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Today‘s Mission...

—~ A story about building spacecrafts...

= ErEry

=g

—Z Building spacecrafts using Eclipse...

—Z A data model for spacecraft design...

—~ The good and the bad using Eclipse...
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DLR

—Z Knowledge of various experts
— Power
7 Structure
—~ Thermal
—~ Propulsions

—~ Long term projects
7 Space shuttle
— Mars rovers
—Z ISS
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=7 Built in 2008 in Bremen

7 Bringing the experts together

— Estimating...
—Z Weight
— Power

—7 Costs

—~ Roughly 14 days
—Z 2 Sessions per day
—~ Feasible results: +/- 15%
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From Excel Sheets to Model Driven...

Solar_Array_and_Battery_Designxls [Kompatibilitdtsmodus] - Microsoft Excel

Solar_Array_and_Battery_Designxls [Kompatibilitdtsmodus] - Microsoft Excel

Solar_Array_and_Battery_Designxls [Kompatibilitdtsmodus] - Microsoft Excel
Ei Start Einfdgen Seitenlayout Formeln Daten Uberpriifen Ansicht Add-Ins Acrobat Team
= Ausschneid ) 7 = “OFh I Autos - 5?
Ei J & Ausschneiden Calibri 11 =¢ Zeilenumbruch Standard - ﬂ #‘a ’__“d jm - Hrosumme 7 L‘?&
1 153 Kopieren = e 3 E Fiillbereich = &
Einfugen N F Uu- - Fad Verbinden und zentrieren ~ | B8« o5 gog | %0 500 Bedingte Als Tabelle Zellenformatvorlagen Einflgen Loschen Format - Sortieren  Suchen und
—l— - - Format Gbertragen = & B /00 %0 | Eormatierung ~ formatieren = - - - (2 Léschen = und Filtern * Auswahlen =
[ ] 1 Zwischenablage 1 Schriftart " Ausrichtung 7] Zahl 7] Formatvorlagen Zellen Bearbeiten
7 ata provided as parameters : e R :
1
3 £ ] C [b] E F G H i K L =
2 -
4 1 2y —
& =
s 1]z | Solar Array C \ ] ¥ Battery C |
6 : 3 \
8 I |Parameter |Symbal | Value |Unit |remark [Parameter |Symbal | Value |Unit |Femartc |
e 5
7
g 8 6  |Required Power during Illumination |Pd | 80,74 |W | N |L'|fet'|me |\‘ ‘ 15 |vear5 | | =
10 g 7 |Required Power during Eclipse |Pe | 80,74 |W | ’\V/ |Cnarge Cycles (ca\culatedtc\.'c ‘ 1350 | |naad;‘r (Earth) |
11 8 l
10
12 - =
11|l 8 | [Height [H [ 720 [km [ |
7 e O W 12| 10 [orbtial Period (Earth; calculated) T __—— Required Power (estimat]Pe [ 1153428571 | [Eclipse
d = ——
= = nm 12 = T
i [ 12 |Orbital Period (esti A B \ Depth of Discharge DoD 80 % gata shest s
14 - ~ ery to cover worst Cos knario (69,48min Earth shadow, - .
16 Time of Eclipse N System efficiency n 70 % data sheat
15 13 y 15min moon shadow)
L 7 %6 14 | |Time of lllumination Required Battery Capacit|c_batt
7 18 17]/| 15 | [svst=m Efficiency (Eciipse) R A
% 18 16 | |System Efficiency (Illumination)
0 19 17 |Req. Solar Array Power (calculated)
21 18
0
22
19
23 21
22 20 | |Solar flux
7 28013 [ 21 | [1aeal sotar cenl Efficiency
, , 25 24 22 | |Ildeal Power per m2
26
25 23
27 24
26 N -
28 T 25  |Environmental Efficiency
26 | |Worst Case lllumination Angle
29 28
27 | |Power - Begin of Life
L]
28
29
Ed T
= Ed 2% |Annual Degradation -
L_Jf| 4 4 + M| Tabellel ~ Tabele2 ~ Tabd

—~ The new way...
—~ Modeled in Step — ECSS-E-TM-
—Z Modeled in EMF — Virtual Satellite
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A Model Beyond the Early Design...

