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Performances of Different Color Matching Functions Examined by
Metamerism Samples of LED Primary Colors

Huang Min Wang Yu, Li Yu, Hu Xiaoxue, Li Xiu, Liu Yu
School of Printing and Packaging Engineering, Beijing Institute of Graphic Communication, Beijing 102600, China

Abstract Color stimuli with different primary colors will arouse different color perceptions, and color matching
accuracies calculated by different color matching functions are also different. To investigate the influences of the
peak wavelength location of primary colors from self-illuminating equipment on such differences, we selected one 3-
channel LED panel (R1G2B1) and one 6-channel LED panel (RIR2G1G2B1B2). The color displayed by the 636 nm-
524 nm-452 nm combination in the 3-channel LED panel was defined as the target color, and seven corresponding
combinations (including one combination of the same spectrum) were generated after the RGB single channel and
double channel of the 6-channel LED panel were changed. Thirty-nine observers (aged from 19 to 24) with normal
color vision were organized for the color matching experiments of white color, and 357 sets of data were collected in
the visual experiments. Four sets of color matching functions were employed, including CIE1964, CIE2006,
Sarkar2, and BIGC17 (the latter two are based on reflective color sample pairs and suitable for young observers).
Their performances were evaluated with A(u', v') calculated by CIE1976-u'v’ chromaticity. The results indicated
that regarding the color matching accuracy and the observer variation calculated by CIE1964 and CIE2006, the peak
wavelength positions of the red channel, blue channel, and green channel had increasing influences, and the

differences from the same-spectrum combination results were also in an ascending order. Sarkar2 and BIGC17
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outperformed CIE1964 and CIE2006 in some combinations.

Key words color; primary colors spectrum; color matching functions; color matching accuracy; observer variation
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Table 1  Spectral and colorimetric information of primary colors of LED-Panel
Primary colors A measured /M FWHM /nm X Yo ul, o
R1 636 20 0.69 0.31 0.53 0.52
R2 672 20 0.71 0.29 0.57 0.51
Gl 508 28 0.12 0.70 0. 04 0. 57
G2 524 32 0. 24 0.73 0.09 0.58
Bl 452 20 0.15 0. 06 0.17 0.17
B2 472 21 0.11 0.17 0.09 0. 32

ARELE I T 2 /6 LED-Panel, % J& %) SCHk
(137,636 nm-524 nm-452 nm GG & 7] 15 5]
B R B TCEORS B, H S 3T CIE 7 45 Bt
D e pR 50 A 7 BT 0 D €8 00 1% 0 1 O K o

I, BHEE N RO RGB JRAHS %5 —6&
LED-Panel 1 RIR2G1G2B1B2 J5i @ B ot 1741 4 .
R4 AN 2 frow,

F 2 EPRBLA AT BC B A BOLIE AL SR A A

Table 2 Spectral combination and change characteristics of target and matched devices

Color gamut areas

Target (combinations) Matched (combinations) Variations —
CIE 1964-x 14 y10 CIE 1976-u', v},

