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Context: The Sun Planet Digital Environment work package of the
Europlanet 2024 Research Infrastucture
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Context: The Sun Planet Digital Environment work package of the
Europlanet 2024 Research Infrastucture
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Context:The Spacecraft-Plasma Interaction Software (SPIS)

Simulates the charge state and the plasma environment of spacecraft

geometry + materials + plasma conditions — charge state + local plasma environment

Open-source, developed by ONERA and Artenum,

with support of ESA and CNES

Originally used by industrials for platform

electrostatic risk assessment

More and more used for charging impact on science

instruments, pre-calibration and data analysis

Multi-physics (plasma, radiations, dusts, contamination, erosion,...), i.e. multiple sub-models
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Context: Simulation of THEMIS-B

¢ To illustrate the new capabilities of SPIS, we perform a simulation of the THEMIS-B spacecraft

e The NASA THEMIS (Time History of Events and Macroscale Interactions during Substorms) mission was to
explore the Earth magnetosphere, providing both temporal and spatial resolution though the use of 5 similar

spacecraft

e THEMIS spacecraft is meter-sized with 4 ~20 meters antennae + 2 3 meter antennae. The spacecraft has a
full instrument suite to measure environment electromagnetic fields and particle distributions.
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Context:The Spacecraft-Plasma Interaction Software (SPIS)

e Simulates the charge state and the plasma environment of spacecraft
geometry + materials + plasma conditions — charge state + local plasma environment

Multi-physics (plasma, radiations, dusts, contamination, erosion,...), i.e. multiple sub-models

Open-source, developed by ONERA and Artenum,

with support of ESA and CNES

Originally used by industrials for platform
electrostatic risk assessment
e More and more used for charging impact on science

instruments, pre-calibration and data analysis

Can simulate instrumental observations, but needs

accurate environment description as input

14

[Dandouras et al., 2023]
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Introduction and Conclusion (in case some fall asleep)

e Multi-physics simulation of science instruments/mission interactions with the environment with SPIS
- estimate charging levels in actual environments
- estimates the impact on science instrument (pre-calibration, data inversion...)
e We interface SPIS with SPASE to access instrument measurements databases
- Use of webservices (AMDA, CDAWeb, Vespa) for registry and data access
- direct access to HPDE repository for metadata
e We demonstrate:
- SPASE allows a lot of automated pre-filtering of relevant data with correctly filled metadata
- Software can easily find and interpret data files from different origin and import the data
but: - need an API to list and filter HPDE registry content
- need an (H)API to get the required data in a standardized way

e Metadata are not only meant to put your data in large registry, they can facilitate the life of the
people working with your data, allowing their handling by tools following the standards

e Tools are not intelligent, the more accurate the metadata, the more powerful can be the tools
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The Space Physics Archive Search and Extract (SPASE) SEﬁ%XSE

Data model (Standardized description) developed for 15+ year by an international alliance

Targets heliosphere, magnetosphere and plasma environment physics

e Provide a standardized way of describing:
- which datasets exist, what they are about
- how they were acquired (mission, instrument, people...)
-where (not how) to find them, under which format
-what their content is (meaning, unit, field ID...)

e Human readable AND machine actionable description of the data file content
- metadata to identify and order/filter the resources
- metadata keywords to identify the physics meaning of data fields

e Question:
- Make the tool recognize the fields it can use

- Automated match available / requested data with SPIS I/0O ?
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Ingestion of data in SPIS: find the available data (firstissue)

Access all resources registered @ NASA's Heliophysics Data Environment Portal

No registry API:
- impossible to list the available data:
downloading and parsing the 16000+ XML files is not a good option!

- impossible to order the data
relying on the ID parsing (folder like) is not a good option
think at how many hours you lost looking for which folder contains the data you want!
folder ordering unreliability is exactly why data model were invented
do not try to override the SPASE description by defining ResourcelD guidelines!

