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Abstract: This paper summarizes the research progress of metrology and test technology for optical properties of ma-
terials, including internationally mutual recognized calibration and measurement capabilities, international comparisons,
national metrology primary standard facilities, verification regulations and calibration specifications, and national stan-
dards. Tt introduces the methods, principles, capability, and uncertainties of primary standards such as spectral rule trans-
mittance, spectral diffuse reflectance, and diffuse transmittance visual density measurement facilities, as well as social
common standards such as wavelength in a continuous wide spectrum. It also summarizes the national standards on the
test methods for the comprehensive optical, mechanical, thermal, and chemical properties of optical materials with color-
less optical glass as an example. It concludes that the national metrology and test technology for optical properties of mate-

rials have been improved rapidly, with significant international and domestic influence, effectively ensuring the research
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and application of high-quality optical materials and high-precision material optical property measurement instruments,

and promoting the high-quality development of the national optical material industry. With increasing demands for ad-

vanced optical materials in cutting-edge fields, it is very important to steadily enhance the technical infrastructure, con-

tinuously expand the measurement range, and deeply focus on the physical essences, to underpin the key metrology and

test technology for optical properties of materials to further play a key role in the fields of precision measurement, efficient

perception, digital reconstruction, intelligent decision-making, human-computer interaction and so on.
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Tab.1 BIPM CCPR CMCs for optical properties

of materials

#2 BIPM CCPR % 4% st st
Tab.2 BIPM CCPR key comparisons
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4.1 G FLI 5 5 HE Transmittance, regular, spectral

42 i 1 % ) L Transmittance, diffuse, spectral
43 JEE LI Y Fe Absorbance, regular, spectral
4.4 IR L Absorbance, diffuse, spectral
45 ST 2 47 1L Reflectance, diffuse, spectral
4.6 LI 2 55 e Reflectance, regular, spectral

4.7 IEEERIZ ST HE Reflectance, hemispherical, spectral

5 FUXT 2B R i B Rl
K1 Heilk 4R 5T IR Spectral irradiance
Kl.a WB: 250 ~ 2500 nm
K1.b W : 200 ~ 400 nm
K2 ST Spectral responsivity
K2.a Bt : 900 ~ 1600 nm
K2.b PBE: 300 ~ 1000 nm
K2.c W BE: 200 ~ 400 nm
K2.d WB: 10 ~200 nm (GHEIH)
K3 %638 Luminous intensity
K4 Yl Luminous flux
ek 25 Spectral diffuse reflectance
© B 360 ~ 820/ 830 nm
LI % 5 b Spectral regular transmittance
K6 W B: 380 ~ 1000 nm

WBE: 200 ~ 400 nm GG

4.8 (ff)
4.9 RHTR Emissivity
4.10 itk & 3 1 Emittance, spectral
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Bi-directional reflectance distribution function (BRDF)
4.12 ST Reflectance factor
4.13 SeJEHF Radiance factor
4.14 K INEEE T Luminescent radiant factor
4.15 (PP B SE) K Wavelength
4.16 i i % Refractive index, spectral
417 ST i V- T e f
Angle of rotation of plane of polarization, spectral
4.18 FeiEM M f Ellipsometric angles, spectral
6.1 x, y, YR Colour, surface, x, y, Y
6.2 L*a*b RIEHE, Colour, surface, L*a*b
6.3 X, s Y& B B4 Colour, transmitted, x, y, Y
6.4 L*a*b B SN, Colour, transmitted, L¥a*b
6.5 U6 7 5t 2 B Retroreflectance
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6.7 %5 % Haze
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6.12 ¥ Whiteness
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Tab.3 NIM'’s CMCs for optical properties of
materials published by BIPM
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Fig.1 Principle of spectral regular transmittance

scale realization
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Fig.2 Facility for spectral regular transmittance scale realization
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Tab.4 NIM's CMCs for optical properties of materials to be added or improved after latest international peer review
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WB: 1001 ~2500nm, ##: [0.01, 1.0] 3.6x 107
JGTE I35 55 L
W 1001 ~2500nm, &FE: [0.001, 0.01] 7.6 %107
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(c) Spectral diffuse reflectance
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Fig.3 Principle of spectral regular and diffuse reflectance

scale realization
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(a) Measuring a plane sample using an integrating
sphere detector

B BR

PRINES

(b) JNE 55 P TR AR (R4 5T PO A B AR 2 BR
(b) Measuring an auxiliary integrating sphere made of
the same material as the plane sample
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Fig.4 Auxiliary integrating sphere method for spectral diffuse

reflectance scale realization
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Fig.5 Facility for spectral diffuse reflectance scale realization
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(a) Picture of diffuse optical emitter
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Fig.6  Principle of visual diffuse transmission density

scale realization
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Fig.7 Principle of broadband continuous wavelength

measurement based on Fourier transform spectrometer
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Fig.10  Facility for retroreflectance measurement
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Fig.11  Facility for haze measurement
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Fig.12  Facility for spectral normal emissivity measurement
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Tab.9 National standards of test methods for

colourless optical glasses
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Fig.14  Test method for refractive index and coefficient of

dispersion of optical glass™
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