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Introduction
From the middle of the 20th century worldwide
researchers tried to find the adequate models that
could predict operational parameters, pass loss,
fading and link budget, in the land-satellite communication (LSC) links where the built-up profile,
density of buildings and other obstructions, as well
as the terrain structure and contours affect signals
passing from the moving satellite and grand-located subscriber. Where proposed several approaches
that we briefly will present below to understand the
matter of the problem under studying. In our description of the matter we follow results discussed
in the references [1–27].
Statistical Models
These models correspond to cases for which multipath and line-of-sight are present simultaneously
[6–13, 16, 19]. In this section we will describe only
two models; Loo’s [15, 17] and Lutz [16], which have
been used in [10, 11, 22, 23] for designing the unified algorithm for predicting fading phenomena in
the land-satellite links. Therefore, we will describe
briefly these models and compare their results with
those obtained in [10, 11, 22, 23] and with those obtained on the basis of the multi-parametric stochas74
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tic approach proposed for the land-satellite links in
[20] for the special series of experiments described
in [11, 25–27].
We also refer the reader to some other statistical
models by Corazza — Vatalaro [19], Xia — Fang [20],
Abdi [21], and the three-state model [27], which are
lesser used by designers of such land-satellite links.
Loo’s Model. This model is a statistical model [15,
17] for a land mobile-satellite link with applications
to rural environments. The model assumes that the
amplitude of the line-of-sight (LOS) component under foliage attenuation is distributed according to
the lognormal probability density function (PDF)
and the received multipath component is described
by a Rayleigh PDF. The model is statistically described in terms of its PDF or cummulative distriution function (CDF), which were obtained under the
hypothesis that foliage not only attenuates but also
scatters radio waves. In such assumptions, the total
complex fading signal is the sum of a lognormally
distributed random signal and a Rayleigh signal
[15, 17]:

q exp( iT) y  exp( iM0 )  v  exp( iM), z > 0, w > 0, (1)
where the phase M0 and M are uniformly distributed
between 0 and 2S; z is lognormal distributed
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amplitude, and w is a Rayleigh distributed amplitude.
If z is temporally kept constant, it can be assumed
that the PDF p(z) is lognormal. The signal random
envelope r is lognormal distributed for large values
and Rayleigh distributed for small values [15, 17]:

ª (ln q  P)2 º
1
°
exp « 
» for q !! c0
2c0
° q 2Sc0
¬«
¼»
o(q ) | ®
. (2)
2
ª q º
°q
» for q  a0
° exp « 
«¬ 2a0 »¼
¯ a0

In this equation c0 and μ are the standard deviation and mean for the lognormal distribution, and
b0 is the variance for the Rayleigh distribution, respectively. The parameter b0 represents also the average scattered power caused by multipath effects.
Many calculations with different values for b0, d0
and μ where carried out by Loo with the objective of
fitting the results of his model to those derived from
measurements made on simulated satellite paths.
The measurements site was a rural area with about
35 % tree coverage. The model parameters were obtained by trial and error to fit measured values.
Computational results for the signal envelope,
based on Loo’s model, we compare to measurements
obtained in [15, 17].
As was mentioned in [8], the signal envelope
PDF of the model facilitates the calculation of fade
margins in the design of communications systems.
As for the signal envelope phase distribution, Fig. 1
shows a comparison of the complementary cumulative distribution function (CCDF) for the received
signal phase calculated using the well-known equation [8]:
R

CCDF (q ) { o(q ! R) 1  CCD(q ) 1  ³ o(q )cq, (3)
0

where R is either maximum accepted path loss or
noise floor figure of the system.