To overcome these issues, we built on the VESPA portal from Observatoire de Paris to generate a SPASE
registry APl based on the EPN-TAP standard
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Ingestion of data in SPIS: find the available data (first solution)

To overcome these issues, we built on the VESPA portal from Observatoire de Paris to generate a SPASE
registry API based on the EPN-TAP standard

SPIS uses the webservice API

’ VES PA Virtual European Solar and Planetary Access

Refine your search

Main Parameters

Target Name

spase.//SMWG/Observatory/ THEMIS/B

Instrument Name

= v

Frocessing level

Time
Location
Spectral
lllumination

Data Reference

Granule UID

NumericalData

Apacawer Back To Services Results

Results in service spase_vespa

@ Help ~

spase_vespa
Service description to be provided

Column visibility | Showall | Hide all

Select All in current page Reset Selection

granule_uid IF
spase //NASA/NumericalData/THEMIS/B/SST/PT3S

spase (/NASA/NumericalData/THEMIS/B/ISCM/PT0.1255
spase://NASA/NumericalData/THEMIS/B/MOM/PT3S
spase.//NASA/NumericalData THEMIS/B/HelioWeb/Ephemeris/P1D
spase.//NASA/NumericalData THEMIS/B/GMOM/PT3S

spase //NASA/NumericalData/THEMIS/B/Fits/PT3S

spase (/NASA/NumericalData/THEMIS/B/FFT/PT0.05565

spase //NASA/NumericalData/THEMIS/B/FBK/PT4S
spase://NASA/NumericalData THEMIS/B/ESA/PT3S
spase.//NASA/NumericalData THEMIS/B/ESA FGM/PT96S

spase //NASA/NumericalData/THEMIS/B/Ephemeris/SSCWeb/PT1M
spase //NASA/NumericalData/THEMIS/B/Ephemeris/PTO1M

spase //NASA/NumericalData/THEMIS/B/EFI/PT3S

spase.//DLR/NumericalDataTHEMIS/B/FGM/PT0.00781258

Showing 1 to 14 of 14 entries

dataproduct_type
spectrum#catalogue_item#cube
time_series#catalogue_item
catalogue_item#cube
time_series#catalogue_item
time_series#catalogue_item#cube
time_series#catalogue_item
spectrum#catalogue_item
spectrum#time_series#catalogue_item
catalogue_item#cube
time_series#catalogue_item#cube
time_series#catalogue_item
time_series#catalogue_item
time_series#catalogue_item

time_series#catalogue_item

granule_gid

NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData
NumericalData

NumericalData

obs_id

spase/INASA/NumericalData/THE
spase/INASA/NumericalData/THE
spase:/INASA/NumericalData/THE
spase://NASA/NumericalData/THE
spase://NASA/NumericalData/THE
spase/INASA/NumericalData/THE
spase/INASA/NumericalData/THE
spase/INASA/NumericalData/THE
spase://NASA/NumericalData/THE
spase://NASA/NumericalData/THE
spase//INASA/NumericalData/THE
spase/INASA/NumericalData/THE
spase/INASA/NumericalData/THE

spasel//DLR/NumernicalData/THEN

>
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Ingestion of data in SPIS: find the available data

To overcome these issues, we built on the VESPA portal from Observatoire de Paris to generate a SPASE
registry APl based on the EPN-TAP standard

SPIS uses the webservice API to list and order resources, then use hpde.io to get SPASE description