B/ WieMod_4100_4300_Satellite * o ==
File Edit View Simulation Format Tools Help
O =2EdS| & L b = [3600  [Noma | E g [ BEEE

— ltis not just parameters n

= 5
r-— toSatelite fromSatelite m

—7 Simulations
— CAD
—- Commands

o % % i
»»;ou//,,‘, 2 5,-'5' Z

—Z Vision: Supporting the whole lifecycle
- ECSS-TM-10-23 VSD
—Z DLR Virtual Satellite
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Virtual Satellite an Aerospace Design Tool

Phases
Activities
] Phase 0 Phase A Phase B Phase C Phase D Phase E Phase F
—~ Developed together with CEF T
Mission/Function
— Tool for spacecraft lifecycle 1 4

Requirements |

—~ Phase A/B - Planning R
— Phase C/D - Building

. QR
—~ Phase E/F - Operating | veiscaion . |
AR
ORR
. Production
— Development in progress FRR

1 jcrr JLELR

fTire

—~ Phase B/C just started MCR{

Disposal
Folie 7
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—~ Phase A/B in progress | uiizaor
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= Phase A - N/A - Virtueller Satellit

ESEEE ™)

File Edit Mavigate S5Search Project Templates Window Help

=ar

A= CL]

.q;,':'v - T:E:}:I(::IT -

B ! Configuration | [ Phase A |5 Resource

E:- Study Navigator 3 0% Y =0
ﬁ IEEE2011 _Library (disconnected)
AHAB_Templates
A0CS
Propulsion
Sensors
Structure
BazePlate
LeftSide
Mose
RightSide
SolarPanelLeft
SolarPanelRight
TopPlate
:_%_;, Role Management
@z Unit Management
ﬁ IEEE2011 Study 1 (disconnected)
ﬁ IEEE2011 Study 2 (disconnected)
ﬁ IEEE2011 _Study 3 (disconnected)

M

Structure ¢ Computer &2 | (7 StarTrackerBig

[t

L3

Cover &

COM

Mame Current Value Unit Shared Description
visColor 16711680.000 & no MSA
visMassDry 7.200 @ ne MN/A
visMassWet 7.200 @ neo /A
visPositionX 0.000 @ no M/ A
visPosition¥ 0.000 & no N/A
visPositionZ 0.000 & no N/A
visRadius 0.010 & no N/A
visRotationX 0.000 & no MN/A
visRotationY 0.000 & no MN/A
visRotationZ 0.000 @ no /A
visShape 1.000 @ no M/A
visSizeX 0.200 @ no M/ A
visSizeY 0.400 & no N/A
visSizeZ 0.400 & no N/A
visTransformationOrder 0.000 & no MR
vicTransnarenr 11 A0 = e KA
4 1
Parameters | References | Meta Data | Excel
Repository Manager 2
Currently opened Repositories
Mame Proxy Repository Mo. Compone..  Changed Connected i
IEEE2011 Study 3 Subversion Project 59 Components  no & no =
IEEE2011 _Library Subwversion Project 41 Components  no & no
[EEE2011 Study 2 Subversion Project 66 Components  no & no
TFFF2M1 Stuedw 1 Subversinn Proiect f? Comnonents  no +¥ nn i

¥’ 3D Mission and Configuration &7 EEBEQg O
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And How it is Made...

—~ A productive software — not just science
— 2 Engineers full-time
—Z 1 Student part-time

—~ Agile project — DLR Software Process

— Quality procedures
— Junit and Jubula

—~ Build Process — Continuous Integration

r

= Plug-in Development - de.dirvirsat.datastore proxy/src/main/java/de/dlr/virsat/datastore/proxy/user/RepositoryManager.java - Eclipse .~

BTy =

Eile Edit Source Refactor MNavigate Search

213
0

i}

- -

=
[# Package Explorer | % Plug-ins 2

-

3:1:: com.ibm.icu (4.4.2.v20110208)

E_I:: com.jeraft.jsch (0.1.41.4201101211617)

= de.dlrvirsat.branding (2.4.0)

1= de.dlrvirsat.calculation.balancing (2.4.0)

1=F de.dlrvirsat.calculation.balancing.tests (2.4.0)

Project  Run

Q- t-0-Q-

= B || [J] RepositoryManagerja 2

=

9

o
1

wd

Window Help

L
P

ﬁ 5= Plug-in Deve...

