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Spectral reflectance estimation of RGB signal by using principal components
of the nonlinear same hue population.

Sung-A Ahn

Dept. of Graphic Arts Engineering, Graduate School,
Pukyong National University

Abstract

As information-communication network has been developed rapidly, internet users’ circumstances
also have been changed for the better, in result, more information can be applied than before. Also, the
application is not focused on the text any rnore, but the visual inforrnation has become the main stream.
As the internet circumstances have become more comfortable than before, intesnet users are generalized
from some specialists to general public. Therefore, everyvthing which are used in our daily life, for
example, internet shopping center, internet broadcasting, and intermet theater can be met by CRT. At
this moment, there are many differences between real color and reappeared color on the CRT.

When we observe a material object, our eyes perceive the multiplied form of light sources and
nature spectral reflection. However, when the photographed signal is reappeared, illumination at that time
of photographing and spectral reflection of a material object are converted into signal, and this converted
RGB signal is observed on the CRT under another illumination. At this time, RGB signal is the reflected
result of illumination at that time of photographing. Therefore, this signal is influenced by the
illumination at present, so it can be perceived another color. Frequently, color is also as much important
part as the design and quality of goods when want to buy some goods on the internet. However,
there are some differences between reappeared color and real color of goods.

To accord the color reflections of another color source, the study has been reported by S.C.Ahnm,



which study i1s about the color reappearance system using neuron network., Furthermore, color
reappearing method become independent of its circumstances has been reported by Y.Miyakem. This
method can make the same illuminations even if the observe circumstances are changed. To assume the
light sources of observe circumstances, the study about color reappearing system using CCD sensor also
have been studied by S.C.Ahn".

In these studies, a population is fixed, first, on ab coordinates of CIE L*axb*. Then, color
reappearing can be possible using every population and existing digital camera. However, the color is
changed curvedly, not straightly, according to value's changes on the ab coordinates of CIE L*a%bh*.

To solve these problems in this study, first of all, Labeling techniques are introduced. Next, basis
color—it is based on Munsell color system—is divided into 10 color fields. And then, 4 special color—
skin color, grass color, sky color, and gray—are added to the basis color. Finally, 14 color fields are
fixed. After analyzing of the principle elements of new-defined-color fields’ population, utility value and

propriety value are going to be examined in 3-Band system from now on.
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Fig. 1 Tri-primarv each receptor’'s spectral sensitivity.
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Fig. 2 Sensation and spectral visual sensitivity,
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Three stimulus
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Fig. 3 Color matching functions of standard colorimetric observer.
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Fig. 5 Define the same hue corresponding to color stimular P.
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400 80 60 40 N 0 20 0 &0 & W

(a) Same hue area for the linear method.

gThe hue of the these samples are R, but

élocated in the YR’'s hue area.

i This same hue area is skin color |

(b) Enlarged same hue area for RP, R, and YR hue.

Fig. 6 Classified same hue area by using hue angle.
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(a) The a b’ chromaticity coordinates of the Munsell color patchs.

b
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/

(b) The a“b" chromaticity coordinates of the hue region
for the R’'s hue.

Fig. 7 The same hue region for the Munsell color patch.
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Table 1. Coordinate Data’s example

¢ Line .
No ab Coordinate Data
Line 1 al 300 { 800 [ 13.00]21.00 ] 26.00 | 31.00 | 37.00 | 42.00 | 47.00 | 53.00 | 58.00 | 63.00
M T 400 | 400]| 504|672 | 863|973 |-1070}13.04|-13.92| 15.17| -15.39| - 16.00
i 2 300 | 800 | 13002100 | 26.00 [ 31.00 § 37.00 | 42.00 | 47.00 | 53.00 | 58.42 | 63.00
ine
b | -500 | -9.00 |-14.20(-19.80|-25.80|-29.50 -36.30| -43.00} - 48.00| -58.00| -68.80 | - 75.20
fi(a*) = 0.0008a% — 0.1826a2+ 17.4474a — 507.4175 (92)
£ (a*) = 0.0004a2 — 0.0362a + 1.3599 (23)

2 59 M4 99e EFsE Fig. 8% ol Adzio] diaA
Bdges B fEe 7|&e 584 2wyl Aae wyezm
4 A gol AE5HE Y AN 998 A4 g webd @29 4
(23)Ako) 2] g ohd" ot ek o] ska gl dislA Fig. 99 #E
#HCa®, b7t BHE Y A4 gooict

Fig. 8(b)ellX R M4 g9& 22)9 H(@2)ez2iy g F 218 v
Zahs RES P 12 ok

[11 a*>0
2] fi(a*) < 0* < fo(a*)
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Fig. 8 Boundary function fi (a*) and f£(a*).
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Fig. 9 Labelted R and YR's hue region.
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Table 2. The same hue data base of 14 regions

