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Cosmic Vision Missions programme

ESA’s science missions for 2015-2025:

Over 150 missions have been proposed

4 missions have been selected so far:

= L class: JUICE (L1,2022)

= M class: Solar Orbiter (M1, 2017), Euclid (M2, 2020)
= S class: CHEOPS (S1,2017)

Other L class candidates:

= | XO/ATHENA:Advanced Telescope for High Energy Astrophysics
= LISA/NGO: New Gravitational wave Observatory

New M3 studies:

= EChO (Exoplanet Characterisation Observatory)

= STE-QUEST (Space-Time Explorer and Quantum Equivalence Principle
Space Test)

= MarcoPolo-R (Asteroid sample return)

= LOFT (Large Observatory For X-ray Timing)

= PLATO (PLAnetary Transits and Oscillations of stars)
RapMobp
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REST-SIM Project

Radiation Effects on Sensors and Technologies for Cosmic
Vision Missions (CVM)

e Main objectives:

o Survey of the proposed CVM technologies and review their
radiation susceptibility

> Review existing radiation effects analysis tools and capture the
SF requirements

> Design and implement the SF
> Demonstrate the SF capabilities

e The project team:

> QinetiQ (now RadMod), etamax, SpacelT, DHC and UCL/CSR
o ESA technical officers: Giovanni Santin & Petteri Nieminen

e Main development activities have been completed in 2012

http:/spitfire.estec.esa.int/trac/REST-SIM



REST-SIM Simulation Framework

MainWindow

parent
main dir

REST'SIM SimUIation Framework | QMainWindowSingleton i:;rrﬂa;zgjéer
Mission/Environ.

proj manager

Module: Geometry Module: ~_Joecn manager
' http, FS OpenkFrontie Eackay_menager
SPENVIS/OMERE@

application manager DataBaseManager
FASTRA B _Manag _9
Slm manager
DML [) - .
post processing manager
QMainWindow theGRASSimWidget
timer

[ init

init
setup
msgBox

|Projectl\/|anager| | GeometryManager |\| RadEnvManager

| SimulationManager| | Appl|cat|onManager | PostProcessmgManager

| UserManager |
G4macro csv, roof

SSAT/MULASIS

Top level design Main class diagram

Key s/w technologies:
* Python and PyQT — main programming lang. and GUI
* GRAS/Geant4 — particle transport and effects simulation tool
* OpenCascade — geometry modelling
* NumPy, SciPy & Matplotlib — post-processing
* MySQL — internal database
Main tools:

RapMobp * Eclipse/Pydev, QtDesigner
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REST-SIM SF Components

User manager: sets up a single user (anonymous, without login) or multi
user environment (with registration and login)

- Project manager:all configuration and run parameters, user inputs, run
results, post-processing products, ... are organised in projects.

Environment manager: set up connections to a SPENVIS server and
import environment spectra from SPENVIS, OMERE or via direct user file
import.

Geometry manager:import GDML files or set up, run and import files
from ESABASE2 and FASTRAD.

Application manager: set up the parameters for the selected effects
tool.

Simulation manager: define host environments for simulation runs and
schedule the run execution

Post-processing manager: visualise and plot results, apply response
functions and user defined functions.

Database: storage of user defined parameters, imported and generated

files, simulation setup and progress, ...
RapMoo &
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REST-SIM SF GUI

-
REST-SIM = |[EF]
Project Geometr tHanEn Applicatior Simulation DactProcessing
Project Viewer g x GRASprutEuiIder
Mame type application input_name
P ¥ z
Earnple] PIogEL Physics Geomeiry Source | Tally
- Geometry geo
Environment env
Simulations
4 Post-processing analysis Fartide type IE- -
[P py testpy python script
Input input
< | m |
T
| Simulation Facility Viewer I Simulation Viewer | Project Viewer 'T-:' Figure1

Fie st POO +# B«

py_test.py(read only) (2] |

1 import numpy as np 1.0+

2 import pylab as pl

3

4 x=2.%np.pi*ng.arange(101)/100 0.5 : B2

5 pl.ploc({x, np.cos({x}) =

€& pl.show() - Bmax [deg] 0.00

0.0 ] | pmax [deg] 0.00 =

Post Processing —0.5 1

Results Viewer | Pythonconsole | Plot Commands

Z| D Response Function mode

- ; Er Law index 1,00
Running... 00:05:34 J ""1.-0 7 = L= —
Wi} 51 |Meyv b
225, in <module> - -
from Ui_SPENVISSetup import Ui_Diglog
ImportError: No module named Ui SPENVISSetup Tl
=2 > DataBazeManager.set_global_current_project_version_jd{1) il [ o b s PENVIS cle = <
EE RadEl:lvDamReader. RadEnvDatsReader().read_list_of_radenv_files() = | St "DFC"]U'T' | type L : EN. i n’apued -:n:n:tror_d
environment file - |
Mame Type Size Value a
array([ @. , ©.86283185, @.12556371,
2t floatbd  {(101) 5 13340556, @.25132741, @
-
=




