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' Background

CDF OCDT

= ESA Concurrent Design Facility (CDF) using the Open Concurrent Design
Tool (OCDT) for system engineering in early mission phases 0, A and B1

VSEE-CDF INTEGRATION - FP

1. Introduction & Background

> OCDT provides environment for concurrent, collaborative and distributed
engineering based on ECSS-E-TM-E-10-25A

VSEE

Virtual Spacecraft Engineering Environment (VSEE) using the Space
Systems Design Editor (SSDE) for system engineering in later mission
phases (B, C, D, E)

> VSEE framework and tooling based on ECSS-E-TM-10-23A

K1

Xz

\
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VSEE-CDF INTEGRATION - FP

1. Introduction & Background

Objectives

< Analyse the compatibility between the 10-25 and 10-23 meta-models and
specify model mappings and transformations

Xz

Integrate the SSDE and OCDT tooling, enabling model exchange between
both environments

> Develop guidelines and associated tooling for system technical budget
dashboards and validate them with reference data sets to demonstrate the
integration approach



),
-7 Telespazio

A Finmeccanica/Thales Company

ScopeSET

The Tools Experts

Meta-Model Mappings

= Import:

2 Custom mappings based on
OCDT Category

= Default mappings for filling
semantic gaps according to
the target meta-model

= Implicit mappings for closely
related constructs

< Export:
< Implicit mappings from the

10/06/2016

semantically richer 10-23 to
the more generic 10-25
allowing inversed mapping
through custom import
mappings

VSEE-CDF INTEGRATION - FP

2. Meta-Model Mappings

ocdt2vseeMapping

[&] categoryMapping

< [&] categoryMapping [1.*] categoryMapping

[e] ocdtCategoryShortName [1.1] string
[e] ocdtClassKind [1.1] string
[e] wseeClass [1.1] string

[E] ocdt2vseeDefaultMapping

[] referenceMapping [0.7] referenceMapping

[€] typedReferenceMapping [0."] typedReferenceMapping

[E] referenceMapping

[e] vseeContainerClass [1.1] string
[e] ocdtClassKind [1.1] string
[8] vseeClass [1.1] string

[e] vseeContainerReferenceMame [0.1] string

[E] typedReferenceMapping

[e] vseeReferenceTypeClass [1.1] string
[€] vseeReferenceTypeReferenceMame [0.1] string
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3. Tooling Integration

Solution Overview

VSEE/Eclipse ConCORDE
2 Reuse of the generic OCDT-EMF <SDE AN
Connector from CESo0S including:
= OCDT model retrieval through >oDE Ul

OCDT Web Services &

Processor (WSP) JSON to EE'EM_FJ

EMF conversion
OCDT VSEE Connector

= OCDT model creation/update yN
through EMF to OCDT WSP OCDT EMF |
JSON conversion

OCDT EMF Connector

2 OCDT VSEE Connector performs
OCDT EMF to VSEE EMF R
conversion (and vise versa) lLJSON d Lson

OCDT WSP

10/06/2016 6
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< Import of OCDT
ParameterOverrides:
> No overrides on
ElementUsage level in SSDE
3 Occurrence tree generation
3 ValuePropertyValue overrides

7

for OCDT ParameterOverrides
in ElementOccurrences and
DiscreteStateOccurrences

Import of OCDT state-dependent

Parameter(Overrides):

-,
=

10/06/2016

ValuePropertyValues applied

to DiscreteStateDefinitions and

DiscreteStateOccurrences

VSEE-CDF INTEGRATION - FP

3. Tooling Integration

# '| SSDE [Gravif
File Edit!Actians Window Help

el e @

£ Mavigat

1] Cat
[ =% Gra
7 I

Batch Operations

Cpen diff report

Importfupdate model constraints
Importfupdate Data Groups
Consistency Checks Ctrl+7
Irmport Requirernents from Excel XML File

