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ABSTRACT

This report presents the result of the computation of intersystem interference due to

hydrometeors using the simplified Capsoni Three Dimension (3-D) model when

horizontally polarized super-high frequency signals propagates through thunderstorm

rain type in Nigeria The results obtained show that transmission loss increases with

increasing terrestrial transmitter to common volume distance indicating decreasing

probability of severe interference on the satellite system. Also, the frequency

characteristics of the transmission loss when transmitter antenna gain is 45dB and

time percentage unavailability is greater or equal to 0.01% ( ~ 0.01) shows that

transmission loss varies from 121.28dB to 135.58dB for short path lengths while for

the long path lengths, it varies from 159.4 to 166.35dB. In addition, evaluation of the

effective transmission loss shows that additional rain attenuation along the path will

severely weaken the received satellite signal, which may lead to acute signal outage

during occurrence of heavy and intense tropical precipitation However, the results of

the present work are in good agreement with those of the previous researchers

particularly for Nigeria which utilized vertical polarization.
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CHAPTER ONE
lNTRODUCTION

The recent rapid growth in telecommunication systems needs to be critically studied

as more communication satellites have been launched into space for the provision of

telecommunication and other communication services. Many new technologies like

the use ofVSAT and MSAT terminals for wireless internet data transfer, digital visual

display (DVD), fixed and mobile telephony among others which are based on satellite

communication also continue to spring up almost everyday and more will still be

available in the nearest future. The existence of these services has led to the

congestion of spectrum, hence technique of frequency re-use whereby a terrestrial

radio relay link will use the same frequency as the earth station link is now being

employed to increase the number of services without increasing the bandwidth .. Thus,

producing a correspondingly greater likelihood of interference. Interference is usually

responsible for the decrease of the signal-to- noise(SIN) ratio at the interfered

terminal and this could lead to link outage. The maximum interference occurs for

geometries for which there is considerable overlap between two antenna mainlobes.

The interference that occurs for several geometries is due to the omni-directional

nature of the precipitation scatter (Thurai, 1994). This is so since the signals intended

for one microwave system may be scattered by hydrometeor to cause interference in

other microwave system operating at the same frequency. Therefore, assessing the

degree of such interference on statistical term is extremely important for the correct

design of communication systems operating at microwave frequency (Capsoni, et al,

1997).
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The term hydrometeor refers to the products of condensed water vapour in the

atmosphere usually observed as rain, hail, ice, fog, cloud or snow. The most important

of these hydrometeors to radio wave propagation is rain. An electromagnetic wave

propagating through a region containing raindrops usually suffers two types of

attenuation; part of the energy is absorbed by raindrops and transformed to heat which

is known as absorption while another part is scattered in all directions. This may be

forward scattering or back scattering (Medeiros Filho et al, 1986).

For bistatic intersystem interference to be observed, there must be precipitating

particles such as rain, atmospheric particles, ice particles and other hydrometeors in

the common volume intersected by the two antenna beams of the independent

communication links. Hence, the fact that these hydrometeors originate from high

altitudes makes their scattering of radio waves omni-directional (Ajewole, et al,

1999). Therefore, the investigation of hydrometeor scattering in the tropical

environment that is known for high rainfall intensity is very important.

In the tropical region, convective activity is often the prevailing climatic condition, in

its climates since strong vertical air motion gives rise to large scale mixing of frozen,

liquid and partially melted hydrometeors. Convection also results in super cooled

drops or wet hail to be present at large heights, giving rise to high reflectivity values.

For the prediction of interference, parameters such as electrical system,

meteorological variables etc are needed to calculate the transmission loss due to

hydrometeor scatter between two microwave stations. The level of interference also

depends on the specific geometry, the characteristics of the two-antenna systems and

the structure of rain in the medium, among others.
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Among the numerous models proposed for the prediction of interference due to

hydrometeor, Capsoni, et al; (1987); Capsoni and D'amico, (1997) and Awaka and

Oguchi, (1982) which are based on the assumption of an exponential rain cell model

are quite unique. They assumed that the horizontal structure of rain is the same in all

rainfall zones (Ajewole, et al, 2005b). Also, the International Telecommunication

Union (lTU) and the International Radio Consultative Committee (CCIR) as well as

European Cooperative Program (COST 2lO, 1991) have also developed new

propagation models for interference. These models however have some limitations

which include yielding excessively large rain cell radius when rain intensity is:s

6mmh-1, over-estimating the attenuation of the wanted signal in the computation of

the effective transmission loss, non-inclusion of the relationship between the

reflectivity factor and the attenuation on one hand and the assumption of a fixed rain

cell position in space, among others. For these reasons and the enormity of

computation involved in the complete 3D model, the simplified version of the 3D

model of Capsoni et al. (1997) has been used in this study to predict the cumulative

distribution of transmission loss.