Average spectral
PC of . Name of
Label value reflectance PC of Uz {PC of uz

- U hue

D(A).
1 O(X) u Uy Uy _3 R
2 O(X) Uy _ g Uy _ g Uy_3 YR
3 o) U _ U3_o U3 Y
4 O(X) Uy Uy _g ug 3 GY
5 O(A) Us_g Us_o Us_ 3 G
14 O(A) Upyg_y | Uy o Uy 3 Gray




4. 48A% B wF

4-1. A3

Aetd woz 3wols Po| BAAYY AIFAEAAY RFFH 7]
o gol 996%cl BB AIFHRAA AHgStel BA TFUAEE BUA
2 % sith Figl0e ALs Pies T4 doleuol 29 ohay

Folug delg olfdtd BAle RPWALS FAGE BIHEE UE

2 3 EIUAS S FAR, FAF} RAuiAET B 2gubal ouz|
g Hesld X'Y'Z8 A4 F La"D"E 730 dxgs 24% g9 A



X ; = |xvz

Measured spectral reflectance Spectral emission of D65 ’ Lab
Measured XYZ s Population
Spectral reflectance ® Munsell color patch
estimation system ® Memory color patch
® Light source Compare A Egb
& Standard illuminant D65 and MSE

X | = |xvzk—Lab

Estimated spectral reflectance Spectral emission of D63

Fig. 10 Block diagram of the estimating spectral reflectance

for RGB signals.
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Fig. 11 Distribution of the Munsell Color Patch.
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Fig. 12 Labelled classified 14 same hue area.

Table 3. Label’s values for the 14 same hue regions

Hue Label Hue Label
R 1 PB 8
YR 2 P 9
Y 3 RP 10
GY 4 Skin 11
Y 5 Green 12
BG 6 Sky 13
B 7 Gray 14
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Table 4. Cumulative contribution ratio of from the 1st principal
components to the 3rd for the created the nonlinear same hue

populations
Contribution Cuml'llati.ve ’ CuTnulative contribution
ratio of the 1st contribution ratio of | ratio of
e, the Ist and the 2nd | from the 1st PC and
PC. the 3rd PC.
R 75.4 97.8 99.6
YR 82.0 98.7 99.8
Y 356 97.9 994
GY 912 96.9 99.3
G 944 99.2 99.7
BG 944 99.4 99.8
B 923 99.3 99.7
PB 93.0 98.6 99.8
P 92.8 984 995
RP 844 988 99.5
Skin color 0934 99.2 99.8
Sky color 97.4 09.5 99.9
Grass color 99.5 99.8 99.9
Gray 98.7 99.7 99.9

-31 -



(2] A FLdAY 499 FHE

(B 0s

oWl /s
e /
\ =

Relistnoe value

£5 S S ——
100 a0 ECD Mam 7 a0] aCC €00 700t
wivelength wavelength
i PO ot the R's population th) PC o the Gf's population
3R] ? S
el R H
= /\ T M/\j o e A~
= : = - e
4 N \ / : : o "\‘. /
x o
: /
V.
05 — : 05
400 50 SN 700nm " 500 590 700
wancleneth wan elength
(¢ PC ot the Bs popudation 1) PC ol the Y's population
05 a5
pul
w e ERIIT e - T E e —
-0 v |
z - \
E = \
E = \\/
04 ng . -
400 500 B0 700 4090 500 Susl 700 0m
wanclenyth warelenyth
11 IPC ot the s population (1) PC of the Shan's population

Fig. 13 Principal components of the same hue populations.

Fig. 132 T449% 2399 A 1, 2, 38 FAHAEAAY add X8 e

]

1

Aolth 2t @M Bede Al 14 FHRen, HHL Al 28 FAR,

- 32 -



4-2-4. FAMF dole] Wa LBVASG 4E}E
(1] F244 999 Bt 2Fua

MY SU84 9902 2e8 44dde Jeraus G(A)s Table

=Ry
5 67 o dNH O Gray ¥4 H

Aol Gk e A4 Grayel §F BFIAEE 7 o] mek opzrel
Aol glev G2 UMY gde) B EFNAbge] wstel of$ AAsw,
BE Ao g EGuialg e 3lae BPurAbge] TASIR A Fig. 14
()9l R, Y, G, B P9 HFEFHAEE YebliA 2, Fig. 14(b)oll B4 442
YR, GY, BG, PB, RP9] T ¥3wA&S vehlidon, Fig. 14(c)

ZFuAQ
o S4a Qe AR WA HEA, s e BRTARS dehy
.