55RDB Manager

ki 3
Import Engineering Model

Irnport Reference Library

Export S5DE Model to OCDT

-

QCDT Connec tion

o e

hostjocalhost

Export Model to OCDT

port: 1734

Export setup for OCOT

Select Engineeting Model

QCDT Connection

host:Jocalhost

port 1334

MRS
LUMETTO

0_GEM_CAT

Select Iteration

Select Option

Engineering Model Setup

Marne: GravitySat_w12

Short Mame:  GravitySat_v12

Kind: STUDY_MODEL -

Study Phaser  PREPARATION_PHASE -
Firish | [ Concel |
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ScopeSET 4. Budgets & Reports

File  Edit CGF Builder SSDE Builder About Window Help

Mass Budget - Modelling:

HEFF2RAVV L QERRUDTPILEC
a3, . . = Navigator = Sl % ¥ 7 0O |ETable Explorer 2 imiln]
= I mpIICIt prOdUCt Stru Cture- '?:;':'C'g Tiee Structire “ | Table Explorer R
Functions Table of Elements
3, . Operaticnal Mode Dy » Filter
—J M Od el | I n g Of N i< Ac?’ﬂ“"ﬂ“‘-‘"“ = Context: VSEE » Class: ElementDefinition ~ Show Metamodel OCL
iNniti K ACCS M| » vsee:vsee
ElementDefinitions, e e : 5 i gt .
X macc PhysicalProperties Acceleromete fal >>VSEE: VSE =
E I emen t U S ag es 2 E;’; EmACT — a\n.‘:utie rcnam:ﬁ Theus m: > >VSEE: VSE -
m CN\J‘M Search: |RE Elements: 69 Found: 0
N, Bl COms. Reference Tables
w" Val ue P ro p e rtyval ues i 3 ::Uuu Contains . Contained by| References Referenced by
H ‘ 1 - I DIPL
expected in ‘leaf’ elements  eea Cls: DicrctModeiDeinton »
g ::‘ 5 Name > Categories  Description  Path
-, .. . B Pk o EIACC Modes : ACC 5 \SEE : VSEE »
> Explicit product structure: o ‘5 _ :
1 & S_E-IPSR » Search: CIRe [Elements: 1 Found: 0
_3;,\ Overrid i n g Of Searche FIre =) E% Comtained Aspect| 5% Contained Element B3 Contained Interface End | 55 Parameter
I Property Editor| =1 Prunlems.ﬂtmm T Properties 12 | Traceability View - R
Va| uePro p e rtyVa' ue Wh ere | e + Categoryropery Element Name  Property Value  Unit Ronk  Dime. Neme  Related EDI  Type Quantity Kind
QUDV Values % Pm:lcil:mpeme: = ’ de.scopeset.cores i —
M = il =X Height 5 millimetre 3 antity e
needed in generated s | sy o P i
" ¥ Weigth 5000 gram RealQuantity mass
=X Width 600 illimet RealQuantity length
ElementOccurrences T s ny g
1 *
Search: IRE
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VSEE-CDF INTEGRATION - FP

4. Budgets & Reports

‘ CoMIE N = it /127.00050095 viewer/previen?_re £ = G | @ BIRT Report Viewer

Mass Budget

Mass Margin  Mass Margin  Mass Margin  Mass Margin
{ ge) (p ge) (P ge) (p ge)  Level Qualified Name

Mass Budget - Output: °r e,

Element

= Value aggregation along
occurrence tree

3 Dynamic HTML tree-table: o e ” TN e

S51:LAD
1114 @l a3a 20 3 LOFT Mission::Space
), E d/C I I | | Lad Detectar Segment--Satellite- PLM: instruments
> Expand/Collapse a v e
11111 ® i 5 5 20 20 4 LOFT Mission Space
n Od eS Hamess Segment :Satellite: PLM:-instruments
{Instruments) 551:LAD: Lad Detector
Panel::Hamess (Instruments)
AN . . 11112 om a4 w4 w0 20 4 LOFT Mission Space
2 Errors visible for e o1 ot St o msuments
per panel) SS1.LAD: Lad Deleclor

eXp an d e d n O d eS Panel Modules (21 per panel)
3 Column filtering | empatd | pautd |

3 Fixed Layout (non-HTML): |

3 Based on table 2

> Hierarchy through:
coloring, level, qualified
name i

10/06/2016 10



),
-7 Telespazio

A Finmeccanica/Thales Company

ScopeSET

The Tools Experts

= Implicit product structure:

