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Swarm Operations in Orbit

On-orbit assembly Cooperative Proximity Operations
* Enables construction of  Redundant nature of swarm and
complex orbital assets, and large number of spacecraft allow
repair of existing assets. for higher autonomy and reliability
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Current State-of-the-Art

Credit: Northrop Grumman

e MEV-1 successfully docked to a retired
GEO spacecraft to provide mission s
extension services [1] MEV-1 docks with Intelsat-901
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SERC Trajectory Generation

* Free-flight trajectories,

, , , _ Genetic Algorithm Dynamics
combined with conjunction o
analysis, used to build safe | By Decocer Generat il Populaton
Swa r m S Next Gt—}neration

* Optimization performed T " [ oo e
using genetic algorithms to ? =
Parent Selection r(t), v(t) v

find solutions satisfying a set

of criteria [2,3] oot

— Minimize insertion AV )

— Trajectories with no collision
risk for at least 24h

Propagate to Position and
Velocity at time t;
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SERC Two-Stage Iterative Solver

 Two-stage process allows for
efficient solutions, with high-
fidelity perturbation models

— J2 gravitational perturbations
(extended to 4" order spherical
harmonics for GEO [4])

— Solar Radiation Pressure (GEO)
— Sun-Moon Perturbations (GEO)
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SERC Swarm Sensor Fusion
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SERC Sensor-Fusion Kalman Filtering

* Sensor fusion can be applied to Kalman
filters
— Simulation uses the Unscented Kalman Filter
since the perturbed 2-body problem is a non-
linear problem
e Similar to a standard Kalman filter, except
the update step is repeated for each sensor
in the shared swarm sensor net
— Adds very little computational overhead, as

most of the wall-time is spent on the
propagation step of the UKF

Sensor Fusion
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SERC Trajectory Example
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* Trajectory on right shows

example of 10-spacecraft
swarm for in-space
manufacturing

Swarm roles split up into the
staging area, a comm relay, and
close-quarters robotic
operations
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e Conjunction de-confliction
takes the most wall-time

* Scales as O(n?)

* Runtime also depends on
pseudo-random initial
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SERC Conclusion

* Although in the near term, this * While not possible at the

system will require ground moment, real-time generation of
intervention when the swarm trajectories for N spacecraft may
deviates from its planned be possible with further
trajectories due to an anomaly, optimization and machine

the long term goal is to develop learning techniques in software.

an autonomous system that can
accept and remediate failures of
one or more of its members in
real-time
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