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GUM : “Guide to the Expression of Uncertainty in Measurement
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— ISO/IEC Guide 98-3 (JCGM 100) (20085 %1T)
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+ ISO/IEC Guide 98-1 (JCGM 104) : Uncertainty of measurement - Part 1
Introduction to the “Guide to the expression of uncertainty in measurement
(GUM)” and related documents

+ ISO/IEC Guide 98-3/Supplement 1 (JCGM 101) : Supplement 1 to GUM
- Propagation of distributions using a Monte Carlo method

+ ISO/IEC Guide 98-3/Supplement 2 (JCGM 102) : Supplement 2 to GUM
- Extension to any number of output quantities

- ISO/IEC Guide 984 (JCGM 106) : Uncertainty of measurement - Part 4
The role of measurement uncertainty in conformity assessment

* ISO/IEC Guide 98-5 (JCGM 107) : Uncertainty of measurement - Part 5
Evaluation of measurement data — Applications of the least-squares method

* ISO/IEC Guide 98-6 (JCGM GUM-6) : Uncertainty of measurement - Part 6
Developing and using measurement models
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Value Standard Sensitivity Unc.
Symbol | Component _ Uncertainty | Unit | Type | Coefficient | Contribution | £F)L 3%t
i u(xi) ci ud{y) 2RARHN
y |Photometer | 4 o195, 106 |242x107°| A | A | 9.88x107 0.024 o
signal : ] ’ ) HRE EER
ye | Photometer | o0 1010 |610x102| A | A | -988x107 | -0.001 \4, ¥ ,/
dark signal (y _ yd)
si | Muminance |\ o148, 108 | 188x 10" | Alx | B | -1.78x10° | -0.334 E, = &, o
responsivity A5vi 4
Correction 4 /
cf Edtar 1.000 7.90 x 10 B 179.8 0.142 Zese PR
BEREE el
NIST MBEEIRERE
Ev illuminance 179.83 Ix 0.364
unit
Relative expanded uncertainty for NIST illuminance unit (k = 2) 0.41 % NIST SP250-95h > 4%
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STy OF
[BRFZ AT B (VA R AR+ TERDEK) ITEBLEDS Y D2 A FTAEDIEA]
¥ RATE95 %, NE1.5 miEsEkTOHI [CIE S025 Annex DA & #i#2]

Relative contribution to the output
standard uncertainty u,,, ()

RGB-type b

Name of the quantity X, Phosphor-type 8

Broad © | Narrow 9 | Broad ¢ | Narrow 9

Calibration uncertainty of S| traceable secondary luminous 1.0 %

flux standard (case of U=2,0 %, k=2) !

Ageing of luminous flux standard lamp (gas-filled tungsten 0.6 %

lamp}) t

DC current uncertainty for standard lamp 0.4 %

Ambient temperature (and uncertainty of thermometer) 0.3 %
Supplyﬁ)E_g_e of LED (and uncertainty of volt meter) 0,2 f.aia

Spectral mismatch of sphere-photometer system ( 1’ = 3 %) 1.7% | 3,5 %
Linearity 0,3 %
Self-absorption correction (residual uncertainty) ® 0,3 %