1.1 The scope of the study

In this report, investigation of hydrometeors that affect the availability of the wanted

channels in a tropical location is investigated. Emphasis is on the availability of

satellite channels receiving interfering signals from terrestrial microwave relay link

operating at the same frequency as a result of hydrometeor scatter in the common

volume formed by the intersection of their antenna beams. The study is limited to the

frequency range of 4-35GHz where there is high degree of frequency sharing and co-

ordination between the terrestrial and earth - space systems. The study also focuses

attention on the possibility of a terrestrial microwave radio interfering with the

3
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reception of satellite traffics over both short (:S50Km) and long ( ~ 50Km) paths in a

tropical region. Probability levels ranging from about 1O-J-1% are considered. The

mean annual point rain rate P(R) measured at Ile-Ife, Nigeria is used. Convective

thunderstorm rain type is assumed since this is prevalent in the region. The interfering

signals are assumed to be horizontally polarized since this also contributes to the

interfering of signals transmitted via the two antennas.

1.2 Statement of objectiveof the research.

The specific objectives of the research are to:

a Compute the statistics of the interference (Transmission loss) arising from

transmission of horizontally polarized signal between a terrestrial radio relay

link and earth-satellite station operating in the frequency band of 4-34GHz in

Nigeria

b. Use the information obtained in such statistics to predict occurrence of signal

outages during transmission through high intensity rainfall occurrence in

Nigeria

4



CHAPTER TWO

2.0 BASIC CONCEPTS

In this section, the basic concepts needed for the evaluation of interference due to

hydrometeor scattering is considered. The basic input parameters include the link

geometry, system and meteorological parameters. For the geometric parameters,

information about the antenna separation (Km), common volume height or distance

from the transmitter to common volume - receiver among others are needed. The

meteorological parameters needed include information such as the horizontal and

vertical structure of rain, mean freezing height during rainy conditions, mean

reflectivity to height profile around the melting layer, width of rain cell as a function

of rain rate, the drop size distribution, path attenuation, and so on. The system

parameters required include elevation angle of antenna, relative height of antenna,

channel polarization, antenna gains and beam-width, efficiency factor, radiation

pattern, frequency range, parameters for estimating attenuation along the path, and so

on.

Let us consider an electromagnetic energy radiated by a transmitting antenna Let us

also assume that this illuminates a region of space, which is intercepted by

atmospheric precipitation. Using this same region to view the antenna beam of a

receiving terminal operating at the same microwave frequency, interference may

occur. The scattered wave arriving at the receiving antenna is composed of a very

large number of elementary waves. Each of the wave is generated from a single

hydrometeor in the common volume and assuming that each elementary wave is

different from one another in size, shape, location and movement. Also, all these

5



waves have undergone attenuation while travelling on slightly differing paths. Fig.2.1

is a typical sketch of hydro meteor scatter. The path geometry of hydro meteor scatter

6
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Satellite System o

Common Volume

Station Operation

••.• f'-- --Satellite

Fig. 2.1 Hyd •.ometer scatte rpropaganongeometry from a terr est•.ial system to an
Earth-space system ope•.ating at the same frequency.
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interference is usually defined in terms of the station separation, their projection to the

common volume as well as their relative bearing. From Fig.2.1, there is the presence

of scatterers in the common volume, that is, the region of space defined by the

intersection of the two antenna beams, part of the energy propagating alongri is

redirected along r2,hence leading to interference in the satellite receiver.

2.1 THE CHARACTERISTIC EQUATION-The Bistatic Radar Equation (BRE)

Crane, (1974) developed an equation to evaluate the amount of (wanted) energy that

reaches the Earth-space system (receiver) - the Bistatic radar equation. It was

analysed in terms of the ratio of signal power in the two systems. If the multiple

scattering by atmospheric particles are neglected, the BRE can be expressed as

2.1

where P, and P, are the mean power ( Watts) transmitted and received along the axis

of the main antenna beams respectively, Ft,r(9,tj»denotes the directivity function of

the antenna systems from which the effective areas are calculated. At,r(rl,r2)represents

the attenuation along the paths from and towards the common volume, while Az is the

attenuation due to gaseous absorption, Gt,r are the transmitter and receiver antenna

gains,A is the wavelength of the radio signal, rl,2 are the separation distance from the

transmitter to the common volume and from the common volume to the receiver, D is

the particle equivolumic diameter, N(D) is the particle number density in a diameter

interval dD, as is the total scattering cross-section of particles with diameter D inside

the common volume and it is related to the reflectivity factor, point rain rate R and the

complex refractive index of the rain drops. At frequencies above 10GHz, and as

raindrops size gets bigger than 3mm, correction for Rayleigh scattering must be taken

8



into consideration To evaluate the transmission loss, L, the inverse log of equation

(2.1) will be taken to yield,

1
P,

L=lO Og:lO-P, 2.2

The evaluation of equation(2.2) depends on several factors such as the link geometry,

electrical and meteorological parameters and these are also interdependent, as such, it

is very cumbersome to evaluate such equation at once. From the physical point of

view, extracting all the parameters from the integral part of equation(2.1) shows that

the common volume can be reduced to a single point corresponding to the intersection

of the two antenna axes where the total scattering cross-section is evaluated. This is

called the pencil beam approximation.

