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Realizations of Luminance Units in Range of 10~200 000 cd/m’

LU Liang, JIANG Xiao—mei
(Optic Division, National Institute of Metrology, Beijing 100029, China)

Abstract: In order to satisfy the increasing calibration demand for high range luminance and improve the
luminance calibration ability in China, a new generation of national luminance work standard was
established which covers the range of 10~200 000 cd/m?. A twin light source injection adjustable high
luminance uniform source was developed, and a precision limiting aperture was installed at the export of the
source. The realization of the unitsc based on integrating sphere source method was introduced, and the key
system characteristics were analyzed by experimental data, including the stability and spatial output
characteristics of source, the position accuracy of adjustment, the linearity and the spectral mismatch error
of the standard photometer etc. Finally the realized scale was transferred to a standard luminance meter
which would be used as a transfer-reference. The relative expanded uncertainty of the new cd/m?
realization system is 0.7% (coverage factor is 2). Comparison between the proposed system and the
current luminance work standard (3~1 500 cd/m?) shows a deviation less than 0.2%. The upper range of
the proposed realization system is increased by 2 orders of magnitude compared with the original standard,
and coveres the ranges of normal luminance meters, which can well satisfy the calibration demand in the
high level luminance application of industry.

Key words: Test and measurement instruments; Luminance; High level luminance; Uniform light
source; Primary standard; Realization of unit
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Fig.1 Block diagram of luminance unit realization based on white reflectance standard and luminous intensity standard lamp
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Fig.2 Block diagram of luminance unit realization based on uniform luminance source
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Fig.3 Picture of adjustable high level uniform source
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Table 1 Measuring result of precision limiting aperture

Parameter Value Expanded uncertainty(4=2)
Diameter/mm 17.992 0.002
Roundness/mm 0.006 0.002
Area/mm” 254.25 0.16
Measuring conditions Collect 25 points evenly on the edge of aperture to calculate the diameter and roundness
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Fig. 5 Stability of light source in 30 min by experiment luminance source export plane
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Table 2 Uniformity measurement data of luminance source export plane

Measurement point Luminance /(cdem ) Measurement point Luminance /(cdsm*)
1 1028 6 1028
2 1030 7 1029
3 1027 8 1027
4 1028 9 1029
5 1027 Max deviation of uniformity 0.29%
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Fig. 7 Measurement data of source angle character
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Table 3 Nonlinearity measurement data of standard photometer

Display value of standard photometer/nA Nonlinear

Sa Sy S Sais coefficient
0.102 5 0.098 5 0.201 4 0.2010 1.002 0
0.180 5 0.172 7 0.353 4 0.353 2 1.000 6
0.339 2 0.346 5 0.685 3 0.6857 0.999 4
0.7215 0.722 1 1.4412 1.443 6 0.998 3
1.459 8 1.397 5 2.8545 2.8573 0.999 0
3.114 6 3.102 5 6.2118 6.217 1 0.999 1
6.296 5 6.139 5 12.44 12.436 1.000 3
12.614 12.266 24.915 24.880 1.001 4
25.080 24.902 50.008 49.981 1.000 5
50.707 50.077 100.80 100.78 1.000 2
98.837 97.097 196.03 195.93 1.000 5
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Table 4 1X10'~2X10° cd/m’ unit realization data

) ‘ , Display value of standard o
Luminance standard value /(cdem ?) . . Relative indication error
luminance meter /(cdsm *)

2118100 21170 —0.05%
1536100 15 350 —0.07%
1032X100 10 310 —0.10%
5140X10 51 370 —0.06%
1018X10 10 170 —0.10%
4976.5 4981.1 0.09%
1109.2 1110.1 0.08%
107.59 107.73 0.13%
10.015 10.007 0.10%

T3 A A HE T 18 B T 5 R T 40 0l A B 2 RV AA BE T AT R Y S B TR R v G AT 0, DA X
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Table 5 Comparison between two realization methods

Standard lamp and reflectance plate

Luminance source method/(cdem ?) ) Relative deviation/ %
method/(cdem ?)
10.03 10.05 0.20%
50.11 50.04 —0.14%
100.6 100.5 —0.10%
499.0 498.1 —0.18%
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Table 6 Repeatability data of system

Index Luminance value/(cdem *) Index Luminance value/(cdsm *)
1 4 988 6 4990
2 4 988 7 4 990
3 4 989 8 4 989
4 4 990 9 4 990
5 4 989 10 4 988
Relative standard deviation 0.02%
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Table 7 Uncertainty budgets of the luminance unit realization system based on luminance source

Source of uncertainty Relatiye Sensi.ti.vity Standard uncertainty Type .of
uncertainty coefficient component uncertainty
Repeatability 0.02% 1 0.02% A
Scatter light Negligible / / B
Illuminance value 0.25% 1 0.25% B
Nonlinearity of standard photometer 0.14% 1 0.14% B
Spectral mismatch of detector Negligible / / B
Distance measurement 0.04% 2 0.08% B
Alignment of detector and aperture 0.06% 2 0.12% B
Area of aperture 0.06% —1 0.06% B
Combined standard uncertainty 0.33%
Relative expanded uncertainty 0.7%, k=2
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