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Project:
« Space System Ontology Development (SSOD-GMV)
« 12 months activity (KOM: 29" October 2020)

Scope: | . 5

1. UoD Functional Description g part [@ v O] [Tha[es e O] [(‘:EHB .]
DEFENCE & SPACE s SONICE

2. UoD Architecture/Logical Description ’

3. UoD Physical Description

Consortium:

ESA — Serge Valera (Technical Officer) and Quirien Wijnands
GMYV — Main Contractor
Airbus DS, Thales Alenia Space, OHB - Subcontractors
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Overall System Modelling

-OSM 0SE;

For Space System Engineering

Main concepts to address

1. UoD Functional Description gqyc part

« Function

» Function tree, functional categorisation, functional architecture

« Function port, functional exchange, functional chain

- Component, component actor, component port, component exchange

- System, system function, system functional exchange, system functional chain, system actor

2. UoD Architecture/Logical Description
«  Logical function, logical functional exchange, logical functional chain
* Logical component, logical actor
3. UoD Physical Description
«  Physical function, physical function exchange, physical functional chain
« Hosting component, physical port, physical link
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Overall System Modelling

-OSM 0SE;

Conceptualisation

For Space System Engineering

« Language and tool:
« ORM — Object Role Modelling
« NORMA Pro

*The Reverse Engineering of the Capella model is used as starting point c.oying implementation specifics and injecting semantics)

* Modelling Approach:
« lterative process — every stakeholder viewpoint is injected in the model
« “Global as a Whole” and “Locals as Views”

» Drivers:
« The utilisation of the Ontology must govern its development
« Based on use cases (real interoperability scenarios)
* Inline with ECSS-E-ST-10C + Change Requests (issued as needed)
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Overall System Modelling

-OSM 0SE;

Process

For Space System Engineering

1. Inputs gathering:
+ ldentification of what is exchanged without considering the names, ¢ o gata produced for a specific milestone
* Real examples are used, ¢ 4 Fynciion Tree

2. Assessment:
« Examples presented to the consortium in weekly Working Sessions
 Identification of how other companies represent the same concepts
« Agreement of the best conceptualisation approach considering all views

3. Conceptualisation in the ORM model

4. Review of the ORM specification \orua) @nd the requirements specification orgpor)
 Internal review to confirm that the final conceptualisation is acceptable to everybody
 Review by the OSMoSE Governance group + MB4SE Advisory group o siarieq)

* Review and acceptance by the OSMoSE Design Authority group (not started)
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Main challenges

Overall System Modelling

-OSM 0SE;

For Space System Engineering

« Focus on WHAT is exchanged
« Address the level of detail needed by the exchanges
« Information is not always generated from tools, and Excel, Visio,... are used instead
* The real engineering information/artefacts defined in a document are not obvious
« Clarify and detail what is exchanged
« Exchanges informally defined today (e.g. communication means without formal semantics)
« Terms are not used in the same way by all partners involved
« Same terms used in a different way
* Avoid being biased by any MBSE methodology/tool, ¢ ; ay information needed by an authoring tool is not exchanged
* Reach consensus
* The Ontology shall represent all needs 4 communities shall be represented)
 The same artefact exchanged is not always represented in the same Way c..1ions and naming)

- The alternatives shall be analysed to identify commonalities and variabilities

* Allthe elements opiect ypes, fact ypes, constraints) CONCEPtUalised in the Ontology shall be agreed by all parties
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The Static View of the Functional Description

Here are compiled some examples for
the Static View of the Functional Description UoD
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Function Tree

Overall System Modelling

-OSM 0SE;

ECSS-E-ST-10 requires exchange of Function Trees but each LSl interprets differently what a function tree is !
Definition: hierarchical breakdown of a function into successive levels of function
Function Trees examples produced by Thales, Airbus and OHB were analysed

» They are compliant with the ECSS definition
»  Their semantics differ !

For Space System Engineering
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Function Tree

Examples of differences:

Overall System Modelling

-OSM 0SE;

For Space System Engineering

- Definition of a single Function Tree vs. several Function Trees

- Functions repeated in different nodes (meaning that the same function contributes to the parent function) vs functions not repeated

- Only functions are included vs. categories can be also defined
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Overall System Modelling

F t u T
Unctio ee
For Space System Engineering

All stakeholders have agreed on a specification of the Function Tree concept (expressed in ORM), compliant

with the E-10 definition:
» all function tree nodes are functions;
» functions can be reused, e.qg. if a function is performed by an off-the-shelf product;
» exchanged function trees must be fully defined, i.e. all functional nodes must be exchanged.

