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What this presentation talks about...

1. Why attempting a new approach in making simulator software ?
2. “Operationally responsive” architectures and technologies

a. SMP2
b. REFA
c. EGOS-MF

3. Benefits for the users

4. Conclusions
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Rationale -- Background s~ esa

1.Recognition that development strategies better than
mere reuse should be explored

2.Take advantage of new technologies and of ESA most
recent standards

3.ESA (ESOCQC) is preparing the first deployment of a new
generation of operational simulators in the context of
the Swarm mission, a constellation of three satellites
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Overview of the Swarm mission s~ esa

. Study the dynamics of the Earth magnetic

field and its temporal evolution

i i i magnetosphere
. Improve understanding of its various ‘ﬁgﬂﬂcﬁm_,w

contributing sources (Earth core, Earth http://www.esa.int/esal.P/LPswarm.html
mantle and lithosphere, magnetosphere and _

. e coupling currents
ionosphere) 7 (FAC)

lithosphere %
s,
s

mantle

induced currents

fluid core

solid core
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Why do we need a reference architecture?

Example of what a simulator software architecture may look like:

1. No clear interface between models
2. Difficult to isolate models for reuse
3. Tight coupling of database and models

4. Reuse potential mostly only via “copy&paste”

How about if we ...

a. defined clear interfaces between the
different elements in a spacecraft ?

- CDMU - AOCS
I SDB [ ] Generic Models
B Power [ Payloads

[ I RFCS [ Thermal c. improved reusability at model level in a
“plug&play” fashion ?

defined some suitable breakdown of a
whole simulator into models ?
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By the way ... simulators: what is this and why?

1. This is a computer running a satellite related application software

a. it provides the operator with the same view on the satellite as of the real
satellite
b. what matters for ground operators is essentially TM and TC

2. A simulator includes typically:
a. an on-board software emulator
b. functional models of satellites hardware equipments
c. and ... an operator interface

3. Typical simulator usage scenarios are ...
a. mission control system and facilities testing
b. wvalidation of the operational procedures
c. training of operations staff -- with e.g. injection of contingencies
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“Operationally responsive” technologies

1. The SMP2 Standard ...
a. promotes portability of models among different simulation environments and
operating systems
b. promotes the reuse of simulation models
c. fulfills these objectives by providing a standard interface between the simulation
environment and the models

2. The Reference Architecture (REFA) ...
a. lidentifies, using SMP2, a reference spacecraft simulator architecture which can
be used as the basis for simulators design and development
b. achieves shorter development cycles by reuse relying extensively on a common
architecture

c. fulfills these objectives by specifying interfaces between spacecraft subsystems
and by identifying models which can be developed in a generic fashion
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SMP2 architecture

ponent. a Simulation RONMENT (and its services)

ces:
Mandatory interfaces:

Mandatory se
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SMP2 simulation services and interfaces

1. rvices are ...
Connect by the IModel Q_ Model
RUN environment !
Restore . ' aure fi
s ISimulator . \ Configure |ron_ment
GetState I Publish  Bervice
GetTimeKeepe ISchel GetName M Scheduler
r
ITimeKd ©etParent — Time Keeper
21 GetModel nust implement the otc
K...etc... _Ace ILd ] Logger
3. Every simulation service must |—O—Fvent Manaaet
implement the IService interface BB ETEET " :

\
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SMP2 key benefits

1. SMP2 avoids developing models which use the operating system or hardware
specific dependencies -- Platform Independent Model (PIM)

2. SMP2 promotes the use of modern software engineering techniques -- in
particular component based design

3. SMP2 makes reuse easier via breaking dependencies between simulator
models

4. SMP2 allows dynamic configuration -- for example the user may at
“runtime”:

a. select different orbit propagators depending on the required accuracy

b. switch a component that simulates a hardware equipment with a
component that interfaces with the real equipment (when moving from
simulated models to real equipments)

L £

\\ \Mk e s a GSAW 2009 | Torrance, ca | The Swarm constellation simulator | 24th march 2009 | Slide 10
\\ s = = = e BRI

European Space Agency

o



SMP2 hierarchy -- the main parts

AD |

~ Catalogues define SMP2 models @'

Model-Instance C

Schedules define the scheduling of
the entry points of model
instances

Model M1

Model M3
4

Assemblies specify how model Assembly Al

instances are integrated
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REFA onset

1. REFA started with investigating what would be worth being standardised for all
satellite subsystems across simulators

-- via the actual screening of 4 different space missions
2. As a result REFA identified ...
a. what should the “reference spacecraft simulator” requirements be
b. all interfaces between the different elements in a spacecraft simulator
c. the models which can be developed

— in a generic fashion (e.g. satellite dynamics, orbital environment
modelling, satellite thermal control, communications subsystem, ...)

