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Y= x,x,x,,x,) = f([x])

where [x,]=(x,x,,",x, ,,%,) (1)
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Uncertainty component CIE illuminant A LED White LCD White
(@450 nm) (@450 nm) (@450 nm)
Value: Spectral power 0.137 0.632 0.122
Instrument calibration 1.8% 1.8% 1.8%
Repeatability 0.5% 0.5% 0.5%
Wavelength accuracy 0.1% 3.4% 0.3%
Linearity on flux 0.3% 0.3% 0.3%
Spectral stray light 1.9% 0.9% 1.0%
Combined uncertainty 2.6% 3.9% 2.1%
7¥e 4= Qle ARolER 2 =m0 dRbAl =ooA = Al AL u(X;, X)) ZF A4 A (10)~(15)3 o] A HTh
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F 2. CIE A ¥23%<, LED Wi}, LCD w3

of tigt CIE 1931 x, y 574 £2=9 28= 424 A&E.

Uncertainty component CIE illuminant A LED White LCD White
(CIE 1931 x, y) (CIE 1931 x, y) (CIE 1931 x, y)
Value: CIE 1931 x, y 0.4476 0.4074 0.3247 0.3179 0.3451 0.3670
Instrument calibration 0.0004 0.0003 0.0005 0.0006 0.0005 0.0006
Repeatability 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Wavelength accuracy 0.0000 0.0000 0.0005 0.0005 0.0007 0.0024
Linearity on flux 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001
Spectral stray light 0.0005 0.0004 0.0001 0.0001 0.0002 0.0002
Combined uncertainty 0.0007 0.0005 0.0007 0.0008 0.0009 0.0025
off EIRIA k=25 Foto] IHEIES AESL o8 & v ov
estes mugeh LED W] o2 59 1 247 X, ax,
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32 3
(19)

g A (19)9] dEstes Mathao] B38ter) opd A
e ro ZHEsTe Hist u o]9w Zolch 4&3}
R = A (17)3 4] (18)F ©]-8-5to] 35/ F EHOH
A B EE J;‘7Ri_} T QUTHGEE 3). 3 Tl WE &=

AR 7)o 4804 27l%E CIE 1931(x, y)} H]%@
FE E‘ﬂ‘:}.

A e = CIE 1960 u, vE o]&3lA FLajoF 3tk A
Aol Fel AT AlEEe] CIE 1960 A&7}
u, volal, £&7} 791 42| CIE 1960 u, v MIEE ur(7),
vi(D® eSS ul, 718 7k Azl ur, viol &Fs)

(7 = exm gojurh 4or FAGH, g 4 20
2:8kA)7] T7h ukE Fe) Aahiewr) ek
¥ 3. CIE A %%, LED w3} LCD ®Alsdo]| o3t CIE 1931 u, v &4 B39 B3l ARy AEH
Uncertainty component CIE illuminant A LED White LCD White
(CIE 1960 u, v) (CIE 1960 u, v) (CIE 1960 u, v)

Value: CIE 1960 u, v 0.2560 0.3495 0.2106 0.3094 0.2056 0.3280
Instrument calibration 0.0002 0.0001 0.0002 0.0003 0.0002 0.0002
Repeatability 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
Wavelength accuracy 0.0000 0.0000 0.0002 0.0002 0.0005 0.0008
Linearity on flux 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Spectral stray light 0.0002 0.0001 0.0000 0.0000 0.0001 0.0001
Combined uncertainty 0.0003 0.0002 0.0003 0.0004 0.0006 0.0008
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AAer 7ol B3l = CIE 1960 AMEE u, vo] B3¢
oA 5 AutErt 2] (20)0)4] Hzo], A T= A
H, uet ve] TR FEETL & 5= Qvh 1Pl uet v
Al (19)0| 4 HIzo] M= AaA7} glenw, Este At
Ao whaba] o9 4 2D =T 4 Utk

W(T) = [Zj ()+[ jzuu 2@;]( ju( uy) (1)

A FwAG 0T/out oT/ove AALSIEAL 4] (20)0] X
23t 270 *PJJr*“iEA Fole= 4 (2005 Tl it
g o, & ol 4 22)F WA=
2% T9] gro] ”ﬂr*ﬂiiﬂ Fr}

(ur(T) = u) +(VT(T) V) (22)

