MASER
Measurement, Analyses, Simulations of
—missions in the Radio range
https://maser.lesia.obspm.fr

* Science-ready and Open science Toolbox
for low frequency radio astronomy
publishing, discovery, sharing, display, modeling ...
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MASER
Why and for whom?®

* Low frequency radioastronomy:
- large collections (long time scales and/or high
resolution...)
- event/features not always predictibles (sporadic,
intermittent...)

e Users needs:
- discovery of datasets
- online access for visualisation
- python library for programmatic access
- annotation and sharing of event/teature catalogues
- hosting datasets



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.

e 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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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.

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

PgSQL

...............
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Table de métadonnées —
(EPNcore) Data file in FITS, CDEF...
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P—— Paper supplement
métadonnées material. ..
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Figure 5. Ecosysteme MASER : relation entre les différentes interfaces mises en place.

Access Access

(stream) (web) Discovery

DMP + DOI (+landing page) per collection



raw data

standard format

quicklooks
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INnterfaces

IVOA:

- EPN-TAP (solar system data discovery)

- TAP (tabular data access): 2 servers (PADC: http://voparis-tap-maser.obspm.fr,
CDN: http://vogate.obs-nancay.fr)

- Datalink (linking between data, quicklook, access)

- UWS (run on demand): 1 server, https://voparis-uws-maser.obspm.fr/client/

- IVOA registry

IHDEA:

- das2: data streaming, 2 servers (PADC: http://voparis-das-maser.obspm.fr/das2/
server, CDN: https://das2server.obs-nancay.fr/das2/server)

- CDF-ISTP (format)

- SPASE registry

DOI:
- publishing collections (https://maser.lesia.obspm.fr/publications/doi/)
- landing page with schema.org

Other:
- TFCat (Time-Frequency Catalogue) https://qgitlab.obspm.fr/maser/catalogues/tfcat
- WebGeoCalc (local instance of WGC/SPICE server developed by NASA/JPL)



http://voparis-tap-maser.obspm.fr
http://vogate.obs-nancay.fr
https://voparis-uws-maser.obspm.fr/client/
http://voparis-das-maser.obspm.fr/das2/server
http://voparis-das-maser.obspm.fr/das2/server
https://das2server.obs-nancay.fr/das2/server
https://maser.lesia.obspm.fr/publications/doi/
https://gitlab.obspm.fr/maser/catalogues/tfcat

EPN-TAP service
configuration

DaCHS servers (v2.6)

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
oreviews, data streaming interfaces, documentation...
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EPN-TAP Services
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Main Parameters

Time

<>

Location

Spectral

lllumination

VESPA v

U:

0

forums v  Mission v

@[ a]

Table links

Where?

