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Multivariate Models of Satellite Optical-Scattering Characteristics
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Abstract  Glint from the assembled units of a satellite body is an embodiment of the individual characteristics of the
satellite. By combining the characteristics of satellite motion with the mirror-reflection characteristics of materials,
we have developed a method for determining in principle the direction of the mirror reflection and the reflectance of
the satellite body, as well as for giving the area of the mirror-reflection component. Based on this, we propose a
quantitative analysis of the glint from satellite-body components, using a multivariate model to describe the optical-
scattering characteristics of the satellite, which we have verified with actual data. Experimental results show that
the multivariate method is more comprehensive than the binary method for describing satellite optical-scattering
characteristics, and is more applicable in principle. Specifically, it can reflect the unique optical-scattering
characteristics of an individual satellite, and the accuracy obtained after adding the mirror-reflection component can
be increased by 0. 111 magnitude. In engineering applications, depending upon the actual observational situation,
the model elements that describe the light-scattering characteristics of the satellite can be adjusted to simulate the
optical-scattering characteristics of any target. The multivariate model not only provides a reference for explaining
the glint phenomenon of satellites but also it can serve as a basis for target identification and working-state analysis.
Key words  scattering; surface optics; multivariate method; mirror-reflection component; glint phenomenon;
satellite
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Table 1 Improved Phong model parameters for some satellite surface materials

Material name 04 0 a a b Satellite component
GaSa 0. 0460 22.1332 1994. 4228 2.2104 2.0466 Solar panel
Anodized mirror 0. 0358 3.8431 35232.1670 2.6737 0.0328 Mirror
White paint 0.2928 5.1911 811. 8311 2.5270 0.4663 Antenna
Al 0.0774 8.7556 389. 9936 16878. 0000 4. 4520 Metal connector
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