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Motivations

1. Large amount of accumulated data
on spacecraft design, part of it
unstructured

2. Main risk: Poor Knowledge
Management leads to “corporate
amnesia”

3. Wealth of information with
potential to be reused to support
current space mission design and

accelerate feasibility studies

I r | n “Our founders built this company on a certain set of
p epa at 0 principles. But since they're all dead and nobody
wrote anything down, looks like we're screwed.”

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Expert Interviews

Organisation of interviews with ESA experts involved in Concurrent
Design studies, to better understand the Users’ needs and work

processes In total, 47 experts were involved :

Quantify the part of your work time
. . Where do you find the most useful
spent researchingthrough available ) . .
) i information for your studies?
information?
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Avallable
Data




20 years of studies at the CDF

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019



¥
éﬁ\wf?&

o e
a{i:{iv

INTELLIGENT COMPUTATIONAL ENGINEERING

e | [FEE=s

Simulations

xE[r 3

Excel calculation sheets,
power points

— _—

Final report

X

Final presentation

Excel tradeoffs,

power points Engineering Model based on

ECS&TM-10-25A Annex A

Three classic phases of a feasibility study at ESA Concurrent Design Facility

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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B Eng/nééﬁﬁj Modéls based &#iCSS
E-TM-10-25A Annex A
Data sheets

Feasibility reports

| LT Ay W ———

Space Mission

Engineering: Fundamentals of
The New S.Aff,p Electric Propulsion
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THE (EOS DATABASE )
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Unstructured Data Semktstructured Data

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Insight on the Complexity of Unstructured Data

Why is it so complex to transfer information into machine -readable data?

e Data available in many different formats (and languages)
e Natural language is in nature ambiguous and context dependent
(i.e., synonyms, acronyms)
e Humans are not helping (e.g., do not respect templates, use screenshots)

Example of chapters’ name inconsistencies over 7 reports :

HG N CH

“AOGNS and Relative “AOCS”"
Metrology”

“Navigation”

“Attitude Control System” “Attitude and Orbit Control”

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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An expert system for space mission design: DEA

4 )
The Design Engineering Assistant (DEA)

an expert system to support decision-making at the early stages design of spacecratft,
a Knowledge Engine for mission design, facilitating Knowledge Management and Reuse)

An Expert System captures Human expertise in a computer program and mimics
Human reasoning.
® (1

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 t
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Ontology Learning

Ontology Learning Cake =
steps of Ontology Learning

Ontology Learning = automatic/semi - D"‘“‘“‘—‘f’;gf%‘;ﬂg
automatic generation of ontologies

Rules or Axioms

Coined in 2001 by Alexander Maedche S ——
and Steffen Staab

‘Meta-Knowledge

Set of methods and techniques used for
building an ontology in a semi-automatic
fashion using several sourcesinvolving: e IRtions
e extraction ofdomains and
relationships between concepts from

anatural language corpus | — 5
e encoding the concepts in an ontology —— e —

language. e

Relations

I

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 12
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Current status of work

Step 1:Natural Language Processing Pipeline- NLTK Python Library
Classic tasks of preparing the input text for further analysis: tokenization,
removal of stop words, abbreviation expansion, lemmatization

Step 2:Candidate Entities Identification
generate a domain-specific vocabulary from the unstructured text

Step 3:Merge Similar/Synonyms Entities

Via word embedding, a set of Natural Language Processing methods, allowing to
map the context ofaterm into vectors.

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 14



‘a Strathclyde

Entities Identification Methodology

Generate a domain-specific vocabulary from the unstructured text

1. Filter based on word frequency

1. Second filter based on Weirdness Index:Compare the use ofa word, based
on its frequency, between a domain-specific corpus and a set of corpus
representing the generallanguage. In this case, the British National Corpus

(BNC).
wherefs Is the frequencyof the word in the specializedtorpus,
Ng fs g its frequencyin the generalcorpus,the BNC,and Ns, Ng are
- (1 + f)Ns respectivelythe number of tokens in the specializedand
generakorpus

(reference Ahmad, K., and Gillam, L., "Automatic Ontology Extraction from Unstructured
Texts, Vol 3760, No. October,2005. doii10.1007/11575771)

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 15
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Results

Results over 9 CDF feasibility reports (available publicly)

Frequency Dictionary ~ Domain-Specific Dictionary | 3000
study cdf E 2500
r ; aft 2
repo spacecr = 2000
design esd E‘
cdf data 5 1500
o =] w=l@e=Frequency Dictionary
mission telescope g 1000
Mass orhit . ==@==Domain-Specific Dictionary
system baseline E 200
requirement payload § 0
spacecraft thermal “ 44267 126328 169029 236200 309693
power thruster Number of tokens extracted from Corpus

*corresponds to 1, 3, 5, 7 and 9 reports

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 16
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Comparison with WordNet

WordNet: lexical database, gathers similar concepts into  synsets.
developed by Princeton University, Accessible via NLTK Python library.

