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SPIS

e 9 major releases since 2003

e More than 6 500 downloads (all
versions/branches)

e More than 1 200 downloads for
SPIS 4.3

e Open to news fields: ESD,
instrument calibration,
propulsion, dusty plasmas

e Components mutualised with
other communities

e New SPIS generation coming
- SPIS-GEO
— SPIS-Science
— AISEPS
— SPIS Dust

© Artenum 2013

Introduction (1/4

SPINE, an active community
e http://dev.spis.org
e More than 600 registered
members (and around 2 new
registrations a week)
e About 20 active contributors
(including SMEs, major
industrial actors and
academics)
e Regular SPINE meetings
e Training courses
e Numerous publications
— Last publications at the 12th
SCTC

— Future publications in
preparation (e.g. Web3D
2013 conference)
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SPIS-GEO/MEO project
e ESTEC/ESA contract
— Technical officer: David Rodgers
— Consortium: Artenum, ONERA, EADS-Astrium, OHB-Sweden
e Developments based on the existing SPIS (same concepts,
same numerical kernel with new models, new user interface)
e Adaptation to industrial needs and in particular to MEO/GEO
orbit constraints

Objectives of the project

e Identification of industrial users needs

e Simplified user interface adapted to engineering applications

e Physical models adapted to MEO/GEOQO orbits and commercial
space platforms

e Tested software against in-flight observations and existing
codes

© Artenum 2013
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Team and work breakdown structure

e Consortium including industrial end users
e Validation phase performed by non developers, on real-life test

cases

r WP 000 ]

L Project Management J

7
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Deliverables

Ref Description
D1-URD User Requirements Document
D2-SQAP Specific Quality Assurance Plan
D3-SRD Software requirements document
D4-ADD Architecture Design Document
D5-DVVTP Draft Validation and Verification Test Plan
D6-SDD Software Design Document
D7-SUM Software User Manual
D8-VVTP Validation and Verification Test Plan
DS-VVTR Validation and Verification Test Report
D10-SATPR Software Acceptance Test Plan and Report
D11-FR Final Report

© Artenum 2013
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Methodology
e User requirements were gathered from various sources:
— Industrial end users provided their requirements directly (WP
leader)
— A 2008 CNES study gathered community
user requirements é Cﬂes
— ESA provided their own requirements
e An exhaustive list of 59 requirements has been identified
e Requirements were sorted by priority and a trade-off was made
with respect to technical constraints and feasibility

Main requirements for the numerical kernel

e Eclipse exit with material conductivity evolution
e Pre-defined worst-case and typical environments
e Spacecraft self-shadowing

e Performance improvement

© Artenum 2013
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Main requirements for the user interface

e Overall simplification of the user interface

e Cross platform compatibility (Linux 64bits, MacOSX, Windows XP
32bits)

e Improved project persistency (quicker project loading/saving,
standard file formats)

e Thin wires and plates

Real-time monitoring

Improved robustness and performances

Validation requirements
e Code should be validated against existing software
e Code should be validated against in-flight measurements

© Artenum 2013
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Software lifecycle management and quality

e SPIS was first developed in 2002

e Industrial development tools and development standards were
just emerging

e Standard tools and techniques are now widely used by the
software industry

e Full redesign of the framework based on modern architecture
and design patterns

e Based on industry-standard development tools and techniques:

— Compilation, deployment and dependency management:
Apache Maven

— Source code versioning: Subversion
— Automatic quality controls: Sonar
— Continuous integration: Hudson

© Artenum 2013
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Dependency management

Dashboards  Projects = Measures  Reviews Settings « Benoit Thiébault «

[Espisul Configuration «
Dashboard Filter: () Display test libraries Collapse all Usages|
Hotspots H

i [ spisul 5.0.1-SNAPSHOT Licenses
Reviews No libraries '
Time Machine ~

£a SPIS Ul bundle archetype 5.0.1-SNAPSHOT BSD style: XStream Core

TOOLS No libraries

B . Public Domain: MXP1: Xml Pull Parser 3rd Edition (XPP3), XML Pull Parsing API
omponents .
e Ca sPIs data mining module 5.0.1-SNAPSHOT

Violations Drilldown P ) )
B [ sPIS-GEO wizard 5.0.1-SNAPSHOT (compile)

Unknown: "Java Concurrency in Practice" book annotations, Codec, commons-beanutils, concjunit, docking-frames-
common, docking-frames-core, vtk, xalan

Design © @ ATk 2.0.6-SNAPSHOT (compile)
SBIHES iih jfree;jcommon 1.0.16 (compile) Apache License, Version 2.0: osgi.core
Clouds
Compare - il commons-logging:commons-logging 1.1.1 (compile) The Apache Software License, Version 2.0: Commons I0, Commons JEXL, Commons Logging, Commons SCXML,
© L& Keridwen graphical user interface 2.0.1-SNAPSHOT (compile) Digester, Log4j, Xerces2 Java Parser, xml-apis
ih org.dockingf :docking-f ~core 1.1.1-p7. 1 -
sonar org.dockKingirames:dockKing-frames-core 1.1.7-p/a (Compl e) GNU Lesser Genera| pub"c L'cense: Jxl

ith org.dockingframes:docking-frames-common 1.1.1-p7a (compile)

