XKYPHAN PAOVUOINEKTPOHUKWN (JOURNAL OF RADIO ELECTRONICS), N10, 2011

EVALUATION OF THE STATISTICAL CHARACTERISTICS OF TH E
SIGNAL FADING IN SATELLITE RADIOLINKS

Adan Espinoza Millan®, Esau Vicente Vivas, Vladimir M. Shakhparonov *

! Lomonosov Moscow State University? Universidad Nacional Auténoma de México (UNAM)

Received October 3, 2011

OIIEHKA CTATUCTHYECKHNX XAPAKTEPUCTHUK 3AMUPAHUMN
CUTHAJIOB B CHCTEMAX CITYTHUKOBOM PAJIMOCBSA3U

A. dcrmnoca Muiban *, E. Bucente Bupac?, B. M. [Taxmoponos !
"Mockoscxuii T'ocynapcrBennbiii Yausepcuter Umenu M. B. JlomoHocoBa

2 Vunsepcuter Mexcnxu (YHAM)

Abstract. The main objective of this paper is to find andnidafy the fading fluctuations
in telemetry signals caused by no homogeneitieth@fcommunication channel. The
employed methodology follows the next steps: remdwe envelope of the signal
amplitude; identifying the Gaussian component; fdgng the non-Gaussian
component and obtaining the statistical charadtesisrom Gaussian and non-Gaussian
components. Then, the results are statisticallgtéa in order to obtain a diffusion K
parameter of Rician fading which are associatech iading in atmosphere and
ionosphere layers. In this way the communicatidmenoel among satellite and ground
station is characterized and a BER parameter canbbmned. The methodology is
applied to telemetry signals of the Moscow Statévehsity microsatellite better known
as “Universitetsky-Tatiana” and the results areussed.
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METOJIOJIOTHSI OTBEYAET CIEAYIOIIMM JTanaMm. YJAJICHHE Orularouleil CHUrHana,
OOHapyKEHUE TayCCOBCKUX UM HErayCCOBCKUX KOMIIOHEHT M MOJy4YEHHE UX
CTaTUCTUYECKUX XapAKTEPUCTHK. Takum o0pa3oM MOXKHO OXapaKTEpHU30BaTh KaHAl
KOMMYHUKAIMA ¥ TOJIy4uTh Tapamerp BepositHocTH ommbku (BER). Mertomomnorus
MPUMEHSETCSI K  TEJIEMETPUYECKMM  CUTHAJaM  MHUKPOCIYTHHKAa MOCKOBCKOTO
FOCYyJJapCTBEHHOTO YHUBEPCUTETA «Y HUBEPCUTETCKUM-T aTbsaHA».

KiroueBble ciioBa: nonocdepa, 3aMUpaHusi, BEUBIIET, CITyTHUK.

Introduction

In a satellite-Earth link it is common to find sofieetors that affect the transmission of
signals. First of all an important factor is thedrspace loss, this factor depends on the
distance between the satellite and the grouncost@®S) as well as of the wavelength
of the transmitted signal. Therefore, the atteromatif the signal can be predicted at each
moment of the transmission as well as the final ef@wm of the signal. Other
considerable affecting factors are the thermal enqeesent in the transmitter and a
Gaussian noise present in the communications chdnrepite of the previous affecting
factors, it is possible to foresee the charactesisif the signal in the receiver. Another
factor that generates serious fluctuations in atbmeters that define the signal (phase,
amplitude and frequency) is the multipath propagatr multipath fading.

The multipath fading is a good indicator of fludinas both in ionosphere and
troposphere, [1], [2] and [3]. The study we aintéory out is based in the observation of
both the characteristics and changes of the trassoni channel. The classical idea to
model a radio communication channel includes tlee fiose effect as well as the
Gaussian and thermal noise in the carrier signakév¥er, for some more detailed
modeling it is necessary to considerer the presafigeath fading. In this case we
considered the use of statistical models.
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Statistical models of fading fluctuations

The fading phenomenon occurs when the signal saweer several refractive and
reflective paths generating multiple interferingreals. When all these signals arrive to
the receiver, the signal experiment fluctuationanmplitude and phase. This process can
be described through its impulse response [4]:

WD) = Y, Aexpliy OIS - ) o
I=1

Where: 410 and Y1 are independent random processes representatie déading
amplitude and phase. Then the received sigridf can be modeled
by: )= alt. 1)+ slt)  where s, is the transmitted signal. The impulse response

