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Radio Astronomy:
what do we measure

=> ¢ Single antenna (in space): no directivity, /%\ .
=> gpectro-temporal information. 5 /
* Phased array: coherent sum, beam forming. s e g}

=> gpectro-temporal information within beam. |

* Interferometer: phased correlations.
=> spectro-temporal + spatial frequencies
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Radio Astronomy:
what do we measure

Single antenna (in space): no directivity,
=> gpectro-temporal information.

Phased array: coherent sum, beam forming.
=> spectro-temporal information within beam.

Interferometer: phased correlations.
=> spectro-temporal + spatial frequencies
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Data product types

 Mostly spectrograms (aka dynamic-spectra). Measured parameter
(flux, polarization...) depending on time and frequency.

e Sometime: “waveform” (direct sampling of electric signal temporal
fluctuations). Much higher data rate needed.

* also, events. timestamp + label + parameters (coverage) + data 7
waveform snapshot can be considered as an event.

« and catalogues of events/features
 NB: imaging data not in the scope of MASER
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MASER & EPN-TAP

MASER (Measuring, Analysing & Simulating Emissions in the
Radio range) is offering access to a series of tools and
databases related to low frequency radioastronomy (a few kHz to
a few 10 MHz).

MASER web site: https://maser.lesia.obspm.fr

Dedicated TAP servers:

Nttp://voparis-tap-maser.obspm.fr
nttp://vogate.obs-nancay.fr

Gitlab repository for service description:
https://voparis-gitlab.obspm.fr/ivespa/dachs/services/padc/
voparis-tap-maser



https://maser.lesia.obspm.fr
http://voparis-tap-maser.obspm.fr
http://vogate.obs-nancay.fr
https://voparis-gitlab.obspm.fr/vespa/dachs/services/padc/voparis-tap-maser

TAP services

[l V voyager_pra @ Maintainer

space borne observations QS stereo.waves @ | Mainaier
(Voyager/PRA, Cassini/RPWS, QT et © vemone
Wind/Waves, STEREO, Juno...), QW windwaves © vaaine

[l E expres @ Maintainer
ground based observations A C cassinirpws ©  Manisine
(NenuFAR, NDA, LOFAR-FR606, QN NenuFaR 6
ORFEES, NRH, RadioJOVE...) IO

[l F FR606
catalogues (IECat) 0V oo onrees

VO-NRH &

N Vv

VO EPN-TAP for NRH

simulations (EXPRES) Not all RD public yet

Not all on VESPA portal


http://voparis-tap-maser.obspm.fr/browse/voyager_pra/epn
http://voparis-tap-maser.obspm.fr/browse/cassini_rpws/epn
http://voparis-tap-maser.obspm.fr/browse/wind_waves/q
http://vogate.obs-nancay.fr/browse/nenufar/q
http://vogate.obs-nancay.fr/browse/nda/q
http://vogate.obs-nancay.fr/browse/fr606/new
http://vogate.obs-nancay.fr/browse/orfees/q
http://vogate.obs-nancay.fr/browse/nrh/q
http://voparis-tap-maser.obspm.fr/browse/tfcat/q
http://voparis-tap-maser.obspm.fr/browse/expres/epn

EPN-TAP service
configuration

DaCHS servers (v2.4, soon v2.5)

Resource configuration using CustomGrammar
(external python script parsing data files),
CDFGrammar or ODBCGrammar

Subjects in IVOA/UAT keywords (not updated in
Registry yet)

Datalink implemented on some services to relate with
previews, data streaming interfaces, documentation...



Example with Voyager/PRA collection

(@] ® < 1N ) Non sécurisé — vespa.obspm.fr/planetary/data/display/?&resource_id=ivo://vopdc.obsp (4] 0 O
3#if VESPAV forumsv Missionvy IPDAv  JUICEY CDPP v  radiov bib-cres  Adress’RLR  OnlineOCR  Cassiniv  STEREO v  Revwes v Webmail v Banques v bibli v English v  YT->MP4 DOI >>
¥ X ¥ o datalink Maser Files - master ... PADC TAP Serv... CDN VO Server... DB - GitLab (Tutorial) Gene... Home Pag L VESPA Query l... <respo.. -+

pean Solarend Plapetary ACCESS

B Back To Services Results Pleting ool
a} TOPCAY
m Cuwicm Servce Results In service voyager pra -

