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Abstract. The main objective of this paper is to find and identify the fading fluctuations 

in telemetry signals caused by no homogeneities of the communication channel. The 

employed methodology follows the next steps: remove the envelope of the signal 

amplitude; identifying the Gaussian component; identifying the non-Gaussian 

component and obtaining the statistical characteristics from Gaussian and non-Gaussian 

components. Then, the results are statistically treated in order to obtain a diffusion K 

parameter of Rician fading which are associated with fading in atmosphere and 

ionosphere layers. In this way the communications channel among satellite and ground 

station is characterized and a BER parameter can be obtained. The methodology is 

applied to telemetry signals of the Moscow State University microsatellite better known 

as “Universitetsky-Tatiana” and the results are discussed.  

Keywords: ionosphere, fading, wavelets, satellite. 

Аннотация. Основной целью статьи является обнаружение замираний сигнала, 

обусловленных неоднародностями в канале телекомуникаций. Применяемая 
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методология отвечает следующим этапам: удаление огибающей сигнала; 

обнаружение гауссовских и негауссовских компонент и получение их 

статистических характеристик.  Таким образом можно охарактеризовать канал 

коммуникаций и получить параметр вероятности ошибки (BER). Методология 

применяется к телеметрическим сигналам микроспутника Московского 

государственного университета «Университетский-Татьяна».  

Ключевые слова: ионосфера, замирания, вейвлет, спутник. 

 

Introduction 

In a satellite-Earth link it is common to find some factors that affect the transmission of 

signals. First of all an important factor is the free space loss, this factor depends on the 

distance between the satellite and the ground station (GS) as well as of the wavelength 

of the transmitted signal. Therefore, the attenuation of the signal can be predicted at each 

moment of the transmission as well as the final waveform of the signal. Other 

considerable affecting factors are the thermal noise present in the transmitter and a 

Gaussian noise present in the communications channel. In spite of the previous affecting 

factors, it is possible to foresee the characteristics of the signal in the receiver. Another 

factor that generates serious fluctuations in all parameters that define the signal (phase, 

amplitude and frequency) is the multipath propagation or multipath fading. 

The multipath fading is a good indicator of fluctuations both in ionosphere and 

troposphere, [1], [2] and [3]. The study we aim to carry out is based in the observation of 

both the characteristics and changes of the transmission channel. The classical idea to 

model a radio communication channel includes the free lose effect as well as the 

Gaussian and thermal noise in the carrier signal. However, for some more detailed 

modeling it is necessary to considerer the presence of path 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 travels over several refractive and 

reflective paths generating multiple interfering signals. When all these signals arrive to 

the receiver, the signal experiment fluctuations in amplitude and phase. This process can 

be described through its impulse response [4]: 

 

                                                                      (1)                       

 

Where:  and  are independent random processes representative of the fading 

amplitude and phase. Then the received signal can be modeled 

by: , where , is the transmitted signal. The impulse response 

and the received signal  are random processes and their statistical behavior 

depends on the number of interfering signals. Several statistical models have been 

proposed to characterize fading channels. These models are based in the amplitude 

probability density function of the or .  

In general in a radio link the fading process can be divided in two types: large scale 

fading and small scale fading [5]. The large scale fading can be characterized by a 

shadowing model. In this type of fading the amplitude density function is normal when 

the amplitude is measured in decibels and becomes log normal when the amplitude is 

measured in watts. The normal standard distribution is defined as follows [4]: 

        

                                                                                                                                       (2) 

 

Where µ  is the mean value of rln   and  σ   is the standard deviation of rln .  

The small scale fading is the result of signal scattering or interference from other signals 

with similar frequencies. If the small fading in a radio link is significant enough, the 
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amplitude distribution of the signal becomes a Rayleigh distribution. Besides, it is 

common to use the Rayleigh distribution for narrow band non-line-of sight (NLOS) 

channels. The Rayleigh´s probability density function of the signal amplitude, [4], is 

given as: 

 

                                                                                                                                    (3) 

 

 

Where r  the amplitude of the signal and σ2 is the average energy of the signal. 

