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Space Systems Engineering: complex + document-centric = costly
and error prone

Model-Based Systems Engineering (MBSE). “the formalized
application of modelling to support system requirements, design,
analysis, verification and validation activities beginning in the
conceptual design phase and continuing throughout development and
later life cycle phases” — reduce engineering risks and costs

Model-Based for System Engineering (MB4SE) initiative addressing
the MBSE adoption across ESA, national space agencies, and Large
System Integrators (LSIs), featuring:

0O Common Space System Ontology (SSO) - establishing common
semantics in line with ECSS and ensuring semantic
interoperability for the engineering data

0 Model Based Engineering Hub (MBEH) — providing a common
infrastructure for engineering data exchange in line with the
semantics established through the common space systems
ontology

Amendment of ECSS processes and DRDs towards model-centric
deliverables as much as: 80% of ECSS-E-ST-10 standards and
between 35-60% for ECSS-E-ST-70 standards and ECSS-E-ST-40
foreseen by MB4SE
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1. Introduction and objectives — the problem of interoperability

Y Between disciplines
- Systems engineering
- Software
- Thermal
- Electrical
- RAMS

X

Throughout the project life cycle
- Early phases

Along the supply chain - Definition
- Cu_stomer - Qualification and production
- Prime - Utilization

Different levels of subcontractors - Disposal

Similar semantics

Different data models

Different data formats

Different tools
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1. Introduction and objectives — Global System Model

Product tree Failure modes
Systems
Engineering Model Safety
Engineering
Optical instrument Total cost
Coherent and up-to-
date information \ ‘ i

Optlcal Cost
Engineering Engineering
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1. Introduction and objectives

- m

Software Level Data Model Level

Ul ESEP linking & transformation

Integration ; mash-ups : Semantic “ Semantic
Layer Contrib. 1 > ~( Contrib. Sub-Set 1 Sub-Set n

Infrastructure /\ connectors /\ /\ : /\

i mappings

Ontology

mappings
Domain-Specific \/ \/

Implementation Data Data
DST 1 DST
Layer n Model 1 Model n

Integration

MBSE Hub
Layer

MO|} BIED
MO[} BIEP
MOJ} BIEP

Mo|} elep

connectors

<
<

O Elaborate and demonstrate at proof-of-concept level a web-based, federated User Interface (Ul) layer supporting the
engineering data integration and transformation across the space systems engineering lifecycle in line with the Model Based
Engineering Hub (MBEH) concept and supporting the common Space System Ontology (SSO) semantics

a

Lower the barriers for the adoption of the overall MBSE approach for space systems by providing intuitive Ul techniques for
user interaction with formal engineering data
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2. Work logic and deliverables

O WP1000 Analysis
0 WP1100 Use cases and requirements analysis
0 WP1200 State-of-the-art analysis
= SRR: Technical Note (TN) - User Requirements

0 WP2000 Design and development
= PDR: Software Specification and Design Document (SSDD)
0 WP3000 Demonstration

2
Q
X

Software User Manual (SUM)

Evaluation Report

Final Report

Executive Summary Report

Final Presentation slides

[llustration of the activity in one self-standing image

Ca. 5 min video summarizing the main results of the activity

© O O O O o o o

ESEP prototype software
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3. Project team

d SpaceCube - prime / ESEP engineering team G SPACE
C B E

d OHB - providing system engineering consultancy supporting: (( DI IB

O WP1000 Use Cases and User Requirements — contributions to Technical Note

O WP3000 Demonstration — independent (from development team) evaluation through manual execution of

test cases covering the main ESEP prototype features by representative system engineering end users —
contribution to Evaluation Report
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4. Schedule

 Total duration of ~12 months

O Agile approach with early prototyping for de-risking major technology areas

WP ID WP Title May-21 Jun-21 Jul-21 Aug-21 Sep-21 Oct-21 Nov-21 Dec-21 Jan-22 Feb-22 Mar-22 Apr-22
WP1100 Use cases and requirements analysis

WP1200 State-of-the-art analysis

WP2000 Design and development

WP3000 Demonstration

WP4000 Management

KO (T0)

SRR (TO + 4M)

PDR (TO + 6M)

QR (TO + 12M)



