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Abstract

The Istituto Nazionale di Geofisica e Vulcanologia (INGV) has a long tradition in collecting scientific data to support upper
atmosphere physics research. In addition to the historical equipment no longer operative, an ever-growing number of permanent
observatories at high, low, and middle latitudes are part of the INGV network dedicated to the ionospheric and Space Weather
monitoring. The management of the data produced by such a dynamic infrastructure required the development of an I'T system
capable to fulfill several requirements. Among them, the capability to manage and provide access to the continuous flow of
information produced by the remote instruments and, at the same time, guarantee the preservation and availability of the
historical series, a valuable legacy of this scientific field. To meet these needs, the SWIT-eSWua system was developed and has
recently came into operation. The SWIT (Space Weather Information Technology) database management system can store a
huge amount of spatially and temporally distributed data, standardizing the observations performed by different instruments
and making them available in near real-time. The system is based on open-source software and containers-based virtualization,
an architecture that potentially could be deployed in other research facilities to realize a distributed ionospheric monitoring
network. The eSWua (electronic Space Weather upper atmosphere) access layer includes several services that allow to share
these data with the scientific community. The web-platform (www.eswua.ingv.it) allows to explore, analyse and download all
the different kind of historical and real-time data collected by SWIT at multiple levels of elaboration. A dedicated RESTful
web-service, a registry for the metadata, the implementation of open data policy and persistent identifiers are just some of
the other components which are being integrated into this layer. This work will provide a global view of the SWIT-eSWua
architecture and describe the best practices implemented toward the long-term preservation of these data and the realization

of a FAIR ecosystem.
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1- IONOSPHERE AND SPACE WEATHER

Monitoring the ionosphere is an essential part of space meteorology (or
Space Weather), a field of research that deals with the study of
phenomena involving the Sun, the solar wind, the magnetosphere, the
ionosphere and the thermosphere. Regular observations of the ionosphere
can provide timely information for the monitoring, forecasting and
mitigation of the effects on several modern technologies (such as
telecommunication systems, power networks and in general systems
relying on satellite navigation) during Space Weather events.

Effects of Space Weather

MARITIME ROUTES

lonospheric disturbances can cause degradation in GNSS
range measurements and, in critical circumstance, loss of
lock by the receiver on the GNSS signals with critical
consequences for the navigation systems.

AVIATION

Space weather storms can interrupt HF communications,
degrade the performance of the navigation systems and
affect flight-critical electronic systems. Crews and
passengers in the northern polar routes can experience
high radiation exposure levels during these events.

HUMAN SPACE SATELLITES NAVIGATION HF
ACTIVITIES OPERATIONS SYSTEMS COMMUNICATIONS
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2 - THE INGV IONOSPHERIC MONITORING NETWORK

The Istituto Nazionale di Geofisica e Vulcanologia (INGV) has a long
history in monitoring the ionosphere, which began with the installation
of one of the first ionospheric observatories in the world in 1947 and
continued with the installation of special GNSS receivers for
ionospheric monitoring at high, medium and low latitudes starting from
early 2000s. To date, nearly twenty scientific instruments (ionosondes
and GNSS receivers for TEC and scintillations monitoring) operate
permanently in the network, producing a large amount of data in near
real-time every day.

INGV IONOSPHERIC MONITORING NETWORK

@ |ONOSONDES @ GNSS RECEIVERS
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3 - THE SWIT DATA MANAGEMENT SYSTEM

The Space Weather Information Technology system (SWIT) manage the data
produced by the INGV ionospheric network, from the acquisition of the
instruments to the dissemination layer. The system is based on open-
source software and containers-based virtualization, an architecture
that potentially could be deployed by other research institutions to
realize a distributed ionospheric monitoring network. The system can be
described through different conceptual layer, represented in the next
figure.
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In the "acquisition layer" the raw observations are real-time processed
at the remote facilities to produce Level 1 ionospheric data in
different encoding formats, depending on the particular

acquisition instrument. A copy of the raw-data is locally stored while
the Level-1 data (and the raw data when possible) are transmitted in
near real-time to the INGV central repository in Rome.

