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Fig. 1 Method for near-field distributed photometric measurement
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Table 1 Comparison test results of luminous intensity between near-field and far-field measurements

Pitch angle 6/(°) Near-field /cd Far-field /cd Pitch angle ¢ /(*) Near-field /cd Far-field /cd
—80 18.37 18.51 0 385. 38 393. 57
—75 31.33 31.12 5 382.24 390. 85
—70 45.94 45.48 10 373.94 383. 67
—65 62.31 61.44 15 358. 29 370.01
—60 79.03 77.92 20 330.79 343.89
—55 93.69 92.71 25 288. 06 298. 10
—50 105. 82 103. 63 30 233. 80 234.23
—45 120. 37 113.83 35 179. 84 170. 81
—40 148. 05 136. 60 40 139.41 128.70
—35 192.41 185. 38 45 116.73 109. 49
—30 247.34 251.80 50 104. 04 99.48
—25 299.61 313.18 55 92.21 88.03
—20 339.00 353.74 60 77.23 73.09
—15 363. 69 375.30 65 60. 87 56.95
—10 377.51 386. 66 70 44.91 41.70
—5 383.58 392. 24 75 30.63 28.28

0 385.38 393. 57 80 17.79 16. 64
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Abstract

Objective  People’s demand for light sources contains not only efficiency, energy conservation, and environmental
protection, but is shifting towards healthy and comfortable lighting quality, which puts higher requirements on the
measurement technology for luminescence characteristics of the light sources. At present, there are two main methods for
measuring the luminescence characteristics of light sources, including far-field and near-field distributed photometric
measurements. The far-field distributed photometric measurement based on a point light source model employs a single
point photometric detector for spherical scanning to obtain the light intensity, which makes it difficult to accurately
demonstrate the luminous information in the near-field distance. The near-field photometric measurement utilizes
luminance images from different directions to build a near-field source model. By the conversion of photometric parameters
and the processing method of luminance data, the luminescence characteristics of light sources can be characterized, and
characteristic information such as the origin and propagation direction of light sources can be obtained. Although the near-
field photometric measurement model is more complicated, it can more finely and completely characterize the luminescence
characteristics of light sources. However, facing the application requirements for accurate luminescence characteristic
measurement of light sources, the development of domestic near-field distributed photometric measurement systems is still

in preliminary stages. Meanwhile, some systems have limitations in measurement size or measurement accuracy, which
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makes it difficult to characterize the luminescence characteristics of light sources. Therefore, by studying the near-field

photometric measurement method and its measurement mechanism, we measure the luminous intensity distribution of a

plane light source based on the self-developed near-field photometric measurement device.

Methods The spatial distribution of luminous intensity information of a plane light source is obtained by a luminescence
model of the plane light source. To build the model, firstly, the imaging luminance meter driven by the mechanical
structure performs three-dimensional spherical scanning motion around the luminous body, while capturing luminance
images of various directions on the scanning sphere. Therefore, the luminance spatial distribution information of the light
source is obtained. Secondly, a luminescence model of the plane light source is built, which is composed of the point light
source array. According to the transformation of the coordinate system and the conversion of photometric parameters, the
light distribution in each direction of the luminous plane is obtained. Thirdly, the acquisition of the near-field luminous
intensity distribution requires the luminous distribution calculation of the light source from multiple directions. Finally, the
results of near-field-distributed photometric measurement are analyzed. The luminance measured value in our paper
extracted from the center position of luminance images is compared with the luminance standard value traced to the
National Institute of Metrology, China. Additionally, the calculated results of the near-field distributed photometric
measurement are compared with far-field distributed photometric measurement by GO-R5000 photometer in far-field

conditions.

Results and Discussions The luminance images of the plane light source in different directions are collected by the
imaging luminance meter driven by a mechanical turntable to complete 2 space swing scanning. Under the fixed rotation
axis angle, the luminous area detected by the imaging luminance meter first increases and then decreases with the rotation
of the pitch axis. The luminance distribution curves of measured and standard values are consistent. The absolute error of
the measured luminance value is less than 1015. 52 cd/m®, and the relative error is better than 6.51%. The coincidence
degrees of luminous intensity distributions obtained from near-field and far-field photometric measurements are relatively
high. The absolute error of the near-field measurement is less than 14. 74 cd, and the relative error is less than 8. 38%.
Meanwhile, the matching index between the luminous intensity distribution of near-field and far-field photometric
measurements is calculated for overall evaluation. The matching index of the 0° photometric curve is as high as 98. 33%.

The results verify the effectiveness of the proposed method for near-field photometric measurement.

Conclusions  We collect the luminance data of the light source based on the self-developed near-field photometric
measurement device and the light distribution of the luminous plane in all spatial directions is analyzed by the principle of
photometry and geometric optics based on the luminescence model of a plane light source. Additionally, the luminous
intensity distribution of the plane light source in near-field conditions is calculated. The results show that the luminous
intensity distribution curves in the near- and far-field photometric measurements maintain good consistency. When the
relative luminance error of the adopted imaging luminance meter is better than 6.51%, the relative error of luminous
intensity from near- and far-field photometric measurements is less than 8. 38%. The matching index of the 0° photometric
curve is as high as 98.33%. The results show that the proposed method has yielded near-field distributed photometric

measurement, and our study has high engineering application significance in lighting, displays, and other fields.

Key words measurement; goniophotometer; near-field distributed photometry; imaging luminance meter; luminous

intensity; photometric curve
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