L1(R1-G2-B1) - 0.1697 0.0878

L2(R2-G2-BD) R 0.1773 0.0956

L3(R1-G1-B1) G 0.1766 0.0947

(R1-G2-BD) L4(R1-G2-B2) B 0.1533 0.0572

L5(R1-G1-B2) G+B 0.1530 0. 0600

L6(R2-G2-B2) R+B 0.1602 0.0624

L7(R2-G1-BD) R+G 0.1827 0.1021
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Fig. 2 Color gamut of different primary color combinations. (a) u},v},; (b) 1y y10
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Table 3 Observer variations under different combinations
Intra-observer L1 L2 L3 L4 L5 L6 L7
Min 0. 0005 0.0003 0.0009 0. 0005 0. 0005 0.0002 0. 0006
Max 0.0062 0.0020 0.0041 0.0051 0. 0040 0.0037 0.0041
Mean 0.0021 0. 0009 0.0020 0.0022 0.0022 0.0017 0.0023
Inter-observer L1 L2 L3 L4 L5 L6 L7
Min 0. 0002 0. 0005 0.0004 0.0010 0. 0007 0.0010 0. 0005
Max 0.0077 0.0063 0.0117 0.0114 0.0184 0.0105 0.0162
Mean 0.0029 0.0029 0.0048 0.0045 0.0071 0. 0050 0.0073
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Fig. 5 Observer variability ellipses from different LED-RGB primary colors. (a) Proposed method; (b) Ref. [13] method
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# 4 AF LED-RGB =R @OGIRA A T A9 WLEE 3 (52 1 1 2 %
Table 4 Parameters of observer variability ellipses from different LED-RGB primary color combinations
Parameter Proposed method
Combination L1 L2 L3 L4 L5 L6 L7
S 0.0039 0.0042 0.0068 0.0065 0.0097 0.0068 0.0099
0 74.05 14. 04 123. 58 111. 06 149. 39 156. 87 165. 84
Parameter Ref. [13] method
Color White Gray
Combination L1 L2 L3 L4 L1 L2 L3 L4
S 0.0039 0.0079 0. 0085 0.0082 0.0042 0. 0060 0.0078 0. 0090
0 68. 35 51.42 127. 00 139. 41 76.46 40. 88 142.17 138. 45
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Fig. 6 Spectral response distribution of different CMFs
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Table 5 Spectral information of different CMFs
CIE1964 CIE2006(22)
Channel
A o Half-max FWHM STV, A Half-max FWHM STV,..
) 596 552 634 82 1.132 594 551 632 81 1.152
* 442 419 470 51 0. 387 441 419 468 49 0.420
y () 557 503 612 109 0.999 556 500 611 111 1. 000
z(A) 445 420 476 56 2.018 446 420 473 53 2. 147
S2 B17
Channel — —
A ax Half-max FWHM STV,.. A nax Half-max FWHM STV,
D 595 554 633 79 1.229 595 554 635 81 1.063
* 445 422 474 52 0. 381 443 420 470 50 0.396
y() 556 504 614 110 0.969 558 502 612 110 0.976
z(A) 444 420 473 53 2.060 446 420 474 54 2. 140
CIE1964 CIE2006
0.510 0.510
@ (b)
0.505 0.505
= L3 =
0500 [ ot -2 0500 \
L7 M‘}?{Yu
0.495 0.495

0.490
0.190 0.195 0.200 0.205 0.210

0.490 - - 3
0.185 0.190 0.195 0.200 0.205

Uiy Ui
0.510 52 0.510 Bl
(© (d)
0.505 0.505
<% 0.500 = 0.500f e «)
0.495 0.495
0.490

0.210 0.215 0.220 0.225 0.230

’
ulO

0.490
0.190 0.195 0.200 0.205 0.210

’
ul[)

Bl 7 AR CMFs 3R 44 F WEF LR EE o), v, T HE

Fig. 7 Averaged u}, v, values of matched devices with different CMFs in different combinations
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Table 6 Color matching results from different combinations with different CMFs in terms of A (u', v') values
L1 L2 L3 L4 L5 L6 L7

CMFs - Mean
— R G B G+B R+B R+G

CIE1964 0.0031 0.0034 0.0079 0. 0060 0.0109 0.0065 0.0107 0. 0069

CIE2006 0.0031 0.0032 0.0104 0.0074 0.0141 0.0075 0.0126 0. 0083

S2 0.0031 0.0073 0. 0050 0.0052 0.0074 0.0098 0.0090 0. 0067

B17 0.0031 0.0046 0.0068 0. 0050 0.0088 0. 0050 0.0080 0.0059
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Table 7 Number of observer classification color matching functions and probability statistics

L1 L2 L3 L4 L5 L6 L7

CMFs P /%

- R G B G+B R+B R+G
CIE1964 9 11 5 11 2 7 3 13.4
CIE2006 13 31 1 5 6 9 7 20.2
S2 11 4 40 13 34 6 23 36.7
B17 18 5 5 22 9 29 18 29.7
Total 51 51 51 51 51 51 51 100. 0

A WLTE 7 R AR .4 B CMFs B9 W58 & 73 2%
SR B O . S2(36. 7%) >B17(29. 7%) >
CIE2006(20. 2%) >CIE1964 (13. 4%) ., % )z 5
O BRI S2 M BL7, AR [ &R & 1T
g K 06 AT B i BT B M. CIE2006 7E R
T T SR A A A A R LS2 7E G A G+ Bl
T R AR B AT B R A3 S B SR i B 6 PR ] CMF's
B 6T AR it — 2R, S2 7E R 8 e AR B A
ERBE VRPIEEHE B T S2, BI7 78 B i 1E A
R-+B il i AR i BLAT B ar i 4 2 g . uh il
CMFs (1563 ) 7 78 AN W] 1 38 18 A 7 22 5 1H A
P 0, UG Jic 25 5 P 5% 3 25 S B AE AR LR AN TR

4 4k 1w

HHE T W & LED-Panel /8 £ TF R H M)
VERC S5, 5 H bR & i J5 00k AL, DERC iR 45 43
M2 T R.G.BHEEM G+B.R+B.R+G M
Wi, H CIE1964, CIE2006, S2 I B17 4 4 Ff
CMFs 5 6 ik A (L2~ L7) [ 52 56 25 51 5 [A]
WG (LD AT 3. S5 R R,

1) ] CIE1964 #1 CIE2006 35 M A (u'y v
{H 3% 1IE 200 € D 0K B2, HCAE B/ BBC €0 h R B,
ACu's o HEBMKEE R L1I<L2(R)<<L4(B)<L6

(R+B)<<L3(G)<<L7(R+G)<<L5(G+B), F &
USRS R T OB I A 50 1%
A5 B e RS B A TR AL A L1 s R B L Hp
HUETE G AR By 52 dR K, Gl G+ B 1Y R
N

2) FH CIE1964 7155 85 ¥ €8 22 T 58 35 22 % i
FPEH U & R 22 5 . F K R, e RiE 5
MG A L1 225 N0 3 HAb 5 fhdl & T g
RELIAAMERRE, LT HEE G YUER %
i e K, WGEIE G+ B B Ik .