5. System concept

Q Major  evolution  of ESEP
G roun d Seg ment im::fa?iiz Data exploration and editing apps Data products
Engineering Framework , —
Tree-based Table-based Diagram-based Wiki /
(G S E F) viewers/editors viewers/editors editors/viewers Notebooks
D Based on IeSSOHS- .Form-bas.ed Relatio.nship Dashboarc.is Scripting /
| t viewers/editors matrixes and analytics query lang.
earn
. . Collaboratlon functions }
O Using different data ——— (comments, tags, ...
management approach read/write [ Documents,
. ] Requirements _ spreadsheets
O Critical Infrastructure | | management tools 'mrft/ cenerste (Coom repor )
aspects relevant also for | [‘acniectural design <:> Central repositories :> _charts, traceability etc.) |
M B E H tools I Search index ( Operations tailoring R
: — DDM.S’ DMs, I data
Operations tailoring files ~
tools (
System configurations
AlV tools @ )
Version history, Consistency
compare & merge checking
Domain Data Models (DDMs) and rules
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6. Main achievements — data model levels

Q

Highly abstract, Generic
Data Model (GDM) used as
meta-metamodel to specify
other Domain Data Models
(DDMs) for various
engineering domains

GDM based on the Eclipse
Modeling Framework (EMF)
Ecore metamodel — can be

seen as reference
implementation the
Essential Meta  Object

Facility (EMOF) metamodel

Allows using ESEP for any
EMF/Ecore compatible
MBSE tool or framework

Multiple DDM versions and
associated Domain Model
(DM) versions supported in

(DST) Domain
Data Models

EMOF Mapping

(EMF Ecore +
constraints)

SSO ORM version

1

A 4

SSO Ecore
Domain Data
Model version 1

SSO ORM version

SSO Ecore
Domain Data

n Model version n
OCDT/COMET 10-2> Ecore
" —  Domain Model
10-25 version 1 :
version 1
OCDT/COMET N D:;(r)r;:iSnEI\SI?Jr;eI
10-25 version k ;
version m

GSEF version x

CDM version y

Y

Data Repositories

™~
SSODDMv1 [

Federated Web Ul

AT

> ssobDMvn

> 10-25DDM v 1

|
TToTooTTTmTmTmTTTTTITTTTTTTT | | Domain Model Web L Domain Data
. ul Model Web Ul
GDM Repository of DDMs and DMs |1 :______‘___________‘ _____
|
4 omvip i Domain Model
i Microservice Inst. 1 |77
. N I i Domain Data
: | Microservice Inst. 1
TR — .
_ . Domain Data
) -Domam-IVIodeI . Model
Microservice Inst. k |« N Crosarvicel N hE

H

¥
10-25DDM v m |

4

Capella version z

parallel - requirements, design, operations

tailoring, verification and validation etc.

v

DMvm.1

DM v m.j

Domain Data Model & Domain Model
Microservices
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6. Main achievements — hybrid data management approach

Q

Combination of technologies
to address different use cases
— no “one size fits all” solution
at system engineering use
case level

Database for consistency,
detailed change tracking /
auditing, migration etc.

OpenSearch Index for derived
models and associated views,

full text search, enhanced
guery support, dashboards,
notebooks etc.

File stores for file
management (binary files,
configurations etc.)

EMF still an option - a

combination of ESEP and
GSEF approach possible in
same solution

File Store

(Git) Global Configuration
Repositories

(Git) Engineering Data
Repositories

Derived model
configurations (JSON
including OCL)

Table frontend
configuration (JSON)

Tree configuration (JSON)
* Backend
* Frontend

]

(Git) Repository X

m
)
o
-
(1]
<
m
)
o
3
o
Q.
i,
(-

N T

|

| conforms to
______ A

: EMF Data (Models) :‘

Domain Model Object
Attachments

Diagram Definitions

Details form frontend =

configuration (JSON)

Document
Generation Templates

Database

Management & Collaboration Data

conforms to

———————————————————————

Domain Model

(Search) Index

derive

h 4

synch Domain Data Derived Domain
Model X —‘ X [omor] Model X —‘
[ | L L) I L
synch
derive’
associate to
Legend:

[] Element applied on EMF Data (Models), using Ecore Metamodel

[ Element applied on data from Index

I Element applied on Domain Model data, using Domain Data
Model data from DB

[ _I Element to be potentially superseded by alternative
implementation in long-term

13
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6. Main achievements — view-based interfaces

a

View-based interfaces - retrieve
only data required for constructing
a specific view, e.g. tree, details
form, table

O Enhanced performance
0 Modularity and flexibility

View data derived on backend
through configurations based on
DDM

View customized in terms of
display/formatting, Ul controls etc.
through frontend configurations

Derived models (especially
targeting bulk-data view support)
constructed based on configuration
and stored in Search Index

ENamedElementDTO

-name : String

i

ETypedElementDTO

-many : Beolean
-ordered : Boolean
-required : Boolean
-unigue : Boolean
-typeName : String

} EStructuralFeatureDTO ]
EAttributeDTO EReferenceDTO
-id : Eodléa‘n' = -contain-ehr fébblean
-type : String -containment : Boolean