N i i i ! i i A1 : iti
E8 Keridwen text editor 2.0.1-SNAPSHOT (compile) Indiana University Extreme! Lab Software License, vesion 1.1.1: MXP1: Xml Pull Parser 3rd Edition (XPP3)

© L3 sPIs data model 5.0.1-SNAPSHOT (compile) The BSD License: Fortran to Java ARPACK
© 3 Keridwen Data Model 2.0.1-SNAPSHOT (compile)

© b xom:xom 1.2.5 (compile) Lesser General Public License (LGPL): ArtTk, Keridwen Data Model, SwingX Core

fih xm-apis:xmi-apis 1.3.03 (compile) General Public License (GPL): Frida, General utiliy classes for the IME, Global parameters module., Gmsh plugin for
h xerces:xercesimpl 2.8.0 (compile) Penelope, Keridwen Messaging System, Keridwen graphical user interface, Keridwen internationalization module,
ih ) Keridwen settings module, Keridwen state machine module, Keridwen text editor, Nisaba, Penelope NetCDF plugin,
- xalan:xalan 2.7.0 (compile) Penelope Vtk Plugin, SPIS Instruments, SPIS data model, SPIS-GEO wizard, SPIS-NUM, Xml plugin in penelope
B [ Keridwen state machine module 2.0.1-SNAPSHOT (compile)
® b commons-scxml:commons-scxml 0.9 (compile) (QPL): Penelope Core module
Ml commons-digester:commons-digester 1.8 (compile) GNU Lesser General Public Licence: jcommon, jfreechart

ith commons-beanutils:commons-beanutils 1.7.0 (compile) .
o b o ) ! Apache License: HttpClient

commons-jexl:commons-jex! 1.1 (compile)
i junit:junit 3.8.1 (compile) The GNU Lesser General Public License, Version 2.1: XOM

LA Keridwen settinae madile 2 0 1.SNAPSHOT (comnile)

Common Public License Version 1.0: JUnit
MIT License: SLF4) API Module, SLF4] Simple Binding
GNU Lesser General Public License 2.1: GNU Trove

(MIT-style) netCDF C library license: NetCDF-Java Library, Unidata Common
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Quality controls

DELLLGETGE Measures Reviews

[E spisul

Projects w

A major evolution (3/7

Version 5.0.1-SNAPSHOT - 14 mar. 2013 01:33 [ Time changes... B
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Revi Lines of code Classes
. . A A
Time Machine 25 926 315
42 579 lines & 112 packages
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Dependencies
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Promethee BathyMeshGrid Tools
10 12
Aurora Project

Cassandra

n
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Technologies KERIDWEN

INTEGRATED MODELLING ENVIRONMENT

e SPIS is based on the Keridwen 2.0, a generic
Integrated Modelling Environment (IME) and benefits
from its capabilities:

— Fully written in Java and multi-threaded

— Based on industry standard OSGi modules system

— Robustness, performances and reliability

— High interoperability with other modeling tools (e.g
G-Eclipse, ESABASE-2...)

— Ready for future distributed architecture

— Loosely coupled messaging system

— Generic data persistency and I/O capabilities, based
on standard formats (NetCDF, XML, etc.)

— Open-source

— Benefits from a trans-communities dynamics by
sharing the maintenance effort over several
communities

© Artenum 2013
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Technologies

e Penelope mesh library:
— Handle unstructured 3D meshing (tetrahedra)
— Support rich data fields (scalars, vectors, objects)
— Mesh and data fields operators (splitting, mapping...)
— Improved performances compared to JFreeMesh
— Dynamical management of mesh elements (necessary
for mesh splitting and mesh edition)
— Rich I/O capabilities: GMSH, XML, NetCDF, VTK...
— Full support of latest GMSH file formats:
e Support of format 2.2, including deployed fields
— Includes the Java wrapping of GMSH
e Better integration of GMSH (direct control of GMSH
objects in code)
e Improved performances (direct memory
exchange)
e Contribution to the GMSH community

Penelope’s Mesh Library

© Artenum 2013
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Technologies

e Frida, the generic properties handling library:

— Generic handling of “Properties” (in the largest sense
of the term) being applied on CAD models, meshes or
logical systems:

e Used to define, edit and allocate all required
properties (materials, BC and IC) to Groups in SPIS

— Provide rich properties editions and mapping tools

— Java-based and open-source

— Handle a large set of data types (scalars, vectors, tables, strings, objects...)

— Hierarchized and module data structure

— Expandability to support new types of materials and properties

— Rich I/O capabilities:

e XML base format
e Import of NASCAP-2K materials
e Import of SPIS legacy (4.3 and older) materials

Frida, the painter

Frida is a generic properties edition and storage tool
already used in several other contexts than SPIS.

© Artenum 2013
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Technologies

*v .

e Cassandra 2.5, 3D Scientific Data Viewer
— Graphic visualisation pipeline editor for
complex and tailored post-processings
— Simpler to use (improved LAF, 3D W|dgets)
— Based on Java and VTK s e e e e e SRS
— Open source —
- New filters NG
— New data conversion
capabilities
— Collaborative capabilities
and 3D view sharing
over http with the
CassandraCloud service.

“.]