Man Pararmeters voyager_pra - Voyager PRA Datasets &® Aadn
Voyager PRA Panetary Rado Astronomy) Dacasets canaiog. The dataset are orgnaly puished Dy seversl dana cemers: NASAPOS, NASANSSOC, NASAGSFC, Unv. lowa and CNES/SERAD. W SPUAT

Torpet Name Credns: :
Creaces: Bagtiane Coccon @ crses
Pubiater Pars Astonomcs Daca Centre

arpet Class Sow (70778 envies . INVew

Danageoduct Type

Coumnvsbity  Showa Hoea Cxample queries
Iratrument Hoat Name e
Seect Al ncumert page Heset Seecton Savum n March 2012
Instrument Name grande uid L' dataproduct type Wepet Name tme_min (9) Ime_max (o) occess url databnk_wrt Help
: VO2-U-FRA-S-ROR-LOWBAND-GSEC-V1 ONG2_URN_PRA SSEC.TAB aynamc_specteum Uranus 1086-01-19T00.00.00.000  1986-01-31TOO00:00.000 Mg lmaser cOMMIGIN hp /A vopars-2ap-or Helo

Processing level VG2-5-PRA-3-HOA-LOWBAND-6SEC-V1. 0PRA VTAS dynamic_spectrum  Satum 1961-09-08T0000-45.999  1981-00-28T2369:08.000 hmp./ gl

> VE2-S-PRA-S-RDA-LOWBANDSSEC-V1.0PRA_IVTAB SNaMmc_spectum St 1981-08-4TO0 0000000 1981 00-01T25 59 /-3 o P raser chspom | D S NOpEr 8- Sap-1r

VG2-5-PRA-3-ADA-LOWBAND SSEC-VY 0PRA_ILTAS dynamc_spectrum  Satum 1981.07-22T00.00.00.999 1981.08. 1299815 12.000 hrpoimasercosom.t..  hEDUVOpans-sap-m

- VG2-S-PRA-S-ROR-LOWBAND-SSEC-V1.0.PRA_ILTAS Gramc_spectaum  Satum 1981-07-01T00.00-04.000 208 ;r-z'rrs S9:13.000 hepimasecosom .,  MEpUivopars-sap-r

e VG2-5-PRA-3-ADA.LOWBAND SSEC-V1.0PRA_LTAB dynamc_spectrum  Satum 1981 05-05T! 198106 30T2365:15.999 hmpu/masercosom.t.. hID/VODars-Sap-m

St VG2-5-PRA-3-ROA-LOWBAND-SSEC-V1 O PRA TAB dyramc_spectum  Satum g JETATI0 0046909 198108-31T2205:30.900  heptimasecosom ., HIpUOpar - g

Wsmination VG2-N-PRA-3.ROR-LOWBAND-ESEC.V1 ONG2 NEP_PRA_SSEC dyname_spectrum 1959084 1T00.00:00.000 19890831 TOO00:00.000  hep/masercosom.L..  NIDU/VOpars-2ap-m
#bspm.frivoyager_pra/epn/di/dimeta?iD=VG2-U-PR, O U O

(o] (@] i @ Non sécurisé — voparis-tap-ma

it VESPAY forumsv Missionvy IPDAv  JUICEV CDPP v  radiov bib-cres  Adres " OnlineOCR  Cassiniv STEREO v Revues v  Webmail v Banques ¥ bibli v  Englishv YT->MP4 DOI >>

i) Fie PADC TAP Serv.. CDN VO Server... 2 DB - GitLab (Tutorial) Gene... Home :
v . : . b . L I . . R R L L J O ® < 1N @) & maser.obspm.fr/data/voyager/pr:
. 331 VESPAv forumsv Missionvy IPDAY JUICEvY CDPP v  radio v bib-cres  Adress’RLR  OnlineOC
Table hnks ¥ X & o+ Fik PADCTAPServ.  CDNVOServer.. DB-Gttab [
2 2
Where? Description What? Index of /data/voyager/pra/PDS/VG2-U-PRA-3
#this
Link | Data Product VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0: Namne Last modified Size Description
Link | Label File #documentation a Parent Directory -
=10 VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0:VG2_URN_PRA_6SEC.TAB [§) AAREADMETXT 2013-0206 10:40 15K
() CATALOG/ 2013-02-06 11:12 -
: : : #parent 1 CHECKSUMS.TXT 2020-04-19 18:15 25K
Link | Data Collection repository | (s 15 be s 3 RDR-LOWBAND-6SEC-V1.0:V R
() DATA/ 2013-02-06 11:12 -
(£ DOCUMENT/ 2013-02-06 11:12 -

