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Deep-space Autonomous Robotic Explorer (DARE)

• Mission concept for an autonomous small satellite mission for small body 
exploration

Reviewed and approved for public distribution via URS #329541



Deep-space Autonomous Robotic Explorer (DARE)

Reviewed and approved for public distribution via URS #329541

https://youtu.be/ejP_IDua6J0

https://www.youtube.com/watch?v=ejP_IDua6J0


Autonomous trajectory planning

• Goal: autonomous trajectory planner considering uncertainty



Autonomous trajectory planning
Stochastic optimal control approach

Solution to the optimization problem is the nominal trajectory satisfying all mission constraints



Autonomous trajectory planning
Stochastic optimal control approach

Solution to the stochastic optimal control problem is the nominal trajectory satisfying all mission 
constraints with its deviation also satisfying all safety constraints



Autonomous trajectory planning
Stochastic optimal control approach

• Minimize fuel usage

• Spacecraft satisfies dynamics under uncertainty

• Keep battery state-of-charge

• Enable thruster to fire four times

• Avoid the impact at p percentile

• Satisfy boundary conditions


• During , spacecraft must meet all 
observation constraints more than p%

to
1 < t < to

2



Validating model fidelity



Validating model fidelity
Dynamics modeling

Chosen model: impulsive thrusts + cannonball model + J2 perturbation



Validating model fidelity



Validating model fidelity
Dispersion from uncertainties
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Initial state and thruster uncertainties are main sources of dispersion



Validating model fidelity



Validating model fidelity
Gaussian uncertainty quantification

Sate uncertainty can be reasonably modeled as Gaussian



Hierarchical Asteroid Reconnaissance Planner (HARP)



Hierarchical Asteroid Reconnaissance Planner (HARP)
Minimum fuel



Hierarchical Asteroid Reconnaissance Planner (HARP)

Dynamics constraints



Hierarchical Asteroid Reconnaissance Planner (HARP)

Battery constraints



Hierarchical Asteroid Reconnaissance Planner (HARP)

Probabilistic safety constraints



Hierarchical Asteroid Reconnaissance Planner (HARP)

Thruster firing constraints



Hierarchical Asteroid Reconnaissance Planner (HARP)

Design Firing Timings and Attitude Mode Profile

Design an Attitude Profile

Initial Guess



Deterministic reformulation



Deterministic reformulation



Deterministic reformulation



Deterministic reformulation

obs

delta-V

center sun



Deterministic reformulation



Simulation results
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Simulation results
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Rigorous uncertainty quantification

Constraint enforcement under uncertainty
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