2.2 THE SIMPLIFIED FORM OF THE 3D BRE.

Using the pencil beam approximation approach, where the common volume is

assumed to be very small compared to the distances rl and r2 in equation(2.1), At and

At- are also assumed independent of their positions in the common volume, and the

total scattering cross-section is also assumed constant within the common volume,

hence, the simplified form of equation(2.1) can be expressed as

23

The symbols are as defined in equation(2.1) while Obi is defined as the scattering

cross-section per unit volume of precipitation and this replaces the second integral

term on the far right of equation(2.1). This quantity depends on the frequency and

polarization of the incident and scattered waves and on the value of refractive index,

size and shape of the hydrometeor among others.

9
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The single particle scattering cross-section per unit volume can be evaluated

numerically using the complete Mie solution or Rayleigh approximation. Hence, at

frequencies less than 10GHz, it is expressed as

2.4

where A. is the wavelength in metres andg is the permittivity of the medium (that is

frequency, temperature and particle phase dependent), z is the radar reflectivity in

mm'rn". Using the power law relation,

(2.5)

where R is the rain rate (mm/h), a and b are constants which are readily available

(Ajayi and Owolabi, 1987). Then,

Z =lOlogz (2.6)

z can be obtained from equation (2.5).

For tropical thunderstorm rain type, assumed in this study, the parameters a and b of

equation (2.5) are a= 464 and b= 1.31 (Ajayi and Owolabi, 1987).

2.3 THE MODIFIED FORM OF THE SIMPLIFIED BRE

Using the assumptions of the contributions from the elementary volumes forming the

common volumes, equation (2.3) can be modified in terms of the transmission loss L,

into (Ajewole, 2003, Ajewole and Ojo, 2005a)

(2.7)

All the terms are in decibel. S is the allowance for Rayleigh scattering at frequencies

greater than 10GHz and is given as;

(2.8)

10



· - - - - -----.--------~

where fis the frequency(GHz) andcl>s is the scattering angle. Note that 1000gS= 0 if

f ~ 10GHz. Other symbols in equation (2.7) are defined thus: Ag is the extra

attenuation due to gaseous absorption,p. and P, are the transmitted and the received

power, M is the polarization decoupling factor and A is the slant path rain attenuation

from the transmitter to the common volume and from the common volume to the

satellite receiver. This is calculated using the power law relationship between rain rate

and attenuation and can be expressed as;

(2.9)

The subscript H refers to the horizontal polarization and the constant parametersKH

and UH for calculating attenuation A are shown in Table (2.1) for the respective

frequencies investigated in this study,Z has been calculated in (2.5) and (2.6) and the

term KT is of the form;

(2.10)

The symbols are as defined in equation (2.1) and dv is the elementary volume.

( Capsoni andD'Amico, 1997)

11
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Table 2.1: Regression coefficients K andU of the power law expression for the
thunderstorm rain type (Ajewole, et al,1999). H = horizontal polarization.

Frequency (GHz) KH UH

4.0 7.74 X 10-4 l.0305

6.0 3.28 x 10'.j l.0760

8.0 8.89 x 10.3 l.1269

10.0 0.018 l.1332

12.0 0.0302 l.1130

15.0 0.0528 1.0756
20.0 0.0963 l.0450

25.0 0.1463 l.0340

30.0 0.2045 l.0170

35.0 0.2700 0.9920

12
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2.4 OVERVIEW OF SOME EXISTING MODELS FOR PREDICTING

INTERFERENCE

Many models and prediction techniques have been adopted for determining

interference due to hydrometeor scatter between two independent microwave stations.

Among the most widely used models are: International Radio Consultative Committee

as reported in COST 210 (1991), International Telecommunication Union Radio

Committee (ITU-R) model, Capsoni's exponential rain cell model, Awaka model,

Gaussian profile model, Crane model and the simplified 3D cell model among others.

Among the pack, the Capsoni model is unique because it demonstrated that the

horizontal structure of rain is the same in all rainfall climatic zones. The difference

among rainfall zones lies in the measured cumulative distribution of rainfall rates of

the ITU-R Some of the most widely used model are also described.

2.4.1 THE CCIR MODEL

The International Radio Consultative Committee hydrometeor scatter model is

intended to predict transmission loss statistics from rainfall rate statistics. It is based

on two fundamental assumptions: (i) that scattering occur only within rain cells

having circular cross section and whose diameter depends on the rainfall rates inside

the cells and that attenuation occurs inside as well as outside the cell, but only below

the rain height. Statistics of measured data on the 11-18GHz (COST 210, Report 569,

1991) range seems to show reasonable agreement with the predictions on the basis of

the model. At higher frequencies (30GHz and above), however, larger deviations have

been observed. (ii) That the rain height is the time-invariant and this determines

whether the scattering will occur in the rain or in the ice region. The limitations of the

model however are:

13



(i) Only coupling between a narrow-beam earth station and a distant

terrestrial radio relay station is considered.