In order to specify what a Function Tree is a definition is not enough.

» what are its constituent parts?
» what are the relationships with other concepts?

<

+ THE EUROPEAM SPALE AGEMCY

— 0l bw c= ™ 4 I W = T Il D - 2 == B BN " 22 E1 S o= im ¥



Overall System Modelling

Function Tree

For Space System Engineering

Example

T
root node | - | | |
21000 o 23000 2.40.00 25000
Genierate power Protect Power Condition power Distribute power d
I il i nodes represent
| | [ | N .
11100 21200 23100 24100 25200 25300 f t h
Deploy the solar Rotate the solar 1 Sti.ril‘g\fer F— Protect against Provide required m:{'i‘;ﬁfm Distribute 1o Pravide discharge u n C I O n S V4 a Ve
arrays arrays P over-current voltage level spaceeraft payload management
T T [{uniregulated] T d
names an
21110 21.2.1.0 S harie bath (—frotect against shart T T T Ead
I Provide saba | || Drive Solar Array bl ot circults Switch power i n u m be rs
actuator-electronics or
function tree nodes — s
22210
| | Referto function S - | | Protectagain Power
6.3.1.3.0 (Deplay Sa| —B.4.3.0.0 (Determing| ds of loads de
wing) solar arrays paths L 2,_5.1,2.0 e
orientatian) S | | Provide MGM
. s pawer supply via
anary ACM module
21130 management 234.00 2
—  Cammand solar | | Protect against
arrays deployment electrostatic
yeslspl 223.00 discharge 25130
— Provide battery |_|Pravide MTQ power
canditioning supply via ACM
23500 picidiie
: 224.00 || Protect against the
Monitor power level propagation of
rESOUFCEs. failures
hierarchy represents
I e a f n O d e S Protect batteries b kd

23610
Protect against
overcharge

23620
Protect under
voltage
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Function Tree

Model: essential fact types

“hierarchical breakdown

hierarchical breakdown
(tree structure)

™~

... is parent of ... at ...

[parent]

Overall System Modelling

For Space System Engineering

4

of a function into successive levels of function”

FunctionTree
Function tree has root function tree node.

Each function tree has exactly one root function
tree node.

For each root function tree node, at most one
function tree has that root function tree node.

has root-

[childl]/ﬂ.!\{ FunctionTreeNode ]
3 -

has explicitly- specified

1.
/ maps to
number that : I :
- Function tree node maps to function.
facilitates exchanges Each function tree node maps to exactly one function.
It is possible that more than one function tree node maps to the same function.
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= 11 bm c= ' 4 I W = T" Il D i . Bl 1] " 22 B2 & = im I¥l 2 THE EUROPEAN SPACE AGENCY



Function Tree

Overall System Modelling

-OSM 0SE;

For Space System Engineering

Model: additional fact types, derivations and constraints to ensure full consistency of the population

*Function tree contains function tree node; if
and only if
that function tree has that root function tree

node;
or contains some function tree node, that is

FunctionTree
has

Lontains / belongs to *

parent of that function tree node; at some
ordinal rank.

‘~~-.Q‘f
— “
... is parent of ... at ... °®

[pare.nt] I has preferred- *
[child}”] L FunctionTreeNode ]
4 I —
a 1

has explicitly- specified

{1.}

( FunctionTreelLeaf * )

maps to

*Each function tree leaf is by definition some
function tree node; where it is not true that
(that function tree node, is parent of some
function tree node at some ordinal rank).

For each function tree and preferred function
tree node name,

at most one function tree node belongs to that
function tree and

has that preferred function tree node name.

*Function tree node has preferred function tree
node name; if and only if
that function tree node has no explicitly specified
function tree node name

and maps to some function that has some
function name that is that function tree node
name;
or that function tree node has that explicitly
specified function tree node name;.

i _\‘_

— 01 e c= ™ 4 I W = " I Il — — 2 == EH 11 T :=

— R L] + THE EUROREAN SPACE AGENCY



Overall System Modelling

-OSM 0SE;

For Space System Engineering

Function Tree

Function tree vs. function hierarchy: the function tree can be a subset of the global function hierarchy (we are not
forced to share from the root), but is driven by it.