In the "database management system (DBMS) layer", the Level-1 data
coming from the remote stations are collected at the INGV storage area
network where automatic procedures harvest and elaborate the files. The
DBMS is capable to autonomously recognize the provenance of the Level 1
data, triggering the proper procedures to validate and insert the
information into different relational databases. The system allows to
standardize spatially and temporally distributed data coming in near
real-time from different sources as well as to organize the historical
observations of the instruments no more operative.

In the “post-processing layer”, the data collected by the DBMS are
exploited to build and validate scientific models and are further
processed to produce higher-level data and ionospheric space weather
targeted products. This system also integrates data sources from
external infrastructure such as the Italian RING network
(http://ring.gm.ingv.it), the EUREF permanent GNSS network
(http://www.epncb.oma.be) and the IGS network (http://www.igs.org).
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Finally, there is the "dissemination layer" that is described in the
next section.
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4 - FRONT-END AND DATA DISSEMINATION: THE ESWUA
WEBSITE (ESWUA.INGV.IT)

The "dissemination layer" is the hardware/ software side of the SWIT
system that enables the open access,
discoverability of the data.

interoperability, reusability and

The "electronic Space Weather upper atmosphere" (eSWua) website
(http://eswua.ingv.it") provides to the user a GUI for the near real-
time and historical data visualization. This platform allows to query
the databases in multiple ways, providing data and products at
different levels of elaboration. A RESTful web-service and web-based
tools provide free access to the data: the information can be filtered
by several criteria and downloaded in the JSON interchange format. A
simplified representation of this layer and a list of the products and
services provided are presented in the following images.
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5 - SOME FINAL REMARKS

The SWIT/eSWua system enables the management and access of the
ionospheric data collected by the INGV network. The system is capable
to acquire, store and elaborate a huge amount of near real-time data
from different instrumentations and will provide support to the
scientific research in the field of the upper atmosphere physics and
ionospheric monitoring.

The system is the result of the work of many people (form researchers
to IT specialists). A development approach based on the open science
principles and toward the realization of a FAIR ecosystem was

adopted; for this ultimate goal, a cooperation between researchers and
data managers at international level is needed.
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ABSTRACT

The Istituto Nazionale di Geofisica e Vulcanologia (INGV) has a long tradition in collecting scientific data to support upper
atmosphere physics research. In addition to the historical equipment no longer operative, an ever-growing number of
permanent observatories at high, low, and middle latitudes are part of the INGV network dedicated to the ionospheric and
Space Weather monitoring.

The management of the data produced by such a dynamic infrastructure required the development of an IT system capable to
fulfill several requirements. Among them, the capability to manage and provide access to the continuous flow of information
produced by the remote instruments and, at the same time, guarantee the preservation and availability of the historical series,
a valuable legacy of this scientific field. To meet these needs, the SWIT-eSWua system was developed and has recently came
into operation.

The SWIT (Space Weather Information Technology) database management system can store a huge amount of spatially and
temporally distributed data, standardizing the observations performed by different instruments and making them available in
near real-time. The system is based on open-source software and containers-based virtualization, an architecture that
potentially could be deployed in other research facilities to realize a distributed ionospheric monitoring network.

The eSWua (electronic Space Weather upper atmosphere) access layer includes several services that allow to share these data
with the scientific community. The web-platform (www.eswua.ingv.it) allows to explore, analyse and download all the
different kind of historical and real-time data collected by SWIT at multiple levels of elaboration. A dedicated RESTful web-
service, a registry for the metadata, the implementation of open data policy and persistent identifiers are just some of the
other components which are being integrated into this layer.

This work will provide a global view of the SWIT-eSWua architecture and describe the best practices implemented toward
the long-term preservation of these data and the realization of a FAIR ecosystem.
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