Project manager

Gl L il L ]_d'_.L L ! £ ' “hinn h“i > 4‘ hu

M REST-SIM
[ Project ] Geometry  RadiationEnv  Application  Simulation  PostProcessing

Mew ]

Dpen t | wpd200 » | Version 1 (validation case with...) application

u Delete r ' Yersion 2 (version 2]

Export ]

Import

Exit

(114

- Create new and delete existing projects

- Create and delete project versions: creates a copy from a selected
base version

- Share/unshare project versions with other users
- Block/unblock project versions

- Export/import projects: write/read all project files into/from a
directory tree on disk

- Project viewer: GUI panel listing project version files with right-
click actions: view, edit, delete, run, ...

RapMobp .
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RadEnv Manager

M REST-SIM [ | (3]
User Project Geometry Application  Simulation  PostProcessing
Praoject Viewer SPEMVIS » Import X
Mame OMERE  » Setup application
4 examplel Upload » Edit
- Geometry = o

Mission environments can be modelled using SPENVIS and OMERE

* run from REST-SIM
* environ. data are imported and saved in the project database
User can also upload environ. specifications directly

@ mission.cen - OMERE =1 [ESE =

File Window Mission | Enwironment | Dose SEE  Atomic displacement Solar Cells Tools Help

D& 2 ME

Solar Particles ...

36000.00 x 36000.00

Cosmic Rays ...
LET Spectrum ..
Impert Flus ..

Transport ..

Transfer function

RapMobp
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Geometry Manager

|

(===

P pEST-SIM

User Pru:lject RadiationEnv  Application  Simulation  PostProcessing

k J;f ohb_vault_casec.ray - Fastrad

File Edit Model Insett Process
DEd

TRAY

Mame: OHBwault

Notes

Material
Density

Translation

% 0y

Fatation:

® O ¥: O 0

Sie [Transfoumations |

j 2 ESABASE2
Fie Edit Window Help

r
rt9 ESABASEZ Explorer &2

Exarple
(= Figures
& From STEP
(= GDML
B Cdurmbus simple
&R Columbus
B8 Colurmbus_extended
B Cone BO
R HUBBLE
=

8 cone
B geometry
[ TR

<

%z Outlne ¢ |
GeornModel

I Info
&% CYLINDER
& I8 CYLINDER
18 CYLINDER
@ 18 CYLINDER
&8 CONE

R

Exarmple/ISS geometry

Reset perspective

B8 Sirmpified 155 Moded_

=3 e )

Translation View Help

G609 9-BRAGL & o o EaEEs application

CAD Tool -> GDML -> Geant4:

S0 Rest  |BRiss 2 Mcone =0 . .
%l o cnongsee g sklne mM AR = Stored in the database in GDML format

Geometry modelling:
* |mport or building from scratch

Two geometry modelling tools have been

. mterfaced to REST-SIM:
FASTRAD

e R — — = ESABASE2: many new developments for REST-SIM
oy s— * Models constructed from

= CSGs
= STEP import

v’i““Open Frontler/ESABASE2

Research
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Application/Effects Analysis Manager

GRAS Input Builder

RapMobp
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™ ResT-SIM [E=5EoR(Fx
User Project Geometry RadiationEnv | Application | Simulation  PostProcessing
Project Viewer GRAS k Import =
Marme GRASREMC ¢ Edlit application
4 examplel project Build
» Geometry geo
* Geant4 based analysis tools:
GRAS
Source Tally GRASRMC
e B . (MULASSIS, SSAT, PLANETOCOSMICS)
* Geometry and Environment from the
Position distribution | Paint v] database
Coordinate Center  0.00 +] 0.0 0.00 z .
Distance from Center 000 Hm ] Radius 0,00 Hm ] * Full control of Geant4 PhYS|CS
* Type of effects/analysis:
Direction distribution |mono directional v] FIuence/Cu r'rent - Dose
80 [deg] 0.00 % Bmin [deg] 0.00 +| Bmax [deq] 0.00 =
@0 [deg] 0.00 ¥ pmin [deg] 0.00 71 pmax [deg] 0.00 = EHie e . alent -
ose_equiv
Equivalent_dose -- LET
Spectrum distribution |E=EQ v] [] Response Function mode
EO 0.10 | Mev ¥ | Power Law index 1.00 - N I EL o
Emin 0.01 % Emax 10.00 = [Mev - Path_Length
Nb energy bins 10 Log Scale Charging _— Charge_co"ection
Load Spectrum type SPEMVIS trapped electrons . .
environment file ® Parametrlc and Templated anaIYSIS



