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Objective and Context

Definition of a Methodology to capture and define the simulation-specific part of the
System Database for the creation of a Simulation Model from a Real World System.

Reuse:
* across phases
* aCcross missions
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Study Logic

Task 1 - Design
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Task 2 - Demonstration
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Management
Modeling Methodology User Demonstrator Demonstrator Run
Methods Design and Requirements Scoping SW Design + Demonstration
Analysis Core Concepts for Tool Support Implementation Cases
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Modeling
Study Report
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Scope of Analysis w.r.t. ECSS-E-TM-10-21A test facilities
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Detailed analyses of engineering processes
contributing to system simulation
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’ SimDB/SimConf y
SEDB
o - | |
%{ Mode/service mappin, ‘
Operational design pping
4{ Model instances ‘ FTM
””””” ST
. - 1 4{ Model instance parameters ‘
/ ! Model default parameters ‘ e
i ! OpenCenter
Flight procedures

Covered disciplines
Thermal engineering
Mechanical engineering
Operational engineering

g I N Power engineering

******** Verification engineering

Functional verification

System engineering

Equipment Supplier

=
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Challenges within engineering processes contributing
to system simulation

% Dependency chains forming
among several engineering
Discipline Engineering Processes processes
% Challenge to continuously

integrate updates on objects
that serve as process input

% Challenge to provide a
consistent set of simulation
models across the whole
system, across all disciplines

% Usage of assumptions for
Propagate ] . .
processes without having all
Analyze Propagate
Impact Changes

Propagate
Changes

Dependencies

input objects on a stable level
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Definition of Dependencies between Objects

Data Update ?

Reuse:
* across phases
* aCcross missions
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Simulation Artefact Dependency Management (SADM)

= Capturing of the artefacts needed to provide a system simulation
= Capturing of the dependencies existing between different artefacts
% Procedures to manage a dependency

ALY
MCM, manages manages manages
SADM Toolkit
— Depende :
Supplier Artefact v oms T o e o Client Artefact
represents represents represents
. . \ . .
Supplier Object Client Object
Dependency
Real World,
Eng.Tools 7 manages manages

Eng. Tools

Vers. System
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Artefact Dependency Tree Example (TOS)

AOCS
Documentation

TN

RWL ACC

Model Model

N

18/12/2017

Mechanical AOCS
Simulation Simulation
Setup Setup
AOCS Test
Result

\

Data Update ?




AIRBUS  ScopeSET

The Tools Experts

» " aLEONARDO and THALES company ¢ 0\

Generic Artefact and Dependency Evolution Matrix

Artefact Version Number =2
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Generic Artefact and Dependency Evolution Matrix
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Generic Artefact and Dependency Evolution Matrix
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Generic Artefact and Dependency Evolution Matrix
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Generic Artefact and Dependency Evolution Matrix
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Generic Artefact and Dependency Evolution Matrix
Dependency Lock
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Methodology Levels

extractsDataFrom

Type Level

Hard-coded methodology

core concepts S
P Verification

Environment

DesignModel AnalysisModel

instance of

Project Landscape Level extractsDataFrom

Product Tree

Configured artefacts and

dependencies occuring in project Simulation
Product Tree instance of

extractsDataFrom

deploys

Version Level Product Tree 1.0.0 Simulation Product Tree 1.0.0 SVF 1.0.0

Concrete versions of
artefacts and their version-
specific dependencies

Product Tree 1.1.0
extractsDataFrom

Product Tree 2.0.0 Simulation Product Tree 2.0.0 SVF1.1.0
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Ontology used for scoping the problem, and to iterate
quickly on instance and class level

N

isa—"

 PoweerificationEnvironment

e -A-'.’_-_,-‘__\za__— S -
_F_r[flcat\OnEnvlror\m?n.t.'clur_&a___ P .
7 hanicaI\.ferificationEnv\ronment_‘_:)

(owl:Thing be—=2— Antefact )
M 5
\
systemSimulator b

.__\
isa

cecraftConfiguration

N N i

- ~ s - — - ~—

— —isa_ _ ~ . !