6LJQDO3KDVHG% 5$'


0RGHO


±

0HDVXUHPHQW

We must note that for the case of infrequent light
shadowing, the model shows the best fit around the
median region and some deviation near the tails of
the distribution. As for the heavy shadowing situation is changed (see Fig. 1), the results indicate that
the model shows a correlation between the rate of
change of the envelope due to multipath and foliage
attenuation for heavy shadowing too excluding only
the higher probability of the event. The disadvantage of this model is that the measurements were
made up to 30q. Model parameters for higher elevation angles are not available.
Lutz Statistical Model. In this model, which
can be considered as a generalization of the Loo’s
model, the simple statistics of LOS and NLOS (nonline-of-sight) are modeled by two distinct states,
good and bad, called the Markov’s chain, as shown
in Fig. 2. This is appropriate for describing the
propagation situation in urban and sub-urban areas
where there is a large difference between the shadowed and non-shadowed statistics. The parameters
associated with each state and the transition probabilities for evolution between states are empirically derived. The LOS condition is represented by a
good state, and the NLOS condition by a bad state.
In the good state, the signal is assumed to be Ricean
K-factor distributed [8], which depends on the satellite elevation angle and the carrier frequency, so
that the PDF of the signal amplitude is given by
Pgood PRice. In the bad state, the fading statistics
of the signal amplitude are assumed to be Rayleigh,
with a mean power S0 V2, which varies with time.
So the PDF of amplitude is specified as the conditional distribution pRayleigh(S |S0), where S0 varies
slowly with a lognormal distribution pLN(S0), representing the varying effects of shadowing with the
NLOS component. For detailed formulas, we refer
the reader to the original [8].
Transitions between states are described by a
first-order Markov chain. This is a state transition
system, in which the transition from one state to
another depends only on the current state rather
than on any more distant history of the system. The
transition probabilities, which summarize all models based on the Markov chain approach, are (see
Fig. 2 [8]):
from good state to good state Pgg;
from good state to bad state Pgb;

±
Pgb
±
±

Pgg
 



   

RI7LPH5HFHLYHG6LJQDO3KDVH!2UGLQDWH

 Fig. 1. Loo’s phase model and measurement for heavy
shadowing at f 18.925 GHz
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 Fig. 2. Markov’s model of channel states
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Pfa

1
vgdqd Df hr sgd ldþm mtladq ne
Df

Paf

rxlank ctqþshnm hm sgd fnnc rsþsd;
1
vgdqd Da hr sgd ldþm mtladq ne
Da
rxlank ctqþshnm hm sgd aþc rsþsd.

The sum of the probabilities leading from any
state must equal to the sum of

Pff

1  Pfa þmc Paa

1  Paf .

(4)

The time share of shadowing (the proportion of a
symbol in the bad state) is

A

Da
.
Df  Da

(5)

Below we will use this formula to find the parameter A, denoted as the time share of shadowing,
during comparison with physical-statistical and
the stochastic multiparametric approaches, where
this parameter is derived in other manner. In this
comparison we will use the Lutz model as a classical
statistical approach.
Physical-Statistical Models
In pure statistical models, the input data and
computational effort are quite simple, as the model
parameters are fitted to measured data. Such models only apply to hypothetical environments and
lack the physical background of the realistic problem. On the other hand, pure deterministic physical models provide high accuracy, but they require
actual analytical path profiles and time-consuming
computations.
A combination of both approaches has been developed by the authors. The general method relates
any channel simulation to the statistical distribution of physical parameters, such as building
height, width and spacing, street width or elevation and azimuth angles of the satellite link. This
approach is henceforth referred to as the “PhysicalStatistical” approach [10, 11, 22, 23]. The main concept of such an approach is the following. According
to the physical approach, input knowledge consists
of electromagnetic theory and a full physical understanding of the propagation processes. However,
this knowledge is then used to analyze a statistical
76
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input data set, yielding a distribution of the output
predictions. The output predictions are not linked
to specific locations. Physical-statistical approach
therefore require only simple input data such as distribution parameters (e. g., mean building height
and building height variance).
This model describes the geometry of mobile
satellite propagation in built-up areas and proposes
statistical distributions of building heights, which
are used in subsequent analysis. We will consider
only two these models:
1) a shadowing model based on the two-state
channel Lutz model;
2) a multi-parametric stochastic model.
The Model of Shadowing. The geometry of the
situation, which was analyzed in [10, 11, 22, 23] by
Saunders and Evans with their colleagues, is illustrated in Fig. 3.
It describes a situation where a mobile is situated along a straight street with the direct ray from
the satellite impinging on the mobile from an arbitrary direction. The street has buildings, line-up on
both sides, with randomly varying heights. In the
presented model, the statistics of building height in
typical built-up areas is used as input data. A suitable form was sought by comparing with geographical data for the cities of Westminster and Guildford,
UK [11, 22, 23]. The PDFs that were selected to fit
the data are the log-normal and Rayleigh distributions with unknown parameters the mean value, m,
and standard deviation, Vb. The PDF for the lognormal distribution is [10, 22, 23]
oa ga

1
ga 2SVa

d



ln2 ga /l
2V2a

.