« S: (n) satellite, artificial satellite, orbiter (man-made equipment that orbits around
the earth or the moon)

« S: (n) satellite, planet (a person who follows or serves another)

» S: (n) satellite (any celestial body orbiting around a planet or star)

» S: (n) spacecraft, ballistic capsule, space vehicle (a craft capable of traveling in
outer space; technically, a satellite around the sun)

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 o
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Comparison with WordNet

WordNet: lexical database, gathers similar concepts into  synsets.
developed by Princeton University, Accessible via NLTK Python library.

100%
80%

60%
u In WordNet

40% ® Not in WordNet

20%

0%
Frequency Dictionary Domain-Specific Dictionary

*results generated with 9 feasibility reports publicly available

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 18
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Comparison with WordNet - ECSS exercise

Used the ECSS Dictionary of terms , containing 2,130 terms:
e 20% entities were found in WordNet:

e.g., 7ail-safe’, 'system’, ‘decision;, ‘metric, migration, ‘operational - 'real

time’, 'software’, 'validation’, 'verification’, port, ‘unit, "actuator, ‘clean/iness’
e 80% entities were not found in WordNet

e.g., 'derating’, ‘performance’, 'rating’,'concurrent engineering’,
configurable','controllability’, 'convective','coprocessor’,'entropic’,
'Interfaced’,'interferometry’,'ionospheric', radiometric', 'realignment’,
'spaceport’, ‘superconductor’

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 19



Word Embedding Method

Word embedding = a set of NLP methods, allowing to map the context of a term

into vectors.
Currently implemented for the DEA project:
Hyper Analogue to Language (HAL) space + cosine similarity

HAL space method:
Sentence: “Thespacecraftwas launched from Kourou on an Ariane.”
Launched Kourou n
Co-occurrence vectors: Spacecraft (wl w2 wn)

Cosine Similarity in between vectors to identify concepts used in similar contexts.

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019

20
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Results

Results generated with 9 feasibility reports publicly available,
Example of Extracted Similar Concepts based on:

Mission Analysis Chapters only Executive Summaries only
& s
N 0 & 5 QS\
o @ & W & ¥ & o %
-o"é‘ \‘é\ &é e)og \°Q\} ® ,op\ \'5"’\ 'a\»‘é\ i\‘-‘é} & &
§ + Q 3 Q & R q.é' & & ‘é\\ &

0.5 0.5

0.55 0.55
v 0.6 © 0.6
3 065 2
3 g 0.65 Perth end-of-life
2 o071 £ 07 i
8 ¥ target H
t 0.75 E 0.75 @® public
@ 08 synchrenous =
v n ® osculating P 0.8
'g 0.85 § 0.85 ® bench ® sso ® planarity
9] i W thruster o

0.9 B Inclined 0.9

0.95 4 Kourou 0.95 ® smi

1 B Pertha 1

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 el



Conclusion

Encouraging preliminary results In the
generation of candidate entites and
identification of synonymous concepts

Results to be generated with finalised NLP
pipeline, an extended corpus and
implementation of advanced method
(word 2vec)

Ontology Learning today needs Human
validation

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Thank you for your attention,
guestions? .

| contact:

audrey.berquand@strath.ac.uk
| annalisa.riccardi@strath.ac.uk

Research gate: https://www.researchgate.net/project/Design
Engineering - Assistant- DEA-for-Space-Mission-Design

Scotland from the ISS- Image Credit: ESA/NASA
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Publications

Published :

Towards an Artificial Intelligence based Design Engineering Assistant for the Early Design of Space Missions A.
Berquand (UoS) F. Murdaca (UoS) Dr. A. Riccardi (UoS) T. Soares (ESA)

