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Characterization of Typical Satellite Surface Material Using Near-Infrared

Interference Spectra
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Abstract: To study the spectral characteristics of space debris surface materials when specular reflection occurs,
the visible to shortwave-infrared spectral reflectance of four typical space debris materials at various incident angles is
measured with a high-precision goniometer and a fiber optic spectrometer. It is found that the specular reflection spectra
of the gallium arsenide (GaAs) cell and the polyimide coating film show significant isoclinic interference spectrum
fringes in the near-infrared band (from 1 000 nm to 1 800 nm) , which is probably caused by the multi-layer structure of
the materials. A model is established and calculated for further analysis by using correlation methods. The results show
that the thickness of the GaAs layer is 5.518 9 pm with anear-infrared refractive index of 3.472 4, and the thickness of
the polyimide layer is 24.210 6 pm with anear-infrared refractive index of 1.707 4, which are consistent with the
nominal characteristics of the materials. The experimental results indicate that the near-infrared reflectance spectral
characteristics can be used to retrieve the process characteristics of multi-layer space debris materials such as thickness
and refractive index. The methods used in this article may be applicable to the fine identification of space debris
materials.
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Fig.1 Instruments for spectral BRDF measurement
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Tab.1 Instruments and materials for the experiment
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Fig.2 Experimental diagram
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Fig.3 Experimental procedures for spectral measurement
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Fig.4 Spectral reflectance of 4 materials at the incident angle of 60°
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Fig.5 Multi-layer structure diagram of two debris materials
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Fig.6 Diagram of equal inclination interference
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Fig.7 Correlation analysis results of the material specular spectra at the incident angle of 60°
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Fig.9 Correlation analysis results of the scattering spectra of 2 materials (at the incident angle of 30°)
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