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A Study on the Reproduction of Color Image Using Gamma

Variation on Display Colorimetric Characterization

Sung Chul Lee

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

The reproduction of the color image is one of the most important
expression factors in graphic arts. The idea of the color has been
changed by distributing digital technology. there are differences
between the range of the sensation about color which is recognized by
human's eves and the range of color that can be expressed by each
digital equipments.

Color monitor system 1is the representative equipment to contact
visual information because most of the information consist of color
image.

In case of color monitor system reproducing the visual information.
there are several manufacturing companies which separately produce
different kinds of display equipments. but not every display can be
equal.

The visual information can not be equally reproduced because of
differences in reproducing brightness of display equipment, chromaticity
of a fluorescent element and the white reference, the property of
CRT (Cathode Ray Tube) gamma as well as surrounding circumstances
and human's vision.

Current users use two kinds of gamma settings. In case of
PC (Personal Computer) system, they use 2.2 gamma value and in case

of Mac. system which is mainly used for printing and publishing of a



image. they use 1.8 gamma value.

Besides, even if a number of users download and use the same color
information, color images are differently reproduced by separately
different gamma setting of display equipment.

The propose of this study is to investigate the reproduction of color
image on a CRT monitor. for a range of different values of monitor
gamma. We have used the GOG (gain—offset—gamma) model of the
behavior of CRT. Color difference have been computed in a color
space. based on the CIELAB color appearance model. The 133 patch
defined linearly color sample and 24 patch defined printing color target
were used. and were subjected to the influence of nine different
gamma value.

The result shows that neutral color is increasing the decrease range
of luminance black color than white color. These results concern

correct in the context display of color reproduction.
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Fig. 1. Typical transfer function of a CRT display at three different

settings of the picture control.
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Table 1. sRGB Parameters of Viewing Environment

e

Condition

sRGB

Luminance Level

80 cd/m

IHuminant White

Des (x=0.3127, y=0.3290)

Image Surround

20% Reflectance

Encoding Ambient Illuminance Level

64 lux

Encoding White Point

D5() (X=O.3457, y=0.3585)

Encoding Viewing Flare

1.0%

Typical Ambient Illuminance Level

200 lux

Typical White Point

D5y (x=0.3457, y=0.3585)

Typical Viewing Flare

5.0%
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Fig. 2. Color Checker of GretagMacbeth.
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Table 2. Physical Characteristics of CRT Display

Condition

Parameter

Viewing Size

19" Diagonal

Cathode Ray Tube

Dynamic Flat

Resolution

72ppi

Pixel Pitch

0.22mm

Number of Pixels

1920%x 1200V @ 64Hz

Bit per Channel
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max(L,, L, -Lg)—min(Ly, L, -Lg) y

Luminance uniformity = max (Lo Lo L) 100(%) (5)
0 L1 ‘
ua:-é— Zou' du' =max (|« ;—u,|)
Chromatic uniformity v'a:% =ov, Ay =max(| v ;—v,|) (6)

Table 3. Luminance and Chromatic of White Color at Nine Point in Full Screen

Lo L Ly Ls Ls Ls Lg L7 Lg

X | 76.11 | 76.25 | 76.51 | 73.86 | 80.42 | 76.65 | 82.01 | 80.87 | 78.47
Average | Y | 80.23 | 80.54 | 80.43 | 77.97 | 80.83 | 80.83 | 86.51 | 85.06 | 82.67
Z | 92.60 | 91.35 | 91.78 | 91.10 | 93.98 | 89.36 | 99.57 | 96.20 | 92.52
u' 0.19550.19570.1964 |0.1948 10.1968 | 0.1969 [ 0.1955|0.1966 | 0.1967
v' |0.4637|0.4651 | 0.4645[0.4627 | 0.4670|0.4672|0.4653 | 0.4653 | 0.4662