When the channel has a predominant signal component (this commonly occurs in a line 

of sight, LOS, channel) the distribution will become a Rician distribution. The ratio 

between the predominant power signal and the multipath power is known as the Rician 

K factor. The K factor is a measure of the multipath fading of the channel. When ∞→K , 

there is not multipath fading, however, when 0→K , the channel is only multipath and 

the distribution becomes Rayleigh.  

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

                                                                                  (4) 

 

Where s is the magnitude of the predominant signal component, 2/2s  is the power of 

the predominant component, 2σ is the power of the scattered component and 0I  is the 

modified first kind and zero order Bessel function. The K factor could be expressed as 

[4]: 

 

                                                                                                                                         (5) 

 

Because in a LEO satellite link the channel model changes frequently, the probability 

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

the cases we find that this distribution is a mixture of some distributions because of the 














−=

2

2

2 2
exp)(

σσ
rrrpR

2

2

2σ
sK =





















 +−= 2
0

2

22

2 2
exp

σσσ
rsIsrrpRi



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ (JOURNAL OF RADIO ELECTRONICS), N10, 2011 

 

 5 

large path the signal should cover. The Susuki, Loo and log normal Rician models are 

described by a mixture of distributions and they were developed for different fading 

environments. The Susuki’s distribution combines the Rayleigh distribution and the log 

normal distribution. While the Loo distribution is the sum of the log normal and 

Rayleigh phasors. In addition, the rice log normal model is the multiplication of the 

Rician and log normal phasors [4]. 

In LEO satellite communications it is clear that the channel changes not only in each 

overpass, but also at each moment during this overpass. If a satellite is located in the 

horizon, there exists NLOS and then the multipath fading probably corresponds to a 

Rayleigh Fading. On the other hand when the satellite is located in the zenith there is 

LOS and the multipath fading could be Rician or Log Normal according to the 

ionosphere and whether conditions. The conclusion is that we have a dynamic channel 

that constantly changes its characteristics and it is necessary to obtain these 

characteristics during the data transmission in order to improve the BER values. 

 

Review of proposals for study the fading phenomenon in radio-communication 

systems 

Fading channels represent a big problem when a radio link is designed, especially in 

mobile communication systems such as mobile telephony, mobile radio networks, and 

so on.  Therefore,  the study of fading channels is a current issue in the Radio 

communications field, and  several papers report on the modeling of the fading channel 

and propose possible solutions.  In  the publication  of Michael Monnerat et al. [6], a 

simulation is performed around 3 types of specific modulations (SRC, BPSK and BOC). 

In addition, three types of channels were chosen: AWGN, Rician and Rayleigh. Besides, 

a determinate bandwidth was proposed. The obtained results in that paper describe the 

transmission behavior for each type of modulation over all chosen fading channels. 

However, there were no considerations about the possible changes in the channel. Its 

channel model was a static model that only solved specific transmission cases in 
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multipath fading. In the work exposed by V. Sridjara et al. [7] a simulation of urban 

fading channel is analyzed. In this paper all fluctuations in an urban channel are 

included. The obtained results are much more reliable than the ordinary 2 ray model or 

free-space model. The considerations made in this work are the considerations that 

should be made when trying to design a wireless mobile communication system, taking 

into account slow and fast fading, reflections, diffractions, scattering, delays, and so on.  

V. Sridjara proposes a simulation tool which is a good instrument to model realistic 

propagation channels; however, the considerations that should be done and the required 

calculation time, increase the complexity of the simulation. Therefore, in this paper we 

present the first step to create a dynamic system in order to practically characterize the 

communication channel in real time, as well as the parameters that determinate its 

fluctuations, which in this case are obtained from the signal itself. 

Kohei Ohata et al. [8] examine the scheme of a broadband mobile satellite 

communication system for networks. This proposal considers the Rician channel as the 

worst case multipath fading; it compares the principal multiplexing types (FDMA, 

CDMA and TDMA) and use the multi-frequency reuse strategy. However, it does not 

consider the changes in the channel. In addition, in  the paper written by Seher Sener et 

al.[9] presents a performance  study of multitone DS-CDMA system and the orthogonal 

MC DS-CDMA system over Nakagami fading channels for different fading values, 

where the convenience of one system or another depends on this parameter and the 

signal to noise ratio. These two papers describe possible solutions to avoid transmission 

problems in wireless satellite networks due to fluctuations in the mean channel. Though, 

this is a specific fading channel and it does not consider changes. Although it is common 

in  satellite communication systems to calculate the signals amplitude under determinate 

fluctuations;  this work assumes this calculation as insufficient.  

