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OBJECTIVES AND SCOPE

/To develop a methodology and process for the exchange of model-
based information along the customer — supplier chain.

/To develop a software solution for the exchange of model-based
information along the customer — supplier chain.

/To develop a software solution for model-based review and early
verification of requirements

Space System Ontology Workshop - June 26th 2019 3
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EUROPEAN SPACE AGENCY NEED

/Move from document centric to model centric information exchange

/A platform that facilitates model-based information exchange through
the project life-cycles between:

/ interdisciplinary / multifunctional information exchange
/ multiple stakeholders (e.g. ESA, LSI, subcontractors)
/A platform that supports traceability through the project lifecycle

/ Support technical oversight and formal review process

Space System Ontology Workshop - June 26th 2019 5
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DOCUMENT ORIENTED VS MODEL BASED

/ Conversions of model data to documents

and vice versa has the following down Lo ot fomaton o COnW Iformaliks o orghal
- Informal information exchange via requirements
1 . documents - Textual justification but no trace to
sides: designiverification requirements

Requiremep{s _

Review
- Informal documentation of results
=> to be fed-back into Agency/LS

/ Same information is repeated in different
documents,

environments
- Impact of requirement modifications
not traceable

/ Inconsistencies due to lack of configuration Supplier
control,

/ Difficult to navigate between documents,

/ Tracking of evolution, changes, and overall

. e rre Reintegration of Updates
status is difficult - Manual work
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/ Navigation, Inspection and Annotation (review) of Engineering Data coming from

deliverables in a model-based fashion

Functional Architecture

Func. Function
Breakdown Interfaces

Requirements Logical Architecture

Product
Structure

Physical Architecture
Properties /
Categories
Traceability
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SEVERAL DATA MODELS HAVE BEEN ANALYSED TO SELECT THE BEST

F O R M A RV I_ EGS-CC Range DB ETM-10-25 VSD SVTLC - System |SVTLC - Simulation
Version 1.11.3 1.45 0.00 201 400 6.0.0
Cntena
Product Structure
DU Pattem X
. . DUO Pattern X
/ No model satisfies EECIR D X X X
I d Requisments I X X T X X ™ bad
all neeas
%  [Monitoring & Control X X X X coverage
3 [Funct. Electrical Architecture X X X X \ X
/ Merge models to o
& [Operational Concepts X X X X [
have Optl mal Funclialna\ Decomposition X X X \\
good
covera ge Verification X(FVM) X| | C X T X starting
|
Properties / Categories X X‘ \ not in DME model; X X (but not QUDV) point,
'I \ other level missing
@ |Available in DME \ x| | X X X concepts to
=
3% Mat 'tl i 13 | \ i i l \\ tud tud tud FIETLEEE
atunty In us| / In use In us stuay stuay stuay
[ | | | Req. +
Remark DUO patterns are Verification
explicitly modelled
in a lot of structuges
— I best
not available in
bad DME => high bad N
t,0
ffort for ut,
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MARVL — DATA MODEL

The MARVL Conceptual Data Model is based on multiple available models to provide coverage of
identified engineering concepts:

/ ECSS E-TM-10-25A
/ VSEE (Virtual Spacecraft Engineering Environment)

/ EGS-CC (European Ground Systems Common Core)

Space System Ontology Workshop - June 26th 2019
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MARVL — COMBINED MODEL INSPECTION

N p

@ @.@ , @
e @ “on”
@ e @ \.—

Requirements . Functional Avionics . Physical Architecture
(ReqlF) 1 (Capella) | (Native CIP)
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©Home | METOPSG/S4 | PhaseA /| SRR-1 / MOS Requirements SRR 15022018

WEB APPLICATION

Mos
REQUIREMENTS SRR
15022018

Information -

ReqiF Conversion

Requirements -

REQUIREMENT REQUIREMENT

8 8 (COMPLIANCE

Verification +

Physical Architecture -

PRODUCT TREE CONFIGURATION ASSEMBLY TREE - SHELF
-—  TREE -
—- -
--— -_

Functional Architecture

FUNCTIONAL

;.5 ARCHITECTURE

Logical Architecture +
Operational Architecture +
Budgets -
MASS BUDGET
)
v
3D Geometry +
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WEB APPLICATION

Product Tree for Engineering Model: Output-cdm-srr

Hydrazine tank

LT
Propulsion Thermal Kit

-

-~

FDHT Q

-,
Mechanical-Thermal Isolator

-,
METImage-Hamess

-,
3MI Electronics Module

-,
IASFNG OH

-,
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WEB APPLICATION

------ e e Satisfy Trace o= .
e [ T—

Requirements

Comman intermation
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Magetor| 0| Predunt Structore |, Contert of: EMPADLD
= Context of: KM_PAD_1.0
RCP SUPPORTED PLATFORMS T

/ Java 8/64 Bit runtime
/ Windows 7/10
/ Mac/OSX

/ Linux (tested on Ubuntu)

i deliverable 2: Celiverable Type with AL
* | Data Package Publications
+ 4 Enginearing Models
# combined Engéineering Models
T Milestans [Jun 20, 2017)
A Review (Jul 1, 2016 - Oct 31, 2016) [CLOSEL
4 Review [Jul 1, 2016 - Oct 31, 2016) [OPEN]

T Midestone 0062007}
4 Review 01053017 - 05093017 |t
4 Peview (01.07.2016 - 1110.2016) It
A, Feview (D107 2006 - 51.10.2018) [

