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Centre of Excellence
A world-class Operations Centre, manager of Space 
Safety, driver for innovation and enabler of industry

By 2030, we want demonstrated AI technologies to enhance 
operational efficiency and enable twice as many ambitious 
missions, by embracing fast iterations, and by refocusing 

intellectual and financial resources

Foster 
excellence 

in execution 
today and 
tomorrow

Be at the 
forefront of 
innovation

ESOC 2025+ Strategic Vision & Initiatives



ESA UNCLASSIFIED – For ESA Official Use OnlyESA UNCLASSIFIED – For ESA Official Use Only

Significant potential for AI in mission operations
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We followed a rigorous and fast-paced approach 

RoadmapTo-be analysis Prototype 1

2 3

As-is analysis

1 4

14 weeks 10 weeks

Operationalisation 
Prototype 1 + 
Prototype 2

5

12 weeks

• Use cases exploration 
• Analysis of strategic 

connections

• Use cases collection 
• Benchmarking analysis 

and assessment
• Mapping to OPS 

processes

• Prioritization based on 
impact and feasibility 

• Business case 
development 

• Development of 
actionable roadmap

• Ideation
• Development

• Production 
• Testing and validation
• Ideation
• Development

70+ mission 
operations and AI 
experts engaged

10 ideation 
workshops

150+ hours 
of interviews and 
brainstorming
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A2I: Artificial Intelligence for Automation Roadmap

5 Mission Operations domains prioritized – 14 use cases
Flight control teams & 

ground stations
Operations preparations 

and operational 
simulation

System testing and 
validation

Ground system 
maintenance and ground 

operations

Satellite health 
monitoring and data 

processing

AI-enhanced 
modelling AI enablerAutomated 

diagnostics
Decision recom-

mendation engine
Automated 

content generation
Visually enhanced 

simulation
Automated 
prognostics

7 archetypes
Post-launchPre-launch

2 use cases 3 use cases 2 use cases 4 use cases 3 use cases
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The roadmap is being validated via 2 prototypes

OCAI: AI assistant to support 
decision making of Flight Control 
Teams

Technology – AI

Change management – Agility

Adoption – Value creation

Tangible impact – Refocus 
resources

ESTIM: AI-based root cause 
explorer for ground station 
passes

Ground station 
Data #2

Spacecraft 
data 

Ground station 
Data #3

Ground station 
Data #1

Anomaly 
reports

Increase efficiency
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OCAI – Operations CompAnIon

Knowledge discovery Decision making 
interface

Data 
sources

Data ingestion and 
processing

Topic
AR-NP

AR- 1

AR- 3

AR- 2

Thermal
issue

Event
3 Event 

(YP500)

Event
2

FCP-
4000

FCP-
2000

FCP-
001

Uberlog

Component
(VUP)

Component
(XYZ2)

Component
(XYZ1)

Event
1

Uberlog

ARTS

FOP

S/C related 
data

ƒ

ƒ

ƒ

ƒ

ƒ ƒ ƒ

AI elements

TF-IDF vectorization

Nearest neighbour navigation

Non-explicit relationships 

Doc2Vec

Knowledge 
graph 
creation

Tokenization of data

Stop world removal

Lemmatization

Stemming

Data 
processing

Solved!

Alarm Reaction Decision
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Automatic ingestion and 
data pre-processing

Automatically generate overview 
with calculated probability of 
issue

AI assisted pass investigation with intuitive interface

Schedules ESTRACK STC logs

Telemetry OSPMS

Pass #280%

Weather

Equipment

Att
Rain
Wind
Humidity

ESTRACK 
data

STC logs

Other similar
passes

Pass #5 OSPMS Pass #6 OSPMS

Plot 
Es/No

Rain

RainEs/No Others

Pass #4 OSPMS

ACU

Pass Root cause identified

Inform 
teams

Document 
resulting 

root-cause

Passes 
overview

Issue pro-
bability

Pass #1

Pass #3

Pass #2

OK

OK

Issue?

6%

10%

80%

Time Log Job ID

AI elements

ESTIM – ESTrack Investigation & Monitoring

Binary tree model
f

f

Pass #1 #2 #3
BEPI

MEX
GAIA

f

f f
Min

Max

t

f f

f f

Schedules
(numerical)

ESTRACK
data 
(numerical)

OSPMS
(text)

STC logs
(text)

Automatic 
labelling

Time logLabels

Original STC logs

ACU
TTCP
FEC

Time logLabels

Labelling  function

ACU
TTCP
FEC

Time logLabels

Labelling model based on 
labelling function

ACU
TTCP
FEC

Weak supervision labelling

Bad pass

Good pass

Classification model

Pass #1

Pass #2

Pass #3

ESTRACK STC LogsOSPMS

OK

Bad

OK

Root cause analysis and 
anomaly detection

Data processing
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Incremental and disruptive innovation

Speed

State-of-the-art AI

End-user centric

Cross-functional 
teams

Scalability

Frequent iterations
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Thank you!

Gabriele De Canio, gabriele.decanio@esa.int
Transformation Officer

Strategy and Transformation Office
European Space Operations Centre

European Space Agency 
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A2I: Artificial Intelligence for Automation Roadmap
Domain Use cases

Flight dynamics

Mission simulation 
and analysis

Ground system 
maintenance and 
ground operations

Flight control team 
& ground stations

Space Debris

Systems testing 
and validations

Operations 
preparation and 
operational 
simulation

Satellite health 
monitoring and data 
processing

Space weather

E

B

A

D

G

H

C

F

I

Data driven physical models orbit 
determination and prediction

AI techniques to improve mission 
analysis (e.g. DEM / DTM 
generation) 

AI decision support tools for 
controllers 

AI-supported catalogue fusion

Deviation analysis in validation and 
regression testing outputs

Intelligent assistance for automated 
procedure generation and validation 

Intelligent telemetry data anomaly 
detection 

Intelligent portfolio optimization

E1

B1

Machine learning based incident 
classification and root-cause analysis 
assistance

A1

D1

G1

H1

C1

I1

Intelligent MAG and CReMA 
document generation

AI-based predictive maintenance

Machine learning dashboard for 
collision avoidance support

AI-supported test case creation

AI assistance to support simulation 
validation and failure identification 

F1 Intelligent root-cause investigation 
and AI-assisted handling

Intelligent UX

B2

A2

Intelligent digital planning platformD2

G2

H2

C2

F2

I2

Operations planning through human 
behaviour modelling

Intelligent maneuver 
recommendations 

Automated test report generation

Spacecraft digital twin

AI-based long-term satellite health 
forecasting

Smart space weather data lab

D3

G3

H3

C3

F3

I3

Fast surrogate simulator for model 
consistency validation

AI-based short-term satellite health 
forecasting

Automated central service desk

C4

F4

I4 Automated description of metadata

I5

Roadmap