-values : List=Object> -dirty : Boolean

-attributes | 0..* -references|0..*

EModelObjectDTO

-className : String
-hasContents : Boolean
-parentUid : String -values
-projectid : Integer 0.*

Domain Model Object (DMO) details form

FomsEage PageDTO<BaseltemDTO> £ oo WTnarage BaseltemDTO
-id : Stnng )
-label : String
—.l MatrixPageDTO
-metadata |1
-references MetadataDTO

’Map<$tring, Boolean> l
I
|

-projeéﬁd ySVt;ing
-itemType : String
-classid : String

«comments

key is: "<source index>-<target indexl?’ REIGtionShip matrix

{

}

"treeTypeConfigurations": [

]

{

by

{

}

thpe" .

"Component",
"labelExpression":

"self.name",

"contentReferences": [

]

lltype" :
"labelExpression":

"children",

"ports"

"Process'

v
’

"self.name",

"contentReferences": [

]

"StepS"

Example DM tree backend configuration

Configurations based on JSON with associated JSON schema definitions

14
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/. Design and implementation

«components
ESEP Software

d Centralized data handling

OAuth2 Requests

.
I ) [ :ESEP Client o] L EsE =
I 3 e =1 :ESEP o]
th rO u g h E S E Data S e er Ce for . e rE HTTP(S) 2 (S) ‘# : Web Socket Dashboards L : RESTHTTP(S)
Service T ‘ :DST MFCs i | L
. . ags % HTTP(S) : g
enhanced |||a|nta|nab|I|ty and =i —
User Credentials OAuth2 Tokens h2 Tokens 4 RESTHTTP(S)
L Data
OAuth2 Tokens uests
Data, A
wT e
= = A : RESTHHTTR(S) AR Can
sUser o :0Auth2 ] 2
Credentials Token - aAuth2Reuests —{ 1
Store Store APl Gatew: yf;.,‘

O Support for multiple Domain ., !
Data Models (DDMs) and I
associated Domain  Models g
(DMs) in a relational database f»‘
(DB) store

REST/HTTP(S)
al

JWT Index D3ta

h 4
. N iHWP‘ZSL RESTHTTP(S] ;Hm:qs‘,i_ RESTHTTP[S) HTTP(S) | :RESTHJTR(S) HTTP(S) | : RESTHTTP(S) HTFP(SL REST/HTTP(S) | : HTTP(S) | : RESTHHTTP(S) |: HTTP(S) | : RESTIHTTR(S)
0 OpenSearch index for derived > P &l | [ ) it i | " a)
p ‘ (ESEP o] = :ESEPDM o] ESEP D: : ESEP =) =] ESEP U: g \
- Collaboration : ESEP DDM Importer View Service Consistency ESEP Document ='| | service L HTTP(S,
| | Service Importer o ey, | | Generation Service Lt
model d jated data " : )
O e S an aSSOCIa e a a T spamybernate HTTR(S) | : RESTHTTR(S) e
TTP(S)
= | HTTR(S) -« I
H | : JPAMybernate L :ESEPData ] 11 eser ‘7 RESTHTTP(S)
VIEWS SUpPpPOr B S index - resTIIRGS) < — -
F Service Lo Data )L
_— J— :ESEP o]
— Search Index
. Rt :ESEP File System - .
 File store for relevant artefacts, ew g S ————
Database = } : Project Configuration (Git) Repository | =] |
b . f. t f. | I L : Configuration Files Y ‘
€.g. pDinary or configuration ties = | ‘
‘ : Project (Git) Engineering Data Repository =7 |
JGit APl T
R LJ : EMF Resources Y |
L APIs based on HTTP/REST T ey = : )
Adapter -
(OSLC/Custom) : RESTIHTTR(S) F it
’._; : Diagram 0 }
[ - osLcicustom Data T o

(

Security based on OpenlD

Connect (OIDC) and OAuth2 | e
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/. Design and implementation

a

O O

Generic Data Model (GDM)
implemented in DB schema covering
DDM, DM, DMO, using MariaDB as
DB management system

OpenSearch used for Search Index
with associated support for
dashboards, notebooks etc.

Backend based on Spring (Boot,
Cloud, Data etc.) featuring service
discovery, client-side load balancing,
gateway etc.

