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Abstract

This paper presents an image processing method which emphasizes a certain perception feeling
on a color image. A series of fuzzy image processing schemes are proposed, which transform an
color image represented in the LCH coordinate system to the image with a certain perception feel-
ing, based on the rules and fuzzy inference. To obtain the rules, results of the sensory perception
tests are applied to the quantification theory. The proposed schemes can be effectively utilized in
the color copy system, since printed outputs possibly look better than originals.
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Fig. 1. Image processing system,
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[X=0.607 R+0.174 G+0.200 B
Y=0.299 R+0.578 G+0.114 B
Z=0.066 G+1.116 B
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R’=1.910 X—0.532 Y—0.288 Z
G’ = —0.985 X+1.999 Y—0.028 Z
B’ =0.058 X—0.118 Y+0.898 Z
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Fig. 2. Subtractive primaries (Cyan, Magenta,
Yellow) and their mixtures.
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Table 1. SD analysis for colors of freshness.
A A L C H | &4 ohs | che | B8 | oba [ ol B4 | oA 3 =
2 1 0]—-11]—2 3 T H &
1 4 5 13 5 3 2 0. 066 —0.01
2 5 9 7 5 4 6 0.2 —0.04
3 8 4 5 8 5 2 0. 066 —0.013
2.5G4/3 16.61 | 14.09 | 36.92 4 6 3 6 8 71 —71 —o 23 0. 0466
5 5 4 8 6 71 —6 —0.2 0.04
6 7 10 0 8 5 6 0.2 —0.04
1 2 4 17 3 4| —3 —0.1 0. 0222
2 7 4 12 4 3 8 0. 266 —0. 053
3 4 5 11 4 71 —4] —0.13 0. 0266
7.5GY4/5] 35.5 17.25 | 12.62 4 21 10 ) 3 3 0l 0333 0,086
5 6 6 1 8 91 —8| —0.26 0. 0533
6 6 3 9 8 4| —1| —0.03 0. 0066
1 5 9 5 8 3 5] 0.166 —0.012
2 8 5 5 7 5 4 0.133 —0. 026
3 7 3 11 4 5 3 0.1 —0.02
2.5BG6/4 | 18.84 | 11.29 | 35.73 1 7 4 1 9 6 4 0.133 0.0%
5 4 5 11 3 71 —4] —0.13 0. 0266
6 7 6 9 3 5 7 0. 233 —0. 046
1 8 4 10 3 5 7 0.233 —0.028
2 5 5 12 5 3 4 0.133 —0. 026
3 4 6 6 7 7 =71 —0.23 0. 0466
7.5PB4/6 | 57.41 | 19.08 | '39.65 4 6 5 10 6 3 5 0. 166 0,033
5 6 4 5 8 71 —6] —0.2 0.04
6 7 5 13 4 1 13 0.433 —0. 086
1 7 3 11 4 5 3 0.1 0. 0155
2 4 5 12 6 3 1 0.033 —0. 006
3 5 7 11 5 2 8 0. 266 —0.053
5P2.5/4 42.63 | 42.6 19.6 4 7 6 10 5 9 1 0. 366 _0.073
5 7 6 6 7 4 5 0. 166 —0.033
6 5 7 9 5 4 4] 0.133 —0. 026
1 6 3 12 5 4 2 0. 066 —0. 002
2 7 5 7 6 5 3 C.1 —0.02
3 3 4 14 7 21 —1] —0.03 0. 0066
7.5BG4/6 | 62.21 | 45.13 | 26.21 4 3 5 15 4 3 1 0. 033 —0.006
5 3 6 12 5 4| —1] —0.03 0. 0066
6 6 5 11 5 3 6 0.2 —0.04
1 3 7 13 5 2 4 0.133 —0.013
2 4 6 15 4 1 8 0. 266 —0.053
3 7 5 8 7 3 6 0.2 —0.04
2.5GY4/8 | 34.64 | 43.37 | 53.92 4 1 6 10 7 3 1 0.033 0,006
5 6 3 11 3 7|1 —21 —0.06 0. 0133
6 3 5 11 6 5[ —5{ —0.16 0. 0333
1 5 2| —11 21 13| =35} —1.16 0.2333
2 8 10} —6 11 7 1 0.02 —0. 004
3 10 18| —9 9 2 25 0.5 —0.1
10PB8/3 58.94 | 10.94 | 48.45 4 7 12 1 6 A 12 0.24 0,048
5 11 91 —25 23 121 —-16) —0.32 0. 064
6 4 8 4 11 3] —1} —0.02 0. 004
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Fig. 3. Range of a fresh colors gauge.