(ii) Exact intersection of antenna axes is assumed while the side-lobe coupling

is not considered.

(iii) No side scatter is included in the analysis, only forward and back scatter

are considered.

The CCIR model was later modified and the resulting expression for the

determination of transmission loss at frequency f, is

L = 168+20logr - 20logf -13.2logR- gr +10logAb -loge +r +r»,+ yydy (2.11)

where r is the distance between the region of maximum scattering and the location of

an earth station, R is the surface rainfall rate (mmh") for the required climatic region,

g,. is the gain of the terrestrial station antenna,A, is a correction factor for non-

Rayleigh scattering, C is the effective scatter transfer and is expressed as;

(2.123;

f~4GHz (2. 12b)

(2.l3)

yodo+ yvdv are the atmospheric attenuation for oxygen and water vapour respectively.

(2.14)

dB (2.15)

2.4.2 GAUSSIAN PROFILE MODEL

It uses non-orthogonal gaussian function expansion of vertical reflectivity profiles. In

addition, it allows quick calculation of the bistatic radar cross-section in hydro meteor

scatter problem solving arbitrary reflectivity profiles. In particular, it allows scattering
, "

•
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from melting band and ice regions to be included in the cross-section calculation. This

model however lacks a physical basis.

2.4.3 THE CRANE MODEL

Crane (I 974) investigated the bistatic scatter from rain using weather radar instrument

in the Avon-to-Westford (Coventry). He was the first to undertake detailed

measurement of the effect, and his work remained for a long time the basis of the

ITU-R prediction method (Ajewole, et al, 1999). Transmission loss was estimated for

the bistatic scatter paths, which was computed using the weather radar data, the

bistatic radar equation, and a model for the scattering cross-section per unit volume of

rain based upon Rayleigh scattering by an ensemble of water sphere. The model

predicts low values for all rain conditions.

2.4.4 THE ITU-R MODEL

This model predicts the distribution of rainfall rate in a locality. It investigates the

problem of hydrometeor interference by assuming the 3-D exponential rain cell model

of Capsoni et al (I 997). The model offers possibility of predicting the statistics of

many propagation parameters such as attenuation, interference by rain scattering, etc,

which are determined by the rain cell characteristics and their frequency of

occurrence. The model has some limitations such as yielding excessively large rain

cell radius when rain intensity is less or equal to 6mmh-\ over-estimating the

attenuation of the wanted signal in the computation of the effective transmission loss.

Also, the non-inclusion of the relationship between the reflectivity factor and the

attenuation on one hand and the assumption of a fixed rain cell position in space is

another limitation of the model.

15



2.4.5THE 3D CELL MODEL

Due to thelimitations associated with models described earlier, a three-dimensional

rain cell model (3D cell model) has been developed to examine a non-fixed cell

situation and to improve on the afore-mentioned limitations.

Hydrometeor scattering is observed when a rain cell passes through the common

volume, which is defined by the intersection of the antenna main beams. At any time,

the transmission loss can be computed by the BRE if the location and structure of the

cell are specified. The computed transmission loss may vary with time because of the

movement of the rain cell and because of the temporal change in the rain cell

structure. For simplicity, this study assumes that the rain cell structure does not

change in time. Then the temporal changes in the transmission loss occur only

because of the movement of the rain cell.

Hydrometeor scattering is observed when a rain cell overlaps with the common

volume. After the rain cell moves away from the common volume, no hydrometeor

scattering is observed for a while. Then there comes another rain cell with different

size and intensity into the common volume, and hydrometeor scattering resumes.

When this process continues for a long time all possible values of the transmission

loss are obtained. The ergodic hypothesis (Mismie and Waldteufel, 1980) enables us

to compute the probability of observing the values of transmission loss. Hence, the

cumulative distribution of the transmission loss can be computed. The procedure

above requires specifications of the rain cell structure and the movement of the rain

cell.

16



2.4.6 RAIN-CELL STRUCTURE (Spatial structure of rain cell)

The spatial structure of precipitation rate (mmh") in both the vertical and horizontal

direction is needed to compute statistics of transmission loss. The vertical structure of

precipitation assumes that rainfall rate is vertically homogeneous up to the rain height.

The radar reflectivity Z is a useful parameter for defining the vertical structure of rain.