(6)

The PDF for the Rayleigh distribution is fully
described in [8]. We will repeat it using notations
made in references [10, 22, 23]:
oa ga

(OHFWURPDJQHWLF
7KHRU\

.QRZOHGJH

'DWD
6WDWLVWLFDODQG
3URSDJDWLRQ
7KHRU\

ga

V2a

d



ga2
2V2a

3K\VLFDO6WDWLVWLFDO
0RGHO

from bad state to bad state Pbb;
from bad state to good state Pbg.
For a digital communication system, each state
transition is taken to represent the transition of
one symbol. The transition probabilities can then be
found in terms of the mean number of symbol duration spent in each state [8]:

.

(7)

3UHGLFWLRQ

3RLQWE\SRLQW
'LVWULEXWLRQ

 Fig. 3. Algorithm of physical-statistical model

№ 1, 2018

ИНФОРМАЦИОННЫЕ КАНАЛЫ И СРЕДЫ
 Table 1. Best-fit parameters for the theoretical PDFs
Lognormal PDF
City

Rayleigh PDF

Mean m

Standard
Deviation

Standard
Deviation

Westminster

20.6

0.44

17.6

Guildford

7.1

0.27

6.4
%XLOGLQJ
)DFH

f

Pr ga ! gT

Pr

³

oa ga cga .

(8)

hr

hb

HW
UH
6W

To find the appropriate parameters for these
functions in order to fit the data measurements as
accurately as possible, the PDF was found by minimizing the maximum difference between the two
cumulative distribution functions. The parameters
for each PDF are quoted in Table 1 from [10, 22, 23],
where all parameters are in meters.
The direct ray is judged to be shadowed when the
building height hb exceeds some threshold height
hT relative to the direct ray height hs (Fig. 4). The
shadowing probability, Ps, can then be expressed in
terms of the PDF of the building height, pb(hb) as
[10, 22, 23]

w
M
T
dm
hm
0RELOH

 Fig. 4. Geometry for mobile-satellite communication
in built-up areas

gT

The definition of hT is obtained by considering
shadowing to occur exactly when the direct ray is
geometrically blocked by the building face. Using
a simple geometry, the following expression is extracted for hT [10, 22]:

gT

gq

c tan M

½ enq  0  T  S
g  l
°° l
°°
sin T
. (9)
®
¾
°g  (v  cl )tan M ° enq   S  T  0
l
sin T
¯°
¿°

All notations and geometrical parameters in (9)
are explained in Fig. 4.
The shadowing model estimates the probability of shadowing for Lutz two-state model [24]. The
same Markov chain, shown in Fig. 2, is used, but
parameters A, Pbad and Pgood are obtained from actual random distribution of the obstructions above
the terrain. Thus,

A

y2

³ Pa (g)cg,

(10)

y1
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log mnqlþk  Rhbdþm
,
®
¯log mnqlþk  Rþxkdhfg

o(S) (1  A)  Pfnnc  A  Paþc

(1  A)  PRhbd (S) 

f

where h are different heights of obstacles, z1 and z2
are the minimum and maximum height of the builtup layer;

Pa

where the lognormal PDF is for pure NLOS
shadowing. The Ricean PDF describes both the LOS
and the multipath component, and the Rayleigh
PDF describes the multipath component of the total
signal, when the LOS component is absent [8].
Now, using theoretical results obtained by Lutz’s
pure statistical model and results the Saunders and
Evans model, we can combine them into one unified
model. This unified model will be compared with the
stochastic multiparametric model described in the
next section based on the theoretical framework analyzed in [8]. Thus, taking into account the Markov’s
chain (see Fig. 2), we consider the bad state by using the Rayleigh PDF and the good state by using
the Ricean PDF, as well as shadowing by using the
lognormal PDF. By combining all these PDFs in a
Markov’s chain, we finally can obtain the total PDF
that describes the effects of different kinds of fading
occurring within the LSC link, caused by terrain obstructions; natural and man-made. As a result we get

(11)

 A ³ oRþxkdhfg (S | S0 )  olog mnql (S0 )cS0 .

