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Spectroscopy and Spectral Analysis
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Fig. 1 The setup of color matching experiment
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Fig. 2 Spectral Power Distributions of the target

and matched displays in three channels
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Fig. 4 The distributions of Sarkar Proposed 8 categories
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Fig. 5 The spectral curves of the color stimuli
used for cluster analysis
(a): 17 iPad displayed colors;

(b): 24 Colorchecker illuminanted by D65 illuminant
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Table 1 The colorimetric values of 17 color centers

Color Ly aty by Cio hio
* Gray 63.0 —0.5 0.6 0.8 126.9
* Red 45. 8 37.7 23.3 44.3 31. 7
Red. high chroma 44.1 50.9 31.5 59.9 31.8
Orange 62. 6 13.3 22.0 25.7 58.9
Orange, high chroma 62.8 30.2 48.3 56.9 58.0
% Yellow 88.6 —6.9 46.3 46.8 98.5
Yellow, high chroma 86.0 —10.0 67.6 68.3 98.4
Yellow-Green 66.5 —10.4 13.9 17.3 126.8
Yellow-Green, high chroma 65.7 —24.4  31.8 40.1 127.5
% Green 57.0 —27.1 0.7 27.1 178.5
Green, high chroma 72.6 —38.9 —0.3 38.9 180.4
Blue-green 51.3 —16.9 —10.2 19.7 211.0
Blue-green, high chroma 59.0 —26.1 —17.9 31.7 214.3
# Blue 37.1 3.1 —31.1 31.2 275.7
Blue, high chroma 34.6 6.2 —37.9 38.4 279.3
Purple 144. 8 11.8 —13.3 17.8 311.6
Purple, high chroma 46.9 20.1 —23.0 30.5 311.2

7€ Sarkar f R M, B k-means SLIEX T 72 #
B+ 4 sk, Bk A k-medoids 875 LASEBEoh AL F B o
OIXTG, MAREER P HEENSH S 5N
EAVRFE T B/MEBA R 5 H S H S 2Z 0 A R
A B ATE . e R, kA 50 Bkt R R
2 1 25 8 b D(distance) 45 2y WK BE 25 19 °F J5 o K 108 AN
6 DT B BRVBE () > y QORI 2 Q) ZA B R R 526, K
3% Al Colorchecker 2 5 8 K #1 iPad A & 6 &4E K B #7
X ], 3 24 4> Colorchecker 6, #£ D65 #7 i it B {4
T € R R R A R LI S () PR ], AT RS
Sy MR EE R g,

AT AT, KBk B 5(b) i Colorchecker 8
B 35 A 1 S I 6 (P2 Rl T Sarkar #9745 . 108 /M
6,V Jie o RO AR R SR R IR A R e A . T S
() FiR I 17 4~ ARG EBIRE RIS %6, % 108 4
BRI BB () s y QO AT = Q) Z A48 4 31 Bl 5 2%,
Bl 6 fif . BB il 4% F2 % 108 AN B8 UG T bR K110 56 385 R B
Zife, GEME AL S BFR 2O, yQO M 2Q) =4 E
[y 5 AW ETEm R, 2774 T 5 X5 X5 =125 4~ 5
(NN AR

T HEIX 125 A4~ 5 v B i 3 A 2 AE B A 4 AT IO
T R 7 R, K 108 A BT € DG S bR B R SR 108 AN AN R
LG B AN M GIE S . A3 125 A, R A S
() 7% iPad [ WIR I 17 A~ B0 R EORR . 5 XYZ @)
8, #7118 CIEDE2000 {5 22 #){H . Ll &/ CIEDE2000
22 EVE PP b ol s $ R 3 43 28 B/ H 61D B s 2K
HEATHERT , Bhak Hh AT 10 A>3 2B D i pR B0 7 R . 4
REERINFE 2 . A 77. 8% MM EEH JE T A 10 432k,
[ s 07 0, 4 2 1 B0 € VG B bR 5P . vy QO T 225 31 1 B
6, V8 i bR BT JE IR 2K



5% 2 3

5T 457

3 JrZRB DL ek KR A A6 56

3.1 FeaTEHENIEMRE
H3R 2 th a2 A B T IE R, ARAAR IR LT iPad
M Quato W 78 A FT Ji B €5 U e 52 30 R AR B 1) 158 444 v
(L 158 Z“MEH 7 HATHR L) . KI5 2 H /N CIEDE2000
0,25 - {8 1 1 €0, UC IE eR B AR 158 44 LR 3 A X . 119 40
K, ERME S s, Hrb No. 11 2 CIE1964 i €4 DC it 5
B, Il 8 nI L, 158 AW Y B £ U e pR B0 2, TE
H JE T No. 2 Al No. 7 DL J& No. 11 2651, M 8 Bkt
Hi 8 AN 43 2B (5 VT e o6 £, R LR 3 43 38 9 28 A 73 42 D BT
BRI A B m PR EATHE Y, B A AN
BIGC-1, BIGC-2, -, BIGC-8, 43 Jll %} Jii & 8 "1 # No. 10,
No. 5, «+, No. 4,
2.59

2.01
1.51

1.04

CMFs

0.51

O_

5 T T T T T T T T 1
350 400 450 500 550 600 650 700 750 800
Wavelength/nm

B 6 REFEMBETESH
Fig. 6 Reduced set of x- y- z- color matching

functions plotted on 108 observer data
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Fig. 7 The reduced set of ten observer categories
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Table 2 The detailed information of the reduced

ten observer categories

. L. Total Obs.