— those other models which need to be developed specifically for each
mission
3. This is a system architecture -- some hard work remains to be done ...

4. Use this architecture as the basis for future simulators development !

\
= European Space Agency

—

-

—

AN . .
k&" e S a GSAW 20009 | Torrance, cA | The Swarm constellation simulator | 24t march 2009 | Slide 12
=

\- Nl = II=E1111 0 e [ e B i



REFA logical model

REFA subsystems:

REFA utilities Simulation Monitor | | Parameter Mapper Configurator
Generic Units Parameters Events Failures Messages
Aligned Unit A
Magnetic ; ; =
Torquer Head Simulation Model Portability 2 (SMP2) Component Model

= e S a GSAW 20009 | Torrance, cA | The Swarm constellation simulator | 24th march 2009 | Slide 13
=
= - L S RS

European Space Agency

-



REFA outputs -- example

Generic Models (SMP2)

— ‘ External Force

|| ‘ Earth Magnetic Field

ExternalF orce e

Aligned Unit
Magnetic
Torquer
Interface :
() Magnetic
Ve i N
==SMP 2modg The Magnetic Torquer Head
=== MP 2interface= = AlignedUnit . .
IAlignedUnit requires an interface to read
N the Earth Magnetic Field
==SMP2m odel==
ManeticTorquerHead

== SMP 2Mield==#naturalh agneticField . AnalogueP aram eter
== ZM P 2Meld==2dizturbanceMagneticF ield © AnalogueP aramet
== 5P 2Meld==#globalMagneticField . AnalogueParameter
==2MP 2propert y==+Torgue © Yedar

== 3P 2Meld==#dipoledom entum : FlostE4 = 0.0

== ZMP 2Meld==#orgue | Yedar

== 3MP 2propert y== +DipoleMomentum ;. FloatE4

.
wtemalF orce

EarthField

T
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The Magnetic Torquer Head
requires an interface to
provide an External Torque
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REFA outputs -- and SMP2 editor support

[l Catalogues 3

b 2 Model ReactionWheelMotor
I+ & Model MagneticTorquerRod
B 2 Model MagneticTorguerCaoil
E2 Property Torgue
B Property DipoleMomentum
5> AlignedUnit
t> 7l Container MagneticDisturbance
[ =2 Reference EarthField
[ =< Reference ExternalForce
é Field naturalMagneticField
¢ Field disturbanceMagneticField
# Field globalMagneticField
[ & Field dipoleMomentum
i Field torque
I+ [z Model MagneticDisturbance
I g Model ReactionWheel

- *Assemblies

<~ 44 /home/pfritzen/AOCS. asb

= |5 Assembly Document

- & AOCS

= & MagneticDisturbance

[ & disturbanceFieldEnabled

[ & disturbanceFieldCorrelation

5> Container MagneticDisturbance

[+ @ pointing
[- & rotation
[ é position
[+ & parenthame

[- @& tracelLevel

= Model MagneticTorgquerHead
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REFA for building a new simulator ...

EPS TCS RFCS
Solar . Solar . Transfer
Battery | |PCDU Thermistor | | Thermostat Antenna| [Combiner :
Array Surface Switch
AOCS Ground Transmitter | [ Receiver
STR [[CESS || FGM MTQ - Uplink [|Downlink
RCS Data Links
HERS AR | || Ll 1553 ||[ACARO|| UART ||ML16||DS16
Sensor Valve
Pressure Flow Control Colour Scheme
Transducer Valve Payloads Deployable
Branch Merge
DHS Partially REFA Defined
Sz | S2Een g
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EGOS modelling framework (EGOS-MF)

1. Eclipse based IDE extension for developing SMP2 simulators and for increasing
software development efficiency

a. EGOS-MF is a collection of Eclipse Plug-ins. It uses MagicDraw.
2. Supports the full life cycle of simulator development
a. design of models -- systematically (re-)start at the UML design stage !
b. code generation by SIMSAT MIE (including code merge)
c. document generation (with customisation of generation templates)
d. model execution and debugging
3. The answer for managing simulators complexity efficiently is ...
a. to model! -- and the model is the single source of information
b. to automate !
c. and not to repeat yourself !