B REST-SIM
User Project Geometry RadiationEnv

[F=3 Ec|EX7)
Application | Simulation | PostProcessing

) o Project Viewer Mew g X
I I I l u a I O n an1 MName type Continue application
4 examplel project Facility 1 New
*_Geometry geo Simulation Viewer Management
Simulation Facility Viewer =]
MName Haost name IP Procs Load Mips  Bindir Tmpdir
Local host ['localhost'] "1 [2] ["2.00, 20,207 [2500] ChUsers\fleivrestsimibin/  ChUsers\fleires
Spitfire ['spitfire.estec.esaint’] ['] [16] [ [3000] /home/qginetig/restsim/bin/ /home/ginetig/
e Simulation facilities:
. P Local host, or/and remote (SSH)
0 0cfne s srmalation = Linux, or/and Windows (local)
New Simulation * Two execution modes:
foo- O Interactive, forced runs
Input XML file: gras-1.nml (GRAS) ']
Number of Events: 1 gog oo - BatCh queue
Batch Excution. Nr. of runs:  1p PY A d II I' 1 .
utomated parallelisation:
Interactive runs Load balance
MNode name Host name Nr of processors  Nr of runs .
= athot. Nocathont , , Results - auto collection, merge
Spitfire spitfire.estec.esa.int 16 5'10 E . H . / .
.............................. ° Xecution momtormg management,
Check progress: % completed
Stop/Kill/Remove
Simulation Viewer =]
Name host id processid  start time status percentage completed id
4 sim-1 running 5
run2 1 4572 2011-10-10 16:25:58 running 28.0 % completed in102.572s 9
runl 1 4104 2011-10-10 16:25:57 running 26.0 % completed in97516s 8
4 sim-2 holding 6
runl Mene Mone MNone holding  Mone 10
run2 Mone MNone MNone holding  Mene 11
run3 Mone None None holding  Mone 12

Research
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Post-processing manager

Project Geometry RadiationEnv  Application  Simulation [Ec’rsthcs’sing
Post Processing Import Python Script g X
JR:J"S Viewer | Python console Plotter
Running... Load Results @l Variables | [i5]  dh
Python 2.6.6 (r266:84297, Aug 24 2010, 18:46:32) [MSC v, 1500 32 bit (Intel)] on win32
Type "copyright”, “oredits”™ or license” for more information.
B33 B3 333 233 333> 33> [<matplotiib.lines.Line2D chject at 0x02E20EB0 =]
Na‘me Type Size Value a
® floathd  (101)  array([ @. . B.B6283185, ©.12566371, ©.18849556, @.25132741, ... @
: Interactive Python scripts
Fie ditor & - — NumPy, SciPy, Matplotlib
py_testpy £
1 import numpy as np - - P)’thon ConSOIe and editor
2 import pylab as pl
3 .
4 x=2.%np.pi*np.arange(101) /100 Plottlng:
5 pl.plot(x,np.cos(x))
- — 1d/2d histograms
T e =t=w&=) Post-processing:
OO + & B
o — Operation on histograms
o) | — Derivative parameter analysis
ol | — Analysis based on response functions
—0.5
s T ) 3 = s & 7

RapMop
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Demonstration Application: JUICE

B PS5 Configuration »

e Two demonstration applications:
JUICE

. JUICE:

Environments: ESA specifications

Geometry Model:
* Simplified OHB study configuration

* Detailed geometry model of the
StarTracker/APS

* Modelled with FASTRAD

Analysis:

* TID the APS/StarTracker, and others
* Comparison with SSAT results

RapMobp
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JUICE - Environments

. proton_flyby.txt
# JUICE flyby proton fluence

# Energy spectrum

® ESA S Pec ifi Cati O n : . # Energy Differential_flux Integrated_flux

# (MeV) (MeV-l.cm-2.sr-1)  (cm-2.sr-1)

Memorandum on ‘Radiation

. 0.1 1.17E+14 2.48514E+13
Environment Specification for Jupiter . 02 479413 | 560826413
Mission Reformulation Activities’ (SRE-

PA/2011.050/CE issue 1.3, 10/08/201 1) o 5 45404 7812679.029

T . . . . 500 2.34E+04 4144082.801
N WO mISSIon Scenarlos' . 700 6.61E+03 1751316.074
. . 1000 1.57E+03 716314.2436
Baseline: Callisto + Ganymede
. 1 +
Flybys: No Callisto + 2 Europa ——
Project Geometry | RadiationEnv | Application  Simulation  PostProcessing
yoys
Project Viewer SPEMVIS » I
°® T I d I fl MName OMERE  » \ type application
ota proton and electron tluence | ;
wp4200a Upload ¥ proton spectra
4 Geometry e ——
SPeCtra - ohb_vault_caseg.gdml Seslele el
of_aps_array.gdml geometry file
Proton b&SIlne.tXt FCA_Hydra.gdml genmetr)rffle
—_— aps-array.gdml geometry file
+ juice.gdml geometry file
Proton fIYby.tXt 4 Environment env
- 4 UPLOADED PROTOMNS proton spectra
H proton_flyby.tdt environment file
eIeCtron_baSIIne'tXt proton_baselinetd environment file
4 UPLOADED ELECTROMS electron spectra
electr’on ﬂYby.tXt electron_baseline.tet environment file
- electron_flyby.bd environment file
' I =