<<<<<<<

Final plasma potential (V)
-1.29e+04 -1.11e+04 -9.21e+03 -7.36e+ -5.50e+03
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User interface overview

e SPIS 5 uses a wizard-based approach to guide the user through
the modelling chain while guaranteeing data consistency

Yoo

File Views Tools Help Developer

SPIS-GEO

+JE

/l\ (] Home X \\,,

-

3 ]”_

| © Help |

Open an existin

v 52 #%: new project
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User interface overview
e This deep refactoring should:
— Help the user, including non-expert, to perform properly the
whole modelling process
— Provide a more homogeneous GUI, easier to understand
— Provide a step-by-step validation of the modelled system
- Provide a better awareness of the simulation and generated
data with reinforced monitoring capabilities
— Reinforce the robustness of the whole application and stored
data
— Reduce the learning curve
— Reduce the “incompressible minimal cost” for a mission study
— Reinforce the global confidence in the produced results
— Keep the advanced capabilities of the SPIS Legacy GUI

© Artenum 2013
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User interface overview - Geometry editor

e Better integration of components resulting in more

homogeneous user experience

O 00

SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5

| File Views Tools Help Developer

v

TR 475
w

| a Geometry viewer

(& Instruments

Global refinement coefficient

1.0

(] Design X -=:
A L2 L L& (X ][9]
Name PO
v l’,i,L Geometrical system
| main.geo @8V
| hub.geo oV
| | solarArrayl.geo oo
| solarArray2.geo oo
| topKeel.geo oV
| boom.geo o
| opticalBench.geo o
‘| sBandAntenna.geo o] v/
| externalBound.geo oo
| physicalGrps.geo o

|_J Skip mesh editor

| © Help | | < Previous || [> Finalize mesh |

© Artenum 2013
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User interface overview - Geometry editor
e WYSIWYG editor: 3D view of the edited geometry
e Geometry editor allows to create new geometry files from

templates: S )
— 2D Thin plate (Sphere =
— Cubic box File name Sphere.geo Q
B Sphere Id of the first element in the geo file 1000 !

e Open existing CAD files in various onere radius —
fOrmatS : Sphere resolution 0.3
- Gmsh .geo files |
— STEP files SPers cente, X coordinae ’ f

Sphere centre, Y coordinate 0 =

— STL tesselated files (exported from
Geant4 for instance)

Support of Gmsh composed .geo files

Integrated text editor for CAD files modifications

Possibility to open the selected file in Gmsh

Possibility to apply a global mesh refinement coefficient

| %’ Create geometry file I @ Cancel !

© Artenum 2013
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CAD Interoperability

e STEP importer through
Gmsh (OpenCascade based)

e Tessellated geometries
importer (Penelope)

e Interfacing with external
CAD tools (e.g. JCAE,
FreeCAD, CATIA...)

© Artenum 2013
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User interface overview - Mesh editor

e Mesh statistics

e Possibility to directly import existing mesh files in various
formats (Gmsh, STL, UNV...)
e Mesh operations mechanisms: currently, one operator provided

to change the
orientation of mesh
faces (used for 2D
thin elements)

e Mesh statistics
information

© Artenum 2013

SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5

eNoO

File Views Tools Help Developer

+) UJH
AN @ Mesheditor - o
2| LA LU LX)
“ ) Name o)

v (&5 Geometrical system

| Bicadsavmsh Ol ]
b

|3

(&5 Instruments

| © Help | | < Previous || [ Next |

"] Meshviewer X

4]

Number of tetrahedra:
Number of faces:

Number of edges:

Number of vertices:

| Operations X [ (] Statistics X

6077
12730
7905
1255

T 2
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User interface overview - Group editor

e Simplified edition of the group properties allocation and edition

e Based on Frida library

N.YeYe)

SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5

| File Views Tools Help Developer

’+J

/N
"

,";

I 0

L

] Group tree X \\_

I (] Group viewer X \\_

La UM e |

I FaceGroup - 30029
P FaceGroup - 30030
I FaceGroup - 30031
P FaceGroup - 30032
I FaceGroup - 30033
r FaceGroup - 30034
I FaceGroup - 30035

No Actual Instrument Support

Mesh Model - Spacecraft default

CERS

No source - Spacecraft default

Default - No thin elements

Macroscopic Characteristics - Spacecr,

Electric Field BC - Spacecraft default

Default conductivity model - Spacecra

Spacecraft ground (ElecNode-0)

& Plasma Population BC - Spacecraft de

FaceGroup - 30037

FaceGroup - 30038

FaceGroup - 30039

FaceGroup - 30040

FaceGroup - 30041

FaceGroup - 30042

FaceGroup - 30043

20NAA

Earalrann

AN v v v v vy vV ¥V VYV VY

e I

A

O
X
gt
o

L
v

( <] Previous Il > Next J

|‘ @ § J9beurw auadiy [ ‘

"1 #l  Groups/Properties editor

| Spacecraft surface group

Group type

e d=|

Mandatory Properties

S/C plasma population BC
Electrical node model

S/C conductivity model

S/C electric field BC

S/C macroscopic characteristics

S/C thin elements

| 2-Plasma Population BC - Spacecraft default

Shared
v

| 0-Spacecraft ground (ElecNode-0)

