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Overall Semantic Modelling

OSMoSE

For Space System Engineering

OSMoSE - 2"d Space System Ontology Workshop 2022

MBSE-2022 Session 4 —- OSMoSE Design Authority

08:50 — 09:00 Introduction by Session Chair
ESA

Serge Valera, Quirien Wijnands

09:00 — 09:15 OSMOSE status and overview
ESA

Quirien Wijnands

09:15-10:00 MBSE Universe of Discourse of the Space System Ontology
ADS

Jean-Baptiste Bernaudin, Lucie Laborde

OHB Michael Brahm, Stephan Jahnke
TAS

Gerald Garcia, Pierre-Yves Schmerber

10:00 - 10:25 From Conceptual Models towards Implementation

ESA

erge Valera

10:25 - 10:40 Questions and Answers
10:40-11:10 Coffee Break

MBSE-2022 Session 5 — OSMoSE Contributors...
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OSMoSE and the Space System Ontology ﬁ

OSMoSE

For Space System Engineering

WHAT = The OSMoSE Objective

enabling semantic interoperability between all actors involved in the development and operations of space system products

HOW =» The Space System Ontology

conceptualizing the Space System knowledge taking into account the roles and domains of responsibilities of each actor involved

* shared conceptualization expressed in the ORM it role modeting l2NGUAGE => refer to www.orm.net

« covering engineering, product assurance and management =>» refer to www.ecss.nl

 resulting from:

- contributions =» the conceptualization of some universe(s) of discourse, by experts of the domain(s)
preferably involving experts from several organizations

 integrations =» integrating the contributions after review, by consensus refinement and approbation
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http://www.orm.net/
http://www.ecss.nl/

Overall Semantic Modelling

OSMosS.

For Space System Engineering

The OSMoSE community & design authority

« The OSMoSE community = Anyone interested by OSMoSE
« Users of the OSMoSE product(s)
 Participants to the “public reviews” of the OSMoSE producit(s)
« Contributors to the development of the OSMoSE product(s)

« The OSMoSE Design Authority

ESA convenors Serge Valera, Quirien Wijnands

Airbus Defence and Space Jean-Baptiste Bernaudin, Lucie Laborde
OHB Systems Michael Brahm, Stephan Jahnke

Thales Alenia Space Gerald Garcia, Pierre-Yves Schmerber
Ariane Group Jean Albrieux

ESA Alberto Gonzalez Fernandez

supported by experts, whenever required
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Why OSMoSE?

Communication is key but we all know how difficult it can be sometimes to communicate

these days, everyone is looking at digitalization

but for decades, software engineers/organizations ,gengies, industry @re ~digitalizing”.

we all have solutions to all types of problems but this is still not sufficient !

The problematic is not “digitalizing and building some other solution(s)” but instead, ensuring that the information
exchanges, between any two entities | ;a0 yw, sw IS done without loss of semantics !

“ Danger

Noise
hazard

Supplier Customer

exchanged

data . a . data
repository > data repository

set(s)

a simple example: two information systems that exchange data
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A real case example: METOP

Overall Semantic Modelling

| |
SPACE SEGMENT DEVELOPMENT GROUND SEGMENT & OPERATIONS
EUMETSAT Astrium-ED Astrium-EF EUMETSAT ESA/ESOC
IASI
EPOCH DB SCOS-MIB
ESA/SSST ACID Files > AClDTFileS
> MRDB J g} 1
different stakeholders

BSA/SSST Y how confident are we that
the exchanges are not
corrupting the quality of the
data/information/knowledge
that is shared ?

several legacy/proprietary
EGSE & MCS systems

each system having
its own
information characteristics & S
re p resen tatl on SSST data verification
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OSMoOSE - 15t Space System Ontology Workshop 2021

Digitalisation at ESA: https://mb4se.esa.int
Semantic Modelling: https://mb4se.esa.int/OSMOSE _Main.html

For Space System Engineering

SSO Workshop 2021: https://indico.esa.int/event/386/timetable/#b-2065-session-5-space-systems

[LE — 12-30 Sesslon 5 ~ Space Systems Ontology

0=0

OSMoSE

Digitalisation at ESA

Motivation

As presented in the ESA Agenda 2025:

= “In Europe, ESA has the unique ability to implement, together with industry, complex a
and programmes on an equal footing with other leading space agencies worldwide. We will
and value is further reinforced.”

"ESA will therefore digitalise its full project management, enabling the developmen
engineering by wusing Model Based System Engineering, and for procurement and fi
continuity with industry.” OSMoSE Digital Spacecraft

overall semantic modelling for system engineering

Bl

To increase the competitiveness of European ecosystems, it is of vital importance to spur the Digitalisation at ESA > OSMoSE > About
spacecraft development and operations. -
Digitalisation is the process of transforming the artefacts of space systems into a (structured
computers can elaborate. The most explicit example of such digitalisation process is the Model
and information (e.g. requirements, design, analysis, V&V) from different disciplines, traditionall
form of documents, is instead expressed in a set of data structured into a model. Computers cai
search into the models, and create relations between associated data, allowing to discover mor:
value such as traceability, optimisation, technical budgets, trends, and knowledge.

Motivation 0OSMoSE Governance

The Overall Semantic Modelling for System — e e the need of enhancing the way information,
knowledge is exchanged among the stakehol Eroperability among model-based infrastructures
used.

Space System Ontology

Digitalisation includes also e.g. databases or spreadsheets, or any format where data is stru
semantic layers (models) that allow to unambiguously understand it with a computer.

This transformation relies on common standards and new infrastructures that facilitate the
collaboration along the whole supply chain.

The OSMoSE i

Resources

The Digital Spacecraft is a new concept, derived from similar initiatives in other domains such as automotive or aviation, and
introduced in ESA to cover the digital transformation of space, ground, launcher segments development and operation in all
application domains, as a new way to collaborate within the space ecosystem throughout the full project lifecycle. It is based on a
high degree of digitalisation and provides an umbrella to a wide spectrum of topics like MBSE, digital transformation. digital twins
and full data integration into a single consistent concept covering all aspects related to a spacecraft.

Conveners: Mr Quirien Wijnands (£ ec), Serge Valera (e

OSMoSE Overview
Prerecorded presentation - hitps-/youtu be/JAJCRHDXDUo
Speakers: Mr Quirien Wijnands (e

. Serge Valera

[ 0900 - 0SMoSE Ove...

Space System Ontology Development Approach
Prerecorded presentation - hitps_/youtu be/ADX7DuNCotY

Speakers: Mr Quirien Wijnands (e

. Serge Valera

[3 0930 - Space Syste.

ECSS Master Database
Prerecorded presentation - https://youtu.be/GLTa9CFs8io

Speaker: Ms Nieves Salor Moral

@ 0940 - ECSS Master. 0940 - ECSS Master 0940 - Q&A pdf

Coffee Break

Conceptualizing MBSE

Part 1-Elefia Alafia Salazar (GMV), Jorge Pacios (GMV)
Prerecorded presentation - https:/youtu be/QrBaUFI7TNwE
Part 2 - Carla Arauco (GorillalT), Elton Manoku (Meta-nvent)
Prerecorded presentation - hitps://youtu be/OU9fydpVw2g

[ 1025-Part 1- Conc.. 1025-Part 1-Q&A.... 1025 -Part 2-Conc...