(12)

0

Then, we introduce the corresponding CCDF,
which describes the signal stability, being the received signal with amplitude r that prevails upon
the maximum accepted path loss, R, in the mulИНФОРМАЦИОННО УПРАВЛЯЮЩИЕ СИСТЕМЫ
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na. To predict continuously the outage probability
of shadowing in real time, a huge amount of data is
needed regarding each building, geometry of each
radio path between desired user and the satellite
during its rotation around the Earth, and finally
high-speed powerful computer.
Most of these difficulties can be handled by using the multi-parametric stochastic model [1–8].
Following [8], we take into account both, the buildings distribution at the ground surface and their
height profile changing in the vertical plane that is,
accounting for the 3D stochastic model of multiple
scattering, reflection and diffraction rearranging the
corresponding formulas in the case of the LSC link.
Buildings’ Overlay Profile. The LSC link is very
sensitive to the overlay profile of the buildings,
because during its movement around the Earth,
depending on the elevation angle M, the buildings’
profile will be continuously changed leading to different effects of shadowing in the current communication link (Fig. 6).
Taking into account the fact that real profiles
of urban environment are randomly distributed,
the probability function Ph(z), which describes the
overlay profile of the buildings, can be presented in
the following form [6, 20, 39]:

tipath channel, caused by fading phenomena. This
can be presented in the following form:

CCDF Pr q ! R

R

³o

S cS.

(13)

0

All above formulas allow us to present the unified algorithm for fading phenomena estimation in
LSC links, both stationary and mobile.

Multi-Parametric Stochastic Approach
As an example of a physical-statistical model, we present the same stochastic approach which
was used successfully for land communication
channels, rural, sub-urban and urban, and was described in [1–8]. The reason for that is based on the
fact that the previous physical-statistical model, as
was shown in [10, 11, 22, 23], predicts more strictly
the fading effects in different LSC links compared
to the pure statistical models [15–21].
At the same time, as was mentioned in [8], the
physical-statistical model, which is based on a deterministic distribution of the local built-up geometry introduced in [22, 23], cannot strictly predict
any situation when a satellite, moving around the
world, has different elevation angles Ti with respect to a subscriber located at the ground surface,
as shown in Fig. 5. As the result, the radio path
between the desired subscriber and the satellite
crosses different overlay profiles of the buildings
because of continuously changing elevation angle
of the satellite during its rotation around the Earth
with respect to the ground-based subscriber anten-

Pa (y) H(g1  y)  H(y  g1 )  H(g2  y) u
ª g2  y
u«
«¬ g2  g1

m

º
» , m ! 0, 0  y  g2 ,
»¼

(14)

where the function H(x) is the Heaviside step
function, which is equal 1, if x > 0, and is equal 0,
if x < 0.
G
v
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 Fig. 5. General geometry of the land-satellite link
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 Fig. 6. Change of the profile function F(z1, z2) in the
vertical plane during the movements of a satellite
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 Fig. 7. Buildings’ overlay profile PDF

The graph of this function versus height z of a
built-up overlay is presented in Fig. 7. For n >> 1
Pb(z) describes the case where buildings higher
than h1 (minimum level) very rarely exist. The case,
where all buildings have heights close to h2 (maximum level of the built-up layer), is given by n<<1.
For n close to zero, or n approaching infinity, most
buildings have approximately the same level that
equals h2 or h1, respectively. For n 1, we have the
case of building height uniformly distributed in the
range of h1 to h2.
The average buildings height g, can be found
as [8]
g g2  m

g2  g1
m 1

.