@

| 0-Default conductivity model - Spacecraft default

v|O

| 1-Electric Field BC - Spacecraft default

yiu

| 0-Macroscopic Characteristics - Spacecraft default

O

| 0-Default - No thin elements

Vu v

© Artenum 2013
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User interface overview - Group editor

Groups List

e Major simplification for the user

o WYSIWYG editor: highlighting of the
selected group in the 3D view

e Pre-selection of the correct properties ol Propeny
for a given group I p——

e Support of thin elements (2D plates
and thin wires)

> Group 1

—| Physical

| Characteristic 2 = "the black cat"

e Possibility to import/export group | Crescereiea- 1245 20
Settings in XML files —> Property 2
e Advanced properties editors N —

e Frida is very flexible and allows the
creation of new properties by
extension of existing ones or S —

—» Property 2 = "the white dog"

composition R

Characteristic 4 = 1.2

> Group 2

© Artenum 2013
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User interface overview - Electrical circuit editor
e Now an explicit step of the modelling chain
e Integrated text editor to modify and import circuit files

e NO SPIS-GEOQ: /Users/artenum/tmp/DefaultProject.spis5

File Views Tools Help Developer

+UJH
5 e

s

CO031le-1
C23 le-i0

I||‘ ;‘ ’..

/)

Impose a biased voltage

between nodes 0 and |
N

Set a resistor

between nodes 0 and 2

|
=
o

o
(o))

N
N
N OO o
w wN
L
('ID(D
=

o o

Set a capacitor
between nodes 2 and 3

| O Help | ( <] Previous Il > Next |
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User interface overview - Global parameters editor
e Improved global parameters editor
e New editor to configure transitions (e.g. eclipse exit)

(NN &)

SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5

File Views Tools Help Developer

+) A

= " Transitions editor X )

%" [Predefined parameters: | globalParam.xml TJ (W&

‘1, Verbose level |LOW v

_[ Qutputs T Volume Interactions T Plasma T Poisson equation T B Field T Surface Interactions T Simulation control T Spacecraft ]

r Name | Type | Value | Unit | Description | Verb... |

_: scPotMonitorStep double -100.0 [s] time step for spacecraft ground potential monitoring (0 => none... LOW %

= densityLogPlotCutoff double 0.0010 [ecu/m3] cutoff for density log plots LOW

B plasmaPotMapMonitorStep double -10.0 [s] time step for plasma potential monitoring (0 => none, -n => n... LOW
poissonVerbose int 3 None Same as verbose, but specific to Poisson solver Low

N verbose int 3 None Verbosity level (level of screen messages about code execution) LOW

= scPotMapMonitorStep double -10.0 [s] time step for spacecraft local potential monitoring (0 => none, -... LOW
finalCumulation int 2 None cumulate currents and densities at the end of simulation ? 0=no,... LOW
exportAllDataFields String None None Select the export mode for all data fields (None=no export, ASCI... LOW
exportDensity String None None Select the export mode for density data fields (None=no export,... LOW
currentLogPlotFlag int 2 None plot log10 of currents? 0=no, 1=yes(log only), 2=both LOW
densitiesMapsMonitorStep double -10.0 [s] time step for densities monitoring (0 => none, -n => n times) Low
particleTrajectoriesNb int 0 None number of particle trajectories per PIC population LOowW
finalCumulationStartTime double 0.5 [s] or [-] if finalCumulation=1 starting time for final dens-current cumulati... LOW
densityLogPlotFlag int 2 None plot log10 of densities? 0=no, 1=yes(log only), 2=both LOW
scCurrentMapMonitorStep double -10.0 [s] time step for spacecraft local currents monitoring (0 => none, -... LOW
numericsMonitorStep double -100.0 [s] time step for numerical behaviour monitoring (0.0 => none, -n... LOW
currentLogPlotCutoff double 1.0E-12 [A/m2] cutoff for current log plots LOwW v

[ «= Add global parameter J[ —} Delete selected global parameter J

| O Help J

{ <] Previous J[ [> Finalize run configuration and save project J

© Artenum 2013
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User interface overview - Global parameters editor

Simplified edition of the global parameters with the help of a
new filter that hides expert settings from the view by default
Typical environment settings provided by default

Preset worst case environment settings (ECSS and NASA worst
cases)

Possibility to sort table columns by ascending or descending
order

Data types checking

Import/export of global parameters either in XML or Excel
format

New transitions editor to configure eclipse exit modelling

& ||

# Data for basic eclipse exit

# 1 st column is time (Unit: [s]), 2nd column is relative sun flux wrt to global definition (Unit : [-])
0.0 0.0

1000.0 0.0

1060.0 1.0
10000.0 1.0

© Artenum 2013
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User interface overview - Simulation control & monitoring
e Simulation control: start / pause / stop
e Real-time monitoring: displays key parameters of the simulation

B0.0.6 SPIS-GEO: /Users/juju/Boulot/Projects3 /FelixForSpisForTestRelease/data/SphereLowResolution.spis5
File Views Tools Help Developer