Other authors studied different adaptive techniques in fading channels such as coding, 

adaptive modulation and diversity techniques, that is the case of the work performed by 

Ali F. Almutairi et al., [10]. The main results of this work shows that the effects of these 



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ (JOURNAL OF RADIO ELECTRONICS), N10, 2011 

 

 7 

techniques are dissimilar for different fading noises and it is necessary to perform a 

dynamic system that works with channel changes. By this reason, the channel should be 

characterized frequently at each moment of the transmission. From the point of view of 

the authors, the optimal solution is the application of correction coding techniques for 

fading channels [11, 12] to reduce the BER when the transmission takes place. 

By its side,  V. I. Zakharov and A. C, Zienko [13] completed an ionosphere fluctuation 

detection method based on the study of the statistical characteristics of the wavelet 

signal transform. Once the wavelet transform is calculated, the maximums and 

minimums of each scale are obtained to deduce the time periods and poly-periods at 

each frequency. When a signal component was identified, for subsequent analysis the 

component was filtrated and isolated from other components corresponding to the mean 

signal.  In contrast with Zakharov’s method, this paper discusses the separation of the 

signal components that correspond with a fast fading and slow fading fluctuations.   

Based on these results, a diagnosis of the ionosphere conditions could be formulated.   

Considering that the goal of  this work is to determine the multipath fading effect within 

every one of the signals records captured at the satellite GS as well as to associate the 

fading process with transmission errors. The authors used a  method to carry out this 

analysis consisting  in obtaining the probability distribution of the signal amplitude. In 

case the distribution becomes a non-parametric distribution the signal has to be 

decomposed in multiple signals with the help of wavelet techniques. With these results 

the fading distributions contained into the total distribution of the signal amplitude data 

have to be found. In this way the communication channel can be modeled and a BER 

can be found for each data transmission when the satellite overpasses its GS. 

Wavelet theory 

Wavelet signals are characterized by  limited duration and an average value of zero. To 

perform a wavelet transformation it is required not only a wavelet but also a family of 

wavelets. The mathematical expression for a wavelet family function, [14], is: 
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                                                                                                                                      (6) 

  

Where, values “a” and “b” are both real and positive. 

Other function members of a wavelet family are created when a translation, delay or 

width change of the wavelet mother is performed in the time domain. The wavelet 

mother is the mean wavelet of the family, then, in order to perform the wavelet 

transformation the next expression has to be solved [14]. 

 

                                                                                                                                    (6) 

 

Where, parameters “a” and “b” are functions of both time and frequency. 

The CWT is defined by the expression 7: 

 

                                                                                                                                       (7) 

 

A group of wavelet coefficients C, which are a function of both scale and position is the 

result of the wavelet transform. It is possible to understand these coefficients like a 

result of many correlations between a signal and the wavelet mother, shifted and scaled 

many times. 

In some cases when it is required a fast calculation, CWT is not efficient, therefore 

CWT could be difficult to obtain or could demand big computational resources. So, in 

order to reduce the calculation work, a subset of scales and positions to make 

calculations easier can be chosen. Selecting scales and positions based on powers of two 

(so-called dyadic scales and positions) makes the analysis much more efficient and 

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

 

                                                 (8) 








 −=
a

bt
aba ψψ

||
1

,

batfbaW ,),(),( ψ=

∫=
+∞

∞−
dtttfbaCWT ba )()(),( ,ψ













 −= j

j

jkj s

skt

s 0

00

0
,

1 τψψ



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ (JOURNAL OF RADIO ELECTRONICS), N10, 2011 

 

 9 

The discrete form of expression 6 is shown in expression 8; evidently S0 should be equal 

to 2 in order to obtain a dyadic sampling. It is possible indeed to reconstruct a signal 

from the decomposition of its wavelet series. 

