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Welcome
https://kelvins.esa.int/collision-avoidance-challenge/

Motivation
Recap Challenge
Challenge Preparation

https://kelvins.esa.int/collision-avoidance-challenge/
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Motivation

increased launch traffic increased sensor performance

Lockheed Martin

DLR/FHR
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From manual expert work….
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Training data Classification Prediction

ESOC: database of > 250 000 close 
approach events

… to machine learning

Mano needed?
Predict “criticality”, e.g. final 
risk, uncertainty,
separation, mimic past 
decisions
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The Challenge
Public challenge held late 2019 running 2 months
First ever public release of a large set of CDMs 
- Only mildly anonymised
Pilot to assess whether ML can help assessing 
conjunctions
- Engage/attract data scientists
- (i.e. not necessarily experts in debris / flight dynamics)

96 participants, 862 submissions
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Challenge Preparation
How data looks like?
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What do we want to predict?

TCA
Time of Closest Approach

1 day2 days3 days

Final RiskFinal Risk
3 days in advance

Final Risk
2 days in advance

Final Risk
1 day in advance

Max Risk 3 days in advance

Max Risk 2 days in advance

Max Risk 1 day in advance



9

What do we want to predict?

TCA
Time of Closest Approach

1 day2 days3 days

Final RiskFinal Risk
3 days in advance

Final Risk
2 days in advance

Final Risk
1 day in advance

Max Risk 3 days in advance

Max Risk 2 days in advance

Max Risk 1 day in advance



10

How are we Scoring submissions?

Training Data (13,154 events) Testing Data (2,167 events)

ML

ML
Leaderboard
Evaluated on part of the Testing Data
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How we came up with …

Score

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑀𝑀𝑀𝑀𝑀𝑀
𝐹𝐹2

• Classification: probability above or below 10-6: F2 value
• Regression for those above 10-6: MSE

Long story short: it took us 5 iterations
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Log10(risk) … if log10(risk) > -30
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Scoring Function (I)

MSE(log(risk)): Mean Squared Error

Issues

• All errors are equally important

• -6  -3  >>> -26  -23



14

Scoring Function (II)

MSE * true_risk
Higher risk events are more important 

Issues

• candidates could always predict high 
risk and not being penalized 
appropriately

• Would lead to false alarms
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Scoring Function (III)

MSE * max(true_risk, pred_risk)
Higher risk events are more important 
Properly penalizes false alarms

Issues

• Risk = -7 gives a very good scoring
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Scoring Function (IV)

Regression

Classification

MSE

F1

• Need to tell the difference between:
• High risk events (risk > 1e-6)
• Low risk events (risk < 1e-6)

• Need to know how bad it can get
• Only for high risk events (e.g. > 1e-6)
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Scoring Function (IV)

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑀𝑀𝑀𝑀𝑀𝑀
𝐹𝐹𝐹

But … F1 gives equal importance to False Positive & False Negatives

For collision avoidance we can accept false positives but 
don’t want to miss potential risks
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Scoring Function (V)

F2 penalises (more than F1) the false negatives

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑀𝑀𝑀𝑀𝑀𝑀
𝐹𝐹2

Details see also https://link.springer.com/article/10.1007/s42064-021-0101-5

https://link.springer.com/article/10.1007/s42064-021-0101-5
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There is more to it …
• Lots of data preparation (data 

cleaning, missing data, deciding 
which data …)

• Data Anonymization
• Code / Version control (gitlab.esa.int)
• Permissions to release the data
• Meetings / Telecons / presentations / 

mails
• Media outreach

https://www.esa.int/Enabling_Support/Space_Engineering_Techn
ology/AI_challenged_to_stave_off_collisions_in_space

https://www.m
eetup.com/Fra
nkfurtDataScie
nce/events/255
952732/

https://www.esa.int/Enabling_Support/Space_Engineering_Technology/AI_challenged_to_stave_off_collisions_in_space
https://www.meetup.com/FrankfurtDataScience/events/255952732/
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Team Work

Space Debris Office
Klaus Merz
Jan Siminski
Francesca Letizia
Silvia Sanvido
Emma Stevenson
Holger Krag

Advanced Concepts Team
Dario Izzo
Thomas Uriot
Marcus Maertens

Communications
Rosa Jesse
Daniel Scuka
Sean Blair

Artificial Intelligence & Operations Innovation
Jose Martinez Heras
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https://kelvins.esa.int/collision-avoidance-challenge/

https://kelvins.esa.int/collision-avoidance-challenge/
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