Workshop on Collision Avoidance Challenge Results

Introduction

Klaus Merz, Jose Martinez Heras

ESA, 23/04/2021

ESA UNCLASSIFIED — Releasable to the Public

-— = m ] == 4 + = EEE + THE EUROPEAN SPACE AGENCY



Welcome esa

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

? CollisioAvoidance Challenge

4 A 4 _ _
To manoeuvre or not t6.manoeuvre ... that is the question.
W

L
‘ 2 Take Part

Motivation
Recap Challenge

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

Motivation esa
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From manual expert work.... esa

Manoeuvre screen i ng SCARF  Dashboard  Analyst Dashboard  AnalystView  Events  Reports  Admin Documentation & kmerz ~
+ O i Activi I Calend D t: Wiki Fil Sett . . .
verview Activity  Tssucs et bl Mission: Sentinel 1A = Wednesday, November 27th 2019, 15:06:11 UTC
Gantt
» Filters
— Highest Collision Probability Closest Encounter Escalated Events (1]
Status open -
» Options l TCA 2019-12-01 04:38:46
Collision Probability 1.652e-4
T 1 652 e-4 995 5 1 m Miss Distance 107417 m
|2 months from November = 2019 = « Apply 9 Clear |-} Save . . Radial Distance 7.81m
2019-11
46 47 48 49 Screening Type

Closest Radial Encounter Cumulative Risk
1(12(13|14|15|16|17 (18|19 (20|21 |22 |23 |24 |25(26|27|28(29(30|1 |2 |3 |4 |5 |6 |7 | £

A T|W|[T|F|[S|S|M|T|W|T|F|S|S|M|TWTFIS(S(M(TW|T|F|5|Z=

I Previously Escalated Events (1]
4_. Manoeuvre screening ¥ Manoeuvre : l I 4
.| Support #63: Cryosat-2 routine operations In Progress 100% 7 8 1 I 1 807 - .
| Support #71: SWARM routine operations I ’ ) m . I ’ e s L2
.| Support #118: Sentinel 1A routine operations ¥ In Priogress 100% Jspoc 2019-11-27 11:51:01
| Support #568: Sentinel 2A routine operations i
.| Support #1081: Sentinel 1B routine operations ¥ Progress 100% L TLIET I SLIEEEET DB E ‘T’ﬁ:ggﬁgﬂj SUETE LB RE MiniCat 2019-11-27 11:31:01

| Manoeuvre #£3840: 51B 2019-11-27 Mangeuvring 40%

MiniCat - JSPOC 2019-11-27 11:51:01

.| Support #1195: Sentinel 3A routine phase support - E...

v In Progress 98%
| Manoeuvre #3839: S3A 2019-11-27 ST Manoeuvring 40% . l 5 1 2 MiniCat - No Manoeuvre
.| Support #1113: Cluster-1I routine operations . 2019-11-27 11:51:01

Risk Threshold: 1e-5

.| Support #1977: Sentinel 2B routine operations

.| Support #3107: RapidEye SMA orbit lowering campaig... W New| 990k Download COLA Report
7 Events Click to open

.| Manoeuvre #3846: RE constellation 2019-11-29 Pre-mamoeuvre scr

.| Support #2442: Sentinel 5P routine operations

.| Support #2817: Saocom-1 commissioning phase 00% Worst Cases per Event Click to open
.| Support #2934: Aeolus routine phase W New| 980
| Manoeuvre £3842: AEOC 2019-11-28 Mangeuvring 40%
.| Manoeuvre £3845: AEO 2019-12-02 3 New|ows
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. to machine learning Eesa

Training data Classification Prediction

Mano needed?

Predict “criticality”, e.g. final
risk, uncertainty,
separation, mimic past
decisions

ESOC: database of = 250 000 close
approach events
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Kelvins About Competitions Collision Avoidance Challenge A Register +J Sign In

The Challenge

Oct. 16, 2019, 5:03 p.m. UTC Timeline Dec. 16, 2019, 1:35 p.m. UTC

The competition is over.

Public challenge held late 2019 running 2 months

- Only mildly anonymised A3 Collision Avoidance
Pilot to assess whether ML can help assessing s ’ Cha"enge

First ever public release of a large set of CDMs Challenge

H H Rules
Conjunctlons To manoeuvre or not to manoeuvre ... that is the question.
Scoring
- Engage/attract data scientists . \ 2 Toke part
- (i.e. not necessarily experts in debris / flight dynamics) Leaderboard ‘

ICI i i Discussion ; e P e ) ) )
96 part|C|pantS’ 862 Sme|SS|OnS Today, active collision avoidance among orbiting satellites has become a routine task in space

operations, relying on validated, accurate and timely space surveillance data. For a typical satellite in Low
Earth Orbit, hundreds of alerts are issued every week corresponding to possible close encounters between
a satellite and another space object (in the form of conjunction data messages CDMs). After automatic
processing and filtering, there remain about 2 actionable alerts per spacecraft and week, requiring

) . i . detailed follow-up by an analyst. On average, at the European Space Agency, more than one collision
Oct. 16, 2019, 5:03 p.m. UTC Timeline Dec. 16, 2019, 1:35 p.m. UTC avoidance manoeuvre is performed per satellite and year.

