example of ER, and idzER,
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Fig. 4. (@) Input image with size 1008 < 1344. (b) output image of median filter algorithm with »=5. (c) output image

of median filter algorithm with = 100.
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Table 1. The number of times that the value of count
was changed depending on d (r is radius size).
HE 1. AR 4o M2 count 40| HAZ 3l BHSH-2

Es)

d r=5 r =150 =100

1 158 751 871 514 022 536 627 610 705
2 140 867 752 474 090 624 582 914 826
3 125 681 336 436 988 549 541 060 471
4 115 451 096 404 940 571 504 041 829
5 112 586 005 382 257 520 476 119 722
6 117138 848 376 986 388 465 184 782
7 126 993 213 401 773 497 485 368 984
8 135 175 226 469 400 827 558 219 678

HHg o] 59 AF BARA a7k 54 W count g B
3% g7t 7P AL, rol 503 10091 Aol a7t
od W 7HE Aee & & ek WA vl Hisf 207t
5 opgold a7k 64 W7t 7t

Table 3. Time for proposed algorithm depending on d
(r is radius size).

E 3 AR 0 ME SBARE Hal(r2 U
d r=>5 r =50 =100
1 1.929769 5.700306 9.830350
2 1.799481 5.547290 9.870563
3 1.731230 5.504685 9.666978
4 1.647420 5.417230 9.588368
5 1.592637 5.266487 9.536999
6 1.551383 5.219816 9.385611
7 1.563925 5.458904 9.186101
8 1.594401 5.080188 9.213331

(0

Fig. 5. (@) Input image with size 637<502. (b) output image of median filter algorithm with »=5. (c) output image

of median filter algorithm with r=100.
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Fig. 6. Number of radius size showing the fastest
execution time by d.
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Table 4. The number of times that the value of count
was changed depending on d (r is radius size).
B 4 ZAR| q0| T2 count 0| HAE 3l HaKr2

es)

d r=>5 r =50 =100

1 36 073 861 107 963 345 127040 775
2 31 962 993 99 410 388 117 825 307
3 28 543 979 91 486 514 109 211 018
4 26 214 741 84 669 250 101 710 673
5 25471 673 79 831 309 96 250 579
6 26 451 251 78 505 708 94 551 455
7 28 672073 83033123 99 523 483
8 30 536 785 95 796 706 115 096 412
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Table 5. Time for proposed algorithm depending on d
(r is radius size).

E b5 ZAR 40 ME SHARE Hal(r2 HH)
d r=>5 r =50 =100
1 0.411759 1.169442 2.134484
2 0.403674 1.162965 2315362
3 0.389348 1.138641 2.364425
4 0.374519 1.097739 2.296443
5 0.359389 1.084434 2.276171
6 0.348722 1.049523 2.204511
7 0.346143 1.045325 2.197082
8 0.349049 1.032161 2.192736
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Fig. 7. Number of radius size showing the fastest
execution time by d.
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7} 1008 < 1344 =7] o]H|X]
Table 6. Time versus radius size = for three algorithms.
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Table 7. Time versus radius size r for three algorithms.

B 6. M Yn2B0] et A A2 HHE)

T Proposed Kim Gil-Werman
5 1.594401 1.762098 4.068397
10 2.187647 2.514190 6.163209
15 2.609062 3.103623 7.741886
20 2.994472 3.563040 9.298363
25 3.309837 3.976902 10.592756
30 3.642986 4.350942 11.612142
35 4.190959 4.958548 13.715134
40 5.141780 5.382008 14.476039
45 4.568531 5.362887 17.298753
50 5.080188 5.585763 20.580985
55 6.349445 7.054225 20.690023
60 6.600366 7.504962 22.480175
65 6.904161 7.448193 24.803000
70 7.274525 7.911984 26.019688
75 7.467066 8.947364 31.345986
80 7.958840 8.625829 28.587866
85 7.877660 8.567923 36.388280
90 8.404113 9.304050 35.562595
95 8.679258 9.318752 31.525550
100 9.213331 9.534224 34.156462
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Fig. 8. Time versus radius size for three algorithms.
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15 0.577245 0.693747 1.830353
20 0.668534 0.792942 2.155327
25 0.714293 0.860045 2.422420
30 0.778866 0.937451 2.676466
35 0.964197 1.072450 3.064251
40 1.141591 1.160770 3.844871
45 0.962974 1.123074 5.965864
50 1.032161 1.142836 6.728715
55 1.387545 1.370296 8.194640
60 1.463353 1.525860 6.344965
65 1.486519 1.432863 11.293167
70 1.630097 1.668511 9.256854
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80 1.715230 1.826448 9.738166
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100 2.192736 2.134484 11.232059
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