RapMobp
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Components List =]
{4 OHBvault

JUICE Geometry: QinetiQ/OHE “az:

-

UVIS_geom

» A FASTRAD model of the service and payload modules of
JUICE have been created using FASTRAD, based on the
results of a separate study by OHB/QINETIQ

Most components are housed in a vault which is not shown

RapMobp
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JUICE Geometry: Detailed model of
the Star Tracker

A FASTRAD model of the Star Trackers has been developed by SODERN and made
available to the REST-SIM project.

RapMop
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JUICE Geometry: QinetiQ/OHB +

Ba—" %% N
L\ W0, =
=i _':i":"_'_f'ET |
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TID Analysis with GRASRMC

e TID analysis:
GRASRMC

Platform/Poayload
PCU

TWT #1

SMU

SGACS STS AASTR
SGACS STS AASTR
uvIS2

VIRHIS OU (outside vau
SWI (outside vault)

PP DU (outside vault)
MAG #1 (outside vault)

GRAS Reverse Input Builder

[ Save ] magl Reset
. . G GRAS Reverse Input Builder
ineti HB geometry model
Q t Q/O g N ¢ )’ O [ Save ] magl
Both baseline and flyby environments
For 10 different units in the payload and Seomeiny,| AdcintfExtemalSorce | prmaryspecia, | JCus . IS
service modules
Adinint Conern ne Dnint Dodockoe |
Project Viewer
Marne type application date id
4 wpd200a project 13
+ Geometry geo
* Environment env
+ Simulations
Post-processing analysis
4 Input input
twt.nml narmelist file GRASRMC 2012-04-28 19:36:16 2016
smu.nml namelist file GRASRMC 2012-04-28 19:40:57 2018
swi.nml narmelist file GRASRMC 2012-04-28 18:56:40 1989
stk2.nml narmelist file GRASRMC 2012-04-28 19:50:32 2022
ragl.nrml namelist file GRASRMC 2012-04-2819:02:41 1991
ppdu.nml namelist file GRASRMC 2012-04-2819:52:52 2024
uvis2.nml namelist file GRASRMC 2012-04-28 19:51:32 2023
virhis.nml namelist file GRASRMC 2012-04-28 18:34:35 1965
hydra_dl.nml narmelist file GRASRMC 2012-05-04 11:17:28 2158
aps-array.nml namelist file GRASRMC 2012-04-29 00:39:25 2128
a-a-el.nml namelist file GRAS 2012-04-29 00:45:47 2140
of_array.nrml namelist file GRAS 2012-04-29 22:37:54 2150
peu.nrml namelist file GRASRMC 2012-04-28 19:35:08 2014
stkl.nml namelist file GRASRMC 2012-04-28 19:50:22 2021

RapMop g
e
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Simulation executions

RapMobp

Research

H Define a simulation [5]
New Simulation
Simulation Mame:  at
Input XML file: [twt.nml {GRASRMC) - ]
Project Viewer Project Viewer 2]
Marme Mame type application date i
4 wpd200a 4 wpd200a project
+ Geometry » Geometry geo
+ Environms » Enwvironment env
4 Simulation 4 Simulations _"
+ ppdu 4 ppdu simulaticn GRASRMC 2012-04-28 21:03:07 s
s ppdul335643387_121 2287075 _Spectrum3.csv csv file GRASRMC 2012-04-28 21:25:07 )
+ skl chb_vault_caseg.gdml gdrml file GRASRMC 2012-04-28 21:25.07 3
 wirhis chb_vault_caseq_materials.zml xml file GRASRMC 2012-04-28 21:25:07
* uvisd ppdul335643387 1212287075, csv csv file GRASRMC 2012-04-28 21:25:07
» stk ppdul335643387_1212287075Convergence_TIDbd b file GRASRMC 2012-04-28 21:25:07
+ magl ppdul335643387_ 1212287075 Spectruml.csv csv file GRASRMC 2012-04-28 21:25:07
» twit ppdul335643387_1212287075_Spectrum.csv csv file GRASRMC 2012-04-28 21:25:07
¢+ peu ppdu.nml nammelist file GRASRMC 2012-04-2819:52:52 L —
+ aa ppdul335643387_121 2287075 _Spectrumd.csv csv file GRASRMC 2012-04-28 21:25:07
+ of_a ppdu_1335643387_1212287075.g4mac gdmac file GRASRMC 2012-04-28 21:25:07 —
* hydra] ppdu_1335643387_1212287075.g4mac.log log file GRASRMC 2012-04-28 21:25:07
s s s simulation GRASRMC 2012-04-28 18:57:16
Post-procy » sthd simulation GRASRMC 2012-04-28 19:55:15
+ Input + wirhis simulation GRASRMC 2012-04-28 18:36:25
2012-04-28 21:02:33