T N In this challenge, you are tasked to build a model to predict the final collision risk estimate between a

given satellite and a space cbject (e.g. ancther satellite, space debris, etc). To deo so, you will have access
tc a database of real-world conjunction data messages (CDMs) carefully prepared at ESA. Learn more

Kelvins About Competitions Collision Avoidance Challenge A Register %] Sign In

Home about the challenge and the data.
Challenge Resu Its
L]
Space Debris
In case you are working on this dataset and problem, please consider quoting the paper (under review in u
Submission Astrodynamics): Offl ce
Rules
Uriot, T., Izzo, D., Simoes, L., Abay, R., Einecke, M., Rebhan, S., Martinez-Heras, 1., Letizia, F., Siminski, J.
Rules and Merz, K., 2020. Spacecraft Collision Avoidance Challenge: design and results of a machine learning This competition is organized by ESA's Advanced Concepts Team (ACT) in partnership with ESA's Space
competition. (arXiv preprint) Debris Office
Scoring Experts from both teams are available for interactions via the competition discussion page.

Final Ranks:

Best Last



Challenge Preparation

How data looks like?

event_id time_to_tca mission_id risk
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What do we want to predict? esa

TCA
Time of Closest Approach
3 days 2 days 1 day PP
Final Risk Final Risk Final Risk Final Risk
3 days in advance 2 days in advance 1 day in advance
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What do we want to predict? esa

B

TCA
Time of Closest Approach
3 days 2 days 1 day PP
Final Risk Final Risk Final Risk Final Risk
3 days in advance 2 days in advance 1 day in advance
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How are we Scoring submissions? esa

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

ML
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Leaderboard
Evaluated on part of the Testing Data




Score

How we came up with ...

MSE
F2

scoring =

Classification: probability above or below 10-%: F2 value

Regression for those above 10-%: MSE

Long story short: it took us 5 iterations

— 00 b c= o - I W = 1] D — 2 == BB Il " z2 E1 ZE

i %l
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Log10(risk) ... if log10(risk) > -30 esa

y = final risk .. if final risk > -30

500 -

400 1

300 -

200 -

100 1
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esa

Scoring Function (1)

MSE(log(risk)): Mean Squared Error

T 800

T 700

T 600

T- 500

T 400
Issues

T3040

T 200
 All errors are equally important

T 100

-6 2 -3 >>> -26 2 -23
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Scoring Function (I) esa

MSE * true_risk
Higher risk events are more important

Issues

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

e Would lead to false alarms

14
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Scoring Function (Il esa

MSE * max(true_risk, pred_risk)
Higher risk events are more important

Properly penalizes false alarms

Issues

« Risk = -7 gives a very good scoring

15
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Scoring Function (1V)

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

Regression

MSE

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

Classification

F1

— 0 e c= = - I W = 1] - — 2 = EX I

[
i
+
I
Il

i %l
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Scoring Function (1V)

MSE
F1

scoring =

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

— 0 b c= 0 - I W = ] D — IS . BB NI " 2 E1 B == i 1%l
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Scoring Function (V)

MSE

scoring = I

F2 penalises (more than F1) the false negatives

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

— 00 b c= o - I W = 1] D — 2 == BB Il " z2 E1 ZE

i %l
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https://link.springer.com/article/10.1007/s42064-021-0101-5

There is moreto 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.m
eetup.com/Fra

e H, TR nkfurtDataScie
FRANKFURT nce/events/255
DATA SCIENCE 0952732/

..;.'ﬁ. - .

— 01 b c= ™ 4 I ™ = __ |} 11

Cesa ESA Operations & v
@esaoperations

Interested in taking part in a rubbish challenge?+* i

= Q g Qesa

To manoeuvre or not to manoeuvre... that's the
question posed by ESA's #SpaceDebris Office and
Advanced Concepts Team.

Find out more: esa.int/Our_Activities...
#MachinelLearning

#Al
@ESAcleanspace

Al challenged to
stave off collisions
In space

5:03 PM - Oct 9, 2019 - Twitter Web App

https://www.esa.int/Enabling Support/Space Engineering Techn
ology/Al challenged to stave off collisions in space

19
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https://www.esa.int/Enabling_Support/Space_Engineering_Technology/AI_challenged_to_stave_off_collisions_in_space
https://www.meetup.com/FrankfurtDataScience/events/255952732/

Team Work esa

Space Debris Office Advanced Concepts Team Communications
Klaus Merz Dario 1zzo Rosa Jesse

Jan Siminski Thomas Uriot Daniel Scuka
Francesca Letizia Marcus Maertens Sean Blair

Silvia Sanvido

Emma Stevenson

Artificial Intelligence & Operations Innovation
Holger Krag

Jose Martinez Heras
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2.Colhision Avoidance Challenge

= -— | _
To manoeuvre or not to.manoeuvre ... ’Ehat is the question.

v
‘ 2 Take Part

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

Introduction (ESA)

Engineered Decision Tree for Judging Spacecraft Collision Risks, Sven Rehban (Honda Research Institute Europe)
tPA ' — 17:30 Learning from an imbalanced dataset of conjunction data messages, Rasit Abay (NeuraSpace)

(<0l — 17:50 Machine learning-powered algorithms for predicting the risk of satellite collisions, Michal Myller (KP Labs)

(V0 — 18:10 Outlook (ESA)
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https://kelvins.esa.int/collision-avoidance-challenge/
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