Totb InvokeMethod.class [J] RepositoryManagerTes ] =0

This file is part of the Virtual Satellite project.[]
package de.dlr.virsat.datastore.proxy.user; (Ml

& *

# import java.ic.File;[]

= de.dlrvirsat.communication (2.4.0)

1= de.dlrvirsat.communication.rodos (2.4.0)

== de.dlr.virsat.communication.tests (2.4.0)
= de.dlr.virsat.datastore.controller (2.4.0)

1= de.dlr.virsat.datastore.controller.tests (2.4.0)

Q VirSat_Win7_x86_64 [Jenkins]

Jenkins

Jenking = VirSat » VirSat Win7 x86 64

:

Zuriick zur Ubersicht

Status

* Anderungen

' Arbeitsbereich
Jetzt bauen

Léschen

Konfigurieren

.

£

P Ri=)

28

29 * This class manages all repositories which are opened =
3@ * It carries a notification thread as well which is triggering all liste

31 * attached to this class. The thread contains a fifg buffer waiting for

32 * to forward them to the listeners... =
33 *

34 * @author fisc_ph

35

se

»

& ~ L) [;ég * Seite v Sicherheit * Extras « |@|v

EXEE ) fisc_ph | Abmelden [

AUTO-AKTUALISIERUNG EINSCHALTEN

Projekt VirSat_Win7_x86_64

This is the Nightly build for the VirSat project. All the latest code of the SVN TRUNK will be used for the build.

ﬁBeschreibun bearbeiten
E Arbeitsberegich

D000
f Letzte Anderungen
S

m

¥ pisk Usage: Workspace 1GB, Builds 291MB

Disk Usage Trend

—
B

Maodule @
= T
u Subversion Abfrage-Protokoll é‘

- S =workspace| | |
Permalinks ¥

Build-Verlauf (Trend) © 0

@ #11 29.10.2011 00:01:01 42MB s Letzter Build (#11), vor 2 Tage 13 Stunden T R T E R ERGE 8 g
e | =tzter stabiler Build (£11), vor 2 Tage 13
& #10 28.10.2011 00:01:08 42ME Stunden
.\ e | etzter erfolgreicher Build (#11), vor 2 Tage 13 Stunden
@ %9 27.10.2011 14:46:34 40MB s |etrter fehlgeschlagener Build (#5), vor 5 Tage 5 Stunden
@ #8 27.10.2011 11:53:02 4oMB e | etzter erfolgloser Build (#5). vor 5 Tage 5 Stunden
@ #7 26.10.2011 10:07:40 47MB
E‘j Lokales Intranet | Geschitzter Modus: Aktiv v ®H115% -

—Z SVN, RepoGuard, Maven, Mantis, Jenkins ...
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Virtual Satellite‘s Architecture

o _ Virtual Satellite / IDE
— Eclipse widely spread in
—~ Academia WorkbenCh

—~ Industry
EMF /
=7 Build on Eclipse RCP using . Remote
DI R RCE EMFedlt Component
4 ) Environment
—- EMF | '
- EMF.edit
—7 Xtext
ﬁ Eﬁ&:ﬂ?;xﬁahﬂ eV sourceforge.net/projects/rcenvironment/ - - - o il kR Folie 10
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One Data Model for All

H ADataltemn H MetaData
7 One Central data mOdeI metalnformation
7 Common place of knowledge ~ 7 = %ﬁ
£| Repository
. contains
—~ Modeling T
" il modes £l Mode
—~ Decomposition of spacecraft [ SystemComponent |+
relations
—~ Parameters for phase A/B - E—
_ activelWith
. targets | 0., H Relation
7 CaICUIatlonS parameters  modeValues H ModeValue
7 UubDV 0.* 0.1
Q E| Parameter " L L Value
~ 1
unit H Unit
—~ Repository as central data management unit :

—~ Backend Interchangeable

Deutsches Zentrum
DLR fur Luft- und Raumfahrt eV

n der Helmholtz-Gemeinschaft

Folie 11
sion Design > Philipp M. Fischer > 31.10.2011



4

How to Get it Distributed?