4’ < . /

~ J e -

- ! e @ GravitySat_TMM T & ThermalAnalysis
/ s ——

# Correlation_TMM
-TMPN_2016-02-1...

# SimulationResul ‘ { # SimulationRun_G l

# SimulationResul
t_GravitySat_TM...
= = 1 GravitySal_SV... ravitySat SVF 2.
—
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Methodology core concepts

i

For implementation of the
methodology tools, a
Conceptual Data Model (CDM)
of the methodology concepts
was defined

i

Methodology CDM follows the
conventions established in
other data-driven
specifications of ECSS (e.g.
ECSS-E-TM-10-23 and -25)

¢ Separation of specification and
usage levels

18/12/2017
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pendencydefinition
newmod)

B ArefactDefinition
(from artefactdefinition)

dependency

Client [1.1]

- Attributes
o deleted : Boolean [1.1]
o outdated : Boolean [1.1]

H DependencyDefinition
{from dependencydefinition)
- Attributes

|\ definition [1.1]

dependency’

-

Supplier [1.1]

' definition [1.1]

instantiation
i newmocd)

ar versions [0..%]

H ArtefactVersion
(from instantiation)

dependency!

Client [1.1]

- Attributes

EH Dependency
(from instantiation)

dependenc

ySupplier [1..1]

L4 Attributes
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5 Mode!

(from artefactdefinition)

Attributes

7 [>

ke

E ArtefactDefinition
(from artefactdefinition)
Attributes

E AnalysisModei
{from artefac

5 DesignModel

(from artefactdefinition)

Attributes

Attributes

E SpecificationArtefact

Attributes

(from artefactdefinition)

Fa

/
/ \
]l DesignAnalysisModel B VerificationModel El Requirement
efinition) (from artefactdefinition) (from artefactdefinition)
Attributes Attributes 4

7w

A

/

E EngineeringArtefact

¥ Attributes

(from artefactdefinition)

=

E DesignArtefact

Attributes

(from artefactdefinition)

B SystemState

B Assumption

B Constituent

H VerificationArtefact
(from artefactdefinition)
Attributes

(from artefactdefinition)

E Environment
(from artefactdefinition)

3 Attributes

8 VerificationCase H Verification H VerificationEnvironment
\[ tfrom artefactdefinition) (from artefactdefinition) (from artefactdefinition) (from artefactdefinition) (from artefac (from artefactdefinition)
b Attributes 3 Attributes b Attributes b Attributes * Attril Attributes
\ 7 ™~ Vo4 NA
13 -~
\ / / T
/ s
/ B Analysis / B Test
/ (from artefactdefinition) / (from artefactdefinition)
Attributes / b Attributes
H SystemAssumption [ DisciplineAssumption /
(from artefactdefinition) (from artefactdefinition) ]
- - Inspection E Review
[ 3
Attributes Attributes {from artefactdefinition) {from artsfactdefinition)
Attributes Attributes
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Taxonomy of model types

rtefactdefinition
newmod)

Model derived

H ArtefactDefinition bottom-up from
(from artefactdefinition) i i
b Attributes domain analysis

H Model

(fram artefactdefinition)
k Attributes

/ \\ Model used for

B AnalysisModel H DesignModel . .
{from artefactdefinition) ifrom artefactdefinition) descrlblng d deSIgn
k Attributes k Attributes

Model used for

understanding a /J T{]\

H DesignfnalysisModel H VerificationMaodel
prObIem and for (from artefactdefinition) (from artefactdefinition) Model used for
3 i 3 il ere .
initial analyses Attributes Atributes formal verification
activities
T
18/12/2017



2~ TELESPAZIO 4 e

N

a LEONARDO and THALES company

*

v

2
"s RN
L LR

AIRBUS  ScopeSET

The Tools Experts

ArtefactDefinitions forming a taxonomy of commonly
used artefact types

E ArtefactDefinition
(from artefactdefinition)
Attributes

5 Mode!

(from artefactdefinition)

Attributes

7 [>

ke

E AnalysisModei
{from artefac

5 DesignModel

E SpecificationArtefact

A

/

E EngineeringArtefact

¥ Attributes

(from artefactdefinition)

