REALISATION,
EXTENSION AND
UTILISATION OF THE
SYSTEM FACTORY

November 22nd, 2022

Speaker
Carlos Redondo (carlos.redondo.aparicio@gmv.com)

" @ AIRBUS ThalesAlel’? “oHB

DEFENCE & SPACE a Thas pace

=
23

f--

@

=

-esa

© GMV Property - 22/11/22 - All rights reserved




REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY
Content Structure

Utilisation
of the
System
Factory

Extension
of the
System
Factory

Realisation
of the
System
Factory

Context
and
Background

Page 2

© GMV Property — 22/11/22 - All rights reserved



—

REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY

1. Context and Background
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CONTEXT AND BACKGROUND

THE SYSTEM FACTORY

What is the System Factory? How is being designed?
e System Enqineering infrastructure to support MBSE developments in e The architecture of the System Factory is specified using Capella
Space Projects and ARCADIA method

— Motivation: Together with the Space System Ontology and by
integrating the Data Hub, the System Factory will enable
interoperability within and between organisations

— A Reference Logical Architecture can used by the MBSE Community 2
to see which activities can be subjected to be implemented with MBSE i e
: P N9 ==cCapella

— This was a design decision, other MBSE tool and method could
have been selected

— Organisations can define their own System Factory ARCADIA
implementation based on proprietary or commercial solutions

e Agile approach among the partners involved

Who is designing it? Where is it available?

Released under ESA Community
License

ESA ESSR (must be first logged-in):

https://essr.esa.int/project
specification-and-architecture-
of-a-system-factory-sasyf

Capella html export is also available
for non-Capella Users

e Two sequential ESA activities:
e SASyF (2020-2021) -> MBSE2021

SASYF4ESA (2022)
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REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY

2. Realisation of the System Factory
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REALISATION OF THE SYSTEM FACTORY

Types of Physical Architectures

Organisations
Physical Architecture

1. Instantiated for LSIS aps, tas, oHB
& ESA (i.e. a total of 4)

2. Represents current state-of-
practice and it is internal to
each organisation

3. Traces back to the System

Factory reference Logical
Architecture

e

° EXChanged Artefact e.g. Requirements Model

+ Exchange Format ¢ g peqir

R&D
Physical Architecture

Based on R&D activities led by
ESA and Industry focused on
advancing MBSE technologies

Represents current state-of-
the-art

U

Extended Enterprise
Physical Architecture

Represents the envisioned
long-term System Factory
implementation

Ensures interoperability between
System Factories across the
Extended Enteprise

e

* EXChange Direction e.g. Source / Target Tools

» Tool Functional Classification e:g: Requirements/Management Tool

These Physical Architectures provide the Model User with a snapshot to guide toolset selection decision making
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REALISATION OF THE SYSTEM FACTORY
Example: Organisation’s Physical Architecture

Engineering
Cameo Environment
#F] Cameo_Merge_Plugin_OHB $F] Cameo_Datahub_OHB | Prequirements model §F]Rhapsody_OHB D3 engineering model #E]SRDB_OHB
L] v
S ) ] ——
systeT el D3 requirements model D3 requirenients model englneerlr}\gﬁata,
o TMTC definitions
£F] Cameo_System_Modeler_OHB fEIDOORS_OHB g HJdocuments
DIJ documents
™ ™l ! 5 I
DA engineering / mission model .
9 g/ I D3 requirements model
§E]COMET_OHB K - ] fICAD_OHB  [paigeometric / physical model
D=1 syktem model Dl geometric / physical model
D3 system model
&> Data Formats o4 (Component Exchange) requirements model I
X Reterencing Elements Current Element Referenced Elements
. RangeDB Native -
¥ DOCX MReqlF mUML M JSON Files| M8 Files v & Source v M requirements model v & Connected Components
e—
v BCP1 v [ Owner @& COMET_OHB
= MiB I PDF ENEZC“:;I m7Ip 50':“;':\/5:;['::"  DOORS_OHB @ OHB {# DOORS_OHB
~ i All Related Diagrams v & Exchange Items
L miStep Files — S — Java — Siemens. & [PAB] Ph‘,rr.ir.al Arrhirer.ture - ESA Extended Enterprise ™ ReqlF
Request NX/CATIA Files & [PAB] Physical Architecture - OHB v @ Target
ECSS-E-TM-10- !Comet Native !Capella Native sy & [PAB] Physical C(.jmponer_ﬂs ClﬂSSIﬁCéTIUn v #ECP T
D5 ATEREC s s & Draft-[PAB] Physical Architecture - ESA-Plato i COMET_OHB
Prolaboarte Enterprise Architect Doors
Native Files - Native files ‘ Modules o
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REALISATION OF THE SYSTEM FACTORY