Global parameters Transitions editor | -0
i 1 Dataset list AT Dataset info .
Name: D > (& summit Geophysical Obsersatory : Previous Next Update Clear
. » [ SuperDARN
) > (i SuperMac i
Duration: 72005 » (& surlari THEMIS-B I
» & swarm-A Observatory : spase:/CNES/Observatory/COPP-AMDATHEMIS ThemisE
Environment infa - N ﬁ SwarmB Released: 2011-02-23T22:23:402
¥ [& Erwironment » (B Swarm-C Description:
» [ electron » (B Swider The Time History of Events and Macroscale Interactions during Substorms (THEMIS) mission is a five-satellite Explorer mission whose primary objective is to
» ({f electron2 » (@ TEIDE Observato understand the onset and macroscale evolution of magnetospheric substorms. Most importantly, THEMIS will find out which magnetotail process is responsible for
R substorm enset: (a) a local disruption of the plasma sheet current: or, (b} that current's interaction with the rapid influx of plasma emanating from lobe flLec
» (& ion * (5 THEMIS A anihilation at ~25Re. Three inner probes at ~10Re will moritor current disruption onset, while two outer probes, at 20 and 30Re respectively, will remotely
» (& ion2 » ([ THEMIS-A moniter plasma acceleration due to lobe flux diszipation. The five small satellites were launched together on a Delta Il rocket and they carry identical sets of
» (& Electric » (5 THEM! instruments including an electric field instrument (EFI), a flux gate magnetometer (FGM), a search coll magnetometer (SCM), a electro-static analyzer, and solid
» (i Magrstic THE state telescopes (SST). The mission consiste of several phases. In the firet phase, the spacecraft will all orbit as a tight cluster in the same orbital plane with
9 apogee at 15.4 Earth radii (RE). In the second phase, also called the Dawn Fhase, the satellites will be placed in their orbits and during this time their apogees will
L1 Positional » (i3 analytical Models be on the dawn side of the magnetosphere, During the third phase (also known as the Tail Science Phase) the apogees will be in the magnetotail. The fourth
» [ scvelocity M phase is called the Dusk Phase or Radiation Belt Science Phase, with all apogess on the dusk side. In the fitth and final phase, the apogees will shift to the
slectron full mode surward side (Dayside Science Phase),
ot board " Al five satellites will have similar periges altitudes (1.16-1.5 Re) but varying apoges altitudes (P1: ~30 RE, P2 ~20 RE, P3 & P4 ~12 RE, P5: ~10RE] with
electron onboard moments corresponding orbital periods of ~4, 2, and 1 days, respectively. This results in multi-point magnetic conjunctions. Every four days the satellites will line up along
LI ion full mode the Earth's magnatic tail with magnetic foot points in the Morth American sector, allowing the tracking of disturbances through different geospace regions from
[ ion onboard moments tail to ground,
1 . The satellite data will be combined with observations of the aurora from a network of 20 ground observatories (all sky imagers, magnetometers) across the Morth
|1 onboard moments : potential
Amnerican continent. In addition to its primary goal, THEMIS will answer critical questions in radiation belt physics and solar wind - magnetosphere energy coupling.
» [ Ephemeris THEMIS is complementary to MMS in terms of the temporal and spatial scales of the phenomena observed by these two canstellation missions. THEMIS's focus is
» (E§ Fom macroscale, whereas MMS will observe micro/meso scale features.
> (B THEMIS-C Ack_now!edgemem: » ;
» (5 THEMIS-C National Aeronautics and Space Administration/United States
> (8 THEMIS D Contents:
> ﬁTHEMISrD Observatory Group ID:THEMIS
> ({ THEMIS-E
» (@ THEMISE Observatory Group ID:ARTEMIS
> (@ TMED Location:
» (&5 TMED Observatory Region:Earth, Magnetosphere
» (E TRACE Observatory Region:Heliosphere. Near Earth
» @ TWINS 1 Observatory Region:Earth. Magnetosphere. Magnetotail
Observatory Region:Earth. Magnetosphere. Main
» (5 Twins 2 Observatory Region:Earth. Magnetosheath
» (B Tahiti
» [ Talara o e §
perating Span:
> [ Tamanrasset ‘Start Dater2007-02-15 TOG:00:00
» (i Tangerang Note:dnitial phase : apogee 15.4Re ; 2007-02-15 - 2007-09-15
» (i Tartu Geophysical Observatory Note:Orhit Placement Phase: 2007-09-15 - 2007-12-15
& Tasilaq Geophysical Observatary Note.Full constellation phase: 1.3 % 30 Re: 2007-12-15 - 2008-09-30
» (& Tatuoca Note:ARTEMIS: Translunar Injection Phase: complex orbits, deep tail and solar wind : 2008-10-01 - 2010-10-01
Note:ARTEMIS: Lunar Lissajous: orbiting around lunar L1 and L2 Lagrangian peints : 2010-10-01 - 2011-04-01
Note:ARTEMIS: Lunar Orbit Phage: Equatorial orbit; 100 km 19,000 km altitude, 26 hours period, 300 km - 5 Re probe separation : 2011-07-01 - present
Refresh s
P 3
-eur@PLANE'rzozacwemna G foet | -"‘3"9@
S N =4
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Ingestion of data in SPIS: select the datasets of interest

