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Introduction

The main objective is to summarize the main features and considerations of the project executed to provide a solution

to the Tender: "Impact of anomalies and non-conformities on future requirement formulations™.

&

Contractor: Big Data & Artificial Intelligence Division from GMV Secure e-Solutions (GMV-SES).

Customer: European Space Research and Technology Centre, Software Technology Section (ESTEC/TEC-SWT) from ESA.

THE MAIN DATES OF THE PROJECT WERE AS FOLLOWS:

0370272020 Kick Off 2170972020 AnR 24/03/72021 AR

am'nia
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ESA needs & objectives

The main objective is to summarize the main features and considerations of the project executed to provide a solution

to the Tender: "Impact of anomalies and non-conformities on future requirement formulations™.

OBJECTIVES:

* Exploit lesson learn to improve future Space Mission ESA development.

 Conceptualize & formalize in a structured and well-defined ontology the space mission domain.
 Transform project data into knowledge.

* Bring benefit from Artificial Intelligence to Space Mission ESA development.

CHALLENGES:
* Information overload: outdated information, excessive number of documents & redundancy/duplicity.
» Complex & unconnected data: large volumes of data & unstructured.

* Lack of information standardization: heterogeneous sources & representation, ambiguity & difficulty to share info.

HOW:

» Building a Knowledge Graphs based on a defined ontology.

* Applying Al & programmatic rules to gather information from unstructured data.
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ESA needs & objectives

User story

» A possible user story/example is the following:

As CDF Mission/System Engineer during Pre Phase A, | want to get Lessons Learned/Anomalies/Alerts concerning my
mission/system concept (e.g. “Design of Entry Descent and Landing of a Probe in the atmosphere of a planet”).

WISDOM
Extrapolate the knowledge

KNOWLEDGE . )
How info is remember,

reused and applied

INFORMATION

Cleaned & structured data
helps to obtain info

Project Data from different sources

DIKW Pyramid.
Source: https://www.ontotext.com/knowledgehub/fundamentals/dikw-pyramid/
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How Al can help?

OVERVIEW Machine Learning

Project Data fgmd
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Project Data jumd

Programs

Programmatical
approach

Machine Latent Dirichlet Allocation to discover topics from documents.
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Figure: Adapted from Knowledge Graphs: The Third Era of Computing by Dan MCreary

Machine
Learning

Knowledge

emd Explanations

Knowledge
Graph

Named Entity Recognition to identify entities within a context.

Page 6 gW



Sources: Knowledge graph inputs
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Strategy to extract information

GLOBAL DATA MODEL
ONTOLOGY

|C\asses Object properties

-

9 owl:Thing
- @ Anomaly
- @ Data
@ File
@ Mission
© Orbit
@ Person
- ) Phase
- @ Planet
> () Requirement
@ Source
@ step
@ System
@ Antenna
-~ AoC
»-- @ Data Handling
@ Launcher
-~ @ payload
¥ @ Power
- Propulsion
- Software
+- @ spacecraft
- ) Test

- ) Topics Relations

Ontology metrics

Axiom

Class

Object property

Data property
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Strategy to extract information

GLOBAL DATA MODEL

. Technical
ApproaCh

Anomaly Table extraction

Anomaly Requirement

Table extraction

Requirement Rules / Regex

Table extraction

Test Rules / Regex

System DL models
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[] Developed services

Workflow [] Third party services
Population of the Knowledge Graph

CUMENT REPOSITORY Documents Workflow
= 3
[ﬁ MINIO
Documents e Upload raw data tO MInIO
[Watw Il
ments owL file -
Login
| WEB USER INTERFACE SW1: TOPIC MODELING SW2 & SW3
—_— (SW4 & SW5) SW1 API Sw1AP

. owLfi . . e Train LDA Model
useR ile A pyhon  gensim -
° -
ADMIN USER Source

issi Source
ission el .
SW2 & SW3 population process configuration Metadata m:;zgta e Co nflg . Data sources
DATA VIEW
Credentials v
owL file @ e Trigger the population
Postyre S0l
- oz OWLEDGE GRAPH e Request info from KG
WEB PROTEGE KEYCLOAK - o
B & O o Triplets insertion
< o= || 7o

end
FusEK Technology Stack:
Figure: Global System Design
2 ﬁ 5.- %ina x Kifow EYNGULAR

MINIO  protégé CLOAK PostgreSQL

Page 10 aqnwv



Implemented solution

Developed Services
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IMPARO Demo

From a CDF Mission / System Engineer

m As CDF Mission / System Engineer 1 want to compare a new mission to be launched with
I I previous ones in order to prevent anomalies and improve the specification in a particular system.

I am interested in the IASW system, namely:

- e What requirements were applied ?

« What anomalies were detected?

+ What tests were used to detect the anomalies?
From a Administrator User

* Model management
* Anonymization
“ » Knowledge Graph Population
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IMPARO Demo

IMPARO

Impact of Anomalies and non-conformances on
future Requirement formulations

Figure: IMPARO Web Interface

agt Lo




System extension proposal

¢ Automatic method to measure the performance of the LDA model trained.

« Management of the False Positives and False Negatives in the Knowledge Graph.

e Incorporating the ability to read other types of table (embedded in the text documents) formats.
» Take advantage of section structure in the documents to extract the relevant information.

* Add a reasoner to the system to infer new instances and relationships.

e Add sources to the Knowledge Graph in an incremental mode.

* Use the glossary of terms as a thesaurus and unify instances.

 Improve web application usability and functionalities.

x E\
"' :® o ” —_—
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Management considerations

Project executed under Agile Culture following the SCRUM Framework:

e Team Dailies.

e Sprint Reviews every three weeks showing the progress, . A .

Deliverables state, the Roadmap for the rest of the project, the [ [
goal for the next Sprint and others considerations to discuss.

e Sprint Planning defining next steps and the main goal to the
next Sprint.

 Backlog refinement and priorities review with ESA. .

* Retrospectives to improve teamwork.
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Management considerations

The main aspects that have helped us to work successfully are the following:

e Excellent Teamwork. ESA and GMV very good communication and collaboration.

* Frequent reviews of ESA expectations. .
e Continuous Risks Management.
¢ Easy interaction through Redmine to handle RIDs and defects. '

e Statement of Work vs Requirements traceability.

* Improved development of different software components in parallel, allowing ESA
to evaluate the complete system as soon as possible.

€esa =3 g1V
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Management considerations

THANK each and every one of the people who have participated in the project.

Inma (GMV)

Juanmi (GMV) Guillermo (GMV)

Borja (GMV)
Maider (GMV)

< Gabriel (GMV
Ana (GMV) Francesco (ESA) Alex (GMV) ( )

Alvaro Robledo (GMV) Massimo (ESA)

Enric (GMV)

Daniel (GMV) Diego (GMV) ..‘

Anton (GMV) Luis (ESA)

Alvaro Calzado (GMV)

Diego (ESA)

Pilar (GMV) Paloma (GMV)
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Final questions and comments
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