Implementing 0SMoSE

Part 1 - Gérald Garcia (Thales Alenia Space) , Jean-Baptiste Bernaudin (Airbus DS) , Michael Brahm (OHB)
Prerecorded presentation - hitps-/youtu be/xyRfnfsaXMA

Part 2 - Daniel Galarreta (CNES)

Prerecorded presentation - hitps-/youtu be/RhVpnrAWabo

1125-Part 1-QBA... 1125 -Part 2 -Imple...

[ 1125-Part1-Imple..

Closing out with Q&A
Speakers: Mr Quirien Wijnands (es4/E:

. Serge Valera

[ 1210-Closing out ...
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The Space System Ontology

For Space System Engineering

A global conceptual data model expressed in a formal language

logic based

with associated formal representations

graphical & textual

« the language 's ORM Object Role Modelling referto wwu.om.net
¢ the tool is NORMA in its professional version
« we model the real-world concepts using object types, fact types and constraints ORM _ . @ artefact
« we model the global as a whole, the locals as views
* the global integrates all stakeholders’ needs . ;nion not only the intersection

 the locals are made by the stakeholders identifying the subset of relevance for each use case

- the global and the locals are fully valid °®RM conceptual models

i the Space System Ontology inherits from decades of
! organizational know-hows

i using NORMA to build the locals ensures that the locals are
! ready for semantic interoperability

however enhanced, to satisfy the overall System needs = :
The “overall System” is multi-organizational ! |
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http://www.orm.net/

Overall Semantic Modelling

OSMoSE

For Space System Engineering

Information Modelling, Terms & Definitions

information - statement of fact or belief

data - representation of the information in compliance
with a logical schema and a physical schema used
for its preservation within a data repository

meta-schema schema

.| generic
model

schema MBSE schema population

population

MBSE population

model - combination of a schema and a population

schema - structure that determines the regulations
for a universe of discourse

population 2 data captured according to a schema
organization during the overall life-cycle of the
related data repository

domain-specific model > mode/ that corresponds to
the “Business”

generic model > model that corresponds to one of
the many languages used to specify a domain
specific model

universe of discourse > aspects of the world that the
related community wishes to talk about, is
concerned about

data repository > data storage entity or entities into

which data has been partitioned
1
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE - What means Modelling ?

modelling for system engineers means

: : : --- OSMoSE ---
using some information system ¢ 476 tool
to capture the semantics of the system of interest we focus on enabling the capturing of
under the form of data organized according to some schema the semantics of interest ., ceptual modelling

and ensuring that the software are

the schema can be of any adequately deSlgned logical modelling & physical modelling
nature, e.g. simple excel sheets
where data is organised in rows
and columns, or of “database”
nature related to some data
modelling technology, relational,
SQL, object oriented, UML, Bl
ECORE, hierarchies, XML, etc. =

System Modelling

transform
tacit knowledge
into explicit knowledge

Information System

MBSE population | re MBSE schema

12
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Information Modelling, Conceptual / Logical / Physical

requirements architecture design

conceptual \gEEERELEEL e

information

conceptual modelling language - language used during the requirements engineering process to express the
semantics and to specify what information needs to be managed

= when modelling is applied to the development of information systems (Databases) or means to exchanges (ICDs)

 logical modelling language - language used during the architecture engineering process to represent how
the required information is to be structured from a functional and technological viewpoint to satisfy the information
system’s performance requirements

o physical modelling language - language used during the design engineering process to translate the
architectural models in the data definition languages exposed by the tools used to produce the data repositories
required by the information system

13
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Exchanging, current practices

classical information system’s
development approach

e.g. a relational database application

xxxxxxxxxxx

.y, requirements

\A user manuals

physical

= source codes

Supplier

data
repository

classical approach
to Interoperate

different options !
W
create an ICD or

reuse an existing
(standardized?)
exchange format

e.g.
Reql/F, XTCE possibly
with tailoring

classical information system’s n

development approach

e.g. an object-oriented information
system (software + repositories)

AMATIT-YI
VA )
W™ design

%(@44 documentation

Iif user manuals

physical

Supplier
data

Overall Semantic Modelling

OSMoSE

For Space System Engineering

=1 | repository
“ hazard
14
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Semantic Modelling for Semantic Interoperability

semantic
modelling

conceptual

information

physical

data

Supplier

data
repository

semantic
interoperability

shared
semantics

data

exchanged

— > data

set(s)

—

semantic
modelling

conceptual

information

physical

Customer

data
repository

Overall Semantic Modelling

OSMoSE

For Space System Engineering
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

OSMoSE - on the way to Semantic Interoperability

* The Space System Ontology Development ,..ing benefit of the overall 0SMoSE Community
* How to support the SSO development =» Your contributions
* From your contribution to its (potential) integration in the Space System Ontology
« Using the Space System Ontology to ensure the no-loss of semantics during the exchanges
« Upgrading existing solutions for compliance to the SSO
« Developing new solutions compliant to the SSO
« Developing means to verify the adequacy of the exchanges and their compliance with the SSO

* Using the FBM ¢, based modeting/ ORM gpiect role modeliing fOrmalism to enable (semi-) automatic generation of

Products e.g. documentation, HW, SW

« The Ontology Development Tool
* NORMA Natural gpjectRrole Modeling Architect @ NORMA Pro =» FAMOUS ¢4 pased MOdelling Unifying System

Session 4 — MBSE Universe of Discourse of the Space System Ontology
Session 4 — From Conceptual Models towards Implementation

Session 5 — Contributing to OSMoSE and the Space System Ontology

16
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Contributions: some on-going conceptualizations

-------------------------------------------------------------------------- ._

Requ|rement Management UoD
E-RMS1.2 R&D: ECSS reqg. man.

Ground Segment and Operations UoD
ECSS-E-ST-70-41 WG: PUS Foundation i

ATOP R&D: E-70-31 M&C

ATOP R&D: E-70-32 PLUTO |

_®| lgtdbv,d ibed by

2X MBSE Data Hub R&D: Operations

_ RAMS UoD
{ 2x RAMS Data Hub R&D |

: AIT/AIV UoD :
: AIV & Test Reporting R&D i

Thermal Control UoD SemICoMa
ESA internal

Semantic Interoperability Configuration Management

17
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

UoD contribution — guideline

seek common understanding and agreement with main UoD
related stakeholders

SSO POOOR001DO000

S )
EntityInteraction ]

leverage on any published versions of the SSO i, yding masE, .

nvolves = SOUrCES

only model the SEMANTICS

uses ORM ith NORMA

ensure that the contribution is self-standing gossary of concept definitions

Comply with the OSMoSE CLA Contributor Licence Agreement

support the OSMoSE Design Authority in verifying the adequacy
of the contribution and its integration to the SSO

Thermal Control Engineering UoD

contribution under preparation is composed of

18
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OSMOSE — the licences ESA on behalf of the OSMoSE Community

For Space System Engineering

Overall Semantic Modelling

OSMosS.