Spatial non-uniformity of sphere (difference in intensity

" a, oy
MAHOTEFY | distribution from the standard lamp) 9.0% ‘ 8% ‘ a0% ‘ 18%
MEFROEBEM |Repeatability of the sphere system 0,3 %
MEFROEEM | Stability of the sphere system (between calibrations) 0.3 %
—FI4—ILFUE | Near-field absorption 0.3 %
] Reproducibility of test lamp (including stabilization
LEDS> T OERE m,fdmon} ! i v 0.3 %
smiExny i |Stability of standard lamps 0.2 %
Relative combined standard uncertainty 2,4 % 28 % 3.9 % 4.1 %
Total expanded uncertainty (k=2) 4,9 % 57 % 7.7% 8.3 %
1 5}48 wmowas wsirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2021 FEFJILMAE=F+—(2022.1.20; Online)
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CIE S025 Annex D (3R#%)
#z D.2 - THEMSD /DTy D1
[43Fe kst &t +#5 535k (sphere spectroradiometer) [Z&ALEDS T D2 K IAIFEDIHE]
% FLETERO5 %, NTE1.5 mEHRERTOH [CIE 5025 Annex DA & 1 #2]
Relative contribution to the output
Name of the quantity X, standard uncertainty u_, (v)
Broad @ Narrow b
. 2 4+ |Luminous flux uncertainty of NMI traceable total spectral
SRERORER radiant flux standard 1.0%
SMMEDEHEIL | Ageing of luminous flux standard lamp (tungsten halogen lamp) 03%
HFEiEED S4B | DC current uncertainty for standard lamp 04 %
MEEZ QMR |Amblent lemperature (and uncertainty of thermometer) 03%
LEDS~TmatT®E | Supply voltage of LED (and uncertainty of volt meter) 0.2 %
SR O T Nonlinearity of spectroradiometer 0,8 %
SRIATE DR R Wavelength uncertainty {0:5 nm (k=2)) 04 %
ST Stray light of spectroradiometer (2 700 K to 6 500 K
HEMHHDREE | source) 1.0%
S s HOEEM |Reproducibility of spectroradiometer 0,1%
BT E | Self-absorption correction (residual uncertainty) © 0,3 %
g T Spatial non-uniformity of sphere (difference in intensity
HARDRERE 1 distribution from the standard lamp) 0.9% 18%
MEFROERFEY | Repeatability of the sphere system 0,3 %
MEFROEEY | Stability of the sphere system (between calibrations) 0,3 %
= T7 24— JLFIELT | Near-field absorption 0,3 %
LEDS T mEEY | Reproducibility of test lamp (including stabilization condition) 03%
S#EEHEOETEM | Stability of standard lamps 0.2 %
Relative combined standard uncertainty 21% | 2.6 %
Total expanded uncertainty (k=2) 4,2 % 52 %
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ZDMDEEXE (55)

+ CIE19831)—X (2011 LB, IE AR ), Determination of Measurement Uncertainties in
Photometry

+ CIE x040:2014, Proceedings of CIE Expert Symposium on Measurement Uncertainties in
Photometry and Radiometry for Industry

« CIE x029:2006, Proceedings of the 2nd CIE Expert Symposium on Uncertainty

+ CIE x020-2001, Proceedings of the CIE Symposium “Uncertainty evaluation - Methods for
analysis of uncertainties in optical radiation measurement”

+ CIEZE2&& CH MR &t HTechnical Report

= NIST SP250-95, NIST Measurement Services: Photometric Calibrations

o [EMCNISTSPU =R GHRERERM S &I, FHEMSFHEICRIT HMERHY) (NISTODxT
A kA ioDLEEE)

+ EMRP-ENGO05-1.3.1, Project report: Determining the uncertainty associated with integrals of
spectral quantities

»  CORM(Council For Optical Radiation Measurements) @ Proceedings, 7L &L E

Spectrophotometry : Accurate Measurement of Optical Properties of Materials (Experimental
Methods in the Physical Sciences), Academic Press (2014).

+ Blackbody Radiometry, Volume 1: Fundamentals, Springer Nature (2020).

+ Optical Radiometry, Elsevier (2005).

+ EFRLLER (CCPR Key comparison’s &) D&#EMESE (BIPMO VT H A M SDLATEE)
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EfREEEAEZE R (CIE) OM=E

CIE (Commission Internationale de I'Eclairage)
ER3I:1913%F
KER: D4—2 (A—RAR)T)
Sy 3l d(Light)MBA(Lighting)[RSET 5. ..
1) EpE#I1E e D15 (International Forum) MR 4L
2) §tiBl(metrology) D = D EFE AR EOF EDFAF
3) BN - EFFMREDIER D= DI5ET DiRik
4) ERERHE (ISO/CIEM Eetc.) PHEMTXEBLE DIERK - AR
5) B EEREEED) T 0 HE iR D DB E- i
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F1Mz(RWRELRE)
2= (LBt D MEAE)
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CIE & EfF1R#1E

