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Introduction Application case: SPIS
e New challenges in numerical e Overview
modelling e A complex modelling process

e Integrated Modelling e Geometry and CAD editor
Environments e CAD interoperability
e Mesh editor
Keridwen 2 e Properties and groups settings
e Overview e Simulation control and live
e Domains of application monitoring
e A modular system e Data mining and post-
e Underlying technologies processing

e Automatic reporting

Cassandra, shared visions
e Cassandra 2.5 Conclusion and perspectives

e Experimental cloud service
e A lightweight approach
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ﬁ“&i’?ﬂﬂ?sﬁﬁ?ﬁi Introduction

New challenges in humerical modelling
Modelled systems are more and more complex and large
e Multi-physics / multi-scales / multi-models
= Require a large spectrum of expertise, often geographically
spread
= Interoperability and integration into existing information
systems
e Large systems highly demanding in terms of resources
= Parallel and/or distributed computations
= Remote control of the simulation loop(s) and live monitoring
e Complex to configure and model (3D geometry, properties
attributions, numerical parameters settings)
= Need for simplified modelling process to reduce the learning
curve and guide the users along the modelling chain
e Large amount of rich output data to process
= Necessity to share over the Web rich and complex data
= Necessity of a robust traceability of the input/results
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Qﬁp Introduction

Integrated Modelling Environments
e Provide tools common to most simulation environments
— Possibility to integrate various numerical kernels
— File formats converters
— Distributed capabilities = = |
- Simulation monitoring  : = .
and control
— Tailored modelling chains: .=+ ©
— Sharing capabilities
— Traceability and
reporting

Kovcwor, Gacmery Eovcr

Objectives

e Simplify the integration of generic
features in tailored contexts

e Easier to build new simulation tools
without reinventing the wheel
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Keridwen is an open-source modular toolbox gathering, KERIDWEN
through interoperable software modules, a structured set INTEGRATED MODELLING ENVIRONMENT

of key functions of the scientific software and to address
the whole modelling process.

Keridwen provides numerous generic modules like:
— Pre-processing, simulation control, post-processing
— CAD editors and 3D visualisation tools
— Fully written in Java and multi-threaded
— Based on industry standard OSGi modules system
— Robustness, performances and reliability
— High interoperability with other modeling tools
— Ready for future distributed architecture
— Generic data persistency and I/O capabilities
— Open-source: public release in the coming weeks

Keridwen aims to facilitate the conception and the development of tailored

scientific applications, simulation software or data analysis tools.

The best basis to easily build the adapted

Integrated Modelling Environment (IME) solutions

© Artenum 2013
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A wide scope of
applications

Space environment
Radio protection
Mechanics and CFD
GIS

Electronic circuit design
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A modular system

e OSGi and normalised modules to easily build dedicated and adapted
solutions

e Low level as well as top level functional modules
e Set a generic tools (mesher, viewer, auto-reporting, properties settings...)

~ Keridwen Tools

CO?JOI;?:“ Generic Data Model
lexible State Machine for Graphical User Interface
Services Orchestration Docking System
External Technologies f i

" ava

nced Logging
System
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Underlying technologies

e Gmsh mesher

VTK

JFreeChart, 2D plotting library

Open Cascade

Penelope mesh library

— Unstructured 3D meshing (tetrahedra)

— Data fields (scalars, vectors, objects)

- Mesh and data fields operators
(splitting, mapping...)

— Rich I/O capabilities: GMSH, XML,
NetCDF, VTK...

Frida, generic properties handling library

— Handling of “Properties” being applied
on CAD models, meshes or logical
systems

— Provide rich properties editions and
mapping tools

Cassandra, scientific 3D viewer and

postprocessing tool

e o6 o o
Penelope’s Mesh Library

http://dev.artenum.com/projects/Penelope
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Cassandra 2.5, 3D Scientific Data Viewer
— Graphic visualisation pipeline editor for
complex and tailored post-processing
— Simpler to use (improved LAF, 3D widgets) E

— Based on Java and VTK

— Open-source

— Large set of filters

— Rich data conversion capabilities

— CAD import capabilities (STEP,
Iges,Brep...)