S. Gerené(RHEA)N. Brauer (AIRBUSXK. Kumar (satsearch), IAC 2018, Bremen, Germany

Ontology -Based Information Extraction from Datasheets of space parts

F. Murdaca (UoS), A. Berquand (UoS)K. Kumar (satsearch), Dr. A. Riccardi (UoS)

T. Soares (ESA)S. GerendRHEA), N. Brauer (AIRBUSSECESA 18, Glasgow, UK

SECESA 18:Atrtificial Intelligence for Early Design of Space Missions in support of Concurrent Engineering

sessions

F. Murdaca (UoS), A. Berquana(UoS) Dr. A. Riccardi (UoS)T. Soares (ESAJS. GerengRHEA), N. Brauer (AIRBUS),
SECESA 18, Glasgow, UK

Artificial Intelligence for the Early Design Phases of Space Missions

A. Berquand (UoS) F. Murdaca (UoS), Dr. A. Riccardi (UoSY. Soares (ESA)S. GerendRHEA), N. Brauer (AIRBUSK.
Kumar (satsearch), IEEE Aerospace 2019, Montana, US

All publications:

Strathclyde Knowledge Portal: https://pureportal.strath.ac.uk/en/projects/design -engineering-assistant-dea-
for-space-mission-design
Research gate:https://www.researchgate.net/project/Design -Engineering-Assistant-DEA-for-SpaceMission-

Design

The DEA in 7 slides April 2019 26
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An expert system for space mission design: DEA

The Design Engineering Assistant (DEA)

an expert system to support decision-making at the early stages design of spacecraft

Our vision:
Create a Knowledge Engine for Space Mission Design, facilitating Knowledge Management and Reuse

Development steps:

- Build an ontology from unstructured data using Natural Language Processingand Ontology
Learning

- Assimilate and merge heterogeneous data into the DEA Knowledge Base
- Develop a User Interface

Project duration: January 2018 - December 2020

Partners:

i, // \\
“\&;esa ruen  AIRBUS

G R O U P

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 el
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Search Engine vs Knowledge Engine

% WolframAlpha

Europa Enceladus =]

GO gle Europa Enceladus L Q

Tous mages Actualités Maps Vidéos Plus Paramétres Outils

B mE Y = Browse Examples 3¢ Su

wiron 387 000 résultats (0,29 secondes)

Europa (moon Enceladus (moon

Food on Enceladus, Old Faithful on Europa Strengthen Case for .. on

https:/fwww.scienfificamerican.com/. ../scienfisis-find-foed-at-encel... ™ Traduire cette page
13 avr. 2017 - Two moons in the outer solar system—Jupiter's Europa and Saturn's Enceladus—are Orbital properties ‘Show metric | | More
becoming the undisputed top targets in the search for [ife elsewhere in the solar system, scie
MNASA officials said at a press conference Thursday. Beneath their icy crusts both moons have deep,
global oceans of ..

ts and

Europa nezlady

average distance from Earth  5.26au 9.
43.7light minutes 1.

lcy Worlds Like Europa and Enceladus Might Actually be too Soft to ...
https:/fwww. universetoday. com/._ ficy-worlds-like-europa-encelad... * Traduire ceite page

20 ja 2018 - in these bodies, whi nclude Jupiter's moon Europa and Saturn's moon
Enceladus, scientists have theorized th. could exist in warm-water interier oceans. By the 2020s
and 2030s, robotic missions are expected to reach these worlds and set down on them, sampling ice

and exploring their ...

orbit center Jupiter Sal

orbital period 85.22h 32|

Paossibility of Alien Life is Greatest on Europa, Enceladus, & Ganymede
https:/futurism.com/possibility-of-alien-life-is-greatest-on-europa-... * Traduire cette page

28 mars 2015 - Well, there are three candidates which have been regarded as serious prospects for
extraterrestrial life in recent years: Jupiter's moons Europa and Ganymede, and Saturn's moon

that it had requested $255

Enceladus. In fact, just last month, NASA announced the exciting news
million in funding for an ...