Example: R&D Physical Architecture

R&D Physical Architecture:

1. Digital Engineering Hub Pathfinder

(GSTP Element 1)
2. TeePee4Space (OSIP)

3. Generative Concurrent Design (GSTP

Element 2)
all finished in 2022

#F] Cameo_System_Modeler_ESA

D requirements specification

DAl system architecture

4F] Generic_CAD_Tool_ESA

48] Thermal_Analysis_Tool_ESA E

§F] Capella_ESA

requirements specification

Dl concept of operation:

D3

2t

i 4F] Enterprise_Architect ESA
PR system behavioural design

=

§EJASTOS_ESA

Dl interface data

DAl requirements specification

DI mission analysis data

£F] Matlab_ESA

€8] CATIA_ESA

DA avonics architecture DA system and mission data
|| Sy
D3 component configuration data ) COMET_ESA D3 system and mission data
e B
E D31 system and mission data d DFaocs components data
DAthermal analysis data g T . R
B . - 5] DAmission analysis data
D3 component configuration data E
J[?[TW]’T'\ Al iy VIATAL ?
” D system and mission data
N — |

=

geometrical dat:

D3l geometrical d{ta

il ISO-STEP_APZ‘Z‘Z_ESA

FICIP_R&D_ESA

$F]ReqlF_Client ESA

D geometrical data

D3 reference libraries

requirements specificatiol

D3 requirements specification I

DA mission model with refer

ale

e mass bu

DAEPS and thermal data

D EPS sizing

| )

get D preliminary system architecture

P EcosimPro_ESA

D mission

model
TegPe

e Ecosystem

ith computed mass budget

TeePee R&D_ESA

)

D selected system architecture alternati

JT] 4F] Simcenter_Studio_DX_ESA

Generative Concurrent Design

)

D3l computed system

rchitecture alternati

es

£F] Cameo_Teamwork_Cloud ADS&

DFspacecraft mass

roll-up

™
L @simcenter Studio DX UL ESA

D payload pbs

Dl payload pbs

o !

DAMOFTL profile modd

=

D platform pbs

F—.
5 TeePee_R&D ADS

payload mass

51
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)
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REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY

3. Extension of the System Factory
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EXTENSION OF THE SYSTEM FACTORY

Related MBSE Activities

System Factory builds on... developed under...

» Al-Powered Digital Assistant
R&D Projects Focused on Technologies » Augmented Reality (ARCE)

e Generative Concurrent Design
o TeePee4Space

R&D Projects Focused on Tools  Digital Engineering Hub Pathfinder

o Model-Based Engineering Hub

Data Hub
» Space Systems Ontology Development
Space Systems Ontology . (SSOD)
and many more
© GMV Property — 22/11/22 - All rights reserved Page 10

Collaboration is key to

effectively place the building
blocks together
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REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY

4. Utilisation of the System Factory within the Extended Enterprise
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UTILISATION OF THE SYSTEM FACTORY
Scope
Use Scenarios
+ System Factory use within an Organisation
+ System Factory use across Organisations (i.e. Extended Enterprise)
= These uses are combined in an Extended Enterprise-related Use Case
Limitation

« Identification of Model-Based Engineering Hub minimal elements required to display a meaningful Use Case
(e.g. user authentication and data security, Space Systems Ontology evolution... are not addressed at this
point)

Characteristics

« This System Factory Physical Architecture implementation serves as a reference to understand how it is to
be used in the context of the Extended Enterprise

« Local instantiations of this Physical Architecture will vary from organisation to organisation to
accommodate the specific tools that are connected to the Hub in each organisations context