4. Hence: Model Driven Software Development (MDSD) supported by the EGOS-MF suite
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EGOS-MF overall development workflow

Requirements Development sann
Engineering

Requirements N | -doc doxygen
Editor |l
A A
.>
A 4
Requirements N UML >
Import Tool Model
4
Catalogue N C++ Code
Generator (MIE)

Import Tool

A
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EGOS-MF model driven generation simple case

> UML: Information Model
U XML Schema

==sfructure==
Packet
{order=0} {order=1}

Header |1 DataField| 1 D CORBA IDL
==alray== Z=SR(LUenca== B
Header DataField ey
{itemType=0ctet, {itemType=0ctet, SHE CORER
size=G6} maxsize=65536) ck_Exsmple_EG03_2005.xal

== Types and IOCeTfacES ==---cesccccsccscscoceccceas

» UML: Functional Model

==pperation== O
IPacketDecode z=rgizpg=s
+Decode( packet: Packetp — — — — — — — — — 1
& -

==gyception=:=
DecodeFailed

Reason : String8
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EGOS-MF code generation process

( )

Models are essentially source code
Editor Editor

Templates H

Catalogue
Generation Compiler
Tool
Code | |
v v 7
Catalogue Package ,
Valida%or Edito? 4_’-‘ \:-—> Linker ’
)_

Platform Specific Model (PSM) J

This systematic code generation process is illustrated next proceeding from the
previous UML example

<<SMP2model>>MagneticTorquerHead

(s
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EGOS-MF example: Catalogue Generation

1. Catalogue Generator translated UML Design into SMP2 Catalogue (XML File)

fiifl Catalogues 2 | &4 *Assemblies = B8 MagneticTorquerHead: inheritance 52| = 8 MagneticTorquerHead: aggregation i3 =8
b 'k Model ReactionWheelMotor (=] B B
. .
[ 5 Model MagneticTorquerRod e — o MagneticTorquerHead
I [z Model MagneticTorquerCoil ?
; .
& Property Torgque
= Property DipoleMomentum ‘% Entity = EarthField =~ ExternalForce -
g+ AlignedUnit
I> 7] Container MagneticDisturbance Z‘S
-« Reference EarthField -
b = Reference ExternalForce [k GenericUnit MagneticTorgquerHead: composition 2 8
¢ Field naturalMagneticField W
# Field disturbanceMagneticField .2 MagneticTorquerHead
Field globalM ticField 0 . -
# Field global¥lagnetichie L & AlignedUnit
I+ ¢ Field dipoleMomentum 0..*
& Field torque . .
k Z‘S i/ MagneticDisturbance
I g Model MagneticDisturbance
b [k Model ReactionWheel - ‘ .= MagneticTorquerHead ‘ 8 —
[4] ] 2 K | Ad
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EGOS-MF example: C++ Code Generation

2. Code Generator generates C++ Source Code for each SMP2 Model wih SIMSAT MIE

(il Catalogues 32

a5 *Assemblies

LB T T oS (s e T V=T g T Mo W S8 Aocs/MagneticTorquerHead. cpp

I iz Model ReactionWheelMotor
I+ L& Model MagneticTorquerRod
> g Model MagneticTorquerCoil

El Property Torgue
&l Property DipoleMomentum
g AlignedUnit
I 7] Container MagneticDisturbance
[+ = Reference EarthField
[ = Reference ExternalForce
4 Field naturalMagneticField
¢ Field disturbanceMagneticField
@ Field globalMagneticField
[ # Field dipocleMomentum
¢ Field torgue
Model MagneticDisturbance

boE
I+ [k Model ReactionWheel

class MagneticTorguserHead:
tUnitsrr&lignedinit,

tEmp: tIDynamicInvocation,
rEBmp ot Mdlk
rrEmp oMk s

public ::Genseric:
wirtual public
wirtual public :tompcsite,

wirtwual public rAggregate

A7 Default constructor.
MagneticTorguerHead {void) ;

/) Constructor setting name,

S e PUBLIC MEMEERS
M—_——

e S Constructors/Destructor
M—_——
public:

degcription and parent.

