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Abstract—This work-in-progress paper briefly describes novel
approach to characterizing the ionosphere over the South Atlantic Anomaly using a mobile dual frequency GPS receiver.
Applications include but are not limited to HF propagation
path prediction for communication and military applications,
specifically operating in this zone of abnormal magnetic activity
and near real time GPS error correction for auto landing systems
in aircraft.

I. I NTRODUCTION
The ionosphere is a layer of ionized gas around the
Earth that plays a critical role in satellite communications,
military communications and ionospheric sciences. Satellite
signals penetrating the ionosphere are delayed and refracted
to such a degree that this effect cannot simply be ignored.
The delay and refraction are proportional to the amount of
ionized gas or equivalently the amount of free electrons in
the ionosphere along a ray path from the satellite to the
receiver in a cylinder with a perpendicular surface of one
square meter, also known as the total electron content (TEC)
[1]. The delay and refraction are also to first order inversely
proportional to the frequency of the signal. The Global
Positioning System (GPS), launched by the US Department
of Defence in the 1970’s, use an array of 24 satellites orbiting
at an altitude of 20200 km to transmit signals to receivers on
the surface of the earth, enabling the receiver to determine
its location through triangulation using the distances to each
of the visible GPS satellites as derived from the time of
flight of the signal from GPS satellite to receiver. To be able
to compensate for the delay introduced in the GPS signal
by the ionosphere, the GPS signals are transmitted at two
phase coherent frequencies. Since the delay and refraction
are inversely proportional to frequency, the difference in the
time of flight of the signal at the two frequencies can be used
to determine the total electron content (TEC) along the ray
path in the ionosphere. If a sufficient number of observations
of TEC along different ray paths can be made at a single

location, the spatial distribution of the ionosphere in all paths
to the receiver can be obtained through an inversion process
similar to X-ray tomography. This is known as Computerized
Ionospheric Tomography (CIT).
The advantage of using GPS for ionospheric characterization
over other ionosphere characterization methods such as
ionosondes and incoherent scatter radars is that GPS is
globally available and much less expensive to the user - the
ionosondes can only give an accurate presentation of the
ionosphere directly above the device and within a limited
radius. GPS signals are also available 24/7, has a high
temporal resolution and has instantaneous global coverage
[2]. GPS measurements can easily be made on ships and other
mobile vehicles, enabling scientists to investigate ionospheric
effects in locations where the Earth’s magnetic field and its
shielding of high energy particles from the solar wind is
reduced, such as in the South Atlantic Anomaly (SAA).
The South Atlantic Anomaly is a region located in the
Southern Hemisphere where the Earth’s magnetic field is
weakest and decreasing at an unprecedented rate and where the
Van Allen radiation belts is located the closest to the Earth’s
surface. This region is also prone to increased ionospheric
ionization by high energy particles originating from the Van
Allen radiation belts [3]. Figure 1 shows the weak magnetic
field strength in this region. The reduced shielding over the
SAA has a major influence on communication and electronic
systems passing through this area. The abnormal behavior
of the ionosphere makes inter-continent HF (high frequency)
propagation difficult to predict over this region. The advent
of CIT via GPS opened new possibilities which enable us to
characterize the ionosphere by using mobile GPS receivers.
The result of this characterization will advance technology in
communication, military and navigational applications.

Fig. 1. The South Atlantic Anomaly - indicating the dip in the Earth’s
magnetic field [4].

The proposed research project entails the investigation
and application of CIT on the ionosphere in the South
Atlantic Anomaly by use of a mobile dual frequency GPS
receiver on the South African polar research vessel, the SA
Agulhas. The MIDAS [5] algorithm will initially be used
for the tomographic inversion, but can be extended to other
methods in future research. An improved characterization of
the ionosphere will be of great value to space scientists, the
military, physicists who use the ionosphere for space weather
research and for frequency prediction for high frequency
(HF) radio communication. A more accurate representation
of the ionosphere over this area will enable scientists to
improve their understanding of the SAA and its effects on the
Earth-space environment. The algorithms developed for this
project can also be extended to doing ionospheric tomography
from other mobile platforms equipped with a dual frequency
GPS receiver.
II. C ONTRIBUTION
Although several methods have been developed for characterization of the ionosphere using static dual frequency
GPS receivers, none has been applied to using mobile shipbased receivers for ionospheric characterization in the oceanic
regions of the Earth. Although satellites can characterize the
ionosphere from space, they are expensive and are very limited
in resolution because of their orbital paths and infrequent
resampling of the same region of the ionosphere. The proposed project provides a fairly inexpensive, feasible and 24/7
available method of characterizing the ionosphere by means of
a mobile GPS receiver. Mobile receivers can reach areas where
static instruments such as ionosondes can not - for instance the
South Atlantic Anomaly. This will allow scientists to obtain
a deeper understanding of the Earth/space environment. The
application can also be extended to real time HF communication prediction and GPS error correction. For example: this
method can be applied in aviation where the implementation
of autopilot landing systems is limited by GPS accuracy. A
GPS receiver can be placed on an aircraft providing autopilot
instruments with a real time ionospheric image and as a result
improve error correction. Other applications include military
HF direction finding for tracking enemy transmissions and HF
propagation path prediction.
The contribution of this project is multidisciplinary and will
include aspects of science and engineering. The characterization of the ionosphere over areas previously unreachable, such

as the South Atlantic Anomaly, will open new areas of interest
and scientific development. The engineering application of the
proposed method can be used in military (HF communication,
tracking and prediction), communication (HF path prediction)
and navigation (GPS error correction).
Progress - The data needed for this project has been collected
by the author on a 3-month journey to the South African
base in Antarctica on board the SA Agulhas research vessel.
The data has been processed to such a degree that it can
directly be used in the tomographic inversion in the MIDAS
software package. The author is in the process of changing
the MIDAS package to accommodate data for a moving GPS
dual frequency receiver.
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