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Abstract

The objectives of color reproduction in printing, photography, and digital
hard-copy is an important problem. The Color is obsorved differently from
illumination and obsorvation condition, and varied according to individual taste.
Generally, the color reproduction system is designed with colorimetric color
reproduction method. But the color gamut of the color reproduction system is
different each other and the one device has nonlinear relationalship between the
other. By these reason, to predict the reproduced color based on linear color
transform method is diffcult. Some methods of non-linear color transform by

2)~6)

neural network was proposed.” These method was theoretical useful and
valid to transform from CIE color to device color. But more studies were needed
to realize the non-linear color transform system.

In this paper, we described a method to realize the non-linear color transform
system by neural network. The optimum structure of the non-linear color
transform system was found out. The structure of descrived system has four
layers( input, output and two hidden layers). Input and output layer have 3

units, and a hidden layer has 27 units. We trained 216 color-samples, and
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estimated the realized color transform system by 1115 color-samples. The
average color difference between original color samples and transformed color
samples was 2.54.
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Fig. 3 Neuron model



TiEHl )% CIE L*a*b+-CMY®] JEiRF sl 5
Fig. 314 A FUE 4 neti v 4] (49} Zh
net, = 2, W,k 4)
a2y, fFrHE (o] BlAdd 2H o, & A B¢}
o; = f(net;) 5)

1714, f v A3 F<(Activation function)e] 3, o] & A 21X o] =(Sigmoid) 43}
g2 Yepgw A (6)3 o] Hrh

= f(net;) = “l—;‘e——?LrW ©®)

o}714, 6, = ¥ 3t (Threshold) =+ vle]ol~(Bias)elth. 28l §; 9 32 H 35
< uel A3t F5E olFAA T3, 6, 9 Ftol wel Alzrel=e] FHefr) i Egc)

A7z 2rpe] shg-8 ofd /j¥ Az d&) °J?'5H:— FF3e] FHEHES dAYEI 2
Axw, o] AL A3 (Backpropagation)H 1986%19] Rumelhart, Hinton and
Williamsell &8 At whgolct QA= 8«1”5”‘3? "“1 g A 2ol = QA7 Eo Y
| Alo] fomg qlele] gter 27|t gv) a3 AANEZW JHAIZE dYstn
38 g Akt 2 A5 Brighgel o8 Hrista, gt At s A2%
=F 2Aste] ofA] Hogic) |8 ¥t gEHA S AR R, EHG (o 1= B

A 1y )9 AR ehA] wowl, EAG TEG Aol 03 E, & A (D3} ek 2 2

o wmoll OF FE 23 E & 4 ®)% 2ok
E, = + S (ty—0,)° (7
» 9 Gk bk
B = 5p T (a0’ (®)



6 &AM A 154 A1 3 1997,
w3l AA7REY Wik do,, do; = 22 A 9), 1007 2ok

Aa)kj = 7]6k0j = 77( tpk—Ok)Ok(].—Ok )0,' (9)
Aa),,- = 773)-0,' = 7]0;(1“‘0},’)26&(1)/@,’0]‘ (10)

A71AM, n = Fgelr], wbE slert (¢+1)3] W] dZ7RE L A ADH 2t

A(l)kj( f+1) = aAcuk,- ( t) +Aa)kj
adwj,-(t)+da)j,» (11)

It

A(Uji( t+l)

‘Q(_l’
xz\)

E& Fig. 29 AJ2"lelx C, M, Yo AlZE 0~100%7HA] 20%714 2
216% rz}* dlele} 2 Abg-atglct. ze)m, PR A2 HEde g HYrlsir] ¢ Ho)
dole) = CMY AZE 10%7rA o2 w33 13317050 A Shgzoll Hoddlt 216275 A9
g 1115702 3hsdch 45 dlolef ] 13 gh-e Cy My Yy, 2l Al3R]Eolx, o] vl g2 =3
g FE3te] Az A AES ST 3 XY Zvd SR slo] i)

Table 1 Leamning data of the input value and taget value

—( Input Value (Rate of CMY) Target Value (Lab or XYZ)

No r C M Y X Y Z

1 C1 M1 Y1 X1 Y1 Z1

2 C2 M2 y Y2 X2 Y2 zZ2

: : : | : : : :
:_,N i CN MN :L YN ] XN [ YN ZN
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Fig. 4 Optimum structure of the realized non-linear color transform system