OSMoSE Contributor Licence Agreement

Only relevant to the contributors
domain-specific conceptual models

concomitant product

The Contributors shall sign the OSMoSE CLA prior to
any delivery to the OSMoSE Community

The CLA ensures that each contribution is granted to
the OSMoSE Community under a non-exclusive,
perpetual, irrevocable, world-wide, royalty-free, no-
charge licence to use the contributions, including,
without any limitation, the right to reproduce, modify
and exploit, to produce the Space System Ontology
and the Concomitant Products for and by any member

of the OSMoSE Community %

contact ESA/ESTEC Contract Office

OSMoSE Product Licence Agreement

Relevant to all interested by
the Space System Ontology

The concomitant products

No agreement yet reached by
the main European Space Actors

The PLA grants a royalty-free, non-exclusive licence
under Copyright, to use the OSMoSE Product, to
reproduce it by any or all means or in any or all forms,
to modify it and create “Derivative Work” and to
communicate to the public

open issue: are all components of the OSMoSE product
accessible to non-ESA-Member States?

contact ESA/ESTEC Contract Office

19
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MBSE — The Contributions ﬁ

For Space System Engineering

ESA contract 4000126123 Configuration Database need for Modelling and Simulation - CDMS

Contractor: GorillalT (NL) — contact: Carla Arauco
Objective: modelling the System and Simulation Knowledge, reverse engineering Capella ECORE model

ESA Contract 4000133637 Space System Ontology Development (part 1)
Prime Contractor: GorillalT (NL) — contact: Carla Arauco
Sub-contractors: ADS, OHB and TAS
Objective: further develop the CDMS by conceptualizing the Dynamic aspects of the MBSE UoD

ESA Contract 4000132827 Space System Ontology Development (part 2)
Prime Contractor: GMV Aerospace and Defence, S.A.U. (ES) — contact: Elena Alana Salazar
Sub-contractors: ADS, OHB and TAS

Objective: Reusing the CDMS outputs, conceptualize the static aspects and integrate the dynamic aspects
of the MBSE UoD

21
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Modelling with ORM

OSMoSE

For Space System Engineering

A model is expressed at conceptual level using a language that is logic-based

with associated formal graphical and textual representations

ORM = Fact Type — Object Type — Constraint

( PhysicalComponent ] Q— { Mass

has

uniqueness = Each physical component has at most one mass.

" ] mandatory = Each physical component has some mass.

- combining uniqueness & mandatory = Each physical component has exactly one mass.

V pc € PhysicalComponent 3I'm € Mass / pcHasm

More? refer to http://www.orm.net/pdf/ORMsyntax-semantics. pdf

22
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Modelling with ORM = conceptualizing using exactly 3 concepts

QOBORXIOD

Overall Semantic Modelling

OSMoSE

For Space System Engineering

‘ ORM = Fact Type — Object Type — Constraint

of Alethic Modality (SHALL)

Internal Uniqueness Constraint
External Uniqueness Constraint
Equality Constraint

Exclusion Constraint

Inclusive Or Constraint
Exclusive Or Constraint

Subset Constraint

Frequency Constraint

{:} Value Companson Constraint

O Ring Constraint

Antisymmetric

Intransitive A Transitive
Strongly Infransitive

Acyclic

Purely Reflexive

Asymmetric + Intransitive
Acyclic + Intransitive

Acyclic + Strongly Intransitive

Symmetric + Irreflexive

OBHDOHOOD &+ >

etc.

> Ineflexive ) Reflexive (locally)
1 | Q Asymmetric > Symmetric

of Deontic Modality (SHOULD)

Uniqueness o— @
Mandatory o (e

Subset, Equality, Exclusion @

Frequency  °f

Irreflexive ¢+ Acyclic ;:;
Asymmetric « Asym-Intrans ‘-E-'

. .-
Intransitive ¢is  Acyclic-Intrans u?a

Antisymmetric ¢, ©  Symmetric & s

Strongly Intransitive ', etc.

23
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — overview

is achieved by exploiting is described by

Capﬂbmt?_]
— : Chain |

is descriled by

involves

involves

belongs to

[ StateBehaviour

is described by Procedure ]

sources is targeted by

| is described by

O
[ EntityInteraction )— 4[ ActivityInteraction ]

allocates ++

“—-[Exchangeltem

— 00 b c= 8 4 I W = ] D — S == EH Il " 2= K1

exchanges
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MBSE main concepts — Mission

Overall Semantic Modelling

OSMoSE

For Space System Engineering

 The Mission represents an assignment given to a
community involved in the development or
operations of the space system or one of its

components ¢ g 4 spacecraft, a payload subsystem

'-M-é;i-u;ﬁ;;n-e-‘: « Itis the starting point of the Ontology.

has / is of « Highest level of the MBSE UoD - Everything
belongs to it, directly or indirectly.

Mission has MissionMame.
Each Mission has exactly one MissionMame.
Each MissionMame is of at most one Mission.

25
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

* An Objective is a goal that is intended to be

MBSE main concepts — Objective

attained e.qg. “forecast atmospheric and oceanic weather”

I o * Normally defined by the ‘Customer’ (who can
ivolves | 1 \ be external or internal w.r.t. the organisation in
charge of the system analysis).
Objective Eli'—l: -D-e;::r-i ;;;; h!
has

Mission involves Objective.
Each Objective is involved in exactly one Mission.
It is possible that some Mission involves more than one Objective.

For each Mission and Description,

at most one Objective is involved in that Mission and

has that Description.
Objective has Description.

Each Objective has at most one Description.
It is possible that more than one Objective has the same Description.

26
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Capability

» A Capability represents the ability of a system to
fulfil a need.

« Capabilities are the means that support the
1 Capability ] achievement of Objectives

is achieved by exploiting

e.g. “obtain data systematically”

Capability is involved in achieving objective.

It is possible that some objective is achieved by exploiting more than one capability
and that some capability is involved in achieving more than one objective.

In each population of capability is involved in achieving objective, each objective, capability

combination occurs at most once.
This association with objective, capabilty provides the preferred identification scheme for
capability is involved in achieving objective.

It is obligatory that each objective is achieved by exploiting some capability.

27
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Entity

» Entities represent relevant real-world systems e.g. the

space system, a device...’ organisations e.g. ESA/ESOC or

human beings e.g. Operator.

« Entities are involved in objectives and capabilities
directly belongs to

directly involves M b - Entities can be decomposed into a tree of sub-entities
Objective — | k. = M- ==-- . . -
| |iparent] @ to provide a higher level of detail if needed

» Entities can also be specialised as actors or
components, including logical components and
's human hosting components.

[ Capability

involves

28

=0 b I= I = === B0 =i



MBSE main concepts — Entity Interactions

Entity

is targeted by

sources

[ EntityInteraction ]—ED—( InteractionMeans J

exploits

Querall Sema; ing
OSMoSE
For Space System Engineering

Directional link between two entities, the source and
the target of the interaction that is produced through
an interaction means.

For instance, an entity interaction can be the sunlight
emission that goes from the Sun to the solar panel of
a spacecraft. The interaction means in this case would
be the space vacuum.

When entity interactions are used to express links
between components, they connect component ports

29
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Activity

» Activities represent actions, operations or
services

" on

e.qg. “acquire temperatures”, "provide power".
» Activities are involved in the realization of

directly contains | capabilities

[child] « Activities can be decomposed into a tree of
activities to provide a higher level of detail if
needed

is directly performed by

[Capahllll:'o.ar

directly involves

» Activities can also be specialised as operational
7 activities or functions.

» Activities are performed by entities (and
functions are performed by components)

30
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MBSE main concepts — Activity Interaction
« An activity interaction represents a

sources directional link between two activities (the
— source and the target).

