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Purpose: A detailed analysis of the spatial-temporal variations of the polarized characteristics of an elliptically polarized radio 
wave propagating in various built-up environments. Methods: Analysis of the classical methods used for defining the polarized 
parameters of homogeneous monochromatic plane waves, arriving at the receiver antenna from various directions in 
free space, is briefly presented. These methods are adapted for the propagation scenarios occurring in four land built-
up environments, where the complicated stochastic variations of wave polarization parameters have been observed 
experimentally and when the canonical methods are ineffective. The 3D classical presentation of the geometrical parameters 
of the polarized ellipse and Stocks parameters are used to analyze the co-polarized and cross-polarized components of the 
wave intensity in the vertical and horizontal plane of the polarization ellipse and their relations with the main parameters and 
characteristics of the built-up terrain are explored. Practical Relevance: The presented analysis allows to estimate theoretically 
the angle of wave depolarization and the polarization loss effects in rural, mixed residential, sub-urban, and urban areas. 
Such estimation allows designers of cellular networks to predict reception problems due to de-polarization in the presence 
of stochastic disturbances. Measurements that are taken prior to the deployment of cellular networks can now be limited to 
“problematic antenna positions” that are predicted by the presented model. To the best knowledge of the authors such results 
are presented for the first time.  
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 Introduction 

During propagation in the space domain, all ra-
dio waves can be decomposed into two wave com-
ponents mutually orthogonal in the plane perpen-
dicular to the direction of propagation. A complete 
description of the polarization state of a radio wave 
under consideration consists of the magnitude of 
its mutually orthogonal electrical field components 
that may differ in magnitude and phase, determin-
ing the type of wave polarization: linear, circular 
or elliptical, (see [1–8] and bibliography therein). 
One of the main problems (among other complicated 
problems), observed in the recent 4–5 decades, was 
the effect of the polarization discrimination or mis-
match (called the depolarization) occurring in the 
land communication channels: rural, mixed resi-
dential, sub-urban and urban [9–18]. As was shown 
by numerous measurements and experiments car-
ried in different terrestrial built-up environments, 
the effects of depolarization are caused by multipa-
th phenomena due to multiple reflection, diffrac-
tion and scattering from natural and artificial ob-
structions located in areas of service surrounding 
the transmitter and the receiver antennas [19–26]. 
To mitigate and overcome these effects from the 
beginning, several methods were proposed, based 
on usage of the polarization diversity techniques 
[14–18, 27–29] or the use of adaptive (smart) nar-

row-beam antennas with elliptical-like polarization 
[8, 30, 31], instead of those having vertical and/or 
horizontal polarization [14–18, 27–29]. In further 
investigations in elliptically polarized antennas, 
the effects of rotation of the polarization ellipse on 
the angle called depolarization angle, show changes 
its shape and in the ratio of its main axes, a redis-
tribution of wave energy along the elliptic axes, and 
finally, loss of the wave field energy.The classical 
theoretical frameworks and experimental tech-
niques, performed during the sixties to nineties 
period of the last century, have drawn the attention 
to the definition of the polarized parameters of ho-
mogeneous monochromatic plane waves arriving 
at the receiver antenna from various directions in 
free space, mostly on the geometrical parameters of 
the polarized ellipse and on Stocks parameters [3, 
9–13]. These approaches were usually related to the 
tasks of selecting and remote sensing of different 
targets in radio-location based on data concerning 
kinds of polarization of the reflected signal from 
targets. Another use was obtaining a stable wire-
less communication in various land environments. 
Thus, these methods were adapted to the problems 
of wireless communications focusing the attention 
on the analysis of complicated interference fields, 
formed in conditions of multipath propagation 
of radio waves in the land built-up environment, 
where the canonical methods become ineffective. 
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This happens, since the parameters of the polarized 
ellipse and its spatial orientation become to be the 
local characteristics of the field in such multiray 
built-up channels, which are significantly changed 
with distance defined by the characteristic scale of 
interference variations of the field amplitude or in-
tensity [27–31]. Based on a classical presentation of 
the geometrical parameters of the polarized ellipse 
and on Stocks parameters, the co-polarized and 
cross-polarized components of the signal intensity 
variations in the vertical and horizontal plane of the 
polarization ellipse were obtained. Unfortunately, 
a close relation between the parameters of depolar-
ization, such as the angle of depolarization and the 
depolarization losses, and different “responses” of 
the various land environments, rural, sub-urban 
and urban, on radio propagation was lacking.The 
development of the unified stochastic approach 
during the nineties of the last century [13–18, 27, 
28], provided a detailed description of the relations 
of the main parameters of the built-up terrain and 
its features with radio wave intensity variations in 
the space, angle-of-arrival and time-of-arrival do-
mains. The unified stochastic approach enables to 
investigate the effects of depolarization on ellipti-
cally polarized radio wave propagating through 
various land channels – rural, mixed residential, 
sub-urban and urban became possible. As was 
shown in [3, 8–13, 28–30]..., in a land built-up envi-
ronment, the direction of the normal vector to the 
plane of the polarized ellipse cannot be related to 
the desired direction of any wave propagation, and 
its changes have stochastic character depending 
on the amount of waves, arriving at the observa-
tion point, their direction of arrival, amplitude and 
phase variations.