A X

/l\ (] Instrument list viewer X .=l & Average surface potential on nodes: time variation (] Individual currents on node 0 X Ve -= I:I !
=/ |Fitter : Average surface potential on nodes: time || Individual currents on node 0 versus Time | 14
® Instruments ALY variation versus Time 6,6746E-8 _ A
> g“’w' energy s 0EO 33373E-81 WA
¥ (& Total current on nodes n . WA\ A -
ry I ECIEEITYN e || £ 392555 S 3337368 :
4 | » (& Number of macro particles S -7,8509E3 E > - i
- > ﬁAverage surface potential on node... ,E =3 -6,6746E-8 N
- v (& Individual currents on node 0 v -1,1776E4 3 -1,0012E-7 11
E [ individual current on node 0 -... MO = 2 -1,3349E-7
L : o -~ -1,5702E4 c
s | Individual current on node 0 -... ¥® o : -1,6687E-7
| ||» (& Average surface potential on nodes g -1,9627E4 H -2,0024E-7
) » (&5 Average surface potential on node... s g 2' 1E-7 !
="| || v (& Spacecraft average differential pot... = -2,3553E4 S _2'2288[{_7
T [ Spacecraft average differential... (] () 5 _2.7478E4 S -2, -
g £ -3,0036E-7
y -3,1404E4 2 -3,3373E-7
£ -3,532084 -3,671E-7
- -4,0048E-7
©-3,9255E4 _4.3385E-7
:;' -4,318E4 OEO0 1,3E-5 2,7E-5 4E-5 5,4E-5 6,7E-
0EO 9,7E-61,9E-52,9E-53,9E-54,8E-55,8E-5 Time[s]
| Time[s) — Individual current on node 0 - Collected ionsl (A s)
) = N\ "7,"' B Export I—Variation of average surface potential on node 0 (s-1.V s) | Individual current on node 0 - Collected elecl (A s)

(] Log console X - | (] simulation running X 4]
INFO v (V] Auto scroll| @ Clear console
L J : | ® Launch simulation || (&) Stop simulation |

..| Date | Message |

& ]
&» 2013/03/19-13:47:34 2.6128671E-7s (max allowed = 2.6128671E-7s), numerical speed A
up = 1.0 B Total duration [s] : 1.0E-4
\

o Last local volume potential change: 0.006630144V maximum change,
(@ 2013/03/19-13:47:34 and 0.0013490788V average change

&» 2013/03/19-13:47:34 (last plasma time step = 2.6128671E-75s)

SC local surface potential change: 0.0035233498V maximum change,

O Help | < Previous || [> Extract data and save project |

v
& 2n12:021010 12.47.24 1]

4
© Artenum 2013 7
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User interface overview - Simulation control & monitoring
e Reinforced awareness of the simulation evolutions through
dynamical monitors
— Real time monitoring
— Converging factors
e Progressive generation of simulation outputs
e Simplified access to generated data

Better and Simpler Control
of the Simulation by the User

Faster and easier access to results in
an operational context
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SPIS-UI (14/24

User interface overview - Data mining

2D/3D post-processing tools
Simplified data extraction and
mining

Rich multiple export capabilities
Improved performances and
memory cost

Faster data saving and reloading
(about 10 times w.r.p SPIS
Legacy)

© Artenum 2013

(] Datamining X .

» (& Others A
[ [_:i Preprocessing
> [_:i Surface Collected Currents
» (&5 Surface Electric Fields
> [_i Surface Emitted Currents
> [_ﬁ Surface Net Currents
» (& Surface Potentials
> [i Time Series
| Trajectories
> lﬁ Volume Electric Fields
> [ﬁ Volume Densities
3 [:Q Volumic Number Of Macro Particles
v [E Volume Potentials

IR final_plasma_potential.nc

| plasma_pot_at_t_ =_1.01901815E-5_s.nc

| plasma_pot_at_t_=_1.0E-4_s.nc

| plasma_pot_at_t_=_2.0119078E-5_s.nc

| plasma_pot_at_t_=_3.0047971E-5_s.nc

| plasma_pot_at_t_=_4.0238156E-5_s.nc

| plasma_pot_at_t_=_5.016705E-5_s.nc

plasma_pot_at t =_6.0095943E-5_s.nc

plasma_pot_at_t_=_7.002484E-5_s.nc

: plasma_pot_at_t_=_8.0215024E-5_s.nc

o/
plasma_pot_at_t_=_9.014392E-5_s.nc v

| [® Export || {F ExportAll || A Visualize |
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User interface overview - Post-processing
e Rich 2D/3D post-processing tools

SPIS-GEO: /Users/juju/Boulot/Projects3/FelixForSpisForTestRelease/data/EclipseExit-Example.spisS

