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Outline

▪ Fundamentals

▪ Visualisation

▪ Assessment

▪ Example Applications

New Tool developed at SERC
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Conclusions from [Flegel, 2017 - International Astronautical Congress 2017]

GEO Encounters

▪ Majority of GEO Close Encounters with GEO Libration (~61 %) and GEO Drift (~36 %) Objects

▪ Dvmax ~ 3 km/s       &        Dvmin < 1 m/s

Collision Likelihood Metrics

State Uncertainty Accuracy

▪ Idea: Status of collision likelihood metric should not be changed due to residual error

▪ Requirement difficult to impose in face of hard to predict perturbations which affect state & 
uncertainty during prediction span

Metric Pro Con

Collision Probability Accounts for uncertainty Abstract

Miss Distance Insight into event Single value no account of uncertainty

Conflict Probability Not studied here
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Conclusions from [Flegel, 2017 - International Astronautical Congress 2017]

GEO Encounters

▪ Majority of GEO Close Encounters with GEO Libration (~61 %) and GEO Drift (~36 %) Objects

▪ Dvmax ~ 3 km/s       &        Dvmin < 1 m/s

Collision Likelihood Metrics

State Uncertainty Accuracy

▪ Idea: Status of collision likelihood metric should not be changed due to residual error

▪ Requirement difficult to impose in face of hard to predict perturbations which affect state & 
uncertainty during prediction span

Metric Pro Con

Collision Probability Accounts for uncertainty Abstract

Miss Distance Insight into event Single value no account of uncertainty

Conflict Probability Not studied here

Uncertainty can be included
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Fundamentals

State + error predictions use 
best applicable propagator 

Observations

Current 
State + Error

Predict
State + Error

Estimated 
State + Error

Have: 
Sensors + Propagators

time
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Conjunction Data Messages

[…]

[…]

Object 1 position & Velocity […]

General Situation Information
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SERC Tool for close approach assessments

Simple formatting already provides 
better readability
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Visualisation

Orbits in ECI

High accuracy propagation
for states and errors at 
Time of Closest Approach (TCA)

Lower fidelity propagation
for visualisation/assessment 
around TCA
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Visualisation

Orbits in ECEF

Orbits in geostationary 
better understood 
in Earth co-rotating frame
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Visualisation

Position Uncertainties

Back-Bone of 
collision likelihood
estimations
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Analysing a Scenario Next Up …

DRAFT
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with 

uncertainties

Visual support
e.g.

Additional Data & Features:

▪ Collision likelihood
▪ Time of highest collision 

likelihood
▪ Particle method allows 

non-Gaussian state 
errors

▪ Efficient testing for state 
error Gaussianity

▪ Recommendation of 
applicable methods

▪ Manual sensitivity analysis
▪ Compare different methods
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Summary & Outlook

New SERC tool provides …
▪ Easy viewing of legacy Conjunction Data Messages

▪ Visual of close approach

▪ State uncertainty with confidence

▪ Various visual cues and help functions (e.g. play / reset..)

New features coming soon …
▪ Collision likelihood assessment using different methods

▪ More close approach meta-data

▪ Graphs

▪ Test for Gaussianity of Error around TCA
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Particle Method Fundamentals

▪ Both objects considered spheres

▪ Collision Probability determined from number of particle pairs with r < rc

▪ Results vary between samples

▪ Result only informative in combination with valuation of its variability
(Central Limit Theorem, Chernoff-Hoeffding bound / Dagum bound)

Condition for Collision:
r < rc

(rc = combined 
hardbody radius)
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GEO Encounters Characteristics

GEO Libration

61 %

GEO Drift

36 %

GEO Transient
2 %

Inclined
1 %

Encounter Velocities

▪ GEO Libration: generally < 1 km/s; as low as < 1 m/s

▪ GEO Drift: generally < 1 km/s

▪ GEO Transient & Inclined: generally > 1 km/s