[§] ERRATA TXT 2012-02-03 09:51 6.0K



Example with NDA collection

@] ® < in @ Non sécurisé — vespa.obspm.fr/planetary/data/display/?&resource_id=ivo:/fvopc & M o)
VESPA v forumsv Missionv IPDAv JUICEv CDPPv radiov bib-crrs Adress’/RLR  OnlineOCR  Cassiniv  STEREO v Revues v Webmail v  Banques v  Dbibli v  Englishv  YT->MP4 >
= : . = [ wl l ﬂu PADC TAP Serv... } CDN VO Server... \ DB - GitLab l (Tutorial) Gene... | Home Page - S... Untitled - Jupy... TAPService = ... VESPA Queryl.. -+
Virtual pean Solar eind Plapetary AcCéss
Query . Plotting tools
Back To Services Results 9
EPN-TAP . . TOPCAT
Custom Service  Results in service NDA Obs. Database @
&P Aladin
| NDA Obs. Database - Nancay Decameter Array observation database
Dynamic Spectra of the Routine observation of Jupiter with the Nancay Decameter Array. This dataset contains two series of dynamic spectra recorded on each of 0 .
T the Nangay decameter sub-aays (.e. on Left Hand and Right Hand Polarization). The receiver is sampling from 10 MMz to 40 MHz with 75 kHz steps on the spectral N> SPLAT
Repet Neme axis. It records one spectrum every second on each polarization. The list of observation frequencies Is provided.
Credits: . CASSIS
Taret Clase Creators: Baptiste Ceccon
4 - Contributors: Andrée Coffre, Emmanuel Thétas, PADC &=~ 3DView
Dataproduct Type Publisher: Station de Radioastronomie de Nangay (SRN)
Instrument Host Name Show 50 s entries Example queries
Column visibiity Show all Hide all Saturn in March 2012
Instrument Name Select All in current page |~ Resat Selection Help
T granule uid |7 dataproduct type target name time_min (d) time_max (d) access_url Help

Processing level

S891231_cdf Sun 1699-12-317T07:54:05.290 1999-12-31714:40:59.3%0 http//realtime.obs-.

dynamic_spectrum

S991230_cdf Sun 1899-12-30T08:01:00.189 1999-12-30T14:43:59.240 http//realtime.obs-.

dynamic_spectrum

ga!

Afficher un menu

Time — 1890-12-29T07:57:00.150 | 1999-12-29T14:47:50200 | hito://realtime. obs-.
Location
S991228_cdf dynamic_spectrum 1999-12-28T07:57:00.170  1999-12-28T14:51:58.749  hutp//realtime.obs-.
Spectral
S891227_cdf dynamic_spectrum Sun 1999-12-27708:59:00.239 1999-12-27T14:55:59.310  hutp://realtime.obs-,
Hiumination r |
S801226_cdf dynamic_spectrum Sun 1899-12-26707:52:05.290 1999-12-26714:59:59.369 mtp//realtime.obs- SEND M'
Data Reference :
. L Ab
m m $991225_cdt dynamic_spectrum Sun 1999-12-25T07:51:05240  1999-12-25T15:03:50.280  http//realtime.obs- M'