©ouvisd

simulation

GRASRMC

4

L
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GRASRMC Simulation Results

bCU 3.03£0.01 67.1£3.1 70.1£3.1 3.0420.01 81.1%4.1 84.1%4.1
TWT #1 3.07:0.01 71.1£3.1 74.1£3.1 3.12+0.01 86.1£3.1 89.1£3.1
s
23
2wy 3.010.01 63.1£2.1 66.1£2.1 3.05:0.01 78.1£1.1 81.1£1.1
Star Tracker 1 3.82£0.02 88.1£2.1 92.1#2.1 3.81%0.02 107.1£2. 111.1%2.1
Star Tracker 2 3.78£0.02 90.1#2.1 93.1£2.1 3.83+0.02 109.1£2. 112.1%2.1
UVIS2 3.1740.04 62.1£1.1 65.1£1.1 3.240.01 76.1£2.1 80.1£2.1
VIRHIS OU 3.38+0.02 124.1%4.1 127.1%4.1 3.4210.02 142.1%4. 145.1%4.1
£
S lswi 3.62+0.02 129.1£13. 133.1£13 3.66+0.02 153.1£15 156.1£15.
o
PP DU 2.15:0.01 43.12.1 45.12.1 2.18+0.01 53.1%3.1 55.1£3.1
MAG #1 4.230.03 67.1£1.1 71.1£1.1 4.3+0.03 84.1£1.1 88.1£1.1

RapMop
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Comparison with SSAT Results

90.69 112.83
_ _ 92.27 113.53
e SSAT analysis were carried out for
. _ 90.83 113.03
the same locations with the same
111.52 138.06
geometry model. The calculated TID 112 o017
in krad(Si) 89.53 111.64
197.39 237.55
225.53 248.87
82.52 103.52
163.01 204.89
Ratio of TIDs (SSAT/RMC)
25
2 OBaseline B Flyby
o 1.5
g 1
0.5 1
O L 1 T T
PCU TWT#L SMU SGACS SGACS UVIS2 VIRHIS  SWI PPDU MAG #1
STSAA STSAA ou (outside (outside (outside
STR#1 STR#2 (outside  vault) vault) vault)
vault)
RapMop Units
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Future Developments

A new team has been assembled in response to new ESA ITT (CIRSOS):

RapMop

Research

New Integrated Modelling Environment (IME)

> collaborative and iterative modelling approach, operational s/w for CVMs
Geometry manager

> Model configuration tool: GDML — modular schema

> New visualisation tool

Application tools

> Internal Charging (IC) analysis
Based on the ELSHIELD work
Build-in libraries of materials and components at risk

> SSAT

o 2-stage analysis approach
FMC and RMC in both stage

> General parametric analysis
Template based solution

Simulation manager
o Utility to use commercial cloud computing facilities, e.g. EC2
Lots of enhancement to post-processing and many more...

elITIle] Dot ctogzam (> spacer ©°
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Interactive Python console/ Python
editor

Post Processing e X

Results Viewer Python console | Plot Commands | Us >

=== import pylab as pl ~
=== x=27np.pinp arange( 101)7100 — Using the Spyder python library

=== pl plot(x,hp.cos(x))

[=matplotlib lines Line2D object at 0x27Be0a0=] .
=== pl show() — Run of user script from popup menu of the

impart numpy as np PYTHON editor
impart pylab as pl

=2 *np pinp. 101)/100 T
EI.pID&E(,ELl%?{E}?gE( ) — Visualisation of python command send by the

pl.show) GUI
[=matplotlib lines Line2D object at 0x256fa50=]
P pRE R R ERE EED MPOML NUMPY as Np

~== import pylab 2 pl — Pre imported modules : numpy, pylab,

=== x=2."np pi*np arange(101)/100 DataManager, function loading
=== pl plot(x,hp.cos(x))
[=matplotlib lines Line2D object at 0x27Beed0=]
=== pl show(]

<> ]

File Editar & ®
curve_testpy script.py py_test oy B

] >

1 ilmport numpy as np

Python script editor R 2 import pyleb as pl
3 x=2_.¥*np.pi¥*np.arange{101}/100
— Syntax recognition based on QScintilla 4 pl.plotlx,np.cos (x))
5 pl.ghow()

