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Abstract

Attenuation is a major drawback for the field of satellite communication which we can not ignore, but, ofcourse can try to mitigate at an
instant. In this project, my focus is on the attenutaion part. | am trying to explain the types of attenuation which is being faced by the signal
at tropospheric region. We will see how the signal changes its properties when it passes through tropospheric region. Different type of models
is being used by the research scientist for measurement of the attenuation impact over the signal. Many times the models has given the
fruitful result but some time they are failed as per different location. | took the Ku-band signal from NSS-6 (geostationary 950E) at an
elevation angle of from Kolkata. My result outcome shows that the ITU-R model is the best model out of them and it makes the best
predictions for different tropical climates. Based on my experimental result, | am trying to show that the ITU-R model is the best option for
our climate. On the other side, | have explained through my project that how much signal depolarized at the different percentage of time at
one-minute rain rate distribution.
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INTRODUCTION

Now days, increasing demand in the field of satellite communication, the 14/11 GHz and 14/12 GHz brought into the limelight.
This is actually called Ku band. It is used for fixed and broadcast services, and for specific applications such as NASA's
Tracking Data Relay Satellite used for both space shuttle and International Space Station (ISS) communications. We know that
tropospheric effects such as rain and atmospheric irregularities, particularly at low elevation angle, significantly affect radio
waves above the 10 GHz frequencies. Since, passing the 10 GHz frequency limit rises to signal fading. If the larger fade margin
creates not feasible either technically or economically. Under these conditions, it is difficult for satellite system to satisfy the
availability and quality of service (QoS) specification recommended by ITU-R. Attenuation causes in electromagnetic waves
through the process of absorption and scattering; rainfall attenuation is a phenomenon relative to the rainfall rate and frequency
which results in increasing path loss, limiting the coverage area, and consequently degrading the system performance. In recent
years, the rapid development of technology for wireless communications, especially in developing countries, causes the
frequency bands to reach a saturated level. Because of this issue, telecommunication systems engineers are exploring the
frequency band above the 10 GHz (Ku band) in order to meet the rapidly growing request for wide bandwidth for transformation
of the tricky radio access network. The frequency band above 10 GHz is advantageous because it provides a wider spectrum,
potential repeated use of frequencies and compact size of antenna and equipment. Rainfall rate data for a given time percentage
is required in the prediction of rain attenuation for that time percentage. International Telecommunication Union Radio
communication Sector (ITU-R) is an organization which standardized the rule for telecommunication and provides a step by
step approach for prediction of rain attenuation on any earth-satellite radio link; however, this model does not perform well in
tropical region and at high rainfall rate since average radius of raindrop in tropical region is greater than that in non-tropical
and data for ITU model is based on data collected from temperate region of the world. Technically to design the satellite links
as determined by the fade margin of the link the study of different tropospheric phenomena is important. So these factors are
studied and some experimental measurements are carried out to indicate how these factors affect the signal such that an
appropriate fade mitigation technique can be adopted. In this project various tropospheric effects on a Ku-band signal is studied.
We obtain the Ku-band signal from NSS-6 (geostationary 950E) at an elevation angle of from Kolkata. Studied mainly three
effects viz. attenuation, rain depolarization and rain rate distribution and the observation are used to validate the existing models.
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It is well known that precipitation adversely affects the transmission performance of radio communication systems. The increase
in the attenuation of the signal has, until recently, been the major concern, but with the introduction of the concept of frequency
reuse employing orthogonal polarizations, the depolarization properties of the transmitted medium have become important. To
describe such propagation characteristics as attenuation and cross polarization of rain-filled media, the scattering from an
assemblage of many particles must be considered.

TROPOSPHERE

The troposphere is the lowest layer of Earth's atmosphere and site of all weather on Earth.

THERMOSPHERE

MESOSPHERE

STRATOSPHERE

TROPOSPHERE

Fig:1 Earth Atmosphere

The troposphere is bonded on the top by a layer of air called the tropopause, which separates the troposphere from the
stratosphere and on bottom by the surface of the Earth. The troposphere is wider at the equator (10mi) than at the poles (5mi).