< C {} A Nonsécurisé | amda.irap.omp.eu/desktop.php

Bl Workspace Explorer

resources || operations || jobs

= @ Solar Wind Propagation Models |
SolarOrbiter

STERED
@ swarm i
=6 THEMIS @
@ I THEMIS-A |
S THEMISB |
(3 analytical Hodels i
(3 Ephemeris ©
El==u
23 electron full mode
@ el density
2% elvose

el temperature
el omi eflux

@ (2 electron onboard moments i

2 jon full mode

Filter: None v/ % sortdy: [Name | Target

Plot 1

Backward | 1/2 Backward | 1/4Backward | 1/4 Forward | 12 Forward | Forward

PEE3

Get HST Data ~

ion density.

® lonv_gse
@ ion vl
# fon temperature
ion eflux

@ ion onboard moments

312 onboard moments : potential i
SEIFen i

@025 sec low) |

=ET 3 sec (spin) §

e Report mission, date and duration in SPIS
e EXxisting datasets are displayed

e Then, which data field should be used?

e Use Virtual Observatory tools to identify period of
interest (here THEMIS-B on Aug. 10™, 2008 4AM)

® b_gse
# b_gsm =0
bl 10008 Cresied by ANDAV 6.6 il Virtual Observatory Transitions editor | Global parameters ‘ -
= : = Fonelid 2 R Mission info Dataset list Dataset info
Etog v
. - v
Name; THEMIS/THEMIS-B [ ﬁéataset revious Next Update Clear
v
Start: 2008-08-10T04:00:002 ANMDA
v ETHEM\SITHEM\S-B ’ i
: Instruments: r
2 Duration: 72005 v
uration Eese spaseyfCNESAnstrument/CDPP-AMDA/THEMIS/B/EGM
n . [ electron full mode
Demare | || Workspaca Bxplorer | ,, Plot Manager Plot 1 Environment info [ electron onboard momants Ouput Parameters:
= ||| |+ & Environment [ ion full mode R T
@ » ([ electron [ ion onboard moments gse (thb_bs) Pl
X Vector Magnetic in nT
— » (i electronz [ onboard moments : potential Magnetic Fisld
2] * (& ion » (& Ephemeris
Q » (i ion2 v (& FaM b_gsm (thbjsgstrn) [5]
» [ Electric [ 0,25 sec (low) Vector Magnetic in nT
) n Magnetic Field
[l » (i Magnetic in)
- [ Positional |b| (thb_bs_tot)
> ﬁ Scvelocity Total Magnetic in nT N
Contacts:
Dr. Ui Auster, Technical Contact o
] e v
Refresh Apply F1S T

-eur@pLANETzoza A

Boseqrehinoclisiue

5 @
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Ingestion of data in SPIS: find and select data of interest
Data fields/ SPIS inputs description

e SPASE <NumericalData> describe the content of datasets: e Data Content description

- with a type (Particle, Fields,...)

-Key
- with a physics quantity (density, current...)
- Quantity
- with supporting qualifiers (vector/scalar, average/peak...)
e SPIS <SimulationModel> defines environment inputs -Type

- Particles:
- Density (Quantity:NumberDensity)
- Velocity (Quantity:Velocity ; Qualifiers: Vector)
- Temperature (Quantity: Temperature)

e Simulation input description

- Label
- Field:
- Electric (Quantity:Electric ; Qualifiers: Vector)
- Magnetic (Quantity:Magnetic; Qualifiers: Vector)

- Quantity

- Positional (for use with simulated environment)
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Ingestion of data in SPIS: find and select data of interest
Data fields/ SPIS inputs comparison

e How to compare output parameters and input properties? e Data Content description
- List pertinent fields
- Pair them when possible — no equivalent of type! - Key
- Weight the comparable pairs - Quantity
« Quantity must be identical
. Unit must be convertible
« Qualifier must match as much as possible -Type
. Name matching is not reliable

e Simulation input description
. Key matching even less (unless further specifications)

e Even though Qualifier comparison may not be perfect match, dimension information

may be important and/or required (Scalar, Vector,Tensor,...) -Label

: . : - Quantit
e Value Range can be matched if specified (MinValue,MaxValue) Q Y

e Exact matching cannot be ensured, user final inspection required anyway.
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Ingestion of data in SPIS: find and select data of interest
Select SPIS model based on available data

e SPIS is multi-physics / multi-models and modular e Data Content description

- each model described by a <SimulationModel>

-Key
- use AssociationType::PartOf to define submodels _
- Quantity
- use AssociationType::DeriveFrom to define submodels extension
PopulationModel part of SPIS
: : : : - Type
MaxwellianPopulation derive from Population Model

e Simulation input description

e Models may require different input (detailed in SimulationModel::InputProperties)
- Label