Activity

X ActivityInteraction | - An example is the sunlight exchange
= | between the Sunlight Production activity of

Is directly performed by is targeted by ‘é  located to o the Sun and the Sunlight Capturing activity of
| e the Solar Panel.
—(Entitvlﬂterﬂdiﬂ"] » As activities are performed by entities,
activity interactions are allocated to entity
interactions

31
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QOverall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Exchange Item

* Exchange Items represent the elements exchanged in
an interaction between activities.

S « Examples of exchange items are heat, oxygen,
'D_ . .
[ EntityInteraction ]— 4[ ActivityInteraction ] hydrazine, electrical current, temperature, etc.

| allocates ++

« Exchange ltems can be decomposed into a tree of

exchanges
J_[Exchangenem ’ exchange items to provide a higher level of detail if
%% needed.
« As activity interactions are allocated to entity

logically belongs to i i i
interactions, exchange items also represent elements

exchanged in interactions between entities

32
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Event

* An Event is something that can happen or can
gl be raised internally or externally and that may

trigger or constrain behavioural effects on the
system.

* An event happen when a message that
implement an activity interaction is sent, or
received.

is raised by

* An event can also be raised by a timer.

33
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QOverall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Action

« An action is a dynamic functionality that either:

\

Procedure  calls a procedure that details an activity,

7

 interpret some action text,

’ .
’/' activates

<2, {_Timer - activates a timer, or de-activate a timer.
ﬁfm/— * Procedure calls are actions that call a procedure. They
Neacvates are the source and target of messages that implement
ActionDefinition | the activity interactions

interprets
sources MO

is targetted by
| ® |

Message

34
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QOverall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Condition

* A condition is defined either:

requests

Stat » by the check of a condition text,
443: « by waiting for the occurrence of an Event,

« or by requesting to be in a specific State.

Condition

pmmm X « Conditions are used to guard state transitions, to
N —— J constrain procedure control flows, and can be
sequenced in scenarios

checks

35
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Scenario

» A scenario defines a sequence of
interactions between instances of entities or
follows activities that allow to achieve a capability

7 wefore) « Within a scenario, each instance (of entity

or activity) defines a timeline with a
| 1 |

sequence where emission or reception of
interactions occur.
CONSUMEs implements

waits for

ActivityInteraction ]

36
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — Chain and Procedure

* Chains and Procedures define a sequence of activities
that describe the performance of a capability or a
higher level activity. Chains focus on the static aspect
where the sequence of involved activities is deduced
— from their interactions, while Procedures focus on the
dynamic aspects where additional explicit sequencing
may be needed.

« Chains only involve activities and activity interactions,
while Procedures have an explicit sequence of steps
that may run activity calls or other actions

ActivityInvolvement

involves
sources

directly contains

Chain

is targeted by

directly contains i _®
[ ChainInvolvement ]—CD ActivityInteractionInvolvement ]—CD—[ ActivityInteraction ]

involves directly contains involves

37
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

MBSE main concepts — State Behaviour

def « A state behaviour defines the states of an

—= Stateﬂehwmur] entity and the allowed transitions between
these states.

entry activates

« States can limit the activities that an entity
can perform, and state transitions can
activate activity calls or other actions

« State transitions are triggered by events,
and can be guarded by conditions

sources |

activates

@)—m—[:n StateTransition 1] Condition

triggers» is guarded by

38
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example o5 — Operational Analysis

directly exploits

is human

Capability
involves
[OperationaIEntity * J
«Dperational Entity » E
Moon
«Qperational Fntity» &=
Mis s ion
«Operational Entitys O . .
perational Capability » @ - ——
Earth Provide image of End User
earth regularly
<Gperzional xitys (]
Sun
39
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Overall Semantic Modelling

Example 1p,1es Alenia space — OP€rational Analysis

For Space System Engineering
) : D
Tips and tricks
_ pmm—————— - » - Passenger Ly - Aircraft 4 IFE System
= _/ - -
EntityName ! e > This Exchange Scenario has
mm———————— - 1 \ | been automatically initialized
has | | | from the corresponding
SendAnie Functional Scenario.
| Announcement | . .
\ \ Audio St | Function "boxes" have then be
J | udio Stream et
— g LY
Activity b | | ActivityName !
- L — ; | | Broadcast Audio
has \ Video Streams
L| The Audio announcement is
performed by the crew members

| using the aircraft built-in
|],:tl\fOD Movie equipments (microphone, cabin
speakers). The goal of the IFE is
to forward the audio stream
towards each Seat TV and to

Manage Passenger
Service Interruptions

|
|
l
sources [ is sourced by 1
1
1

|_| display an interruption message.
This is why, from the IFE system
point of view, Cabin Crew is
Activity actually not part of the scenario.
Listen to Audio
is targeted by / targets Announcement

i

|
|
|
|
\
j{ ~ Ahdio Signal
ActivityInteraction ) | \
\
\
\
\
\

1
|
]
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example ,;.s ps — Operational Analysis

‘act [Dperationsl Phase Behavior] back Behaviour [ Aut 3 Push-back Benaviour | ]

<alocates ‘clocates <alocates colocates «olocates
/ Flight Crew : Flight Crew /Air:rnh : Aircraft Departure ATC: ATC Departure Ground Crew : Ground Crew Departure Soil : Soil

- 1 EntityName i ]

S

e Farking

-

has

-_—

Longtudinal Etfort

P ———

Activity y | | ActivityName |} “'"""'""“';:’:.‘, R e ‘

[ —— Request Acceleration Backwird

1
1
|
|
1
1

J

e — — — = — — =

I
I
I
A
I
|
I
|
I
|
I
|
I
|
) Request Braking !
] :0.2.29 Manage | !
, L A
I
|
| I
A
! I
|
I
|
I
|
I
|
I
|
I

{30s_80s) I
Request Acceleration Bickward =) —J
:mmﬂm _.Lcnnl inal Effert  Taircrat Movdment
[ I
]
sources / is sourced by ! ! .
—_— Y Sy A ___ b o _

Activity

ActivityInteraction J e

Autonomous Push-back Contil Deactvated {1955}

1onCMOoUS PUSh-bACK Control Deactivated

is targeted by [ targets

|
Fush-back Procedure Finishe|

Push-t memrnum’ “OperationaMaskimvocations ) ) FuPirindiabscat
" | :0:2.18 Relay Push-back
Procedure Ending
112.59)

1
1
é) AIC Ready for Taxi
- S
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example o5 — Operational Analysis

— A\
@ b [ | 1 EntityName !