Link

Link

Description

Data Product

Label File

Data Collection repository

Example with Voyager/PRA collection

IPDA v
File

©) Non sécurisé — vespa.obspm.fr/planetary/data/display/?&resource_id=ivo://vopdc.obsp (4] l'b )
IPDAv JUICEv CDPP v radiov bib-cnrs Adress'RLR OnlineCCR Cassiniv STEREO v Revues v Webmail v Banques v bibliv Englishv YT->MP4 DOI >>
datalink Maser Files - master -... PADC TAP Serv... CDN VO Server... DB - GitLab (Tutorial) Gene... Home Pag¢ L VESPA Query l... <respo.. -+
. Plotting tool
Back To Services Results oting fools
;)
TOPCAT
Results in service voyager_pra @
voyager_pra - Voyager PRA Datasets & Aladin
Voyager PRA (Planetary Radio Astronomy) Datasets catalog. The dataset are crignally published by several data centers: NASA/PDS, NASA/NSSDC, NASA/GSFC, Unwv. lowa and CNES/SERAD. st SPLAT
al
Credits:
Creators: Baptiste Cecconl a A
=8 |
Pubisher: Paris Astronomical Data Centre ‘ cassis
Show 10 4 entries & SView
Column visbility = Show a Hide a Example queries
Select All in current page = Reset Selection Satumn in March 2012
granule_uid I dataproduct_type target_name time_min (d) time_max (d) access_url datalink_url Help
VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0:VG2_URN_PRA_6SEC.TAB dynamic_spectrum Uranus 18686-01-19T00:00:00.000 1985-01-31T00:00:00.000 http/maser.c ; http:/ivoparis-tap-m... Help
VG2-S-PRA-3-RDR-LOWBAND-8SEC-V1.0:PRA_V.TAB dynamic_spectrum Satun 1981-09-06T00:00:45.999 1881-09-28T23:59:08.000 http/rges - http://voparis-tap-m...
VG2-S-PRA-3-RDR-LOWBAND-8SEC-V1.0:PRA_IV.TAB dynamic_spectrum Satun 1961-08-14T00:00:00.000 '.98‘.-09—0”23:59:58 e ¥ maser.cbspm.f http://voparis-tap-m...
VG2-S-PRA-3-RDR-LOWBAND-SSEC-V1.0:PRA_IILTAS dynamic_spectrum Satun 19681-07-22T00:00:00.859 1881 http//maser.cbspm.f http://voparis-tap-m...
VG2-S-PRA-3-RDR-LOWBAND-8SEC-V1.0:PRA_IL.TAB dynamic_spectrum Satun 1961-07-01T00:00:04.000 _ 308 -1-21T23:59:13.CCC http/maser.cbspm.f... http://voparis-tap-m...
VG2-S-PRA-3-RDR-LOWBAND-8SEC-V1.0:PRA_L.TAB dynamic_spectrum Satun 1961-06-05T00Of i 1881-06-30T23:59:15.999 hitp/maser.cbspm.f http://voparis-tap-m...
VG2-S-PRA-3-RDR-LOWBAND-SSEC-V1.0:PRA.TAB dynamic_spectrum Satun 47T00:00:46.999 1881-08-31T22:05:33.999 http/maser.cospm.f http://voparis-tap-m...
VG2-N-PRA-3-RDR-LOWBAND-6SEC-V1.0:VG2_NEP_PRA_6SEC dynamic_spectrum Neptung 1969-08-11700:00:00.000 1989-08-31T00:00:00.000 http/maser.cbspm.f... http//vopars-tap-m...
©) Non sécurisé — voparis-tap-maga#¥bspm.fr/voyager_pra/epn/di/dimeta?ID=VG2-U-PR, & (4] th ]
JUICEv CDPPv radiov bib-cnrs Adresg@®®  OnlineOCR  Cassiniv STEREO v Revues v  Webmail v Banques v  bibli v  Englishv YT->MP4 DOI >>
3 T T T 1 I
PADC TAP Serv.. CDN VO Server.._ = DB - GitLab (Tutorial) Gene... Home P; .
L B ® < [ @ & maser.obspm.fr/data/voyager/pr:
VESPA v forums v Missionv IPDAv JUICEv CDPP v radiov bib-cnrs Adress'RLR
& : & wll | a File ~ PADCTAPServ.  CDN VO Server... DB - GitLab
What? Index of /data/ /pra/PDS/VG2-U-PRA-3
ex of /data/voyager/pr -U-
#this

VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0:

#documentation
VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0:VG2_URN_PRA_6SEC.TAB

#parent
VG2-U-PRA-3-RDR-LOWBAND-6SEC-V1.0:V

Name

Last modified Size Description

a Parent Directory -
AAREADME.TXT 2013-02-06 10:40 15K
(3 CATALOG/ 2013-02-06 11:12 -
CHECKSUMS.TXT 2020-04-19 18:15 2.5K
(03 DATA/ 2013-02-06 11:12 -
(£3 DOCUMENT/ 2013-02-06 11:12 -
|:-==P| ERRATA.TXT 2012-02-03 09:51 6.0K




Example with NDA collection

0O (< {J @ Non sécurisé — vespa.obspm.fr/planetary/data/display/?&resource_id=ivo://vopc M H]
VESPA v forums v Missionv [IPDAv JUICEv CDPP v radiov bib-cnrs Adress'RLR OnlineOCR Cassiniv STEREO v Revues v  Webmail v Banques v  bibliv Englishv YT->MP4 >>
“ x “ il A Files PADC TAP Serv... } CDN VO Server... ’ DB - GitLab (Tutorial) Gene... J Home Page - S... ’ Untitled - Jupy... TAPService —... VESPA Query l... | +
Virtual Bllsopean Solar eind Plapetary Accéss
rom IR - Plotting tools
Back To Services Results 9
EPN-TAP . . . @ TOPCAT
Services Custom Service  Results in service NDA Obs. Database
&7 Aladin
L ParaE 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 ’-
the Nangay decameter sub-arrays (i.e. on Left Hand and Right Hand Polarization). The receiver is sampling from 10 MHz to 40 MHz with 75 kHz steps on the spectral %> SPLAT
axis. It records one spectrum every second on each polarization. The list of observation frequencies is provided.
Credits: ‘ CASSIS
T o Creators: Baptiste Cecconi
Target Class Contributors: Andrée Coffre, Enmanuel Thétas, PADC &=~ 3DView
Dataproduct Type Publisher: Station de Radicastronomie de Nangay (SRN)