Q0O < M @ Non sécurisé — vogate.obs-nancay.fr/nda/a/dl/dimeta?ID=ivo%3A//vopdc.obspr M .
VESPAvY forumsv Missionv IPDAv JUICEV CDPPv radiov bib-crrs Adress’'RLR  OnlineOCR  Cassiniv  STEREOv Revues v Webmail v Banques v Dbibli v Englishv  YT->MP4 >>
¥ X ¥ [l PAD4 CDN VO Server... DB - GitLab (Tutorial) Gene... Home Page - S... Untitled - Jupy... TAPService —... VESPA Query I... Datalink respo... =+
-
Table links |
Q0O (< tn @ Non sécurisé — vogate.obs-nancay.fr/nda/q/dl/dIme
Right Handed Polarization 31 VESPAv forumsv Missionv IPDAv JUICEvV CDPPwv radiov bib-crrs Adress’RLR  OnlineOCR  Cassini v
- |0l: O el I I PAD(  CONVOServer.. DB Gitlab (Tutorial) Gene.. ~ Home Page -
. Y LAL.
i ) . N #cutout
5 Link | Das2 access (Left-Hand polarization) | -/ onie obepm/~7nda/$991229_cdf
g >
) Link | Das2 access (Right-Hand polarization) P
a — ivo//vopdc.obspm/~?nda/S991229_cdf
0815 0900 0945 10.%0 115 1200 1245 1330 1415 dB
frem Link | Das2 differential polarization) | TCONO%t
3991229 Lin ke ) | ivouivopdc.obspm/~?nda/S991229_cdf
Left Handed Polarization
» : . #preview
& Lisk | PDRProviow (Greyscale) ivo//vopdc.obspm/~?nda/S991229_cdf
§_ w ° . WIS G0 e N G e . Woe e PR LN N
§ . Link | PDF Preview (Color) O
2 w
Link | PNG Preview (Greyscale) ivo/i
08:15 0900 0945 10:30 11:15 12200 1245 1330 14:15 dB
Nancay Decameter Array Time (U7)
Link | PNG Preview (Color) o |
Where? Description What? L
Link | Das2 access (Left-Hand polarization) | #cutout : . #prev
ivou/vopdc.obspm/~?nda/S991229_cdf Link | PNG Thumbnail (Greyscale) ivodh
: . N #cutout
Link | Das2 access (Right-Hand polarization) | .../ q0ic obspmi~?nda/S991229_cdf Link | PNG Thumbnail (Color) ‘iv"‘oj',,
|
Link | Das2 access (differential polarization) | U™ #prog
— po ivo//vopdc.obspm/~?nda/S991229_cdf Link | RTI raw data file ivodm
Afficher un menu
Link | The full dataset.
ivo://vopdc.obspm/~?nda/S991229_cdf
Lisk | Apreview for the detaset. ivoz//vopdc.obspm/~7nda/S991229_cdf
Afficher un menu




Example with NDA collection (target_name=Jupiter

] ® < 1 @ Non sécurisé — vespa.obspm.fr/planetary/data/display/?f-url_op=&f-schema op & [L
VESPAv forumsv Missionvy IPDAv JUICEvY CDPPv radiov bib-chrs Adress’/RLR  OnlineOCR  Cassiniv  STEREO v Revues v Webmail v Banques v Dbibliv  Englishv  YT->MP4 >>
¥ XV PAD(  CDN VO Server... DB - GitLab (Tutorial) Gene... Home Page - S.. Untitied - Jupy... TAPService —... VESPA Query L. $991229png 6. +

2 ali"