[T p———
has

P ———

Activity b | |

ActivityName |}

o

has

"ControlFlowConnection"

callocatds

: Earth

zallocates

xallocates

— — — — EndUser Cﬁmmunicaﬁop Device

«Operational Activity» 5
N:Checkmission 3 ’(’ - -
r "imaging conditions

y

l[in‘age cannot be taken]

I
W

: Show error
inform ation

«Operational Acti ity» g;,j

|
|
|
L | |
W/
I[Irnage can be taken) | |
follows Ly | I
- “ P % . B . \%". \1,
~ < | «Operational Activity» $; | utput : Lighght (Mmmw o | s - o o)
o e ’ 3 R D Y ]
f % : Emit light DH [ age of “Image of eart © e'atm_"al’_qcm > B
9 / , earth | : Receive image
sources / is sourced by | ! ' | \
— | N AN

| output : Image of earth

: Transmit latest

e e L PR 4 Y

Activity

ActivityInteraction J

is targeted by / targets
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Example A, ps — Operational y;...;,, Analysis

Legend
A supportedCapability
A supportedCapability

fsal 1.4 Mission Capabilities [J

<> Ground Crew
G Maintenance Crew

B
L
o< =
£ £
[ ] e e
T & & &
w £ 8 828 2
bE] — a ey [ h]
2 - 55 &8
AR IR
w o O O
- = = 0 o
i = = C
R
oo LU ] [w [w'l -
El-ls@ 1.5 Entities/Operational Systems r'ed 3 2 2 1 1
-2 Aircraft & Push Back System - VaFara Pl
<:> Airline Short & Long Range
<> Airport to A/C Transport 7
< » Assembly Lines
< ATC
Q Departure Airport 1 Ve
~<_» Flight Crew il Vs

Overall Semantic Modelling

OSMoSE

For Space System Engineering

involves
Capability Entity H OperationalEntity * ]

sources

[Entity[nteractim)g
A /
/7 \
L A

3 VA \ \
LUHbd [Miggion Concept] Combine fleet of one type of single aisle M in direct flight covering dekrn—\ﬁaﬂﬂkm, operating in already existing air tra
B \
A
4 Entitys
aEntity» /) b x -
: Flight Crew K  runhie
| 4 \
[ X
cantrol \
I r——— /- = - = B
| | communication \
control T T — — — — — 3 «Entitys
| | ' : ATC
| I | \
\
I [ | \
\
A A [ \
«OperationalSystems - — — — ‘\
: Aircraft & Push Back System - 7 \
L host
_____ =] «Entity» <>
| | 1P
force 3
| [ '
\
W | . use _| \\
«Entitys | I !
: Soil <> | "
- - «Entitys . SReclushad’ «Entitys
: Airport to A/C Transport : Departure Airport
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Example 1p,41es Alenia space — Otate Behaviour

[:l:l StateTransition ]

IFE Operating
Profile [Profile =

© it

4] Start Up

Choice

ALL SERVICES] [

[ Fully Operational

e

) A\

i [m) Ready /

™) Maintenance

@ Intt

Overall Semantic Modelling

OSMoSE

For Space System Engineering

"StateTransition"

preceeds / follows

IFE Operating| PIBEil@perating Profile
[Profile = CORE [Profile = ALL
SERVICES QNLY] SERVICES]
IFE Operating / \Choice
Profile [Profile = e ]
NO SERVICE]"\L (r) Degraded ) \ /
Load
¢ Digl't_al
NO SERVICE] Meck
. \ v Software rwp Content (™) Sustaining
4[ [#] Halted ] \ © Upgrade - Management
\
@ \ ,
Final
triggers is guarded by
:nStateTransition] : | : Condition
"MessageParameter”
Message Exchangeltem ]
consumes conveys 44
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Example ,;.s ps — State Behaviour

Overall Semantic Modelling

OSMoSE

stm [State Machine] Departure from Initial Airport [ Departure frem Initial Airport ]J

Lift-off

RTO [Major Failure]

All Engines at TO Power

Return to Gate [Dispatch Failure]

Ready for Taxi/ ALH sendSignal("Push-back complete”, Aircraft

Operations Start / ALH.sendSignal("Entry into Service”, Aircraft)

Lights OFF]

For Space System Engineering

"StateTransition"

preceeds / follows
—:

OFF]

[:ﬂ StateTransition ]

triggers

is guarded by
[ 1

o StateTransition

Condition

"MessageParameter"

11 b

- 4 11

Exchangeltem J
consumes conveys
45
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Example ,;.,s ps — Functional Analysis

Activity

sources

is targeted by

(ﬂctlvitylnteraction ]<

Overall Semantic Modelling

OSMoSE

For Space System Engineering

ibd [Sol] Sol Functional Architecture [ Seol Functional Archecture ])

—

th
M D_out_Cnmnd_Amhm!'nn_Backwarlg

:F.2.2.1.1 Sense Acceleration Order

: F.2.2.1.2 Provide Driving Force

th

|'_E| p_in_Command_Acceleration_Backward
-

|

p_in_Backward_Acceleration_Order

L

'L :F.3.2.6.1 Display Erroneous Warning
p_out_Parking_Brake_ON

" [o_Fight_Crew
»|

] p_in_Brakin

L — : F.2.2.14 Sense Braking O

/

p_out_Command_Braking &]7

=+ p_in_Push_AJC_Backward
p_Tug

p_out_Longitudinal_Effort

: F.7.14 Transfer Force from Tug to Landing Gear Attachement Point

th

=] p_in_Produce_Longtudinal_Etfort

p_in_Driving_Load

p_in_Braking_Load

: F.7.1.2 Transfer Force from Ground to Lantimg

p_out_Longitudinal_Effort

: F.4.2.3.1 Manage Inhibition of Driving Torque

-

5] p_in_Inhibit_Driving_Force

p_out_Inhibit_Driving_Force |-

(5|

p_in_Command_Acceleration_Backward

1l
L=

-
p_out_Driving_Load Eﬂ

{5] p_in_Electrical_Power

1 F.3.1.1.2 Provide Electrical Power
p_out Electrical Power M [

: F.3.1.1.1 Provide Hydraulic Power

p_out_Hydraulic_Power th LIJ

’—[-|-:| p_in_Hydraulic_Power

: F.2.2.1.3 Provide Braking Force
p_in_Hydraulic_Power

~*| p_in_Electrical_Power

p_in_Command_Braking

p_out_Braking_Load

L[J

:F.7.2.1 Aircraft Dynamic
p_in_Lengitudinal_Effort th

p_out_Aircraft_M | L|J

p_Ground_Crew
R
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Example 1y ;es Alenia space — FUNCtional Analysis

Desplay Video ' & Broadcast Stored Audio and Video Streams

and Play

Audngd 1 . .
d D) Fafketized Audo Stream P send Audio Video Packet
T / Dl Packetized Video Stream t} 1

Dl Packetized Audo Video Stream

n -

A D@ Stream Header .f Audio
iy m H*'m

4‘#-305&:1 Vi 3 = ;: | ’ Viieo Pec...
4 br - l '

Overall Semantic Modelling

OSMoSE

For Space System Engineering

ALCad
E’mdn
Reguests

DA Broadcast Data
Fause-
] swpmen.. LL g & Prepare Broadcasts DA VOp Movie Control Ew*ﬁ‘d
| |
—4& DE ipypoed Video Control {ums.:nd
odl Pause |
1" Stop Noti.. M0
F Fau
. Stopfiot :
S -
is sourced by Medwa ’?!ﬁw?ﬂ?&\f
u HE Store Owgital Medus
(Actlvltylnteractiun _ Activity » gn
e I B o )
targets .
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example 5,5 — Functional Analysis

ibd [Eunctional Chain] Transmit saved images of the earth [ Functional Exchanges Definttion - Transmit saved images of the earth ])

- Provide image of the earth QUT «Eunction» <)
“—| :provide image of the earth

sources - — — - — — — — — — - v

| «External Function» i ,}P D :Telecommand IF > indication - image of earth

\l : Ground Segment Functions Request - saved image tlansmission

(Activitylnteraction ] /

exchanges

. Tfansmit saved images of the earth IMN
~Telemetry Packet IF — 4 I

«Function» @f\?

