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ABSTRACT 
 

The space industry has succeeded in launching various spacecraft into Earth orbit to explore the nature of our space 
environment.  Since then, multiple space missions have been executed, leaving our near-Earth space environment 
populated with spacecraft. However, such hardware is continuously faced with potential collision, explosion, or 
degradation events when in orbit for extended duration. These events cause the generation of orbital debris. Orbital 
debris outweighs the population of all objects orbiting Earth. Material characterization of orbital debris is necessary 
to advance the assessment of risk imposed on functional spacecraft and is beneficial in understanding fragmentation 
events if the inspected debris can be associated back to its parent object. Data in this study holds significance to the 
orbital debris and aerospace communities with the following presented reflectance spectroscopic measurements and 
bidirectional reflectance distribution function (BRDF) evaluations taken on selected materials used in space 
hardware; some of which populate orbital debris fragmentation materials.  
 
Materials interact with light in a unique manner due to their individual elemental composition. Elements emit 
different light energies that fall within the electromagnetic spectrum, therefore corresponding to a specified 
wavelength per element. The reflectance spectrum produced from common spacecraft materials can be used to assist 
with remote orbital debris material identification. Reflectance spectroscopy is to be employed as an analytical tool 
for understanding the chemical make-up of space hardware. Materials used in aerospace design, such as solar cells, 
aluminum alloys, stainless steels, ceramics, and silicone paints have been substantially characterized using an 
Analytical Spectral Device (ASD) reflectance spectrometer. The ASD will be utilized for this research to analyze 
materials of interest to the aerospace community by producing a spectrum relatively unique to a material from its 
properties in response to light. These material spectral measurements acquired can then be compared to existing 
spectral measurements of previously examined orbital debris materials to help identify them. 
 
It is additionally significant to assess how a material’s position in reference to an illumination source causes 
alterations to its reflectance signature, thus evaluating its bidirectional reflectance distribution function (BRDF) can 
be further related to material albedo and size. Hence, the ASD spectrometer will be incorporated with a goniometer 
instrument to evaluate the BRDF of tested materials in this study. The goniometer will comprise of an illumination 
source whose position will change in reference to the spectrometer and will provide data for the reflectance 
distribution of various material surfaces. Depending on their spectral signature results, the examined materials will 
then be grouped into families, such as metals, polymers, composites, ceramics, and possibly further grouped into 
subunits such as alloys, precious metals, thermosets, thermoplastics, metal matrix composites, ceramic matrix 
composites, etc., if material signature patterns can be deduced.  
 
The acquired ground based spectral measurements are valuable references that benefit remote optical observations 
when analyzing debris material composition, object position, and movement in orbit. Spectroscopic measurements 
acquired on associated spacecraft materials in the lab can then be compared to orbital debris spectroscopic or 
photometric data obtained remotely from telescopic instrumentation. The following research primarily seeks to 
enhance current reflective response knowledge of material surfaces through the collection of spectroscopic and 
BRDF measurements. Materials of different classifications that are significant to the aerospace community will be 
analyzed and their reflectance spectroscopic signatures will be presented in this work. 
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