© GMV Property - 22/11/22 - All rights reserved Page 12 Q'W



UTILISATION OF THE SYSTEM FACTORY
Reference System Factory Instantiation Concept

MBEH: Model-Based ECE\Company Dleplo::d System Factory :
Engineering Hub ompany Deployed System Factory Tools

©@Company Deployed MBEH
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UTILISATION OF THE SYSTEM FACTORY
Reference System Factory Instantiation Concept

MBEH: Model-Based ECE\Company Dleplo::d System Factory :
Engineering Hub ompany Deployed System Factory Tools

#System Factory Tools

’ @ Allow Authoring Of Model ‘ ‘ ®Manage MBEH }

©@Company Deployed MBEH
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UTILISATION OF THE SYSTEM FACTORY
Reference System Factory Instantiation Concept

MBEH: Model-Based @Company Deployed System Factory

Engineering Hub

#Company Deployed System Factory Tools

@System Factory Tools

SSO: Spa ce Systems ’ @Allow Authoring Of Model JJ ‘ ®Manage MBEH JJ

Ontology s T et e T -
» 2model data ®amodel file varequest / formatte

#Company Deployed MBEH

o

1 report

. #Tool On-Line Connector #Tool Off-Line Connector #MBEH Ul
: " o # o n
@Convert Model To SSO @Convert Model To SSO ©Query / Get Report
Data Model Data Model y B
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UTILISATION OF THE SYSTEM FACTORY
Reference System Factory Instantiation Concept

MBEH: Model-Based @Company Deployed System Factory

Engineering Hub @Company Deployed System Factory Tools

{ @ System Factory Tools 1
M

@ Allow Authoring Of Model )_J ’ ®Manage MBEH

SSO0: Space Systems
Ontology e e Ry FRTTEE

@model data samodel file

sarequest / formatted report

“ZCompany DePoned MBEH

: @Tool On- Llne Connector “Tool Off- Llne Connector ; E‘MBEH Ul
Y A}
Convert Model To SSO Convert Model To SSO
® ® ®
Data Model Fﬂ Data Model J - Query {‘Get Repor:
""""""" e e —— "
mupdated/extracteld SSO data T I »25S0 data request /| report
P #MBE Hub "'::::::::::::::::::::::::LEJ
[ . (A} o v
i,’r‘@lmport / Export SSO Data @Allow andivanadesso ®Manage SSO Schema
“y Data Requests
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UTILISATION OF THE SYSTEM FACTORY
Reference System Factory Instantiation Concept

MBEH: Model-Based @Company Deployed System Factory
Engineering Hub #Company Deployed System Factory Tools
@System Factory Tools
SSO: Spa ce Systems ’ @ Allow Authoring Of Model JJ ‘ ®Manage MBEH JJ
Ontology o o - e T : S G :
» >amodel data »2model file sarequest / formatted report

#Company Deployed MBEH

. #Tool On-Line Connector #Tool Off-Line Connector #MBEH Ul
; , i A} a n
— Convert Model To SSO Convert Model To SSO
® ® % ®
F _ Data Model ‘ N Data Model | _ Query {‘GEt Repor: ‘

o

I 2SSO data req
& =
it e SIMBE Hubeseozoorononsnnonmnnzsens sl

5 &
Wupdated/extractid SSO data T

2
»

report

Allow And Manage SSO

eM SSO Sch
Data Requests ULk Sl

[
=

1\L®Import / Export SSO Data
I

vt n

5
Twstored/retrieved SSO data 1SS0 schema r

i ®MBEH Storage

©Model Datastore || @Replicated Model Datastore | #O0SMoSE SSO:Schema Store

Store And Retrieve I~ i ® Store And Retrieve @Store And Retrieve
SSO Data il E Replicated SSO Data SSO Schema

'
o
'Pﬂbasellne SSO schema
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EXTENDED ENTERPRISE

UTILISATION OF THE SYSTEM FACTORY

Mass Budget Use Case

¢ Produce Mission SoW and
Model

« Deliver Mission SoW and
Model to Supplier

Mission
Contractor

« Inspect Mission SoW and
Model

* Produce Platform Physical
Architecture

Large System

Integrator
System « Produce Payload
Specification Sow
« Deliver Payload SoW to
Payload Supplier
« Inspect Payload SoW
Payload
Supplier

Architecture

© GMV Property - 22/11/22 - All rights reserved
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* Produce Payload Physical
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Slide 20