Chromatic

7 A7 3dx #A5E= o 98%0ln, AT FUdEE Ju'7} 0.0204, gv'7t
0.04860 % F71Eg At AA FJrgddre) o]F B APHAME= Ly HdA A
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[0.9923 (5727 +0. 00831%%% 3 [0.9923(—x_7) +0.00083] =0
RIR = g, (0. 9923(2N 1)+0 .00831<0
[0.9996 ( -z~ 2” 7 )+0.00031%%% 5 [0.9996(5x7) +0.0003]20
Gl Gmax =1 (0. 9996(2N - )+0.ooo3]<0
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Table 4. Sample Measurement using Colorimetrically Characterization

in Display System

dr/dr.max dg/dg.max dv/db.max X Y (Lm/m") z

1 0 0 33.85 17.41

0 1 0 29.50 58.06

0 0 1 14.94 7.1
0.0000 0.0000 0.0000 0.0000
0.0314 0.1500 0.1300 0.0800
0.0627 0.3100 0.3200 0.2700
0.0941 0.5500 0.5400 0.5700
0.12565 0.9000 0.9400 1.0000
0.1569 1.3800 1.4400 1.5600
0.1882 2.0400 2.1000 2.2700
0.2196 2.8400 2.9800 3.1700
0.2510 3.7800 3.9500 4.3800
0.2824 4.8800 5.1100 5.6000
0.3137 6.1900 6.4900 7.0500
0.3451 7.6100 7.9700 8.6400
0.3765 9.1700 9.6100 10.4200
0.4078 10.9000 11.4000 12.4100
0.4392 12.8700 13.5300 14.8300
0.4706 15.0000 15.7400 17.2000
0.5020 17.3300 18.2800 20.0000
0.5333 19.8500 20.9100 22.7000
0.5647 22.3500 23.5700 25.6700
0.5961 25.2600 26.6200 28.9300
0.6275 28.0900 29.5800 32.3200
0.6588 31.3600 32.9400 36.0100
0.6902 34.9700 36.7800 39.9400
0.7216 38.3800 40.4000 44.1500
0.7529 42.0500 44.2500 48.3900
0.7843 46.0600 48.4500 52.4300
0.8157 50.0800 52.7500 57.1700
0.8471 54.7500 57.6200 62.7200
0.8784 59.1500 62.2600 67.9600
0.9098 64.0700 67.3400 73.4000
0.9412 68.7600 72.2500 79.1000
0.9725 73.9900 77.9600 85.0400
1.0000 78.5400 82.7400 89.6700
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Fig. 8. Opto—electronic transfer function of CRT display.

Table 5. Comparison Gain, Offset and Gamma of Ideal CRT Display and Real

Measured CRT Display

Ideal CRT Display Real Experiment CRT Display

Red Green Blue Red Green Blue

Gain 1.0000 1.000 1.000 0.9923 | 0.9996 | 1.0030

Offset 0 0 0 0.0083 | 0.0003 | —0.0003

Gamma 2.200 2.200 2.200 2.2224 | 2.2015 | 2.1964
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Table 6. CIE XYZ Tristimulus and CIE Lab Value of GOG Model in CRT