The vertical structure of precipitation is assumed constant up to theo-c isotherm

height below which is the rain region where attenuation and scattering of the wanted

and the interfering signals occur. Beyond theoDe, is the ice region whereZ decreases

at the rate of 6.5dB/Km (Ajewole, 2003) and attenuation is small.Z is climate and

region dependent. It varies in the temperate region, while it is relatively stable in the

tropical climate (Ajayi and Barbalisca, 1990). The physical rain height on the other

hand is a more practical quantity for defining the height of the rain region especially

for rainy conditions. The expression proposed by the ITU-R for meano-c isotherm

height (ho) which can be equated to the meano-c isotherm height (hFR)during rainy

conditions in the tropical region is;

hER =5.0Km o < <I>~23 (2. 16a)

<I>is the latitude of the locations. Due to the over-estimation of the hFRby this model

worldwide, Ajayi and Barbalisca (1990) used radiosonde data to propose a

relationship for ~ for Nigeria. This relationship depends weakly on the rain rate

value averaged over a 2hr period, that is; lhr before and Ihr after the launch of the

radiosonde. It is expressed as;

(2.16b)

An example of the horizontal cross-section of a rain cell is shown in figure 2.2. The

rain cell has a cylindrical symmetry. Within the horizontal cross-section, the rainfall

17



rate is assumed to vary exponentially at point x and y (Capsoni et al, 1987) and is

expressed as;

R(x,Y)=R",e r" (2.17)

where r is the radial distance with coordinate (x,y) from the rain cell centre,Rm is the

maximum rainfall rate andr, is the parameter characterizing the cell size.

18
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Rainfall rate

1m

Fig.2.2: Horizontal cross-section of a rain cell
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It is necessary to truncate r at a certain distance rm where the ram intensityIS

maximum (R min). Rmmoccurs at the distance at which r= ro and where r is greater

than rmthere is no rain. The expression can be written as;

I~"r=--
" Rin-"'-'

RmUl

(218)

According to Capsoni and D'Amico (1997), for any range of peak rain rate, rain cells

present well - defined exponential distribution of sizes regardless of the range of Rm

considered. A probability density is then attached to this exponential distribution,

which is a function of the conditional average radius (size) of the rain cells. This

conditional average radius (size) is expressed as;

[r )-10 ( )-0.26]
l'o(l~m)=1.7 ~ + ~ (2.19)

2.4.7 RAIN- CELL MOVEMENT

Rain Cells are assumed to have constant velocity. Let us consider identical rain cells

in the first place. Though the cells are identical in structure, the shortest distance

between the centre of the cell and the centre of the common volume, which is a

similar concept to the impact parameter in the collision theory varies with each cell.

The closest distance is assumed distributed uniformly in statistical senses.

In actual fact, the centre of the common volume is located at a fixed point whereas the

rain cells move about. However, since the rain cells are assumed to be identical and

are also assumed to have the same velocity, the actual situation can be regarded as

equivalent to the following situation in a statistical sense. A rain cell is fixed in space

whereas the centre of the common volume moves about uniformly on a horizontal

plane in the rain cell. We also assume that each type of rain cell contains infinite
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number of identical cells crossing the common volume. Values of the transmission

loss vary depending on the position of the centre of the common volume in the rain

cell. The above statistically identical situation enables us to compute the cumulative

distribution of transmission loss.

2.4.8 THE SPATIAL DENSITY

The exponential shape, the type of distribution of rain cell sizes, and the conditional

average radius are valid in any location. Hence, any meteorological rain environment

can be modelled by a group of isolated rain cells having different peak rain rates and

sizes by attaching an appropriate statistical weight.

This fact enables us to utilise the Excel shape model of the horizontal structure of

rain. The difference from one location to another is reflected in the probability of

occurrence of a rain cell which is represented by the cell spatial density; that is the

number of cells per square kilometre and per unit peak rain rate, Rm and rooIt is

expressed as;

(2.20)

Where N"(Rro)is the spatial density of cells with peak rain rate Rmno matter the value

of rooThis parameter is related to the cumulative distribution of the point rain rate,

which is location dependent, and is easily available from the measurement at the

location of interest or fromITV - R rain climatic zones.

In terms of area probability, Capsoni et al., (1987), further simplified N*(Rm) by

setting the probability P (R) of finding R(x,y) of equation (2.17) greater thanR' , and

proportional to the geometric area over which R is greater thanR', thus for a third

order derivative of Rs;

21



- - -- -------- --

_,( ) _ -1 d'P(R)
.\ R,,, - () ~

. -+J[ Ji,,,I~ Rill d (lnR)'
R;R,.

(2.21)

A log - power - law expression was then adopted to define the measured values of

P(R). The expression proposed is given as;

(2.22)

Po and K can be obtained by interpolation from cumulative distribution of the

measured point rain rate P(R) or from the ITU - R (1999) rain climatic zones. R'is

normally assumed to be about fourtimes the highest rain rate at the location of

interest. The summary of Po, R' andK for Ile-Ife, Nigeria is shown in Table 2.3. The

average water vapour density of20glm3 (Ajewole et al. 1999) was assumed to

calculate attenuation due to absorption by atmospheric gases while water temperature

of 20°C was assumed to calculate refractive index of water using the method of (Ray,

1972).