- ISO(EFHE#ELH48). IEC(EFERIRERE). CEN(FUNEEL gL L &
MoU (B &) ##5is
— CIE3R#&%1S0, IECIZFDISELTI7 A RS Y IR ZEA AT BE
— Fa7I)LaT1R#E& (ISO/CIEFR#E. IEC/CIEFRHE) ELTHRIT
« 20124 :1SO TC274 (J:&LBBRA) 8% 3T
« 20194 :ISOLCIED BT/ S —hF—R1EBFEE K (PSDO) th E & fiE

» ISOTC274 (3t & HREA)

FRE - FRfE ED
FBEA#SE D/ \— K& IR
BEEFFICHEY P

EREE-RE. BRI
OffttE BERBBAIXRS

*Div.1 (% - 8)
IEC/TC34
SC34A (52 ) » Div.2 CHIS - s 8I5E)
SC34B (O%) - Div.3 (EWERE)
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CIE Division 2: Physical Measurement of Light and Radiation
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CIEZE2M=EERTEZER (TC)
202241 B IR7E
No. TCAFH EAR

TC2-62 | A A=TUT 7d b A—BITRTZT 74— LRER N AITE K. Bredemeier (DE)
TC2-67 BEIERSTOBRIN T. Reiners (DE)
TC2-68 | HREAMAHELDNFRIE X £ 8 (JP)
TC2-77 | E2HLFHICBITAEREBREAERR T. Bergen (AU)
TC2-78 |SUTHBLUHEHAREDENBEIE T. Bergen (AU)
TC2-79  |EABRICTESCGANSE KUS HikEtIE D-H. Lee (KR)
TC2-80 | IR 53 FHUBIE (CIE63DHAT) R. Young (DE)
TC2-81 | #uxifstlsE (CIE65MMET) M. Smid (CZ)
TC2-82 | CIE S014-2MHET P. Csuti (HU)
TC2-84 |LEDNw4 —LDHBRT—20OMEICET HHR A. Poppe (HU)
TC2-85 |BRDFAIEDEM/NTA—ZITET HHELR G. Obein (FR)
TC2-86 |AA—TUVBEAIEEBICESTLTAIE J. Wienold (CH)
TC2-89 | MIRELUHBEAL AT LOEMAA ZADEIE Q. Li (CN)
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CIEE2H B ERMTEZEES (TC)

202241 A%
No. TCA&FF EAE
TC2-90 |ZABKEDIHDLEDSIBARINL T. Poikonen (F1)
TC2-91  |[LED/Swr—S B &ULEDT LA D IEBE ik M. Schneider (DE)
TC2-92 |HHAREOIFZT—R2OBFI4—T VMBI 21R%E I. Ashdown (CA)
TC2-93  |ISO/CIE23539 (CIEMHR AN R T L) DEKET T. Thorseth (DK)
TC2-94 | £FBBE, JHBEBELLUN—IDBEIE H-L. Yu (TW)
TC2-95 |XFDAIE C. Bouroussis (GR)
TC2-96 |ISO/CIE 19476 (HREEFHH LU IEERT OMERERDIR) D HFT A. Sperling (DE)
JTCA | CIE191 GEBMEEIN AT Ls) D BSMEBBIADER] (D1,02,D4) *:?2;“45‘%&%}3&’;#3(3)3)
JTC5 | CIE S009/IEC624710 KL (D6,D2,IEC) %2";%"'?2%‘8%%
JTC-8 | #&HBBAIZEIY %55 (D1,D2,03,D4,D06,D8) P. Zwick (AT)
JTC-12 | KRkt EHA (D1,02,D8) A. Ferrero (ES)
JTC17 | HREDAEBLUNRROEME (D1,02,D8) F. Leloup (BE)
JTC-19 | EEMAEYIEIT 555 (D6 D2) 02 BogiL)
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Lt L. REINSOEHFIEOHHMITISHE L
(BTN, FEMNESNAD Y FREHITTDTREHD)