Display
L X Y Z L a’ b*
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0314 0.0493 0.0465 0.0452 0.5086 1.5640 0.5772
0.0627 0.1970 0.1986 0.2063 2.1721 1.0129 0.3576
0.0941 0.4558 0.4670 0.5003 5.1075 0.8608 0.1152
0.1255 0.8462 0.8751 0.9383 9.4803 0.7201 0.1285
0.1569 1.3663 1.4218 1.5279 13.9547 0.5773 0.1119
0.1882 2.0288 2.1178 2.2860 18.2097 0.5054 0.0402
0.2196 2.8322 2.9625 3.2050 22.2593 0.4542 —-0.0043
0.2510 3.7889 3.9706 4.3023 26.1828 0.3871 —0.0430
0.2824 4.8957 5.1362 5.5771 29.9620 0.3484 —0.1026
0.3137 6.1611 6.4681 7.0229 33.6335 0.3285 —0.1096
0.3451 7.5856 7.9705 8.6637 37.2124 0.2849 —0.1508
0.3765 9.1778 9.6481 10.4922 | 40.7106 0.2655 —0.1764
0.4078 10.9345 11.4991 12.5083 44,1273 0.2492 —0.1957
0.4392 12.8634 | 13.5317 | 14.7209 | 47.4797 0.2353 —0.2104
0.4706 14.9612 | 15.7443 | 17.1297 | 50.7664 0.2121 —0.2254
0.5020 17.2376 | 18.1460 | 19.7362 | 54.0021 0.1876 —0.2229
0.5333 19.6925 | 20.7326 | 22.5549 | 57.1816 0.1848 ~0.2432
0.5647 22.3227 | 23.5067 | 25.5711 | 60.3099 0.1696 —0.2507
0.5961 25.1363 | 26.4723 | 28.7928 | 63.3928 0.1641 —0.2539
0.6275 28.1344 | 29.6344 | 32.2287 | 66.4359 0.1518 —0.2586
0.6588 31.3174 | 32.9889 | 35.8780 | 69.4358 0.1510 —0.2696
0.6902 34.6884 | 36.5416 | 39.7416 | 72.3988 0.1501 -0.2788
0.7216 38.2472 | 40.2924 | 43.8196 | 75.3254 0.1491 —0.2864
0.7529 42.0018 | 44.2496 | 48.1208 | 78.2223 0.1480 -0.2928
0.7843 45.9443 | 48.4050 | 52.6364 | 81.0839 0.1469 —0.2981
0.8157 50.0844 | 52.7679 | 57.3677 | 83.9172 0.1484 —0.2938
0.8471 54.4183 | 57.3361 | 62.3298 | 86.7212 0.1471 —0.2979
0.8784 58.9543 | 62.1183 | 67.5164 | 89.5011 0.1436 —0.2950
0.9098 63.6879 | 67.1036 | 72.9332 | 92.2512 0.1529 —0.3013
0.9412 68.6202 | 72.3011 | 78.5743 | 94.9768 0.1553 -0.3024
0.9725 73.7595 | 77.7151 | 84.4477 | 97.6804 0.1611 —0.3018
1.0000 78.4163 | 82.6229 | 89.7685 | 100.0000 | 0.1618 —0.2989
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Table 7. Color Difference of Between Measurement CIE Lab and Calculation

GOG Model in CIE Lab
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Fig. 9. Predicted L* for different gamma values.
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Fig. 10. CIE RGB reference data of GretagMacbeth Color Checker.
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Fig. 11. Color difference of twenty four color patch.
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Table 8. Comparison Color Difference of Target Measurement and GOG Model

Target Measurement GOG Model
Target Name AE %
L a b L a b
Dark Skin 34.3345 8.4092 11.8314| 36.32056 9.2621 12.7019 2.3301
Light Skin 60.7198 8.9959( 13.4879 64.6194 9.92211 14.2648| 4.0827
Blue Sky 46.3918 0.4510] —18.3763| 51.4153 0.3908| —19.5991 5.1703
Foliage 36.4612| —11.4562| 19.6751] 43.5522| —11.8002| 20.8702| 7.1992

Blue Flower 52.6638 8.6657| —22.4604| 55.9764 9.8996| —24.0399| 3.8719

Bluish Green 61.4899( —20.7540 3.3998| 72.8711| —21.7777 3.3765| 11.4272

Orange 56.8016| 21.5857| 47.8901} 57.4798| 23.5181| 50.6330| 3.4231

Purplish Blue | 40.1143| 13.3057| —37.5243| 41.3771| 14.2861} —40.0721| 3.0079

Moderate Red | 49.9897| 34.3283 3.6697| 46.9169, 36.9146 9.0452| 4.0338

Purple 30.4000| 18.1152| —20.8278| 29.9616| 19.2812| -22.3716| 1.9837

Yellow Green | 61.0367| —20.0269| 50.7499| 72.2173| —20.9490| 53.7040| 11.6009

Orange Yellow | 65.2316 8.7197) 56.1801| 69.7749 9.7734] 59.2616] 5.5500

Blue 31.9205| 21.9131| —46.7092| 30.6533| 23.3429| —49.4829| 3.3630
Green 44.9416| —27.6053| 31.7329| 56.6927| —28.9215| 33.4133| 11.9434
Red 41.4220| 43.1507| 18.0177| 35.7682| 45.9051] 19.0675| 6.3761
Yellow 72.6741] —2.7982| 66.8346] 80.4773| —2.9351| 70.5071| 8.6258
Magenta 51.5420| 38.7837| —17.9868| 47.5084| 41.4734|-19.1768| 4.9920
Cyan 44.9416| —14.1488| —20.4463] 53.2723| —14.3501| —22.1463| 8.5048
White 86.7708| —0.3819 1.9833| 95.2434| -0.2781 2.1033] 8.4741
Neutral 8 73.6492| —0.3895 0.7821| 81.0549| -0.0163 0.1888| 7.43387

