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The Institute of Navigation once again 
served as a prime sponsor for the fourth 

workshop on Satellite Navigation Science 
and Technology for Africa. 

Designed and directed by Patricia 
Doherty, ION president and director of 
the Institute for Scientific Research (ISR) 
at Boston College, and Sandro Radicella, 
head of the Radiopropagation Laboratory 
at the Abdus Salam International Centre for 
Theoretical Physics (ICTP), the workshop 
focused on educating African university 
professors and graduate students on the use 
of GNSS applications with societal benefits 
and scientific exploration. 

The workshop was held on May 6–17, 
2013, at the ICTP, an international orga-
nization located in Trieste, Italy.  ICTP is 
sponsored by two United Nations agencies, 
the UN Educational, Scientific and Cultural 
Organizations (UNESCO) and the Interna-
tional Atomic Energy Agency (IAEA). ICTP’s 
mission is to foster advanced studies and 
research, especially in developing countries. 
Thus it is a logical choice for the location of 
this workshop. 

This most recent event differed slightly 
from earlier GNSS workshops as participants 
from other developing nations joined our 
African colleagues. Broadening workshop 
participation proved quite beneficial because 
interest in GNSS around the world is increas-
ing rapidly. 

This expanded workshop drew nearly 
200 applicants from which 70 were selected 
to represent GNSS interests in more than 26 
countries, including Cote d’Ivoire, Egypt, 
Ethiopia, Kenya, Nigeria, Rwanda, Uganda, 
Argentina, Bolivia, Brazil, Colombia, Peru, 
Indonesia, Malaysia, Nepal, India, Philippines, 
People’s Republic of China (PRC), Croatia, 
Kazakstan, the Russian Federation, and the 
Ukraine. 

The lecturers included GNSS experts from 
the United States, Europe, and India. ION 
members supporting the workshop included 
Chris Hegarty, John Raquet, Frank van Graas, 
Todd Walter, Anthea Coster, Endawoke Yizen-
gaw, Susan Delay, Charles Rino, and Patricia 
Doherty. The workshop integrated formal 
lectures with hands-on practice in a labora-
tory setting. 

Extensive Program of Lectures, Labs
The first week of lectures focused on GNSS 
fundamentals and aviation applications. Chris 
Hegarty captured the audience’s interest with 
opening lectures in “GPS Fundamentals, Mea-
surements and Error Sources,” “Modernized 
GPS,” other emerging GNSS systems, including 
Galileo, GLONASS, BeiDou, the Indian Regional 
Navigational Satellite System (IRNSS) and 
Japan’s Quasi-Zenith Satellite System (QZSS). 

John Raquet followed with lectures and 
compelling laboratories on the “Navigation 
Solutions” and “Kalman Filtering.” The partici-
pants were amused when one of his presenta-
tions was interrupted by a Skype call from 
home, during which class members got to talk 
with his family. 

Frank van Graas joined our workshop 
this time and collaborated with Raquet for a 
session on “Differential GPS” and an associ-
ated laboratory demo. Frank continued with 
presentations on “Inertial Navigation Systems” 
and demos on “Kalman Filtering” and “Inertial 
Navigation.” 

Todd Walter rounded out the first week of 
lectures with his engaging lectures on “GNSS 
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and Aviation Applications.” Many of the coun-
tries in the developing world are beginning to 
research and appreciate the benefits of GNSS 
for aviation. His lectures provided participants 
with a great overview of the benefits and 
caution required for successful ground-and 
space-based augmentation systems.

The second week of the workshop was 
dedicated to scientific exploration using 
GNSS with a particular focus on ionospheric 
characteristics and effects on GNSS systems 
and space weather studies. Lectures on the 
ionosphere-related issues were presented by 
Patricia Doherty, Sandro Radicella, and Paluri 
Rama Rao from India’s Andhra University, 
Department of Physics. 

These were followed by presentations 
on “Space Weather,” by Anthea Coster, MIT 
Haystack Observatory, and Endawoke Yizen-
gaw, Boston College, who further motivated 
participants with laboratories that introduced 
the participants to datasets and a general 
“how to” perform space weather research 
using GNSS. Ionospheric scintillation was in-
troduced by Charles Rino, Boston College, in a 
comprehensive and logical approach. (Read-
ers with any scintillation experience know that 
this must have been a difficult task.)

