
MASER  
Low Frequency Science 

Ready tools

The Europlanet-2024 Research Infrastructure project has received funding from the European Union's Horizon 2020 research 
and innovation programme under grant agreement No 871149.

B. Cecconi, A. Loh, L. Lamy, X. Bonnin
and the MASER team

Observatoire de Paris-PSL



Radio Astronomy: 
what do we measure

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

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

• Interferometer: phased correlations.  
=> spectro-temporal + spatial frequencies

236 15. Goniopolarimetry
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Figure 15.2: Beaming pattern of thin boom antennas for various L/λ values. The def-
inition of angle θ is shown on the upper-left panel. The antenna pattern is single lobed
(with a null in the antenna direction) for short antennas, i.e. up to L/λ ≤ 1/2. When
L/λ ! 1/10 the antenna pattern does not vary with frequency. With long antennas it
becomes multilobed (L/λ > 1/2). Figure adapted from Jasik (1961).

wave is almost constant on the length of the antenna. The voltage measured at the
antenna feeds is thus:

V = E(t).heff ≈ E(t)heff sin θ, (15.1)

with θ the angle between the effective antenna vector (heff) and the wave vector k.
The same formalism holds when the antenna length is longer (L " λ/10) but the
effective antenna vector heff becomes complex and its magnitude depends on the
wave vector direction.

A probe antenna is usually a dipole, consisting of two electrical probes (usually
spherical) attached to the spacecraft by conductive cables with ground shielding.
Depending on the antenna design the voltage can be measured at the probe (with
preamplifiers placed right at the probe) or at the end of the cables. The actual
beaming pattern is changed because of these conductive cables. Probe antennas
are used on spinning spacecraft. The centrifugal force maintains them in the spin
plane. Their length is usually 10 m to 100 m tip-to-tip (100 m for the Cluster
spacecraft and the Geotail probe antenna dipole).

A monopole wire antenna consists of a single conductive linear probe whose
thickness is usually negligible compared to its length. A perfect dipole antenna is a
system of two identical wire monopole antennas that are aligned and whose feeds
are separated by a short distance compared their length. Wire antennas can be
either rigid, self sustained, conductive booms, or centrifugally erected, conductive
wires. Boom monopoles are used on 3-axes stabilized spacecraft or as axial an-
tennas on spinning spacecraft. Wire monopoles are used for spin-plane antennas
on spinning spacecraft. Boom monopoles (12 m or less for the Cassini/RPWS,
STEREO/Waves, Ulysses and Wind antennas) are significantly shorter than wire
monopoles (≈ 100 m for Wind and Ulysses), as they are not erected by centrifugal
force.
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Data product types 
• Mostly spectrograms (aka dynamic-spectra). Measured parameter 

(flux, polarization…) depending on time and frequency.  
• Sometime: “waveform” (direct sampling of electric signal temporal 

fluctuations). Much higher data rate needed. 
• also, events. timestamp + label + parameters (coverage) + data ? 

waveform snapshot can be considered as an event. 
• and catalogues of events/features  
• NB: imaging data not in the scope of MASER



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

• Gitlab repository for service description:  
https://voparis-gitlab.obspm.fr/vespa/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
• space borne observations 

(Voyager/PRA, Cassini/RPWS, 
Wind/Waves, STEREO, Juno…), 

• ground based observations 
(NenuFAR, NDA, LOFAR-FR606, 
ORFEES, NRH, RadioJOVE…) 

• catalogues (TFCat) 

• 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



Example with NDA collection 





Example with NDA collection (target_name=Jupiter)



Autoplot



Data on demand 
• Large data rate or long times intervals  

=> need for optimized client/server distribution system.  

• Existing solution developed by University of Iowa (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 Nançay 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 Nançay data collections (using the 
Maser4py modules): 
- LESIA: http://voparis-maser-das.obspm.fr/das2/server   
- Nançay: 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


Das2 / Autoplot process 

• Das2 = data distribution system for time series + on demand resampling 
(averaging on the fly).  
HTTP REST Query: data collection + time interval + temporal resolution  

NDA/JunoN dataset (3TB/day)

2 sec



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)

Jupiter DAM emissions (Nançay/NDA)

Solar bursts + Earth AKR emissions (Cassini/RPWS)

Type III bursts

Earth AKR



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



TFCat in Autoplot



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/10.25935/8ZFF-NX36  

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) 

• IVOA integration:  
- EPN-TAP + Datalink 👍  
  - search engine for local data management tools 
  - data discovery  
- UWS works very well for job on demand 

• Community Specific:  
- Das2: data streaming interface for dynamic spectra  
- TFCat for event/feature catalogues