— Collaborative capabilities with
Cassandra Cloud

© Artenum 2013

Final plasma potential (V)
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Cassandra Cloud Service

e Experimental Web service

Share over the Web

— Processed 3D scientific data

— CAD models

— Meshes

Interactive collaboration

Data exchange based on X3Db files
Fine integration into Keridwen
(through Cassandra) to share:

— CAD models

— Mesh quality evaluation

— Local properties settings

— Simulation 3D post-processing

™

¥p &

3D ANYWHERE
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CASSANDRA

Cassandra Cloud

Cassandra Cloud is an experimental service of the Artenum Company dedicated to share 3D objects and
scientific data over the Web in a collaborative way. Cassandra Cloud is based on the X3D/X3Db virtual reality
exchange format.

Please contact us for further information or to obtain a test account.

Create a new study

Name of the study :

Data to visualize Default exchange scene _¢] ( Create study )

Connect to a study
Name of the study : [ 1371479593102 [3) (Go into the study )

Remove a study
Name of the study : [ 1371479593102 [+ ( Delete the study )




RTENUM, PARIS Cassandra, SharEd ViSiOI‘IS

Science & Groupware

Cassandra Cloud Service === o [ (oione

sharing server

e Data fields and CAD models
Publication in X3Db format
Share actions and points of/’ Comet based
view though C(.)met ( oo m—— notifications
based notifications  #3[)

® Ba Sed on Sha I‘eX3 D DDDDDDDDD R y
(S. Jourdain, Wehb3D 2009)

-0.0257

-0.0531

Potential (V)

.00168
29
-0.0257
Potential (V)
0.00168
-0.0531
-0.0257
-0.0806
-0.0531

Java Web Start & X|3D
light visualisation client

~—~ | Cassandra based client &
scientific data analysis tool
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Cassandra

File Edit View Sources Filters Tools Help
IEIE R TR T -
View | Tree Pipeline

P— =

— X (® )
L J \/ \

Data processing with Cassandra

- 000 Cassandra's Cloud over HTTP : 1371480270129
Potential (V

sﬂacec}a Spacecra Center | Zoom In | Zoom Out
‘ Potential (V)
a 0.00168
spacecra spacecra
L O (@) Cassandra Cloud: 1371479593102
Server

Address: http://localhost:8080/CassandraCloud
Attendees

(/] send invitations

Manager contact@artenum.com

Center | Zoom In | Zog

Invitation to Cassandra Cloud's session: 1371480270129

o contact@artenum.com v
groomit@artenum.com 16:44

garfield@artenum.com jforest@artenum.com v

wallace@artenum.com
Potential (V)
0.00168

Cassandra Cloud Experimental Service

You are invited by contact@artenum.com to visualise and shared
3D scientific results or a virtual reality scene.
| Add Guest || Remove Guest | Y

Please click on the following link to access to the shared 3D sceng|

- . http://localhost:8080/CassandraCloud/V3D. jsp?scene=dynamic&etude=137
Session

This link requiers Java Web Start unable on your local machine. If t
JWS based client does not start, please go to the Cassandra Cloud si

L Upload to Cloud JL Create shared se| ¢yyther information (see http://localhost:8080/CassandraCloud).

( ession Cassandra Cloud is an experimental service of the Artenum Company (

management

— Invitation by e-mail

© Artenum 2013
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A lightweight approach

e Server side successfully runs on
light Raspberry Pi based solution
— ARM based
- 256Mo RAM
— ADSL internet connection

e Why such tests?
— Check the relevance of the
whole approach
e X3Db based data exchange
e Band-width & latency
e Server needed resources

— Explore possibilities of simple and intranet exchange points
e Easy to install
e Easy to use
e Low cost and low consumption

© Artenum 2013
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Overview SPIS-GEO project
e Spacecraft Plasma Interactions e International consortium:
Software - Artenum
e Funded by ESA and CNES - ONERA
e 9 major releases since 2003 - Astrium
e More than 6 500 downloads - OHB-Sweden
e New SPIS generation e Objectives:
- SPIS-GEO - Simplified user interface
— SPIS-Science - Support of standard file
— AISEPS for plasma propulsion formats (STEP, NetCDF,
— SPIS Dust VTK, XML, etc.)
e http://dev.spis.org - Improved robustness and
e More than 800 registered overall quality
members (and around 2 new
registrations a week) = Full redevelopment based
e About 20 active contributors on Keridwen 2

