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Campioli Serena*; Fiorina Francesco; Corpino Sabring; Dovis Fabio; Stesina Fabrizio; Minetto Alex; Cortigiano Monica Antonella

1 Introduction

Post-processed ionospheric data, coming from CubeSats, offer valuable insights
into space weather effects in the LEO region, with a particular focus on Total
Electron Content (TEC). CubeSats observe beyond the F2 layer, unreachable by
ground-based receivers, enables multilayer ionospheric mapping by combining
space- and ground-based data.

This improves ionospheric modeling, GNSS accuracy, and mitigation of space
weather-related disruptions in satellite communications. Italy's scientific
community, especially INGV, is supporting the ELECTRA CubeSat mission to advance
research in ionospheric dynamics and space weather forecasting, highlighting the
increasing role of CubeSats in scientific and technological innovation.

2 ELECTRA Mission & System Overview
2.1 ELECTRA Mission

The ELECTRA - Electron Layer Exploration using CubeSat for TEC Research and
Analysis mission is a 3U CubeSat mission with the primary goal of analyzing and
mapping the ionospheric TEC in LEO using dual frequency GNSS signals.
Additionally, the mission acts as a demonstration for an innovative solid-state
micro thruster.
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2.2 ELECTRA System

ELECTRA's system is a 3U CubeSat with propulsion capabilities, through the Solid-
State Propulsion micro-thruster to be tested in-orbit, and an in—-house AOCS.

4

cccccc

v
']
3
o
= 7]
o
o)
=z
w
® \ J
=
']
<
[=]
a
Y »
z e
(¢}
>
z
Yv

GNSS Receiver GNSS
Propulsion Payload
% % Logic board
Vi aarc
thruster
9V

Legend
3,3 V power line
—» 5V power line

r 3

\ 4
— 9 V power line
—> Digital Interface Diplexer |« < gmeane,
—» Analog Interface

2.3 ELECTRA GNSS payload
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The GNSS payload includes two AsterRx-m3 Pro GNSS receivers and two TAOGLAS
GVLB258.A GNSS Antennas, positioned one pointing to zenith and the other pointing
towards the direction of the velocity vector.
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3 TEC Mapping in ELECTRA
3.1 STEC estimate from GNSS measurements

The Total Electron Content (TEC) is an important parameter for applications such
as weadther forecasting and geophysical studies. It is defined as the integral of
electron density along the signal path L between the transmitter and the receiver.

f
40.3

TEC = jnedl = J(n— 1)dl

where, n, Is the electron density, n is the refractivity index of the ionospheric
medium and f is the radio wave frequency. Slant TEC (STEC) can be estimated
using the different effects of the ionosphere on LI/El and L5/E5 GNSS signals,
applying the ionosphere-free combination. The STEC is measured in TEC units,
where 1 TECU equals 108 electrons/m?2
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3.3 Data processing and analysis
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4 Conclusion

Besides its primary objective of studying the ionosphere, the ELECTRA mission also
serves as an important first step toward evaluating the feasibility of a future
constellation of similar CubeSats. Such a constellation would not only enhance
lonospheric sensing capabilities but also enable global mapping of Total Electron

Content (TEC) and ionospheric tomography, in support to space weather
monitoring and forecasting.
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