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Abstaract

The solution way of color difference in display device is using a device profile
recorded with color dimension, color properties of each device and is using sRGB
color space. The color matching is better sRGB than RGB color space. The sRGB is
independent device color space and based on the monitor characteristice.

An accurate characterization of the display device is essential for color matching.
The calibration and characterization process in display device is needed to transform
the device dependent color to the device independent color. The process of
characterization performs a linearization and transforms the linearized values into the
CIE XYZ tristimulus values. The purposes of this paper is to estimate color
reproduction using device profile and to explain the propriety of transformation

method using variable.
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Table 1. Sample Measurement using Colorimetrically Characterize in Display System

dr/255 | dg/255 | db/255 X Y(Lm/m") z

1 0 0 42.47 36.57 15.51

0 1 0 21.91 72.10 8.78

0 0 1 2.40 1241 96.01
0.0000 0.0000 0.0000 0.0000
0.0314 0.1000 0.1300 0.1100
0.0627 0.3500 0.3800 0.3100
0.0941 0.6900 0.7300 0.6700
0.1255 1.2000 1.2700 1.2100
0.1569 1.8000 1.8800 1.9600
0.1882 2.5400 2.6300 2.8800
0.2196 3.4700 3.6300 3.9500
0.2510 4.7700 5.0100 5.3000
0.2824 6.1300 6.4600 6.8800
0.3137 7.7200 8.1300 8.8500
0.3451 9.6800 10.1900 10.8800
0.3765 11.7000 12.2900 13.1300
0.4078 13.8100 14.5700 15.6600
0.4392 16.1800 17.0300 18.3900
0.4706 18.7600 19.7800 21.3900
0.5020 21.6800 | 22.8400 24.7200
0.53383 24.7500 26.0300 28.2600
0.5647 27.9200 29.4000 | 32.0200
0.5961 31.5400 | 33.2100 | 36.0400
0.6275 35.1100 | 36.9500 | 39.9500
0.6588 38.9600 | 41.0400 | 44.4700
0.6902 43.2800 | 45.5000 | 49.3400
0.7216 47.6600 | 50.1000 54.4600
0.7529 52.2700 | 54.9500 | 60.0700
0.7843 57.2300 | 60.2000 | 65.7500
0.8157 62.8300 | 66.1600 | 71.9100
0.8471 68.1300 | 71.7700 78.1600
0.8784 74.3000 78.3400 | 84.8300
0.9098 80.0900 | 84.4400 | 91.7200
0.9412 86.0600 | 90.7800 | 98.1000
0.9725 92.8300 | 97.6900 | 105.4900
1.0000 97.9800 | 103.3400 | 112.1300




Table 2. Calculated CIE RGB Values measuring

o] &g Aeluji]Awl Eof

CIE XYZ values

Lightness R G B
0.0000 0.0000 0.0000 0.0000
0.0314 0.0007 0.0015 0.0009
0.0627 0.0038 0.0038 0.0026
0.0941 0.0074 0.0071 0.0058
0.1255 0.0128 0.0123 0.0105
0.1569 0.0190 0.0180 0.0174
0.1882 0.0266 0.0250 0.0258
0.2196 0.0359 0.0348 0.0353
0.2510 0.0495 0.0482 0.0471
0.2824 0.0631 0.0624 0.0612
0.3137 0.0789 0.0786 0.0790
0.3451 0.0998 0.0984 0.0968
0.3765 0.1210 0.1184 0.1168
0.4078 0.1414 0.1410 0.1394
0.4392 0.1660 0.1644 0.1639
0.4706 0.1918 0.1913 0.1907
0.5020 0.2219 0.2207 0.2204
0.5333 0.2538 0.2511 0.2521
0.5647 0.2853 0.2840 0.2858
0.5961 0.3228 0.3208 0.3215
0.6275 0.3602 0.3567 0.3561
0.6588 0.3987 0.3966 0.3965
0.6902 0.4443 0.4388 0.4401
0.7216 0.4888 0.4831 0.4859
0.7529 0.5348 0.5300 0.5365
0.7843 0.5852 0.5810 0.5871
0.8157 0.6426 0.6391 0.6416
0.8471 0.6958 0.6937 0.6975
0.8784 0.7594 0.7578 0.7563
0.9098 0.8176 0.8168 0.8181
0.9412 0.8793 0.8786 0.8742
0.9725 0.9529 0.9430 0.9401
1.0000 1.0000 1.0000 1.0000
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Table 3. Calculated R, G, B Gamma Values in SG and GG Model