R(E.T) and the received sign&? are random processes and their statistical behavior
depends on the number of interfering signals. $vstatistical models have been

proposed to characterize fading channels. Theseelsiade based in the amplitude

probability density function of th&t) or at.7),

In general in a radio link the fading process cendivided in two types: large scale
fading and small scale fading [5]. The large sdalding can be characterized by a
shadowing model. In this type of fading the ampléwensity function is normal when
the amplitude is measured in decibels and becoogesdrmal when the amplitude is

measured in watts. The normal standard distribuatefined as follows [4]:
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Where 1 is the mean value dhr and o is the standard deviation bfr .
The small scale fading is the result of signaltecatg or interference from other signals

with similar frequencies. If the small fading inradio link is significant enough, the
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amplitude distribution of the signal becomes a Rigyl distribution. Besides, it is
common to use the Rayleigh distribution for narrband non-line-of sight (NLOS)
channels. The Rayleigh’s probability density fumctof the signal amplitude, [4], is

given as:

2

Pr(r) =#exp[—#] 3)

Wherer the amplitude of the signal argd is the average energy of the signal.

When the channel has a predominant signal compdtiestcommonly occurs in a line
of sight, LOS, channel) the distribution will becerma Rician distribution. The ratio
between the predominant power signal and the nadltipower is known as the Rician
K factor. The K factor is a measure of the multiptding of the channel. When-. «,
there is not multipath fading, however, when o, the channel is only multipath and
the distribution becomes Rayleigh.

The probability density function of the signal ampade in Rician fading is given by:

r r2+s2 rs 4)
Pri —?ex;{— 202 ]Io{az}

Where s is the magnitude of the predominant sigonaiponent,s?/2 is the power of

the predominant componeng?is the power of the scattered component ands the

modified first kind and zero order Bessel functidine K factor could be expressed as

[4]:

S2

20

K =

2 (5)

Because in a LEO satellite link the channel modeinges frequently, the probability

distribution of the signal amplitude data also demrepetitively. Actually, in most of

the cases we find that this distribution is a migtaf some distributions because of the
4
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large path the signal should cover. The Susuki, &0d log normal Rician models are
described by a mixture of distributions and theyevdeveloped for different fading
environments. The Susuki’s distribution combines Rayleigh distribution and the log
normal distribution. While the Loo distribution the sum of the log normal and
Rayleigh phasors. In addition, the rice log normmadel is the multiplication of the
Rician and log normal phasors [4].

In LEO satellite communications it is clear tha¢ tthannel changes not only in each
overpass, but also at each moment during this agerdf a satellite is located in the
horizon, there exists NLOS and then the multipattirfg probably corresponds to a
Rayleigh Fading. On the other hand when the sta#lilocated in the zenith there is
LOS and the multipath fading could be Rician or Lbigrmal according to the
ionosphere and whether conditions. The conclusaiat we have a dynamic channel
that constantly changes its characteristics andsitnecessary to obtain these

characteristics during the data transmission irotd improve the BER values.

Review of proposals for study the fading phenomenoin radio-communication
systems

Fading channels represent a big problem when @ dadi is designed, especially in
mobile communication systems such as mobile telephmobile radio networks, and
so on. Therefore, the study of fading channels isurrent issue in the Radio
communications field, and several papers repothemmodeling of the fading channel
and propose possible solutions. In the publicatiof Michael Monnerat et al. [6], a
simulation is performed around 3 types of specrfadulations (SRC, BPSK and BOC).
In addition, three types of channels were chos&iGA, Rician and Rayleigh. Besides,
a determinate bandwidth was proposed. The obtaemdts in that paper describe the
transmission behavior for each type of modulatimeroall chosen fading channels.
However, there were no considerations about thailpleschanges in the channel. Its

channel model was a static model that only solvedcific transmission cases in

5



XKYPHAN PAOVUOINEKTPOHUKWN (JOURNAL OF RADIO ELECTRONICS), N10, 2011

multipath fading. In the work exposed by V. Sridyaat al. [7] a simulation of urban
fading channel is analyzed. In this paper all flations in an urban channel are
included. The obtained results are much more relitian the ordinary 2 ray model or
free-space model. The considerations made in tlik v@re the considerations that
should be made when trying to design a wirelessilm@bmmunication system, taking
into account slow and fast fading, reflectionsfredtions, scattering, delays, and so on.
V. Sridjara proposes a simulation tool which isa@odj instrument to model realistic
propagation channels; however, the consideratioaisshould be done and the required
calculation time, increase the complexity of thewdation. Therefore, in this paper we
present the first step to create a dynamic systeorder to practicallharacterize the
communication channel in real time, as well as plagameters that determinate its
fluctuations, which in this case are obtained ftbmsignal itself.