In 1988 Mallat developed an efficient way to obtain DWT using filters. The Mallat 

algorithm, [15], is a classical scheme known in the signal processing community as a 

two-channel sub-band. This very practical filtering algorithm yields a fast wavelet 

transform, in other words, it is a box where signal passes, and out of which wavelet 

coefficients quickly emerge. DWT deals with approximations and details. The 

approximations are the high-scale, low-frequency components of the signal, while 

details are the low-scale, high-frequency components.  

The DWT property to get  decomposition in high and low frequencies is employed for 

separating LOS and NLOS fading from the signal amplitude. The coefficients with slow 

changes are associated with the LOS and those that change quickly are associated with 

NLOS. For this purpose a wavelet that changes faster and requires fewer levels of 

decomposition is needed to detect NLOS components, therefore, the LOS components 

also can be detected. In this way the approximations can be recovered and fitted with the 

expected distributions. 

With the purpose of obtaining the fading components of the signal it is necessary to use 

a wavelet threshold technique suitable for heavy tail distribution noises. The problem is 

that practically all the wavelet threshold techniques were created for removing Gaussian 

noise from noisy data and others kind of noises are no considered. In the last two 

decades several authors have been studied new wavelet threshold methods that work 

well for some kind of non-Gaussian noises especially in images processing [16, 17]. 

Bayesian, Level Dependent Cross Validation and Two Fold Cross Validation [18, 19] 

methods are very efficient in image processing to remove non-Gaussian noise. In this 

paper the Two Fold Cross Validation method has been chosen since this method 

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

In this paper it is proposed a method to detect fading components within the signal 

amplitude. The methodology  requires the application of a group of statistical techniques 

that allow comparing the data with the Rayleigh, Rician or Log normal distributions. In 

fact, before any data processing is performed, the application of a Gaussian test is 

necessary to know if the signal amplitude distribution corresponds to a simple shadow 

fading. In case that the signal amplitude data does not correspond with shadow fading 

then the application of a different test is necessary to evaluate if the data correspond to a 

Rician or Rayleigh fading. Whenever the data information does not correspond to any of 

these distributions the data decomposition will be started. Once data processing and 

decomposition are completed, the application of tests has to be applied again. 

In order to evaluate if data fitted a Gaussian distribution, the Lillilifors test [20] was 

selected. Lillilifors test is based in calculating the mean value and the variance of data 

series and then calculating the cumulative distribution function (CDF) of the data. Later, 

the theoretical Gaussian CDF with the mean and variance of the data is calculated. The 

next step consists in obtaining the maximum discrepancy between the CDF data and the 

theoretical CDF. The value of the maximum discrepancy confirms if the data 

distribution corresponds with a Gaussian distribution. 

In addition, in order to know if the data distributions corresponded with Rician or 

Rayleigh distributions, the Kolmogorov-Smirnov test [20] was employed in this paper. 

This test works in the same way as the Lillilifors test; however the referred distribution 

should be established in advance.  

The criterion to accept the hypothesis that the data distributions correspond to a Log 

normal, Rician or Rayleigh distribution is the value of the maximum discrepancy of the 

tests. A common value used in the literature is 5 %. This work considers that data 

distributions fit with the already mentioned Log normal, Rician or Rayleigh distributions 

when the maximum discrepancy value is less than 5%.  
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To achieve the detection of multipath fading a first step has to be achieved to decompose 

the signal amplitude into fading components with the help of DWT. Then the detection 

of Rician, Rayleigh or Lognormal components of all signal amplitude fluctuations data 

is performed. To systematize the previous analysis the use of wavelet packets was 

proposed. Figure 1 shows the signal amplitude fluctuations and their distributions, from 

this figure it is seen that the distribution is not a regular distribution, so, it is necessary to 

decompose it. The signal amplitude is given in dBm. 

 

 

 
Figure 1.  Amplitude graphics of telemetry signals from Universitietsky satellite: signal 

amplitude vs. time and histogram of signal amplitude. 
 