(i) Enhanced conditions-Under certain conditions the radio propagation conditions provided by the troposphere are such that
signals travel over even greater distances. This form of "lift" in conditions is less pronounced on the lower portions of the VHF
spectrum, but is more apparent on some of the higher frequencies. Under some conditions radio signals may be heard over
distances of 2000 or more kilometers with distances of 3000 kilometers being possible on rare occasions. This can give rise to
significant levels of interference for periods of time. These extended distances result from much greater changes in the values
of refractive index over the signal path. This enables the signal to achieve a greater degree of bending and as a result follow the
curvature of the Earth over greater distances. Under some circumstances the change in refractive index may be sufficiently high
to bend the signals back to the Earth's surface at which point they are reflected upwards again by the Earth's surface. In this
way the signals may travel around the curvature of the Earth, being reflected by its surface. This is one form of "tropospheric
duct" that can occur. It is also possible for tropospheric ducts to occur above the Earth's surface. These elevated tropospheric
ducts occur when a mass of air with a high refractive index has a mass of air with a lower refractive index underneath and above
it as a result of the movement of air that can occur under some conditions. When these conditions occur the signals may be
confined within the elevated area of air with the high refractive index and they cannot escape and return to earth. As a result
they may travel for several hundred miles, and receive comparatively low levels of attenuation. They may also not audible to
stations underneath the duct and in this way create a skip or dead zone similar to that experienced with HF ionospheric
propagation.

(ii) Fading- When signals are propagated over extended distances as a result of enhanced tropospheric propagation conditions,
the signals are normally subject to slow deep fading. This is caused by the fact that the signals are received via a number of
different paths. As the winds in the atmosphere move the air around it means that the different paths will change over a period
of time. Accordingly the signals appearing at the receiver will fall in and out of phase with each other as a result of the different
and changing path lengths, and as a result the strength of the overall received signal will change. Any terrestrial signals received
at VHF and above will be subject to the prevailing propagation conditions caused by the troposphere. Under normal conditions
it should be expected that signals will be able to be received beyond the normal line of sight distance. However under some
circumstances these distances will be considerably increased and significant levels of interference may be experienced. One
useful form of radio communications technology for applications where path lengths of around 800 km are needed is known as
tropospheric scatter or troposcatter. It is a reliable form of radio communications link that can be used regardless of the
prevailing tropospheric conditions. Although reliable, when using troposcatter, the signal strengths are normally very low.
Accordingly troposcatter radio communications links require high powers, high antenna gains and sensitive receivers.
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Troposcatter is often used for commercial radio communications applications, normally on frequencies above 500 MHz for
over the horizon links. It is ideal for remote telemetry or other links where low to medium rate data needs to be carried. Where
viable, troposcatter provides a means of communication that is much cheaper than using satellites.

ATTENUATION

Attenuation is a general term that refers to any reduction in the strength of a signal. It occurs with any type of signal, whether
digital or analog. Sometimes called loss, attenuation is a natural consequence of signal transmission over long distances.

(i) Tropospheric Attenuation- Some issues related to W/V-band propagation are primarily due to the effects of the Earth’s
atmosphere and their impact on system availability and margin. Distortions due to multipath propagation do not affect the
millimeter wave. However, some atmospheric effects at the millimeter wavelengths are rain attenuation, cloud attenuation and
gaseous absorption. Rain attenuation has the most dominant contribution to the total propagation loss when dealing with higher
frequencies. Cloud attenuation at the W/V bands can contribute to significant loss (> 10 dB). Gaseous absorptions are mainly
due to atmospheric gaseous components (predominantly oxygen and water vapor) and typically have a small contribution to
the total path attenuation in the W/V band.

The Earth 5tation

Fig.2 Signal path between the earth-satellite stations through troposphere region

(ii) Tropospheric Scintillation-The process of scintillation is one of luminescence whereby light of a characteristic spectrum is
emitted following the absorption of radiation. The emitted radiation is usually less energetic than that absorbed. Scintillation is
an inherent molecular property in conjugated and aromatic organic molecules and arises from their electronic structures.
Scintillation also occurs in many inorganic materials, including salts, gases, and liquids. Troposphere scintillation is the rapid
fluctuations in the refractive index of owing to turbulence and produces random fades and enhancements of the received signal
amplitude. This phenomenon can seriously affect satellite-earth links at frequencies above 10 GHz and at very low elevation
angles (<=5 degrees). It will because the signal degradation in satellite communication with low fade margin. To analyze
tropospheric scintillation, we should obtain current data from a satellite link installed at any location all over the world. Due to
demand for higher bandwidth, tropospheric scintillation is receiving more attention. Higher-frequency bands, that causes the
rapid fluctuation of the magnitude and phase of radio waves.
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Fig.3 Tropospheric Scintillation
These fluctuations called scintillations. Tropospheric scintillation depends on the season and daily weather conditions.

