P A
NN L/
: "‘/A ‘ ‘

DEFENCE AND SPACE

Ontological Approaches for Scaled

MBSE Deployment
ESA MBSE2022

Lucie Laborde, Ground Systems MBSE Support and Improvement
November 2022

[ Airbus AmW




DEFENCE AND SPACE

[ Airbus Amber ]

From MBSE to model-centric engineering

Delivery of the
model as a file

HTML export of
the model
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At ADS, we are focusing on deploying MBSE to achieve model exchanges
(internally and externally)

The prerequisite is to extend and normalize MBSE

Model exchange requires an alignement of modelling frameworks between
partners (issue today)

The Space System Ontology will enable interoperability at semantic level and
remain tool-independent
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MBSE on Navigation Ground projects

/

~75 user accounts
300+ diagrams
100+ Analysis reports

4 models synchronized (System and subsystems)
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.**

GALILEO

~35 user accounts

4000+ requirements imported and traced in the model
400+ diagrams

30+ Analysis reports

2 models synchronized (Classified and Unclassified)

API files
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How to define a project ontology

Project Ontology Model types and relations

Capability [ T e
----------------------- Use-Case Block
contributes to. -
Function """""""""""""""" Realization link Data Type
_ Subsvstem isallocatedto | | T Activity
System Function FunZtion Subsystem

« ldentify the project ontology (concepts and relations)

» Map entities of the ontology on model elements and
properties provided by modelling tool
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4 23 NOVEMBER 2022 © Copyright Airbus (Airbus Defence and Space 2022) / ESA MBSE2022 Conference AI RBU\S



DEFENCE AND SPACE [ Airbus Amber ]

mplem . h . |
| plementation of the project ontology IS Propesie of OpeationalScerso o x
General  Charactenstics  Affributes Inherited Affrbutes User Data Models Ideniifier Propery Values Propetdies CRUD  Monioring
Objectives and Requiremenis MBSELab Complements Texds
Annotati
nomEnens MVE implementation macro (Obsolete): | ~[3] A
MMP Settings _ .
9 ) Basic Settings
— S — ) Governance
Ehs [slgg']—““ HE -éﬁf;]'—u“ Caller Scenario - I Type of Entities:  Business Procsss I ZI
— = OWL Edensicns —
Dperational s.:].,,,. I Owmer of Entities: I Z‘
Lo c= T (B Bussiness Process HAPEnks e Lrzmare Image: z‘
E S Lt Caler S Dy AR T R AR S Graph Node I Name Prefix: u |
B Scmrrio Categery T B Ovcdeni =
SFEMFin =nng ! )
SCEN_OPS [3933) - < r3 Quality Settings OF & H | ELo=800
owned scenagos ] Quality Review MName
Called Szan_Ops of Scan_Opswith MAPswiaprecading Flowr =_ _ DOPSREC Requirements [54)
Dperational Scenarie [341] Owres- ) OPSREC Reguremets Quality Assessment
Tyoe [ Busness Procees Tyoe B Reguremen
_— ,_-. _n —::_,:,_. E':; Operatiord Sceerio Propees ik SCEN_DFS A D GSMAF TLIJ:;;‘;E;-:;: E410PSREC Aepard | MMIP Types
Smrll;.]nli,- — x Taq: EV2 OPS Rec Tag - -
J_ : MAP_OPS Jueries, read-only enfity:
j_~ OFMELORBAD
‘e Name
?H".E'_:I!E 2 B2 '"'lsz]m 1 £ == GS-MAF - EGNOS V3 - All Operational Scenarios
= | OmesBikeds? S Cunes. R OPSREE
Scenarios [128) — Ty B Mempwerd Requiremens
Tyoe: B Business P Tyoe: B Keywerd .
[
| @ MMP implementation macro (Obsolete)
= ¢m Ev30PYRec T,
) = o
nked TopJevel SCEN_OPS iposted MAR MANT \\ I 0K I Cancel Apply Help
ToSCEN_OPS  /_ i MSCE',’ES%PST" \\
MAP_MAINT [0) MAP_DPS [79)
Oamer [l MAPS_MANT Owres- [l MAR: 095
Tyoe: B Nt Tyee: B Mo
e rrr——— Aliocated MAP_OFSTe OPSREC
MAP T - -
EV3 OPS RecTag :EVE OPS Rec Tag
{ o L]
Siocated MAP_MAINT,
To OPSREC

Extract of EGNOS V3 ontology implementation
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The project ontology as shared “language”

* The resultis a consistent and homogenous model

* Facilitates MBSE adoption using domain-specific terms

requirement

use-case TC
hardware equipment

function

requirement
commanding
operation  data

logical component
service
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The ontology helps modelling complex aspects

« Asingle model element can simultaneously belong to several ontology concepts depending on the perspective

+ Creating these “smart” datasets on top of the modelling tool really facilitates the work of architects in their modelling process.