Kohei Ohata et al. [8] examine the scheme of a divaad mobile satellite
communication system for networks. This proposasaters the Rician channel as the
worst case multipath fading; it compares the ppacimultiplexing types (FDMA,
CDMA and TDMA) and use the multi-frequency reuseatsigy. However, it does not
consider the changes in the channel. In additionthie paper written by Seher Sener et
al.[9] presents a performance study of multitor®&e COMA system and the orthogonal
MC DS-CDMA system over Nakagami fading channels ddferent fading values,
where the convenience of one system or anotherndspen this parameter and the
signal to noise ratio. These two papers descrilssiple solutions to avoid transmission
problems in wireless satellite networks due totflations in the mean channel. Though,
this is a specific fading channel and it does moiscder changes. Although it is common
in satellite communication systems to calculatedignals amplitude under determinate
fluctuations; this work assumes this calculatisnrsufficient.

Other authors studied different adaptive technigonefading channels such as coding,
adaptive modulation and diversity techniques, théhe case of the work performed by

Ali F. Almutairi et al., [10]. The main results tfis work shows that the effects of these
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techniques are dissimilar for different fading msisand it is necessary to perform a
dynamic system that works with channel chan8gsthis reason, the channel should be
characterized frequently at each moment of thestregsion. From the point of view of
the authors, the optimal solution is the applicatd correction coding techniques for
fading channels [11, 12] to reduce the BER whertrdnesmission takes place.

By its side, V. I. Zakharov and A. C, Zienko [1&mpleted an ionosphere fluctuation
detection method based on the study of the stalstiharacteristics of the wavelet
signal transform. Once the wavelet transform iscudated, the maximums and
minimums of each scale are obtained to deduceinie periods and poly-periods at
each frequency. When a signal component was idestifor subsequent analysis the
component was filtrated and isolated from other ponents corresponding to the mean
signal. In contrast with Zakharov’s method, thagper discusses the separation of the
signal components that correspond with a fast adimd slow fading fluctuations.

Based on these results, a diagnosis of the ionosgloaditions could be formulated.
Considering that the goal of this work is to detere the multipath fading effect within
every one of the signals records captuaiethe satellite GS as well as to associate the
fading process with transmission errors. The astlused a method to carry out this
analysis consisting in obtaining the probabilitgtdbution of the signal amplitude. In
case the distribution becomes a non-parametriaildlison the signal has to be
decomposed in multiple signals with the help of alat/techniques. With these results
the fading distributions contained into the totatibution of the signal amplitude data
have to be found. In this way the communicationncieh can be modeled and a BER

can be found for each data transmission when tieHlisaoverpasses its GS.

Wavelet theory

Wavelet signals are characterized by limited domaand an average value of zero. To
perform a wavelet transformation it is required ooty a wavelet but also a family of

wavelets. The mathematical expression for a wavaetly function, [14], is:
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oy = lw(t_bJ (6)

' | a a

Where, values “a” and “b” are both real and positiv

Other function members of a wavelet family are t@éavhen a translation, delay or
width change of the wavelet mother is performedhia time domain. The wavelet
mother is the mean wavelet of the family, then,onder to perform the wavelet

transformation the next expression has to be sqli4{d

W(a,b) = < f (t),gl/a,b> (6)

Where, parameters “a” and “b” are functions of kintie and frequency.
The CWT is defined by the expression 7:

CWT (a,b) = f° (O, (0t (7)

A group of wavelet coefficients C, which are a flimic of both scale and position is the
result of the wavelet transform. It is possibleutoderstand these coefficients like a
result of many correlations between a signal aedwthvelet mother, shifted and scaled
many times.

In some cases when it is required a fast calcula@NT is not efficient, therefore
CWT could be difficult to obtain or could demandy momputational resources. So, in
order to reduce the calculation work, a subset adles and positions to make
calculations easier can be chosen. Selecting saatépositions based on powers of two
(so-called dyadic scales and positions) makes tiadysis much more efficient and

accurate, this process is known as discrete watraletform (DWT).

_ 1 [t=krs
w,-,k—@w( oy J )8
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The discrete form of expression 6 is shown in esgion 8; evidently $should be equal
to 2 in order to obtain a dyadic sampling. It issgible indeed to reconstruct a signal
from the decomposition of its wavelet series.