(iii) Signal Depolarization-Differential phase shift and attenuation caused by non-spherical scatters (e.g. raindrops and ice
crystals) cause signal depolarization. Although this may affect a little for single polarized satellite systems, its effect becomes
significant for systems reusing frequency by transmitting two orthogonally polarized signals for optimum RF utilization. In this
case, depolarization results in cross polar interference, i.e. part of the transmitted power in one polarization interferes with the
orthogonally polarized signal i.e. cross talk occur. Rainstorms are the most common cause of depolarization as well as of
attenuation. According to most of the models of depolarization due to rain, the medium has two principal planes and the
characterization parameters are the canting angle of these planes and the differential attenuation and differential phase shift
between planes. From the measured depolarization data during rain events, these characteristics of the depolarizing mechanism
of the rainstorms can be obtained and some of the existing models can be verified. Ice crystals present in clouds above the can
also cause severe depolarization. The depolarization is mainly caused by differential phase shift and not by differential
attenuation. Depolarization due to ice crystals does not coincide with significant co-polar attenuation. If a rainstorm and ice
cloud are present on the propagation path at the same time, the both can cause an amount of depolarization which cannot easily
be separated in rain and ice depolarization. Since generally the two media do not have the same axes of symmetry, the
assumption of two principal planes of the whole medium is no longer valid. In melting layer, where ice crystals are in the
process of forming raindrops, hydrometers consist of a mixture of ice and water. Also this area can cause differential attenuation
and differential phase shift between two principal planes, resulting in some degree of depolarization. Alternatively, dust
particles can also cause depolarization of microwaves in desert areas. Since, we are measuring these phenomena in the tropical
region, ice crystal effects can be omitted because this has practically no impact on depolarization. The rain event has the most
significant effect on depolarization. The experimental study has shown that the depolarization due to raindrops depends on:

i Orientation and Shapes of falling raindrops,
ii. Number of raindrops in the propagation path, and

iii. Polarization and operating frequency of RF waves

iv. Rain rate
V. Rain cell size
Vi. Distribution of canting angles that the raindrops acquire during their descent to ground.
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When rain fall occurs the attenuation and signal depolarization occur simultaneously and it is generally observed that the
attenuation is significant at some certain rainfall and at the same time the cross-polar signal rises to some dB value. The degree
of depolarization may be represented by the radio cross-polarized to co-polarized signals at the receiver. We may define two
kinds of cross-polarization factors:

i Cross-polarization discrimination (XPD), and

ii. Cross-polarization isolation (XPI).

XPDy = 20log,q |AEy/Eyl (1)
XPDy = 201log,o |AEy/Ey| (2)
XPly = 20log;o |AEL/Ey] ©)
XPly = 20log;o |AEy/ By | (4

where, E; and Ey, are the co-polarized received electric fields in the direction E° and E°y, |, AEy is the cross-
polarized received electric field in the direction E;  transferred from Ej, , and AEy, is the cross-polarized received
electric field in the direction Ej, transferred from Ey

While XPD arises in the transmission measurements where a single-polarization transmitter and a dual-polarization receiver
are used, XPI describes the interference in each of the two signal lines of the dual-polarization frequency-reuse communication
systems. Depolarization is the maximum for horizontal propagation path and is the minimum for vertical path when the axes of
raindrops are in the vertical direction. The maximum acceptable level of cross-polarization factors is considered to be around -
25dB to -30 dB depending on the communication systems. Now it is said earlier that in microwave communication links above
10 GHz the employment of frequency reuse in orthogonal polarizations is limited b cross-polarizations. The total cross-
polarization signal in the receiver of a radio link is the sum of these components, their phase relationship, and hence the result
of their addition should be estimated. For cross-polarization experiments that aim at measuring cross-polarization generated by
the atmosphere it is of primary importance that the equipment components be reduced as far as possible.

RELATION BETWEEN CO-POLAR ATTENUATION & CROSS-POLARIZED DISCRIMINATION

Theoretically as well as empirically, it has been shown that there is a certain co-relation between depolarization and the
attenuation due to rain. This relation is studied here because it provides a practical prediction tool for depolarization.XPD
statistics may be derived from attenuation statistics. Furthermore, combined statistics of XPD and attenuation are necessary to
assess the margins of both parameters required for a certain system outage probability. In this section, attenuation is indicated
with the symbol CPA (co-polar attenuation). Different experiments have derived expressions for the relation between XPD and
CPA. These expressions have been derived from calculations, using different theories of EM wave scattering by raindrops (e.g.
Mie scattering, point-matching technique) and using different models of rain drop size distribution and raindrop shape and
orientation. The various resulting models are very similar and only differ in neglecting and approximating several dependencies.
All models were formulated in the form of the following expression:

XPD =5+ Clogf +1(6,05) - Glogeose - V(f)logCPA(dB) (1)

Where

f = frequency (GHz);
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= polarization tilt angle (measured from the horizontal);

=temporal standard deviation of the canting angle of the medium ();
= elevation angle;

= polarization improvement term (dB);

S, C, G, V = characterizing parameters, which are different for each proposed model and depend on raindrop size distribution
and raindrop shape model (S also depends on the effective path length through rain L and on the spatial distribution of the rain
drop canting angles).