In order to decompose the signal amplitude fluctuations it was employed DWT using the 

wavelet “DMeyer” with 2 levels of decomposition. The decomposition in wavelet 

package is necessary to establish the best wavelet tree. In 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. In this case the LOS fading 

follows a Gaussian distribution, while the NLOS fading is in fact a Rician noise with a 

low value of K factor. The distributions are given in figures 3 and 4, where a sharp fit of 

decomposition data with the expected distributions is seen. 
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Figure 2. Decomposition of signal in:  LOS large scale fading and NLOS small scale 
fading. 

 

 

 

Figure 3. Approximation of NLOS fading data to Gaussian distribution. 
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Figure 4. Approximation of LOS fading to Rician distribution. 

 

The performed analysis showed that the mean of the Gaussian distribution component is 

equal to -81.2 dBm and the standard deviation is equal to 2.95 dBm and for the Rician 

distribution component the K factor is less than 10-3. It should be highlighted that this 

distribution is practically a Rayleigh distribution. 

Examining the results obtained for this signal, it is seen that there are certain 

components of the signal that accomplish a Rayleigh distribution, therefore, it is 

concluded that the path of the transmitted signal was completely dispersive at some 

instants of the satellite trajectory.  

The full study was performed with 7500 signals as well as with software written in 

Matlab. First of all, the software checked for fluctuations in all amplitude signals with 

no Gaussian distribution. Therefore, when fluctuations in the signal amplitude became 

Gaussian the program considered that fluctuations represented only a log normal fading. 

When the distribution is not Gaussian the analysis continues with the signal amplitude 

decomposition in a Rician and Rayleigh fading components. Finally, the fading 

distribution and the statistical characteristics, that model the channel, are obtained by the 

program. The software employs. The Lillilifors test [20] is employed to evaluate if data 

are Gaussian (signal amplitude is measured in dBm). When the test fails after signal 
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decomposition the Kolmogorov-Smirnov test is employed by the program to identify 

which distribution approaches better the data.  

In conclusion, the software performs the Gaussian test, the decomposition of the signal 

amplitude, the distributions fitting, and the calculation of statistical parameters that 

characterize the channel and also displays the power spectrum of the large scale and 

small scale fading. The exposed analysis was performed over 7500 recorded signals. 

Results and discussion 

This paper shows the data analysis performed on multiple satellite telemetry signals. 

From them, 256 signals were unable to be analyzed because of their low amount of data. 

About 960 decompositions of signals fit with normal distribution, 853 fit with Rician 

distribution and 2100 signals decompositions fit with Rayleigh distribution.  

The K factor values of the Rician fading for 853 signals decompositions is shown in 

figure 5. In addition, the mean power values of the Rayleigh fading for 2100 signals 

decompositions is shown in figure 6. 

 

 

Figure 5. K factor for 853 decompositions of signals in Rician fading. 

 

We can make few observations about the obtained results. When certain components of 

the analyzed signals are consistent with a Rayleigh distribution it is clear that a 
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dispersive medium is present at some point in the trajectory among satellite and GS, 

however, it is also possible to find present more than one single medium in this route. 

Actually, this phenomenon could be repeated several times at various points in the 

communications path. Then, in order to detect areas where highly dispersive media are 

presented it is possible to perform the analysis by dividing the trajectory into several 

parts and then observing the results. The size of the dispersive areas that can be detected 

depends on the sampling frequency with which the signal amplitude is measured. If the 

sampling rate is high, relatively small areas can be detected. If the frequency is low, 

large areas could be detected.  

 

 

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

 

The same reflections can be formulated for Rician distribution components. Different 

dispersive media with different degrees of dispersion could exist in the signal trajectory. 

However, in this case and for applications in radio communications it is not strictly 

necessary to know the changes of the dispersion coefficient in the fading environment, if 

and only if this ratio remains within the accepted range for good transmission. However, 

the fading coefficient can be a measure of ionosphere activity. Changes in the values of 

the fading coefficient may be used to investigate variations in the concentration of 

charged particles in the ionosphere plasma. For example, on the basis of the K Rician 
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factor scintillation index 4S  in each satellite overpass can be calculated by the 

expression: 

 

                            (9) 

 

In figure 7 the corresponding values of 4S related with the K factor showed in figure 5 

are depicted. 