Patricia Doherty provided a glimpse of the 
capabilities of a multi-instrument network 
to perform regional and global ionospheric 
studies by introducing the LISN (Low-latitude 
Ionospheric Sensor Network) and SCINDA 
(Scintillation Network Decision Aid) net-
works. Dieter Bilitza, George Mason University 
Space Weather Lab, addressed the subject of 
“The International Reference Ionosphere.”

These lectures were complemented 
with lectures and laboratories conducted 
by European colleagues: Bertram Arbesser-
Rastburg, European Space Agency/ESTEC; 
Roberto Prieto-Cerdeira, ESA /ESTEC; Bruno 
Nava, ICTP; Luigi Ciraolo, ICTP; Luca Spogli, 
Katy Alazo, ICTP; Gabriella Povero, Istituto 
Superiore Mario Boella Navigation Laboratory, 
Turin, Italy; and Sergey Pulinets, Space Re-
search Institute, Moscow, Russia. Although the 
lectures are the main focus of the workshop, 
among the highlights for the participants 
and lecturers are the hands-on laboratories 
that give them an opportunity to try out what 
they have learned. During this workshop, 
the participants had an opportunity to try 

geocaching using single-frequency 
GPS receivers in a treasure hunt 
that brought them to the Miramare 
Castle garden. 

They also participated in a lab 
project in which they were as-
sembled in teams that had the task 
of analyzing the effects of a solar 
storm on ionospheric behavior. 
The teams worked on the project 
at defined times over the course of 
several days. On the last day of the 
workshop, the teams presented 
the results of their remarkable 
research with each team taking a 
different approach and finding the 
correct results. All the lecturers 
agreed that the teams all deserved an A+! 

Benefits for Science and Developing 
Nations  
One of the benefits of ION’s sponsorship of 
the ICTP program is that our engineers and 
scientists have opportunities to discuss com-
mon interests with their counterparts from 
developing countries. From a scientific per-
spective, a number of research programs use 
GNSS ground and space-based measurements 
to observe ionospheric and space weather 
phenomenon. 

Africa and South America’s proximity to the 
magnetic equator make the regions of great 
interest to space weather scientists. Unfor-
tunately, studies over these regions have not 
been possible due to the lack of dependable, 
long-term measurements. The ICTP GNSS 
workshops provide opportunities to establish 
a base of measurements for joint studies with 
colleagues from the low-latitude regions as 
well as  help develop the infrastructure and 
sustainability of GNSS applications there.

Overall the workshop seemed to be a 
great success, according to Patricia Doherty, 
who said the lecturers regarded it as a most 
enriching teaching experience. Participants 
said that they learned a lot and were very 
appreciative of the opportunity to partake in 
this program and to get to know some of the 
GNSS professionals from North America and 
Europe. At the completion of the workshop, 
participants were given textbooks on GNSS 
and Space Weather. They were also awarded 
with Certificates of Completion and received 

gifts of ICTP t-shirts and Boston College base-
ball caps which they wore proudly!

In response to the success of these 
workshops and the great encouragement and 
appreciation of the African communities, ICTP 
and ION plan to continue this program with 
a workshop in July 2014 in Kigali, Rwanda. 
Bringing this program to Africa will further 
encourage accessibility to GNSS training and 
infrastructure for more participants in Africa. 
Hosting a workshop in Africa also brings 
awareness of the capabilities and importance 
of GNSS to local governments. Details for the 
upcoming workshop will be available soon.

The Institute of Navigation sponsorship of 
the outreach workshops and the participation 
of its members are sincerely appreciated. It 
enables the participation of some of the Insti-
tute’s dynamic and experienced ION members 
to lecture at the workshops. 

The continued support of the ICTP, Boston 
College, the European Space Agency, the 
Federal Aviation Administration, the European 
Air Force Office of Scientific Research and the 
United Nations Office for Outer Space Affairs 
is also deeply appreciated. These sponsors 
together with the lecturers and participants 
represent a diverse collection of people who 
are committed to provide GNSS technology 
for socio-economic benefits and scientific 
exploration in Africa and other parts of the 
developing world. u
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