File Views Tools Help Developer

+J

o

/l\ ( (] Data mining X - \:l‘ ( (] Collected_currenl_A_versus_time_s_all_populalions,_all_no‘({es,‘_‘.nc»"; v [ (] final_plasma_potential.nc X = _
- ~ " Collected_current_A_versus_time_s_all_populations,_all_nodes,_ File Edit View Sources Filters Tools Help
N > [hj Distribution Functions 0,0000 -
| " Map2D ' %
® | (5 others 0,0001
A > E Preprocessing ET
< 0002
» (&3 Surface Collected Currents 0,0002
=
> E Surface EIeF(rl( Fields 0,0003 2
» (&5 Surface Emitted Currents p=
» (& Surface Net Currents 0,0004 &—3
~ N
2| NI (&5 surface Potentials
» (&5 Time Series 0,0005 3-;
N Trajectories ‘g
= 000!
~ | |» [ Volume Electric Fields 0,0006 =
@) ‘ o X
=" |/ » (& Volume Densities 0,0007 1 &
> E Volumic Number Of Macro Particles n=x>
v (&5 Volume Potentials 0,0008
IR final_plasma_potential.nc . E
" plasma_pot_at_t_=_204.69217_s.nc 0,0009 |
" final plasma potential (V)
,0010 : i i +03 03e+03 -3.2]e+03
0 25 50 75 100 125 150 175 200 225 250
| [® Export || (3 Export All J( 2 Visualize | Co\Ie:ted,cuvreﬂt,v”\,-:exsus,tu‘we,sia\Luopu\atmws_a\l,rmdes,,I —
(] His(ogvam_(as_a_curv'e'j_d (] Spacecraft_ground_potential_V_versus_time_s_(node_0).nc X v (] improved_collected_current__on_regular_surf_at_t_=_204.69217_s.nc X -
Histogram_(as_a_curve)_of___Mesh_quality_ Spacecraft_ground_potential_V_versus_time_s_(node_0) File Edit View Sources Filters Tools Help
(best_=_1,__good_if__0.3) 0
4500 7 i i :
500 %
4000 1 000 B
1500 &
2 000 ) &3
2 500 33
30001 Fa S
o1t
3 500 &
X
4000 %
4 500
500
5 000 Collected-current at t =204.69217 s (m-2.A)

0 25 50 75 100 125 150 175 200 225 250

-9.41e:06

=8.30e-06 -7.19e-06 -6.08e-06

-4.97e-06

| Histogram_(as_a_curve)_of___Mesh_quality_|{ Spacecraft_ground_potential_V_versus_time_s_(node_0)
ax o - =
| @ Help [P Next |

enu

e =2
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User interface overview - Post-processing
e Multi-data analysis and filtering

N ~ final plasma potential (V). —
-4.79e+03___-3.78e+03  -2.78e+03 — -1.78e+03

© Artenum 2013
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User interface overview - Data
e Tailored post-processing
— Particles tracking
— Probing
— Pre-built analysis
pipelines

Time of trajectory - Photo (s)

L L UL
15,02786 15,02787

© Artenum 2013
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User interface overview - Data mining
e Rich 2D post-processing capabilities, based on JFreeChart 2D

Collected_current_A_versus_time_s_all_populations,_all_nodes,_

plotting functions

— times series
— histograms

Spacecraft_average_surface_potential_V_versus_time_s_(the_ones_on_top_of_node_0)

=250 11

-500

750
-1 000
-1 250
-1 500
-1750
-2 000
-2 250
-2 500
-2750
-3 000
-3 250
-3 500
-3 750
-4 000
-4 250
-4 500
-4 750
-5 000

-5 250

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

|7 Spacecraft_average_surface_potential_V_versus_time_s_(the_ones_on_top_of_node_0) |

© Artenum 2013

-0,000775 {f-------

-0,000800 {}-

-0,000825

0,000850 et L

-0,000875

-0,000900

-0,000925 {}-

-0,000950 {1

-0,000975 {i-

-0,001000 {}-

| 4250

25 50 75 104

— Collected_current_A_versus_{]

# Histogram_(as_a_curve)_of___Mesh_quality_(best_=_1,__good_if__0.3).nc

Histogram_(as_a_curve)_of___Mesh_quality_(best_=_1, good_if__0.3)

4500

4000
3750
3 500
3250
3 000
2750
2500
2250
2000
1750
1500
1250
1000
750
500
250
0

IEL

1

—

0,0

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

[— Histogram_(as_a_curve)_of__Mesh_quality_(best_=_1,__good_if__0.3)]
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User interface overview — Reporting

e New reporting feature: automatically generated OpenOffice
reports

‘OO - SPIS-GEO: / Users/artenum/tmp-/DefaultProject:spiss
File Views Tools Help Developer

i -#J JH exampleAutoReport.odt - LibreOFffice Writer
{
File Edit View Insert Format Table Tools Window Help
(] Reporting X BBl ooa = A . FEE I

Report overview : j!: Default v | | Helvetica v v A 4 A i : E E E ﬁ - & - El -
Introduction and general informations =

/N
: &
"’ Filename : /Users/artenum/dev/IME/Felix-4.0.2/./overview.tmp = : : . i
Author : artenum
Date : 14.mars.2013 at 16:17:01
Software name : SPIS Geo
Software version : 5.0.0
Description : This is a SPIS simulation report file.