Instrument Host Name

Instrument Name

Time

Location
Spectral
lllumination

Data Reference

| submit | Reset |

Afficher un menu

<>

Show = 50 4 entries Example queries

Saturn in March 2012

Column visibility Show all Hide all

Select All in current page Reset Selection

Help
granule_uid I dataproduct_type target_name time_min (d) time_max (d) access_url datalink Help
S991231_cdf dynamic_spectrum Sun 1999-12-31T07:54:05.280 1999-12-31T14:40:59.380 http://realtime.obs-... SEND
$991230_cdf dynamic_spectrum Sun 1999-12-30T08:01:00.189 1999-12-30T14:43:59.240 http://realtime.obs-...

S5891228_cdf dynamic_spectrum 1999-12-28T07:57:00.170 1999-12-28T14:51:58.749 http://realtime.obs-..

S991227_cdf dynamic_spectrum Sun 1999-12-27T08:59:00.239 1999-12-27T14:55:59.310 http:/realtime.obs-... SEND

$991226_cdf dynamic_spectrum Sun 1999-12-26T07:52:05.280  1999-12-26T14:59:59.368  http:/realtime.obs-... M'
) 85991229

S9981225_cdf dynamic_spectrum Sun 1999-12-25T07:51:05.240 1999-12-25T15:03:59.280 http://realtime.obs-...
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& : U i A PAD+ CDN VO Server... DB - GitLab (Tutorial) Gene... Home Page - S... Untitled - Jupy... TAPService —... VESPA Query |... Datalink respo... | -+
.
Table links
0O (< N @ Non sécurisé — vogate.obs-nancay.fr/nda/q/d|/dIme
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cutout
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#cutout
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Link | Das2 access (differential polarization) | 3 0 //vo0dc.obspmi/~?nda/$991229_cdf Lik | RT1 raw data file fi’oﬁw.,mmm_n_
Afficher un menu -
#this
Link | The full dataset. ivo://vopdc.obspm/~?nda/S991229_cdf
Link | A preview for the dataset AR
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Afficher un menu




Example with NDA collection (target_name=Jupiter

Q0O (< (O
VESPA v forums v
“x:l““::;lhh
Query

EPN-TAP
Services
Main Parameters

Time
Location
Spectral
lllumination

Data Reference

| submit | Reset |

Afficher un menu

Custom Service

@ Non sécurisé — vespa.obspm.fr/planetary/data/display/?f-url_op=&f-schema_op M
Missionv IPDAv JUICEv CDPP v radiov bib-cnrs Adress'RLR OnlineOCR Cassiniv STEREO v Revues v Webmail v Banques v bibliv Englishv YT->MP4
‘ PA01 CDN VO Server... ‘ DB - GitLab ‘ (Tutorial) Gene... Home Page - S... ‘ Untitled - Jupy... TAPService —... ‘ VESPA Query |... | $991229.png 6..
gopean Solar eind Plapetary AcCéss ¢«
o Plotting tools
Back To Services Results 9
i i TOPCAT
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 ’-
the Nangay decameter sub-arrays (i.e. on Left Hand and Right Hand Polarization). The receiver is sampling from 10 MHz to 40 MHz with 75 kHz steps on the spectral %> SPLAT
axis. It records one spectrum every second on each polarization. The list of observation frequencies is provided.
Credits: l CASSIS
Creators: Baptiste Cecconi
Contributors: Andrée Coffre, Emmanuel Thétas, PADC &=~ 3DView

<>

Publisher: Station de Radicastronomie de Nangay (SRN)

Show 10 + entries

Column visibility = Showall = Hide all

Select All in current page Reset Selection

granule_uid ¥ dataproduct_type target_name time_min (d)

J991231_cdf dynamic_spectrum Jupiter 1999-12-31T714:48:00.219
J991230_cdf dynamic_spectrum Jupiter 1999-12-30T14:51:00.189
J991229_cdf dynamic_spectrum Jupiter 1999-12-29T714:55:00.080
J991228_cdf dynamic_spectrum Jupiter 1999-12-28T14:59:00.169
J991227_cdf dynamic_spectrum Jupiter 1999-12-27T15:03:00.170
J991226_cdf dynamic_spectrum Jupiter 1999-12-26T15:07:00.150
J991225_cdf dynamic_spectrum Jupiter 1999-12-25T15:11:00.180

time_max (d)