11 Phase & [OPEN]

Phate AR [OPEN]

| Phase B [OPEN]

M) Phase C [OREN]

Phase D [OPEN]

s Gar

vy

Oeliversties
Deta Peckage Pubbesbons
(0 Enginwering Messeh
o [l Output-cdm-mechanical-
1 Requrements

- Prechect Staucture
[ Ewctrical Model
i Functional Architectun.
[ Cutput-edem ehermal D2 |
B Gutput-cdm thermal-0- 3|
I Ctput-céon-thermnal-D- 30

o oo oor TemanConfiguition [ TlerantDefnition
B uvNR O = = . :
| S Combined Enginering hodel | I Proparies| laf Annotatioes | /) Analyus | @8 Trace View| o Scheduled View| ) Rackpreand Operaticas | =8

Semantic fiker Show A1
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Data Continuity

MARVL CIP FUTURE

Requirements Design Verification

=E Capella Data Data Data

DOORS

2
2S CATIA

Adapter Layer

Adapter Layer

EUROPEAN COOPERATION

FOR SPACE STANDARDIZATION

Data Continuity
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SPACE MISSION SYSTEM VIEWS ﬁjale\n\

* A Space Mission Design can be broken down along 3 main planes (views):
*  Problem statement “plane” (requirements)
*  Functional “plane”
*  Physical “plane”

* In-Plane & Out-Plane Relationships

\ 4

Importance of defining Standardized Semantics for

each “plane”
\ 4
ECSS Glossary of Terms

ECSS-E-TM-10-25A

Space System Ontology Workshop - June 26th 2019 18
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EMGNEEIGL THE WORLD WITH YOU

* Based on ECSS Glossary of Terms we assign for each of these System
“planes” a Categorization and a Hierarchy Decomposition

* Inside each plane, based on ECSS Glossary of Terms we establish
hierarchy + relationships.

e Qutside the planes, based on ECSS Glossary of Terms we establish
relationships

Requirement Tree
Breakdown
Sets
Specification |—>| Requirements |
REQUIREMENTS VIEW

Z-axis:
Traceabhility

>
/& Y Plane:
View development
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ECSS-E-TM-10-25A e

Need for a model and tool that is capable of:

* (Category Creation
e (Category Browser

¢ Element Definitions

* Element Usages Build

e Decomposition Trees Implements a * Super Category
these 3- categorization Definition

VIEWS with these
elements
elements

* Requirement Specification

Build &
Parameter Visualize e Relationship Creation
. Creation & Relationships i
e Parameter Creation Application A * Rules Creation

e View: Relationship
Matrix

‘ DATA REPOSITORY

e Parameter Subscriptions elements

21
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CDP4 — SEMANTICS & ARCHITECTURE RHER

A strength of ECSS-E-TM-10-25A and CDP4/0OCDT is that they allow for a flexible Modelling Architecture
or Methodology using categorizations and rules

Main Category is applied to give significance of Hierarchy to each of the
elements: Functions (FUNC), Subsystem (SS), Equipment (EQT)...

A Secondary, descriptive category is applied so that it can be used
transversally to refer to a specific Domain of Expertise: AOCS Descriptor, Power
Descriptor... with Descriptor as Super Category

Agreement between organizations can be -

formalized using reference data captured in - L REQUIREMENTS VIEW

Reference Data Libraries: QUDV, categories, rules \‘\‘\\ I -
PN S el Tronciontronc) |

FUNCTIONAL VIEW

~ -

\
PHYSICAL VIEW
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Descriptors

Products

Functions

[ECSS decomposition]

ELE
EQT

SEQ

) OR ) OR ANDQ
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CDP4 IMPLEMENTATION

Use of relationships to model and perform requirements verification

| Configuration

|

Saved Configurations

MER[E=N

X Axis
Type: Reguirement -
Categories: RequirementsMission De.. ~ AND =
Include Subcategories of Selected
Display:  ShortName -
Sort Order: | Ascending -
¥ Axis
Type: ElementDefinition -
Categories:  Design Drivers - AND -
Include Subcategories of Selected
Display: MName -
Sort Order  Ascending -

Rule

Relationship Configuration

-]

Drives Relationship

View Options

Show Relationship Direction
[] Show Related Only

/

Thing type Selection

Category Selection

Rule Selection
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DeltaV
Allocation

Launch Vehicle

Nano Particles
Handling

Number of
Collisions
Orbit Design
Repeatability of

the
Experiments

Deprecated

Mis-010

MIS-020

MIS-030

MIS-040

MIS-050 |
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ENGINEERING THE WORLD WITH YOU

MIS-060

MIS-070

MIS-080

MIS-300
MIS-400

g2
= 3 . .
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e Complex System Modelling allowing for flexible and DoE-Oriented visualization
=3
l“ . |
235§ 8% 8§ 3
S 8 8 3 & S 5 & 8/ 5
]| E E E 8§ £ E E £ = =
DeltaV
Allocation
——]ﬁ,—”—| [—L,_lf_,_lI_H_J Launch Vehicle _T _f
— ——— —— === Mano Particles
|- [' H“,,’ Jl(‘, J |.‘ i E Ha ndling _T
. .n Mumber of
= Collisions _T _T _T _T
Orbit Design g 1
Repeatability of
the g 1 2
Experiments
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Thank you.
Let’s build the future together.

www.rheagroup.com
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