-
VESPA

VirtughBliopean Solar eind Plapetary AcCéss

Quy . Plotting tools
Back To Services Results 9
et om Service i : @ TOPCAT
Custom Service Results in service NDA Obs. Database
&P Aladin
Main Parameters NDA Obs. Database - Nancay Decameter Array observation database
Dynamic Spectra of the Routine observation of Jupiter with the Nancay Decameter Armay. This dataset contains two series of dynamic spectra recorded on each of 0
" the Nangay decameter sub-arays (I.e. on Left Hand and Right Hand Polarization). The receiver is sampling from 10 MMz to 40 MHz with 75 kHz steps on the spectral > SPLAT
et Nome axis. It records one spectrum every second on each polarization. The list of observation frequencies is provided.
Jupiter Credits: ‘ CASSIS
Tarcet Class Creators: Baptiste Coccont
arget Class Contribugors: Andrée Coffre, Emmanuel Thétas, PADC &~ IDVew
Dataproduct Type Publisher: Station de Radicastronomie de Nangay (SRN)
Instrument Host Name Show 10 : entries Examp'e queries
Column visibility | Showall | Hide al Satun in March 2012
Instrument Name Select All in current page = Reset Selection Help
T granule uid |7 dataproduct type target_name time_min (d) time_max (d) access_url datalink Help
Sating lovel Jo91231_cof dynamic_spectrum Jupiter 1999-12-31T14:48:00.218 1989-12-31722:47:59.280 http://realtime.obs-.
JE91230_cof dynamic_spectrum Jupiter 1999-12-30T14:51:00.189 1989-12-30T22:50:59.259 http://realtime.obs-.
Time ) .,
Je91229_cof dynamic_spectrum Jupiter 1989-12-29T14:55:00.080 19689-12-28722:54:59.140 http.//realtirne.obs-.
Location
Je91228_cof QyNaMic_spectrum Jupiter 19989-12-28T14:59:00.169 1989-12-28T22:58:59.240 nttp //realtioms. obe-
Spectral
J891227_cof Qynamic_spectrum Jupiter 1999-12-27T15:03:00.170  19089-12-277T23:02:59.250  http://realtime.obs-
Hiumination ~
J891226_cof Cynamic_specirum Jupiter 1999-12-26T15:07:00.150 1999-12-26T719:07:09.199 nttp://realtime.obs- SEND “'
Data Reference
Mo
J991225_cof dynamic_spectrum Jupiter 1999-12-25715:11:00.180 1999-12-25723:10:59.229 nttp://realtme.obs . A i .'
[ Reset |

Afficher un menu




0O < M @ Non sécurisé — vogate.obs-nancay.fr/nda/q/dl/dimeta?iD=ivo%3A//vopdc.obspr & (4] M O

: VESPAvV forumsv Missionv IPDAv JUICEVY CDPPv radiov bib-cnrs Adress’RLR  OnlineOCR  Cassiniv  STEREO v Revues v Webmail v Banques v bibli v English v YT->MP4 >

¥ X v ‘"I PAD(  CONVOServer. DB Gitlab (Tutorial) Gene.. ~ HomePage-S..  Untitied - Jupy..  TAPService —.. VESPA Query I... Dataink respo..  +

[ NN ) Autoplot v2021a_5
File Edit View Options Bookmarks Tools Help Expert

2 Lserver=dataset&start_time=1999-12-317T14:48:00.2202&end_time=1999-12-31T22:47:59.2802< P |4

B B 8 & &

Froquoncy (MHz)

axes style Jlayout data metadata script  console

ERRERBER

1500 1545 1630 1745 1800 1845 1920 2015 2100 2145 2230 ¢B

o J991231

Left Handed Polarization

Froguoncy (MMz)

B 2REES K

10 a1 : e - |
1500 1545 1630 1715 1800 1845 1930 2015 2100 2145 2230 0B
Nancay Decameter Array Time (UT)

Where? Description What?

#cutout

Link | Das2 access (Left-Hand polarization) ivo//vopdc.obspm/~?nda/J991231_cdf

#cutout

Link | Das2 access (Right-Hand polarization) | o0/ ondc obspmi~?nda/j991231_odf

#cutout
ivo//vopdc.obspm/~?nda/]991231_cdf

Link | Das2 access (differential polarization)
Afficher un menu

1500 %00 1720 10 00 2% nw 2m
19120

J2Vj (o] 0] (0] REPeTE_—




Data on demand

Large data rate or long times intervals
=> need for optimized client/server distribution system.

Existing solution developed by University of lowa (USA):
server=Das2 (http://das?2.org) and client=Autoplot (http://autoplot.org)

Built for space data (low data rate), but capable of serving long
resampled times series.

Tested with success on ground Nancay datasets: adapted also for
ground based high data rate collections.

Very simple configuration:
data collection description files + data reader that produces “das2stream”
formatted data.

Implemented on LESIA, CDPP, and Nancay data collections (using the
Maserdpy modules):

- LESIA: http://voparis-maser-das.obspm.fr/das2/server

- Nancay: https://das2server.obs-nancay.fr/das2/server



http://das2.org
http://autoplot.org
http://voparis-maser-das.obspm.fr/das2/server
https://das2server.obs-nancay.fr/das2/server

Das?2 / Autoplot process
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Discovery Query

Metadata response
(Text Information)

DSDF or DSID files

-/

Discovery Query Information Flow

Data Query

Data Rcsponsc
(Das2, or QStream)

Data Query Information Flow

(averaging on the fly).
HTTP REST Query: data collection + time interval + temporal resolution
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NDA/JunoN dataset (3TB/day)

Das? = data distribution system for time series + on demand resampling



Frequency (kHz)

Time-Frequency Catalogue
Model & Format

Why?

