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Context

Radio-JOVE is an educational and public outreach project developed in the USA that introduces low
frequency radioastronomy concepts to students and teachers, but also the amateur radio community
as well as the general public. The participants are building their own radio telescope, using a kit sold
by the Radio JOVE team. This instrument can observe the sky at frequencies around 20 and 30 MHz.
The users can share their observations on an archive web site, and on a mailing list.

Radio-JOVE web site: http://radiojove.gsfc.nasa.gov
Radio-JOVE data Archive : http:/radiojove.org/cgi-bin/calendar/calendar.cgi

Introduction

We are proposing to set up a prototype interoperable service dedicated to the distribution of Radio-

JOVE data in the Virtual Observatory (VO). This service shall:

- store the data sent by the users in a standard format,

- allow a data selection by the science team before putting the data online,

- share the data using VO standards, specifically EPN-TAP, but also those linked to the SPASE (Space
Physics standards), or the HELIO project, for solar radio observations.

During this project, we test how amateur data can be shared to the scientific community, using the

VO. We also want to consolidate the use of the EPN-TAP protocol, testing it with a new type a
dataset, and a new type of data provider (distributed amateur community).

Scientific interest

In the Radio-JOVE frequency band, there are 2 main radio sources, wich canbe observed: the Sun and
Jupiter. Other radio sources also contribute: the Galactic Background radiation, the radio counterpart
of terrestrial lightnings, and local radio interferences. There are 2 large instruments in the world that
routinely observe Jupiter in this frequency range: the Nangay Decameter Array in France, and the
litate radio observatory in Japan. Other instruments can also observe Jupiter during dedicated
observation campaigns, such as the UTR2 array at Kharkov in Ukraine, the LOFAR telescope in
Europe, or the new LWA telescope in New Mexico, USA. These instruments do not provide a full time
survey of Jovian radio emissions. Extending the temporal coverage is scientifically interesting, in
particular, for the upcoming space missions that are going to explore the Jovian system (JUNO and
JUICE), in which the LESIA at Observatoire de Paris in involved.

The Jovian radio emissions are appearing as “arc-shaped” structures in the time-frequency plane. This
shape indicates how the observer is “beamed” by the radio source, which has a very anisotropic
beaming pattern and is rotating around Jupiter, following its off-axis magnetic field. The study of these
radio arcs is a powerful tool that can remotely probe the plasma is the radio emission regions. Their
observed temporal variability is correlated to their intrinsic temporal variability, and the spatial
variability of the emission medium. The short term variability requires a series of a radio observatories
spread other the Earth, with simultaneous observations. The Radio-JOVE observer’s network is the
perfect candidate for such studies. The same kind of study could be done with solar radio emissions.

Radio-JOVE data distribution

The Radio-JOVE kit is sold with the “Radio Sky Pipe” software, which drives the Radio-JOVE
instrument and proposes to: save data into files or stream data to connected users. A limited series of
metadata is attached to each observer. The Radio-JOVE data are distributed both ways: either using
emails on the RadioJOVE-data mailing list, or on the Radio-JOVE online archive. The data format is
most usually a screenshot (PNG or GIF files), as well as WAV files. A few events are shared using the
native Radio Sky Pipe format.
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At the occasion of the annual meeting of SARA (Society of Amateur Radio Astronomer), on July 2014,

in Green Bank, USA, we have contacted the Radio-JOVE team and the Radio Sky Pipe developer. It

has been decided to study the possibility of using CDF (Common Data Format) files for data

distribution. The choice of the CDF as an standard format is rather natural:

- It is developed and maintained by NASA for Space Physics dataset.

- It is used as an archive format for Space Physics data at NASA (including space borne radio
observation).

- It is now accepted as an archive format by NASA for planetary data.

- It has a recommended configuration and metadata description (ISTP standard and PDS guidelines).

- It has been recently added as an input format in TOPCAT.

The Radio Sky Pipe will study how to implement CDF output in his software, using the software

library distributed by NASA/GSFC. We have studied the CDF file formatting, for the various Radio-
JOVE data products.