No. Combination  z- y- z Obs. Covered/ %
1 50 2 5 5 15 13.9
2 117 5 4 2 14 26.9
3 63 3 3 3 11 37.0
4 49 2 5 4 11 47.2
5 91 4 4 1 9 55.6
6 1 1 1 1 7 62.0
7 119 5 4 4 6 67.6
8 64 3 3 4 4 71.3
9 46 2 5 1 4 75.0
10 76 4 1 1 3 77.8
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Table 3 The performances of different CMFs for nearly metameric color samples in terms of STRESS values
Young Old
CMFs
STRESS Obs. Obs Covered % STRESS Obs. Obs Covered %
CIE1931 65. 2 38. 4 2(8) 7.7030.8)
CIE1964 42.7 63.9
CIE2006(22) 47 68. 3
CIE2006(68) 61.2 41. 9
Sarkarl 48. 4 67.3
S2 40. 8 2(10) 6.7(33.3) 51.5 (3) (11.5)
S3 42.3 56.9
S4 47.5 68. 3
S5 43.8 64. 8
S6 41. 8 7 (D) 23.3(23.3) 64.7
S7 51.2 1D 3.3(3.3) 43.9 2(2) 7.7C7.7)
S8 45.5 51.3
BIGC-1 50. 8 70. 4
BIGC-2 47. 4 68. 6
BIGC-3 39.5 6 (1) 20(36.7) 59. 8
BIGCH4 64.7 39.0 1D 3.8(3.8)
BIGC-5 60. 0 1D 3.3(3.3) 37.1 8(12) 30. 8(46. 2)
BIGC-6
BIGC-7
BIGC-8
BIGC-Young 39. 4 13 43. 3 51.6 3 11.5
BIGC-Old 65.3 38.0 10 38.5
In total 30 100 26 100
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Table 4 Positions of peak wavelengths of different color matching functions

CIE1964 CIE2006-22 CIE2006-68 BIGC Young BIGC-Old BIGC 3 BIGC 5
- 444 440 448 444 444 444 152
(@) 596 596 600 596 600 596 600
YO 556 556 564 556 556 556 568
Y 444 444 452 444 444 444 448
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Classification of Color Matching Functions with the Method of Cluster
Analysis

HUANG Min, GUO Chun-li, HE Rui-li. XI Yong-hui

School of Printing and Packaging Engineering, Beijing Institute of Graphic Communication, Beijing 102600, China
Abstract Larger color discrimination difference exits among observers with normal color vision, especially those of different
ages. In order to classify the cone fundamentals among normal color observers, the 108 color matching functions (CMFs) inclu-
ding 47 Stiles& Burch CMFs and 61 CMFs computed by CIE2006 model were respectively classified into 5 categories in (1) 5 y
(M), z(A) three channels by using the k-medoids algorithm of clustering analysis method as well as the square of Euclidean dis-
tance and a total of 5X5X5=125 categories were generated. Taking the 108 CMFs as 108 “individual observers”, the 17 color
centers recommended by CIE were displayed on the center of iPad and 108 CMFs were compared with 125 categorical functions,
then the average of 17 colors” CIEDE2000 color differences were calculated. Finally 10 categorical CMFs were selected from

those 125 categories to represent the spectral response of human cone cells. The results indicated that 77. 8% from the 108 “real
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observers” were satisfied, which regarded the obtained minimum color difference as the objective function. As the target colors,
CIE recommended 5 colors (gray, red, yellow, green, blue) were presented on the iPad and 30 young observers aged 20 to 25
and 17 old observers aged 61 to 74 were organized to match 5 color centers correspondingly on Quato display. Therefore, 158
groups, 790 color data (each group includes 5 color centers) were obtained and then categorized by computing CIEDE2000 color
difference using 10 categorical CMFs. The CMFs possessing the minimum color difference value were assigned as the corre-
sponding classification of 158 observers and finally 8 out of 10 categories were selected and named BIGC-1, BIGC-2, -+, BIGC-
8, which were used to test the results of paired comparison experiment based on metameric color samples in our previous study.

The obtained results show that BIGC-3 CMFs worked well for young observers while BIGC-5 CMFs were suitable to old observ-

ers. Additionally, the calculated results of STRESS value were also lower than the results computed by other CMFs,

Keywords Cluster analysis; Categorize observer functions; Color matching functions; Physiological aging; Observer metamer-
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