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Effect of Peak Wavelengths of RGB-LED Light Source on Its Color
Rendering Property

Ma Ruiqing
College of Information and Computer, Tatyuan University of Technology, Taiyuan, Shanxi 030024, China

Abstract The color rendering quality of RGB-LED light source is mainly evaluated by color rendering index,
gamut, color discrimination ability of observer and object color saturation. However, the possible chromaticity
mismatch range that all spectral reflectances metameric to one surface under standard illuminant D65 would form
under a RGB-LED light source with correlated color temperature 6500 K has not been thoroughly studied. First, the
peak wavelengths of blue, green, and red LED light source were changed respectively, and the simulated RGB-
LED light source spectrum was generated by Gaussian distribution function. Then, chromaticity mismatch areas
under RGB-LED light source formed by all spectral reflectances metameric to 12 Munsell surfaces under standard
illuminant D65 were calculated. Finally, the data of five real RGB-LED light sources were analyzed. The results
show that the chromaticity mismatch region corresponding to the Munsell color card was negatively correlated with
the general color rendering index of RGB-LED light source, that is, the larger the general color rendering index of
RGB-LED light source, the smaller the chromaticity mismatch region corresponding to the Munsell color card.

Key words visual optics; RGB-LED light source; general color rendering index; metamer mismatch volume; peak
wavelength

OCIS codes 330.1715; 330. 1730; 330. 1690

W BHEI. 2021-02-23; 1&E AHY: 2021-03-23; FHEBHI. 2021-04-06
HEeWmB. HKHRKRB2ES(61705011) (1l P4 B FEREF 5T TR 4F 5 42 (201901D211068)
BIE{EE: ‘mrql53101@163. com

2333002-1


https://dx.doi.org/10.3788/LOP202158.2333002
mailto:E-mail:mrq153101@163.com

$£58% £ 2381/2021 £ 12 B/HAEXRBFEHE

1 5 5

LED(Light-Emitting Diode) Y& ¥ 1 T H B A 7%
i A R A% 3 g SO F T R T Iz N P AL AR R AR
Wd ., FOGLED .RGB-LED FI£ 8 i LED JG U5 2
AL LA A2 R TR 68038 9 =6, i RGB-LED St I8 Al
£l LED GIRRE S K s DGR () . £33
I LED G i o (0 0, 488 R OR B H
JEiEY H Mk B 8. RGB-LED St 5 7T 3 o i %%
gL 8t iE OO R R G IRE SR A BT R AE R
JEUE, HAN#E H £ 3838 LED YRR

] B FB B 2% B3 2 (CTE) i FH— %t (a F5 50(R,)
SR RO 60 i, 5 HAR P A LED SG IR DL K&
£ 55 Y6 TR A L, RGB-LED 6 I8 4 5 {0 15 B A0 X 4
AN AR SCHR[A-6 ] 25 SR AR B B — 1 B (AR BUT
ANEESE 2R BL RGB-LED YL IR A9 {6 i i . AR
% 78 RGB-LED Y6 R T 09 B 5 (14 % 5 g J1 %
I AEZOG R AT = A K A B A R
V14 R B R O M O % A R O B A A
RGB-LED G, 4 T it RGB-LED ) i 0 47
Hb A AN TR 3 0 O, — ST DL e A
TGRS ROR AR bR R AR AR G TR B T

RGB-LED SG il ™ A4 9 A [ € 5 /Y 1ot 1% 2
=AW G E AR . P B R R DGE E
R i 7E D65 SR T H AT A A A = il (e (R AE
RGB-LED G B 7= A4 9 F1 6T 23 H 3068 B A DE e
PR 90 o 30k AR 2 ' R AR A T 5 | kS 1 () € i R 2
P B AN R 63 S5 L i 4 IR 7E 55 — RGBT T 2
PR A () A B0 € T A 2R R OR TR R B R [EY
B, . JGIEAS AT R 4 [R] 6 5 1% 0 5 2 DU bR 1
TR & D65 4 2 Lb BRI, DL IR B R A FIE Sk ¢
HE WA ST B 5%, R F CTE 42 HY A9 ] € 5 3% 48 50k
FoR A 40 S 5 AR B AR BOT B 1Y = TS A a7 2R
TORMOGIE TR R 2 HE T A E I AR i
TR, bR o BB AR D65 T 9 — A =%, T A 7=k
U = S 1 D' 3 R 5 L FE RGB-LED JG IR T 1 fg
P = R AR BIAF Y . SRR Y = R (E
O e = ISR 3/ S N [ N SN - I N
Logvinenko %" BUR M (1 6 1% 2 A b A 3553 5
B R AT DUR A [0 S A B S AT R A X
TETHRE T HESH ORI R IR (4 g i
FTEE OV RS B0 R, Munsell {6 B % 17 44 ] €5
SRR, FH R AE T (] 40 S5 33 XF 20 € P ) 52 ),

TR IR R R B B A AR

AR 3 2 B OCT MbR 1fE JE B & D65 28 £k 3 RGB-
LED Y6, 124~ Munsell 2 B 6 o7 4[] €2 52 3% 14
DA LT B = €000 e Ao I A I8 O R G — i
048 505 IR 6 S AR R B I E &R .