Main Characteristics 
and Vectors of the Polarized Ellipse

Let us consider a spatial coordinate system de-
termined by a set of three orthogonal unit vectors 
{u1  x, u2  y, u3  z} (for unification in our fur-
ther derivations the results obtained in [3, 10–15]). 
In this general case, any vector of the electric field 
can be determined by three components [3, 9–13]:

 E(t) = uiEi(t) = uiAicos(t + i),  i = 1, 2, 3,  (1)

where Ai and i are the amplitude and phase of the 
component with number i; t is the current time; 
is the angular frequency,  = 2f. The well-known 
components of the total field, called the sine and the 
cosine components of the total field are defined as 
[3, 10–13]

 Si = –Aisini,  Ci = Aicosi.  (2)

These components perform two three-dimen-
sional (3D) vectors, respectively: S(S1, S2, S3) and 

C(C1, C2, C3). In such definitions, we can rewrite 
([eq:1]) as

 E(t) = Ssint + Ccost.  (3)

The large and the small semi-axis of the ellipse 
can be determined by the extremes of E(t). In [3, 
10–13] it was shown that
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The extremes of |E(t)|2, which defines each semi-
axis of the ellipse, can be presented as
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Using expression (2) we can relate all six projec-
tions of the vectors C and S with three amplitudes 
Ai and three phases i, i = 1, 2, 3, of the total field. 
Unfortunately, in practice, the components of the 
vectors C and S cannot be measured directly; they 
usually relate to the Stocks parameters, which can 
be easily measured.

We now introduce the polar angles, ∈ [0, 2] 
and  ∈ [0, 2], fixing the position of the normal N 
with respect to coordinate axes:
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Finally, we can obtain the components Ci and Si 
that allow us to calculate the total intensity of the 
field:
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Accounting now for (2) and (7), we get from (5) 
the following expressions of the semi-axes of the el-
lipse
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We also obtain the elliptical coefficient, which is 
equal to the ratio of the small and large semi-axes, 
that is,
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At the same time, in [3, 9–13] it was shown that 
Stocks coefficients can be usually used for these 
purposes. Therefore, following [3, 9–13], we pres-
ent these parameters via the vectors introduced 
above. The first Stocks’ parameter is simply the full 
field intensity I, described by (7).

Below, we will present a full field intensity I via 
vectors C and S, or vector N, which usually are used 
in derivations of the depolarized characteristics of 
the elliptically polarized waves [3, 9–13].