(22)8] TS} u, voll 2z} 6T, u, 6v g WHES F:0] 6T
l 3P°El AR Es Ak

{u T+ 6D~ (u+ du)}
Ou,

or =0 ®

T+6T

+{v (T+6T)-(v+ 5v)}aﬁ

T+6T

4] (23)9] 7} @& 12} Taylor 7k, 670l &sf 4=|s)
H of 4 245 deth
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o’u v, au, Y (ov, Y
oT = —u)+ -+ == +| ==
{arz =)+ 7 O =) (arj (ar]

(% ou+ ke 5vj
oT or

@24

A Q)RR H=AG aT/out aT/ov= A (25)9F (26)

T Brh — pyF - olBE 9 11s

R

-1
or | d’u, o’v, Ou, ’ ov, ’ Ou,
= —u)+—L (v, —v)+| =L | +| ==L
ou [672 (y =)+ 27 O =V T or ) | or

(25)

-1
or | du, o’v, Ou, ’ ov, ’ ov,
== —U)+—L (v, —v)+| =L | | =L | =<
oy [672 (y )+ 27 O =¥ G or ) | or

(26)

4] (25), (26)& (2Dell WYk, A (17)~(19)= °]-83Hd,

Ao o] Ble2 AAKE 4 9tk RE AL E T
L pEmemel sly] SlalA] CCTR o] k. & 4o
S ool e welw Aaks Lpelalct B Fol

rir

= Babw Y Jloly
DSk M P Helt,

2 44-ol|A 4703 CIE 1931(x,

VIL. 2E2E9|

I

HESE

H 3z 2 T (distribution temperature, DT)+= A|&33-9] Al
FEET7L A Q] AT)EFRIES) H|=T F9 =Ho] 7
o FOE T A 2De MR s T4

o},

ol HE

750 nm
7= [ dz RO
aS, (A;T)

400 nm

2 here S, (1) = __ 4
} where 5,(4)=— ECAE

27

o7 A, ¢ =3.7418x10"° Wm?, ¢, =1.4388x107 mK<ld],
A 27 S A=t oA A o2 $8381A] ¢t} 4]
QD& &7) YA HeE FAY =2 ol 4] (28)¢] A9
£ olg3to] HytrsteEAL

G oA
AT A7

C=

<
~ \oﬂ

= exp(c) -1 28)

4 82 4] @7)°] skl Aelsha, Hue gow 2
Aste] ERSHA The 4] 29) Pk
% 4. CIE A EZ%9, LED 943, LCD wliso] g Aghiew 24 28hmo] Bobe 45 4Ex

Uncertainty component CIE illuminant A LED White LCD White
(cen (cen (cen
Value: CCT 2856 K 5908 K 5049 K
Instrument calibration 53 K 28.0 K 159 K
Repeatability 1.1 K 39 K 34 K
Wavelength accuracy 04 K 305 K 193 K
Linearity on flux 0.6 K 23 K 20 K
Spectral stray light 48 K 57 K 54 K
Combined uncertainty 73 K 420 K 259 K
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Uncertainty component CIE illuminant A (DT)
Value: DT 2856 K
Instrument calibration 63 K
Repeatability 04 K
Wavelength accuracy 04 K
Linearity on flux 02 K
Spectral stray light 8.6 K
Combined uncertainty 10.7 K
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Uncertainty Evaluation of Color Measurement on Light Sources and Display Devices
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This work introduces the uncertainty evaluation formulation on color measurement of light sources and display devices, such
as CIE 1931 (x, y) chromaticity, CIE 1960 (u, v) chromaticity, correlated color temperature, and distribution temperature. All the
mentioned quantities are reduced from spectral data in the visible range, for which uncertainties are strongly correlated between
different wavelengths. Using matrix algebra we have formulated the uncertainty propagation from the SI- traceable spectral
irradiance standard to the individual color related measurement quantities taking the correlation between wavelengths into account.
As a result, we have demonstrated uncertainty evaluation examples of 3 types of light sources: CIE illuminant A, LED white
light, and LCD white light. This method can be applied to any other quantities based on spectral measurement such as solar

irradiance, material color measurement, etc.

OCIS codes: (120.0120) Instrumentation, measurement, and metrology; (120.5240) Photometry; (330.1710) Color measurement.
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