Model SG Model GG Model
Variable R G B R G B
Gamma 2.1921 2.2017 2.2040 2.19723 | 2.20808 (2.20167
Gain — — — 1.00216 | 1.00084 |1.00080
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Table 4. Obtained CIE XYZ values using SG and GG Model

SG Model GG Model

L X Y / X Y Z
0.0000 0.0000 0.0000 0.0000 0.0013 0.0022 0.0004

0.0314 0.0469 0.0507 0.0539 0.1717 0.1299 0.0559

0.0627 0.2153 0.2327 0.2484 0.3661 0.3377 0.2468

0.0941 0.5249 0.5678 0.6069 0.6715 0.6806 0.6017

0.1255 0.9877 1.0692 1.1440 1.0997 1.1714 1.1351

0.1569 1.6130 1.7467 1.8705 1.6605 1.8209 1.8576

0.1882 2.4079 2.6086 2.7953 2.3630 2.6379 2.7779

0.2196 3.3789 3.6617 3.9260 3.2157 3.6308 3.9037
0.2510 4.5313 4.9120 5.2691 4.2262 4.8070 5.2412

0.2824 5.8700 6.3648 6.8304 5.4021 6.1734 6.7964

0.3137 7.3995 8.0249 8.6154 6.7505 7.7364 8.5746

0.3451 9.1238 9.8969 | 10.6288 | 8.2782 9.5021 10.5805

0.3765 | 11.0465 | 11.9847 | 12.8750 | 9.9918 11.4764 | 12.8187

0.4078 | 13.1711 | 14.2921 | 15.3584 | 11.8978 | 13.6647 | 15.2933
0.4392 | 155008 | 16.8228 | 18.0828 | 14.0024 | 16.0724 | 18.0083

0.4706 | 18.0388 | 19.5800 | 21.0517 | 16.3118 | 18.7046 | 20.9672

0.5020 | 20.7877 | 22.5669 | 24.2688 | 18.8320 | 21.5663 | 24.1737

0.5333 | 23.7504 | 25.7864 | 27.7373 | 21.5687 | 24.6622 | 27.6311

0.5647 | 26.9294 | 29.2414 | 31.4603 | 24.5278 | 27.9970 | 31.3425

0.5961 | 30.3272 | 32.9346 | 35.4407 | 27.7149 | 31.5753 | 35.3109

0.6275 | 33.9462 | 36.8687 | 39.6815 | 31.1356 | 35.4015 | 39.5393
0.6588 | 37.7885 | 41.0460 | 44.1854 | 34.7954 | 39.4798 | 44.0304

0.6902 | 41.8564 | 45.4690 | 48.9549 | 38.6996 | 43.8145 | 48.7869

0.7216 | 46.1519 | 50.1399 | 53.9927 | 42.8536 | 48.4098 | 53.8115
0.7529 | 50.6771 | 55.0610 | 59.3011 | 47.2627 | 53.2696 | 59.1067

0.7843 | 55.4339 | 60.2344 | 64.8826 | 51.9320 | 58.3981 | 64.6748

0.8157 | 60.4241 | 65.6622 | 70.7393 | 56.8667 | 63.7989 | 70.5183

0.8471 | 65.6497 | 71.3463 | 76.8735 | 62.0720 | 69.4761 | 76.6393

0.8784 | 71.1123 | 77.2888 | 83.2874 | 67.5527 | 75.4334 | 83.0403

0.9098 | 76.8137 | 83.4915 | 89.9830 | 73.3139 | 81.6744 | 89.7232
0.9412 | 82.7555 | 89.9562 | 96.9623 | 79.3606 | 88.2030 | 96.6903
0.9725 | 88.9393 | 96.6848 | 104.2273 | 85.6977 | 95.0226 | 103.9435

1.0000 | 94.5500 | 102.7900 | 110.8200 | 91.4845 | 101.2313 | 110.5264
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Fig. 1. Obtained color difference for the CIE LAB.

