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Abstract -Thetechnological development of Global Positioning
Systems (GPS) and theincrease of its potential applicationslead
to the need of a channel simulation tool, in order to study
different kindsof inter ference and attenuation in the GPSsignal.
Thecontribution of thiswork consistsin the development of a
softwar e package that enablesthe analysis of error sources, as
well asthe environmental impacts on the GPSsignal. We
describe the developed simulator and analyze the effects of
channel impairmentsin different scenarios, including urban,
suburban, and rural environments. Multipath fading, Doppler
effect, ionospheric and tropospheric delay, aswell as antenna
effectsare studied for each scenario. The output data of the
simulator isadigital file, which representsthe signalsissuesfrom
a GPSreceiver in a selected environment.

|. INTRODUCTION

PS is a sadlite sysem desgned to provide

worldwide  postion, velocity, and  time
information. The GPS system had a dart point in the
USA military applications, but it has been quickly
employed to severd tasks in civil and commercid
aeas, as trangport, telecommunication, security and
logidtic.

In this way, the growing demand for GPS sarvices
points out the need of a sgna smulator, including the
effects that influence the performance of the receiver.

The channd dmulator provides the observation of the
effects of different error sources in severa scenarios,
thus enabling the comprehenson of these effects as
well as how can this impair the results of GPS receiver
locdization. Figure 1 depicts the block diagram of the
software package developed.
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S = Spreading by C/A code |IE = lonospheric effect;
TE = Tropospheric effect; DS = Doppler-Shift;
Sw = Shadowing; Mp = Multipath; ICN = Intentiona
Clock Noise

Fg. 1. Block Diagram

In the following, we provide a generd explanation of
Fig. 1. Firg of dl, the dgnad crosses the amosphere
that is not a homogeneous media, thus introducing time
ddays due to the ionosphere and troposphere. Besides,
the displacement of the satellite with respect to ground
leads to a Doppler shift. As the sgnd arives in the
recaiver, it undergoes severd reflections due to the
enwvironmentd or atifica obsades, so  multipath
fading and shadowing ae expected to occur. Power
loss due to the propagation from the saellite as far as
the ground, as wdl as intentiond <gna corruption
associsted with the injection of cock noise in the
system by the GPS management center, dso impairs.

The input data of our smulator is generated by
another research group [1], that provides us with the
complete GPS message, as well as with the redive
GPS saellite pcsition, that are vishble for the recever
in a specific ingtant of time. After that, the digtortion
effects are added, and the user can observe each one
separately or al effectstogether.

Next section describes the channd modd with dl
characterisics to be consdered in  the sSmulator
implementation. Section Il gives an oveview of the
smulator dructure while results for different scenarios
ae presented in Section V. Fndly conclusons ae
Sated in Section V.

[1. CHANNEL MODEL

Among the amospheric effects on the GPS sgnd, we
can observe the Faaday rotation. The right-hand
circular polarization of GPS antennas minimizes the
Faraday rotation, which may beignored [2].

A. lonosphere
The propagation of the GPS dgnd through

ionosphere undergoes three mgjor effects.  attenuation,
scintillation and delay.

The <cintillaion and atenuation  effects ae
asociated with  the timevaiant character of the
ionospheric  dectronic  content  (TEC), leading to

fluctuations in the GPS sgnd amplitude. They depend
on the usxr pogtion, hour, season and on the solar
cyce

The ionosphere dso introduces a dday in the
recéved GPS ggnd, which depends on the rdeative



International Telecommunications Symposium —I1TS2002, Natal, Brazil

user azimuth and eevation, with
transmitting satdllite.

Broadly spesking, scintillation may not impar the
receiver for low-amplitude fluctuations, however this is
not aways true, specidly for tropica regions and
during high-solar  activity periods. Since to our
knowledge there is no dosedfoom modding of
«iintillation specidly suited for Brezil, and given the
extreme timevariability of attenuation, these two
effects were neglected as afirst gpproach.