MagneticTorguerHe=ad| ::Smp::String® names, ::Smp::String8 description, ::Smp::IComp
S47 Wirtuwal destructor that iz called by inherited classzes as well.
wirtual ~MagneticTorguerHead (wvoid) ;
B
e e e e e Containers ———————————
hd = =
vl Kl J |

[« [

g-esa
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EGOS-MF example: Document Generation

3. Document Generator generates Design Documentation for each SMP2 Model

ADCS.ADD do OS50 ord -
! File Edit Wew Insert Format  Tools  Table  Window Help  Adobe PDF Acrobat Comments Type a question for help = X
NS HR SR VE BB S0 -8OREESR 5 - @ el
El.l.lﬁttimdeandOrbitCnntrolSystem ﬁEE-|-1-I|-2-|I-3-|-I4-|-5I-|-5-I|-F-|I-8-|-I9-|-1E|I-|-11-I|-12-|I-13-|-1|4-|-15:¢.-ﬁ
1.1.1.1 AccekrometerHead = .
M1.1.1.2 GyroHead 1.1.1.5.3 Function
H1.1.1.3Magnetichisturbance o
E1.1.1.4 Magnetic TorguerCaoil This is the model of a
E‘1'1'i'?“é‘?_?ié‘?”q“a“ead It is in charge of computing the produced torgue depending on the dipale momentum and on the
1115 2Prooss magnetic feld.
11153@_ The produced torgue is then set into the SIMDYMN generic model.
1.1.1.5.4 Subordinates
1.1.1.5.5Dependencies 1.1.1.5.4 Subordinates
1.1.1.5.6Interfaces
1.1.1.5.7 Resources CONTAMNERS
Lidsk REFE'E”FES Name Type Multiplicity Description
1.1.1.5.9Processing
1.1.1.5.100ata | MagneticDisturbance flanneticDisturbance [0.7]
1.1.1.6 MagneticTorguerRod
[E1.1.1.7 MagnetometerHead 1.1.1.5.5 Dependencies
1.1.1 8 Reactionwhesl w
1.1.1.9ReactionwheslHead FEFEREMCES o
1.1.1.10ReactioniwheeMotcr Reference Interface Multiplicity Description @
1,1.1.11 StarTrackerHead w: o
— CAnlCi~l- [t =t (N 10 PR |l O, B PR Y PN, PRV S g | 4 Tl b mdFmmm dm vl dlm il flA
/@] 3 [Ele = =w < >
Page & Sec 1 alz1 At Z0.6cm Ln 20 Col 24 English (L.
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Users common views across simulators

v 1o MtgHead
# |Title Type Uni . .
1. Users have identical views on ... @ Majorversion
. 1 softMinimum Double o MinorVersion
a. Message logging features _
2 softMaximum Double o lssueNumber
b Model failures 3 hardMinimum Double
.. 4 hardMaximum Double . Entlt}ﬂd
c. Parameter limits
_ . & TracelLevel
d. Simulation tree search _
& Failed
_ _ _ _ I 1L pointing —
2. Users have identical views (for example) on failed or f ) .
[ 7t rotation

a. The magnetic torquer head has Analogue Pararnr

T I b = position
qetic field) -- hence they have limits and tt

i parentName
> £ Position
> & naturalMagneticField
> & disturbanceMagneticField
iz globalMagneticField
@ dipoleMomentum

P = torque

%
" 7

//—/’—_—
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Conclusions

1. Building the ESA operational simulators is “better, faster, cheaper” with:
a. SMP2 -- interfaces enabling reuse and exchange of satellite models
b. REFA -- structured reuse of past acquired simulators knowledge
c. EGOS-MF -- automatised component based development
d. SIMSAT -- solid software infrastructure on linux platforms

2. From the users perspective

a. These advanced technologies respond to project needs and schedules
b. Requirements for multi-satellite systems are satisfied

c. Demonstrated potential for reduced costs in producing future
simulators
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Thank you for your attention !

Any guestions..??..
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