:trans mit s aved images of the earth

[ Exchangeltem ]

- Transmit saved images of the earth OUTl_

<
 > Indication - image of earth
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example ;s ps — LOgical Analysis a,chitecture

ogical Archiscturs | Arcraft - Logeal archtecture Dwgram (B0) | )

LA.19 Hydraulic Energy Supply System ; LA.13 Hydraubc Energy Supply System

LA.T Landing Gear Systam : LA.7 Landing Gear Syslem

[ e I T R T e gt ey |

il g il ] L Lavadiieg Lo £y nim | e e L i b i i
.

FAIN D Paviie Bamg

Bl :=F LATS LAT - Hydrauke powes
B el Feme . 0 e §

|_r_' VT Py |
P e Tl | ;‘-] ] § B s P -u--.iJ_.L radig . L=

'l FLAISLAT - Hydraube power

RN Pomysin e pmls Fowmai
L

—

B i Mk Mo w1V B L
§ e Py w FF G P e
=

B m sl dojosrpnn Buibsud AF sn hes i § |
fa

1
i

@ o smdd sy fams AT o s

|

"UA20 Licctrical Encrgy Supply System : LA.20 Liectrical Energy Supply System §3: ~FAATIEAT - Bkl powit o oucsisi omcimes) .,
th

W T B Rl L I el Wi i S| o B b L S e .l|.-\.|---l-'.I
| - - L 8 2

TR0 e Bk P

[ ————
3 ~F LAD LAT - COMMANTE e, 4 114 o L Ia

= Eirﬂh?ﬁm?-ﬁmlmwcr T o e g Sp—— i

LAS Cockpil Intenor Space System : LAD Cockpit Interior Space System \
h

is directly performed by

: [+
| ot FLAG LAY - Commands

Function *

| = 8 |
I'

———l

= i1 is performed by *




Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example Thales Alenia Space ~— Logical AnaIYSiS

(o

Bl = ey s e s

e
Py Rl

“.‘“.-qllhr-n e
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Example 5,5 — Logical Analysis

OSMoSE

ibd [Logical Component] Spacecraft[ 20 Functional Bcchange Assignment -

Spacecraft - Bnvironment :J

:Launcher Interface IN

"TC IN

Mgkl

[ Exchangeltem ]

Y
p4 : Environment IN ] .
light

: Provide image ofthe earth IN 'J:l

[ | [child]

l [parent]

Activity

is performed by *

«Functions

. infrared radiation |

| fdirection = in} |
T -
= eunignt | /

: provide image of the earth

«Funcions
- point the spacecraft

|

{direction = in}
[ | : Pointthe spacecraft IN
| clight | > | L\]

{direction = in} starlight,
[— | sunight.

gravitational force,

;_:s‘tariight | SUM prassure

{direction = in}
| |

: gravitational force |
{direction = in} |

E . »

ztransfer the spacecraft to a new orhit

@

«Eungiion:
: power the Spacecraft

bdd [Logicsl Component] Spacecraft] 50 Logical Siructure Defintion - Spacecraft :/|

«lLogical Components B

Spacecraft
| i
/
7
1 ] 4
slogical Components 3 | wlogicsl Comrponents 3 | slogical Components 3 | alogical Components 3 | «Logical Components 3 | sLogical Components 3 | slLogicsl Comrponents 3 | «logical Components 5|
Attitude & Orbit Control Harness Blectric Prepulsion Chemical Propulsion Thermal Control Structure Power Data Handling Subsystem
&l 51
| [ [ ] H L] | | L] — [ B ] ||
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(B(‘.hi]vi[)lll"ﬂ":()Ill[l[)ll[?lll * )

Technical

Architecture

pd N\

Tl lTl
Sval |L.5]
M Hydr; System : ~Hydraukg Power * Hydraubc Power
selector Valve : Selector Valve
{T‘ - Hydraulic Power
APU : Power Wiring VAC ! :
wer Wiring ATRU : ATRU ~Hydraubc Power A {1}
&Taxi LHS HYD Actuator ; eTaxi LHS HYD Actuator
¢ ~Hydraulic Power
. Hydraukc Power
]

TMCLU

iy
Ll

- Control Yiring

- ~Power Wiring 540 VDC

: Powrer Wiring 540 VDC
¥l e

Cantral Wiring

L3

harness ATRU-ATMCU : Harness ATRU-ATMCU

|

Control Wiring

Hydraulic System : ~Hydrauiic Power isclation Valve : Isolation Valve
—

: Conirol Wiring

: Contral Wiring

: Control Wiring
|

~Power Wiring 340 VDC

: Power Winng 540 VD

L, . Controd Wiring

=1

vl
: Control Wiring

[,
..

sprocket : Sprocket

Ly
. Mechanical

\

: Mechanical

© Mechan

: Mechanical
-

¥

reinforce Wheel Assembly : Reinforce Wheel Assembly

: Mechanical

: Mechanical r
L

Lk

Overall Semantic Modelling

OSMoSE

For Space System Engineering
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Example Thales Alenia Space - PhySicaI AnalySiS

[||ﬂ.5|i"g(jm"pmm"[ * J [Iiell':luinumICmnpun{!nt * ] [thsicalLinI(]

£ Private Video Disclay Unik ] Apcsdation Server Link :
g ™ @ Internay/BLS 4|
_ﬁ'llﬂ.l PO Esor //, ﬁh?..l Processor =
EE Lot Network Adapter - PLUDL 4 £ Aircrarft-Speciic Metwork Mansger
. |

hfr-ttma BIS !I.h'[nttrn-:l
S b | 3
|EnE Peetwork Confgurat Matwark Configuration

Bl Partvvark ﬂm'#:fl‘t:x /ﬂﬂclwwk Confguration

D] Erhermaet

*]nttl‘ﬂdl BLIS

[ TR BT
D] Exhrret

IDefll etk Test Sequences Dl Metveork Test Seguences)

I_LI. : 0] Etherne: Swiches = =

N u
\ [hctiuitvlnteractinn J )
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OSMoSE Community Review of the MBSE contributions {eesa

The MBSE contribution developed by GMV - Spain and GorillalT - NL with LS| support

was delivered to the OSMoSE Des'Qn Authorlty for inclusion in the first Space System Ontology

On 19t September 2022, the OSMoSE Design Authority has initiated the review of this MBSE contribution by the
OSMoSE community !

« Some 250 RIDs have been received

» They are currently being processed by the OSMoSE Design Authority

The Major outputs are:

» The need to extend the MBSE contribution to cover the exchanges of MBSE models between Suppliers and
Customers

» The need to highlight what MBSE exchanges are required for each ECSS-E-ST-10 review

» The difficulty for some reviewers to understand the MBSE documentation (formalism, lack of examples, ...)