Images correspondant & Europa Enceladus

Signaler des images inappropriées

—) Plus d'images pour Europa Enceladus

mass

average radius
rotation period

age

discoverers

Europa

4.7987 . 10%% kg
25281 107% pm,

Enceladus

1.08%10% kg
1.901x1077 p,

10:19 pm

neAt iet 658 am
Friday, April 20, 2018

Libra

" s et

12 s
230 20 1

226 am
Friday, Apsil 20, 2018

9:40 am
Priday, Apail 20, 2018

Sagitranius

969.84 mi 156.8 mi

85.22h 32.88h

4.5 billion yr 4.5 billion yr
Furopa

Galileo Galilei | Simon Sir F|

Marius Willi

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019

Europa yoor-GH=pa, (upiter 1), is the smallest of the four Gallean mosns orbiting
Jupter. and the sath-closest 1o the planet. & is also the sith-largest maen in the
Solar System. Ewropa was discovered in 1610 by Galleo Gablel and was named after
Europa, the legendary mather of king Minos of Crete and lover of Zeus fthe Greak
equvalent of the Reman god jupiter).

Output of Google Search and Wolfram Alpha for the same query: “Europa Enceladus”

28
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Comparison with WordNet

WordNet: lexical database,gathers similar concepts into synsets.
developed by Princeton University, Accessible via NLTK Python library.

Noun

« S:(n) satellite, artificial satellite, orbiter (man-made equipment that orbits around
the earth or the moon)

« S:(n) satellite, planet (a person who follows or serves another)

« S: (n) satellite (any celestial body orbiting around a planet or star)

Noun

» S: (n) spacecraft, ballistic capsule, space vehicle (a craft capable of traveling in
outer space; technically, a satellite around the sun)

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Comparison with WordNet

100% — gy
80%

60%
u In WordNet

40% ® Not in WordNet

20%

0%
Frequency Dictionary Domain-Specific Dictionary

*results generated with 9 feasibility reports publicly
avallable

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 30
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Example - the CEOS database

Committee on Earth Observation Satellites database:
Survey of Earth Observation space missions, updated every years.

http://database.eohandbook.com/

Measurements Other
Overview Agencies

Home Missions Instruments
Database Table

a

missionID:

missionNameshort:

missionMameFull:
missionAgencies:
missionstatus:
launchbate:
EOLDate:
Applications:
Instruments:
InstrumentIbhs:
orbitType:
crbitaltitude:

orbitPeriod:

orbitInclination:

repeatCycle:
orbitLsT:
ecrbitLongitude:
orbitsense:

missionSite:

dataaccessPortal:

mggan
"30 Winds"

"Three Dimensional Tropospheric Winds from Space Based Lidar”™

"HASA"

"Considered”

"ze3g"

"2@33"

"Phase-3 DS Mission, launch erder unknown, 3-year nominal mission. Tropospheric winds for weather forecasting and pellution transport.”
“HD4WL D '.-.'il'l:js}“

"1551"

"sun-synchrongus”

"488 km"

"97.83 deg”

mygm

H

"ascending”

"https://eospso. nasa. gov/missions/3d-winds -dema™

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019

Links: mission site

]
31
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Schema Layer Visualisation

[ GRAKN.A!

—\-'/_ —\

\

is missmnStatus

h has has missionStatus
has a

has . orbitType
ha

mlssmn ,_,___ is orbltTyp

has_mis
// \has cies
has

mlSSlunStatus

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019

has has missionAgencies has
/ / g \‘—

32
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Query Example: Show all information on Pleiades 1B

match $x isa mission; $x has missionNameShort "Pleiades 1B": get:

[ GRAKN.A

missionNameShort: Pleiades 1B
missioni0: 479
Applications: Cartography, land use, risk, agriculture and forestry, civil planning and mapping. digital terrain madels, defence.
_____;J" 4
has_missionAgencies /

haﬁ_ﬂf[ﬁltT}’pE has missionStatus

-
<S_MissionAge ncic®

esValue: CNES

is_orbitType is_missionStatus
—

ontitptete Sunsychronsus

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 33
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Comparison with WordNet - ECSS exercise

Used the ECSS Dictionary of terms , containing 2130 terms:
e 20% entities were found in WordNet:

e.g., Tail-safe’, 'system’, ‘decision’, ‘metric, ‘migration’;, ‘operationaltireal,
software’, 'valldation’, 'verification’, port, ‘unit, "actuator, ‘cleanliness’

e 80% entities were not found in WordNet
e.g., 'derating’, ‘performance’, 'rating',‘'concurrent engineering',
‘controllability’, ‘convective','coprocessorentropic', 'interfaced’,
'interferometry’,
‘lonospheric’, radiometric’, 'realignment’, 'spaceport’, ‘superconductor’

configurable’,

DEA- PM#9, ESTEC, 24th June 2019 34
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The architecture of the DEA

1 GRAKN.

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Natural Language Processing (NLP):
A branch of Al which enables computers
to understand, interpret, process and
manipulate human (natural) language.