File Format study

In the initial proposal, the first step to be accomplished is the definition of the file format, including
the metadata standard and content.

CDF files for Radio-JOVE

The CDF standard has been adopted and the associated metadata have been selected, using existing

guidelines (ISTP and PDS). Four CDF templates have been produced for the following setups:

- Single channel time series (STS): this is the basic setup, with 1 antenna and the standard single
frequency Radio-JOVE receiver at ~20 MHz.

- Dual channel time series (DTS): for users that have 2 antennas (in crossed configuration, usually),
with 2 Radio-JOVE single frequency receiver.

- Single channel dynamic spectrum (SDS): for users have an advanced radio receiver of a wide band
spectral window (20 to 30 MHz), connected to 1 antenna.

- Dual channel dynamic spectrum (DDS): for users have an advanced radio receiver of a wide band
spectral window (20 to 30 MHz), with 2 channels that are each connected to an antenna.

The CDF templates have been developed at LESIA using the CDF skeleton language. This is an ASCII
file that can be ingested into the CDF library to build a master CDF, which is then filled with the
metadata and the data. We have used our experience on CDF data file provision to NASA/PDS. The
files produced are then compliant with NASA/PDS standards, and thus could be archived in that
repository.

The CDF skeleton files for each file type is provided in Appendix A.

Radio-JOVE metadata

The CDF file contains 2 types of metadata (called attributes):

- the global attributes that refers to the data file,

- the variable attributes that refers to each variable within the file.

Global Attributes
We have included ISTP global attributes:

project, discipline, data type, descriptor, data version, instrument type,

logical file id, logical source, logical source description, file naming convention,
mission_group, pi name, pi_affiliation, source_name, text, generated by, generation date,
link text, link title, http link, mods, parents, rules of use, skeleton version,
software version, time resolution, acknowledgment, adid ref, validate

These keywords are defined in the ISTP guidelines available online. We have also added the relevant
PDS global attributes:
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Table 1. File size at the various steps of the processing.

original data original original | temporary | temporary final CDF zipped CDF

file name type file type file size file type file size file size file size
AJ4CO-FS-200B-141212100000.sps SDS natif SPS 2.1 MB N/A N/A 4.2 MB 1.6 MB
10-B03-04-14-0254ut.mp3 DTS MP3 3.6 MB WAV 38.4 MB 230.3 MB 102.0 MB
raf2_25sep14.wav SDS WAV 20.2 MB N/A N/A 121.2 MB 41.7 MB
raf25sep14.wav SDS WAV 3.7 MB N/A N/A 22.2 MB 9.5 MB
raf26sep14.wav SDS WAV 9.3 MB N/A N/A 55.9 MB 24.2 MB
solar1395328196.mp3 SDS MP3 3.6 MB WAV 38.4 MB 230.3 MB 101.8 MB
solar1404999549.mp3 STS MP3 2.5 MB WAV 26.9 MB 268.8 MB 91.8 MB
solar1405001174-sol.mp3 STS MP3 480 kB WAV 5.1 MB 51.2 MB 17.8 MB
solar1405004070-sol.mp3 STS MP3 719 kB WAV 7.7 MB 76.7 MB 26.6 MB

observation start time, observation stop time, observation target, observation_ type
Relevant EPN-TAP keywords have also been added:

dataproduct type, target class, target region, target element, time min, time max,
time sampling min, time_sampling max, spectral range min, spectral_range max,
instrument host name, instrument name, measurement type, access_ format

We have also defined new metadata that are specific to Radio-JOVE:

observer name, observatory location, observatory latitude, observatory longitude,
original filename, n_channel

The definition of this keywords are the following:

- observer_name: Name of the observer, school or team providing the data content.

- observatory_location: Named location of the observatory or school.

- observatory_latitude: Geographic latitude of the observatory of school.

- observatory_longitude: Geographic longitude of the observatory of school.

- original_filename: Name of the original file name used to build the CDF file.