In 1988 Mallat developed an efficient way to obt&&VT using filters. The Mallat
algorithm, [15], is a classical scheme known in signal processing community as a
two-channel sub-band. This very practical filteriatporithm vyields a fast wavelet
transform, in other words, it is a box where sigpatses, and out of which wavelet
coefficients quickly emerge. DWT deals with apprmations and details. The
approximations are the high-scale, low-frequencynponents of the signal, while
details are the low-scale, high-frequency companent

The DWT property to get decomposition in high dma frequencies is employed for
separating LOS and NLO&ding from the signal amplitude. The coefficienith slow
changes are associated with the LOS and thosehbhage quickly are associated with
NLOS. For this purpose a wavelet that changes rfemte requires fewer levels of
decomposition is needed to detect NLOS compon#mesefore, the LOS components
also can be detected. In this way the approximatoam be recovered and fitted with the
expected distributions.

With the purpose of obtaining the fading compon@ftthe signal it is necessary to use
a wavelet threshold technique suitable for heaihdistribution noises. The problem is
that practically all the wavelet threshold techmigjuwvere created for removing Gaussian
noise from noisy data and others kind of noises rareconsidered. In the last two
decades several authors have been studied newewaketshold methods that work
well for some kind of non-Gaussian noises espgciallimages processing [16, 17].
Bayesian, Level Dependent Cross Validation and Fetl Cross Validation [18, 19]
methods are very efficient in image processingeimave non-Gaussian noise. In this
paper the Two Fold Cross Validation method has beswsen since this method

provides the best results for heavy tail distribntnoises [18].
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Methods

In this paper it is proposed a method to detecinfp@omponents within the signal
amplitude. The methodology requires the applicatiba group of statistical techniques
that allow comparing the data with the Rayleigigi& or Log normal distributions. In
fact, before any data processing is performed, ajyglication of a Gaussian test is
necessary to know if the signal amplitude distidoutcorresponds to a simple shadow
fading. In case that the signal amplitude data admg¢scorrespond with shadow fading
then the application of a different test is necsstaevaluate if the data correspdoda
Rician or Rayleigh fading. Whenever the data infation does not correspond to any of
these distributions the data decomposition willdba@ted. Once data processing and
decomposition are completed, the application détleas to be applied again.

In order to evaluate if data fitted a Gaussianrithgtion, the Lillilifors test [20] was
selected. Lillilifors test is based in calculatitige mean value and the variance of data
series and then calculating the cumulative distiaoufunction (CDF) of the data. Later,
the theoretical Gaussian CDF with the mean anchnee of the data is calculated. The
next step consists in obtaining the maximum disamep between the CDF data and the
theoretical CDF. The value of the maximum discreparonfirms if the data
distribution corresponds with a Gaussian distrifuti

In addition, in order to know if the data distrilmnts corresponded with Rician or
Rayleigh distributions, the Kolmogorov-Smirnov t§&0] was employed in this paper.
This test works in the same way as the Lillilifeest; however the referred distribution
should be established in advance.

The criterion to accept the hypothesis that the distributions correspond to a Log
normal, Rician or Rayleigh distribution is the valaf the maximum discrepancy of the
tests. A common value used in the literature is 5T#is work considers that data
distributions fit with the already mentioned Logmal, Rician or Rayleigh distributions

when the maximum discrepancy value is less than 5%.
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To achieve the detection of multipath fading at fatep has to be achieved to decompose
the signal amplitude into fading components wité kielp of DWT. Then the detection
of Rician, Rayleigh or Lognormal components ofsagjnal amplitude fluctuations data
is performed. To systematize the previous analiistss use of wavelet packets was
proposed. Figure 1 shows the signal amplitude dltadns and their distributions, from
this figure it is seen that the distribution is aategular distribution, so, it is necessary to

decompose it. The signal amplitude is given in dBm.

Signal Amplitude Fluctuations Histogram of the signal amplitude
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Figure 1. Amplitude graphics of telemetry sigrfaten Universitietsky satellite: signal
amplitude vs. time and histogram of signal ampktud

In order to decompose the signal amplitude fluabmatit was employed DWT using the
wavelet “DMeyer” with 2 levels of decomposition. 8decomposition in wavelet
package is necessary to establish the best wavedetin this case the best wavelet tree
matches up with the wavelet tree of the common DWT.

