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Task Description

 Clustered CubeSat deployments, where dozens of CubeSats are released
over a short time span, represent a relatively new and challenging problem for
detection, tracking, and space traffic management.

« Space traffic surveillance and management requires timely, cost effective, and
robust approaches to accurately tracking, tagging, and predicting the orbits of
large groups of CubeSat class satellites.

* Our goal is to develop and demonstrate resilient strategies for the
deployment, detection, and tracking of multiple CubeSats,
that leverage, but are not entirely reliant on compliance or cooperation
by CubeSat developers/operators.




Schedule

« Completed prior projects
* Modeling of Planet 88 CubeSat deployment on PSLV-37
* Implementation and comparison of filtering methods
 Track initiation and identity management
 Prototype deployer system for in-situ CubeSat observation
e Current & Planned
« Recommend deployment strategies to aid tracking & identification
« Estimate orbits using actual ground radar data*
» Characterize data quality and realistic cross-tagging conditions*




e
Goals %
» Maximize accuracy of orbit knowledge of each deployed CubeSat. //

« Minimize time to correctly identify each CubeSat.
« Enable prediction of conjunctions with longest possible lead time.

Relevance to Commercial Space Industry

« Reduced time to establish orbits/TLE's for CubeSats allows operators to more
guickly begin their operational mission.

* Improved situational awareness enables monitoring agency to more quickly and
precisely address anomalies.

* Improved orbit knowledge minimizes unnecessary collision avoidance maneuvers




Real World Challenge Necessary Components of Tracking Strategy
* Planet Labs Flock-1ll Deployment

. PSLV-C37 launched in Feb 2017 =0 =} GEmrrea—
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In-situ Measurements

« Use images/observations of CubeSats from deployer to aid space surveillance
« Sr. Project teams VANTAGE (AY18-19), VISION (AY19-20), +ugrad researcher
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Current Work

PSLV-C37 Deployment

. February 15, 2017

. Deployed 104 satellites in 10 minutes
. 1 medium satellite and 103 CubeSats
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Current Work

PSLV-C37 Deployment Real Radar Obs
. Obs from 22 radar sites across the globe

. Rang e and Ang IeS Sky Plot of PSLV Obéi;z(ltgs/oé\'(l)i?sured by Fylingdales
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https://en.wikipedia.org/wiki/RAF_Fylingdales#/media/File:RAF_Fylingdales_Radar.jpeg

Current Work

PSLV-C37 Deployment o e ot G
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Current Work: Single pass pre & post fit residuals

CartoSat2D Batch Filter Results CartoSat2D Batch Filter Results
Pre and Post Fit Residuals Post Fit Residuals
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CartoSat2D Batch Filter Results
Pre and Post Fit Residuals

Current Work
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to detect cross-tagging
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Sky Plot of PSLV objects Measured by Eglin

Sky Plot of PSLV objects Measured by Cavalier
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CartoSat2D Batch Filter Results
C u r re n t WO r k Pre and Post Fit Residuals
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Clustered CubeSat Deployment Tracking Impact
 GLMB filter — efficiently estimates states of ~100 target objects to average
absolute error of ~50m with observations & clutter from 4 ground stations.

 Identity management — correctly identifies all CubeSats within 2-3 days with data
from O/O tracking site (serially observing targets)

« Track initiation — enables all targets to be found within 2-3 days based on ground
tracking with no prior information.

* Prototype in-situ hardware and software — use these measurements to initialize
GLMB and evaluate impact on multi-target estimates & identity.

We expect these contributions can support future civil & military space domain awareness.
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Conclusions and Future Work
 Orbit determination and identification of clustered small targets
from ground sensors Is challenging

* We have multi-target tools that work well for most objects in
simulation

 We are able to initiate orbit estimates from actual radar data

Next Steps
* Add deployer in-situ obs (GPS & images) to simulation

» Characterize and recommend protocols for rapid deployment
that reduce errors & risk of mis-tagging