- n_channel: number of channel of the Radio-JOVE setup (‘1" for STS and SDS files, ‘2’ for DTS or
DDS files)

An extra keyword has been identified recently and shall be added to the next release of the CDF
skeletons:

- dipole_orientation_angle: Orientation angle of the dipole(s), in degrees, where 0° is parallel to the
local meridian. Angles then range between 0° and 90°.

Variable Attributes
We have used the ISTP standard for variable attributes. We have simply added 1 keyword named
UCD, which is providing the UCD (as defined by IVOA standard) for the given variable.

Transformation from Native or WAV format to CDF

The current data stored on the Radio-JOVE archive are either in native Radio Sky Pipe format, or in
WAV and MP3 format, for single frequency setup. We have developed a prototype processing
pipeline in IDL that can convert the available files into CDF files. This pipeline is using the CDAWIib
(the IDL CDF library provided by the NASA/SPDF at GSFC). The IDL codes of this pipeline are
presented in Appendix B.
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Figure 1. Radio-JOVE SDS data from D. Typinski displayed in TOPCAT after conversion in CDF.
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Figure 2. Radio-JOVE SDS data from D. Typinski displayed in Autoplot after conversion in CDF.
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Note that most of the users are providing there data in MP3 format. As it is a lossy compression
algorithm, these data files are not really useable scientifically. However, for our tests, we have used
these files after converting them into WAV format.

CDF File compression

The CDF standard allows internal file compression with several authorized compression algorithms.
However the NASA/PDS archive guidelines are forbidding CDF file compression. We have thus
presently decided to disable the CDF internal compression capabilities in order to keep the NASA/
PDS compliance. The main problem with this choice is the size of the CDF files, as shown in Table 1.
The decision on the Radio-JOVE CDF file compression may thus be revised in the future.

The file size increase is clear from the currently selected archive format (native, WAV and MP3) to the
proposed CDF (uncompressed) or even an posteriori zipped CDF. This file size aspect shall not be
disregarded as many Radio-JOVE contributors don’t have high speed internet connections. We will
study the possibility have raw data (in WAV format, for instance) upload with server side CDF
encoding, to allow low-speed internet user to participate to the program.

Furthermore, it appears that some files are showing as dual channel receiver setups, but contain the
same data in both channel. This is due to a “mono/stereo” mode misconfiguration on the users side
during the conversion from the native file to the uploaded file.

Validation of the Radio-JOVE CDF files by visualisation in standard tools

The CDF files can be loaded in many tools and data processing languages. We show here
spectrograms based on SDS data files provided by D. Typinski (Florida, USA), one of the main Radio-
JOVE contributor. The data has been provided initially in the native Radio Sky Pipe output format. We
have converted them into CDF files using the scripts presented in Appendix B.

TOPCAT

TOPCAT is a tool developed by M. Taylor at University of Bristol and is one of the main tool of the
IVOA world to work with tables and catalogs. With the support of ESA, CDF input capabilities have
been included. Using this tool, we have been able to load the CDF file and plot a dynamic spectrum,
as shown on Figure 1.

Autoplot

Autoplot is a tool developed at University of lowa and is dedicated to display CDF files, either user
provided files from his local file system, or from a remote CDF database like the SPDF. Using this
tool, we have been able to load the CDF file and plot a dynamic spectrum, as shown on Figure 2.

Server Study

The second task is to study and set up of a test server, including a data storage area, an interface for
data upload, an interface for data validation, and several VO interfaces.

Server Prototyping with DaCHS

We have setup a prototype server based on the DaCHS framework, as recommended for EPN-TAP
services. DaCHS is a full TAP server developed by M. Demleitner at University of Heidelberg. We
recommend to use this framework, as it is well maintained, easy to deploy and to configure. Several
deployment tutorials have been written by the Planetary Science team of VOParis in the course of the
EPN FP7 project.

