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Abstract

In the Big Data era, the amount and complexity of astro-
nomical data more and more often prevents the scientist
from locally store and process her/his data. As a con-
sequence, the geographically distributed approach to data
archiving and processing is rapidly becoming a requisite.
To fulfill this need, we are realizing a prototype of Science
Gateway (SG) for the Italian radio telescopes. The huge
amount of significantly complex and resource-demanding
datasets delivered by the Italian radio telescopes and the
variety of use cases from the different observing modes rep-
resent an ideal test bed for the implementation and verifica-
tion of a SG environment where the scientists can exploit,
manage and analyse data. To this aim, we are exploiting our
previous experience in the realization of a geographically-
distributed radio data archive and processing tools as well
as in the design of SG prototypes. Such a coordinated ap-
proach and harmonization of resources will maximize the
return for the Italian observing facilities and, moreover, will
match the requirements of the international community for
a state-of-the-art, highly-performant environment in which
to conduct successful science.

1 Introduction

The advent of new generation telescopes and instrumen-
tation is radically changing the approach to the scientific
exploitation of astronomical observations. The amount of
data produced even in a single observation is going to pre-
vent in most cases the possibility for the user to down-
load her/his data locally. Moreover, the computing re-
sources required to process such huge datasets are incom-
patible with even the most performant personal computer
and in some cases also with small-to-medium scale lo-
cal computing clusters. Thus, adequate processing so-
lutions are mandatory, based on the concept of moving
software to the data. On top of this, data curation and
preservation as well as the application of the FAIR (Find-
able, Accessible, Interoperable, Reusable) principles are
concepts nowadays largely accepted. Also, the mod-
ern multi-wavelength/multi-messenger approach demands

for the possibility to interoperate between Data Centers
that store different datasets, often composed by massive
amounts of data and using different data models and data
formats. FAIRness of data resources and services can
be met by means of the technological standards and ar-
chitecture provided by the International Virtual Observa-
tory Alliance (IVOA) that allow data coming from differ-
ent projects at different wavelengths to be retrieved, re-
duced and analysed using the same approach and possi-
bly the same tools. This complex landscape is motivating
the international community to design and implement state-
of-the-art, VO-aware Science Gateways (SG) to guarantee
the accessibility of data as well as advanced resources for
their processing and interpretation. Examples of SGs have
been already implemented or prototyped, for instance at the
Canadian Astronomical Data Center1, the Centre de Don-
nées astronomiques de Strasbourg2, the European Southern
Observatory3 and, in Italy, the Space Science Data Center4

and the INAF Italian Astronomical Archives5 infrastruc-
ture. Most of the existing SG architectures are still in the
process of increasing their capabilities in the re-processing
and/or uploading of user data by means of dedicated User
Spaces, a crucial aspect to maximize the effective scientific
exploitation of archival resources. In particular, the combi-
nation of resources, user-friendly applications and special-
ized tools within a SG infrastructure is fundamental to ease
the exploitation of highly specialised datasets like those
coming from modern radio telescopes.

The change of paradigm in data handling, processing and
analysis does not affect only international radio astronom-
ical facilities like for instance the Square Kilometre Array
(SKA) and its precursors and pathfinders. The most mod-
ern digital instrumentation on board of the Italian radio tele-
scopes is already demanding for a similar new approach for
the successful scientific exploitation of data. To this aim,
we have developed a state-of-the-art VO-aware data archive
for the Italian radio telescopes and are implementing a SG

1CADC, https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/
2CDS, http://cdsweb.u-strasbg.fr/
3ESO, http://archive.eso.org/scienceportal/home
4SSDC, http://www.ssdc.asi.it/
5IA2, http://ia2.inaf.it



prototype focused in the radio domain. Indeed, the vari-
ety of use cases represented by the complex and resource-
demanding datasets produced by the Italian radio telescopes
for a number of different observing modes represents an
ideal test bed for the implementation and verification of a
SG environment where the scientists can exploit, manage
and analyse astronomical data.