BRI - METRIEICRAFRENSFTFMDEFEREZF L O
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» CIE198Y 1) —X
> AEEHCEDFEEFIEREMR L TLLS
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CIE198> 1) —X (FHEMSHA )
O®CIE 198:2011 “Determination of Measurement Uncertainties in Photometry”
— GUM(ISO/IEC Guide 98-3:2008, JCGM100) D fiZ it &

®CIE 198 SP1:2011 “Supplement 1: Modules and Examples for the
Determination of Measurement Uncertainties ”

— RIS -IETRIE~DERfER - EHIRGE

SP1.1:2011 “Modules for the Construction of Measurement Equations”
[(ETLXDOBEICHVNSEERED21—)L]

SP1.2:2011 “Examples for Models with Individual Inputs”
CRIXIZHTEH. ETLXOBENSTENSNDVERODIERFETDEH]

SP1.3:2011 “Examples for Solving of Systems of Equations”
EiZARX O TOM. D ERYRLL]

CIE 198-SP1.4:2011 “Examples for Models with Distributions”
(TavTa o TE#E B 7 RERE) DEYHKN]

®CIE 198-SP2:2018 “Supplement 2: Spectral measurements and derivative
quantities” [ REE. REES ECEATHIRMYEL]

X CIEE28B=TlE, T—AIIZIEX ., SupplementZx#E{d 55 &t
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CIE S025 (LEDFRZEDHERFRIR)

CIE S025/E:2015
Test Method for LED Lamps, LED Luminaires and LED Modules
(LEDS> 7., ®Va—)L, BHAZEORESX)

B B AROFREIOHRE(RBRER)ZER
HBRERTOFELNSOBRENVVLAZHLLOTLD
thDIRE. M XELLLLT—SBAAAZBLUNEREIE

B B2 BBREUEOBRTEICBHAFRENIDEEEZER

- BEZG+HBTRME(AB)ERE U (95%) U (95%)
- HERMEBZI-BE R 4\ g /Atﬂ&m
— WEICKYREFHTOEEZRE /
- HARMATRERYTSES e azwzm =
— BEZFUHADOHEREE C ]
AIEDARFENSEMBRL -3 B X ' BEREE (LX) :

— |SO/IEC Guide 98-4: 2012 D# =0
— BEESEIE(H—KN\VR)EREDEZA
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BIEDRENSDREIZDNT

B CIE SO25 COARENSDREICEETHEREIR

ABRERTOTENSODHREZDLBEHLET S
. ﬁiﬁ’]ﬁinn@(ﬁﬂﬂ@’l’ﬁ%h\é’é\ — & B73 {iE (Generic Value)
THREITHELETFHBDTH
- BAKRARXIZIRGBA)AFR
- AVUNNOMERIZEERSVT
- BEYt-EEEREANERINYE (E—LBHNDUTDED+50 %hvis -25 %)
- EEEEENDUTOE+15 %A

B CIE SO25THDAENSDIRYFRWNZET 5 FDMDIEH

s HBHELTEELTEHNSERZAXRICHTT S

o BREFRBODMYKL., FEMSNADIVIROHIGEELZHESE
(BE)ELTHETS

- LEDEBERZFIZBITATEMNSTHHDOAAMFXEEZNHEXE
(Technical Note) EL THINRT 2 8 5HEE [RR—UTHE)
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CIE S025%t#5e 9 DR fEM S HA F

B AN SHEDERICHTIERBETORSHIE:

» |EC Guide115TIlX. FHEMNSIZDT LELBEZEIZE>TLVEN
o (FHEMETEAVEVWESTEHEIESE)
ISO/IEC17025MEREIATT b, ETDRBRERICHT HFRENED
M$RE5  (XR O TV
SSLODEHITEWT(EERITHLO) FHENSOBMSOEA ZEARE
FHENSEMIZZZLDFI A, ARMEET S
BARMETREASIHED X R (ERAMNAEX) B2 SR> TULVELY

- LEDEBBAZI(CHTAFFENSIED S 1 FXEE A BIXE (Technical Note)
ELTHMT A 8EMEE (]