1999-12-31T22:47:59.280

1999-12-30T22:50:59.258

1999-12-29T22:54:59.140

1999-12-28T22:58:59.240

1999-12-27T723:02:59.259

1999-12-26T19:07:09.189

1999-12-25T23:10:59.229

access_url

http://realtime.obs-...

http://realtime.obs-...

http://realtime.obs-...

http://realtime.obs-...

http://realtime.obs-...

http://realtime.obs-...

datalink

SEND
SEND
SEND
SEND

SEND

Example queries

Saturn in March 2012

Help
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$ R\ | " pm{ CDN VO Server.. DB - GitLab (Tutorial) Gene.. = Home Page-S..  Untitled - Jupy..  TAPService —... VESPA Query I... Datalink respo... | 4
.
Table links
" Right Handed Polarization
- L
35 [ NON Autoplot v2021a_5
T 3 [F———ly o : File Edit View Options Bookmarks Tools Help Expert
: -
& 25 2% E&server=dataset&start_time=1999-12-31T14:48:00.2202&end_time=1999-12-31T22:47:59.2802£ 2 g}
: 24
g = , axes style layout data metadata script console |
15 12
10 N —— ; |2 NDARasine - RR
1500 1545 1630 17:15 1800 1845 1930 20115 2100 2145 2230 dB
Time (UT)
J991231 :
Left Handed Polarization
A ey B k=)
35 - i
T 1 ' : *
N 1
¥ : 28 i
=3 s bk
gzs usbant |- ANHEIRS 2 -
g 20 1 24 i
u 2 |
15 ';
20 |
10 1 y - S | >
15:00 1545 1630 17:15 1800 1845 1930 20115 2100 2145 22:30 dB i §
Nancay Decameter Array Time (UT) Z
100
&
Where? Description What?
Link | Das2 access (Left-Hand polarization) #cutout
— ivo://vopdc.obspm/~?nda/J991231_cdf
Link | Das2 access (Right-Hand polarization) #cutout ”
- P ivo://vopdc.obspm/~7nda/1991231_cdf
Link | Das2 access (differential polarization) #onkont
— po ivo://vopdc.obspm/~?nda/1991231_cdf
Afficher un menu
T T T 1 T T T 1 T T T 7 T T 1 T 1 T T 1 T T =0
1500 1600 1700 1800 1900 2000 2100 200
1993.12.31

Autoplot

shift has no effect, press control to pan




Data on demana

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://das2.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://das?server.obs-nancay.fr/das?2/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

Discovery Query

-
|
Metadata response
4 A > (Text Information)

DSDF or DSID files

Discovery Query Information Flow

- - —
Data Response
1 " (Das2, or QStream)

Data Query Information Flow

averaging on the fly).

® @ Editing URI vap+das2Server:http://voparis-maser-das.obspm.fr/das2/server?dataset=Cassini-RPWS-HFR/n3b/kronos_n3b_u&...
Das2 Server URL:

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

Data Set Id: ~ require example time

=% http://voparis-maser-das.obspm.fr/das2/server
¥ [0 Cassini-RPWS-HFR Cassini/RPWS/HFR datasets
» [ SKR Cassini/RPWS/HFR SKR dataset.
» [l n2 Cassini/RPWS/HFR Level 2 datasets
Vv 5 n3b Cassini/RPWS/HFR Level 3b datasets
kronos_n3b_ph Cassini/RPWS Level 3b - azimuth of k vector in S/C frame
kronos_n3b_q Cassini/RPWS Level 3b - Stokes Q
kronos_n3b_s Cassini/RPWS Level 3b - Flux density
kronos_n3b_th Cassini/RPWS Level 3b - colatitude of k vector in S/C frame
kronos_n3b_u Cass PWS Level 3b - Stokes U
kronos_n3b_v Cassini/RPWS Level 3b - Stokes V

