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About the presenter

What's your job?

| am a Senior Software Engineer and Project Manager;
Ground Segment expert for AIT and OPS projects at RHEA Group

What do you do?

e Apply and Formalize ECSS Standards
o Architecture Design and Software Implementation

e Conceptual Modelling experience with NORMA, BPMN, UML, etc.
e Automatic code generation and interfacing from MBSE.
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The Project
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PROJECT DESCRIPTION

Who will use the system

This system is expected to be used by

* The ECSS Community

& Public Users

* WG Members and Convenors
#® Secretariat

* Technical Authorities

# Steering Board

* Consulting Experts

# Ad-hoc communities (e.g. Organizations, Project Teams)
* Ad-hoc communities (e.g. Organizations, Project Teams)
# External communities with requirement and

drrumentatinn manarement needs

Q

PART OF OSMOSE

Q

ECSS Revision

Uses examples from ECSS 5B
Medels are coordinated with F

and models reviewed by
OSMOSEWG

members

Eehaviours are modelled in BFMM
=0 code can be automatically
generated while handled objects

Which are the key points?

The project brings MBSE to the ECSS Management focused on the
performed processes by the ECSS community and the information
handled in those processes.

Project is divided in two phases:

* Analysis and Specification
# Formal Specification of the data, processes, behaviours
# Definition of interfaces and user and system
specifications
* Development and Deploy
* Development of the system according to the specs
using automatic code generation from the models and
validating the system

* |mport existing data from ECSS repository into ERMS

Q Q

Formal Methods Auto generation
MBSE used for automatic
generation of code, workflows,
hmis and specification

are ORM modelled
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OSMOoSE and Space System Ontology(SSO)

f 1 project)
- General

e SSO addresses the System aspects of any
Space System (i.e. space & ground segment

& Iauncher)Aexchange
* E-RMS € SSO as a UoD

e SSO is agreed within OSMoSE
* Applies OSMoSE OR

m

pulated.orm

Configured Ttem

[T —— ConfiguredItem

arepresents first version of

figured ftem1 a:
ents first
nfigured item2 that repre

figuration item1 has co
at configure: n1 rep
r directly replaces some col

version if and y if
f configuration item
sents first version of some

Derivation rules in notes

Concept Custom
Properties

VersionedItem

Documentation

©2021 RHEA Group |

Public | E-RMS

[current]

| |previous|

Commit

[commithsa]

September 15, 2021



Conceptual Data Modeling

e Captures the semantics, i.e. the “WHAT“

* Integrates each stakeholder’s semantics in a global conceptual model solution

e Supports the exchange between stakeholders by

* sub-setting the global conceptual model with the needs of each stakeholder, i.e. producing
local views

* enabling exchanges of shared semantics by mapping the stakeholder-specific conceptual views
requirements architecture design

information

5% l N
RHEA
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Conceptual Data Modelling

* Sources = ECSS-D-00B, ECSS Repository, ECSS Steering Board, OSMOSE Models, ECSS Master DB
* Methodology = Fact-Based Modelling = Object Role Modelling (ORM) Technique - NORMA tool

Represents Benefits

Data Relationships Automatic Textual verbalization of the model (in natural but formal text)
Business Rules Glossary management of the schema

Semantic Checks Population of the model
Derivation Rules & some calculations Code generation (to logical and physical levels)
Diagrams export

*  Working method
* Define the UoD to be modelled
*  Extract Data Concepts from processes
*  Look for examples in ECSS repository
*  Model in ORM the involved information and cross-check with existing models (if any)
* Raise questions to ECSS SB
* Update Model, if needed.
*  Review model with ESA and Cross-check OSMOSE WG
*  Enhance model with metadata (via custom properties) for automatic doc/code generation

7 ' o
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Conceptual Data Modelling

= Annotation

p— Resulting Models in 34 ORM files: -
R * ECSS Concepts = 36 root concepts e
- Change Request Disposition « Some concepts are merged (e.g., DRR, RID, CR) . P,D::t
B * Generic shareable entity and value types cross- '™
~ [ECS5 Document States UOD = Note
o e Refactor the M-ST-40 Foundation Model of -
o OSMoSE WG -
* O e All ECSS concepts are instances from Foundation - Trpact Anciysis
- EARM model
s * Provide a Version Control Model for OSMoSE
. e aligned with OMG SysML v2. submission
e « Conceptual model of the HMI concept
- At * Conceptual model of a business process workflow

= Report
= [Chapter
= Community

* Dedsion

* DRR

5% |\\
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Conceptual Data Modelling

ReleasedECSSNe orkItem * k :_ tesOfMeeting

4summarises the discussion of

[comment]