(including SMEs, major
industrial actors and academics)
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e 05 e mssnssl CAD Modelling
e ’H -
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A complex and rich
modelling process
e A long path to follow:
— From the system definition | T
to the post-processing S p— TN
— Control the simulation
(monitoring)
- Simplify the reporting and
data traceability
e Data may have to be shared
at various steps: i

CAD models = = ~
Meshes

Properties setting

3D results

Final report > -
e
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Data may have to be shared over a network at several
points along the modelling process
e Whole project persistency scheme:
— Saving on a central server
— Should allow a remote access (files paths defined as URIS)
— Should allow a distributed persistency scheme
e Centralised material database
e Share and/or visualise CAD models
— Visualisation
— Concurrent design
— Centralised CAD sub-systems
e Share and/or visualise Initial and Boundary Conditions settings
e Share and/or visualise produced result data
e Share and centralised simulation reports

© Artenum 2013
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Geometry and CAD editor

-ﬂ_ﬁ (') SPIS-GEO: /Users/artenum/tmp/DefaultProject.spisS
| File Views Tools Help Developer

+JUJHE 2

& (G - = o) (R, o m
| LA 2% Lo M
‘) Name E RSl A
v (& Geometrical system
|| main.geo @8V !?
|| hub.geo oV —
4 || solarArrayl.geo ooy ﬁ |
e || solarArray2.geo ooV
= || topKeel.geo oV
7] || boom.geo o
‘f || opticalBench.geo oV
.S || sBandAntenna.geo oy
p || externalBound.geo oo
e || physicalGrps.geo ooV d
[ (& Instruments

OREELTREB D |

Global refinement coefficient . .
— Sharing with
|_J Skip mesh editor C&SS&I’]dI"a
L O Help J L <| Previous 1 > Finalize mesh J ) CIOUd
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CAD Interoperability

e STEP importer through e
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 ano

File Views Tools Help Developer

orientation of mesh .«

faces (used for 2D ¢ A== D _#a
thin elements) ¥ | .

(&5 Instruments

e Mesh statistics
information

ORELELEREBLDE R -=H

[ Operations X ‘ (] Statistics X__ = - =
S h . H h Umber of tetrahedra: 6077
arlng Wlt Number of faces: 12730
C d C I d = Number of edges: 7905
assandra ou | © Help | |9 Previous || P Next ||| yumber of vertices: 1255

© Artenum 2013
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Properties and Groups editor
e Simplified edition of the group properties allocation and edition
e Based on the Frida library

H 0O SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5 |
| File Views Tools Help Developer

+Jd

' (] Group tree X \\__ - I:I" (] Group viewer X

UM e e e LY
FaceGroup - 30029 ’A
FaceGroup - 30030 N
FaceGroup - 30031
FaceGroup - 30032
FaceGroup - 30033
FaceGroup - 30034
FaceGroup - 30035
o Actual Instrument Support
esh Model - Spacecraft default
ERS
o source - Spacecraft default
efault - No thin elements

/ . . N
acroscopic Characteristics - Spacecr. @ Groups/Properties editor - =

—_—

=N

e

Mt

lectric Field BC - Spacecraft default —[a
efault conductivity model - Spacecra Group type ‘ Spacecraft surface group 'J
pacecraft ground (ElecNode-0) Mandatory Properties

lasma Population BC - Spacecraft de

FaceGroup - 30037
FaceGroup - 30038 S/C plasma population BC \ 2-Plasma Population BC - Spacecraft default vil]

Sharing with
/ Cassandra
Cloud

BR L 17 07 &5 & 7 @ Oy [ | @ 7 esovuewswda O

FaceGroup - 30039 Electrical node model | 0-Spacecraft ground (ElecNode-0) j Y

FaceGroup - 30040 -

FaceGroup - 30041 S/C conductivity model | 0-Default conductivity model - Spacecraft default 'J J
FaceGroup - 30042
FaceGroup - 30043 - —
Eacaleoun 20044 Y M S/C macroscopic characteristics \ 0-Macroscopic Characteristics - Spacecraft default VJ LJ