(i) The essential Parameters-From the above expression we see that XPD depends upon several parameters. The system
parameters are the frequency of operation (f), the elevation angle of the slant path (€ ) and the tilt angle (T ) of the linearly
polarized electric field related to horizontal (8 is positive upward from horizontal) and standard deviation

(0g), when we assume raindrop distribution to be Gaussian distributed. Now here we briefly describe the concept of canting
angle. The basis for the calculation of the canting angle is the following assumption. The mean orientation of the axis of
rotational symmetry of the drop is always parallel to the direction of the airflow around the drop. It is therefore always necessary
to consider the direction of airflow relative to the drop. The inclination of that airflow with respect to vertical is equal to the
canting angle of the drop.

From these considerations it becomes clear that wind as such is not a cause of raindrop canting. If the wind speed is constant
and independent of height, the drop will assume the same horizontal speed as the surrounding air particles and the airflow
relative to the drop will have a horizontal component; the resultant airflow around the drop will be inclined and the drop will
cant accordingly. However the component of the drag force on the drop will accelerate or decelerate the drop in the horizontal
direction until its horizontal speed is equal to the wind speed again. A nonzero mean canting angle will exist only during
acceleration or deceleration of the drop. A drop which initially had the same horizontal speed as the air, and which is falling
through this region, will be constantly decelerated and will show a canted orientation as illustrated below in fig.4.

Wind Direction
===

Fig.4. Raindrop Canting; Ft is the total drag force on drop, Fh is horizontal and Fv is vertical component

Referring from the fig.4

midvy)/(de) _ U-vy (2)

F
tan @ ==t =
Fy mg Vy

Where
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B=canting angle;
V/},=horizontal drop speed;

V/,=vertical drop speed (assumed to be constant and equal to be terminal speed in stagnant
air);

U=wind speed at the position of the drop;

g=gravitational constant.

Now we come to the point of other parameter. The shape distribution is assumed to be bimodal with fraction Fy being

spheroidal and the remaining fraction (1—FO) spherical. The mean orientation angle of the raindrops and polarization of the
radio wave can be combined since it is only the orientation of the electric field relative to the medium. To do this we use the
angle,

3)

-8 . . .
5 =6l for linear polarization
N .- for circular polarization

The path length and the rain rate distribution profile along the propagation path play a dominant role in the predictive modeling
of total path attenuation and XPD when calculated as a function of point rain rate. However, the dependence of CPA and XPD
on path length is similar in the frequency range of 10 GHz to 30 GHz. Because of this the XPD versus CPA relationship is
relatively insensitive to the rain rate distribution, Calculations of XPD with a multiple scattering model for uniform and
exponential rain rate distribution revealed that for fixed values of attenuation the XPD was invariant for varying path parameters
from 10 GHz to 30 GHz. Therefore, in calculation type studies we can use any responsible rain rate distribution and can exclude
parameters associated with the rain rate distribution (such as path length and from factors for a spatial profile).
There are following parameter which has needed to explore our research:

a) XPD=cross-polarized discrimination

b) CPA=co-polar attenuation

¢) & =polarization tilt angle(measured from the horizontal)

d) & = elevation angle
e) S,C,G,V =characterizing polarization parameters of waves, which are different for each model and depend on
rain drop size & rain drop shape model

f) 0 =temporal standard deviation of the canting angle of the medium (in degree);
g) “o™ isthe standard deviation of the signal amplitude,

h) “f”is the operational frequency,

i)  “g(x)” is the antenna averaging factor,

j)  “6”is the antenna elevation angle,

k) “H” isthe surface humidity,

I) And “t” is the surface temperature (°C).

CONCLUSION

In the present study the phenomena of depolarization at a topical location, Kolkata has been investigated. To investigate
depolarization we have used five standard models and our whole experiment process is carried out in comparison with ITU-R
Model which is globally accepted and it is shown that the models do not deviate much in case of low co-polar attenuation. The
depolarization caused by rain has been measured in terms of the degradation of XPD. This is because the cross-polar attenuation
can be best understood by the terms of XPD. Since, proper measurement of XPD is difficult to express XPD in terms of its
degradation is advantageous.
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