54

— 0 b c= 0 - I W = ] D — S . BB NI " 2 E1 ZE o= im 1%l




Consolidation of the MBSE contributions

ECSS-E-TM-10-23A Extending the MBSE Mission to address, where

« the Supplier/Customer chain -~ relevant:

« The exchanges with the supplier(s)

* The exchanges with the customer(s)

@ Contract
@ Memorandum of understanding

@ Inter-governmental agreement
@ Inter-agency agreement
@ Partnership

@ Bartering agreement

@ Purchase order etc,
Top-level Customer Customer
R B T S Ti[.)... Bl level n-1
Supplier
"""""" - >- Business Agreement
Customer
Chain of
Customer-Supplier PRDl TID PRDI T\D Business Agreements.
relationships
Supplier Supplier
Customer Customer
FRDs IDs PRDs IDs - >' Business Agreement
............. MR | O 5 O || W 1 -
Supplier

Supplier D

PRD = Project Requirements Document

ID = Implementation Document

Supplier X Supplier Y
leveln+1 leveln+1

=0 b I= I = === B0 =i
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Consolidation of the MBSE contributions, cont. 1 Eesa

ECSS-E-TM-10-23A Many MBSE methodologies exist: Focus on the
Space System Model Exchanges as required by ECSS

imi . o ualification & P .
Analysis Feasibility P[;i];i";i'tr;z;y Detailed Definition Q Fraselettiat Utilization Disposal
/// ///" A /// '/,-' //’ /,,-’ //’ //"
/ 7 & '9 /,/ p '9 // //
7 7 . &7 & &7 y P

_________________________________________________________ »

Space System Life Cycle

Disposal Operational Logical Implementation
Analysis Analysis Analysis

e

A

Functional i Physical

N
W

Analysis Analysis
Preliminary
Definition
Qualification &
Production
Detailed Definition operational analysis PO0O1  POG2? PO03? PO04? POO5 ?  PO0O6?
functional analysis ROOI ? P001 Pooz2 ? PO03 ? Poo4 ? Poos ?
logical analysis RO0OI? RO0OZ27 Po01 PO02 ? POO3 ? PO04 ?
physical analysis ROOI? RO02? RO03? Po01 Po02 ? P003 ?

implementation analysis ROOI? RO02? RO03? RO047 P001 POO2 ?
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verall emantic

MBSE-2022 — Space System Ontology Workshop

Session 4 — From Conceptual Models towards Implementation

ESA UNCLASSIFIED - For ESA Official Use Only

Serge Valera, Quirien Wijnands
ESAESTEC
23/11/2022
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Overall Semantic Modelling

OSMoSE

For Space System Engineering

Semantic Modelling for Semantic Interoperability

The Space System Ontology is a valid semantic
model !

* |t represents a consistent merge of many
Universes of Discourse, each one being of
engineering, quality and/or management
relevance

 |ts deployment shall take into account the life

The SSO schema cycle of each Space System, distributed in time
A Space and geographically
SYSTEIMT S NTNEAUUTETSETEE———— ° i i i
Ontology As such, its realization can only be seen as a

collection of information systems ;.. .4

The population of a Space System _ _
scommunicating together

geographically deploye
« Each Space System has its own population life
cycle

« The SSO schema itself has a life cycle
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Specifying and developing information systems

Is the effort worthwhile?

Semantic modelling with ORM is logic-based

Semantic Modelling takes time !

How many time we, stakeholders ! end users ! have
been provided an information system that does not

Import

Semantics

IRD

satisfy our needs?

What is the risk of corrupting qualified data during the
exchanges?

What is the cost of reducing the risk? of fixing these
corruptions?

Do we always discover the corruptions on time?

other lessons learned?

=» This permits automating some developments

_physical |
data

exchanged
data

set(s)

- >

Supplier

data
repository

Overall Semantic Modelling

OSMoSE

some information system o —

Export
Semantics
IRD

_physical !
data

exchanged

.-_ > data

set(s)
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Transfer of Academic Research to Industry ﬁ

OSMoSE

For Space System Engineering

* The Fact based Modelling Working Group: NIAM, ORM, DOGMA, FCO-IM, OWL =» FBM ¢, ;nqustry
« ESA contract 4000107725 — PNA Group & ORM Solutions
Fact based Modelling Unifying System / Toward implementing solutions for ECSS-E-TM-10-23A
« ESA contract 4000108703 — GMV
Automatic Generation of Man Machine interface from a Domain Ontology
« ESA contract 4000127988 — Libera Universita di Bolzano
Intelligent Reasoner for Fact Based Models
 ESA contract 4000133538 — GorillalT & ORM Solutions

FAMOUS improvement — Transfer of academic knowledge to semantic interoperability
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Overall Semantic Modelling

From NORMA to Semantic Interoperability in use

some information system | | T
NORMA fransforms the conceptual models ©*M into logical and physical

data models

¢ DDL , rpsus

conceptual

--------------------- ¢ XSD e.g. for ICDs

Import Export
Semantics Semantics ‘ O/RM for object abstraction against chosen RDBMS
IRD IRD . . . . )
with its Javascript Fact Engine in software code

« Javascript structures 4 geciaration

° JSON raw forms & change set

|/O Iayer translate from JSON bidirectional

Information System
""""""" The JFE client libraries form a rich data -
environment with rules engine transactions, state
exchanged exchanged
datag - —>.- Supplier .-— > datag changes, undo/redo, JSON serialization, data bound Ul -
set(s) data set(s)
repository
ready for being used to develop the -
required web application (MMI) making
calls to the generated 1/O service.
epository
\ 61
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Overall Semantic Modelling

For Space System Engineering

MBSE Independent Verification & Validation Facility

The SSO-MBSE conceptual data model is used by NORMA to generate:
« PostGreSQL - O/RM

ISSOJFE.PostgreSQlsgl += X

$isOperational: true,
$isSystem: true,
$name: "demonstrate how NORMA and its ORMWeb extension can support

the production of a \"MBSE data exchange independent verification
facility\" having a rich client-server database automatically
generated and ready to be interfaced by some web application”

MBSE population

PostgreSQL
EE)Admin Filev Objectv Toolsv Helpv
Browser & 52 = Q> Dashboard Properties SQOL Statistics Dependencie
() Procedures ¢ | SSO_MBSE/postgres@PostgreSQL 15
1.3 Sequences
- ™ v | Y ~ Nolmt ~ @ p
5 Tables (98) | 8 7
> B action Query  Query History
> B action_interprets_action_text 1 select = from mission
» E action_text N
> B activity E
> B activity_interaction Data Quiput Messages Notifications
> [ activity_interaction_exchanges_exch: = rn - |:| i s~
» B activity_interaction_invelvement B L

mission_id mission_name ,

» B activity_interaction_is_of_exchange_t [PK] integer character varying

teraction_specifies_activity

1 MBSE-2022 Session 4 OSMoSE Wurkshoj

U1: perspective : varchar
UT: capabilityName ; varchar
description : varchar

Entity
PK: UUID : char(36)

CapabilitylnvolvesEntity
PK, FK1 : capability : char(36)

|— PK, FK2 ; entity : char(36)

U1 : entityName : varchar
U1, FK1 : mission : char(36)

U1 : perspective : varchar
description : varchar
isHuman : boolean
FK2 : parent ; char(36)