- Quantity

e Model selection by user, but SPIS can help by checking which models can be set given
the available inputs (in development)
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Ingestion of data in SPIS: find and select data of interest

THEMIS examples

e Magnetic Field example:

- SPIS search for a data description defined as a Field, magnetic qualified as a vector (SPIS is 3D)

- Two possible matches found for Themis FGM

- Magnetic field magnitude discarded (not a vector)

ABEHA

BOHSEHTDE SRR D

Transitions editor | Global parameters |

-ofe

#l Virtual Observatory
Mission info Dataset list Dataset info
Name: THEMIS/THEMIS-B I:] v ﬁ Dataset Previous Next Update Clear
Start: 2008-08-10T04:00:00Z M E AMDA
¥ ﬁ THEMIS/THEMIS B Instruments: :
Buration: 72005 v E ESA S‘pasE.'f;‘CNES,-"’fnStFumentf‘CDPP-AMDA;’THEMISfB{FGM
[T electron full mode
Environment info [ electron onboard moments Ouput Parameters:
¥ & Environment [T ion full mode
» (& electron [ ion onboard moments b_gse (thb_bs) t’
» (i electron2 [ onboard moments : potential M:;iggrﬁtﬂrggnem innT
» (i ion » (E§ Ephemeris
» (& ion2 v (& FaM b_gsm (thb_bs_gsm) 3y
» ([ Electric [ 0.25 sec (low) Vector Magnetic in nT
» (B Magnetic B 3 sec (spin) Magnetic Fisld
[ Positional |b| (thb_bs_tot)
» [§ scvelocity Total Magnetic in nT ~
Contacts:
Dr. Ul Auster, Technical Contact W,
Refresh { Apply J — g, v
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Ingestion of data in SPIS: find and select data of interest
THEMIS examples

e Particle example:
- density, velocity and temperature found... for which population?
- SPASE allows some simple description (e-, H+, a, ions, dusts....)

- SPIS ask the user to attribute the data to a population, with a pre-election based on SPASE

Glohal parameters | (| Wirtual Obsersatory Transitions editor | - =
Mission info Dataset list Dataset info
Narme: THEMIS/THEMIS-B I ¥ (& Dataset Previous Next Update Clear
Start: " (@ avoa
v ﬁ THEMIS/THEMIS-B Observed Region:Earth. Magnetosphere 8
Duration: 72008 v (@ Esh il
E electron full mode
Environment info B clectron onboard moments Belated Resources:
v (& Emvironment [ ion full mode Instroments:
» [ electron [ ion onboard moments spaseCNESnstrument COPPAMDA THEMIS/B/ESA
> ﬁ electronz E onboard moments : potential
. ﬁ ion . ﬁ Ephemeris Quput Parameters:
> (i ion2 > (@ Fom density (thb_n_peern) @
> (& Electric Mumber Density of E n inem-3
> (& Magnetic Attribute data to a population (s.. X Electran Densiy
. % Zgj:z:;; termperature (thb_t peem) gy
Populations: Wector Temperature of Electron in eV ™~
= Temperature
;
electron Contacts:
— apply glectronz Vassiis Angefopotdos, Principal Investigator ‘{
;J LJ ion

BN v (@ PLANET 2024 connections

ion2

5Pﬂauqus ONERA

FRANCAISE
(‘n\‘v{.{

el HE FREMECH AEROISPACE AR
Frartroind THE FREMCH AEROSPACE LAB
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Import the data and run (second issueé& solution)

» Once selected, the data must be imported.
« Many ways of accessing the data
« SPASE give many hints as of HOW to get the data (Accessinformation)
« But the actual request to service is not described
» The tool needs to know each providers/gateway formalism to get the data