R

S/C electric field BC \ 1-Electric Field BC - Spacecraft default vl

AN v v v vy VY VYV YV VY VY

A

| <] Previous Il > Next J S/C thin elements \FO—DefauIt—Nothin elements YL ||y N
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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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Post-processing
e Rich 2D/3D post-processing tools

000 SPIS-GEO: /Users/juju/Boulot/Projects3/FelixForSpisForTestRelease/data/Eclip = spisS

File Views Tools Help Developer

FORNY |

/l\ ( (] Data mining X - \:l‘ ( (] Co!lected_currenl_A_versus_time_s_all_populations,_all_no‘((ei_‘.nc >, v 0 final_plasma_potential.nc X - E‘ !
- Collected_current_A_versus_time_s_all_populations,_all_nodes, File Edit View Sources Filters Tools Help
N > ﬁ Distribution Functions 0,0000 - - i - mittil I - ,JH
| Map2D '
® | (5 others 0,0001 A
3 > ﬁ Preprocessing 9,?
» (&3 Surface Collected Currents 0,0002 1 .
> ﬁ Surface Electric Fields 0,0003 F
» (&5 Surface Emitted Currents o
» (&5 Surface Net Currents 0,0004 {
5 > ﬁ Surface Potentials
» (&5 Time Series 0,0005 {
N | | Trajectories 0,0006
= )006 1
~ | |» [ Volume Electric Fields ‘
=" || » (& Volume Densities 0,0007 |
> ﬁ Volumic Number Of Macro Particles
v (& Volume Potentials 0,0008
IR final_plasma_potential.nc .
" plasma_pot_at_t_=_204.69217_s.nc 0,0009 |
final plasma potential (V).
0,0010 +03 03e+03 -3.2]e+03
0 25 50 75 100 125 150 175 ZdD 225 250
L [@ Export || {F Export All || A visualize l Co\le;led,cunenLv”uevsus,t\me,s,a\\,popu\atmws_a\l,nodes,,] —
(| His(ogram_(as_a_curve:_t; v || (J Spacecraft_ground_potential_V_versus_time_s_(node_0).nc X Y [ (] improved_collected_current__on_regular_surf_at_t_=_204.69217_s.nc X h - Sh ari n
Histogram_(as_a_curve)_of___Mesh_quality_ Spacecraft_ground_potential_V_versus_time_s_(node_0) File Edit View Sources Filters Tools Help g
(best_=_1,__good_if__0.3) 0 .
st [ with
500 It
4 000 00
Cassandra
3500 1500 :I d
2000 { - o u
2 500
3000 | ¢
3500 ‘
4 000
1000
4 500
5 000 Collected-current at t =204.69217 s (m-2.A)
-9.41e:06 =8.30e-06 -7.19e-06 -6.08e-06 -4.97e-06
0 25 50 75 100 125 150 175 200 225 250
Spacecraft_ground_potential_V_versus_time_s_(node_0)
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3D Post-processing

e Multi-data analysis and filtering

e Rich post-processing pipeline

e Sharing over the Web with
Cassandra Cloud Service

-4.79e+03—__-3.78e+03

With courtesy of S. Time of frajectory - Photo (s)
Guillemant PhD

TJ’.’ZH(JV) 7 (ONERA, IRAP) &

ESA activity SPIS activity 15,02786 15,02787

IHH| I‘IIH
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SPIS

2D Post-processing
e Rich 2D post-processing capabilities, based on JFreeChart 2D
plotting functions
—times series
— histograms

2,75E0
3

w 2,25e0

Energy Distribution Function Versus Time at Injection

5EO
4,75E0
4,5E0
4,25E0
4E0
3,75E0
3,5E0
3,25E0
3EO0

2,5E0

2E0
1,75E0
1,50
1,250 |

1cn

| (] Visualizer ( 2 nodes)Visualizer ( 2 nodes)Visualizer ( 2 nodes) X \ - |:|i

0

-2 500
-5 000
-7 500
-10 000
-12 500
-15 000
-17 500
-20 000
-22 500
-25 000
-27 500
-30 000
-32 500
-35 000