Function

[ FunctionTreeNode } El:

[parent] [parent]
... is parent of ... at ...

function hierarchy

/; (also tree structure)

hierarchical breakdown [child]

(tree structure)

[child]
‘r directly contains / direclty belongs to

If some function tree node, is child of some
function tree node, at some ordinal rank

and maps to some function, then that function
tree node, maps to some function, that directly
contains that function,.
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Overall System Modelling

Functional Categorisation ,,iher viewpoint

| |
OSMoSE differentiates between the concept of Function Tree and the concept of Functional Categorisation
» Discovered while discussing the Function Tree concepit.
» Exchanging taxonomies of functions is considered convenient by the primes.
ﬂ_\\_
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Functional Categorisation

Example

functional

categories

root
functional
category

~ — = =B 1.2 Acauire housekeeping data rom Payfoad |
~ ~ =113 Acquir data romthe Payosd,
~1.4.Control GCE atlaunch,

® Opute e pagoada- — — = =

— —=1H36.1. Execute force command
— —= 352 Execute torque command |
= 3.3, Execute mobile compoenent orientation command

@25, Execue acuston P~ — = = = =

| @ 4.1 Setup fail perational behaviour

. ®ozvetecraire®

Densure for A~ B o3 Report Failure Detection & .
® 0.4, Execute Isolation and Recovery acons @
@95 Erecte recovers mode ® '

- 11311, Acquire inertial atitude.

= 312 Acquire spacecratrates |
= 313, Acquire sun direction | «

B3.1.Determine atitude estimation ©— = =

Overall System Modelling

e Sub Categories For Space System Engineering

~{H314 Esimate atitude _
3.2.1. Acquire spacecraftacceleration |

! il ®32 .
- 18321, Acquire spacecraft position on oroH .

— 01 b= =

= N 1w = 1100 =

1231, Genorate generic attude guidance laws -

{21332 Generstesiew guidance laws -

161333 Generatesiew guidance laws .

1£13.3.4 Determine brighttargets avoidance guidance aws -
1£1335. Generate launcher separation phase guidance laws .
1326, Determine MGA orieniation guidance faws

164337 Determine Reacion wheeis ofioading guidance laws ©

@ ensure spacecrat atituge and arit conrol 7 —= "®33 etemine atiuse gudance

1£3.43 Schedule action
£3.45. Launch atttude commands

(£3.45. Launch orbit commands

(3.4 Execute Attitude and Ordit Control

££135.1. Determine force command,
£1352. Determine torque comand
£33, determine mobile compon

B35 Determine actuation command

M 4.1.1. Encapsulate telemetry data |

41,2 Route telemetrydata ||
151413 Modulate telemetry data
[l 4.1.4. Ampity modulated signal |
~{H 415 Transmit modulated carrer

41 Transmit Telemetry B— = =

— = Hl421. Receive modulated carrier |
— — ~MH422 Democuiate signal |
~ (#4223 Route command signal

® 42 Recone Ttecommans

B ManagePlatiorm

43 Execute ranging |

~= 431 Transpona x-vand carrers,
~ 7.1, Ensure pointng perormanges ©

7« W 7.2 Ensure launcher interface 2
- W 7.3. Ensure spacecraft stifiness

= = H87.4 Fier taunch loads to paytoad and SVM units,

{®nsure spacacrat mechanical and e
75 Fiter microvoration foads i
<876 Protect sensite unis from raiatons
1£17.7. Protect sensitve unis flom micrometcorcds .

“® ensure spacecran nermal pedtormances - e

. . ~®02. Ensue mematrequston s

_ = 2.1, Detect separaton fom launcher

Z — ~1822 Switch on unis or sun acquisiton
~ =623 Intiate ground communjcstons .
B2 0epiy modlesutace,

'@ nitalise spacecratt atlauncher separation

©61. Generate electical power
@62 Reguiate elcticalpoyer .
= Be6a swreelecticalpower | |
® 6.4, Ensure slctrical potection
@ 6.5, Distibute electical power .

| "@manage eneroy suopy & -

= HE5.1.1. Iniialise spacecrat central computer

®5.1 Provise processingacly o spacecat

"~ [E5.1.5. Provide communication senvices (Mil-Ste-1553
— — - Hi53.1. Acquire telecommands
== {H532 Store telecommands

| 853, Acquire and store telecommands |
| Pr—

— = 5.4, Acquire and store platform units data

functions

A_NOT ALL functinne
- NOT ALL nodes are functions
- Functions appear only once
- Tree = Functions have only one
parent
- Possibility to use several
—crassifications

hierarchy represents
classification

nodes have

15,42, Encapsulate data |
544 store gata |

S ®55.Acaute andstore Payoadunts data )
N ® 56 otractand send scignce and HK data.
®57. Exeaute commands. X
s ~®55. Generate and distrivute tme refgrence ®
| @53, Propagate on-board epnemeris.
®5 10, support Ground testing and capfiguraion. @
HH5.2 Execute immediate commands