=

E DesignArtefact

(from artefactdefinition)

(from artefactdefinition)

Attributes

Attributes

: (from artefactdefinition) El VenficationArtefact
(from artefactdefinition) (from artefactdefinition) b Atributes (from artefactdefinition)
Attributes Attributes Attributes 1 Attributes
% B N 57 o A%
g D T L% b v A
/ / i
/ \, / R
/ \\ ’,’ T~
/ \ / .
/ / T~
Y, \ / N / \ ~
E DesignAnalysisModel B VerificationModel 5 Requirement / B SystemState B Assumption B Constituent 5 VerificationCase B Verification £ VerificationEnvironment [l VerificationExecution 8 VerificationResult
(from artefactdefinition) (from artefactdefinition) (from artefactdefinition) | / \| tfrom artsfactdefinition) (from artefactdefinition) (from artefactdefinitigh) (from artefactdefinition) (from artefactdefinition) {from artefactdefinition) (from artefactdefinition) (from artefactdefinition)
Attributes Attributes 4 Attributes b Attributes b Attributes b Attributes b Attributes Attributes Attributes Attributes b Attributes
- ~ S T &~
Lg \ .
& MissionPhase E Enviranment \ / / \ ~—_
(from artefactdefinition) (from artefactdefinition) / \ T
3 i 3 i N\
Attributes Atiributes / 5 Analysis / \ B Test
/ (from artefactdefinition) / A\ (from artefactdefinition)
Attributes / \ v Attributes
H SystemAssumption [ DisciplineAssumption / \
(from artefactdefinition) (from artefactdefinition)
v Attributes b Attributes 5 Inspection E Review
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Taxonomy of verification artefact types

efactdefinition
newmod)

H ArtefactDefinition
(from artefactdefinition)
4 Attributes

1

B EnginesringArtefact
(from artefactcefinition)
L Attributes

]

H VerificationArtefact
{from artefactdefinition)

4 Attributes

e.g. the result of a

H WerificationCase H WerificationResult .
(from artefactdefinition) {from artefactdefinition) run Of a SpeC|f|C test
L Attributes 4 Attributes
e-g- d S|mU|at0r H WerificationEnvironment H Verification H WerificationExecution th f
benCh (from artefactdefinition) (from artefactdefinition) (from artefactdefinition) e'g' erunora
L4 Attributes F Attributes L4 Attributes s Lo
/7 /q v\ \ specific test
B Test B Review B Inspection B Analysis
{from artefactdefinition) (from artefactdefinition) (from artefactdefinition) (from artefactdefinition)
4 Attributes 4 Attributes F Attributes L Attributes
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Taxonomy of dependency types

endencydefinition
wimod)

previousDependency [0..1]

H DependencyDefinition
(from dependencydefinition)
4 Attributes

)

H Assumes H Confirms El Deploys E Implements H IsConstituentOf H IsDerivedFrom H IsResultOf
(from dependencydefinition) (fram dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition)
k Attributes 4 Attributes 4 Attributes E Attributes 4 Attributes 4 Attributes k Attributes

H Reuses H RunsOn H Werifies E Refines H ObtainsDataFrom H Executes

(from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition)

F Attributes 4 Attributes 4 Attributes 4 Attributes 4 Attributes F Attributes
E Adapts B PlugfndPlayReuses El CopiesDataFrom H ExtractsDataFrom H ReducesDataFrom E ReferencesDataFrom H TransformsDataFrom
(from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition) (from dependencydefinition)

Attributes 4 Attributes 4 Attributes E Attributes 4 Attributes 4 Attributes 4 Attributes
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Dependency and artefact combination examples

{

Dependency /| _su

Design Model assumes

Analysis, Test confirms

Verification Environment deploys

Analysis, Test runsOn

Verification verifies

Model reducesDataFrom
Model transrarmsDataFrom

AnalysisModel

18/12/2017

plugAndPlayReusss

Assum
Assum
Analys
Verific
Design
Model
Model

Analys

Manage reducesDataFrom dependency) I

Evaluate source model data
update

New source data with impact on target data?