The modd used to edimate the ionosphere dday is
described in [3], ad characterizes the average behavior
of the ionosphere during quiet periods of solar activity.
Thefollowing equations summarize the modd.
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Where
Tiono = ionospheric delay (seconds).
F = dant factor (seconds).
X = delay component, defined as below.
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t = time at the receiver position (seconds).
b = GPS message coefficient beta (semicirdes).
fm  =Recdver geomagnetic ldiitude (semidirdes).
a = GPS message coefficient dfa (samicirdes).

Of course, this does not cover dl the Stuations,
however to our knowledge there is no wel-established
method for egimaing this dday during high solar
activity. Figure 2 presents the dday for a typica
dtuation of a fixed recelver, as a function of the
eevdion angle

B. Troposphere

The troposphere aso imposes attenuation and delay
on the GPS €gnd. The atenuation may be neglected in
view of the high amplitude of fading in the ground,
according to [3]. The edtimation of the dday is based
on the Hopfield modd, as presented below:
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Where E is the devation angle of the recever (with
respect to the satellite), Kd and Kw are respectively the
delays asociated with the dry and the wet layers of the
troposphere. These delays depend on the air pressure
and temperature.

Fgure 3 presents the tropospheric delay for a typical
dtuation.

C. Doppler shift

Doppler shift is caused by the rdaive speed
difference between a transmitter and a receiver. The
change in the frequency depends on severa parameters,
such as the digance between the transmitter and the

receiver, the speed of the dectromagnetic waves, and
their rdlative velocity.

For the recever with congtant speed v, moving in a
certain direction that has the angle g with the view line
between receiver and transmitter, the frequency shiftis:

f, :ifc\—écosq 4)

Where f; is the carier frequency and c¢ is the light
speed. This expresson does not take into account the
reaivigtic effects and holds only for speeds bwer than
speed of thelight.

In a GPS context, it is dso necessary to condder that
the Doppler shift depends on severad other parameters,
such as the dtitude of the saellite, rotationa speed of
the Eath, and the devation angle (from which the
station is seen by the satellite). The frequency drift may
be modded by adifferentia equation as[4]:

_ 1 dD(t) (5)

C dt

Where the Df is the Doppler frequency offset from
the frequency f;, C is the phase velocity of the light in
the free space, and D(t) is a time function for the
distance of the satellite and the Earth tation.

D. Shadowing

Into the condition of no shadowing, the receved
sgnd can be expressed by the fasor sum of direct and
diffuse components:

Sho-shadowing = Stirect + Siffuse (6)
Partid shadowing is charecterized by lots of smdl
Sze obgtacles digurbing the direct component, such as
vegetation. In this case the trangmitter has partia
blocked view. As a consegquence, atenuation decreases
the power of the direct component and the Spreading,
causng deep fades which disturb the phase coherence
Itisrepresented as.

Suirect partial shalowing = A>6direct + Sspread (7)

For tota shadowing, there is no direct component and

dl recdved may be asocaed with the diffuse
component:

g\Shadowi ng = édiffuse (8)
E. Multipath

In this work, we condder the Clak modd [5], where
the incident field in the user is a set of N plane waves
ariving in the direction of an azimuth plane, with
arbitrary phases and arivd angles presenting the same
amplitude average. It is conddered tha there is no line
of dght incidence. The incident waves have an
associated Doppler effect due to the user displacement
and arive in the receiver a the same time. Conddering
the trangmisson of a gngle tone in the carier
frequency, the nth wave received by the user is thus
givenby:

E~n:EO)<:ne<p{j[2p(fc+ fn)t+fn]} (9)

Where Ey is the amplitude average close to the user,
C, is a random varigble that represent the amplitude of
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the nth wave f. is the carier frequency, f, is the
Doppler shift of the nth wave and f, is a phase
introduced by the reflector n. The phase f,, depends on
the materid kind and on the reflection surface [€].

Usng the centrd limit theorem and conddering thet
N takes a hig vaue the components of the bassband
wave ae gaussan random vaiddles with zero mean
and variance givenby s 2 =s 2 = E§/2 .

The channd amplitude gain is a random varidble with
Rayleigh digribution [7], according to the following
expression.

L1-O:
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Where g 2 :E§/2-

The phase response of the chand F() can be
modeed as a random uniform vaigble in the interva
[0,2p).