In Section 2 we describe the INAF radio data archive main
features and architecture, while the design and implemen-
tation of the radio SG are illustrated in Section 3.

2 The INAF radio data archive

INAF manages three fully-steerable radio telescopes: the
32-m Medicina and Noto antennas and the more recent 64-
m Sardinia Radio Telescope (SRT). They operate as single-
dish telescopes or in coordinated interferometric networks
also with other international radio facilities. Data produced
by the spectropolarimeters on board of these radio tele-
scopes may easily reach the size of 0.5 TB for a single
file and are saved in a web-based, publicly accessible data
archive [1].

The radio data archive is capable to host and handle the
different data formats produced by the available observ-
ing modes. Single-dish, interferometry and pulsar data are
stored in different formats based on the FITS [2] standard.
The single-dish and interferometric data types have been
considered as the reference to build a general, MBFITS-
based [3] database datamodel to be used as a baseline for
the creation of the radio archive database. The generic
structure of the MBFITS-based database makes it capable
to handle radio data written in non-hierarchical FITS format
as well, in order to serve a vaster range of users/instruments.
With the start of the scientific operations at the SRT in 2016,
pulsar observations become a commonly offered observing
mode and data needed to be archived as well. The PSR-
FITS data format [4] used for SRT pulsar observations is
easily handled by the MBFITS-based radio archive data-
model. Aiming at persistence and future scientific exploita-
tion of data, ancillary information contained in the observ-
ing schedules and telescopes/correlator logs are archived
for each dataset as well.

The flexibility in importing and handling scientific data
coming from different instrumentation and telescopes is ob-
tained thanks to a TANGO-based architecture and config-
urable software [5]. Software modularity also guarantees
that new instruments can be easily integrated at runtime,
provided that the output data can be represented with the
MBFITS-based data model. The scalability of the manage-
ment system for data archiving allows independent final-
ization and ingestion of data locally at the observing sites,
distributing the storage in a number of data centres. This
feature matches the geographically distributed nature of the
three Italian antennas and is fundamental to overcome the

difficulties implied by the transfer of huge data volumes to
a centralized data storage.

In the Open Science era archive users include scientists
(with different level of knowledge in the radio astronomy
field) and telescope staff but also the general public. Dif-
ferent types of permissions on the data are thus to be ap-
plied. Following the INAF policy, during the proprietary
period data can be accessed only by the PIs of the scien-
tific projects and this is accomplished by means of a Single-
Sign-On (SSO) authentication mechanism [6] that follows
also the IVOA SSO profile for authentication protocols.
Once data become public, they can be retrieved by any user
without the need of registration.

The radio archive web interface has been designed keeping
in mind the different user categories, to allow data exploita-
tion also by astronomers who are not expert in that specific
wavelength domain. A simple, generic search is possible
by means of a subset of query parameters common to all
the observing modes, like for instance the celestial object
coordinates or the observed frequency. More specialised
users can access dedicated web forms to execute queries on
interferometric, single-dish or pulsar datasets through pa-
rameters that are specific to the observing mode, like the
scan geometry, the front-end/back-end configuration or the
employed subset of antennas. VO-compliant Services are
integrated in order to increase both the scientific data ac-
cessibility and re-usage.

3 Towards an Italian radio astronomical Sci-
ence Gateway

Building on the radio data archive described in the previ-
ous Section, we are developing a prototype of radio Science
Gateway intended to provide an integrated infrastructure
to let the user initialize, manage and operate her/his own
workspace, where to access and retrieve proprietary data;
(re-)process them through dedicated software and tools to
produce advanced data products; visualize, analyse and
share scientific results.

