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Satellite Navigation receivers have truly benefitted
from the advances in microelectronics, to the point
that they nowadays are considered a house hold item.
That was not anticipated back in the late 1970s when
the US department of defense launched the first test
satellites of what eventually would become the global
positioning system (GPS) that are so well known
today. Although the general principles of satellite
navigation are fairly simple, finding a position solution
that is optimal (in some sense) can be a rather difficult
task. Around the world, hundreds of scientists are
dedicating their time and interest to such problems,
and I am a small part of this community. In this short
text, I will try to briefly explain how GPS works and
what I spend my time on as a Ph.D. student at Lule̊a
University of Technology in Lule̊a, Sweden.

The principle behind satellite navigation is simple.
More than 25 satellites circle around the earth in
closely monitored orbits, where the position of a satel-
lite is typically known with a precision around 10 cm.
The satellites transmit unique signals that a receiver
on earth can utilize. The signals contain informa-
tion of the satellite position (as a functionof time) and
a very accurate time stamp. After traveling around
200000 km at the speed of light, this signal will be re-
ceived by the antenna.

This information from at least 4 satellites is suffi-
cient to solve for the users three dimensional position
and also for the users time. It is critical that the
clocks in the satellite are extremely accurate. In fact,
several relativistic effects must be considered for the
system to work at all.

The signals are susceptible to several error sources,
however we will here focus on two of them, something
called multipath (where the signal is reflected off a
building) and interference (where radio frequency
energy is transmitted into the protected GNSS bands).
These two problems are difficult to address using a
single antenna (as used in 99% of receivers), however
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Figure 1: Two antennas receiving the same signal

with two or more antennas the effects can be signif-
icantly mitigated. Figure 1 shows the principle of
something called beamforming, where two antennas
receive the same signal although slightly shifted in
time. In red is the reception pattern of a typical patch
antenna and the signal is in yellow. If we adjust for
this difference and sum the two signals (the sum is in
blue), we effectively form a beam in the direction of
the signal source. Also, we form a null - a direction
where no energy will be received. The general problem
of beamforming (or array processing as it is sometimes
called), have been studied since the 1940s, however it
is only recently that it have become practical to build
satellite navigation systems utilizing this principle.

My research is centered around designing receivers
that can utilize as much as possible of the available
information when using multiple antennas. The na-
tional graduate school of space technology is funding
most of my research, and like most technical gradu-
ate students I also teach courses in this or related fields.

If you have have any questions about my research or
about satellite navigation in general, please contact me
at staffan@ltu.se.