2 WFRITE

2.1 RGB-LED iRt ig gl

SCHERLL6] T Y 43 2 B0 1 R M S 00 2 A L 5K
B RGB-LED JG i T #4710 . ¥ 6 g M@
LED ) 8 i W % 1< 43 51 24 465,520,625 nm, 1%
) 2= U 4> 55 (FWHMD) 43 51 ok 40,45,36 nmo A T
el T 5% 45 SR AT LB - b 1 A SR FE AR LR AU
ek g REE S AN RS R
RGB-LED J& ¥ — %, 0 {8 I+ 43 51 6l 4% 465, 520,
625 nm > A | B 3 38 i s W7 43 A eR Ok 7
A B AL B RGB-LED Y6 B G 1% B X I 9 €0, )i
{8 5 b5 1 B 1A D65 — 3,

PREFER A2 {8 LED 6 IR (9 WA % 4 (4351 0
520 nm 1 625 nm) AN, Y ¥ 4 LED I Y 06 {8 %
KU K 430, 440,450,460, 470 nm B, % 57 #Y 54~
B4 RGB-LED JGHOGIE a1l 1(a) s o R F7E A
L8 LED S I 9 W8 3 1 (43 51 2 465 nm Al 625
nm) AAE M Ek (0 LED 6 I I A I K B R 510,
530, 540, 550, 560 nm B, X i /9 5 4> 1 #1 RGB-
LED G ¥ L& 1(b) fim . G Mma @
LED SG U () W I K A AE 20 (8 LED G 1) i
{H 3% K HUE 2 600,610,620,630, 640 nm B, X 1 Ay
S5 RGB-LED JEiFE g an & 1(c) iR .

R TR AL R 1 43 AT 25 B AT LA AR SCiR
XFSCHR[16] /54> B 52 RGB-LED S I i 17 43
Br, 545 4 LED 6 5 9 06 A % K 3 [ Ol 452~
468 nm, &k o LED Y6 I Y 06 {H )% K 35 B h 516~
524 nm, I {8 LED J6 I A9 % {8 9% 4 75 F ok 624~
632 nm, X B 9 o €5 15 £ R 33~56, Hok i 4y
A U I RN G B 2 % SR 16 ]

2.2 ERREEMITE

K Fl Logvinenko %" 4 t 1) 7 v 1 55 M b
I8 1K D65 725 4k 3] RGB-LED J% i , 12 > Munsell
4 B N ) TR 68 S 354K . 124> Munsell 6K 43 5]
9 5R5/6.2. 5YR5/6 . 10YR5/6.7.5Y5/6.5GY5/6.
2.5G5/6. 10B5/6. 7.5PB5/6. 5P5/6. 2. 5RP5/6.
10RP5/6 MINS/OGIG S b R 19.77% ), iRk

2333002-2



1.2-
=

Z10F
(=1
éo.s-
06}
S| i
'S 041 il
S 02} 3

‘e 1

£ 58% £ 2381/2021 £ 12 B/HAEXBFEHE

--------- 510 nm 1.2 ©
----- 530nm 2,
f\ w ot %
|\ ---540 nm 5 %
i"|\ --550nm g 0.8 ,"f
"i —560 nm T 0.6+ ;
i | )
'S 0.4 b
E ;
2 0.2

370 420 470 520 570 620 670 720 770
Wavelength /nm

Wavelength /nm

0 L L AN L L
370 420 470 520 570 620 670 720 770
Wavelength /nm

El1 RGB-LED 7ER A 1E 5 T MG I 563 . (a) i A LED 19 0 (8 3% K BUR [RE 5 (b) Z# (8 LED (19 06 8 3% K BUR [ {8
() ZL{0 LED A9 4 {1 Il 4 BUA [\

Fig. 1

Simulated light source spectra of RGB-LED under different conditions. (a) Peak wavelength of blue LED is different;

(b) peak wavelength of green LED is different; (c) peak wavelength of red LED is different
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Fig. 3 General color rendering indices of simulated RGB-LED light sources under different conditions. (a) Peak wavelength of

blue LED is different; (b) peak wavelength of green LED is different; (c) peak wavelength of red LED is different
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Fig. 4 Relationship between general color rendering indices of simulated RGB-LED light sources and parameters of metamer

mismatch body that 12 Munsell color surfaces correspond to. (a) Metamer mismatch volume; (b) size of chromaticity

mismatch area
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Fig. 5

Relationship between general color rendering indices of simulated RGB-LED light sources and parameters of metamer

mismatch body averaged over 12 Munsell surfaces. (a) Metamer mismatch volume; (b) size of chromaticity mismatch area
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Fig. 6 Relationship between general color rendering indices of real RGB-LED light sources and parameters of metamer mismatch

body that 12 Munsell surfaces correspond to. (a) Metamer mismatch volume; (b) size of chromaticity mismatch area
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Fig. 8

Color differences of 240 Munsell surfaces between standard illuminant D65 and simulated or real RGB-LED light

sources. (a) Peak wavelength of blue LED of simulated light source is different; (b) peak wavelength of green LED of

simulated light source is different; (c¢) peak wavelength of red LED of simulated light source is different; (d) color

differences between standard illuminant D65 and real RGB-LED light sources
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