EntityDirectlyPerformsActi

Mission

O . defines <FunctionalCategorisation>

@ ... defines <FunctionTree>
I 0O ... models <Perspectivex
b () Action
b (O Activity
I () Capabiity
b () Chain
b () Condtion
b () Configurationtem
b (O Entiy
b () Event
b () Exchangehem
(O InteractionMean
(O Message
Objective
PhysicalPath

m]
a
) Procedurs
m]
=]

b

3

b

3

3

3

3

b Absarbed Children

b CO PerspectiveCanRealizePerspective
b (O PhysicallinkCategory
p () Step

O x D-o v K| e |- m
@ httpy//localhost:8082/data/mbse. X ORM Model 550JFE.orm X | + Q . ) 9 . .
Information System 10 CREATE-DOMAIN- public.ExchangeMechanism:AS - CHARACTER: VA
i ) e P 11
& - C @ httpy//localhost:8082/data/mbse/mission/1 12 CREATE - DOMATN - public . OrdinalRank - Aff [550ss0_mbseasc]
13 oject XML DTD/Schema Schema design XSL/XQuery Authentic DB C
{ v b ( 1: CREATE-DOMAIN-public.FlowDirection G & 4 BRE oo fadk Rl
mbse:
* objects: { 16 —EREATE-TABLE-M.cumponent ax El
v Mg s 17
Mission: [ > component_id- INTEGER-NOT-NULL , [l Forms - - -
+ is_a_logical_component-BOOLEAN it
$%: 1, » is_external_to_the_system_of_if Fins
$name: "MBSE-2022 Session 4 0SMoSE Workshop™ 5 is_the_system_of_interest-BOOLY ..
} =+ CONSTRAINT:component_PK:PRIMARBager
); r
]J
T Objective: i i ;
3 ¢ [ —EREATETABLE- ublic.physical_link
$$: 1, Data o
W e . . s, - K U1 missonName - varchar Copasiy
/m1ss:!.onZ!Involfespbjgct::ve/mlssmn 1, ] § s Repository A,
$description: "This is just for demonstration !", — | U1, it s mision :char 36 FonclionalCategory
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From NORMA

single-user

to FAMOUS

collaborative

Overall Semantic Modelling

[osmosE |

For Space System Engineering

is described by

is achieved by exploiting

9 11
K

Capability

involves

StateBehaviour

performs *

is defined in

defines

belongs to

sources is targeted by ~ sources is targeted by .
is described by
DataType PredicateReading
<maps to has
allocates ++ SCHEMA
Exchangeltem POPULATION
SCHEMA « B object_type & ORMSite/postgres@PostgreSQL 15
v [§ columns (18) | m B~ A Y|~ NImt ~ m »v 3
A object_type_id
B object_type_name Query  Query History
T — A orm_model 1 select * from object_type
o Poase Batirei] St Peth SeD Bthara | A Peth b B | -
0 cardinality_constraint
o - il implied_mandatory_constraint Data Output Messages Notifications
i preferred_identifier =
R - ) B0 8 & & ~
[T = 0 value_constraint
Brake Astosamousty . . T "
- A datatype nmet_:uypa,ld ub;ecu.ypema_me ’
- [PK] integer character varying
0 data_type_use_length_data_type. 54 524 FunctionalCategoryName
_ R e A [ data_type_use_scale_data_type_n _ 55 525 FunctionalCategorisation
[ 0 file_id 56 526  FunctionalCategorisationName
e 0 has_stored_derivation 57 527  OrdinalRank
:: 0 is_derived 58 528 FunctionTreeNodeDirectContainment
H 8
U E is_implicit_boolean_value 50 520 Activity is leaf
0 is_ind dent
_________ . o fe-ndependen 60 530 Objective
| 0 is_partially_derived i 5
______ 1 61 531  CapabilitylsinvelvedinAchievingObjective
| | » k4 Constraints
o — - _ 62 532 ActivitylnvolvementPlugsActivitylnteractioninvolvem...
| | » o Indexes
PP——— . & aLs ol 63 533 Mission
de i - » olicies
— MBSE population - o
A Swewent Bowieg = a . 65 536 CapabilitylnvolvesEntity
! l...;.":z_ > * Triggers
on 80 vLoai )
s Lo, N - u > 5 objectification 66 537  EntityLogicallyContainsEntity
el Locptpnmtseet Lol v \
-J—_._D.m | 4—*— » E5 orm_constraint 67 538  Entity is human
- £ nrn disaram 68 540  OperatianalEntityPlaysRole
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Session 5 — OSMoSE Contributors...

11:10-11:20

11:20-11:40

11:40-12:00

12:00 - 12:20

12:20-12:40

12:40 - 13:00

13:00 - 14:00

Overall Semantic Modelling

OSMoSE

For Space System Engineering

Introduction by Session Chair
Q. Wijnands (ESA)

Ontological Approaches for Scaled MBSE Deployment
L. Laborde (ADS)

Domain-specific ontology for digital continuity: Thermal engineering case
E. Maleki (ESA), A. Darrau (ESA), JL. Terraillon (ESA)

Model Based Engineering Hub — a firm foundation for a new generation of MBSE exchange
T. Hoppe (ADS), T. Stoitsev (SpaceCube GmbH), C. Borrett (ADS)

Model Based System Engineering Hub
A. Vorobiev (RHEA Group), K. Tiensuu (RHEA Group), S. Gerené (RHEA Group), S. Jahnke (OHB), L. Bitetti
(TAS), HP. De Koning (DEKonsult)

Enhancing the MBSE-HUB for AlV Reporting Needs
N. Salor Moral (RHEA Group), P. Beltrami (RHEA Group)

Lunch

66

— 01 b= ==

W E == = e BT IS = m ¥



	Slide Number 1
	Slide Number 2
	OSMoSE – 2nd Space System Ontology Workshop 2022
	OSMoSE and the Space System Ontology
	The OSMoSE community & design authority
	Why OSMoSE?
	A real case example: METOP
	OSMoSE – 1st Space System Ontology Workshop 2021
	Slide Number 9
	The Space System Ontology
	Information Modelling, Terms & Definitions
	MBSE – What means Modelling ?
	Information Modelling, Conceptual / Logical / Physical
	Exchanging, current practices
	Semantic Modelling for Semantic Interoperability
	OSMoSE – on the way to Semantic Interoperability
	Contributions: some on-going conceptualizations
	UoD contribution – guideline
	OSMoSE – the licences ESA on behalf of the OSMoSE Community 
	Slide Number 20
	MBSE – The Contributions
	Modelling with ORM
	Modelling with ORM  conceptualizing using exactly 3 concepts
	MBSE main concepts – overview
	MBSE main concepts – Mission
	MBSE main concepts – Objective
	MBSE main concepts – Capability
	MBSE main concepts – Entity
	MBSE main concepts – Entity Interactions
	MBSE main concepts – Activity
	MBSE main concepts – Activity Interaction
	MBSE main concepts – Exchange Item
	MBSE main concepts – Event
	MBSE main concepts – Action
	MBSE main concepts – Condition
	MBSE main concepts – Scenario
	MBSE main concepts – Chain and Procedure
	MBSE main concepts – State Behaviour
	Example OHB – Operational Analysis
	Example Thales Alenia Space – Operational Analysis
	Example Airbus DS – Operational Analysis
	Example OHB – Operational Analysis
	Example Airbus DS – Operational Mission Analysis
	Example Thales Alenia Space – State Behaviour
	Example Airbus DS – State Behaviour
	Example Airbus DS – Functional Analysis
	Example Thales Alenia Space – Functional Analysis
	Example OHB – Functional Analysis
	Example Airbus DS – Logical Analysis Architecture
	Example Thales Alenia Space – Logical Analysis
	Example OHB – Logical Analysis
	Example Airbus DS – Physical Technical Architecture
	Example Thales Alenia Space – Physical Analysis
	OSMoSE Community Review of the MBSE contributions
	Consolidation of the MBSE contributions
	Consolidation of the MBSE contributions, cont. 1
	Slide Number 57
	Semantic Modelling for Semantic Interoperability
	Specifying and developing information systems
	Transfer of Academic Research to Industry
	From NORMA to Semantic Interoperability in use
	MBSE Independent Verification & Validation Facility
	From NORMA single-user to FAMOUS collaborative
	Slide Number 64
	Slide Number 65
	Session 5 – OSMoSE Contributors…