« D2 discussion meeting on MU in support of S025% Bif& (2021478 )

« HARXEBEFEICAT-BRBIHTHIEEADEE

+ Modular Tutorial (A4 Y—)L) 2 BwT 55t EHER

» HARCEESR (f]: CIE S025 Annex D& (ZL7-Step-by-stepHi 1/ ) £i& 5t
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B DE2L AL ECIER IR [20194])

® CIE TN 010:2019 Determination of the Optical Beam Axis, Centre Beam Intensity,
and Beam Angle of Directional Light Sources
(E—LORELEICETHIERMERH]
® CIE 235:2019 Optical Measurement of LED Modules and Light Engines
[LEDEZa—IL, SAPIU DL O E 1% ET1]
® CIE S 025-SP1/E:2019 Test Method for OLED Luminaires and OLED Light Sources
[OLED:iR - BBBA D5XER A5 % (CIE S0250:EB#) ]
® CIE x046:2019 Proceedings of the 29th Session of the CIE Washington D.C., USA,
June 14 — 22,2019  [529[EICIEA S MDProceedings]
® CIE 18.3:2019 The Basis of Physical Photometry, 3rd Edition
[CIE¥EAIN S X T L (8B3hR) )
@ CIE 233:2019 Calibration, Characterization and Use of Array Spectroradiometers
(7L A5 A METE DR IE & KU HFIEERE A %)
® CIE 231:2019 CIE Classification System of llluminance and Luminance Meters
[(EEASSVRESOMEEIFRST]
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BT DE2LEREECIER IR [20204])

® CIE 242:2020 Photometry of Curved and Flexible OLED and LED Sources
(HEAR. ZLF T ARICHT HRFAIE]

® CIE S 017/E:2020 ILV: International Lighting Vocabulary, 2nd Edition
[EREEBAFAE®EWETHR: IEC60050-845 2nd Ed.&B & L1-AEEINER]

® CIE 241:2020 Recommended Reference Solar Spectra for Industrial Applications
(KBRS OBRESKSHEGHELE. 8R)]

® CIE 239:2020 Goniospectroradiometry of optical radiation sources
[S=F o HERE]

® CIE 238:2020 Characterization of AC-Driven LEDs for SSL Applications
[ACBRENLED Mt 2 15 14 5T 4 ]

® |SO/CIE DIS 11664-2:2020 Colorimetry — Part 2: CIE standard illuminants
[CIERREAIILZF U bDHET (DE0ZIREAIILIFUMIEM) : RBREEFL]

® CIE 237:2020 Non-Linearity of Optical Detector Systems
[FetR 25 DG & FEE 4R 14 5T )
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E2E<BEECIER Y [20214])

® CIE x048:2021 Proceedings of the Conference CIE 2021, September 27 - 29, 2021
[CIE2021p R £ (G54 >) DProceedings$k]
® CIE 247:2021 Guide for the Gonioradiometric Measurement of Upper Air Ultraviolet
Germicidal Irradiation Luminaires
ERRERAUVIEAZE OB RIE]
® CIE 244:2021 Characterization of Imaging Luminance Measurement Devices
(A A—=D T $EEET (ILMD) D 14 aF %)
® CIE TN 012:2021 Guidance on the Measurement of Temporal Light Modulation of
Light Sources and Lighting Systems
(EFRA R ZEER (TLM) DRI RS 5 (K]
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SEROFE2HN=EECIEL R (FFE)

® |SO/CIE11664-2:Colorimetry — Part 2: CIE standard illuminants/ 2nd edision
(CIER#A)LZF UM (RIEM) «— D50ZCIERREA LI FUMIEM]

® CIE TN** Terms related to Planckian radiation temperature for light sources
(T7oUMETREICEET HRE — CIE1M4hoDEMIvE ADBIRK]

® CIE S*™* Photometry of road illumination devices, light signalling devices and

retroreflective devices for road vehicles

(ERREEH, BBERI T BIRRADRANSGE — CIE S025/EL-EE
BREA Y HRBRRE]