(15)

Then, analyzing the built-up layer profile F(z1,
z2), “illuminating” by the terminal antennas of the
heights z1 and z2, we get :
— for the case when the antenna height is above
the rooftop level, that is, z2 > h2 > h1:

ª
(g  g ) º
F (y1, y2 ) H(g1  y1 ) «(g1  y1 )  2 1 » 
(m  1) ¼
¬
 H(y1  g1 ) H(g2  y1 )

(g2  y1 )m 1

(m  1)(g2  g1 )m

;

(16a)

— for the case when the antenna height is below
the rooftop level, that is, z2< h2:
F (y1, y2 ) H(g1  y1 ) u
ª
(g  g )m 1  (g2  y2 )m 1 º
u «(g1  y1 )  2 1
»
(m  1)(g2  g1 )m
¬«
¼»
(g  g )m 1  (g2  y2 )m 1
 H(y1  g1 ) H(g2  y1 ) 2 1
. (16b)
(m  1)(g2  g1 )m

Then, the cumulative distribution probability function (CDF) of the event that any subscriber
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 Fig. 8. Horizontal map of multipath phenomenon occurring in the urban scene

located in the built-up layer is affected by obstructions due to shadowing effect can be presented as
[1–8]
CDF (y1, y2 , m)
{

1
y2  y1

y2

³ Pg (y)cy {

y1

1
F (y1, y2 ).
y2  y1

(17)

The built-up profile function presented by (16)
allows us to account for continuous changes of the
overlay building profile during the movement of the
satellite around the Earth and the corresponding
changes of its elevation angle with respect to the
position of any subscriber located in areas of service. This CDF will be used in the next section to
find the total outage probability of fading phenomena occurring in LSC links.
Multi-ray Pattern Distribution on the Ground
Surface. As is shown in [1–7] and mentioned also in
[8], at the horizontal plane the array of buildings
are randomly distributed according to Poisson’s
law. During movement around the Earth, the satellite antenna “illuminates” different land areas with
various distributions of obstructions on the ground
surface, that is, in the horizontal plane, as shown
in Fig. 8.
ИНФОРМАЦИОННО УПРАВЛЯЮЩИЕ СИСТЕМЫ
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The proposed multi-parametric model [1–8] allows us to consider the strength of the total field
at the receiver as the additive summation of n-time
independently scattered waves with independent
strengths. The real situation with multipath phenomena occurring in the urban environment is
shown in Fig. 8. As was mentioned in [8], in microcell land communication links (d < 1–3 km; d is the
range from the base station antenna), the singly
scattered waves are dominant, whereas the twiceand three-time scattered waves begin to be prevail
in macro-cell scenarios for d > 5–10 km. Therefore,
as was shown in [8], for land-satellite mega-cell
links we must additionally consider the three-time
reflected and scattered waves. As was shown in [8],
the strengths ri of these waves are distributed according to the Gaussian law with the zero-mean value and dispersion V12 (for singly scattered waves),
V22 (for twice scattered waves) and V23 (for threetime scattered waves), which depend strongly on the
characteristic features of the terrain. The average
number of scattered waves involves also a dependence on the distance from the base station antenna
d. Following [8], we can obtain a new multi-ray distribution for the LSC link. Thus:
— for the average number of single scattered
waves
N1

SQc2
K2 (J 0c);
4

(18a)

— for the average number of two-time scattered
waves

N2

9 SQc2

2 ª K (J c)
4 0

«
«¬

8!



2 K7/2 (J 0c) º
» ; (18b)
7!
SJ 0c
»¼

— for the average number of three-time scattered waves
N3

8 SQc

2 3

u

ª 1 K5 (J 0c)
2 K11/2 (J 0c) º
u«

»,
11!
SJ 0c
¬« J 0c 10 !
¼»

(18c)

where Kn(J0d) is the MacDonald’s function of
n-order, J0 [km–1] is the density of buildings
contours [8].
The probability of receiving once to three-time
(i. e., for n 1, 2, 3) scattered waves at the mobile
station antenna can be computed according to the
following formula [8]:
Pm

1  exp ª¬ Nm º¼ , n 1, 2, 3.