Neutral 6.5 59.9429| -0.5545| 0.2836| 66.3225( -0.3734 0.1216| 6.3842

Neutral 5 46.0829 0.3315 0.2856] 51.2287 0.4091 0.4686| 5.1497

Neutral 3.5 31.4630] —0.1254 0.0401} 35.4365 0.3033| —0.1311| 4.0003

Black 17.3670 0.2736] —0.4900| 20.7562 0.4668| —0.0072 3.4289
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Table 9. Comparison AL, 4C. JHw of Target Measurement and GOG
Model in Color Checker

Target Name AL AC AH' 4
Dark Skin 1.9861 1.2048 0.1834
Light Skin 3.8996 1.1636 0.3279
Blue Sky 5.0234 1.2207 0.0873
Foliage 7.0910 1.2078 0.2963
Blue Flower 3.3127 1.9244 0.5607
Bluish Green 11.3812 1.0073 0.1841
Orange 0.6782 3.2983 0.6156
Purplish Blue 1.2628 2.7290 0.0701
Moderate Red -3.0727 2.6005 0.2599
Purple -0.4384 1.9303 0.1290
Yellow Green 11.1806 3.0868 0.2204
Orange Yellow 4.5433 3.2094 0.5533
Blue —1.2672 3.1185 0.1130
Green 11.7511 2.1318 0.1071
Red —5.6538 2.9463 0.0898
Yellow 7.8037 3.6750 0.0163
Magenta —4.0336 2.9408 0.0503
Cyan 8.3307 1.5247 0.7784
White 8.4726 0.1019 0.1216
Neutral 8 7.4056 -0.6843 0.1521
Neutral 6.5 6.3795 -0.2301 0.0780
Neutral 5 5.1458 0.1845 0.0740
Neutral 3.5 3.9736 0.1992 0.4170
Black 3.3892 -0.0944 0.5114
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Table 10. Root Mean Square Error According to Variety of Gamma

Gamma 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

AE worms | 4.2182(3.7201 | 3.2147 | 2.7545 | 2.4514 | 2.3463 | 2.4888 | 2.7513 | 3.0327

AE piow [10.2055] 5.8712 | 2.6397 | 1.2954 | 1.9283 | 0.8819 | 1.2687 | 0.9710 | 1.5254

JE wnign [25.4724(21.5350(18.0037|14.8378{12.0090|10.2863[11.5617|13.7796{15.7940
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Table 11. Comparison of AL°, 4C'w AJH.. JE'a for between Gamma Max.
Value(3.0) and Gamma Min. Value(1.4) in Color Checker

Target Name AL AC AH & JE
Dark Skin 30.1190 3.5862 1.3547 30.3620
Light Skin 20.8943 8.9919 1.1898 22.7781
Blue Sky 26.3429 7.5633 1.9628 27.4774
Foliage 28.7968 3.4947 0.0696 29.0082
Blue Flower 24,6456 11.9599 0.7862 27.4055
Bluish Green 16.5027 9.9270 1.2954 19.3019
Orange 21.3060 13.2581 13.0725 28.2951
Purplish Blue 27.8347 15.1975 4.7418 32.0658
Moderate Red 24.3277 13.5690 4.9595 28.2940
Purple 30.4637 3.5428 0.2162 30.6698
Yellow Green 16.4191 13.4916 3.5096 21.5390
Orange Yellow 16.8190 12.5953 11.5208 23.9635
Blue 27.4712 12.6592 6.3923 30.9158
Green 23.5748 10.7426 0.3862 25.9099
Red 22.6462 8.7795 9.8757 26.2194
Yellow 11.1562 12.1800 8.0346 18.3676
Magenta 24.3345 10.4095 2.9198 26.6281
Cyan 24.2432 3.6123 6.9330 25.4725
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