The new version of the DaCHS framework have been used (version 0.9.3), which includes CDF data

collection input support. The translation of the Radio-JOVE CDF attributes into EPNTAP keywords in
ongoing. The URL of the prototype server will be announced once a few data files are ingested.
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The next step will be to setup the data upload, and data validation interfaces.

Conclusion

The CDF format as a data distribution format for Radio-JOVE data is well adapted, if we except the
compression aspects. The foundation of the data and metadata structures has now been drafted. The
next step is to implement the CDF generation support into the Radio Sky Pipe software. The server
part of the study is not finished yet, and we will go on working on this direction to propose a
prototype as soon as possible. The current plans for the longer term are to deliver the server to the
Radio-JOVE team in the US, once it is working and they have found a sustainable hosting solution for
the server. They are also looking for a data storage solution for the data files. With the NASA/PDS
compliance, a possibility could be to submit the data files to that archive facility.

Finally, the collaboration with the Radio-JOVE team has been very fruitful, and we are very happy to
continue this project that links a very involved amateur community with a scientific community. We
hope that this collaboration will enable new studies on solar and planetary radio emissions.

Online Resources

CDF at NASA/GSFC: http://www.opendap.org
CDF archiving for PDS: http:/ppi.pds.nasa.gov/doc/cdf/PDS4-Archiving-of-CDF-Files-v3.pdf

CDF ISTP guidelines: http:/spdf.gsfc.nasa.gov/istp guide/istp guide.html

Radio-JOVE web site: http:/radiojove.gsfc.nasa.gov
Radio-JOVE Archive site: http:/radiojove.org/archive.html

Radio Sky Pipe software: http://www.radiosky.com/skypipeishere.html

VOParis Europlanet web resources: http://voparis-europlanetobspm.fr
TOPCAT: http://www.star.bris.ac.uk/~mbt/topcat/

AutoPlot: http:/autoplot.org
UCD standard: http://www.ivoa.net/documents/latest/UCD.html

Appendix A

This appendix presents the 4 CDF skeleton files developed at LESIA for the Radio-JOVE project. CDF
skeleton files are ASCII files used as CDF templates by CDF libraries. They can be built using the ISTP
CDF Skeleton Editor provided by NASA/GSFC, or manually.

We have followed the ISTP and PDS guidelines to built these CDF skeleton files. Please refer to online
ISTP and PDS documentation for more details.

Radio-JOVE STS CDF skeleton

The CDF skeleton code below shall be used for single channel time series (i.e., single frequency)

Radio-JOVE setup. The CDF skeleton filename is:
radiojove sts 000000000000 000000000000 v02.skt
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Radio-JOVE DTS CDF skeleton

The CDF skeleton code below shall be used for dual channel time series (i.e., single frequency, 2

crossed antennas) Radio-JOVE setup. The CDF skeleton filename is:
radiojove_dts_000000000000_000000000000_v02.skt
















Radio-JOVE SDS CDF skeleton
The CDF skeleton code below shall be used for single channel dynamic spectrum (i.e., wide band, 1
antenna) Radio-JOVE setup. The wide band receiver is here tuned to 200 frequency steps. The CDF

skeleton filename is:
radiojove_sds 000000000000 000000000000 v02.skt

























Radio-JOVE DDS CDF skeleton
The CDF skeleton code below shall be used for dual channel dynamic spectrum (i.e., wide band, 2
antenna) Radio-JOVE setup. The wide band receiver is here tuned to 200 frequency steps. The CDF

skeleton filename is:
radiojove_dds_ 000000000000 000000000000 v02.skt




























Appendix B

This appendix presents the IDL code developed for the Radio-JOVE prototype processing pipeline. It

is using the SPDF IDL CDF library (CDAWIib), that must be compiled before execution of the IDL
scripts.

make_radiojove_ts_cdf_v02.pro
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make_radiojove_sp_cdf_v02.pro
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make_cdf.pro
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radiojove_spd_data__define.pro

radiojove_wav_data__define.pro

radiojove_wav_header__define.pro

read_ascii_file.pro

read_radiojove_sp_file.pro
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