
70th International Astronautical Congress 2019

IAF SPACE COMMUNICATIONS AND NAVIGATION SYMPOSIUM (B2)
Mobile Satellite Communications and Navigation Technology (4)

Author: Ms. Veronica Bandini
Sapienza University of Rome, Italy, bandini.1691740@studenti.uniroma1.it

Mr. Luigi di Palo
Sapienza University of Rome, Italy, lui.dipalo@gmail.com

Mr. Emanuele Bedetti
Sapienza University of Rome, Italy, bedetti.1653416@studenti.uniroma1.it

Dr. Giulia Broggi
Sapienza University of Rome, Italy, giulia.broggi.14@gmail.com

Ms. paola celesti
Sapienza University of Rome, Italy, paola.celesti93@gmail.com

Mr. Luca Collettini
Sapienza University of Rome, Italy, collettini.1693491@studenti.uniroma1.it

Mr. Davide di Ienno
Sapienza University of Rome, Italy, diienno.1691101@studenti.uniroma1.it

Mr. Riccardo Garofalo
Sapienza University of Rome, Italy, garofalo.riccardo.94@gmail.com

Mr. Francesco Iovanna
Sapienza University of Rome, Italy, francesco.iovanna@gmail.com

Mr. Giulio Mattei
Sapienza University of Rome, Italy, marcotulliocicerone3@gmail.com

Mr. Andrea Gianfermo
Sapienza University of Rome, Italy, andrea.gianfermo@gmail.com

Mr. Paolo Marzioli
Sapienza University of Rome, Italy, paolo.marzioli@uniroma1.it

Ms. Eleonora Vestito
Sapienza University of Rome, Italy, vestitoeleonora@gmail.com
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Abstract

TARDIS (Tracking and Attitude Radio-based Determination In Stratosphere) is a stratospheric ex-
periment that exploits the VHF Omnidirectional Range (VOR) signal to perform an in-flight attitude and
position determination. This project has been conceived by a group of students of Aerospace Engineering
from Sapienza University of Rome and selected for the Rocket and Balloon Experiments for University
Students (REXUS/BEXUS) Programme cycle 12. The programme is managed by the Swedish Space
Agency (SNSA) and the German Space Agency (DLR) in collaboration with the European Space Agency
(ESA). The experiment will be launched from Esrange Space Centre in Kiruna (Sweden) in October 2019.
VOR is a radio-navigation systems based on high power transmitting stations at ground and on passive
airborne receivers. The navigational information decoded by the receivers is defined as “radial” and it
represents the bearing angle of the receiver with respect to the ground station position. The balloon
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position is obtained by the integration of two radials. An attitude estimation can be done through the
signal power received by antennas with different reception patterns. TARDIS aims at mounting four
antennas to monitor both position and attitude in-flight. The power received by each antenna will be
analysed and compared with the data collected during antennas tests. This process will give the signal
source direction. The latter, integrated with the balloon position, will determine the attitude. Ground
tests will be made to characterise the antennas and to build up a database of values that are associated
to a single angle. The investigation could demonstrate the applicability of a passive system, based on
a mature ground-based radio-frequency infrastructure, for the implementation as back-up position and
attitude determination for the future stratospheric vehicles. High Altitude Platform Stations (HAPS),
planned to autonomously operate for months, could implement such a system for improving the relia-
bility of their navigation systems. This paper deals with the development and production of a passive
navigation system based on the VOR infrastructure. Firstly, a brief description of the VOR principle of
operations will be given. Secondly, the experiment design will be presented, with particular regards to the
designed antennas configuration. Then, data collection and analysis processes will be explained. Finally,
the testing and implementation phases, with particular regard to the antennas characterization, will be
given.
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