<>

— menu for run, save, edit,add commands



Reading/Viewing/Access of simulation

results

Post Processing

Fesults Viewer | Python console  Plot Commands | User Functions

MName type
- GRAS results
- C5Y files
- siml.cey GRAS sim results

walue

Reading/Viewing of simulation results

— PYTHON interface to Spenvis CSV C++
code to read CSV files

5.8981

- dosel DosE

Istogram |

general COMMOR

<|

— DirectView of GRAS CSYV file in Editor

— Results viewer widget as a file structure

Access of data in user script

— Access of DataManager in user script

— Python Cmds to acess Histograms directly
added in the script from a popup menu of the
results viewer

viewer
1<>
File Editar
curée_test.py script.py data.py Bl sim1 csviread onky)
2 theDataManager=hAnalyeisDataManager (]

£

M0 g0 ] on oW L

HLoad CRAE cev file siml.cev

theDataManager.load gras_cev_file(115,data_name='siml.csv')
theHigto=theDataManager.liet_of_ gras_cev_files ['siml.csv'] [‘histoll
xlow_vec=theHisgto ['lower']

xup_vec=theHieto ['upper']

v_vec=theHisto ['valug'l

verror_vec=theHisto ['error']




Plotting of simulations results

Fost Processing ° x

Fesults Wiewer | Python console | Flot Commands | User Functions

Plat Figure Add Plot Cmds To Script

Sawve Figure

Figure Size
d{ 800 ¢ dv 900 & cm v

Divide Figure in sub-plots

| File Editar @
W ac

curve_test oy script py plotdatapy B sim1 ceviread only)

21 HA#AAAAAAAAAAAA
Curvt 223 pl.subplot{l,1,1)
23  H#2dd curves
24 HAAAAAAAAAAAAA
Colar 25 pl.subplot{l,1,1)
26 theHisto=theDataManager.liet_of_ gras_cev_files ['sim].csy
27 xlow wvec=theHisto ['lower']
Axis 28 xup wvec=theHisto ['upper']
289 3 wvec=theHisto [“alue'l
30 wyerror_wvec=theHisto ['error]

Hoaxis

Select

Select

< Lo 31 =x=v=np.array {[zxlow wvec, xup vecl).transpcee().reshape |

32 wyv=np.array {l[yv_vec, v _vecl).transpose(]).reshape{{len
vILa 33 L1.plotixv,yv+l.e 250, red)

34  #rxes Subplots

35 HAHAAHAAAAAAAS

38 axes=pl.subplot{l,1,1)

37 axes.set_xscale{'log)

38 axes.set_wecale{'log)

38 ymax=axes.get_ylimf{) [1]

40 ymin=ymax/1.0000e+03

41 axes.s=et ylim{ (ymin,ymax))

42 #8how plot in interactive window

43 HAHAHAHAHAHAHA

A A P | vy I ]

Direct plotting of single D histogram

Multi curve plottings using a plotting
widget

Interactive adding of plotting cmds from
plotting widget to user script

I (e Figure 1 )
TO00Q 4+ B
10"
107 ¢
107 ¢
-4 |
10 10" 10! 10°

x=478356  y=00133352




Response function analysis

Project Viewer °
MName tyre
- test aroject
+ Geometry ges
+ Environment Env
- Sirulatiors
+5im sirulatior

- reslonse_sim

~ response_sim_stzt doube if bt
response_sim_Ekn1.2843e-01_2.5110e-014ey
response_sim_Ekn1.000Je-01_1.5848e-01MeV
response_sim_Ekn3.9811e-01_B.30896e-014ey
response_sim_ Ekn1.0000e-02 1 .5848e-02MeV

FE o

sirulatior group

GRASdoubles response function file
simulatior

simulatior

simulatior

simulatior

<|

<>

«Signals vs primary spectrum

— Convolution of response functions with user

selected spectra

— Use of SciPy library

— ASCII table of scalar signals in function of user

selected spectra

X

<2

Response functions vs primary energy

Multiple simulations vs primary energy
Log or linear energy bins

General concept of simulation group for all type
of parametrized simulations

End of simulations: production of an ASCII table
containg all scalars (TID,NIEL,...) in function of
primary energy bins

File Editor ° X

response_sim_stat_double for_selected spectra td{read onby) B <

1

S s A T | I P T i

' . . el
}#Convolutlon of response funetion response sim stat dc —

#line 1:  spectrum newEla2.dat

#line 2:  spectrum newElel.dat

#eolumn 1: module dose  Dose value
#eolumn 2: module dose  Dose error
2.5689e+13 3.1352e+10