In low frequency radio astronomy, spectro-temporal (aka time-frequency) features

are key for science analysis.
Features:
- planetary emissions (auroral, lightnings...)

- solar emissions

Geometries:
- contour of feature (polygon, points...)
- skeleton line / shape of feature (line, points)

Solar bursts + Earth AKR emissions (Cassini/RPWS)

Circular po

Earth AKR

10
Hour of 1999/ 238

Jupiter DAM emissions (Nancay/NDA)

LL (MH2Z)
E 3

RR (MHZ)
E ¥ ¥

N A

0B

-C

. D
non-lo-A
| N non-lo-B
| E non-lo-C
1 . non-lo-D

WL (MH2)

-1

l -8

g C

— W 0D

RR (MHZ)
g @ L)

non-lo-A

— . non-10-8

|
| . nonlo-C
| . non-lo-D



TFCat Model

A TF-geometry is a geometry (point, line-string, polygon, multi-points,
multi-line-strings, multi-polygon), with coordinates in time and frequency
(or wavelength, or wavenumber, or energy).

The catalogue contains a list of features, with a TF-geometry (or a set of
geometries), and parameters.

The catalogue contains a definition of the features additional
properties, with data type, description, unit, UCD, etc.

The catalogue contains a set of global properties, at catalogue level,
with data type, description, unit, UCD, etc.

The catalogue contains a description of the CRS (coordinate reference
system) defining the temporal and spectral axes, as well as the frame
reference position.



TFCat current
implementation

 Based on GeoJSON, a catalogue model & format for geo-referenced shapes (on Earth, with
lat-long coordinates).

* Specification:
https://qitlab.obspm.fr/maser/cataloques/catalogue-format/-/blob/master/ison/spec.md

* JSON Schema coming soon (and validator in STILTS?)
* Implementation in Python reusing GeoJSON python library

* With astronomy standards when applicable:
- Using IVOA vocabularies (UCD, VOUnits...) as much as possible
- STC1: no support for complex spectro-temporal geometries* /STC2: the same
- VOTable: no support for complex spectro-temporal geometries*
- Use of TAP for distributing and searching?
- Geometry in TAP and ADQL?
- Datalink to link catalogue of feature to catalogue of observation?
- Export to Astropy table: ok, possible for complex geometries (as objects)

NB: complex spectro-temporal geometries = something else than a point or a bounding box


https://gitlab.obspm.fr/maser/catalogues/catalogue-format/-/blob/master/json/spec.md

TFCat + TAP exploration

* 1 Feature per row, Geometry as JSON string,
Feature mapped properties into columns

 JSON-string allows to keep all information (geometry

type, CRS, coordinates) of Feature for future use.