One data model
— But multiple engineers

Engineers used to SVN
—~ Commit — Provide changes
- Update — Obey changes

Organizing read and write

Avoiding merge conflicts
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First Step — Who is Allowed to Modifyv the Data?

— Modeling Users
—~ A Discipline
—Z One User Name

—Z System Component
—Z Applying one User
—~ Sharing data areas

—~ Asking RCE LDAP for authorization
—Z Granting permissions
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H RoleManagement disciplines E Discipline .
- o+ T _assignedUser : EString
A .
1..*| contains _
assignedTo |1
H ADataltem £ MetaData
metalnformation
-
0,.™
TANANAN j). A\
*
H Repository
Jontains
D”*
modes H Mode
H SystemCormponent [* -
"~ 0..
relations
-
F
0.% | T
T activelith
targets | 0..* H Relation
parameters modeValues H ModeValue
a..* 0.1
H Parameter l—— e H Value
e
1
unit H Unit
1
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Second Step — Serialization to Store the Data...

—- Text for SVN Backend
— Small changes in one session

—Z Using XMl|
— Provided by EMF

—Z So far writing as one resource
— Multiple resources intended
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</metalData>r

<balancingsExcel id="8Baf3cfe-f7b5-4440-a92f-d3dZ44d9449e"™ />

<,/ componentss>

<conponents id="04b0cf83-fab&-4b38-abbB8-deST7def2f29b" name="Computer"™ de

<parameters i1d="c6l543fl-cfE8f-4c36-8e3d-970930bfd8eT"

<value valus="0.2" />

</parameters>

<parameters id="1723a3f1-d37a-4dd3-96e0-bT7f1587c2a729"

<value valus="3.8" />

</parameters>

<parameters id="b3276fed4-1%=d-490B-be89-6d%e12%a5

<wvalue wvalus="0.01" />

</parameters>

<parameters id="l1cb%56ld-bb60-4f58-a24f-827846146522"

<wvalue wvaluse="1eT711680" />

</parameters>

<parameters i1d="5018b603-6463-43c2—aedf-aZde3d51832b"

<wvalue />
</parameters>

<parameters id="81f17Tb2-dlef%-45b4-alda-1bl%afbd3e7a"

<value valus="0.1" />

</parameters>

<parameters id="06eT0633-1fbc-4a7T7-982e-bBef926d7fedb™

<wvalue wvalus="0.2" />

</parameters>

<parameters id="d59407cd-3ed0-48cT-bcBe-58c00be774fa™
<wvalue walus="1" />

</parameters>

<parameters id="el3c36ll-eSbe-40dl-blbZ2-0ccc2850d63E™
<wvalue walus="0" />

</parameters>

<parameters id="debeaSb3i-c54b-44f4-8ae2-91a780e860ca"

<swalue walus="0" /%

1L

name="yisSize

namez= Wet" description="H/L">

e="yvyizsRadius" description="H/4">

name="visColor" description="H,/4L">

name="visPosition¥X" description="N/A">»

name="wvisSizeI" description="H/L">

name="vizSize¥" description="H/4">

name="visShape" description="H/L">

name="visPosition¥" description="N/A">»

name="wvisRotationX" description="H/L">
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Third Step — Separation for Mutual Units...