(19)

In computations of equation (19) we take into
account the effects of independent single (the first
term), double (the second term) and triple (the third
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term) scattering of rays with the random amplitude
r, as well as their mutual influences on each other
(the fourth term), that is,
CDF (q )



q2
2V12

P (1  P1 )(1  P3 ) q
 2
d
P0
V22



q2
2V22



P3 (1  P1 )(1  P2 ) q
d
P0
V23



q2
2V23







P1 (1  P2 )(1  P3 ) q
d
P0
V12

P1 P2 P3
q
d
P0 V12  V22  V23





q2
2(V12 V22 V23 )

,

(20)

where
P0

1  (1  P1 )(1  P2 )(1  P3 ) 1  d( N1  N2  N3 ) (21)

is the probability of direct visibility (e. g., LOS
component), P1, P2 and P3 are defined by equation
(21) combined with (18a)–(18c), respectively.
Equation (21) is more general form of the cumulative distribution function of the multipath effects
occur in the land-satellite links with respect to that
describing the same multi-ray effects in the land-toland communication scenarios (see [1–8]). This CDF
will be used in the next section [together with CDF
described by (19)] to estimate the total probability
of fading for predicting successful communication
and service by the satellite antenna of any groundbased subscriber.

Prediction of Fading and Pass Loss in LSC
Links via Experimental Data
In this section, we use the unified algorithm,
based on use the combination of the physical-statistical (e. g., Saunders and Evans) model and the
pure statistical (Lutz) model of the mobile-satellite
communication channel, using formulas (12) and
(13), and compare it with the proposed stochastic
multi-parametric model based on the corresponding
CCDF(r) 1 – CDF(r), of signal random strength
envelope (20). This CCDF describes the total probability to achieve a successful communication between any ground-based subscriber and the satellite. It can be presented as [8]

CCDF (q ) 1  CDF (q )  CDF (y1, y2 , m),

(22)