Autoplot 20180314a

> [ EXPRES EXPRES (Exoplanetary and Planetary Radio Emission S, ece
v [ Nancay Nancay datasets File Edit View Options Bookmarks Tools Help
» [[I NDA Nancay Decameter Array datasets E vap+internal:
» [ NenuFAR NenuFAR datasets
v 5 Voyager-PRA Voyager-PRA datasets axes style layout data metadata script console
» [ L2 Voyager-PRA Level 2 datasets
» [0 L3 Voyager-PRA Level 3 datasets NDA/JunoN/Tag1 Medium Resolution - RR
v {7 LowBand_6s_Jupiter Voyager-PRA LowBand 6-sec datasi 3.
vgl_pra_lbl_6s_jupiter Voyagerl/PRA Level 2 flux de ’
vgl_pra_lbr_6s_jupiter Voyagerl/PRA Level 2 flux de 32.
vg2_pra_lbl_6s_jupiter Voyager2/PRA Level 2 flux de 2
o §
vg2_pra_lbr_6s_jupiter Voyager2/PRA Level 2 flux de % 30.4
Description: Cassini/RPWS Level 3b - Stokes U * e
Time Range: 2012-06-30 to 2012-07-01 B ol B
valid range: 2012-06-30 to 2012-07-01 Example Time
. 11:47:31 11:47:40 11:47:50 11:48:00 11:48:10 11:48:20 11:48:30 11:48:40
Reader Parameters: 2017-09-06 NDA/JunoN/Tag1 Medium Resolution - LL
34. )
32.
3
2
Force Intrinsic Resolution Sampling Interval (sec): 3 30.
£
28.

— 261

11:47:30 11:47:40 11:47:50 11:48:00
2017-09-06

Frequency

11:47:30 11:47:40 11:47:50 11:48:00
2017-09-06

11:48:10

11:48:20 11:48:30 11:48:40

11:48:20 11:48:30 11:48:40

< SeC

plotElement_6 (((LL Flux Density)-(RR Flux Density))/((RR Flux Density)+(LL Flux Density))) selected

NDA/JunoN dataset (3TB/day)

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

HTTP REST Query: data collection + time interval + temporal resolution



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) .

aaaaaa

llllllllllllllllll

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

eeeeee

zzzzz

* Usedin Cecconi et al., Planet. Space Sci (2021) =
mission planning of JUICE e | o

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

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
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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...) Jupiter DAM emissions (Nam;ay/NDA)

- skeleton line / shape of feature (line, points) = | =
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Frequency (kHz)

Time-Freqguency Catalogue
Model & Format

e 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...) Jupiter DAM emissions (Nancay/NDA)

- skeleton line / shape of feature (line, points) =
I lo-D
Solar bursts + Earth AKR emissions (Cassini/RPWS) I = ronioc
| arth AKR l E - o
| Circular po = = R Gy e — e
1000 o BBl L | - el et
) Ul L 32 = = UL H-:gg
S non-lo-A
10 xm ——— -

RH _1 .0 Figure 4. Spectrogrammes radio du NDA annotés, avec (en haut) le catalogue publié (Marques et al. 2017),
up (au milieu) les événements reconstruits pour la méme observation, et (en bas), de nouveaux événements sur
e "

0 5 10 15 20 une observati ngue d’entrainement).
Hour of 1999 /238




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...) Jupiter DAM emissions (Nam;ay/NDA)

- skeleton line / shape of feature (line, points) = | =
Solar bursts + Earth AKR emissions (Cassini/RPWS) 5. | - EE
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Hour of 1999 /238

(au milieu) les événements reconstruits pour la méme observation, et (en bas), de nouveaux événements sur

une obser

vation 1

ente (hoi

/u atalogue d’entrainement).




TFCat

 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.

« Specification: Cecconi, B., M. B. Taylor, X. Bonnin, A. Loh. (2022), JSON Implementation of Time-
Frequency Radio Catalogues: TFCat (Version 1.0). PADC. https://doi.org/10.25935/6068-8528
Publication: Cecconi, B., Louis, C. K., Bonnin, X., Loh, A., & Taylor, M. B. (2023). Time-frequency
catalogue: JSON implementation and python library. Frontiers in Astronomy and Space Sciences, 9,

1049677. https://doi.org/10.3389/fspas.2022.1049677
Validator: in STILTS ! (thanks to Mark Taylor)


https://doi.org/10.25935/6068-8528
https://doi.org/10.3389/fspas.2022.1049677

TFCat + TAP exploration

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

o 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

[Hz] [Hz]

Geometry

Quality

Area
[s.Hz]