Frontend based on Angular 12 and
PrimeNG 12 as widget library

Keycloak as authentication provider

Detailed design as Swagger APIs
generated form source code

Docker (Compose) based deployment

Context
1 domainMode|ObjectContext
DomainModelObjectContext
+ name: String
1 1
DomainDataModellncrement
+ version: String 1
inDataModel
DomianModel 1
BasaElement 1
d String ﬂ domainModel
+ name: String DomainModelProvider <
1 .
MamedElement description: St + description: String
name: String
FAY
| I |
ypedEl Classifier Package 0. EnumLiteral
ordered: booel. t + instanceClassName: String Urt: String subPackag: | it
Inigue: booleal + instanceClass: EJavaCass Prefix: String t: : Enumerat
lowerbound: in + defaultValue: EJavaObject literals |0
L package superPackag
perbound: int 43 0.7 lassifier
many: boolea ‘ ‘
quired: bool -
Class 1 DalaType
0.% <—ddmCl; Enum
superTypes + abstract: boolean + serializable: boolean ﬂi
+ interface: boolean
1 1
attribute Type
DMO
ferenceType
StructualFeaturs . I )
eeeeeeeeee . DomainModelObject
eab lan =
\1/ [ +id: String | E—
ile: bo
Reference + Class: EClass
- boolea modelObject | | 1 modelObiect
ole

val

lue

referenceValues
|o.
ReferenceValue

+id: String

+id: String

aaaaaaaaa

+ value: Str

attributeValues

0.”

AftributeValue

ing

1
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8.

Evaluation

a

Test cases defined

functional areas

Workshops (WebEx based) for
hands-on execution of test cases by
representative system engineering
end users

along key

Key features evaluated, feedback and
areas for improvement captured as
well as software problems to be
resolved

Relationship matrix

ESEP- Relationship Logged-in  user with | Opened relationship | When the wuser selects the
TC- matrix access to a project; matrixes overview page | ‘Relationship Matrixes’' link in the
0300 overview DM data for the given project-level navigation bar, the
(SE) project in the master relationship matrixes overview
database; page is shown.
Selected ‘Relationship
Matrixes' link in project- When there are no matrix
level navigation bar. categories and matrixes defined,
the user can create a root-level
matrix category such through a
dedicated ‘Add’ button.
When there are matrix categories
and possibly also matrixes, a tree
with the categories and matrixes
is displayed.
ESEP- | Relationship Logged-in  user with | Opened dialog for | When the user selects the 'Add’
TC- matrix - | access to a project; creating a relationship | button in the relationship matrixes
0310 category DM data for the given | matrix category: overview page, a dialog for
(SE) creation project in the master creating a new relationship matrix
database; MNew relationship matrix | category is displayed.
Opened relationship | category in matrix tree
maltrixes overview | in overview page upon | After the required details for the
page; matrix category | category — name and description
‘Add’ button at top of the | creation. are populated and the ‘Save’
page selected; button is clicked, the category is
stored in the masler database
and added in the matrix tree in the
relationship matrixes overview
page.
ESEP- | Relationship Logged-in  user with | Context menu  for | When the user selects the ‘Add
TC- matrix - sub- | access to a project; adding a matrix sub- | Sub-Category’ menu in the
032 category DM data for the given | category displayed; relationship matrixes tree context
(SE) creation project in the master menu on a category tree node, a

database;

Dialog for creating a
relationship matrix sub-

dialog creating a new relationship
matrix sub-category is displayed.

UC#1,
uc#2,
UC#6,

UC#T

Successfully covered -
manual test by representative
end user.

Successfully  covered -
manual test by representative
end user.

Successfully covered -
manual test by representative
end user.

19
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9.

Conclusions

ESEP designed and implemented with the Model Based Engineering Hub (MBEH) use cases in mind — as an
engineering data integration platform

GSEF used as conceptual starting point, but system implemented largely from scratch, based on a
completely different data management approach

ESEP embraces the concept that there is no ‘one-size-fits-all'’ solution not only at a level of a Domain Data
Model (DDM), but also at the level of engineering use cases in general

ESEP offers flexible data management approach, allowing utilization and co-existence of multiple
EMOF/object-oriented DDMs and versions thereof and associated Domain Models (DMs) and versions
thereof - requirements, design, operations tailoring, verification and validation etc.

Primary use case is to have a central DDM based on the Space System Ontology (SSO), but other DDMs
are also supported, fostering MBSE adoption while the work on the SSO is still on-going

20
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10. Next steps

Q

ESEP to be used as starting point for the MBEH development in MBEH consortium where SpaceCube is
primary responsible for technical implementation

Possible (GSEF equivalent) extensions to be considered, pending requirements elaboration and prioritization
under MBEH:

Qg

U 00

Configurable export to Microsoft Excel

Consistency checks

Document generation

Collaboration support

Q

(I I Iy

Ad-hoc discussions

Labels

Push-notifications

Change review support

Formal (ECSS) milestone review support

21
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