At the same time, as was shown in [3, 9–13], at 
the close radio traces with shadowing, when the di-
rect wave is absent, we can assume, with a great ac-
curacy, that 〈Ci〉 = 〈Si〉 = 0, i = 1, 2, 3. In this case, 
the distribution for these six random values can be 
obtained as follows:

— for a full intensity, ( )3 2 2
1

,i ii
I C S

=
= +å  as 

a first Stock’s parameter;
— for the intensity of the third component

2 2
3 3 3I C S= +                                   (10)

and its phase, 3.
For convenience, instead of the elliptic param-
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The discussion above allows us to state that the 
differences between the statistical characteristics of 
the wave, 2

1  and 2
2  in the horizontal plane, defined 

by field components with i = 1 (along the x-axis) and 
i = 2 (along the y-axis), weakly affect distributions of 
polarized parameters, such as R, and . Therefore, 
we can differentiate the vertical direction z, defined 
by 2 2

3 , º   from the horizontal directions, defined 
by 2 2

1 1  ^º  and 2 2
2 2 ,  ^º  which determine the 

cross-polarized properties in the x0y-plane.
The relation between the parameter p and the el-

liptic coefficient R, which follows from (11), can be 
expressed as
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Using information either on the parameter p 
from (11) or on the elliptic coefficient R from (12), 
the shape and the main parameters of the ellipse 
can be easily predicted. 

Influence of the Built-Up Terrain Characteristics 
on Wave Depolarization

The 2D multi-parametric stochastic model, 
without accounting for the buildings’ height pro-
file was presented in [3]. Its 3D generalization, ac-
counting for the influence of the buildings’ overlay 
profile, describe the signal intensity distribution 
in the space domain was presented in [8, 20–22]. 
We consider the results obtained in [8, 20–22] and 

add the fact that the distribution of the signal field 
strength in the vertical and horizontal plane are 
uncorrelated, that is:

( ) ( )2 2 0.U U =r r                        (13)

We use definitions of the rms of signal inten-
sity depolarization with zero-mean Gaussian PDFs 

in the vertical plane ( ) ( )2
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(called the vertical component) and in the horizon-

tal plane ( ) ( )2
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*
incU r U r I^ ^ ^ ^= =  (called the 

horizontal component). After some derivations, fol-
lowing [20–22] we get
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Here I0 is the intensity of the transmitted sig-
nal;  is the absolute value of its deterministic 
part; lv and lh  are the correlation scales of the dif-
fuse reflection coefficients in the vertical and hori-
zontal plane, respectively; F(hR, hT)  is the profile 
functions describing building heights distribution 
along the radio path between Rx (with the height hR) 
and Tx (with the height hT) in the vertical plane; 
h  is the average buildings’ height, and all other pa-
rameters are already defined in previous sections 
L L is the average length of building; 0 = 2LV/ 
is the 1D density of the buildings contours, V is the 
building density per [in km2].

By investigating numerous urban overlay pro-
files, it was shown in [20–22] that the more realistic 
buildings’ profile occur in urban scenarios, where 
the number of tall buildings is roughly equal to the 
number of small buildings. In such scenarios, usu-
ally occurring in the urban environment, the pro-
file function can be simplified as in [22]. For these 
built-up scenarios equation (14) can be written as
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We will analyze the ratio 2 2 ^º for various 
densities of buildings, typical for many small towns 
and large cities. From expressions (14)–(16), this ra-
tio depends mostly on the density of buildings, 0, 
and on the elevations of both terminal antennas, 
hR and hT, with respect to the average buildings’ 
height, that is
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For high buildings density located at the ground 
surface and a “smooth” building profile in the ver-

tical plane (i.e., when ( )Rh h-  and( )Th h-  are

close), for distances beyond 100 m, and for (lv/lh)  1, 
we get 2 2 1/ . ^ <  In this case, the degree of polariza-
tion discrimination caused by the multi-ray phenom-
ena in the horizontal plane, that is, by multiple scat-
tering, diffraction and reflection, becomes stronger 
with respect to that in the vertical plane. Conversely, 
for the “sharp shaped” building profile and a small 
buildings density located at the ground surface for 
similar other conditions, we get that 2 2 1/ . ^ >

