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Overview

• Brief introduction to SERC
• RP3: Space Asset Management program

• Progress in operational conjunction and 
threat warning service.

• Timeline to initial operational capability 
and full operational capability.
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The current team

Research staff:
• Dr James Bennett
• Dr Daniel Kucharski
• Dr Marek Möckel
• Dr Michael Lachut
• Dr Sven Flegel
• Mr Jeffrey Wardman
• Mr David Kooymans
• EOS Space Systems Team
• Industrial Sciences Group

PhD Candidates:
• Mr Joseph O’Leary
• Mr Richard Samuel
• Mr James Allworth
• Ms Hansani Kaushalya Perera 

THANIPPULI KANKANAMALAGE

Student Interns:
• Thomas La
• Nathaniel McGrath
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Other RP3 presentations

Tue 6th

Fri 9th

Fri 9th
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Research Program 3: Space Asset Management
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Presentation Overview

• Sensors

• Scheduling

• Database/catalogue

• Object characterisation

• Orbit determination

• Error propagation

• Conjunction assessments
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Sensor network

Learmonth, WA (22° S, 114° E) Mt Stromlo, ACT (35° S, 149° E)

System ID Site Aperture Configuration
A1 Mt Stromlo 1.8 m Active + Passive
A2 Mt Stromlo 0.7 m Passive
B1 Learmonth 1.0 m Active + Passive
B2 Learmonth 1.0 m Active + Passive
B3 Learmonth 0.7 m Passive
B4 Learmonth 0.7 m Passive

• EOS Space Systems’ Space Debris 
Tracking Station at Mount Stromlo

• New operational site at Learmonth
• Collaboration between EOS Space 

Systems & Lockheed Martin with 
support from AUS DoD
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Sensor network – Mt Stromlo

Mt Stromlo, ACT (35° S, 149° E)

A1

A2

SLR
ILRS ID: 7825
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Sensor network

Learmonth, WA (22° S, 114° E) Mt Stromlo, ACT (35° S, 149° E)

B2

B1
B4

B3
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Recent tracking – Learmonth only
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Network scheduling

• EOS have several methods of tasking the network

• SERC have developed an information gain based 
scheduler that 
• Started by Dr. Steve Gehly*

▪ Recoded for use in operations (James Allworth)

• Interface with EOS sensor network completed and single-
sensor testing has been achieved.

• Contracted to The Industrial Sciences Group: 
http://www.industrialsciences.com.au/

▪ Phase 1 completed, multi-sensor functionality across 6 active and 
passive sensor network, under testing.

▪ Phase 2 started

• Phase 2 of the scheduler will see it optimised in 
C++ to handle a larger network of sensors and a 
catalogue of 100,000+ objects (late 2018)

* Gehly, S. and J. Bennett, Incorporating Target Priorities in the Sensor Tasking Reward Function, in Advanced Maui Optical and Space 
Surveillance Technologies Conference. 2015: Maui, Hawaii.
Gehly, S. and J. Bennett, Distributed Fusion Sensor Networks for Space Situational Awareness, in 68th International Astronautical
Congress. 2017: Adelaide, Australia.

http://www.industrialsciences.com.au/
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Database/Catalogue

• Central database-backed application
• Storage, association, processing tracking data, 

light curves, object characteristics, 
calibrations

• HTTP interface with small html frontend

• Relational database
• Traceability – e.g. Orbit determination: what 

tracks, what sensors, what force models, EOP, 
solar flux, observation weighting etc.

• Automation of track correlations & orbit 
determinations

• System monitoring
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Object Characterisations

• Characterisation for the laser manoeuvre 
experiment, spin analyses

• High rate detector capable of 100 kHz 
sampling of photons
• Mounted on the A2 telescope at Mt Stromlo

• Collaboration between SERC, EOS, Graz, 
NICT, Borowiec, University of Texas at 
Austin

• Andor Zyla 5.5 Front Illuminated sCMOS
camera has been mounted to A2. 

Left: TOPEX/Poseidon: satellite body and force vectors. Right: body surface 
response to the incoming photon flux indicates a larger area where the positive 
torque can be generated: red) spin-up, blue) de-spin.

Reflectivity map of TOPEX/Poseidon measured by Graz 
photon counting system on July 10, 2015
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Orbit determinations

• In-house orbit determination software in C++;

• Automated ephemeris generation and sensor 
cueing

• Batch process, will also include filters and run 
side-by-side comparisons

• Störmer-Cowell predictor-corrector numerical 
integrator

• New observation sources can be integrated 
quickly

• Spherical/aspherical satellite geometry
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Manoeuvre fitting

• Can successfully fit multiple manoeuvre 
types

• Example: 
• GEO object: Optus 10

• 40 day OD, 49 SPT (N-S), 5 bi-prop (E-W)

• Two station RF range, optical from B3 & B4.

• Needs to be automated
• Automate delivery of manoeuvre plans

• Automate manoeuvre detection algorithms
▪ Collaboration with UT Austin & UNSW
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State uncertainty prediction

• Rigorous assessment of the breakdown in 
Gaussianity of the state uncertainty
• Henze-Zirkler test for multivariate normality

• Store in object catalogue, use for scheduling, 
conjunction assessments, track associations, 
OD assessments

• Probability of collision in conjunction 
assessments

• Actionable conjunction assessments
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CDM visualisation
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Conjunction assessments

• Parallelised conjunction assessments 
can run on multi-core CPU and GPU
• Large speed-ups achieved with SGP4;

• All-on-all 7-day conjunction assessment 
in 48 minutes, down from 8 hours

• Generic propagator interface

• Implemented full force model 
numerical integration
• Currently being parallelised

• Early indication is scales linearly with 
number of objects

• Ability to integrate other ephemeris 
information such as operator 
ephemerides (e.g. Optus)

CPU-1 Intel i7-4710HQ 3.5GHz (1 core)

CPU-2 Intel Xeon E5-1620 3.6GHz (1 
core)

CPU-2-CL Intel Xeon E5-1620 3.6GHz 
(OpenCL, 8 cores)

CPU-3 Intel i7-7700 3.6GHz (1 core)

GPU-1 Nvidia GeForce 860m (OpenCL)

GPU-2 Nvidia GeForce GTX960 
(OpenCL)

GPU-3 Nvidia GeForce GTX1070 
(OpenCL)
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Simple interface
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Automated 
comparisons 
with:
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VR visualisation
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Status

• Initial operational capability – December 2018
• Test runs with Optus

• Conjunction data messages produced, assessed

• Full operational capability – Feb-Apr 2019
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Questions?

James Bennett
EOS Space Systems

Email: jbennett@eosspacesystems.com



serc.org.au

info@serc.org.au

facebook.com/serc.aus

@serc_aus
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Other RP3 research – PhD candidates

• Conservation of First Post-Newtonian 
Energy Integral (University of South 
Australia)

• Collision probability estimation for short encounter times using a three 
dimensional Generalized Gaussian Distribution (University of South 
Australia) - Hansani Thanippuli Kankanamalage

• Multivariate optimisation assessment strategies and their application to 
conjunction assessments (Australian National University) – Richard Samuel 