3 Modelling of
DiscreteStateDefinitions

> ValuePropertyValues
expected in ‘leaf’ states in a
required states hierarhy

< Explicit product structure:

3 Explicit modelling of
RequiredState relationships
— only possible on
occurrence level with
multiplication of efforts!

10/06/2016

Power & Data Link Budget - Modelling:

EO 1

VSEE-CDF INTEGRATION - FP

Legend:

EO

DSO

ElementOccurrence

DiscreteStateOccurrence

RequiredState
references

invalid RequiredState
references

4. Budgets & Reports

DSOa |- — =~ _ _
1 =~ ~
\ 2 Se
> DSO d+DSO f ~
DSO b
EOn.1
........ DSOC ~ 3
1 S
~
: EOn.1.1
| :
I ................ Dsod
EOn.2 1
v DSO e
........ Dsof
11
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Power & Data Link Budget - Output:

% Value aggregation along
required states tree for states of
selected root element

3+ Chart of direct root child element
contributions to root state values

2 Dynamic HTML tree-table:
> Expand/Collapse all nodes

> Errors visible for expanded
nodes

> Column filtering
3 Fixed Layout (non-HTML):

\1

> Based on cross-tab

A\

\1

> Hierarchy through: coloring
and level

A\

10/06/2016

J.u’ /1210154468,

previen?, 3 = G | (23 BIRT Report Viewsr

VSEE-CDF INTEGRATION - FP

4. Budgets & Reports

[ e et et

Sat_Srience Mods
Sat_ Cnbin_Maintenance Mode  required: 400.00,

Eleroent San_Calibration_Mode Set_Launch_Mode Huciit sl S0 cor Survivel Mode Lol Qualified Name
i:| y 5000 1000 00 1 Spacecrat paykiad
|!2 O platteem 187 80 w0000 e 4780 4000 1 Spaceeraft piatiorm
12 o s 280 1] 8 5960 200 z Spaecralt plaorm- 3ocs
{1211 om ms 380 noo am 380 oo 3 Spacacralt platform accs s
|12 o mep 000 000 o00 000 100 3 Spacecralt plathorm_socs mags
{1213 om me 1000 000 100 000 1000 3 Syacecralt plaformaocs i
|! 4 L) 2400 {11 no 300 2800 3 Spacecrsh L)
Spae plasterm
|
|1215 o srixke 1200 1] 12w 200 o 3 Syacralt plaform ot s
i Iracker
1215 O oo 000 [1:] an 060 100 3 Siancralt plafm s wun
sensor
122 O propudsen ang 4200 oo (=] 2 Spacecrall platiorm proputen
123 @@ hemalconkd 12800 gl ] 12800 B0 1] 2 Spavcralt plaform thereal
I ool
First havel childeen contribution:
40 |
| A B C D E F G H
Power Budget
190 1 wratt]
e - L Sat_Orbit_ | Sal_Scienc
& & E e Mode | required:
& P o specified: | 400,00
F i 4 Sat_Calibration_ | Sat_Launch| 300.00 | specified: 5oy Syryival_
" o & 2 Element Level |Error Mode 500.00
& Mismalching computed and
A o specified values for state
’ . *Sat_Drbit_Maintenance_Mode'l;
e 25 2015, 1010 AN Mismatching computed and
specified values for state
3 |Spacecrait 0] Sat_Science_Mode'l 387.50)
4 [paoad 1 200.00)
5 |platform 1 167.60)
6 |aocs F 59,801
7 E 3.80)
8 E 0.00)
g E 10,00}
0 E 25,00}
il E 1200}
2 E 0.00)
18 [propulsion Z 0.00)
14 [thermal contral 2 128,00}

First level children
contribution:

500
400

300
o .
100

; ||

I piattorm

B oayvicad
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Annotation Reports:

),
S

Supported for all kind of Annotations
on: ElementDefinition,
ElementUsage, ElementOccurrence

Element-centric: show how many
elements are annotated through a
given kind of annotation, not how
many annotations there are (single
annotation assigned to 3 elements
counted 3 times)

Summary report for all annotations
and all elements

Detailed report for selected
annotation kind(s)