Table 2 Input value and output value of the system

N Input Value Output Value
o)
X Y Z C M Y
X1 Y Z1 Ci M Y
2 X Y. Z Ce Mo Yo
N X o | G My | Yao
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Table 3. Learning data using experiment

No. ! Ir}put Data Taget Data(8bit) No. Input Data Taget Data(8bit)
X Y Z C M Y X Y Z C M Y
1 | 83| 8.1 | 1086 | 255 | 255 | 255 | : : : : : :
2 804 | 780 | 1042 | 255 | 204 | 255 | 210 | 4.0 35| 11.8 0 0 51
3 739 | 673 983 | 255 | 163 | 255 | 211 | 78 | 162 | 114 0 255 0
4 | 668 | 551 | 915255 | 102 | 255 [ 212 | 70 | 140} 110 | O | 204 0
P5 | 588 1425 | 832|255 | 51 | 255 (213 61 [113] 106 O | 153 0
6 | 408 | 194 | 559 255 0 | 255 /214 54| 89| 99| 0 | 102 0 |
7 825 | 843 939 | 255 + 255 | 204 | 215 46 6.7 9.4 0 51 0 |
NI c s : 216137 ] 37 66| 0 0] o
Table 4. Learning result of the learning data
!;ata No ¥‘:I:aget Data l ‘Result DatzT | Data No Input Da\ta : Taget Dita
- C | M| Y |CRIMR|YR 1 C M ! Y | CR|MR]|YR
1 255 | 255 | 255 | 232 | 232 | 232 oo : : : : ]
2 255 | 204 ; 255 | 232 | 185 | 231 210 0 0 51 0 0, 46
3 255 | 153 | 255 | 231 | 140 | 230 211 0 {255 0] 0 | 231 0 |
4 255 | 102 2552321 93 1230, 212 O |204 0, 0 118 O
5 2551 51| 2551231 | 46 | 232 213 0 153 0 0 139 0|
6 | 255 0] 255 | 232 01231 214 . 0 102 0 0 93 0
7 12550255 204 23123118 215 | 0 51 0 0 | 46| 0
R Coot.otioroonpo216 0 0] 0] 1 1 0|
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Table 5 Orginal color and transformed color by the proposed system.

.. ‘ T - N . !
Original C | Reproduced C AE | No Original C | Reproduced C

(N(’ L* | ax | bx  Ls | a* | bs Lx | ax [ b+ | Lx | a*x | bx| “
41 1780263377785, 09| 28 | = |+ | o | ol
31 |877|-03/376 8719 0366 11 | 1130|429 98] -55 407 7.1 | -56| 38

| 158 585 |51.8139.2 | 56.6 | 56.1| 365 47 | 1170 527 | -33| -14 502 -36| -16 | 48

162 | 879160 | -2679.7 | 16.1| 04| 30 | 1174|556 56| 284515 57218 7.3

202 |595 | -6.3| 375 | 88.0 | 60| 354 | 2.1 | 1251 |399| 01| -56 |40.7 |27 -54 | 3.7

400 | 80.7 | 42.1 | 399 | 59.6 | 44.3 | 406 | 2.2 | 1291 | 462 | -40 | 20 4581 -37| 22 33

404 |867] 75|-271795] 93]-2.1] 2.2 | 13311237 24 -16 (237 24| -16] 00

Total color difference of AE 231

Fig. 5= a9l 2 A=iah 33700 dafa], o] M(1F)7) 2age] ML
2o o Jeg s, o] F Aabole] M}t Table 60]m, ¢3714 No. 12 Table 5
o} AAIHNo : 41)2] A zpe} e}

Table 6. Color difference between original and reproduced color

No. 1 2 3 ] 4 5 6 7 8 9 10 1 11
JE | 284 | 106 | 473 | 300 | 214 | 222 | 221 | 326 | 328 | 206 | 174
No. 12 | 13 14 | 15 {16 0 17 | 18 | 19 | 20 | 21 ! 22
JE | 065 | 144 | 723 | 081 131 | 133 | 244 | 042 , 096 | 057 189
No. 23 | 24 . 25 | 26 27 | 28 | 29 | 30 | 31 | 32 | 33 N
JE | 124 599 | 163 0 026 1'1 17 | 383 | 475 | 779 | 366 333 000
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Fig.b Ooriginal color samoles and reproduced color samples

(a) Linear tran. image (b) Non-linear tran. image

Fig.6 Compare with linear transformed image and non-linear transformed image by proposed

neural network.
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