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Abstract: We propose a design method of a free-form reflector for collimating illumination of integrating
spherical light sources to reduce the space occupation on a satellite. By using this method, a square irradi-
ance distribution with large area can be achieved through a integrating sphere with small diameter. Firstly,
the mathematical model of off-axis reflection lighting of free-form surface is established through the point
light source model, then the free-form surface is discretized by Chebyshev points, and the free-form surface
model that satisfies the point light source illumination is solved. Finally, the light source characteristics of the
integrating sphere are analyzed. The transformation from the point light source illumination model to the in-

tegrating sphere illumination model is achieved by the optimization of the free-form surface energy distribu-
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tion. The analysis results show that when the illumination area is set as 140 mmx140 mm, the irradiance non-

uniformity of the target surface is less than 0.02. This method can meet the requirements of spaceborne calib-

ration for light weight, short light path and simple structure.

Key words: geometric optics; illumination design; radiometric calibration; integrating sphere light sources
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Fig. 1 The influence caused by the tilt of freeform reflector
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Tab.1 Reference parameters of the freeform reflector

Parameters value
0/(%) 15
r/mm 432
z/mm 900/ V2

F# 1.6
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Fig. 6 Schematic diagram of Chebyshev points sampling
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Fig. 9 Schematic diagram of irradiance on the target plane
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Fig. 10 Schematic diagram of the square illumination area
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