Finally, when the character of signal energy due 
to multipath phenomena becomes “random” and 
similar both in the horizontal and vertical plane 
(large city scenario), we get 2 2 1/ . ^ »  This quali-
tative analysis allows us now to investigate the pa-
rameters of the polarization ellipse of the incident 
radio wave for various scenarios occurring in the 
built-up terrestrial environment with different ra-
tios of 2 2/ . ^

Numerical Simulation and Results

Areas Selection and their Topographic Features 
and Parameters 

We divided the areas under study into four dif-
ferent types: Rural, Mixed Residential, Sub-Urban, 
and Urban. This division yields large differences 
between the various built-up area characteristics. In 
order to evaluate every area parameter, we used data 
presented in [19–26, 32] for various rural, mixed 
residential and urban areas, and finally took the av-
erage of each parameter as presented in Tab. 1, esti-
mating the ranges of values of their variations.

Analysis of the Ratio 2 2/ ^  
of the Polarization Ellipse

The 2 2/ ^  ratio vs. the BS height
The following graphs represent the ratio between 

the vertical component and horizontal component, 
as a function of the BS height, for distances of 500 m 
and 1000 m between the Rx and Tx antennas oper-
ating with the frequency of 1.8 GHz (Fig. 1, a) and 

  Fig. 1. The
2 2/ ^ ratio vs. BS height for the distance of 500 m (solid curves) and 1000 m (dotted curves), with 

operating frequency of f = 1.8 GHz (a) and f = 5.7 GHz (b)
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  Table 1. The model parameters fir built-up areas

Area type hR, m hT, m d, km L, m lh, lv, m
2

buildings
  

km
,V Г

Rural 2–3 20–50 0.5, 1, 2, 5 10–15 1–2 10–20 0.4 (wood) 

Mixed Residential 3–5 20–50 0.5, 1, 2, 5 20–40 1–2 30–40 0.7 (stone)

Sub Urban 3–10 15–30 0.2, 0.5, 1, 2 50–60 2–3 50–60 0.7 (glass)

Urban 2–10 40–60 0.2, 0.5, 1, 2 80–100 3–5 70–90 0.8 (steel)
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of 5.7 GHz (Fig. 1, b). The location of the horizontal 
axis represents the ratio 2 2 1/ , ^ =  which means 
that when the ratio is above the horizontal axis, the 
vertical component is smaller than the horizontal 
component. The situation when the ratio is below 
the horizontal axis indicates cases when the vertical 
component is bigger than the horizontal component.

From Fig. 1, for every type of terrain, the mini-
mal ratio is achieved when the BS antenna is located 
at the level of the average height of buildings and 
when the ratio becomes smaller than the unit. In 
fact, when the BS antenna is located at the level of 
the average building height, the horizontal and ver-
tical components of the elliptical polarized field are 
roughly the same. With changes of the BS antenna 
height (to be less or more than the average height of 
the buildings’ profile), the vertical component is in-
creased, due to a decrease of signal losses caused by 
the multipath (stochastic) interference, and there-
fore, the ratio is also increased.

Next, for every type of terrain with an increase 
in the Tx-Rx distance, the ratio 2 2/ ^  decreases 
due to stronger signal losses in the vertical plane 
with respect to those in the horizontal plane, and 
as the result, with increase of Rx-Tx distance the 
ratio also decreases. Moreover, from the presented 
illustrations, it is clear that for rural areas the ra-
tio 2 2/ ^ is smaller than 1, because in this terrain, 
the BS height is low enough and due to stronger spo-
radic interference caused by multipath effects in the 
horizontal plane with respect to that in the vertical 
plane. As for the urban areas, it is seen that the ra-
tio becomes larger than unit because the transmitter 
height is much higher than the average height of sur-
rounding buildings. Here, conversely, the horizontal 

component is smaller than the vertical component, 
and the building density becomes a more significant 
parameter of the multipath in the vertical plane due 
to multiple diffraction from buildings roofs in the 
vertical plane, with respect to multiple scattering 
from buildings’ walls in the horizontal plane.