SPIS Simulation Auto-report SPIS Simulation Auto-report

Pace

Keridwen's auto-reporting bundie o=

Keridwen's auto-reporting bundle

6. Outputs

T Project informations e o s
stored in project.
The present auto generated report corresponds to the following SPIS project a
ease reload it for further analysis. ° spaceast goumd potest ¢ vesus time » (e 8 °
Project name: DefaultProject

Project path: /Users/artenum/tmp/DefaultProject.spisS

Study name: DefaultStudy
Study path: /Users/artenum/tmp/DefaultProject.spisS /DefaultStudy

Run name: Runl ;
Run path : /Users/artenum/tmp /DefaultProject.spisS /DefaultStudy/Simulations o °

Fig. 8: final_plasma_potential.nc.png
3D model informations

3D model geometry

The geometrical model is defined in the following files, compliant with the Gmhs

Geometry input file name: cad_sav.geo

Geometry input file path: /Users/artenum/tmp/cad_sav.geo o

Fig. 6: Spacecraft_ground_potential_V_versus_time_s_(node_0).png

Image : Model geometry

2D madal mach
-

Fig. 9: sc_pot_at_t_=_2000.0_s.nc.png

Fiename.
xampleAutoReport. 17.Mar.2013 at
t Author: fabrice SPIS Geo v5.0.0 16:01:10

17.Mar.2013 at
16:01:10

Fiename
xampleAuto Report.
t Author: fabrice SPIS Geo v5.0.0

rtenum 2013 Page 2 / 28 Words: 2135 Default

French (France) = OOR | - + 5%
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User interface overview - Log console and scripting

e New log console displays shows detailed information facilitating
maintenance of the software and bug fixing

e SPIS 5 is still fully controllable with Jython scripts

e Batch mode allows to run SPIS in headless mode (i.e. without
its graphical user interface

e There are scripts provided to perform parametric studies (e.qg.
variation of global parameters or material characteristics)

(S XONG) Log Console
[DEBUG q V] Auto scroll| @ Clear console |
..| Date | Message \
Write data field with bak system. - AbstractDataField [id=0, |4
NG 2013/03/14-16:18:26 Q?nnggt_a,:nlén;tﬁr"gzﬂznsswlnpﬁcs&::ﬁ\zttmr_ [\J: e NO JyConsole

meshMask= [id=0, name=[s], descriptic
2}, meshType=VERTEX], dataArray=nbl| JyConsole by Artenum, http://www.artenum.com

Parameter simulationDtInit not found in ¢ " iaht" " e m “li "f . f .
returning default value: i Type copyrig t", "credits” or "license” for more information.

Write data field with bak system. - Abstr
name=Number_of_elecl, localisation=V]|
g 2013/03/14-16:18:26 timeStamp=-1, unit=SimpleStringUnit [u{| > > > for globalParameterFile in globalParameterFiles:
meshMask= [id=1, name=[s], descripti;|
2}, meshType=VERTEX], dataArray=nb

¥ 2013/03/14-16:18:26

€ 2013/03/14-16:18:26 2.6128671E-7 s ¥ (Creates the Project Data Transfer Object

€ 2013/03/14-16:18:26 projectDTO = Project()

¢ 2013/03/14-16:18:26 | projectDTO.setProjectName("DefaultProject”+globalParameterFile.getName())
&) 2013/03/14-16:18:26 Time: 3.1354407E-6, Dt = 2.6128671 projectDT0.setProjectDescriptipn("Project generated via Jython script")

W 2013/03/14-16:18:26 projectDTO.setProjectParentFolder(File("/home/benj/Bureau/testpython"))

© Artenum 2013
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User interface overview - Advanced functions
e Modelling of thin elements
— 1D thin elements: wires, booms, antennas...
— 2D thin elements: solar arrays, sails, antennas...

© Artenum 2013
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User interface overview — Documentation O Help

e Direct access to the user documentation from the user interface

e Comprehensive documentation (more than 400 pages) for both
the user interface and the numerical kernel

e The user manual describes the features in detail (70 pages)

read it!

SPIS-GEO

RTENUM, PaRIS

Sclence & Groupware SPIS-GEO User Manual

4. Using the application

4.1. User interface

When the application is first opened, the window displayed in Figure 2 appears
divided in five main parts:

1

2

3

4

5

)

4.1.1. Overview

The menu bar gives you access to some of the application main function
five menu items, File, Edit, Views, Tools and Help.

The top tool bar contains all generic functions of the framework:
The left side bar provides a direct access to each step of the modelling pro
The right side bar allows the access to the external tools of the application.

The central panel displays the step-by-step thematic panels of the modellir

SPISSGEO

SPIS - GEO/MEO

User Documentatic

The Spacecraft Plasma Interaction System, SPIS, is a simulation software based on an electrostatic 3D unstructured Particle-In-Cell plasma model and consisting of a JAVA based highly
modular Object Oriented library, called SPIS/NUM. More accurate, adaptable and extensible than the existing simulation codes, SPIS is designed to be used for a broad range of industrial
and scientific applications.

The lion kernel is it into a plete modular pi (IME), called SPIS/UI, allowing a
high degree of integration of external tools, such as CAD tools, meshers, material handling and vi izati llbranes SPIS-UI oﬂers a very easy and flexible access to each level
of the numerical modules via a modulare design based on OSGI bundles.

Originally designed to focus on scientific applications, the application scope of SPIS is largely wider now and is regularly d to new i or domains of physics.
This includes, for instance, the modelling of electrical propulsion systems, ESD prediction on solar arrays or link with radiation models through deep charging phenomena.