—Z Multiple files for SVN

—Z Separate files for System Components
—~ No merge conflict since

=~ One engineer per component

7 Each component one file

—Z Result: Just update / commit needed
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< /metalData>r

<balancingsExcel id="88af3cfe-fTb5-4440-a92f-d3d244d9449e" />

</ components>

<components id
<parameters 1
<wvalue valus="0.2" />

< /parameters>

"04b0cf93-fab6-4b98-ab68-deSTdef2£29L"

name="Computer” description="H,/L" elementIc
"™ name="visSizeX" description="N/A">»

<parameters id="1723a3fl1-d37a-4dd3-26e0-bT7f187cZaT29" name="visMassWet" description="H/L">

<value valus="3.6" />

<parameters id="b3276f64-1%9=2d-4908-be89-6d%21259a552a" name="wisRadius" description="H/4">

< /parameters>
o W - —— W o =TT Lt ) £
-~
Mame

| | IEEE2011_Study_Test_d4.repository
#% | StudyData_0c69f960-8c84-40cf-8716-0ab...

#% | StudyData_0dfadflc-3517-42b5-842f-76f6...

% | StudyData_lelddbf2-58bd-4bcc-8a94-57...

#% | StudyData_2dect3bb-fd70-474a-adf3-ele..

#% | StudyData_2e629332-624d-40al1-8043-4a...

#% | StudyData_3d2b0b7c-0059-4839-853d-82...
#% | StudyData_3f/57f51-d4b3-4db0-81bf-T7ob...

#% | StudyData_04b0cf93-fabb-4b98-abb68-de...

# | StudyData_4a48b086-ec8e-4689-844c-flc...
#% | StudyData_4db68bc3c-2465-4bdf-abfd-8bf...
% | StudyData_4d180025-9555-400f-b50e-ef2..,

#% | StudyData_4dcdcc2b-be5d-40df-9175-0e...

% | StudyData_4f9800bf-54de-4520-8a3958-7eb...

. | CrodhMiad- AEL-2AT7d £E717 A -80 <720 0d

Anderungsdatum

18.10.2011 15:00
15.10.2011 13:00
18.10.2011 13:00
158.10.2011 13:00
18.10.2011 13:00
18.10.2011 13:00
18.10.2011 13:00
18.10.2011 15:00
18.10.2011 15:00
15.10.2011 13:00
18.10.2011 13:00
158.10.2011 13:00
158.10.2011 13:00
18.10.2011 13:00

1210 W1 12000

Typ

REPOSITORY-Date

PART-Datei
PART-Datei
PART-Datei
PART-Datei
PART-Datei
PART-Date
PART-Date
PART-Date
PART-Datei
PART-Datei
PART-Datei
PART-Datei
PART-Datei

NADT Mot

315 KB
5 KB
6 KB
5KE
5KE
5KE
S5KE
S KB
S KB
5 KB
6 KB
6 KB
5KE
5KE

C VD

rs

i1l
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Fourth Step — Storing it Version Controlled

—Z Using SVN

—Z Allows for version history
— What happened yesterday

—Z Trunk/Tag/Branch
7 Not sufficient for us

—7 Centralized control needed

Tags Study Z
/ Copy ses. 6 to stud)\ %
4 \ 5
2
\/
%
Revision 208 g
Revision 207 =
Revision 206
Revision 205
Revision 204 )
Revision 206 — Session 6 Revision 203 o
Revision 180 — Session 5 Revision 202 é
Revision 156 — Session 4 I Revision 201

—Z SVN internal copy as new Head-Revision
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Why not Other Alternative Tools? o

— What about CDO, Hibernate ...? -

—~ S0 many good eclipse projects Felipse Modeting Project

Amalgamation

(~)

=)

— But WhiCh One to use? Agent Modeling Platform

Eclipse Modeling Framework (EMF)
CDO Model Repository

@O ¢

EMF Compare
=7 There is little time for evaluation! EMF
Modeling Workflow Engine
EMF Query
EMF Query2

— Question of acceptance... 00

EMF Teneo Model Relational Mapping

—Z SVN is simple for engineers FUF Transaction

EMF Validation

OO0 OOOO OO
EEEEEEEE
® 0000 00

(~)

=8
00
® @@

)

=

{

@@

7 SVN iS Si m ple for deVelopment Eclipse Model Framework Technology (EMFT)

b3

v
v
v
v
v
v
v
v
v
v
v
v
J
v
v
v
v
v
v
v
v
v
v
v
J
&
&

000000
SR SRS
L]

DocZModel
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Eclipse the Bad Side...