Table 2.3: Power law parameters for the local cumulative probability density for

thunder storm convective rain type for the location considered and the Z - R relation.

Location Po R' K Z=aRb

Ile-Ife, Nigeria 5.91 x 10-4 624 4.5585 461R1.31
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2.5 INPUT PARAMETERS USEDFOR MODELLING

The modelling of the modified 3D cell model requires some input parameters, which

include the local meteorological information of the location and the geometrical and

electrical properties of the link. Inputs for electrical characteristics of the link include

antenna gains, antenna polarization, 3dB beam widths, operating frequency and

polarization decoupling factor M. The geometrical information with respect to a

common volume reference system include; antenna pointing and distance between the

stations. The meteorological information required includesO°C isotherm height,

cumulative distribution of point rainfall rate P(R) and water vapour density. The

additional input information needed are the relationship between the specific

attenuation and rain rate between radar reflectivity and rain rate and the deviation

from Rayleigh scattering.

In this study, the lognormal distribution for the drop size distribution (dsd) is

employed. Rayleigh scattering correction takes care of the shape factor at frequencies

higher than 10GHz. The parameters needed to compute the bistatic cross-section(abi)

for deformed raindrops (for thunderstorm rain type) in tropical locations are stated in

Ajewole et. al, (1999). The attenuation occurring on the bistatic link is approximated

to consist essentially of attenuation along the path from the transmitting station to the

common volume and from the common volume to the earth station receiver in the

region below hm, even though this is very small (Ajewole, et al, 1999). The main

contributions are rain and atmospheric gases (Oxygen and water vapour). While the

3D algorithm used utilized the ITU-R recommended procedure for computing

attenuation due to atmospheric gases, rain attenuation along the path is computed

using the power law relationship of Olsen (1993). The basic input parameters used in
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the process ofevaluating the cumulative distribution of transmission loss due to

interference in this study are as follows;

2.5.1 Link geometry

This study assumed that the path length varies from 50-250Km from terrestrial station

to the common volume distance.

2.5.2 Electrical characteristics of the link

The satellite earth station terminal is defined as the interfered station. Its antenna is

assumed to have a Gaussian radiation pattern and has a gain set at 59dB, beam width

of 0.18°, efficiency of 55%, and elevation angle of 55° which is the look angle of most

satellite receiver system over the Atlantic Ocean region in Nigeria The interfering

terrestrial system for this study has an elevation angle of 1°, beam width of 1.6° and

antenna gain which varies from 35-55dB.

The antennas are assumed located on the ground, with relative height difference of

zero. This assumption allows the lower half of the terrestrial station radiation pattern

to be cut off, thus making no contribution to interference. The cumulative distribution

of transmission loss is evaluated in the forward direction. The frequency range of

interest is 4-35GHz, and the parameters for evaluating the power-law expression for

thunderstorm rain type is assumed.

2.5.3 Meteorological parameters

Convective tropical rains are usually generated within the cumulonimbus clouds and

can consist of many active centres with strong up-and down drafts. They are also

usually characterized by high rainfall intensity and are sometimes accompanied by

thunderstorm.
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CHAPTER THREE

RESULTS AND DISCUSSION

In this report, the simplified Capsoni 3-Dimensional rain cell model has been used to

estimate the statistics of the transmission loss for a horizontally polarized signal

transmission over a propagation path length ranging from about 50-250km The

calculation of the common volume (CV) distance to the terrestrial transmitter and

receiver respectively, the height of the common volume usually obtained only once

for a geometry irrespective of the other input parameters.

3.1 Variation oftraDsmission loss with percentage of time

The results of the cumulative distribution of the transmission loss with percentages of

time occurrence ranging from 10-5 tolO-1 % at various frequencies, terrestrial antenna

gain of 45 dB and terrestrial antenna station to common volume distance of 50 Ian is

presented in figure 3.1, while figure 3.2 shows the variation for long path length of

200 km For path length of 50 Ian, the transmission loss curves varies from about

113.76 to 141.58 dB while for long path lengths of 200 Ian the transmission loss

values varies from 153.4 to 169.83 dB. Over the 50lem path-lengths and at a

frequency of 34.8GHz, the transmission loss is significantly higher than at other

frequencies investigated due to the strong path length attenuation in addition to

rapidly decreasing radar reflectivity in the ice region. At frequency 10GHz, there is

contribution of rain and other atmospheric gases' attenuation effect on the wanted

signal. Transmission loss is greater than that at 16GHz because of the effect of the

contribution due to radar reflectivity factor but frequency of 16GHz is not included.

So, the contribution of rain and otheratn\()S\)h.eri.C.gasesefiec.\ QR the wanted signa\

make the transmission loss at frequency 10GHz to be greater.
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3.2 Comparison of transmission loss for varying terrestrial station to common
volUme distance

The influence of varying the cumulative distribution of transmission loss with

terrestrial propagation paths at time percentages of 10.5 to 10.1%, frequency of 16

GHz and terrestrial station antenna gain of 45 dB is presented in figure 3.3. The result

shows that the transmission loss increases gradually with increasing antenna

separation. This implies less interference at the satellite receiving system. At station

separation longer than 170 km, the slope of the curve of transmission loss for the

various percentages of time becomes very steep due to the decrease in radar

reflectivity factor in the ice region. The common volume is in the ice region, hence

ice scattering is dominant.