 

 

Figure 7. Scintillation index4S  Values related with the K Rician factor values from 

figure 5. 
 

If we strictly talk about the ionosphere, highly dispersive media can occupy large areas 

during long time. They can also occupy small areas during some minutes. The difference 

between the dispersive effect due to non-homogeneities in the ionosphere and the 

dispersive effects due other sources such as the presence of large buildings or wooded 

areas could be detected after analyzing the fading components of the signal amplitude in 

these areas and comparing it with the ionosphere fading. The fading due to urban and 

wooded zones has been already studied and some models have been suggested to 
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understand this process. The characteristics of these models can be used to separate the 

fading fluctuations due to Ionosphere activity from those due to other sources. 

Then, an associated BER can be obtained with the fading results obtained from each 

satellite overpass. These results show a type of multipath fading noise and its data 

transmission effects from the Universitetsky-Tatiana satellite.  

The graphics of BER vs Eb/No for Universitetsky-Tatiana satellite telemetry signals in 

Log normal, Rician and Rayleigh fading channels is shown in figure 8.  

 

 

 

Figure 8. Graphics of BER vs. Eb/No for satellite telemetry signals in log normal, Rician 
and Rayleigh fading. 

 
The BER value is the most important parameter to considerate in wireless 

communication systems, therefore, the system design should accomplish the 
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transmission process with a determinate BER. The solutions that fulfill this requirement 

are generally the implementations of some: anti-noise codes, expansion of the bandwidth 

or, a special type of modulation. The channel fluctuations in satellite systems are varied 

and could change at the time of transmission. The results presented here show that at 

each satellite overpass, the channel could behave as Rician, log normal, Rayleigh or a 

mixture of them. Besides, changes were observed in the SNR ratio. These problems 

might be found during the operation of the next satellites from Moscow State University, 

so this paper is focused to find an optimal solution to improve the channel BER. A 

technique proposed in [5], consists in placing an array of antennas and receivers to make 

correlations of the received signals as well as corrections. However, in terms of cost this 

solution is not optimal especially for a University project.  

A different method is the adaptive modulation [10] which is utilized in wireless systems. 

It changes the modulation type according with the channel characteristics. This solution 

is more feasible and more convenient although its satellite implementation could be 

complex.  

According with the experience of authors, the best solution is error coding [10, 11-12]. 

In this technique, the channel code utilized in the transmission can be changed according 

with changes in the channel characteristics.  

Figure 9 shows the relationship between the Eb/No and BER parameter for different 

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

 

It should be highlighted that some codes work better to determinate Eb/No values. 

Besides, adaptive error coding schemes can improve the transmission quality in satellite 

links when changes in the channel characteristics are known. In future works the authors 

will propose a system based in adaptive error coding schemes and characteristic channel 

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

Concluding Remarks 

This paper has made a deep study of the communications channel fluctuations due to 

fading phenomena for the “Universitetsky-Tatiana” microsatellite through wavelet 

techniques. The telemetry signals from the 30 Kg microsatellite were decomposed both 

in LOS and NLOS fluctuations to find the parameters of each distribution. The results of 

this analysis are of great importance for channel characterization in future satellite 

missions.   
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Particularly, the K factor was obtained for the LOS Rician distribution as well as the 

density for its NLOS Rayleigh distribution in order to determinate the degree of signal 

dispersion. With this information the signal dispersion was associated with changes in 

the communications channel. Above all, the observed K variations of the Rician 

distribution, obtained from the signal analysis, represent physical variations in the 

atmosphere layers. The K factor was also associated with the BER parameter obtained at 

each satellite overpass. In this case the authors found that the bigger the K variation the 

smaller the BER.  

Conversely, the density of the Rayleigh distribution showed information losses 

generated by multipath fading in urban regions. In addition, as a solution to the problem, 

the paper commented about possible solutions such as: arrays of antennae and receivers 

as well as adaptive modulation and adaptive error coding.  

Furthermore, the authors believe that the best solution to reduce data errors due to 

multipath fading is to use adaptive error coding schemes along with real time channel 

analyzer algorithms. The authors also suggest the utilization of such channel analyzer 

algorithms to implement the theory exposed in this paper.  
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