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New computationally efficient algorithms developed for robust 
navigation in presence of dynamics modeling uncertainties
• Analytical models of the process noise covariance, Q, are derived for 

absolute and relative spacecraft states
- Models provide accurate Q, which is essential for navigation through

Kalman filtering
- Considers Cartesian and 

orbital element state 
parameterizations

• Approach proposed to 
adaptively estimate Q
- Existing algorithms are 

fused to overcome their 
limitations 

- Beneficial when Q is 
poorly known a priori or 
varies

New algorithm for 
computationally efficient and 
robust shape reconstruction
• Algorithm leverages empirical 

knowledge of shape 
characteristics of celestial 
bodies  
- Spherical harmonic 

coefficients are fit to 3D 
point cloud

- Regularization based on
empirical data prevents
over fitting

- Robust and efficient enough
for autonomy

Novel multi-spacecraft mission 
architecture for autonomous 
asteroid characterization
• Mission called Autonomous 

Nanosatellite Swarming (ANS)
- Satellites cooperate to 

autonomously achieve SNAC 
using asteroid images and 
intersatellite radio-frequency 
measurements

- Algorithmic pipeline leverages 
algorithmic contributions 
described earlier

- ANS reduces cost and burden
on ground through autonomy

• Computer simulation shows ANS achieves accurate autonomous SNAC
- Three spacecraft, ten orbits about asteroid Eros
- Spacecraft positioning and clock synchronization uncertainties of 8 m 

and 11 ns respectively (1-𝜎)
- Rotational motion uncertainty of 0.02° (1-𝜎)
- Accurate gravity and shape recovery (see figures below)

Improved algorithms for spacecraft navigation and environment 
characterization are developed to expand autonomy in Earth 
orbit and deep space 
• Navigation and environment characterization (e.g., estimation of body 

gravity field, shape, or rotational motion) are often coupled, which is 
defined here as simultaneous navigation and characterization (SNAC) 

• Autonomy reduces cost and may be required when the spacecraft must 
react quickly or communication delays are significant

• Autonomous algorithms must be 
computationally efficient and robust 
enough for onboard execution 
without human oversight

• Computationally efficient and 
robust algorithms for navigation and 
characterization are presented to
expand autonomy

Common regularization

1

SNAC

Novel method for more computationally 
efficient navigation with no loss of 
accuracy
• The unscented Kalman filter (UKF) is 

accurate but can be computationally 
expensive

• New technique is derived to reduce 
UKF run time with no loss of accuracy

• Method leverages matrix triangular
structure to avoid redundant
computations

• New approach outperforms 
state of the art techniques
- 750 points sampled on 

surface of  truth shape 
model of Eros

- Models of varying degree 
constructed using 
different approaches (see 
left for degree 16 models)

- Benefits more 
pronounced for higher 
degrees
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