ESA Knowledge Week- Cognitive Computing Vision Round-table, June 2019 36
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Ontology

Ontology = modelisation of the domain knowledge

Provide a common vocabulary field and concepts definition to facilitate the
communication between experts of a same field extending the communication to human-
machine and machine-machine.

The most popular definition of ontology in information technology and the Al community,
provided by Tom Gruber (1993),is: “An ontology Is &rmal, explicit specification of a

sharedconceptualizatiori. / \

consensus on abstract An ontology should concepts aefinition and the
representation of concepts be machinereadable. constraints on their use are
accepted by different communities explicitly defined

The basic elements, or representational primitives, ofan ontology are :
- classesrepresenting a “thing”or a “concept”

— attributes (or properties)
- relationships : linking the different classes

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 37



EXE
Universityof <>

Strathclyde

Engineering

User-centred approach

Organisation of interviews with ESAexperts involved in Concurrent Design studies,
To better understand the Users’ needsand work processes. In total, 47 experts were involved :

W 2ystem

B Subsystems

mCDF Users

s Knowledge Management

m Uther

*The full interviews results are presented in: “Towards an Artificial Intelligence based Design Engineering Assistant for the Early

Design of Space Missions” A. Berquand (UoS) F. Murdaca (UoS) Dr. A. Riccardi (UoS) T. Soares (ESA)S. Gerené(RHEA),N. Brauer
(AIRBUSK. Kumar (satsearch), IAC 2018 Bremen, Germany

**The DEA requirements resulting from the user-centred approach are presented in: “Artificial Intelligence for the Early Design

Phases of Space Missions” A. Berquand (UoS) F. Murdaca (UoS), Dr. A. Riccardi (UoS) T. Soares (ESA)S. Gerené(RHEA),N. Brauer
(AIRBUS)K. Kumar (satsearch), IEEEAerospace 2019 Montana, US

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 38
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Expert Interviews Main Outcomes (1/2)

Quantify the part of your work time

spent researchingthrough available Where do you find the most useful
information? information for your studies?
€0 - — 35 - ”.‘z_ _A— |
= <30+
B "= 50 - x 30 A A
£ o E £25 1 a—
giew 2801
2 & R 2071 . T : —
E E 30 7 (= 1
5% 2PN | Em
57 | | =101 | 1 — 1
10 1 rF__ - L 5 1L . . | ] — |
0% <25% 25-50% 50-75% =75% & adp & &
oy o
Expert time [%] @:ﬁ‘ ¢ o ‘5’4’@ &
¢ & B)
& & &
& & <
& & K
o° Q
\&éo

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019 39



Expert Interviews Main Outcomes (2/2)

Would you rely on an Al-agent
to mine information for you?

e

&

70

50

qu_

Distribution of
experts answers [%4]

30

20

SRR

o i

-

Not at all Unsure Absolutely Yes

Space Systems Ontology Brainstorming Workshop, ESA, ESTEC, 286th , June 2019
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Grakn in a nutshell (1/2)

Grakn is an opensource, distributed Knowledge Graph.
Gragl is Grakn’s reasoning and analytics query language.
— software architecture trade -off explained in Part Il|

A Grakn Knowledge Graph is a schema layerand a data layer.

define
entity: object
attribute: attributes associated with domain

insert
entity: instances of entity types (e.g. insert $x isa person,
with ‘person’ an entity type)

instances : :

relationship: between different domain resources: instances of attribute types (e.g. has name
: “John Doe”)

instances

_ . . . . : relations: instance of relationships types
role: roles involved in specific relationships

41



Grakn in a nutshell (2/2) o] GRAKN.A

Schema layer

entity

Data layer

relationship

relationship
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Semtstructured Data Extraction

A source of structured data is the Engineering Models, containing all the
information about the design iterations and options.

The Engineering Model structure is based on the ECSS-TM-10-25A Annex A
UML model and can be exported as JSON files.

How to make the Models usable by the DEA?

Migrate them into a Knowledge Graph.

ECSS Knowledge Graph Engineering
UML model schema layer Model in Graq|

Engineering Model
(OCDT, CDP4) Data layer
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