This case is a bit different when compared with the results of the estimation of

intersystem interference on vertically polarized signals as reported by Ajewole,

(2003) and Ajewole and Ojo, (2005b). In their report, the steepness of the slope was

observed at station separation longer than 200 km. However, the model could not

produce result for path lengths longer than 150km at percentage times higher than

0.01%.

Next we examine the influence of varying the transmission loss with the terrestrial

station to common volume distance. Figure 3.4 shows this variation for varying TS to

common volumeCV distance, at frequencies of8, 10, 16,20 and 34.8 GHz and time

availability of 99.9% (0.01% time unavailability). The result shows that transmission

loss increases gradually with increasing antenna separation (less interference) over

each of the frequency. Also, the transmission loss at higher frequencies (20 and 34.8

GHz) is significantly higher than at other frequencies due to the larger path
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attenuation of the signal. There is also truncation at TS-CV distances greater than 150

km at frequencies 20 and 34.8 GHz for convenience. However, at lower frequency

and at distance RI greater than 150 km, the contribution from ice begins to dominate

because ofthe blocking effect of the Earth
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3.3 Comparison of the computed transmission loss with frequency

Figs. 3.5 and 3.6 show examples of the cumulative distribution of the transmission

loss with frequency for short propagation path length of 50 km and long propagation

path length of 200 km respectively at some time percentages. The figures show

oscillatory behaviour between 10GHz and 20GHz but rises steadily thereafter to near

saturation at frequencies greater than 20GHz. In fig. 3.6 and at higher frequencies, the

transmission loss is higher than 160dB at some percentage times. In addition, at

frequencies higher than 10GHz, rain attenuation is significant, thus the signal-to-noise

ratio in the wanted signal will be very strong as a result of the minimum degradation

by the interfering terrestrial signal.

3.4 Comparison of the transmission loss with terrestrial antenna gain.

The variation of the transmission loss is also investigated over terrestrial antenna gain

ranging from 35 to 55 dB for horizontally polarised signal passage through

thunderstorm rainfall type at time percentages of 10-5 to 10-1%. Figures 3.7 to 3.9

show the comparison over short and long path lengths for some frequencies (6 and 20

GHz), the transmission loss at frequencies greater or equal to 20GHz for path lengths

higher than 200km is omitted due to an assumption by the algorithm used to discard

coupling less than -180 dB for practical purposes. Generally, the results suggest that

for a given terrestrial antenna gain, the transmission loss increase with increasing

outage probability (decreasing channel availability). Also, the transmission loss

decreases linearly with increasing antenna gain for a given outage margin. For

example, at frequency of 6 GHz, terrestrial antenna gains varying from 35 to 55 dB

and time percentage of 0.01%, the transmission loss decreases from 128.76 dB to

108.76 dB for short path length while it decreases from 172.83 dB to 152.83 dB for

long path lengths at the same frequency. Also, at frequency of20GHz the minimum
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Fig. 3.9: Transmission loss against terrestrial antenna gain at various percentages of
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transmission loss value is 120.33 dB at short path length of 50 km while the model

could not produce result for higher time percentages and at frequency greater than 16

GHz due to the practical limit set for the computation for coupling usually around -

180 dB; and so the computation rejects any lower values. Hence there is possibility of

severe interference in the satellite receiver at the short separation between the antenna

systems, more so that the total attenuation is small at lower frequencies. Also, at long

path length of 200 km, the common volume is above the freezing height level,

indicating that attenuation due to the ice-region also contributed to this interference.

3.5 Computation of effective transmission loss, Le

This section also considers some possible effects of the extra-attenuation on the

horizontally polarized signal transmission. The statistics of the cumulative distribution

of transmission loss alone cannot be sufficient to assess the severity of interference at

the interfered station when considering interference by rain scatter. At frequencies

above about 10 GHz, the wanted signal also suffers attenuation due to hydrometeor

scatter, in addition to signal degradation due to depolarization effects. According to

Capsoni and D'Amico, (1997), in the locations with intense rain activity, the

attenuation along the wanted path could be larger than the maximum link margin so

that the satellite link would be out of service whatever the level of interference.