Nop

Geometry

{"type": "Feature",

crs": {"name": "Time-Frequency",

properties": {"time_coords": {"id": "unix",
"name": "Timestamp (Unix Time)", "unit™; "s", "time_origin": "1970-01-01T00:00:00.000Z",
"time_scale": "TT"}, "spectral_coords": {"name": "Frequency", "unit": "Hz"}, "ref _position": {"id":
"Cassini"}}}, "geometry": {"type": "MultiPoint", "coordinates": [[1158051858.75, 24730.0],
[1158051874.75, 24730.0], [1158051890.75, 24730.0], [1158051890.75, 25318.0],
[1158051906.75, 25318.0], [1158051922.75, 25318.0], [1158051938.75, 25318.0],

M1RANKR1Q29 7R 28Q2N N1 M1EQNK1QRA 7R 25Q2N N1 M41E8QNE41Q7N 78 25402N N1

cassini_faraday_patches_2006- 2006-09- 2006-09-

emi-0 12T09:02:26.750000 12T09:19:14.740000 247300

43469.0 MultiPoint

TToovves0C. TS,

1

[1158052530.74,
[1158052546.74,
[1158052594.74,
[1158052642.74,
[1158051746.75,
[1158052674.74,
[1158051746.75,
[1158052706.74,
[1158052738.74,
[1158051762.75,
[1158052754.74,
[1158052754.74,
[1158051842.75,
[1158052722.74,
[1158051874.75,
[1158051954.75,

ZI0FOU [ TTOOUDZSFIO T,

L —
29845.0], [1158051746.75,
30555.0], [1158052562.74,
30555.0], [1158052610.74,
30555.0], [1158051746.75,
32025.0], [1158052642.74,
32025.0], [1158052690.74,
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,

25920.0], [1158051858.75

26536.0], [1158051906.75,
26536.0], [1158052050.75,
26536.0], [1158051842.75,
27167.0], [1158052210.75,
27167.0], [1158052258.75,
27813.0], [1158052130.75,
27813.0], [1158052178.75,
27813.0], [1158052290.74,
27813.0], [1158051810.75,
29152.0], [1158052370.74,
29845.0], [1158051762.75,
29845.0], [1158052402.74,
29845.0], [1158052466.74,
29845.0], [1158052514.74,
30555.0], [1158052434.74,
30555.0], [1158052578.74,
30555.0], [1158052626.74,
31282.0], [1158052626.74,
32025.0], [1158052658.74,
32025.0], [1158052706.74,
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,
38650.0], [1158052674.74,

{"type": "Feature", "crs": {"name": "Time-Frequency", "properties": {"time_coords": {"id": "unix",
"name": "Timestamp (Unix Time)", "unit": "s", "time_origin": "1970-01-01T00:00:00.000Z",
"time_scale": "TT"}, "spectral_coords": {"name": "Frequency", "unit": "Hz"}, "ref_position": {"id":
"Cassini"}}}, "geometry"™: {"type": "MultiPoint", "coordinates": [[1158051858.75,
24730.0], [1158051890.75,
25318.0], [1158051938.75,
25920.0], [1158051970.75,

24730.0),
25318.0),
25318.0),
25920.0),
, 26536.0],
26536.0),
26536.0),
27167.0),
27167.0),
27167.0],
27813.0),
27813.0),
27813.0),
29152.0),
29152.0),
29845.0),
29845.0),
29845.0),
29845.0),
30555.0),
30555.0),
30555.0),
31282.0),
32025.0),
32025.0),
33567.0),
35182.0),
36019.0],
36019.0),
36875.0),
37752.0),
37752.0),
38650.0),
38650.0),
38650.01,

2

12025431.0

880
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TFCat in Autoplot

Juno Waves data - Electric Field Flux Density

1

————e e e

00:00
28.62
344.10
-35.42
5.08
43.09
316.60

03:00
30.01
92.89
-28.28
4.44
38.70
342.30

06:00
31.37
201.70
-15.46
4.90
33.77
7.95

[ ' |

09:00
32.68
310.50
-29.01
5.16
42.73
33.56

! ol
i

i

12:00
33.97
59.38
-32.09
4.51
47.32
59.09

2017-03-29 (088)

15:00
35.21
168.20
-15.16
4.77
37.80
84.53

21:00
37.62
25.85
-33.69
4.74
54.33
135.20

00:00
38.78
134.70
-18.03
4.62
42.89
160.40

10

10

10

16

18

20

Estimated flux density (W.m 2.Hz ")



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

e Community Specific:
- Das2: data streaming interface for dynamic spectra
- TFCat for event/feature catalogues (next => FT-MOC !)