_33_



Table 5. Average spectral reflectance for 14 same hue region and

total samples(I)

Color
Wavelengt R YR Y GY G BG B
(nm)
400 0.14 0.12 0.12 0.12 0.14 017 0.22
410 0.17 0.14 0.15 0.14 0.17 0.22 0.29
420 0.17 (.14 0.15 0.15 0.19 0.24 0.32
430 017 0.14 0.15 0.15 0.19 025 033
440 0.17 0.14 0.16 0.16 0.20 0.26 034
450 017 0.14 0.16 0.16 0.21 0.27 0.36
460 0.17 0.14 0.17 0.17 0.22 0.29 0.37
470 0.17 0.15 0.18 0.19 025 0.32 0.38
480 0.17 0.15 0.19 0.21 029 035 0.38
490 0.16 0.15 0.21 0.24 0.32 0.36 0.38
500 0.16 0.15 0.25 0.28 0.35 0.36 0.37
510 0.16 0.17 0.31 0.32 0.36 0.36 0.36
520 0.15 0.20 0.37 (.36 0.35 0.35 0.34
530 0.15 0.21 0.42 0.39 0.35 0.33 0.32
540 0.15 0.22 0.45 0.40 0.33 0.31 0.30
550 0.17 0.26 0.48 0.40 0.32 0.29 0.27
560 0.21 0.34 0.50 0.39 0.30 0.27 0.24
570 0.25 0.40 052 0.37 0.28 0.25 022
580 0.30 0.44 0.52 0.36 0.25 0.23 0.21
590 0.36 0.46 0.52 0.34 0.23 0.21 0.20
600 0.41 047 052 0.31 0.21 0.19 0.19
610 0.45 0.48 0.51 0.29 0.19 0.18 0.19
620 0.48 0.48 0.51 0.28 (.18 0.17 0.18
630 0.49 0.48 051 0.27 0.17 0.17 0.19
640 0.49 0.48 0.50 0.26 0.16 0.17 0.19
650 0.50 0.48 0.50 0.26 0.16 0.16 0.19
660 0.50 0.48 0.50 0.25 0.16 0.17 0.19
670 0.50 0.48 0.50 0.26 0.16 0.17 0.20
680 0.50 0.48 0.50 0.26 0.16 0.17 0.19
690 0.50 0.48 050 0.27 0.17 0.18 0.19
700 0.50 048 051 027 0.17 0.18 0.18
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Table 6. Average spectral reflectance for 14 same hue region and

total samples(Il)

Color
Wavelenit PB p RP | Skin | Sky |Grass Gray|Total
(nm)
400 0.24 0.24 0.20 0.17 0.07 004 | 023 | 017
410 0.33 0.32 0.26 0.27 0.19 0.06 | 031 | 022
420 0.36 0.34 0.27 0.33 0.37 007 | 033 | 0.23
430 0.37 Q.35 0.26 0.35 0.45 007 | 034 | 0.24
440 0.38 0.34 0.26 0.36 0.50 007 | 034 | 024
450 0.39 0.33 0.26 0.37 0.51 007 ;7034 | 025
460 (.33 0.32 0.25 0.37 0.52 008 | 034 | 025
470 0.38 0.31 0.25 0.38 0.51 010 | 035 | 026
430 0.36 0.29 0.24 0.39 0.50 0.11 035 | 026
490 0.34 0.28 0.23 (.40 0.47 0.13 | 035 | 027
500 0.32 0.26 0.22 0.40 0.43 0.14 035 | 0.27
510 0.25 0.25 0.21 0.39 0.40 0.14 035 | 028
520 0.24 0.24 0.20 0.39 0.37 014 | 034 | 028
530 022 0.22 0.19 0.39 0.34 013 | 034 | 028
540 022 0.22 0.18 0.39 0.32 012 | 034 | 028
550 0.22 0.22 0.19 0.39 0.30 .11 034 | 029
560 0.22 0.22 0.20 0.41 0.28 0.11 035 | 029
570 0.23 0.23 0.21 0.43 0.27 0.11 035 | 030
580 0.24 0.24 0.25 0.46 0.26 0.1 035 | 031
590 0.26 0.26 0.31 0.4 0.25 Q10 | 035 | 032
600 0.28 0.28 0.37 0.51 0.23 009 | 035 | 032
610 0.30 0.30 041 0.52 0.21 008 | 035 033
620 0.32 6.32 0.44 0.53 0.20 0.07 035 | 033
630 0.34 0.34 0.45 0.54 0.19 007 | 035 | 033
640 0.35 0.35 0.46 0.54 0.18 006 | 035 | 033
650 0.37 0.37 047 0.54 0.18 006 | 035 | 033
660 038 0.38 0.47 0.55 0.18 006 | 035 | 034
670 0.40 (.40 0.47 0.57 0.18 007 | 035 | 034
680 0.41 0.41 0.47 0.59 0.19 007 ) 035 | 034
690 0.41 0.41 0.47 0.62 0.21 008 [ 035 | 034
700 042 0.42 0.47 0.64 0.43 0.10 035 | 0.34
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Fig. 14 Average spectral reflectance for the created same hue regions.
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Table 7. Tristimuius, L'a"b", and zy coordinates for the average