—Z Sometimes poor documentation
—~ Non appropriate examples

—~ EMF compare framework

—Z Simple comparisons needed

4

2 days of effort — No results

\

Developed our own comparison
Not even 1 day of effort !!!

\

Deutsches Zentrum
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match model

aiff model
wersion 1
. 4 "
g # i ;
F ] LY
e - diff builder --=
'.'r_!rlj.iun-z 4 ShﬂWfaﬂa{VSE
merge
specific
match engine

selected SystemComponent ECSS

COomMm -
Shortname Mame - Description Unit Shortname Mame - Description Unit
"'ant_pu:umt_stab Antenna Pointing Stability - Spac..  degree W ant_point_stab Antenna Pointing Stability - Spac.  degree
& ant_steer_range Antenna Steering Range - Spacec..  degree ) ant_steer_range Antenna Steering Range - Spacec.. degree
O fdown Frequency Band Down - #th trans..  meqg... W fdown Frequency Band Down - #th trans...  meqg...
O fup Frequency Band Up - #th Transm... meg... W fup Frequency Band Up - #th Transm... meg...
@ elevangle Ground Station Minimum Elevati...  degree @ elevangle Ground Station Minimum Elevati..  degree
) ss_harness_mass Subsystern Harness Mass - Subsy...  kilog.. @ sstransmission_coding  Signal Coding - Transmission sig..  text
W max_freefall_distance Maximum Freefall Distance - Max...  metr... ) s5_harness_mass Subsystern Harness Mass - Subsy...  kilog..

@ =s_harness_massmarg...  Subsystern Harness Mass Margin ... perc...

O max_freefall_distance Maximum Freefall Distance - Max... metr...

Remove from selected SystemComponent I [ Add to selected SystemComponent

wiki.eclipse.org/EMF Compare
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%= Phase A - Communication Component compliant to ECSS standard. - Virtueller Satellit

A Docking Maneuver to E4...

7 Our current Eclipse version .

—Z 3.7 Indigo

—Z Our way to E4
—~ Not many trouble expected

(L)
(|

=~ Changed to Command Framework

Mew

Open File,..

Cloze

Close All
Save
Save As...
Sawve All
Revert

Move...
Rename...
Refresh

Convert Line Delimiters To
Print...

Switch Workspace
Restart

Import...
Expaort...

(Re-ILegin..

Properties

—7 Good experience with Command Framework but...

—~ What about Ctrl-S - Still an Action...
—~ What about Toggle-Buttons...

Deutsches Zentrum
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File | Edit [MNavigate Search Project Templates Window Help

Alt+ShiftsN» Eo <o v 0w

Ctri+W  bter . StarTrackerBig o *Cowver o "CON
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Eclipse the Good Side...

—~ A good tool for SW development...

=~ Many good tools for applications

—~ Modeling Framework
—Z Xtext

7

—~ Many other projects
7 Integration on RCP level
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Taking software engineering to space?

- Open source software engineering is concurrent...
—Z It seems years ahead of the classical engineering disciplines...

—~ We already use Subversion as data storage backend!

—- Why don’'t we use...
— Mantis/Mylyn for traceability in the CEF design sessions?
—Z Junit Test Runner for verifying simulation modules?
—Z Equinox for component based simulations?
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What Have we Seen Today...

—Z Alittle story of building a spacecraft. We have seen that a lot of different experts are
contributing to such a design.

—Z An application to design spacecraft and to go beyond the early planning phase. All
built on top of Eclipse RCP and EMF.

—~ Some good and bad aspects on using Eclipse. In particular the broad variety of
projects and poor documentation is a main blocker for our developments.
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See you soon...

Philipp M. Fischer
German Aerospace Center DLR e

Software for Space Systems and Interactive Visualization
Philipp.Fischer@dir.de
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