Node_1_average_surface_potential_V_versus_time_s

0 250

500 750 1000 1250

1750 2000

— Node_1_average_surface_potential_V _versus_time_s.nc
— Node_2 _average_surface_potential _V_versus_time_s.nc

© Artenum 2013

pE: @ Histogram

4500
4250
4000
3750
3500
3250
3 000
2750
2500
2250
2 000
1750
1500
1250
1000
750
500
250
0

f_init

(as_a_curve)_of___Mesh_quality_(best_=_1,

[eV-1]

good_if__0.3).nc

—
I’_'_[

| —

e

0,0 0,1 0,2 0,3 0,4

0,5 0,6 0,7 0,8 09

— Histogram_(as_a_curve)_of

Mesh_quality_(best_=_1,__good_if__0.3)]

1,0
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Auto-reporting
e Automatically generated OpenOffice reports

OO O SPIS-GEO: /Users/artenum/tm;;/DefauItProject:spisS

File Views Tools Help Developer

! -#.J <‘ J H exampleAutoReport.odt - LibreOffice Writer
File Edit View Insert Format Table Tools Window Help

= Reporting X % = p e .
S B-BE0EloR v A - gE-F 4489 8
Report overview : -
B [Default ~ | [Helvetica Y v A 4 A E EEMEFE %B-S-E -

Introduction and general informations
Filename : /Users/artenum/dev/IME /Felix-4.0.2/./overview.tmp L
Author : artenum
Date : 14.mars.2013 at 16:17:01

en

Software name : SPIS Geo ———
Software version : 5.0.0 S e SPIS Simulation Auto-report SPES Simulation Auto-report
Description : This is a SPIS simulation report file. Kerkhweni's auo-reporting bundi e Keridwen's auto-reporting bundie D
Lesa
. . X 6. Outputs
1} Project informations
il The outputs of the simulation run. Including time series for simulation duration and 2D/3D
map data. Images may have been resized during report generation, full size versions are still
i;; The present auto generated report corresponds to the following SPIS proje stored in project.
. ease reload it for further analysis.
@) Project name: DefaultProject ] Spacecrat sound potentl ¥ versus ime 5 (ode ]
et Project path: /Users/artenum/tmp/DefaultProject.spisS
1 || study name: DefaultStudy
Study path: /Users/artenum/tmp /DefaultProject.spisS /DefaultStudy
Run name: Runl
Run path : /Users/artenum/tmp/DefaultProject.spisS /DefaultStudy/Simulat
o =]

a_potential .nc.png
3D model informations

3D model geometry

The geometrical model is defined in the following files, compliant with the G
Geometry input file name: cad_sav.geo

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

Fig. 6: Spacecraft_ground_potential_V_versus_time_s_(node_0).png

Image : Model geometry

L. 2D madal mach
-

Fig. 9: sc_pot_at_t_=_2000.0_s.nc.png
Fiename: Filename:
[exampleAutoReport.od 17.Mar.2013 at |exampleAutoReport.od 17.Mar.2013 at
t Author: fabrice SPIS Geo v5.0.0 16:01:10 t Author: fabrice SPIS Geo v5.0.0 16:01:10

rtenum 2013 Page 2 / 28 Words: 2135 Default French (France) w [ OO0 M - e + 75%




Conclusion and
perspectives
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e New modelled systems, new needs in the modelling process
e As an IME solution, Keridwen aims to address them
— Lightweight and modular solution
— Adaptable
— Based on industrial standards
e Need of data sharing and visualisation over the Web appears at
several levels along the modelling chain
e The Cassandra Cloud service, based on X3D, has demonstrated
the possibility to exchange data/visualisation in an efficient way.
e Keridwen and Cassandra Cloud have been successfully tested
on a real-life use case SPIS.

ectives

DErS

e Other applications currently under investigation
— Remote HPC: simple data extraction and visualisation
— Remote non-regression test suite: simple data extraction and
visualisation
e Cassandra Cloud is still experimental and should be further

improved/tested
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More Info
contact@artenum.com

http://www.keridwen.org