2 2/ ^ vs. the distance between BS and MS an-
tennas

Figure 2 represents the ratio between the ver-
tical and horizontal components as a function of 
the distance between the BS and MS antennas for 
the height of the BS equals 20 m and 50 m for fre-
quencies of 1.8 GHz (see Fig. 2, a) and 5.7 GHz (see 
Fig. 2, b). As before, the location of the horizontal 
axis represents the ratio 2 2/ ^  

(that is, equals 1). 
This means that the vertical component is smaller 
than the horizontal component, when its value is be-
low this axis, and is bigger, when it is above this axis.

Again, for rural areas, all curves lie along the 
horizontal axis, that is, 2 2/ ^  is almost always 
less than 1, which means that the horizontal compo-
nent is bigger than the vertical component compared 
with built-up areas, where most of the curves exce-
ed 1. With the decrease in transmitter height (limit-
ing to the receiver height), 2 2 1/ . ^ <  This is evi-
dent since the vertical component becomes smaller 
than the horizontal component, due to much stronger 
interference in the vertical plane. Moreover, when the 
transmitter achieves the average height of the build-
ing profile, lower line-of-sight condition is observed 
in the vertical plane causing stronger interference 
and the corresponding radio signal loss. When the 
distance between the receiver and transmitter is 
short, the observed interference becomes weaker 

  Fig. 2. The
2 2/ ^ ratio vs. the distance between BS and MS for the BS antenna height of 20 m (solid curves) 

and 50 m (dotted curves), the frequency of f = 1.8 GHz (a) and f = 5.7 GHz (b)
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resulting in an increase of the vertical component of 
the elliptically polarized wave, and the ratio 2 2/ ^  
increases. As the distance between the transmitter 
and receiver is increased, the ratio 2 2/ ^  decreases 
due to the increase of the sporadic interference phe-
nomena caused by the strong multipath effect in the 
vertical plane (called the randomization of the verti-
cal component of the elliptically polarized wave).

Analysis of the Loss Characteristics 
of the Vertical and Horizontal Components

We analyze each component of the elliptically 
polarized radio wave and present below the loss [in 
dB] for both components separately vs. buildings’ 
density and additionally vs. the distance between 
Rx and Tx for only vertical component of the field 
energy. Computations were carried out for each type 
of the terrain with its specific parameters shown in 
Tab. 1 and for the operating carrier frequency of 
the BS of 2.4 GHz.

Horizontal component of the total elliptically po-
larized field

Results of computations are shown in Fig. 3. One 
can see that in rural areas the loss is smaller than in 
other area types (the difference is roughly ~10 dB) 
mainly due to signal power loss. In urban areas the 
depolarization loss increases significantly as long as 
density of buildings surrounding both terminal an-
tennas, Rx and Tx, increases (averagely on ~40 dB). 
It is seen that with an increase of buildings’ density 
surrounding the Rx and Tx antennas, the interference 
loss has tendency to increase drastically due to mul-
tipath phenomena occurring in the horizontal plane.

Vertical component of the total filed vs. build-
ings’ density 

The corresponding results of computations are 
shown in Fig. 4.

It is seen from the presented illustrations that 
when the distance between the transmitter (BS) 

and receiver (MS) increases the loss in the vertical 
component is apparent. In sub-urban and mixed-
residential areas the distance between the trans-
mitter and the receiver may be increased, in order 
to cover more ground, because the loss is relatively 
reasonable. On the contrary, in purely urban areas, 
one cannot increase the distance between the trans-
mitter and the receiver since the loss is significant: 
in such areas we need to bring the transmitter and 
the receiver close to each other, in order to decrease 
signal loss in accordance with area constraints.

Depolarization Angle as a Function of 
Transmitter Height

The angle of depolarization  can be defined as 
(usually it is taken to be positive [8–17])

2 2
1 1

2 2 2
sin sin .

total

 


  

- -

^

= =
+

 



     (18)

This parameter, usually called antenna cross-po-
larization discrimination, plays an important role 
in determining the propagation channel or the cor-
responding antenna performance [8].  determines 
the corresponding polarization loss factor (PLF), 
which is used as a figure of merit to measure the de-
gree of polarization mismatch. The PLF is defined 
through the angle of depolarization as [8]

 
2co .sPLF =  (19)

To investigate the ratio 2 2/ , ^  the angle of 
depolarization, and PLF, we examined for all four 
known types using the following two scenarios: 
a) when the transmitter antenna is higher than the 
average height of the buildings height and quasi-
loss scenario; b) when the transmitter is at the level 
of the average buildings height.