spectral reflectance of 14 same hue region

Tristimulus L'a’b” Value zy coordinate
Hue
X Y z r a” b’ x y

R 3057 | 2484 | 1835 | 62.14 | 2839 | 1518 | 041 | 0.34
YR | 3521 | 3181 | 1569 | 6591 | 1790 | 31.62 | 043 | 038
Y 4184 | 4466 | 19.04 | 70.76 | -169 | 4097 | 040 | 042
GY | 2821 | 3454 | 1954 | 60.08 | -17.15] 2745 | 034 | 042
G 21.71 | 2854 | 25.03 | 53.72 | -2344| 909 | 029 | 038
BG | 2160 | 2727 | 3135 | 5360 | -1898: 244 | 027 | 034
B 2263 | 2655 | 3872 | 5469 [-11.31|-13.23| 026 | 030
PB | 2376 | 2441 | 4025 | 5584 | 262 |-1863| 0.27 | 023
P 2716 | 2510 | 3472 | 59.12 | 14.05  -10.55| 031 0.29
RP | 2977 | 2510 | 27.35 | 6146 | 2431 | -0.10 | 036 | 0.31
Skin | 4361 | 4318 | 3992 | 71.97 | 787 | 794 | 034 | 034
Sky | 27.21 | 3040 | 5222 | 58.17 | -653 {-2216| 025 | 0.28
Grass| 856 | 11.06 | 923 | 3512 |-1578| 808 | 030 | 038
Gray | 3295 | 3463 | 37.11 | 64.12 | 026 | 067 | 03l 0.33
Total | 2825 | 2028 | 27.00 | 60.11 | 177 | 7.08 | 033 | 035
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Table 8. Comparision of the measured value and estimated value

Measured Value

Estimated Value

No. [ o o | o o | b AE, | MSE
Al | 2499 | 881 | 305 | 499 | 881 | 305 | 000 | oo1
B2 2517 | 1522 | 1443 | 257 15.22 14.43 0.00 0.01
C3 | 2077 | 901 | 2386 | 2077 | 901 | 238 | 000 | oo
DA | 2751 | -316 | 2243 | 2791 | -316 | 2243 | 000 | ooz
E5 45.00 | -950 { 1476 | 4500 | -850 | 1476 0.00 0.02
F6 2709 | -2725 | 933 2709 | -2725 | 933 0.00 0.00
G7 | 3030 | -3654 | -356 | 3030 | -3654 | -356 | 000 | oo
H8 | 3423 | -2277 | 2770 | 3423 | -2277 | -2770 | 000 | 002
19 | 6829 | 136 | -210 | e820 | 15 | -210 | 000 | oo2
Jio | 6931 | 752 | <777 | 6931 | 752 | <777 | 000 | 004
Kl | 7318 | 2289 | -1381 | 7318 | 2289 | -138L ) 000 | 0.07
L12 704 | 3253 | 417 | 7504 | 3253 | -417 0.00 0.07
A13 | 8832 | 086 | 161 | &32 | 08 | 161 | o000 | 002
Bi4 8357 | 1369 | -815 | 8357 13.69 | -8.15 0.00 0.04
Cl5 | 8286 | -387 | 2635 | 8286 | -387 | 2635 | 000 | 002
DI6 | 6553 | 091 | 290 | 6553 | 091 | 290 | -000 | o002
E17 | 7320 | 2645 | 1925 | 7329 | 2645 | 1925 | 000 | 007
F18 5686 | -2732 | 1893 | 5586 | -27.32 | 1893 0.00 0.01
GI9 | 4999 | 1757 | -3570 | 4999 | 1757 | -3570 | -0.00 | 004
H20 | 7165 | 524 | 2615 | 7165 | 524 | 2615 | 000 | 002
121 | 6585 | 155 | 1944 | 6585 | 1556 | 1944 | 000 | 0.02
J22 | 6459 | 17.03 | 1886 | 6459 | 17.03 | 1886 | 000 | o002
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Fig. 16 Comparison of measured and estimated spectral reflectance of

FUJI Color Target IT 8.7/2-1993.
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(e) TL34 Image

Fig. 17 Special color Image reproduction under various illuminants.
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(d) A Image (e} TL84 Image

Fig. 18 Natural color Image reproduction under various illuminants.
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