3) LT[Rl o 50k R G O/ 8 28 a4l
LS B B17 Ml S2 CMFs, fEf& 5 A 3 £kt
OME R4 S 06 25 Bk, R IR T A
CIE #f## 1 CIE1964 F1 CIE2006 CMFs, LA (u',
o)l #FAE B @ VT BLORS L B17 (0. 0059) <
S2(0.0067)<< CIE1964 (0. 0069) << CIE2006
(0.0083) A 36.7% 1 29. 7 %5 By VLB () 4k 40 D O
T 4 5 JE T S2 f B17,

5 £ X
[1] Wright W D. A re-determination of the trichromatic
coefficients of the spectral colours[]]. Transactions

of the Optical Society, 1929, 30(4): 141-164.

1633001-8



(2]

[4]

(5]

(6]

[7]

(8]

MR X
Stiles W S, Burch ] M. N. P. L.
investigation: final report (1958) [J]. Optica Acta:

Colour-matching

International Journal of Optics, 1959, 6(1): 1-26.
CIE.
physiological axes: part I[R]. Vienna: CIE Central
Bureau, 2006: 170-171.

Sarkar A, Autrusseau F, Viénot F, et al. From CIE
2006 physiological model to improved age-dependent

Fundamental chromaticity diagram with

and average colorimetric observers[J]. Journal of the

Optical Society of America A, Optics, Image
Science, and Vision, 2011, 28(10): 2033-2048.
Huang M, He R L, Guo C L,

optimization of different color matching functions for

et al. Test and

different aged observers [J]. Acta Optica Sinica,
2018, 38(3): 0333001.

TR, EGIN, SE, S AN [E AR 0048 8 B0, L
B pR I K R Ak [T 6% 224k, 2018, 38(3):
0333001.

Asano Y, Fairchild M D. Categorical observers for
metamerism [ J]. Color Research & Application,
2020, 45(4): 576-585.

Huang M, Xi Y H, Pan ],

observer categories for young and aged using paired-

et al. Colorimetric
comparison experiments[J]. IEEE Access, 2020, 8:
219473-219482.

He R L, Huang M, Guo C L, et al. Color-difference
discrimination between young and old observers[J].
Laser & Optoelectronics Progress, 2018, 55 (3):
033301.

ff B, A, AW, 5. FRAZENEHEN G
LRSI T]. WOt StH TR, 2018,
55(3): 033301.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

1633001-9

E 415 F 16 H/2021 £8 B/ ¥R
Xi Y H, Huang M, He R L, et al. Testing cone-cell

response of young and old observers by using nearly
metameric samples[M] //Zhao P F, Ouyang Y, Xu
M, et al.
printing and packaging.

Advances in graphic communication,
Lecture notes in electrical
engineering. Singapore: Springer, 2019, 543: 80-86.
Li ] Y, Hanselaer P, Smet K. Pilot study on color
matching accuracy using different primaries [C] //
Proceedings of the 29th Quadrennial Session of the
CIE, June 14-22, 2019, Washington DC, USA.
Washington DC: International
Illumination, CIE, 2019: 1010-1018.
Asano Y, Fairchild M D, Blondé L,
matching experiment for highlighting interobserver
variability[J]. Color Research & Application, 2016,
41(5): 530-539.
HuY, Wei M C, Luo M R. Observer metamerism to
display white point using different primary sets[J].
Optics Express, 2020, 28(14): 20305-20323.
Guo C L, Huang M, Xi Y H, et al. Influence of

Commission on

et al. Color

LED primary colors on color matching accuracy[]J].
Acta Optica Sinica, 2020, 40(16): 1633001.
WA, L K, 4. LED JRE G B T
BLKE BE B9 52 i o3 B [0 D6sf A4, 2020, 40(16):
1633001.

HOUSLITE. [2021-02-01]. http:/www. thouslite.
en/PRODUCTS/17. html.

Oicherman B, Luo M R, Rigg B, et al. Effect of
observer metamerism on colour matching of display
colours [J]. Color Research &
Application, 2008, 33(5): 346-359.

and surface