where both CDFs are described by (17) and (20),
respectively.
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In the comparative analysis, we used measured
data from references [25, 26], done in several cities in
Europe. These tests were narrowband measurements
at a single frequency, representing the channel within its coherence bandwidth. The test was transmitted
from the ESA ground station in Villafranca, Spain
and relayed by the geostationary satellite MARECS at
L-band (1.54 GHz). The measurements were conducted
in areas with different satellite elevations (Table 2).
Using these measurements and using a Rayleigh PDF
for building distribution heights and the corresponding equation (22) for CCDF, we constructed a corresponding numerical code to see if there is a good agree-
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 Table 2. Parameters of channel model according to
[25, 26]
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 Fig. 9. CCDF of normalized signal for three different models: a — for city Stockholm at satellite elevation angle 13q;
b — for city Copenhagen at satellite elevation angle 18q; c — for city Munich at satellite elevation angle 24q; d — for city
Barcelona at satellite elevation angle 34q; e — for city Cadiz at satellite elevation angle 43q
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ment with the measured data. It is clear that the CCDF
gives us the knowledge of stability of received signal
with respect to noise caused by fading phenomena.
The same was done for the multi-parametric
model by using equation (22) with the corresponding CDF (17) and (20) for each city. The results of
fading estimations were compared with those obtained from the pure statistical Lutz model based
on Markov’s chain.
The main goal of such simulations was to define
which one of the three models presented the best fit
to the measured data and also the simplest one. In
such a comparison we used for the Lutz statistical
model simulation Pgg (0.8, 0.95, 0.85, 0.83, 0.7)
and Pbb (0.08, 0.15, 0.25, 0.22, 0.5). These results
are shown in Figs. 9, a–e for five cities presented in
Table 2.
The standard deviation, V, was taken not more
than 2.6 dB, obtained from our estimations of each
built-up profile. Nevertheless, in reference [16], the
authors used V 3y4 dB, which is not a realistic case
when NLOS regime is very small compared with the
LOS component of the total filed strength. It is clearly
seen from the results of the comparative analysis presented in Fig. 9, a–e that the physical-statistical models, Saunders and Evans, and the stochastic multi-parametric, are closer to the experimental data compared
to the pure statistical Lutz model. Therefore, in our
further analysis, we will compare the proposed physical-statistical models with each other.
Before doing this comparative analysis, let us
check the accuracy of the proposed stochastic model in the case when the standard deviation of the
CCDF cannot be directly estimated via numerical
evaluations. Thus, in Fig. 10, the CCDF of received
signal for the city of Stockholm [25–27], at satellite
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 Fig. 10. Comparison between the experimental data
obtained in satellite observations over Stockholm (continuous line) and those obtained theoretically from the
stochastic approach
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elevation angle 13q is presented. The computations
were carried out taking the following parameters:
— the building contour density parameter varied
from 8 to 12 km–1 with the mean value J0 10 jl 1;
— the built-up profile parameter n was changed
from 0.65 to 1.48;
— the obtained terrain data allow us to estimate
the standard deviation of CCDF within the range of
V  (–4, 4) dB.
The results of comparison between the experimental data (continuous curve) and those obtained
numerically for the range in the estimated parameters V shown in Fig. 9 show that the experimental
data lie between the two theoretical curves computed for V changing from –4 to –2 dB, which is close
to that parameter estimated by analyzing the topographic map of Stockholm [25–27].
Another land-satellite experiment was compared
with the Saunders — Evans physical-statistical model
[10, 11, 22, 23], and was carried out in England for two
cities, Westmister and Guildford. Here, the CDF, as a
total probability of shadowing was investigated using
both models. We do not go deeply into the description
of these experiments that are fully described in [10,
11, 22, 23]. Here we will only mention that a comparison showed that the best fit was obtained when the
CDF of the combined fast/slow fading was described
by the corresponding Rayleigh law with the corresponding mean height of buildings g 20.6 l and
standard deviation Vb 17.6 m (for Westmister) and
g 7.6 l and Vb 6.4 m (for Guildford). The corresponding comparison analysis is presented in Fig. 11, a
and b for each city, respectively.
Therefore, in this additional comparison with the
Saunders — Evans, physical-statistical model and with
experimental data, we accounted for these estimations
as well as for the average density of buildings’ contours
within one square kilometer, which was estimated as
J0 | 10.6 jl 1 (for Westmister) and J0 | 7.5 jl 1
(for Guildford). We also estimated the corresponding
mean height of buildings for Westmister, g 18.2 l
with a standard deviation of Vb 7.5 m and for
Guildford, g 5.8 l and Vb 4.6 m. These estimations
have suggested that the two cities have fully different
built-up terrain profiles: the parameter of the overlay
building profile is n 2 (the amount of small buildings
exceeds that of tall buildings) for Westmister, and
n 10 (most buildings are small) for Guilford.
We should note that these parameters were taken
in a form of average values, but not exactly, as was
done by Saunders and Evans with their co-authors in
[10, 11, 22, 23] using the local parameters for each
position of the moving satellite. Despite this fact,
our estimations are within the ranges of estimations
obtained by Saunders and Evans, and we can, finally, compare our computations of CDF 1 – CCDF according to (17), (20) and (22) with those obtained by
them using the Rayleigh CDF, as a best fit of measu№ 1, 2018
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red data. This comparison was shown in Fig. 11 for
Westmister and for Guildford, where the corresponding experimental data were plotted by dots.
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 Fig. 11. Comparison between experimental data
(dots) obtained in Westmister (a) and Guildford (b),
physical statistical model (blue line) and data obtained
from the stochastic approach (green line)
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Влияние поверхности земли с застройкой на операционные параметры сигналов в каналах связи «Земля —
спутник»
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Цель: анализ распространения радиосигналов в городской среде для различной направленности (элевации) движущейся спутниковой антенны и стационарных антенн пользователей, расположенных как ниже, так и выше крыш домов. Задача решалась с
помощью стохастического многопараметрического подхода при сосредоточенности на временных и пространственных свойствах
изменения мощности сигнала для прогноза потерь в канале и эффектов фединга. Результаты: на основе стохастического подхода,
предложенного в работе, проанализированы полная мощность сигнала, соответствующие функции плотности вероятности, а также масштабы временных и частотных характеристик. Все прогнозируемые характеристики проанализированы численно, влияние плотности застройки домов и элевации спутниковой антенны на вышеуказанные характеристики проанализированы через
призму специальных экспериментов, проведенных многими исследователями. Практическая значимость: просчитанные и наблюдаемые экспериментально данные показывают хорошее соответствие между предлагаемым стохастическим подходом и подходами, предложенными другими исследователями, поэтому представленный подход можно использовать для прогноза потерь в
канале связи для среды с различным профилем застройки домов и для различных элеваций движущейся спутниковой антенны.
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