N

10 20 30 40 50 60 70 80 90 100
< L ¢ membership #<4 >

Lsml = { 0.2/15 + 0.6/20 + 1.0/30 + 0.4/35 + 0.1/40 }
Lmid = { 0.2/35 + 0.5/40 + 1.0/50 + 0.5/60 + 0.3/65 }
Llag = { 0.2/50 + 0.6/60 + 1.0/70 + 0.6/80 + 0.1/90 }

AR

10 20 30 40 50 60 70 80 90 100
< C 9| membership &<+ >

Csml = { 0.1/5 + 0.3/10 + 0.6/15 + 1.0/20 + 0.5/25 }
Cmid = { 0.1/25 + 0.5/30 + 1.0/35 + 0.5/40 + 0.2/45 }
Clag = { 0.3/35 + 0.6/40 + 1.0/45 + 0.7/50 + 0.3/55 }

L

20 30 40 50 60 70 80 90 100
< H ¢ membership %4 >

Hsml = { 0.2/5 + 0.5/10 + 0.9/20 + 0.5/30 + 0.1/40 }
Hmid = { 0.2/20 + 0.5/30 + 0.8/40 + 0.6/50 + 0.2/60 }
Hlag = { 0.1/50 + 0.2/60 + 0.7/70 + 0.6/80 + 0.4/90 }

a2l4, L, C HY 44384
Fig. 4. Membership function of L, C, H,
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Table 2. Range of balance between two colors.
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Table.Rule for a fresh color’s addition, oS3 e ARAS A% 4 o

L Clag Cmid Csml AL AC AH
. . ; : 27 27 27
Hsml | Hmid | Hlag | Hsm! | Hmid | Hlag |Hsml [Hmid | Hlag 57 (m-ALy) 1 (u-aCy) 3 (u-AH)
Leml | 1] +1 | +1 0 0 0 0] 0] o = - LILL I
27 27 27
Lmd | 3 | #3 | +3 | +3 ] +3 | +3 | +3 [ +3 | +3 P i Zou
- = -
Llag 0 0 ] 0 0 0 +1 | +1 +1
Clag Cmid Csml u;= min{ Uu(L).Uct(C).Um(H)i
C C H) : rule i} 3 L, C He di
Hsml | Hmid | Hlag | Hsml | Hmid | Hlag | Hsml | Hmid | Hlag (L), it (€, ) rue-l ] ‘iﬂ ¢l grade
ALACAH, : rule io] 98 444" L CH 3
Lsml 0 0 -3 0 0 -31 0 0 0
Lmid | +7 +7 -6 +3 +3 -6 0 0 0
Llag 0 0 -3 0 0 +10 0 0 0
iy Clag Cmid Csml V. ’é'g! gl EEI'I'.Q
Hsml | Hmid | Hlag { Hsml | Hmid | Hlag | Hsmi | Hmid | Hlag B
Video camera® HHe ofARS R =Rollx Akt
Lsml [+12 | +7 -6 | +12 | +7 -6 [(+6[+7 | -3 o:] /k]- 1ﬂ ]‘ﬁ o ‘.Q.‘].o:* 640X 480¢] AT 2 }‘
& 7 o] &3] X T E 7

Lmid [+0] 0 |6 0] o0 |—-6 |+12]+3] -6 it ° . ° oj‘

Z 2ok 72 3= st
Liag |~12 | +7 | —6 | +12 | +7 | =6 |+12 | +7 | -6 VGA a2 Eeld displays 23 3k
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istogram

M:MIW

Mean: 19667

StiDev. 6456
Median.

il

Histogram
® Green
Mean: 18244 Mean: 12431
StiDev. 3546 StiDev: 7145
Medin 181 Median: 85

(a})

Histogram
®FRed
Jﬂuﬁlmnmmhmﬂlmhlm_
20945
Ca StiDev. 5479
Medan 241
Histogram Histg
@® Green I
Mean 16782 Mean: 11596
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Histogram

®FRed

el

Mean 16840 Mean 16000
StDev 4600 StiDev: 5440
Medan 184 Medan. 174
3) (4
Histogramm~ Hstogram
Histogram Histogram @ Geen
@B
Lm‘l‘W‘i “'—_M_hm Mean 13726 Mean 3517
14440 Mean 8701 Subev 5697 SuDev 6370
SWDev 5115 Sude 6810 Medan 132 Metan, 68
Median 146 Medan 65
(d)

(c)

Mean 16687
Suoe. 6513
Medan 180
(5)
Histogram Hatogam
© Green @bie
Mean, 12400 P
oo 921 -
Median 117 i
(e)
agls.
Fig. 5.
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