® CIE TR*** Spectroradiometric Measurement of Optical Radiation Sources
(RO FMETRIER — CIE63DH|EThR]

® CIE TR** LED Reference Spectrum for Photometer Calibration
CRIYHOBREICAVNSEBLEDDSRARIMLVIZET 5T EIR]
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SERPESNASTCIRELGE

@ 2021598 DEELETIE., ERMLTCERIRRIHEIN G o1,

@ LIT O MM IRERE (BREth) L TR SN Tz, #<. Collaboration
Platform (Discussion Forum) E TIREEDLE 1 —MThndEFEREINSD,
1) Revision of CIE S025(CIE S025M&&zT)
s BRMOMRFEITODIIDOBRIZEDURE
- BRFOMRMEOMREERELI-WETZEET
2) Revision of CIE130(CIE130MET) H&U
3) Spectrophotometry| ZBi g SR HEMNSEHE D H A K
« DR2-89#f% (Spectrophotometry B3 A HARMILE 2 —) IZEDURE
4) TC on reference spectra for software validation (V77 D& X4
BREEDT=-ODESBARTRIL)
« TUSNEGRICET IR LT EEIEEL-IRE
* WebtTR#ESNDRHABEEDTHEY—ILOZEERITGEN TR
* DR2-OODBEINBZERFATREEZERIDSTE
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CIE Research Strategy (BfZ2ELRE)

@ CIE®D#§I75Top ten priority topics (BT —) : 20155 %

1. Recommendations for Healthful Lighting and Non-Visual Effects of Light
[FERESER]

2. Colour Quality of Light Sources Related to Perception and Preference
(R %]

3. Integrated Glare Metric for Various Lighting Applications [Z'L 7]

4. New Calibration Sources and llluminants for Photometry, Colorimetry, and
Radiometry [#E#5¢iR]

5. Adaptive, Intelligent and Dynamic Lighting [A<—H~EEHEH]

6. Application of CIE 2015 Cone-Fundamental-Based CIE Colorimetry [f|]

7. Visual Appearance: Perception, Measurement and Metrics
[FE7Z2R]

8. Support for Tailored Lighting Recommendations [ zJLE—(2%]

9. Metrology for Advanced Photometric and Radiometric Devices
[fimEtE]

10. Reproduction and Measurement of 3D Objects [ =Rt iT]
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CIE Research StrategyM & E =R 1T T

® CIE Research StrategyDSE M T, FERX TR T —IEKRETH
® CIEFE2HRTHRIHLTVAIEHT—(R):

1. New Calibration Standards (Sources, Detectors and llluminants) for
Photometry, Colorimetry, and Radiometry
RIEEE(REXR. BHEF. AT AF) [T —~]
2. Metrology for Advanced Photometric and Radiometric Devices
R aTRLE T E (B 7 MO AP TR (G T—<)
3. Emerging and alternative measurement devices and techniques
T NAX (- HMD) 6. B ZEHRIZFOELVEREL., REEEGE
4. Application of germicidal UV for disinfection purposes
UVERERIMTOEEILICE T HEMUESR). &RIE CGEIR. BETET) (EH
5. Implementation of the Sl Digital Framework concept proposed by
CIPM/CGPM
TOBILKIE (] : TORIARIESEBRE) . 771V I+ —<yb, ST EY—ILGE
6. Horticultural lighting
EE=HEBAICRE I A H TR S IR (B E - 5Tl /534, RIE 2R . AHEEL L)
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CIEE2H < EREZEDTTE

@ 20225 F: 7T (FYIT)
- BHEIEREZTE (GEHERE)
« BERTENATUVRREZETE (COVID-19DK R RE
THUSAVDHEGDAREMEDHY)
« Workshopl&TLM (Temporal light modulation) [ZB§9 %
T—REE—IERMELTLND

@ 20234FfE )2 T)vF (RARZT)
« CIE2023 (E£30ECIEXE) 2%
- BA{ERR: 2023F9817AH523H ()

@ 2024FFE LI : EHEIRE

ot
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