Obtain data from source model
by reduction

T

!

Configure
according to

target model
correlation test

|

Predict behavior of target model
in correlation configuration

|

|

Compare predictions with
correlation test result

!

Check validity of reduction
validation criteria

{ Perform correlation test

A N N N

Validation successful?

Adapt reduction

‘



Developed Tools
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Three elements of tool support: Service, SADM tool,
and integrated 3rd party tools

* Define artefact
landscape for project

* Manually manage
Artefact Versions and
dependencies

* Provide overview and
visualize

18/12/2017
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SADM-Tool

CRUD-Functions

Visualisation

SADM Service

i

SADM-Toolkit

La ]

SADM-Service

CRUD-Functions
(exposed as senvice)

\/

REST

—

3rd Party Tool
(with SADM Interface)

o | SADM Service

Interface Impl [ |

DataStorage

MCDM based
(client)

(Json, XML)

Datastorage
A

Y
=
e

MCDM based

| Interface Impl

e Receive notifications
for new Artefact
Verisons

* Automatically
perform activities

e Send notifications for
new Artefact Versions




Airbus Demonstration Cases
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Methodology Levels

extractsDataFrom

Type Level

Hard-coded methodology

core concepts S
P Verification

Environment

DesignModel AnalysisModel

instance of

Project Landscape Level extractsDataFrom

Product Tree

Configured artefacts and

dependencies occuring in project Simulation
Product Tree instance of

extractsDataFrom

deploys

Version Level Product Tree 1.0.0 Simulation Product Tree 1.0.0 SVF 1.0.0

Concrete versions of
artefacts and their version-
specific dependencies

Product Tree 1.1.0
extractsDataFrom

Product Tree 2.0.0 Simulation Product Tree 2.0.0 SVF1.1.0
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TOS Demonstration

SADM Tool Utilisation in the TOS Lifecycle

% Capture and update the dependencies of the simulation models of a typical TOS

One “set up” test case representing the capturing of the dependencies at project kick off

Multiple “simulator evolution” test cases triggered by the update of an item that the TOS depends on

v 7

iU

Documentation

Infrastructure
TOS Models
(S

——

Reused TOS

Model #1
Model #N
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. i Fl@
TOS Demonstration e ;

4 Q Bepi
acclnstance [accInstanceVl]
accModel [accModelV1]
AOCS related ArtefaCtS accModelUnitTest [accModelUnitTestVl]
accModelUnitVenficationCase [accModelUnitVerificationCaseVl]
aocsGloDocFssSec [aocsGlobalDocV70FssSec]
aocsGloDocdmubSec [aocsGlobalDocV70ImuSec]

’5 AOCS documentatlon aocsGloDocRwisec [aocsGlobalDocVTORwISec]
aocsGloDocStrSec [aocsGlobalDocVT05tr5ec]
fo 1 1 aocslntegrationTest [bepi_aocsIntegrationTestV1]
: Fllght dynamICS database aocsIntegrationVerificationCase [bepi_accsIntegrationVerificationCaseV1]
re OBSW cpslnstance [cpsinstanceVl]
= cpsModel [cpsModelVl]
" emulator [emulatorVl]
= Emulator fddb [fddbV1]

fsslnstance [fsslnstanceVl]

=~ TM/TC database fssModel [fssModelVl]

fesModellnitTest [fssModelUnitTestVl]

’:T AOCS Slmulatlon models fssMgdeIUnit\u‘erif.icationCase [fssModelUnitVerificationCaseV1]
fssUnitDoc [fssUnitDocV30]

fo H ) H genmintegrationTest [bepi_genmintegrationTestV1]

- AOCS SImUIa’tlon Setup (InStanceS) genmintegrationVerificationCase [bepi_genmintegrationVerificationCaseVl]

o . . . imulnstance [imulnstanceVl]

¢ Simulation model unit tests imuModel [imuModelvi]

. imuMadelUnitTest [imuModelUnitTestV1]