» Compared Computed Mass
Budget Against Reference Mass
Budget

« Deliver System Physical
Architecture to Customer

» Update System Physical
Architecture

* Review Status of System
Technical Budgets

* Review Payload Mass Properties
and Update Configuration

» Deliver Payload Physical
Architecture to Customer

4

Mass Budget
Roll-Out



UTILISATION OF THE SYSTEM FACTORY
Mass Budget Use Case

Large System Integrator Payload Supplier
{FlCompany Deployed Sy Factory {#f/Company Deployed System Factory_Downstream
{FlCompany Deployed System Factory Tools #Company Deployed Sy Factory Tools_Downstream
4F]Cameo Systems Modeler {FIDOORS £F] CATIA éFlCapella Esiemens NX
® Allow Authoring Of
System Model
D model
{lCompany Deployed MBEH {#lCompany Deployed MBEH_Downstream
#FlTool On-Line Connector #FlTool Off-Line Connector E]MBEH UI E‘Tor:;l On-Line E,Tmal Off-Line $E1MBEH UI
Connector Connector
Convert Model To Convert Model To | @ Query / Get Report
© 550 Data Model © 550 Data Model } g | ©Query/Cet Renort |
=]
D8S50 ] DASSO data request DISSO dafa request
pareplicated SSO data ¥ MBE Hub £l MBE Hub
Al l i
- * i DISSO data
a Allow And Manage SSO Data | ¥ - P replicated SSO data Import / Export SSO B 5 Allow And Manage SSO
®le 5 ostore replicated S5O Import / Export SSO Dat : ® (s Data Requests
= i data request
- |
)ﬂpull replicated SSO - replicated SSO DISSO data |
data request data to be stored Dl pull SSO data request
F]MBEH Storage E MBEH Storage
éF]Replicated Model Datastore E‘Model {F10OSMoSE SSO Schema Store {FlModel D w" pli d Model OSMoSE SSO
Store And Retrieve Datastore Lo Store And Retrieve BEEEETE Schema Store
1= Replicated SSO Data SSO Data
=
Deliver Payload Physical . Review Payload . Review Status of
Architecture to Customer Mass Properties System Mass Budget

© GMV Property - 22/11/22 - All rights reserved Page 19 gw



UTILISATION OF THE SYSTEM FACTORY
Mass Budget Use Case

Mission Contractor

@Company Deployed System Factory_Upstream

@Company Deployed System Factory Tools_Upstream
#DOORS

FICOMET

® Allow Authoring Of System Model

#MBEH Ul

™ model
@Company Deployed MBEH_Upstream

@Tool Off-Line Connector

Large System Integrator

@Company Deployed System Factory
@Company Deployed System Factory Tools

#CATIA

Allow Authoring Of

#Cameo Systems Modeler ZDOORS
@Allow Authoring Of .
System Model Domain Specific Model
™ model > model
@Company Deployed MBE "
@Tool Off-Line Connector @MBEH UI
®Query / Get Report

@Tool On-Line Connector

@Convert Model To
SSO Data Model

2SSO data request

@Tool On-Line Connector

@Convert Model To
SSO Data Model

L

®Query / Get Report

»sso data

»2SSO data request
#MBE Hub )
Import / Export Hareplic

sgStore replicated SSO
®

data request
SSO Data

@Allow And Manage SS!
Data Requests ¥

> pull replicated SSO request

»dreplicated SSO data to be stored

“MBEH Storage
E\OSMOSE SSO Schema

. Replicated Model
Store

#Model Datastore

®
Replicated SSO Data

tareplicated SSO data

Store And Retrieve

_| @Convert Model To

SSO Data Model

ili 1

I >store SSO data reguestl

: ©MBE Hub ]
d SSO dath @Import / Export 0aSSO data . 'Allow And Manage SSO Data
SSO Data e Requests
b1SSO data
. Il replicated SSO
2SSO data to be stored »areplicated SSO data 0P draet: Irceaql.elest
@MBEH Storage
@Replicated Model Datastore | [@OSMoSE SSO Schema Store
Store And Retrieve

