
Results:
The simulation scenario is loosely based on the Near-Earth Asteroid Rendezvous spacecraft after initial orbit insertion around Eros, where the 
spacecraft is approximately in a 70×70 km near-polar orbit. The simulation takes places over 3 days with images taken every 30 minutes. 
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Background:
Current state-of-the-practice navigation in the 
proximity of primitive bodies relies heavily on 
ground analyst expertise and time. Studies 
have been conducted using autonomous 
navigation for orbiting and landing on small 
bodies assuming shape, spin, and gravity field 
are previously determined, however, there is a 
critical gap in connecting the autonomous 
cruise phase with autonomous orbit phase, i.e., 
autonomous approach to a small body.

Approach:

Objectives:
Demonstrate spacecraft relative navigation 
and small body characterization using only 
silhouette measurements. Specifically, 
combine image processing techniques to 
extract precise silhouette measurements, 
Gaussian processes for continuous surface 
representation of a body’s shape, and 
extended Kalman filtering for estimation of 
the body spin, body shape, and spacecraft 
relative state.

Significance/Benefits:
Automating the shape 
modeling/estimation 
process will greatly speed 
up operations, thus 
reducing mission costs 
and timelines. This will 
benefit both pure science 
missions and planetary 
defense missions to 
asteroids.

Chapter 3: Simulations

3.1 Scenario

The simulation scenario is loosely based o↵ of the Near Earth Asteroid Ren-

dezvous (NEAR) spacecraft after initial orbit insertion around Eros. The simulation

takes places over 3 days with images taken every 30 minutes. The spacecraft is ap-

proximately in a 70⇥ 70 km near-polar orbit. The prior uncertainties are defined in

Table 3.1. The prior shape is arbitrarily chosen from a subset of the true points so

Table 3.1: Initial uncertainties of estimated states are as shown and are assumed to
be uncorrelated.

Parameter Description Initial Standard Deviation

r
I
s/a Spacecraft Relative Position 1 km

ṙ
I
s/a Spacecraft Relative Velocity 1 cm/s

↵, � Asteroid Pole 4�

✓̇ Asteroid Spin Rate 68�/hr (2% of truth)

✓0 Asteroid Prime Meridian O↵set 1�

f Asteroid Shape 1.6 km

that it is smooth. A visual hull is generated from the true shape using a shape-from-

silhouette algorithm. The visual hull is used as the baseline for shape comparisons

when evaluating results because the truth shape has certain features, like craters,

that are unobservable from the silhouette alone.

3.2 Results

3.2.1 Single Case

The results from a single representative case are shown below in Figures 3.1-

3.4.
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