— - 101, Load new on bosra sofware images,
.H- 102 Execute test of stand-by ressources
~ = H210.3. Upload new spacecrat configuration data

names and
numbers
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Functional Categorisation

Model: essential fact types

Overall System Modelling

For Space System Engineering

classification of function
into successive levels of
functions or functional
categories

( FunctionalCategorisation } { )

Each functional categorisation has exactly has root- (7|

one root functional category. |
For each root functional category, at most
one functional categorisation has that root
functional category.

functions are classified by
categories, with an ordinal
rank to improve the

l Function l

common attribute to /

classify functions

... directly contains ... at ...

hierarchy of categories /@

FunctionalCategory

exchange

————
-
- -
-

________ ... directly classifies ... at ...

For each functional category and ordinal

rank, at most one of the following holds:
that functional category directly classifies
some function at that ordinal rank;

that functional category directly contains
some functional category at that ordinal

1.}

rank.
(tree structure)

It is obligatory that each functional category

directly contains some functional category

at some ordinal rank

or directly classifies some function at some

ordinal rank. 4_‘1
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Overall System Modelling

-OSM 0SE;

Conclusions

For Space System Engineering

> All stakeholders can keep on representing their Function Trees in the same way using their authoring
tools.

Interoperability is enabled since all semantics are formally expressed.
Concepts apparently clear hid semantically different interpretations that are now agreed.
Ambiguity has been removed. Functional Categorisation could become a change request for ECSS.

Y V Y V

The use of examples is essential. A graphical representation of the examples is often required to achieve
a better understanding.
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Overall System Modelling

For Space System Engineering

Documentation is being produced for the UoD Functional Description (static part), to be reviewed by the

partners.

Modelling of the UoDs Architecture/Logical Description and Physical Description is in progress.

Documentation of Operational Analysis (coming from Arcadia) is under review.

The group is using ESA’s Confluence pages to support discussions, publish documentation and perform

the reviews.

PAGE TREE

+ Particpants

« Actons - Confluence

« Actions - JIRA

> Monthly Progress Reports

> Minutes of Meeting

> Inputs to Space System Ontology

> Analysis of examples.

> Universe of Discourse

> Skeleton Ueaning

~ Model Documentation

« <Template - ORM Diagram>

+ Overall Introduction

~ Operational Analysis

Mission Objective and Operation:
Operational Entity

Operational Activity

Functional Concepts - Operationa
Tnteractions between Operationz
Communication means between

Operational Activites and Comm:
Operational Process

Operational Process Tnvolvement
Operational Process Tnvolvement

Operational Process - Between C

> Functional Description
+ System Analysis
« Physical Description

£+ Snaee toale -

Pages /... 1 Operational Analysis & &

Operational Entity

Introduction

Operational E s
for the analysis. Operational Entites are involved in Operational Capabilie

Entities must have a name and, optionally, a description and a summary.

Operational Entities can be logically decomposed into 3 tree of sub-entities or Operational Actors, This is done to provide a higher level of

detail if neede

device.), an

2 human being that are relevant

s (which in turn contribute to achieve the Mission Objectives)
sither as users or providers of them. “Involvement” in this context maans *participating in the realization of” the Capability. Operational

Operational Actors are a kind of Operational Entity that usually represent human beings or organizations and cannot be decomposed.
Therefore, Operational Actors will always be situated in the leaves of the tree.

OperationalCapability

Description

ADS Comments

@ Jean-Baptiste Bernaudin
Once more, description and

# Edit ¢y Save fo later

OHB Comments

sentence *..provide with
Operational Capabilites..
not understood. Do
Operational Entities
“provide” Operational
Capabilities or are they
“involved" in Operational
Capabilities?

Meeting #031:

g
reverse predicate
OperationalEntity is
involved in
OperationalCapability
arED
Replace.
OperationalActor by
OperationalHumanActor
5.3 person or group of
person playing 2 role in
the Operational
Analysis.

Related to the comment
above, the “predicate” for

@ Jean-Baptiste Bernaudin
fact type from OPerational
Entity to Operational
Capability could be
“supports”: an
OperationalEntity supports
an Operational Capabilty.

OperationalCapability
direction is missing
involves" does not seem to
be the correct word.

An OperationalEntitiy either
‘provides’ or “is involved

Tas
Comments

© Watching < Share

MV B
Comments
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Questions?

Overall System Modelling

For Space System Engineering
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