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Preface

In our second issue, mainly students, doctorands and
their mentors report on the major achievements of
their research. Surveying such reports, we may see
that currently, the research conducted in the High
Speed Network Laboratories, Budapest University of
Technology and Economics (BME-HSNL) is focused on
improving Internet-based telecommunications. We can
read interesting results of the management of such
networks, on expanding the scope of services and of
quality improvement. They endeavor to provide the
users with a quality equal to the usual quality of the cir-
cuit switched networks; however, they also want to
derive the economic benefits of the new solutions.

According to the main profile of HSNL unifying the
groups interested from different professorates, they
study different problems of Internet-based fixed and
mobile networks. Both theoretical and practical
achievements are utilized by telecommunications car-
riers and the manufacturing industry. In order to pro-
mote this process, universities and users have estab-
lished an organization denominated Inter-University
Telecommunications and IT Center (ETIK). This meet-
ing point facilitates fast communication of needs to
research workers; and the parties interested can have
direct access to the results. ,

This contact is also favorable to the universities —
and to the students working for ETIK. Namely, users
support ETIK, this way making the staff of ETIK finan-
cially motivated. In many cases, support also covers
the procurement of explorers. As an outcome of the
cooperation, a number of research themes topical
worldwide are dealt with. In the course of the work,
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significant theoretical achievements, such as the inter-
esting analogy between biology and certain physical
phenomena, are revealed.

Several themes included in this issue prove that
achievements of research conducted at universities
may evoke the interest widely. Such achievement are
likely to result in products in the coming 2 to 3 years.
However, a problem comes up: will these themes
studied be topical at the time when these future engi-
neers will have become leaders of research groups?
Experiences show that in electronics and information
technology, all the knowledge acquired by the young
people at the university become obsolete in 10 to 15
years. Engineers have accepted that they need to
refresh their science on and on. On the other hand,
fast development has the risk that this period of 10 to
15 years reduces to 5 to 7 years, i.e. a student in his
fourth year who continues studying for his Ph. D. will
have to study again with his newly acquired doctorate.

Therefors, in the following issues of the journal, we
endeavor to treat themes that are still rough ideas. It is
rather difficult to predict which one will be realized.
We read of nanotechnology, photonics, micromechan-
ics, software factories — all competing for taking over
the position of the currentiy predorninant technological
tendencies. :

In the English version of the journal entitled
“Communications”, we endeavor to moderately keep
the balance between research related to actualities of
our days and that related to possible future tenden-
cies. Hopefully, our readers will contribute with ‘their
opinions to find this balance. :

Dr. Gyorgy Lajtha
President of the Editorial Board
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Global Positioning System after turn off
Selective Availability (SA)

BENCE TAKACS

PhD student, Budapest University of Technology and Economics,
Department of Surveying and Geodesy

According to an investigation at the early 1990 [1] the expected growth of GPS users between 1990 and 2000 in the area of civil aviation is
about 140 times, in the area of land traffic 60 times, in the area of civil maritime 65 times. At the same time the expected growth of mili-
tary users is only 12 times. At the beginning of May 2000 President Clinton declared turning off Selective Availability. The accuracy of real-
time GPS positioning became ten times better, and the experiences show that generally it is possible to reach some meters accuracy.
Turning off SA probably caused significantly larger interest for GPS units by civilian sphere (tourists, alpinists, rally drivers, sailors, sky troop-
ers etc). How accurate is the real-time GPS positioning? In this paper the accuracy of stand-alone GPS positioning without SA is investigat-

ed using several receivers.

Introduction: brief overview of GPS

The NAVSTAR GPS (NAVigation System with Time and
Ranging Global Positioning System) is a satellite-based
navigation system providing precise three-dimensional
position, velocity, and time information to suitable
equipped users. The all-weather system is continuous-
ly world-wide available. GPS has been under develop-
ment by the US Department of Defense (DoD) since
1973, and is a military system, with limited access to
civilian users.

The satellites, considered as control points with
known positions, are continuously moving in the
space, but their movement can be described precisely,
so their position at any epoch can be computed.

Positioning means measuring the range from the
receiver to the satellites. From the geometrical point
of view three non coplanar ranges are sufficient.
Practically a fourth observation is necessary because
the receiver clock is generally not synchronized with
the satellite clock, so besides the three unknown coor-
dinates of the receiver the clock offset is to be taken
into account as an unknown parameter. For this rea-
son, the distance measured to the satellite is not the
“true” range, but it is called “pseudorange”.

Determination of the receiver's unknown position is
achieved in the following steps
e measuring sufficient number (at least four) of

pseudoranges
e computing the position of the satellites in a suitable

reference system
e computing the position of the receiver,
pseudoranges we measured

Each satellite has high performance frequency stan-
dards. Two carrier frequencies in the L-band are coher-

using
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ently derived from the fundamental 10.23 MHz fre-
qguency

L1: 154 % 10.23 MHz

length is = 19.05 cm)

L2: 120 x 10.23 MHz

length is = 24.45 cm)

Each satellite transmits signals on both frequencies.
The carriers are modulated by pseudorandom noise
(PRN) codes. These are sequences of binary digits
(zeros and ones) which appear to have random charac-
ter, but which can be identified unequivocally. Two dif-
ferent codes are in use, the P-code (precise or protect-
ed) and the C/A-code (clear or coarse/acquisition). To
determine the signal propagation time, the user has
the copy of the code sequence in his receiver. This
code sequence is shifted in time step by step and cor-
related with the received code signal until maximum
correlation is achieved. The necessary shift is a mea-
sure of the signal travel time between the satellite and
the receiver antennas. This technique can be
explained as code measurement. According to the
structure of the codes the theoretical precision of the
code measurement is 3 m with C/A-code, and 0.3 m
with P-code.

For precise geodetic applications the pseudoranges
have to be derived from carrier phase measurements
because of the much better resolution. A carrier phase
measurement is achieved by reconstructing the origi-
nal signal (pure sinusoidal wave). The receiver has to
know the modulating codes. There are some observa-
tion techniques, where it is possible to reconstruct the
signal without knowing the codes, but of course with
limited accuracy.

Carrier phase measurements are affected by an
ambiguity term, that is, by an unknown number of inte-

1575.42 MHz (the wave-

1227.60 MHz (the wave-