As it follows from Tab. 2, in urban and sub-urban 
areas the angle of depolarization increases dramati-

  Fig. 4. Vertical component of the total elliptical 
wave field vs. buildings density for all four 
typical land environments
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  Fig. 3.  Loss of the horizontal component vs. buildings 
density for all four typical land environments 
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cally, as well as the ratio 2 2/ ^  and PLF compared 
to the rural area, where the parameters of the polar-
ization discrimination are negligible. It is evident that 
in urban and sub-urban environments, due to multiple 
diffractions from building roofs and corners, the ver-
tical component of the total field intensity variations 

2 ,^  exceeds the horizontal component 2.
At the same time, the PLF can achieve small val-

ues (10log10(PLF) [–3, –1]  dB) in these two area 
types, since it fully determined by deterministic 
multi-diffraction processes in the vertical plane, 
and the effects of random multi-scattering process 
occurring in the horizontal and vertical planes can 
be mitigated. As for rural and mixed-residential 
areas, here the angle of polarization mismatch is 
relatively small, the PLF can achieve higher magni-
tudes of 10log10(PLF) [–16, –19] dB and the hori-
zontal component becomes to be prevailed, indicat-
ing the importance of the multipath phenomena due 
to multiple scattering from obstructions located in 
the horizontal plane.

Results for scenario b, where the transmitter an-
tenna is located at the rooftops level, are also given 
in Tab. 2. Here we observe the same tendency of an 
increase in the angle of depolarization, by approach-
ing of sub-urban and urban areas from the rural ar-
eas. But this increase in the depolarization angle is 
too “smooth” compared to the one described above 
with described above following results shown for 
scenario a. The corresponding PLF is also relatively 
smaller compared to the situation described in case a. 
This also can be explained by the increasing of the 
role of the horizontal component with respect to the 
vertical component. This means that in the hori-
zontal plane random processes of multipath become 
predominant, and the PLF parameter can achieve in 
urban and suburban environments magnitudes of 
–10 dB, whereas in mixed residential and rural areas, 
its magnitude increases drastically achieving even 
–20 dB, indicating role of random multi-path pro-
cesses, such as multiple scattering from obstructions, 
in total wave field depolarization. Simultaneously, a 
decrease in angle of angle depolarization was accom-
panied by the increase of the ratio 2 2 ,/ ^  and de-
crease in the PLF [being negative in dB].

Figure 5 shows the angle of depolarization as 
a function of transmitter height for a distance of 
1000 m for the carrier frequency of 2.4 GHz. The il-
lustrated graphs for all four studied built-up areas, 
parameters of which are introduced in Tab. 1, show 
the same tendency as the previous figures, that is, 
when transmitter height in closer to the level of the 
average building’s height, the angle of depolariza-
tion limits to its minimal value. With the increase 
in the transmitter height with respect to the build-
ings roofs, defined by the average height ,h  the an-
gle of depolarization increases significantly.

Moreover, the corresponding interference pic-
ture (e.g., oscillations of the field intensity with 
height) is clearly seen from Fig. 5 approaching the 
environment, from rural and mixed residential 
(without oscillations) to sub-urban and urban (with 
essential oscillations).

Summary and Conclusions

In order to predict the influence of depolariza-
tion on propagation of the elliptically-polarized ra-
dio wave, it is necessary to obtain information on the 
main characteristics and parameters of the terrain. 