The channd introduces different gain and frequency
scattering due to different Doppler variations h each n-
th ray. The received dgnd, as a result of one single
tone, by a termind that moves with constant speed can
be represented as a carier tha has a random time
variant phase and amplitude.

F. Intentional Clock Noise

The dgnd degradation inmposed by the GPS manager
is modded as an additive noise, which is added to the
signd. At the same time a Doppler shift is dso
included. The particular structure of the sgnd and the
Doppler shift are established by the clock noise modd,
which is a stochagtic process chosen from the following
options:

- Gauss-Markov process of order 1

- Sinusoidd sgnd of random phase

- The dgnd in the output of a ARMA modd driven
by white-noise

The determination of the Doppler shift is based on the
power spectrum of the clock noise modd. So, dfter
generating a random time saries according to one of the
three models presented above, we carry out the fast
Fourier transform andyss and establish the Doppler
shift as the component of higher energy. This
component must lie within the ranges of the Doppler
shift established by the modds discussed in section 2.3

(8-
[1l. SMULATOR STRUCTURE

The sSmulator dructure is organized in order to
consder spread spectrum of each visble sadlite by
means of the satdlite C/A code Then the channd as
could be seen in figure 1 disturbs these Sgnds The
smulator aso makes possible access the independent
outputs to analyze each channd effect separately.

The sgna is spread by a pseudorandom code (PN)
[3] that is different for each sadlite, and this dlows the
code division multiple access (CDMA\) in the reception.

The multiplicative noise for each channd is obtained
by the geneation of a Rayleigh sequence tha
represents the diffuse component of the sgnd. This

sequence  is added with a lognormd  parameters
sguence (M and s) corresponding to  the  direct
component times the attenuation factor.

The blocks Rayleigh and lognormd have as input the
K _direct that is the power reation between the direct
and diffuse component, and (mand s) for the lognorma
sequence. The output is added to obtain a new sequence
that corresponds to attenuation and phase rotation of
the channd for each ingtant of time.

After that, the sequence undergoes Doppler effect,
and it is multiplied in al ingtants by the satdllite sgnas
smulating this channd effects.

In order to smulate different kinds of environments,
and knowing that ther characterization are done by the
presence or not of line of sght between sadlite and
recdver, and by obstacle density in the place, the
Rayleigh and lognormd parameters are changed.

Here we choose working with three kinds of
environments, rurd, suburban and urban. The rurd one
is grong favorable to reception, because normdly it has
good line of dght between sadlite and receiver; no
obgtruction in the direct component of the signd and
the diffuse component isamost negligible.

In the urban one, there is dmost not line of sight
because of the presence of buildings, trees and others;
favoring the diffuse component with high densty of
Spreaders.

The suburban one is between the two others; there is
a shadowing line of dght and some spreads. This
environment has a direct component with attenuation
and agtrong diffuse componert.

The ionospheric and tropospheric blocks employ data
from the incoming GPS messsge and  eguaions
presented above in order to egtimate the delays, which
must be converted from seconds into time samples. The
last operetion is carried out by supposng the sampling
frequency of 4 x 1023 Mbits's, according to [3]. Then
the samples of the GPS dgnd ae ddayed according to
the sum of the estimated delays.

IV. SMULATIONSAND RESULTS

The results reported in the following consder three

different towns (Las VegadUSA, Manaus ad
Campinas/Brazil) and 8 vishle sadlites The GPS
receiver is supposed in a mobile plaform (car) of
congdant speed of 100 km/h. All smulations consider
an input gSgnd transmitted during 30  seconds,
incduding data updating & each 15 seconds. This
transmisson took place on Februay 18" 2002,
beginning a 06h00 Braslia time Two different
multipath  environments were conddered: rurd and
urban. Simulations were caried out in a MATLAB
environment, running on PCs.

Following the path presented in Fig. 1, the anayss of
results begins with the ionospheric delay, depicted in
Fig2 a a function of the devaion angle The
paameters aand b were fixed duing dl the
transmission, snce dgnificant changes in the TEC is
not eqected during the period of 30 seconds. From
Fig. 2, one may conclude that the ddlay decreases as the
devation angle increeses, and the variation associated
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with the dday ranges approximatdly from 4 up to 14
ns.