Id Time_start Time_end Freq_min Freq_max Geometry_type Geometry Quality Area Nop
[Hz] [Hz] [s.Hz]
{"type": "Feature", "crs": {"name": "Time-Frequency", "properties”: {"time_coords": {"id": "unix",
"name": "Timestamp (Unix Time)", "unit™ "s", "time_origin": *1870-01-01T00:00:00.000Z",
"time_scale™: "TT"}, "spectral_coords": {"name": "Frequency”, "unit": "Hz"}, "ref_position": {"id":
"Cassini"}}}, "geometry": {"type": "MultiPoint", "coordinates": [[1158051858.75, 24730.0],
24730.0), [1158051890.75, 25318.0),
25318.0], [1158051938.75, 25318.0),
Geometry 25920.0], [1158051970.75, 25920.0],
25920.0], [1158051858.75, 26536.0),
26536.0), [1158051906.75, 26536.0),
26536.0), [1158052050.75, 26536.0),
{"type": "Feature", "crs": {"name": "Time-Frequency", "properties": {"time_coords": {"id": "unix", D7167.0 1158062210.75. 27167.01
"name": "Timestamp (Unix Time)", "unit™: "s", "time_origin®: "1970-01-01T00:00:00.0002Z", {27167.0}. [1158052258.75, 27167.0],
ng! n,on " " " " n.n - mom um. " " sl "w, M an 27813.0], [1158052130.75, 27813.0],
time_scale": "TT"}, "spectral_coords": {"name": "Frequency”, "unit": "Hz"}, "ref_position": {"id": |27s813.0}, (1158052178.75, 27813.0),
"Cassini"}}}, "geometry™: {"type": "MultiPoint", "coordinates": [[1158051858.75, 24730.0], |57a15.0/ [1126051210.75. 2615501
[1158051874.75, 24730.0], [1158051890.75, 24730.0], [1158051890.75, 25318.0], |251s20: [11ss0szs7o 4, 215201
[1158051906.75, 25318.0], [1158051922.75, 25318.0], [1158051938.75, 25318.0], |29845.0], [1158052402.74, 29845.0],
M1RANKR1Q29 7& 26021 N1 [11RANK1QRA 76 280Q2N N1 MM18ANK1Q7N 7& 264020 N ggggg} {]gggggﬁg-;} gggg-g}’
[1158052530.74, 29845.0], [1158051746.75, 30555.0). [1158052434.74, 30555.0]
[1158052546.74, 30555.0], [1158052562.74, 30555.0], [1158052578.74, 30555.0),
[1158052594.74, 30555.0], [1158052610.74, 30555.0], [1158052626.74, 30555.0),
[1158052642.74, 30555.0], [1158051746.75, 31282.0], [1158052626.74, 31282.0],
cassini_faraday_patches_2006- 2006-09- 2006-09- . [1158051746.75, 32025.0], [1158052642.74, 32025.0], [1158052658.74, 32025.0],
emi-0 12T09:02:26.750000 12T09:19:14.740000 247300  43469.0 MultiPoint [1158052674.74, 32025.0], [1158052690.74, 32025.0], [1158052706.74, 32025.0), 2 120254310 880

[1158051746.75,
[1158052706.74,
[1158052738.74,
[1158051762.75,
[1158052754.74,
[1158052754.74,
[1158051842.75,
[1158052722.74,
[1158051874.75,
[1158051954.75,

32787.0], [1158052706.74,
33567.0], [1158051746.75,
35182.0], [1158052754.74,
36019.0], [1158051778.75,
36019.0], [1158051810.75,
36875.0], [1158051810.75,
37752.0], [1158051890.75,
37752.0], [1158052754.74,
38650.0], [1158051922.75,
38650.0], [1158052658.74,

32787.0), [1158051746.75,
35182.0), [1158052722.74,
35182.0), [1158051746.75,
36019.0), [1158051794.75,
36875.0), [1158052738.74,
37752.0), [1158051826.75,
37752.0), [1158051906.75,
37752.0), [1158051858.75,
38650.0), [1158051938.75,

38650.01. [1158052674.74

33567.0),
35182.0),
36019.0),
36019.0),
36875.0),
37752.0),
37752.0),
38650.0),
38650.0),
, 38650.0],



TFCat in Autoplot

Juno Waves data - Electric Field Flux Density
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UWS for run on demand

 EXPRES code (Exoplanetary and Planetary Radio Emission Simulator)
https://github.com/maserlib/EXPRES
https://voparis-uws-maser.obspm.fr/client/jobs/EXPRES (using OPUS)

* Modelling of the spectro-temporal shape of radio emissions.

* Used in Cecconi et al., Planet. Space Sci (2021)
mission planning of JUICE

supplementary material: https://doi.org/10.25935/8 /FF-NX36

DodHaHoRuuaNaD’

Galileo E12 Flyby

» ExPRES data @ (ExPRES configuration and output)
» Cosmographia data @ (Cosmographia configuration, "pov’ and ‘top' movies)



https://github.com/maserlib/ExPRES
https://voparis-uws-maser.obspm.fr/client/jobs/ExPRES
https://doi.org/10.25935/8ZFF-NX36

summary

* MASER: solar system radioastronomy
- possible extension to transient low frequency radio astronomy
(starting of official operation in Jan 2022)

* [VOA integration:
- EPN-TAP + Datalink ==
- search engine for local data management tools
- data discovery
- UWS works very well for job on demand

 Community Specific:
- Das?2: data streaming interface for dynamic spectra
- TFCat for event/feature catalogues