©Model Datastore |

Store And Retrieve

SSO Schema

Store And Retrieve
SSO Data

®
Replicated SSO Data

™pul ata reques

|
|
I’ﬂhaselinéSO schema

T

Compare Computed and

Deliver System Physical
Architecture to Customer

Architecture

Update System Physical

© GMV Property - 22/11/22 - All rights reserved
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REALISATION, EXTENSION AND UTILISATION OF THE SYSTEM FACTORY

5. Conclusions and Remarks

© GMV Property — 22/11/22 - All rights reserved Q‘W



CONCLUSIONS AND REMARKS

Wrap-Up

1. System Factory Organisations and R&D Physical Architectures can be used as a reference to see current
state-of-practice and state-of-the-art. They evolve as new advances in MBSE technologies are made

2. Alignment between related MBSE activities is key to assure System Factory building blocks are integrated
effectively

3. Use Case-driven validation of the presented System Factory Extended Enterprise Physical Architecture is a first step
and an enabler to ensure future interoperability within and across Organisations

4. Collaboration is a key element for this alignment and validation

Remarks

1. The System Factory model (Capella model and html export) can be found at
https://essr.esa.int/project/specification-and-architecture-of-a-system-factory-sasyf

2. Its usage is not limited to LSIs but also encouraged for SMEs aiming at implementing an MBSE approach for
some of their Systems Engineering activities
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ADDITIONAL MATERIAL
Mass Budget Use Case

Dba

Mission Contractor

£)Company Deployed System Factory Upstream

® Allow Authoring Of
System Model

©lCompany Deployed System Factory Tools_Upstream

§F1COMET {FIDOORS

Allow Authoring Of
Requirements Model

Dmodel DAmodel

selin|

& Company Deployed MBEH_Upstrean)

d SsO

Large System Integrator
]Company Deployed System Factory

©lCompany Deployed System Factory Tools

i1 Tool On-Ling Connector || |l Tool Off-Line Connector £E]MBEH Ul
- ® Convert I\)Iodel To Convert Model To ® Query /
SSO Data Model SSO Model t Report|
J |
Dilstore SSO @lata requ PSSO data
S
E] MBE Hub
® Allow And Marfage DISSO data Import / Export i
SSO Data Requests SSO Data
- D21SSO data
D pull SSO data request
RSSOEchema PH1SSO data to be stored
{F]MBEH Storag¢
§F10SMoSE SSO Schema Store FlModel Datastore
Store And Retrieve SSO Store And Retrieve SSOq=
® ®
Schema Data

Cameo Systems {FIDOORS {F]CATIA
Modeler
{FlCompany Deployed MBEH
Tool On-Line Tool Off-Line §EIMBEH Ul
Connector Connector
4E] MBE Hub
gStore replicated SSO
data Import/ Export | . 3 Allow And Manage
b SSO Data SSO Data Requests

replicated SSO
data to be stored

{ElMBEH Storage
¥ Repli d Model D

@ Store And Retrieve Replicated SSO Datal

. Produce and Store Mission SoW and Model . Deliver Mission SoW and Model to Supplier
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ADDITIONAL MATERIAL

Mass Budget Use Case

Large System Integrator
{FlCompany Deployed System Factory

{FlCompany Deployed System Factory Tools

£F] Cameo Systems Modeler {FIDOORS EICATIA
Allow Authoring Of System Allow Authoring Of Requirements ® (llis Authc')r'lng Of Domain
® ® Specific Model
Model Model
Dfmodel model Dfmodel DImodel

FlCompany Deployed MBE 4

-
1 Tool On-Line Connector| FTool Off-Line Connector {FIMBEH UI

7

5 i Convert Model To SSO Data ®Conve|1 Model To SSO Data
L Fe lodel Model @ Query / Get Report

! 1
Dfstore SSO data request  §8|MBE Hub D2ISSO data
v
DHSSO data to be stored | DASSO data request
Allow And M: SSO Dat:
®
Requests

Direplicated SSO data I

D4 pull replicated SSO data request

| {E] MBEH Storage
{FIModel Datastore {FlReplicated Model Datastore €] OSMoSE SSO Schema Store

Y]
® Store And Retrieve E6 Store And Retrieve @Store And Retrieve
SSO Data = Replicated SSO Data & SSO Schema
Y]

D baseline SSO schema

. Inspect Mission SoW and Model |:| Produce and Store Platform Physical Architecture
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