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Accumulation of orbital debris over half a century of human activity in space is a threat to existing 
and future satellites missions. Understanding the orbital debris environment (including debris size, 
compositions, and distribution by orbital altitude, eccentricity, and inclination) is necessary to assess 
the debris hazard to spacecraft in various orbits, to understand the future evolution of the debris 
population, and to enable wise decisions to be made on methods to reduce the future hazard. Current 
measurements of orbital debris are conducted using ground-based radar, orbital and ground based 
telescopes and by examining the surface of returned spacecraft. However, these data sources are 
incomplete and most space debris remains unobserved. Scientific models estimate the total number 
of space debris objects in Earth orbit to be in the order of 29,000 for sizes larger than 10 cm, 670,000 
for sizes larger than 1 cm and more than 170 million for sizes larger than 1 mm. Any of these objects 
can cause harm to an operational spacecraft. For example, a collision with a 10-cm object would 
entail a catastrophic fragmentation of a typical satellite, a 1-cm object would most likely disable a 
spacecraft and penetrate the ISS shields, and a 1-mm object could destroy sub-systems on board a 
spacecraft. While debris larger than 10cm is well characterized that is not the case for objects 1mm to 
a few cm in size. 
 
The challenges of detecting small debris particles from 
ground-based sensors include the lack of sensitivity of S and 
X-bands radars (typical of ground-based sensors) and the 
large range to target. Radars at higher frequencies (Ka to W-
band) should be more sensitive to smaller particles and 
orbiting radars can be much closer to the debris reducing the 
range to target significantly. These two factors make it 
possible for a radar on a small, power constrained, 
inexpensive platform such as a CubeSat to detect millimetric 
sized orbital debris. Such radars have their own challenges 
however. For instance, an orbiting radar will come across 
particles with relative speeds of up to 15km/sec resulting in 
encounters lasting no longer than a few milliseconds. Typical 
radar observation strategies such as pulse-Doppler and 
FMCW are infeasible, necessitating a new approach. The 
radar design presented here is based on a novel observation 
strategy we are calling ‘Doppler-Shift Interferometry’. 
Doppler measurements from various radar channels are 
combined in a unique manner to derive vector velocity and 
range of closest approach relative to the radar. This also 
allows us to infer particle size, altitude, and even reconstruct 
its orbit to some degree of accuracy. We anticipate being able 
to characterize hundreds of thousands of debris particles a 
year which would be a vast improvement upon the current 
state of the art. Furthermore, the relatively low cost 
associated with CubeSat based radars could allow either putting multiple such instruments at various 
preferred orbital altitudes, or de-orbiting the same instrument from a high altitude to characterize the 
debris field at different altitudes.  

Figure 1: Concept drawing of a 
CubeSat based Doppler Shift 
Interferometer for characterizing small 
orbital debris 
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