Project Ontology

Interface &

A
Internal interface External
interface ¢ 1—
belongs to belongs to
! Component
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To_Stations_NRT_Stations_Cemmanding
To_Stations_MRT_Stations_SFTP
To_Stations_NRT_Stations_SFTP_SW_&_Config_Files
From_CPF_DF_RT_L3_FLAG_PKT
From_CPF_DF_RT_L3_SBAS PKT
From_CPF_SF_RT_L1_FLAG_PKT
From_CPF_SF_RT_L1_SBAS_PKT
From_ELAN_MRT_Authentication_ELAN_MnC
From_MCC&OCC_NRT_MCC&OCC_UNCLA_Monitoring_Data
From_MCC_NRT_MCC&OCC_UNCLA_Commanding
From_MCC_NRT_MCC_UNCLA_Authentication&CRL
From_MCC_MNRT_MCC_UMNCLA_File_Transfer
From_MLES_RT_L1_FEEDBACK_PKT
From_MLES_RT_L3 FEEDBACK_PKT
From_MLES_RT_MLES_MEASUREMENTS_PKT
From_OCC_NRT_CRL_Request&Publication
From_OCC_NRT_OCC_Authentication
From_QCC_NRT_OCC_UNCLA_SFTP_Archives
From_RIMS_RT_RIMS_INT_MEASUREMENTS_PKT
From_RIMS_RT_RIMS_PRED_MEASUREMENTS_PKT
From_Stations_MRT_Stations_Monitoring
From_Stations_MRT_Stations_SFTP_Archives
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At System level the
interface is INTERNAL

At Sub-system level the
interface is EXTERNAL
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The ontology helps modelling complex aspects

Here, the ontology facilitates the defintion and production of standardized interfaces (OpenAPI and AsyncAPI)
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SYNCHRONOUS
INTERFACES

Mapping to MEGA Metamodel

0.* Interaction

Resource
Architecture
1 Service Consumer

SYNC Interface [Interaction] @Toutes les interactions dont les Messages
des EC ont les properties Endpoint ou Operation

ACategory [Keyword]
~+dentifier [Exchange Controct de plus hout niveau]
[Camment]
~+Provider (Resource Architecture]
| “*#Consumer [Resouree Architecture|
+Definition
+ Status [Property Value]
- +Filename [Property Value]
o ub Exchange) +Version [Property Value]
1 Exchange Cont +Comment [Property Value]
+ References [Property Value]
+Paths [Message]
1 Exchange
Contract
ontrac - —
+Shart Name:
. +Comment
..* Parent Exchange
ot + Property Status

+ Property Viersion ]
+ Property Flenome

+ Property Comment

+ Property References

0.* Messages

Message

+ Property Oper
+ Property Description

PR +Operation [Property Value]

MM_Commanding

+Comment

+Property Status
+Property Version

+ Property Filename:
+Property Comment

+Property

* Constraint
+Short Name

SYNCHRONOUS
INTERFACES

Constraint
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* Constraint Mapping to MEGA Metamodel

1..* Constrained element Resource

1 Resource Architecture Used
1..* Constrained
element

* Architecture Use

D.* Interaction 1 Interacting Component

.* Sub-Exchange Contract

1 Exchange

1..* SYNC Interface

0.* Paths
@ tous les messages contenus dans les EC et
sub-EC

Path [Message] @Tous les messages de I'EC de
Finteraction
+Endpoint [Property Value]

+Description {Property Value]

GSEGMC

> [

MM
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Contract

|1 Interaction Gate Owner

1 Exchange 1 Interaction Gate Owner

Contract

0..* Parent Exchange Contrdct

1 Message Source
0..* Messages
Receiver |
1.1 Plyed Service Role

Message

1 Message Target

+Short Name
+Comment
+Content

Role

GSSN Mission Data

ASYNC Interface [Constraint] @Toutes les
interactions dont les Messages des EC ont les
properties Endpaint, Operation et Description

+Category [Keyword] @Keyword des EC des Interfaces
+Identifier [Short Name] @Short Name de la Constraint
+Description [Comment] @Comment de la Constraint
+Stakeholder [Resource Architecture] @Constr. Element
de la Constraint
+Definition

+ Status [Property Value]

+Filename [Property Value]

+Version [Property Value]

+Comment [Property Value]

+ References [Property Value]

+Channels Publisher [IMessage|

+ Channels Subscriber [Message]

1..* SYNC Interface 1.% SYNC
Interface

0..* Channels S

Channel Subcriber [Message]
@QUERY SUB

+Name [Short Name]
+Description [Comment]
+Role = Subscriber

+MessageType [Content]

Channel Publisher [Message]
0..* Channels P @QUERY PUB

—— +Name [Short Name]
+Description [Comment]

0..1 Played Service +Role = Publisher

+MessageType [Content]

=
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The ontology as enabler for model exploitation

Data sets based on the

Model

ontology

System Functions
1

OO, o |2
f2 i b
C

B |

Components

* Reuse of element sets for document
generators (when implemented)

+ Bridges the gap between modelling and
software development

* Improves the quality, the reliability and the
time to produce documents and reports.

Document structure
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Conclusion

* Ontologies combined with MBSE capture engineering concepts contained in the

model when sometimes language elements can be limited in terms of semantics.

» The use of a project-specific ontology has been key to establish model-based
system engineering on large scale projects like EGNOS V3 and G2G GSEG.

« Many model enablers like interface definition exporters, document generators,
analysis reports are based on the project ontology.

» By being tool-independent, ontologies offer a great opportunity to capitalize
knowledge about architectures and system definitions over time.

« They provide resilience towards tool changes.

« Soon, when sharing a common Space Systems Ontology, it will be possible to
exchange models between European Space community.

Many thanks to Jean-Luc Marty, Jean-Luc Laffitte, Fabien Bouffaron, Ismael Haddad for inltiating MBSE on
Navigation ground projects
Ontological methodology and MBSELab many thanks to Dominique Ernardote and AirbusTECEM department
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Suppliers, customers
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Thank you
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