Fig. 3 depicts the tropospheric dday as a function of
the devation angle Similaly as for the ionospheric
dday, the dday decreases as the €eevation angle
increeses, and the varidion associaed with the dday
ranges gpproximately from 10 up to 125 ns. Notice that
these vaues ae dl higher than their respective
ionospheric delays. In addition, the delays of Manaus
are the highest ones, whereas the values associated with
Las Vegas are the lowed, when the devation angles are
smdler then 20 degrees This concluson may be
explaned by the different physica characteristics of
the troposphere over an equatorid region (Manaus) and
over aNorth-hemispheric region (Las Veges).

Fg 4 presents the Doppler shift imposed on the
received dgnd due to the rdaive movement of the
recaver in respect of the satelite. Fig. 4 points out that
the frequency drift ranges from -5 up to 5 kHz, which is
imposed on the carrier frequency L1 = 1.57542 GHz.

Fgs 5 to 9 depicts the power spectrd dendties of
sved dgnds. Fig. 5 presents the dgnd just after the
spread-spectrum, in the output of the satellite antenna,
for one single sadlite. Figs. 6 to 9 present the power
spectra densties of the signd in the input of the GPS
receiver, resulting from the sum of the paticular
sgnds associated with each satdlite. Consequently, the
input sgna to the GPS receiver involves al distortions
associated with the transmission. Particularly, Figs. 6 to
9 characterizes the gpecific physcd  phenomena
asociaed  with  shadowing and  multipath  fading.
Notice that the amplitudes of these figures consider the
power loss due to wave propagetion through the free-
space between the satelite and the GPS receiver. The
amplitudes are dso set such that the average power of
the sgnd atains the average standard vadue of —160
dBW [3].

Fgs 6 and 7 characterizes the propagation in a rurd
environment, and they should be compared to fig. 5.
Notice that the envelope of the power spectral densities
5 6 and 7 are very similar, pointing out that the direct
dgnd component (line of sight) keeps up the signd
spectrd  charecteridtics.  These conclusons  ae in
accordance of discussonsof section V.

Fgs 8 and 9 characterizes the propagetion in an
urban environment, and they should be compared to
fig. 5. Notice that the envelope of the power spectra
density of the transmitted signd (fig. 5) is significantly
different from the envelopes of the power spectra
dengties of figs 6 and 7. In fact, dnce the diffuse
sgnd component takes dgnificat vadues in  this
context, the GPS signd is soread, thus leading to a
quite different power spectrd densty. At the same
time, the atenuation of the direct sgnd component
(line of dght) is very hard for the urban environment,
thus leading to signd amplitude that is dgnificantly
lower as the amplitude in the case of the rurd
environment. This remak may be veified by
comparing the amplitude of figs 67 (rurd) to the
amplitudes of figs. 8-9 (urban).

V. CONCLUSIONSAND PERSPECTIVES

In this paper we described the basic gtructure of the
GPS channd dmulator, discusing issues regarding the
section of modds and choice of parameters to
charecterize  amospheric impairments.  Simulations
point out the capabilities of the <Smulator, which
include a wide variety of environments, such as rurd,
urban users as wel as fixed or mobile receivers It
should be dressed that researchers on  sadlite
communications may aso employ the GPS smulator in
generd.

Future works involve further developments on the
modds of the physcd phenomena,  specidly
concerning ionogpheric dday modds well  suited  for
the Latin American context [8], as wdl as scenarios
involving new kinds of plafforms carring GPS recevers
(for instance, planes, rockets and satdllites).
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Figure 6 — Power Spectral Density of the received
signd for arurd environment (LasVeges— USA)
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Figure 7 — Power Spectral Dengty of the received
signd for arura environment (Manaus— Brazil)
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Figure 8 — Power Spectral Density of the received
signd for an urban environment (Las Vegas— USA)
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Figure 9 — Power Spectral Density of the received
signd for an urban environment (Manaus— Brazil)