2.5689e+13 3.1352e+10

<>



Definition/loading of user functions for
radiation effect analysis

Post Processing & X
Results Viewer Python console  Plot Commands  User Functions — Definition of user functions from the GUI or in
Marme EXPression PYTHON SCI"ipt
- from expression
-l X+ 2 X — User functions stored in the database
-~ f2 ®
- f3 np.sin) _ . . .
iy st Access of user functions in PYTHON scripts
-~ parameterized

- RestSih.py SIRORSRET
File Editor o x
script.py(read onky) curve_test oy B

4 ~

narme EXpI’ESSiDﬂ

function 5 = @mpﬂ373$| 5 curve=GetDDamageCurve ("JPL_ NEL MNASA Si proton')
&  x=curwve ["ekin_wvec"]

categary DisplacementDamage v 7 y=curve ["NEL vec']
8 vl=curwve ["function"] {x=)

create function
—C e g

10 fl=CetCurveFunction ["f1")
11 f2=CetCurveFunction ["f2")
12
13
14
15
1a
17

<>




ESABASE2 GUI Overview

Toolbar

{2 ESABASEZ

Flz Edit ‘Window Help

{E) ESABASE2 Explorer 22

= 1= Example
[ (= Figures
-2 From STEP
- = GDML
B8 Columbus sirmple
& Colurmbus

Explorer

BR Colurmbus_extended
B Cone BO

&8 HuBBLE
ﬂ 155

& simplified 155 Model_correc

= core
B ceometr

<. o 1 |
<

oF Outine 52
= 21 GeomModel
Corfiguration
ata
: SETTIMNGS
=T System
=8 STATE 1
-1 Info
@18 CYLINDER
@ i CYLINDER
-8 CYLINDER
=18 CYLINDER

Outline

@15 CONE

Exarmple/155 . geometry

I Reset perspective

= O | B test

b

#iy
i~

B s 2 | cone

O 0006

;-r'___i;-('_;_ 9 R _El]j_@ ol W

| |_.3HD viewer toolbar

3D viewer

Geometr\_j
£l Properties £ E[% ¥ = 8/ consde 2 = 0|
Froperty Yalue i
= Info
derived false
ditabl iy 1
ey - Console window

Properties Editor

Decermber
>

RapMobp

Research

@M} DcH etapEY&ill (8 SpacelT @ esalme



STEP AP203/214 Import

Import of any STEP AP203/214
files, also of high complexity.

Tested with a large number of
files originating from various

CAD tools.

Accessible via the respective
open file menu or toolbar

entry.

Opens a file selection

dialogue

Can take a while, depending
on the complexity of the

geometry...

{2 ESABASEZ
File Edit ‘indow - Help

Open File. ..
Close: Chrl+
Close Al Chrl+-Shift+

. Save Chrl4+5

E;‘-‘:l Save As..

| el Chrl+Shift+S
Cortvert Line Delimiters To

e iR
Switch Workspace

1 ATY@Skation_AP214CD.geometry [Example]
2 MERLIM GSTE LIST I55UE D.osometry [...]

3 gdrl_export_test.geametry [Examplz]

4 geometry.geometry [Example]

Exit

1;,54" New ESABASEZ Geometry Object

Choose how to generate file

Please choose if vou want to import data or stark
with an emply geometry,

iy
"% Folder

[ Other. ..

= Reset perspective

... Geometry

¥ Mission

[ Folder
t
[ Other... n_APZ14CD
_unmeshed

g MERLIM GSTE LIST ISSUE D
g cone_occ_meshing

ﬂ cylinder_occ_meshing
qdml_expork_tesk

ﬂ geamekry

ﬂ merlin_part_occ_mesh

----- @ mission

ﬂ replica

g replication_sxample

2 ¢logsoceeds skios(sc M (AH

" Create emphy fils
" Import BAS
ok P

= Back: I Mext = I Firish




Boolean Operations (1)

* Three types of Boolean Operations (BO) implemented:

° intersection

°u
OSM

» After the operat
performed, the child

is stored under the BOP-
* |t can be edited via the shape

» Any changes made are applie
Boolean shape.

e If a BO is removed from the
BOP node, the operation is v




Boolean Operations (2)

» Series of Boolean Operations can be
performed following the defined workflow:

- Add child to Boolean shape parent




Material Editor

Objective: Assignment of materials to geometrical

objects.

Underlying comprehensive material database.
Part of the shape wizard.

Accessible via

o the Outline context menu,
> the 3D view context menu (‘Modify --> Material').

Allows
¢ editing of material properties,
* creation of user defined materials.

Materials can be assigned only, if they are copied
from the material database to the geometry.

The elements a material is consisting of are
automatically copied to the geometry, when the
material is copied to the geometry.