However, the signal to noise(SIN) ratio in the receiver terminal can also be reduced

by the extra attenuation by rain even when the link margin is not exceeded. Effective

transmission loss, Le, is defined as the difference between the transmission loss and

the extra attenuation, on the basis of joint dependence on the statistics of the

transmission loss and the attenuation. Some parameters are varied with the effective

transmission loss in the preceding sub-section.
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3.5.1 Comparison of the effective transmission loss Le, with the terrestrial
station to common volume distance

The results of the effective transmission loss at some station separation and

percentages of time ranging from 10-3 to 10-1%, frequency of 16 GHz and terrestrial

station gain of 45 dB are presented in figure 3.10. The effective transmission loss

ranges from 114.28 dB to 127.26 dB for station separation of 50.7km (TS-CV of 50

km) while it ranges from 156.33 dB to 166.33 dB for long path length of204 km (TS-

CV distance of 200km). The effect of the extra attenuation due to rain along R2 is

quite significant. Generally speaking, Le increased with increasing antenna

separation.

The result of the influence of station separation on effective transmission loss at some

frequencies for 0.01% of time is as presented in fig. 3.11. At station separation of 50.7

km(TS-CV distance of 50km) and frequency of 6 GHz, Le is about 127.28 dB. The

difference between the effective transmission loss is large when compared at lower

frequencies and short station separations. Regardless of the frequency, Le is lower at

short path length when compared with other path length. This means that there is

stronger interference effect due to large increase in attenuation along the short path

length. Also, the cumulative distribution ofLe shows a significant dependence on the

local meteorological point rain rate distribution Figs. 3.12 and 3.13 show the

comparison of the results of Le at some frequencies and percentage of time

unavailability for both short and long path lengths. Le decreases slightly with a crest

around 20 GHz frequencies. It later decreases after 20 GHz. The effective

transmission loss increases with increasing percentages of short time for short path

length (50km). However, at long path length, Le decreases up to 10 GHz, but started
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increasing at the frequency of 16 GHz, this is due to the decrease in radar reflectivity

factor in the ice region and the strong path length attenuation.
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3.5.2 Comparison of the effective transmission loss with terrestrial antenna gain

The results of the influence of terrestrial antenna gain on the effective transmission

loss at some frequencies over short and long path lengths are also presented in figs.

3.14 and 3.15. The time percentage of occurrence ranges from 10-3 to 1O-i% and

terrestrial antenna gain also varies from 35-55 dB. Generally, for a given terrestrial

antenna gain, the effective transmission loss increases with increasing time

probability. At the same time, Le decreases linearly with increasing antenna gain for a

given outage margin For short path length, Le decreases to a level of 108.27 dB while

it decreases to about 147.34 dB for a long path length of 200 km. At 10-3 to 10-1%of

time, the difference between Le is about 10dB at lower frequency of 6GHz at short

path length, while it is about 8dB at the same frequency at long path length. However,

higher frequency is not present here because the model will not produce for higher

time percentage due to the practical limit set for the computation.

3.5.3 Variation of the effective transmission loss with percentage of time

Figures 3.16 and 3.17 shows the result of the comparison of the effective transmission

loss with percentages of time over short and long terrestrial propagation paths

respectively. The comparison was made at frequencies of6, 10, 16 and 34.8 GHz. The

effect of the extra attenuation due to rain alongR2 is quite significant. Though not

shown in this report, the extra attenuation is more pronounced at long path length

when compared with short path length This result is in good agreement with the

earlier work of Ajewole and Ojo, (2005b).
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CHAPTER FOUR

4.1 CONCLUSION

In this report, the simplified 3D bistatic radar equation has been employed to calculate

intersystem interference (transmission loss) L, and the effective transmission loss, Le

for horizontally polarized signal propagation through thunderstorm rainfall type. The

results have been presented by analysing parameters such as frequency dependence,

terrestrial station antenna gain; antenna separations among others and their effects on

transmission loss have been investigated. The results of the transmission loss with

varying station separation obtained in this report are in good agreement with similar

ones obtained by Ajewole and Ojo, (2005a), Ajewole and Ojo, (2005b), Ajewole, et al

(1999) and Ajewole, (2003) for a vertically polarized signal transmission. The

frequency characteristics of the transmission loss L, for 45 dB gain and occurrence

time percentage of 0.01% shows that it varies from 121.28 dB to 135.58 dB for short

path lengths while it varies from 159.4 to 166.35 dB long path length. It should be

noted however that some common assumptions were made for the stations in the

evaluation process, such as similar hfR height, rainfall and meteorological parameters

among others. The evaluation of the effective transmission loss shows that additional

rain attenuation will severely weaken the received signal, which may lead to acute

outage during occurrence of heavy and intense tropical precipitation. The results of

the present work are in good agreement with those of the previous researchers

particularly for Nigeria However, the results require experimental validation;

notwithstanding, the information will still serve as a database in the planning of an

acceptable satellite communications networks utilizing a horizontally polarized signal

in Nigeria
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4.2 RECOMMENDATION

As the communication networks are growing in the country, it is required that much

research should be carried out using appropriate parameters to obtain more data for

planning effective communication networks for the nation. However, it may not be

easy to carry out such studies as it requires up-to-date instrumentation and substantial

funding.

Funding should therefore be provided by the government and the communication

industries for research to enhance better telecommunication services.
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