« HAPI is a solution for time series

« SPIS implements interfaces to AMDA and CDAWeb for data request
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Import the data and run

e Once selected, the data can be imported to SPIS which knows from SPASE who to ask and how

e The imported data are used for the simulati

on, in which they can

Transitions editor fCI Global parameters Wirtual Observatory ‘

be monitored

Indtwgius currants on spacacrat

Simulation control

Namber of macro particles

(1 Surfaca potential . Surface potantia SC Frame

[ surtace_porential_average on node 8.1 | surfsce patential ground on nods o_2 | sursce patentisl max on node 0 4 | surtace patential mic
Density sensor

parameters: | globalParameters-5.1.0_modifiedami m (0)(&
Plasma | Surface Interactions | Transitions | Spacecraft | Outputs | Poisson equation | volume Interactions | B Field | Simulation control | Scenario |
Name 4| Type | value | nit | Description
avParthbPercell double 2.0 None (sur altair) _ o x
B series ( Edit )T
IditeratvePush it o N e
BFielditerativePusher int one reradata
btPartNbPersurf int 20 None
chargeDepositDuringlntegrationFlag int o 8] Rowr count 2. 395 E
eleclDensTable series ( Edit ] em3 colummcount | 4 )
C—
electronDensity double 1000000.0 im-3]
electronDensity2 double 0.0 (#/m3]
electronDensityCutoft double 0.0 (m-3] Series0 | Series1 |Series? |Series3 | |
electronDistrib String KineticMarwellBoltzmannivolDistrib None ] tev] Tov] (o] .
electronDistrib2 String PICVolDIstrib None 1 oo 21871 117715 | 135023 cals wiews el Uaveigper
Sleclione clauitl LEES sl 2 (2505 121671 |[1L.7712 |[13.5023 21 IFS
lectronDt2 doubl 1066
lectron oudte el 3 5602 12.2079 |[1l.6652 |[13.6147 (] atrument st vawer e
electronDuration double 1066 0] T
4 [so0s  |[12.0573 |[1L6l3s | 137313 e |Fiter:
electronDuration2 double 1066 sl L o
5 |11.617 12.0653 | 11.614 13.7368 postasmeia als
electronTemperature double 1.0 fev] |- @ inchvicumi currents on spacecrat
electronTemperature2 double 100.0 lev] Pao2d J[11:9799 ||11.5%40 J[137519 5 :g:r‘:ﬁ,‘? atro partcles
electronix double 0.0 (mss] 717,631 |[11.9163 [[115668 |[13.6612 [ |+ & surfsca potantial
cEEER double 20 [ms] s (20838 |[11.689 |[11.4356 | 131206 = |+ (@ Surfaca potentsa SC Frama
electronily double 0.0 [mss] 9 23844 11.8403 |/11.4081 |/13.0047 77 | » [ vet current on spacecrstt
electroniy2 double 0.0 [m/s] 10 (26851 |[11.6787 |[11.6185 ||12.7256 B r@ P’:;‘ﬂ:ﬁ;’ﬂ';:’(’[:’ . ael
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Import, run and export

e Once selected, the data can be imported to SPIS which knows from SPASE who to ask and how

e The imported data are used for the simulation, in which they can be monitored

e Some instruments results can be exported in VOTable with SPASE description for use in databases, tools ....
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Conclusion

e Multi-physics simulation of science instruments/mission interactions with the environment with SPIS
- estimate charging levels in actual environments
- estimates the impact on science instrument (pre-calibration, data inversion...)
e We interface SPIS with SPASE to access instrument measurements databases
- Use of webservices (AMDA, CDAWeb, Vespa) for registry and data access
- direct access to HPDE repository for metadata
e We demonstrate:
- SPASE allows a lot of automated pre-filtering of relevant data with correctly filled metadata
- Software can easily find and interpret data files from different origin and import the data
but: - need an API to list and filter HPDE registry content
- need an (H)API to get the required data in a standardized way

e Metadata are not only meant to put your data in large registry, they can facilitate the life of the
people working with your data, allowing their handling by tools following the standards

e Tools are not intelligent, the more accurate the metadata, the more powerful can be the tools
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