Fig. 1A B SG 2d# GG E9d F 7K E vusiny dxyydoz sG 2d 4
oA Ak Aghel @A 7F GGRYE Helld FE Mgk vroh 2 o £ o, 53
A" dHE T R, G, Bakol 717} 40, 40, 4090 SG 2elA 7t A& AxE lﬁ_&’it}'. o]
d3 4L ZUH 543t =de] CIE RGB @& HIHEA ghog FEdhy] wio]

E]' }\}'-‘1\‘1—/}

OAY A4 gro]l FAGORM MR gaste RE B 4 ded A4 ARG

AE* _ ZAE*Zab
root mean square error 4( abrms = Ny o= 58 & ded SGEE9 4 ¢

= A AX7F 083203, GG EE2 090529 MAgS + 4 AT

3-1-2. sRGB AF7H A GGE T4 E GOG(gain-offset-gamma) 2] v} x g7}
BUE EXE Ao vz _%,?g}u}ﬁ E37]-E]0-]X] GOG Ed9 EAsgS s
7] 918ty F 7bx] wro g wdlol ujsd ATk GOG-1E"E -2 thg & ol &3}
of W 37 M2 FEzhe] FA A Eﬂlix-:oi Aol Ayola, GOG-2 X
AL sRGB A& 7bel Al gamma kol Wale] wE Ay A zolg H7isr] 95k
gamma S 242 TAS T Y] F sje) wig e Fetg o, 1 A table 5

s 7},

- 44 -



Table 59 A3} o] gamma #S L
o] i A& oz offset S =A ERWE
Aol Yo & + YAk

gain< positiveo] I, offset? negativeZ}

AddtA o 7 gain¥ offsete] 3ol

gof Aol 1o 7h7kd ghog ipehtol HX

g deojuApd

Eof ot At

TAF GOG-2 Edo] GOG-1 Rdwrt) gaingk

boh o] A2 wiEE A i AE e
EF ZUHA F3

gk 2H A8E Avto e table 59} 7L°] g 232 1y o)Ae fgaFZel F
N Ael 2A BA9 wk S A 0ol AEolG Anft B APAAE F
Ao E2agn FAAN ZEaus osded U AFE SRAAT AW B
Hx, 2 A% F uE A8t table 59 7] E3H ATl
Table 5. Comparison of Variable Values between GOG-1 and GOG-2 Model
GOG-1 Model GOG-2 Model
R G B R G B
Gamma 2.2112 2.2304 2.1907 2.4 2.4 24
Gain 0.9961 0.9911 1.0027 | 0.94745 | 0.94909 10.94838
Offset 0.0044 0.0091 | -0.0033 | 0.05714 | 0.05413 |0.05506
Table 58] M & 71X 1 &3 28 ZUH EAS RdS 38 4 g
1} GOG-1 model 2) GOG—2 model
=1[0.9961( 2N T)+0. 0044]2-192! Yr=10.94745( 2N 7)+0. 05714]1%4
=1[0.9911( 2N —4E-)+0.0091]%%V =1[0.94909( 2” —98-)40.05413]%
=[1.0027( 2N 1) 0.0033] 220101 =[0.94838( 2” b ) +0.055061%* (4)
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Table 6. Obtained CIE XYZ Tristimulus using Transformation Formula of 3 by 3
Matrix (GOG-1 and GOG-2).