  Table 2. Results for scenarios a and b, with 2.4 GHz frequency

Area

Scenario a
 t r rh h h h= - + Scenario b th h=

Angle of Depolarization PLF
2 2/ ^ Angle of Depolarization PLF

2 2/ ^

Rural 8.7 0.022 0.023 6.1 0.011 0.011 

Mixed Residential 33.5 0.304 0.439 16.4 0.079 0.08

Sub-Urban 60.0 0.75 3.05 19.15 0.107 0.12

Urban 70.6 0.889 8.14 18.77 0.103 0.11
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  Fig. 5. The angle of depolarization vs. the height of 
the transmitter for four typical land built-up 
scenarios
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In fact, each of the discussed terrain types acts like 
a communication channel that “reacts” differently 
on the input propagation parameters, that is, on the 
propagation environment within each channel: ur-
ban, sub-urban, mixed-residential and rural.

The channel “reaction” depends on different ter-
rain factors: antenna location and elevation with 
respect to buildings’ heights, obstructions’ char-
acteristics (e.g., the permittivity of the material – 
stone, wood, steel, glass, etc.), buildings’ density, 
distance between the transmitter and the receiver, 
degree of roughness of the walls, buildings width or 
length, terrain topography, and so on. 

The formulas that describe the intensity distri-
bution of the elliptically-polarized radio wave in-
side the ellipse, which until recently were not pre-
sented in the literature, were derived based on main 
formulas of signal intensity distribution in space 
domain based on the multi-parametric stochastic 
theoretical framework that describes radio propa-
gation in various terrain environments. 

The simple “engineering” formulas for radio 
wave intensity deviations in the vertical and hori-
zontal planes of the ellipse, the corresponding an-
gle of depolarization as function of its vertical and 
horizontal components, and the PLF were derived 
based on the proposed stochastic approach.

The corresponding 3D numerical code was per-
formed for analysis of the corresponding formulas 
for various terrain scenarios, urban, sub-urban, 
mixed-residential, and rural, depending on the 
built-up terrain features. 

Depolarization effects and polarization losses 
were analyzed for four types of environment: rural, 
mixed-residential, sub-urban, and urban. 

The obtained results allow us to state addition-
ally that: 

1. In rural and mixed residential areas the ver-
tical component of the elliptically polarized radio 
wave is not changed significantly (e.g., has small 
depolarization loss), and the angle of depolarization 
is too small with respect to that obtained in urban 
and sub-urban areas. This allows us to suggest the 

increase of the range between transmitting (Tx) 
and receiving (Rx) antenna in such areas. 

2. In urban and sub-urban areas the wave inten-
sity loss is significant both in the vertical and the 
horizontal planes of the elliptically-polarized wave, 
caused by the random interference of its multipath 
components due to multi-scattering, multi-diffrac-
tion and multi-reflection phenomena from obstruc-
tions surrounding both terminal antennas. 

3. As expected, the angle of depolarization is 
larger for urban channels with the corresponding 
increase of the PLF. This effect strongly depends 
on the height of the transmitter antenna (receiver 
antenna was always lower than buildings’ roofs) 
with respect to average buildings’ height. Thus, the 
angle of depolarization decreases with decrease of 
transmitter antenna height, and vise versa — with 
increase of transmitter antenna height.

4. The ratio between vertical and horizontal 
components of the elliptically-polarized wave in-
creases with transfer of the channel from rural to 
urban scenarios. This means that the effect of de-
polarization becomes more significant in the more 
dense built-up environments.

5. Increase of depolarization of the even ellip-
tically-polarized radio wave, passing through the 
sub-urban and urban channels, yields the increase 
the randomization of the wave intensity both in the 
vertical and horizontal plane leading to changes in 
shape of the ellipse and its rotation in a large angle 
(see Tab. 2). 

6. Additionally, increase of depolarization loss 
and the angle of depolarization yield the decrease 
of signal power and require additional signal am-
plification at the receiver. 

7. Knowledge of the “reaction” of each individ-
ual channel (urban, sub-urban, mixed-residential 
and rural) on signal depolarization allows to give 
for each designer of wireless communication links 
a powerful tool for predicting a priory the influence 
of the built-up channel “response” on the depolar-
ization phenomena accounting for each specific sce-
nario occurring at the built-up scene. 
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