Figure 2 shows signal LOS fading and NLOS fading.this case the LOS fading
follows a Gaussian distribution, while the NLOS ifaglis in fact a Rician noise with a
low value of K factor. The distributions are giverfigures 3 and 4, where a sharp fit of

decomposition data with the expected distributisrseen.

11
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LOS fading fluctuations
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Figure 2. Decomposition of signal in: LOS largaledading and NLOS small scale
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Figure 3. Approximation of NLOS fading data to Ggias distribution.
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Rician Aproximation

¥
Signal amplitude |
0.2 — Rician distribution []

Y
N
/
7

Probability Density
o

T
-

05 — 0
Signal Amplitude (dBm)

Figure 4. Approximation of LOS fading to Rician tdisution.

The performed analysis showed that the mean oGthessian distribution component is
equal to -81.2 dBm and the standard deviation imletp 2.95 dBm and for the Rician
distribution component the K factor is less thaf?.1® should be highlighted that this
distribution is practically a Rayleigh distribution

Examining the results obtained for this signal,igt seen that there are certain
components of the signal that accomplish a Raylagribution, therefore, it is
concluded that the path of the transmitted signas wompletely dispersive at some
instants of the satellite trajectory.

The full study was performed with 7500 signals adlvas with software written in
Matlab. First of all, the software checked for flugtions in all amplitude signals with
no Gaussian distribution. Therefore, when fluctwaiin the signal amplitude became
Gaussian the program considered that fluctuatiepgesented only a log normal fading.
When the distribution is not Gaussian the analgsigtinues with the signal amplitude
decomposition in a Rician and Rayleigh fading congrds. Finally, the fading
distribution and the statistical characteristibgittmodel the channel, are obtained by the
program. The software employs. The Lillilifors t¢230] is employed to evaluate if data

are Gaussian (signal amplitude is measured in dBvhen the test fails after signal
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decomposition the Kolmogorov-Smirnov test is emphbyoy the program to identify

which distribution approaches better the data.

In conclusion, the software performs the Gausseah the decomposition of the signal
amplitude, the distributions fitting, and the cadtion of statistical parameters that
characterize the channel and also displays the mpepe&ctrum of the large scale and

small scale fading. The exposed analysis was paddrover 7500 recorded signals.

Results and discussion

This paper shows the data analysis performed otipteulsatellite telemetry signals.
From them, 256 signals were unable to be analyeeduse of their low amount of data.
About 960 decompositions of signals fit with nornaidtribution, 853 fit with Rician
distribution and 2100 signals decompositions fitvRayleigh distribution.

The K factor values of the Rician fading for 858rsls decompositions is shown in
figure 5. In addition, the mean power values of Reyleigh fading for 2100 signals

decompositions is shown in figure 6.

Rician K factor values
200 T T

150_ ................................................... .................................................. -
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0 | i
Jan 2005 September 2005 April 2006 Jan 2007
Date

Figure 5. K factor for 853 decompositions of signal Rician fading.

We can make few observations about the obtainedtse¥Vhen certain components of

the analyzed signals are consistent with a Rayleldtribution it is clear that a

14
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dispersive medium is present at some point in thgdtory among satellite and GS,
however, it is also possible to find present miwantone single medium in this route.
Actually, this phenomenon could be repeated sevaras at various points in the
communications path. Then, in order to detect avdsere highly dispersive media are
presented it is possible to perform the analysiglivyding the trajectory into several
parts and then observing the results. The sizheotlispersive areas that can be detected
depends on the sampling frequency with which tgaaiamplitude is measured. If the
sampling rate is high, relatively small areas candbtected. If the frequency is low,

large areas could be detected.

Mean power of Rayleigh fading

Mean power values (dBm)

a8 i i h
Jan 2005 Tuly 2005 December 2005 March 2006 August 2006 Jan 2007
Date

Figure 6. Values of mean power of 2100 signals ngmsitions in Rayleigh fading.

The same reflections can be formulated for Riciatridution components. Different
dispersive media with different degrees of dismgrsiould exist in the signal trajectory.
However, in this case and for applications in radommmunications it is not strictly
necessary to know the changes of the dispersidifiaent in the fading environment, if
and only if this ratio remains within the acceptadge for good transmission. However,
the fading coefficient can be a measure of ionogphetivity. Changes in the values of
the fading coefficient may be used to investigaagiations in the concentration of

charged particles in the ionosphere plasma. Fompka on the basis of the K Rician
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factor scintillation indexS, in each satellite overpass can be calculated lgy th

expression:

o 1_(KK+1J2 ©)

In figure 7 the corresponding values gfrelated with the K factor showed in figure 5

are depicted.
Scintillation index S4

=
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Figure 7. Scintillation inde&, Values related with the K Rician factor valuesiro
figure 5.