__________

"NWIPreliminary}

EERUETE Report is issued for LL after DIA docurment publication.
For each DIA document, at most one report s issued for LL after that DIA document publication.
It is possible that some report is issued for LL after more than one DIA docurmnent publication.
Report i issued about WG work after DIA document publication.
"DIACorredtiveAdion” is agreed For each DIA document, at most one report is issued about WG work after that DIA document publication. | B———
It is possible that some report is issued about WG work after more than one DIA document publication. ingTitle ’I
@~ DIA preliminary vote is positive for publication.
[parent] comrectiveAdtion] In each population of DIA preliminary vote is positive for publication, each DIA preliminary vote occurs at most once.
[disagreementRecord] @ . defines ... in order for publication DIA preliminary vote is neaative for publication.
is flown down to F=| In each population of DIA preliminary vote is negative for publication, each DIA preliminary vote occurs at most once.
oub For each DIA preliminary vote, exactly one of the following holds:
o that DI1A preliminary vote is positive for publication;
-Is generated fmm_ aj‘teﬂ‘“k a that DIA preliminary vote is negative for publication.
g o DIA preliminary vote is justified in rationale.
iz accepted for publication + . -
: Each DIA preliminary vote is justified in at most one rationale.
. L o It is possible that more than one DIA preliminary vote is justified in the same rationale.
@_— |i - «__isissued for LL after .. publication +DIA document is accepted for publication if
has / i [ PIADocument it is not true that (that DIA document is involved in some DIA preliminary vote that is negative for publication).
- ' In each population of DIA document is accepted for publication, each DIA document occurs at most once.
*DIA document is not accepted for publication if and only if
- it is not true that (that D14 document is accepted for publication).
. _— tve|  In each population of DIA document is not accepted for publication, each DIA document occurs at most once.
«_.. s issued about WG work after ... publication I DIA co”_ecth ap::tlon is agread. P P
u {0.}
In each population of DIA corrective action s agreed, each DIA corrective action occurs at most once. halRank |
"DIAPrelimjnaryVate” Report is generated from DIA document after lack of agreement in corrective actions. J
is positive for publication ¥l  For each DI document, at most one report is generated from that DIA document after lack of agreement in corrective actions.
f bl " It is possible that some report is generzted from more than one DIA document after lack of agreement in corrective actions.
C is negativefor publication For each DI document, e leTtem
“"votesforpubli that DIA document defines some action in order for publication if and only if that DIA document is not accepted for publication.
e v — *DIA document has not agreed corrective actions if and only if
' { Rationale [ that DIA document is involved in some DIA corrective action
stified rmmmm————t 'where it is not true that (that DIA corrective action is agreed).
IS Justitied In
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Process Modelling

Goal—> Formalization of processes performed for ECSS doc management
Sources = ECSS-D-00B & Interviews with ECSS Steering Board
Number of Processes = 24 High Level Processes

Methodology:
Analysis of the D-00 Document
Cross-check the process diagram (sub-chapter 2) against description (sub-chapter 3)
Raise inconsistencies, missing information, ambiguities
Model the understanding using BPMN
v' Identify conceptual data objects and relations = They will have to be modelled in ORM for the model integration
v" Model the process with different granularity levels = From black box approach to atomic ‘tasks’
v' ldentify ‘repeatable’ tasks between processes and define ‘reusable’ parametric tasks
Discuss the model with the ECSS SB

Update the model, if needed.

L Conceptualize the definition of processes = ORM Model of the applicable BPMN Element Subset

O Results
O 60 Raised CR
O 77 BPMN Models for 24 processes
O Model Sample Population of the Drafting Process in ORM compliant with associated BPMN models

g
g
g
g
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Process Modelling

Start: -

Participants: ES,NWIP originator, TA Rep, TAAR, TA

Inputs:

Mandatory: Completed NWIP

Qutputs:

Approved NWIP, Updated list of candidate NWIP for WP, Updated WG member list

Defined Timeouts:

CheckNWIPTaskTimeout, EndorseTaskTimeout, RegisterTaskTimeout, VoteTaskTimeout, CollectT
askTimeout, EvaluateTaskTimeout, RecordTaskTimeout, WaitTaskTimeout, WGMemberListApproved
Errors Thrown:

TaskTimeoutException, WGMemberListApproved

5% |\\
R
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IF12,

Start: I/F-12

Participants: ES,NWIP originator, TA Rep, TAAR, TA

Inputs:

Mandatory: Completed NWIP

Outputs:

Approved NWIP, Updated list of candidate NWIP for WP, Updated WG member list
Defined Timeouts:
~| CheckNWIPTaskTimeout, EndorseTaskTimeout, RegisterTaskTimeout, VoteTaskTime
out, CollectTaskTimeout, EvaluateTaskTimeout, RecordTaskTimeout, WaitTaskTimeout,
WGMemberListApproved
Errors Thrown:

TaskTimeoutException, WGMemberListApproved

: NWIP

Processing

4.® 1/F-01 trigger

WGMemberListAp  TaskTimeoutExce

proved

ption ™
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TaskTimeoutExce

WGMemberListAp
proved
Rejected NWIP
S
Pt : : -
tna - VoleTaskTimeout CollectTaskTimeo : luateTaskTim : l :
il : eout : v
heore Consensus? : AV NWIP approved? WaitTaskTimeout
e f2) C :
.ot :
Recon Distribute : Yes Distribute TA Wait for
oo Vote NWIP Collect TA vote Results T decision confirmation
I} : :
g ) H Request TA for : :
O . : decision \y/ : H H
TA position & : : [
comments [ T T H -
l Individual TA HE I TR Decide on NWIP : .
P member position R : : RecordTaskTimeo | @+
& comments : : ut T
 Transferred NWIP : -
: No : ot
H  No Yes : Record NWIP as H
Approved for X — X = candidate for :
H transfertint to : \/ : ECSS WP HE
: other SDO? . H H
H ' Approved for : g [
: Yes H ECSS B H H
H : developing? : :
List of WG
member

Approved NWIP List of NWIP

: candidades

rion.

7.5 TM processing, ™
8.1 Control of TFs,

9.1 Feedback-CR,

9.3 Feedback — Ing board/FF,

11.2.1 CCSDS NWI,
11.3.2 IS0 project participation
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Orthogonal Model Consistency

iz defined in

) s
| R ————
Process
{(UniversalUniqueldentifier)
i: ProcessName ] T
ahas ‘
== o

contains | is part of

(d BPMN Subset modelled

in NORMA
. User Tasks can be
performed through HMIs

HMIs modelled as well in NORMA
* Independent on the impl. Technology

Q

data types as in CDP4/COMET

L Objects involved in the process/HMI also in

the ORM model
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Using custom code generation algorithms for

is exacuted before [ is executed after

sources sources

generates

Ontology

— Description
- (DescriptionT ext)
is described by [ explems
— g pmmmmmmmmmm———
‘T ProcessNodeName | 1 3
______________ P
has \‘*f‘v
LY
[ has %
| 1 ] kY pmm————= \
b 1 HMITitle |
emyedls N | S J
1Y
has Y
— J— \
{ T 1 HumanMachineInterface

is realized

... applies ...

pm————
1

1 InterfaceAction

[P p——

) | |
is displayed according ‘t\o
)3
D
"’
[ T 1

[before] T T | [after]

— e—— .
- HMISchema ) T ] | Content !
is expressed by
y | |

is compliant with

UuID
exposes
tonavigateto... N, {'Read-Only', "Write-Only', 'Read-Write'}
....... \ [T ] { DisplayMode‘:
----_-al is displayed in T
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Orthogonal Model Consistency: Link points

ey

Sign Up

Content :

T

=| | = _ ® , seoesedty

is compliant with

;"': IM!I’ 2

=] :n [before]
.. applies ...

1 1 | [after]

to navigate to ...

{'Read-On\y', "Write-Only', 'Read-Write'}

[ro——

Bt
b

Lo it

TA Rep

o) = = o)
= &2 (lominate W6 fo 2 contim &
c . é“"ﬁ""t members and " Propose WG | document type ﬁ;rf ""?"E'“‘D'gg
xpress pasiion ki commit convenor ECSS/Other e
resources )

% A

*Not real mockup of the project
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Requirement Specification

<.

Mgmt.

Spec Format

Vendors

populates

Identified

Textual Format s

a

ECSS D-00
Processes

/ ECSS

Conceptu

Model Format 21 Dats

generates

57 . N
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/ ESA

Security

o
Specification req.

DdocTemplates

ECSS and
data req.
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- Change Requests Population Samples
Models EE- =

Conclusions —— =9 |- =

=i  Miner w e : @
o © Tl 2 o 0 2
T ~ High L) 0 4
2 Medium w0 2 12
/ ~ Low 12 0 2 16
b o [ P O Routine : o o 2
Total Unique lssues 50 1 v s

e IE=r S 7 e 3105

LA = Dot s ==
RHERA nekonsut | | THER RHER DeKasult

.

7 4

E-RMS - Conceptual Data
Wodel

E-RMS - Software
Requirements Specification

E-RMS

ECSS Requirements Management System

175

SW Deploy &
SW Testing Distribute

SW Development

I\
RHEA
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Reach The Team

We love questions and feedback - and we're always happy to help
lere are some ways to contact us.
ESA Contact E-RMS Specification Team
. . i .sal h . +32 1048 72 32
E-RMS ESA Technical Officer (2525 S L] T = e T
Alex Vorohieyv a.vorobiev@rheagroup.com +31 71 745 0000
sy ele i il Hans Peter de Koning hanspeter.dekoning@dekonsult.com

+31 71 565 3222

5% |\\
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