GOG-1 GOG-2
L X Y Z X Y Z

0.0000 0.0013 0.0022 0.0004 0.0000 0.0000 0.0000
0.0314 0.1717 0.1299 0.0559 0.0464 0.0498 0.0542
0.0627 0.3661 0.3377 0.2468 0.2134 0.2299 0.2497
0.0941 0.6715 0.6806 0.6017 0.5211 0.5620 0.6097
0.1255 1.0997 1.1714 1.1351 0.9819 1.0599 1.1489
0.1569 1.6605 1.8209 1.8576 1.6049 1.7337 1.8781
0.1882 2.3630 2.6379 2.7779 2.3979 2.5917 2.8061
0.2196 3.2157 3.6308 3.9037 3.3670 3.6410 3.9403
0.2510 4.2262 4.8070 5.2412 4.5181 4.8877 5.2875
0.2824 5.4021 6.1734 6.7964 5.8559 6.3373 6.8533
0.3137 6.7505 7.7364 8.5746 7.3861 7.9948 8.6432
0.3451 8.2782 9.5021 10.5805 9.1098 9.8648 10.6618
0.3765 9.9918 11.4764 12.8187 11.0338 11.9514 12.9138
0.4078 11.8978 13.6647 15.2933 13.1606 14.2586 154031
0.4392 14.0024 16.0724 18.0083 15.4935 16.7900 18.1338
0.4706 16.3118 18.7046 20.9672 18.0357 19.5491 21.1094
0.5020 18.8320 21.5663 24.1737 20.7901 22.5390 24.3334
0.5333 21.5687 24.6622 27.6311 23.7595 25.7629 27.8091
0.5647 24.5278 27.9970 31.3425 26.9464 29.2238 31.5396
0.5961 27.7149 31.5753 35.3109 30.3536 32.9243 35.5278
0.6275 31.1356 35.4015 39.5393 33.9833 36.8673 39.7766
0.6588 34.7954 39.4798 44.0304 37.8379 41.0552 44.2886
0.6902 38.6996 43.8145 48.7869 41.9197 45.4905 49.0666
0.7216 42.8536 48.4098 53.8115 46.2307 50.1756 54.1130
0.7529 47.2627 53.2696 59.1067 50.7731 50.1128 59.4302
0.7843 51.9320 58.3981 64.6748 5b.5488 60.3042 65.0206
0.8157 56.8667 63.7989 70.5183 60.5598 65.7521 70.8865
0.8471 62.0720 69.4761 76.6393 65.8080 71.4585 77.0300
0.8784 67.6527 75.4334 83.0403 71.2952 77.4255 83.4533
0.9098 73.3139 81.6744 89.7232 77.0230 83.6549 90.1585
0.9412 79.3606 88.2030 96.6903 82.9934 90.1486 97.1474
0.9726 85.6977 95.0226 103.9435 89.2078 96.9086 104.4222
1.00600 01.4845 101.2313 | 110.5264 94.8470 103.0434 | 111.0236

EY 9 APA A" 2uE S48 mdel A@g4e 9ot fdel CIE LAB
2ol M e o] 8§ AWE fig 29 Tl

Fig. 2014 B gammag ©| &3 22 F 7}~
T3 ea7t GOG-19) Aoz 3 gurt S
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Fig. 2. Comparison of obtained color difference using CIE LAB values
between GOG—1 and GOG—2 model.
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Table 7. Input Values of GretagMacbeth Color Checker

\m%

R G B
Color Checker

Dark Skin 129 96 82
Light Skin 205 163 144
Blue Sky 112 135 169
Poliage 103 121 81
Blue Flower 146 142 188
Buish Green 120 198 182
Orange 223 141 b7
Purplish Blue 91 106 178
Moderate Red 203 106 114
Purple 107 74 122
Yellow Green 173 197 78
Orange Yellow 233 175 61
Blue 65 75 163
Green 88 160 87
Red 186 70 73
Yellow 240 208 47
Magenta 197 103 162
Cyan 0 146 178
White 249 248 248
Netural 8 211 209 210
Netural 6.5 173 172 173
Netural 5 136 135 135
Netural 3.5 99 99 99
Black 65 65 65
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Table 8 Obtained AE Values to Compare the Input Values and Calculation Values of

Original GretagMacbeth Color Checker

Model
SG GG GOG—-1 GOG-2

Color Checker
Dark Skin 2.9418 3.1054 2.7815 2.2791
Light Skin 2.5933 2.6911 2.7332 3.0332
Blue Sky 2.8036 2.7477 2.7007 2.9070
Poliage 19.2407 19.1884 19.1372 18.6980
Blue Flower 2.9232 2.8289 2.7845 3.2547
Bluish Green 1.6374 1.5922 1.5852 1.8952
Orange 4.2608 4.4461 4.4622 4.6847
Purplish Blue 24.4756 24.3289 24.5884 24.7663
Moderate Red 3.0367 3.2109 3.0363 2.7249
Purple 2.4364 2.4238 2.2894 2.5306
Yellow Green 3.8196 3.8864 4.0301 4.0627
Orange Yellow 41715 4.3345 4.4790 4.8266
Blue 5.8267 5.7078 5.9167 6.2877
Green 1.9822 2.0429 2.0521 2.6763
Red 3.4213 3.5809 3.2289 2.0768
Yellow 5.1377 5.2492 5.4581 5.6414
Magenta 1.7789 1.8246 1.5954 1.6686
Cyan 45742 4.4922 4.5593 4.7018
White 2.5289 2.3638 2.4161 2.1111
Netural 8 2.4166 2.3572 2.4299 2.6428
Netural 6.5 1.4388 1.4448 1.4586 1.9256
Netural 5 1.8814 1.9377 1.8314 2.1651
Netural 3.5 2.4696 2.5718 2.2859 1.8367
Black 2.3886 2.5189 1.9818 0.3186
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