Size
add child Meshing
Remove object
Colour Kirematic
Coordinate Swstems  # Painting

Makerial

Position & Attitude

E‘,’) shape Wizard x|
Material @
Size Meshing Position & Attitude Kinematic Pointing Material

Assign materials

& wyhole Shape

ALUMINUM [~ Propagate

= Individual surfaces. [Surface |Mataria| |

" Replace j with I j = Propagate

Material overview

Narne |_aemjton | sunlight [ com... [ eom [ Used [a

ALUMINUM v B e f

ot M F -

s M & O
Edit materials... |

= Back et = | Finish I

Canicel




SSIE

Replicated Structure-

[Fx[[6o|m: Ml AR

2 lagpoas §|lae

* Objective: enable the replication of
geometrical objects in x- and y-dire«
with user defined different off-sets.
= Example:

replicated cylinders

5 in x-direction
4 in y-direction
different off-sets in x- and y-direction

index of the replica is given in its name
here: cylinder_3_2 :

¢ 3in x-direction

¢ 2" in y-direction

paggdsgaaaaaaaps

= Replication of the parent object of a
replicated structure replicates the entire
structure.

" The properties each object of the replicates
structure can be edited individually.




GDML Import/Export 2= -

-] Configuration
£ Data
-] Settings

¢ via the Outline context menu R

Export geometry to GDML e ..._, Madify object

° entire system -0
El-- EOYE
> parts of the geometry — = (I
tree B ) warkspace Eopy
. . = .metadata R
> single objects = 5 Eape o | oo >
igures o
. ) GDML Expart _ Intersect shape
. oPens a dlalogue for ll M TR AT LATRID W 0 I LI—I Subtral:t shape

the selection of the I Ui shepe

Remove Eoolean Operation

ta— rget fo I d e r Meuen Ordrer erstellen (|1 QK )| Abbrechen | -\ C\,-'LINDER:E:l .
. Z - T CYLINDER_2_2
» creates a sub-folder in | - T CYLINDER 2 3
Ordner X || Mame &~ | GroBel Geandert am
M | | E] defines. 05, :

the target folder with " A o Do

= & Exarnpe Elsot:pe;s.txdt | OKB 23.05.2011 12:33

. ] mainFile.gdm 1KB 23052011 18:33

th € hame Of th e D Figures [E] :z::r;r\laels?b(t 1KB 23.05.2011 18:33

& 2D GDML Expart 2] solids. tet 4KB 23.05.2011 18:33

|5 aTv@Station_AP214C0_0BIECT 0 [Z] volumes. bt SKE 23052011 18:33

ge O m et ry fi I e ) Wh i C h I3 ATY_unmeshed_OBJECT O | E) world.txt SKB 23.05.2011 18:33

I gdm|_export_test_OBJECT_O
) geometry_OBJIECT_O

CO ntai n S th e ' m ai n .gd m I ' I MERLIN GSTR LIST ISSUE D_OBIECT_O

|5 replica_OBIECT_O

file and the include files




JUICE Geometry: Pixellated APS Model
- FASTRAD

¢ Repeated APS pixels can be modelled using the combined
functions of copy/paste and transformation

* But volume names have to be changed manually

This is required if each pixel needs to be identified uniquely 5-53
Impractical for large arrays such as the APS (1024x1024) -

{

BEEE -E
i
ok

or
o

L¥ aps-amay.ray - Fastrad [E=H EeR S5

File Edit Model Insert Process  Translation View Help

Y Y Y .
SEESTET

D00eess
Ll

- E-
A

=1

RapMob

MO0 e ITTI[®) DCH ctamT&l ( spacer @




JUICE Geometry: Pixellated APS Model

— Open Frontier

5
R

| e

= ] GeomModel

® [ Configuration
Data
&[] Settings
=R | System
m € Statel
1 Info
= & Box
= &) Statel
] Info
7 Debris
= "\ Replicas
£ STATEL
] Info
[”] Debris
i# Box12
i# BOX13
IE BOX 14
i® BOoX15
i#l BOX 16
iF BOX1T
® BOoX18
& Boxa19
i# BOX1.10
iF BOox 21
IE BOX 22
1§ Box 23
i# Box 2.4
iF BOX 25
I® BOX 26
& Box27
i# Box 28
iF BOX 29
IE BOX.2.10
i Box3.1
i# Box32

| »

m

File  Edit Window Help
[ Reset perspective T
@ ESABASE2 Explorer &% I 8 a aps-offset gﬁg\s E@E aps_offset 'a geometry | =B |
e 1 — — — i
‘B8 lo tloapooB8gs koo /mc M AW
= = Example i
g aps .E| Object Number
Eap;_offset i
B geometry E —100
iEE Outline &2 i 5 I

Geometry |

‘E Properties &2 | | |if9 Console &2

Research

NI LTI C T TR

N
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