The iction of the lic charge (absolute and relative) of spacecraft for engineering purposes is also a key issue with modern platforms that are more and more complex, operating
high- power and sensitive electronic devices or using modern materials. Differential charging can lead to arcing, dangerous for the electronic payload. This need is especially critical for GEO
and MEO missions, where are located most of the platforms. , the of electrical propi 1 systems on platforms pushes
integrators to perform much more detailed electrostatic analysis before the flight.

In order to push back the limits of legacy tools currently used i |n the |ndusiry a specific version of SPIS, called SPIS-GEO/MEO, to model MEO and GEO missions that would simplify its usage
in an engineering context. SPIS-GEO/MEO has be by Artenum (SPIS-Ul) and ONERA (SPIS-NUM), evaluated and validated by OHB-Sweden and ASTRIUM-France
with the support of the European Space Agency (ESA)in the frame of the contract Nr 4000101174 - Order Nr AO/1-6218/09/NL/AT).

SPIS-GEO/MEOQ is an evolution of the global SPIS project initiated in 2001. Initially developped by ONERA and the Artenum Company and funded on an ESA effort (ESA/ESTEC Contract Nb
16806/02/NL/JA), the SPIS project follows an open-source approach in the frame of the SPINE community. SPINE counts about 600 registered members today, inside and outside EU, and
know a strong community life.

SPIS-GEO/MEOQ is based on the version 5.0 of the main branch of SPIS and is hosted on the SPINE community Web platform

SPIS-Ul DocumENTATION

« SPIS-Ul User Manual, Technical Notes and Scientific Papers
o SPIS-GEO/MEO User Manual (UM) : Quick Start and general user manual of SPIS.
o Cassandra’s User Manual
o SPIS-GEO: Simplified MEO/GEO tools for spacecraft charging (poster at the 12th SCTC. 2012, Kitkyushu, Japan
°
°

SPIS-GEO: Simplified MEO/GEO tools for spacecraft charging (proceedings. 12th SCTC. 2012, Kitkyushu, Japan
SPIS-Ul. a new IME for space applications (proceeding of the 9th SCTC, 2005, Tsukuba, Japan
« SPIS-Ul Tests and Validations
o Sample automatically generated report (Simple Spacecraftin GEO)
o Global Memory Cost Test {png format) and (pdf format)
o TN 12.0 SPIS-UIPicUp3D Java/C++ Comparative Benchmark
o TN 2010/10-001 Floating Simple Sphere with Low Resolution

SPIS-NUM DocuMENTATION

o SPIS-NUM User pages
o How to model charging in GEO using SPIS-GEO
o SPIS/NUM Controlling NUM from Ul: Explains how to set all control parameters in User Interface to define i i the user
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User interface overview - Project structure

e SPIS projects are saved in a hierarchical file structure

e Significant performance improvement in loading/saving of
projects

e Extensive use of standard file formats (XML, NetCDF, etc.)

DefaultProject.spis5 -——-> Root directory
—— model.xml
L—— DefaultStudy -——==> Study directory
—— Preprocessing --—--> Preprocessing directory for the study
| —— Datafields ----> Pre-processing DataFields
| F——— ElectricalCircuit ———=> Internal circuit settings directory
| —— Geometry ----> Geometrical models directory
| —— Groups —-——-> Groups and properties settings dirertory
| F——— Mesh —-—--> Mesh directory
| L—— Pproperties ---=-> Properties directory
|
—— Simulations -——=> Simulation directory
e Runl ----> Run directory
F——— GlobalParameters ----> Global parameters directory
—— NumKernel —-——=> Spis-Num specific directory
L—— OutputFolder —-——==> Output data directory

© Artenum 2013
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Improvements summary

e Simplified user interface that lowers the learning curve

e More homogeneous interface and integration of third party
components

e Better traceability and simplified release mechanism

e Improved overall code quality and maintainability

e The use of industry-wide standards (Java, Maven, OSGi, etc.)
facilitates community contributions

e Significant performance improvements (e.g. project loading/
saving)

e True modularity that greatly improves SPIS evolutivity

o Will benefit to all future versions of SPIS (SPIS-Science, SPIS-
Dust, AISEPS, etc.)

© Artenum 2013
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ted numerical models

Presentation by ONERA




e
@Lﬁi:ﬂi&‘ar..ﬁiﬂf Validation camec

Presentation by OHB-SE

© Artenum 2013



ﬁp Conclusion & perspectives

Transition to SPIS 5 is a significant improvement for SPIS-GEO
and all future versions of SPIS

Keridwen 2 offers a modern architecture to SPIS and paves the
way to better interoperability with other space environment
tools

Simplified and more homogeneous user interface reduces the
learning curve for new users

Improved numerical models are more adapted to industrial
users needs

Validation campaign lead by end users and not by developers
e Real-life comparisons show promising results

Further analyses should be done

SPIS-GEO is released and available on SPIS website
http://www.spis.org

Beginning of the 6-months maintenance phase: feedback is
welcome!

© Artenum 2013



ﬁ”’“s Conclusion &

ectives

DErS

Perspectives

e Regarding the SPIS-UI IME:
— Good example of application of Keridwen as tailored IME
— Good basis for interoperability with other modelling tools
— Good basis for other models/domains of physics
— Ready for a future distributed architecture
— Possibility to integrate collaborative tools

e Regarding SPIS-NUM:
— Improved models able to address industrial needs
— Performance optimisation

© Artenum 2013