The software architecture of the radio astronomical SG is
based on the science-driven requirements and the prelimi-
nary design delivered in the recommendations of the AE-
NEAS project6, funded by the European Union within the
Horizon 2020 program. Figure 1 illustrates the schematic
layout of the components of the SG design that we pre-
pared for the European SKA Regional Centre within the
AENEAS project and that will be the architectural founda-
tion on which to build and develop the Italian SG proto-
type for the radio domain. The realization of such a cyber-
infrastructure is a complex task that requires the develop-
ment of software and hardware components and a consid-
erable effort for their harmonization and orchestration.

6https://www.aeneas2020.eu/



Figure 1. User’s view of the Science Gateway. The diagram illustrates the composition of an Astronomical SG as depicted by
the AENEAS H2020 project. The user can access several web-based or command-line services, some requiring Authentication
& Authorization (security services). According to user privileges, different resources are available. For instance, the User
Space is composed by storage and computation areas. Storage is devoted to proprietary data management (archived, uploaded
or processed datasets), while the computation area offers several methods to run processes as well as analysis or visualization
tools. Computational products are, in turn, made available in the User Space. Collaborative tools can be used to share the
scientific results.

A number of building blocks required for the prototype im-
plementation have already been developed by our group,
like for instance the radio archive, and need to be inter-
faced and harmonized. Some other components, like the
VOSpace and the data processing pipelines, are undergo-
ing further development to be ported and integrated within
the SG structure. Finally, some VO-oriented features that
are desirable within a state-of-the-art SG are still to be de-
signed and implemented.

A working implementation of Authentication and Autho-
rization (A&A) is a key component to manage and grant
permissions in the complex infrastructure of a SG. The
working A&A implementation currently deployed for the
radio archive is being adapted and improved to allow the in-
teroperability of SG user attributes information and the del-
egation of user credentials. The User Space includes web
clients and services for accessing resources, a storage space
and a science exploitation area. The storage space must be
compliant with VO standards to share and resolve the loca-
tion of geographically distributed data in order to support
not only data loading but also to ease discovery, access and
retrieval of archival resources. An artifact storage area will
be implemented in the User Space with appropriate links to
the available libraries and tools. In this area the authenti-

cated user will be able to search for the available resources
for processing, analysis and visualization that are most suit-
able for her/his purposes and that can be loaded using soft-
ware containers and/or virtual machines. The geographi-
cally distributed nature of the Italian radio data archive rep-
resents an ideal test bed to verify the efficiency of several
functionalities like data transfer, search and handling. In
particular, resource-demanding use cases like those posed
by pulsar data, that can easily reach file sizes up to few
TBs, are identified and used to test the computational per-
formances of the SG prototype and their sustainability.

Data processing is possible through both dedicated
pipelines that are integrated within the SG structure and
custom software that can be loaded by the SG user in her/his
User Space. Pipeline orchestration is controlled by the Yabi
([7]) workflow management system, an open-source Python
application providing simplified web-based access to high-
performance computing in an easy and powerful workflow
creation environment. Initially the prototype will exploit
two existing tools that are available at the Italian radio tele-
scopes for the reduction of single-dish data in cross-scan
and mapping mode. The Cross-scan Analysis Pipeline [8]
is used to inspect, integrate and calibrate total-power on-
the-fly cross-scan acquisitions on point-like sources for flux



measurements. The Single Dish Imager [9] produces total
intensity and spectro-polarimetric maps from single- and
multi-feed acquisitions. Also, we plan to deploy well con-
solidated analysis tools like the Common Astronomy Soft-
ware Applications (CASA , [10]) and the PRESTO pack-
age [11] to allow the processing of interferometric and
pulsar data respectively. Visualisation and analysis of in-
termediate and final results is allowed by the functional-
ities offered by the VisIVO [12] high-performance soft-
ware, an open source collection of graphical applications
which blend high performance multidimensional visualiza-
tion, data exploration and visual analytics techniques.

Finally, a further development of this project will include
the integration of VO-compliant Services and Clients in
the SG, to maximize the effective scientific exploitation of
archival resources by a wider community of users.
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