-~ System teStS imuMedelUnitVerificationCase [imuModelUnitVerificationCaseV1]

imulnitDoc [imulnitDocy20]

obsw [obswV1]

pldInstance [pldInstanceV1]

pldModel [pldModelVl]

rwilnstance [rwilnstanceVl]

rwitModel [relModelvl]

rwiModelUnitTest [rwlModellUnitTestV1]
rwiModelUnitVerificationCase [rwluModelUnitVerificationCazell]
rwlUnitDoc [rwlUnitDocDO]

sdb [sdbV1]

strinstance [strinstanceV1]

strilodel [strModelVl]

striodelUnitTest [strModelUnitTestV1]
striodelUnitVerificationCase [strModelUnitVerificationCaseVl]
strUnitDoc [strUnitDocV40]

systermn Test [bepi_systemTestV1]

systernVerificationCase [bepi_systemVerificationCaseV1]

tos [tosV1]

E Views

¢ TOS Simulator

() 5 T E D D

1811212017 —
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TOS Demonstration

Update of IMU Desigh Documentation —> effect on Models

¢ IMU Model
transforms data from
Unit documentation
Global documentation
references data from
REFA AOCS model
¢ IMU Model instance
transforms data from
Unit documentation
Global documentation
IMU Model
references data in
TM/TC database
extracts data from
Flight Dynamics DB

v

v

18/12/2017

D VerificationModelimulnstance

transformgDataFrom

referencesDataFrom

W

[ E VerificationModelrefafiocsModel ]
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nl = |[-=-| eS|
*ArtefactDefinition - imulnstance &3 = 0
imulnstance 2 -3

[ [E DesignModekiddb |

[D DesignModeI:sdb]

[ E DesignMeodelimullnitDoc ]

[D DesignModeI:aocsGIoDodmuSec]
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TOS Demonstration

Update of IMU Design Documentation —> effect on System Test

] = [ ]s]

*ArtefactDefinition - systemTest &0 = 8

@ systemTest Filter to second Level 4 v a

@ Testisystern Test

L VerificationModel:fssInstance

[ D VerificationModel:genmGeploadinstance ]

E VerificationMedel:imulnstance

VerificationModel: Tretlnst
@VerificationModeI:cpslnstance] @ Snbectn s L Srura ance]

e
@ ‘u‘erificationModeI:strInstance] /

D VerificationModel:genmSenselnstance ]

Ty

@ VerificationModel:genmFdsdiflnstance ]

[ D VerificationMedel:accInstance ]

E ‘u’erificationModeI:rwIInstance] \\ — =
N D ‘u‘erlflcatlonModeI:genmSer\rlceslnstance]
~
@ VerificationModel:genmPeminstance ] -
F [D VerificationModeI:genmSimdannstance]
@ ‘u‘erificationModel:genmesInstance] N
@ VerificationModel:genmGenericInstance ] E ‘v\r\:i'ificationModel:genmCommonInstance ]

{
[E VerificationModel:genmSimpackInstance ] @ VerificationModel: erulator ]

i
@ ‘u‘erificationModeI:pIdInstance] @ ‘u’erifir_ationModeI:genmSpaceIinkInstance]




AIRBUS  ScopeSET

The Tools Experts

v aLEONARDO and THALES company 3 \

TOS Demonstration

Results

= The SADM covers the typical objects involved in the TOS development and their
relations

= The SADM could model the required TOS updates upon:
% new documentation baseline
= update of reused models from another mission
= update of infrastructure libraries (generic models / reference architecture)
% new versions of OBSW
% new TM/TC database releases

18/12/2017
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Conclusion

The established methodology and the developed SADM functionality provide the
following benefits:

= Reduction of simulator development effort and time by providing:
= clear traceability of artefact updates needed upon incoming artefact changes
= qguidelines to integrate given changes on dependent artefacts
% automatic update of artefacts across artefact chains

= Mitigation of simulator design errors by reducing inconsistencies between simulation
artefacts

= Capability to make better informed decisions by:

= providing an overview on the whole simulation artefact landscape and their
status

= explicitly tracking intangible artefacts such as assumptions

18/12/2017
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