If we strictly talk about the ionosphere, highlspiersive media can occupy large areas
during long time. They can also occupy small ackagig some minutes. The difference
between the dispersive effect due to non-homogegseit the ionosphere and the
dispersive effects due other sources such as #sempce of large buildings or wooded
areas could be detected after analyzing the fachingponents of the signal amplitude in
these areas and comparing it with the ionospheateda The fading due to urban and
wooded zones has been already studied and somelsmioalee been suggested to

16
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understand this process. The characteristics seth@dels can be used to separate the
fading fluctuations due to lonosphere activity frémose due to other sources.

Then, an associated BER can be obtained with ttiemdaresults obtained from each
satellite overpass. These results show a type dfipath fading noise and its data
transmission effects from the Universitetsky-Tadizatellite.

The graphics of BER vs Eb/No for Universitetskyidiaa satellite telemetry signals in

Log normal, Rician and Rayleigh fading channekshiswn in figure 8.

BER vs Eb/No for zatellite overpasses signals in fading channels
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Figure 8. Graphics of BER vs. Eb/No for satellgketnetry signals in log normal, Rician
and Rayleigh fading.

The BER value is the most important parameter tomsiderate in wireless

communication systems, therefore, the system despould accomplish the
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transmission process with a determinate BER. Theisnos that fulfill this requirement
are generally the implementations of some: ans@&anbdes, expansion of the bandwidth
or, a special type of modulation. The channel tlatbns in satellite systems are varied
and could change at the time of transmission. Bselts presented here show that at
each satellite overpass, the channel could behsWwican, log normal, Rayleigh or a
mixture of them. Besides, changes were observethenSNR ratio. These problems
might be found during the operation of the nexéliggs from Moscow State University,
so this paper is focused to find an optimal softutio improve the channel BER. A
technique proposed in [5], consists in placing @ayaof antennas and receivers to make
correlations of the received signals as well aseotions. However, in terms of cost this
solution is not optimal especially for a Universitsoject.

A different method is the adaptive modulation [#dich is utilized in wireless systems.
It changes the modulation type according with thentel characteristics. This solution
iIs more feasible and more convenient although atellge implementation could be
complex.

According with the experience of authors, the tsedttion is error coding [10, 11-12].
In this technique, the channel code utilized inttaeasmission can be changed according
with changes in the channel characteristics.

Figure 9 shows the relationship between the Eb/hb BER parameter for different

error correction codes.
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Eb/No vs BER for different forward error correction codes
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Figure 9. BER vs. Eb/No for different forward erpmrrection codes.

It should be highlighted that some codes work beitedeterminate Eb/No values.
Besides, adaptive error coding schemes can imgha/gansmission quality in satellite
links when changes in the channel characteristie&@own. In future works the authors
will propose a system based in adaptive error @pdahemes and characteristic channel

detection which will be very useful for next gerteras of small satellites.

Concluding Remarks

This paper has made a deep study of the commumsathannel fluctuations due to
fading phenomena for the “Universitetsky-Tatianaicmosatellite through wavelet

techniques. The telemetry signals from the 30 Kgrosatellite were decomposed both
in LOS and NLOS fluctuations to find the paramet#rsach distribution. The results of
this analysis are of great importance for chanrracterization in future satellite

missions.
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Particularly, the K factor was obtained for the LB®ian distribution as well as the
density for its NLOS Rayleigh distribution in order determinate the degree of signal
dispersion. With this information the signal dispen was associated with changes in
the communications channel. Above all, the obseri{fedariations of the Rician
distribution, obtained from the signal analysispresent physical variations in the
atmosphere layers. The K factor was also assocrtbdhe BER parameter obtained at
each satellite overpass. In this case the autlborsdfthat the bigger the K variation the
smaller the BER.

Conversely, the density of the Rayleigh distribntighowed information losses
generated by multipath fading in urban regionsaddition, as a solution to the problem,
the paper commented about possible solutions ssichriays of antennae and receivers
as well as adaptive modulation and adaptive eoding.

Furthermore, the authors believe that the besttiealuo reduce data errors due to
multipath fading is to use adaptive error codingesaes along with real time channel
analyzer algorithms. The authors also suggest tilization of such channel analyzer

algorithms to implement the theory exposed in plager.
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