10/06/2016

VSEE-CDF INTEGRATION — FP
4. Budgets & Reports

lAnnotati Summary:
Ell T N I | I | "
Type Name Title |Classification| Description
10 layers MLI on fower
minor ICRtest3
| | [major [CRtest 1
Total CR's: 2 major: 1 minor: 1
minor INCR test 3
| | major [NCR test 1
Total NCR's: 2 major: 1 minor: 1
minar PR test 3
| | |major |PRtest 1
Total PRs: 2 major: 1 minor: 1
major RFD test 1
| | [minor [RFD test 3
Total RFD’s: 2 major: 1 minor: 1
minor RFW test 3
| | |major |RFW test 1
Total RFWs: 2 major 1 minor- 1
major ISPR test 1
| minor [SPRtest 3
Total SPR's: 2 major: 1 minor: 1
[RID Statistics:
Element Element Qualified Hame Total Minor
[Chemacal Propulsson
{with )
[Stnuctunes om
on LAD bex_radiators
ElementDefinition Totals:

1
ElementOccurrance Towmls: |1

[Satelibe WF on lop box radiator

Emﬂ% Totals:

RID Statistics

,j - f 13
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Modelling for Component Libraries:

2,
-'/‘

Sample model based on SimVis,
CDF models (LOFT), VSEE
models (GravitySat_v12)

Focus on implicit product
structure including state
definitions, categories and
associated value properties

Generic
EngineeringDataCategory for
(budget) computations:

2 Hardware: mass

> Equipment (defines states):
power, data link

3 Sensor (extends Equipment,
defines pointing)

10/06/2016

I Mission Phases:

VSEE-CDF INTEGRATION - FP

5. Component Libraries

|
Launch |
Separation I Space Mission |
Orbiting : =
Nominal l I
| System Tests J | Environment | | Space Segment | | Ground Segment |
—_—
—— [
: Spacecraft Modes: : | Spacecraft 1 | | Spacecraft n | I Ground Station 1 || Ground Station m |
off
| |
Standby | Power
Safe
o | =]
System Tests I
I_|_ i _\\j Solar Arrays
Y
AN
: : \ ~o Solar Panels
\ S
[ | \ “—"‘4| Thermal |
| |
L \ B el
I I : iy, | — — —
| ]I \\ - EM: | Equipment Modes: |
\
: I \ | off :
: ! ‘H—| Communication | : Safe |
| Nominal
: ] Antennas o |
| 1 Standby |
I I . i L———————
P e Jo
: I Aocs control Modes: | A
i B e o
o
Data to Ground |
! F— AOCS
! : Nominal |
o Orbit Control : ww
I Safe
| | ________ e, 1
|
|
: Propulsion
| )
| ................................................................................
: m EngineeringDataCategory
| legend:
: *‘ Data Mgmt. | HC | Hardware
| mm——————
| : Payload Modes: | Data Mass Memory il Component
| -
I Oﬁ—‘ : | | EM i Equipment Made
w3l calibration | SERS GEEg “Tuip
| Science F=- | Payload |" """ g
p— J
:-Srandby Jl |—| Sensors |£M" :_S_.M; )} sensor Mode
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6. Summary and Conclusions

Summary

< Implementation of data exchange between OCDT and VSEE available in both
directions

7

Technical budgets developed and validated with a number of models from CDF
and VSD

< Annotation reports developed for basic annotations reporting

> Component library prototype model developed to aid further development of
library functionality in the SSDE

10/06/2016 16
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6. Summary and Conclusions

Next Steps

> Consolidate the system engineering meta-models and frameworks towards
enabling end-to-end, model-based engineering approaches across all mission
phases

Develop consolidated tooling infrastructure, enabling seamless modelling, tailored
to a given mission phase

7

2 Focus on usability and usefulness to ensure adoption by system engineers
without knowledge of formal modelling languages and frameworks

10/06/2016 17



),

=7 Telespazio

A Finmeccanica/Thales Company

ScopeSET

The Tools Experts.

Telespazio VEGA

Expert advice. Pragmatic
solutions.

Telespazio VEGA Deutschland GmbH,
Europaplatz 5

64293 Darmstadt,

Germany

www.telespazio-vega.de

10/06/2016



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18

