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ABSTRACT

The effects of atmospheric attenuations on frequency bands in satellite communication cannot be over
emphasized. Atmospheric attenuations such as cloud, rain, oxygen and water vapor attenuations have much
significant effect on the transmission and receiving of signals over satellite communication in the country
especially in locations prone to rainfall. This paper analyses the effects of atmospheric attenuation over
satellite communication in selected locations in the city of Aba, Nigeria. Rain fall, cloud and gas data were
measured for a period of three months of which the data were used to determine what frequency bands are
suitable for satellite communication within the areas during bad weather conditions. The International
telecommunication union-Radio communication sector (ITU-R) attenuation standards were implemented in
this study as mathematical descriptions and Matlab/simulink with the aid of fuzzy logic inference system is
used to design and improve the signals received during satellite communication by selecting suitable
frequency bands for signal transmission and also the affected rain parameter. The results presented in this
paper was able to compare the elevation angle at various angles and also the specific gas attenuation for K-
above (Ka), Kurtz-under (Ku) and C frequency bands, the results of these frequencies under the developed
model also shows that the developed model would go a long way to mitigate attenuation issues in the
telecommunication industry. The study also presents application of the improved model on selected locations
in Aba city, Nigeria.

Keywords: Atmospheric attenuation, rain attenuation, fuzzy logic, satellite communication, C, Ku,
Ka bands.

1. Introduction

Satellites are mainly space-based receiving and transmitting radios. They send electromagnetic waves which
carry signals/information over long distances without using wires. Since its main work is to send signal from
one place on the Earth to another, it therefore works as a radio-frequency repeater. A satellite therefore
receives radio-frequency signals, collected from a dish on the ground, called a ground Station or Antenna. It
then magnifies the signals, modifies the frequency and resends the signals from the satellite to different Earth
Stations (Maval and Bousquet, 2002).

A satellite functions most effectively if the transmissions are directed to a desired area. When the desired area
of coverage is focused, the emissions do not move away from the designated area and it minimizes the
interference to the other systems. In designing a satellite, one of the major properties is on the ability to
communicate with a ground station. Without a functioning communication link, most satellites are rendered
useless. To ensure a proper satellite to ground link, one has to make estimations of the signal attenuation
because of the distance to the satellite, atmospheric distortions and other system specific losses. An important
aspect is noise originating in the system components and from general background radiation (Vangli, 2010).
Satellite based communication networks at high frequencies are rapidly expanding. These high frequency
operations have enabled a large number of available applications and services including communications,
navigation, telemedicine, remote sensing, network sensors distribution, and access to internet without the use
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of wires. However, high frequency applications can generally result to large transmission problems because
of atmospheric attenuations (Harb et al, 2012).

Satellites send signal using frequency bands. The most profitable bands presently used are C and Ku-bands.
The application of a new band called Ka-band is expected to emerge in the nearest future. Generally, C-band
uses frequency bands of 4-6 GHz which is usually applied for constant services like mobile feeder links,
Internet Trunking and Public Switched Network. Ku-band uses frequencies of 12-18 GHz range which is
widely applied in constant services like VSAT, serving small businesses and corporate networks that use a
small transceiver which is directly connected to the satellite in star system topology. Ku-band serves video
distribution applications and Internet trunking (Kota and Marchese, 2003).

Application of larger bands like the Ku band for satellite services offers so many advantages which include
congestion reduction in the lower bands that are been distributed within terrestrial connections; it propagates
larger available bandwidths at higher bands and offers lower cost application of spectrum conservation
methods and a better utilization of the geostationary arc. (Sarat et al, 2008) posited that the increase in radio
wave propagation increases frequency due to severity of atmospheric impairments. It therefore implies that in
depth idea of the propagation study influencing availability of the system and quality of signal in different
bands are required.

Rainfall causes attenuation of radio waves by absorption and by scattering of signal obtained from the wave
and facilitate increase in the frequency that reduces the reliability and efficiency of the communication satellite
link. Rain effects are dependent on frequency, rain rate, drop size distribution and drop shape, which are
determined by the type of rain being witnessed in a particular region (Nethern et al, 2013).

Attenuation caused by rain is a primary source of impairment to information propagation at millimeter and
microwave wavebands. These impairments become particularly severe at higher frequencies, especially
beyond Ku-band. Because of this, it is very difficult to maximally utilize satellite-based network resources
which are affected by weather attenuations. Therefore, there is need to adequately study important attenuation
factors which influence quality of service and the application of fuzzy logic can be deployed over the system
to enhance received signal over satellite broadcasting.

2. Literature Review

Ramachadran and Kumar (2006) examined modified rain attenuation model for tropical regions for Ku-band
signals. In their work, rain attenuation predicted by ITU-R and Crane global models revealed remarkable
deviation to the obtained values. The improvement to the ITU-R model for adopting in the tropics are mainly
based on the properties that the accumulation period factor at the breakpoints is an invariant and at higher
rainfall rates complex rain cells cross the slant path. Result of their work indicated noticeable agreement with
the measured Ku-band attenuation in seven tropical sites. However, the work was based on modification of
rain attenuation and not in any way suggests how to improve received signal from transmission link.

Kamal et al (2008) carried out intelligent weather systems using fuzzy logic controller for satellite
communications. An intelligent decision support system was important for service providers by consistently
evaluating fog, scintillation, cloud, rain, and gaseous attenuations applying predicted signal weather correlated
database in combination with ITU-R propagation models joined with earth terminal and gateway
characteristics. A three-dimensional relationship system was proposed among these attenuations with respect
to rate of rainfall and angle of propagation. The results show that with fuzzy logic algorithm Quality of Service,
QoS was improved by providing accurate estimates for different weather attenuations that leads to adjusting
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SNR output in lieu of a wider range of rainfall rate and transmitted power for any specific frequency,
propagation angle, transmission rate, gain and location.

Sarat et al (2008) investigated the prediction of Ku-band rain attenuation using experimental data and
simulations. In the research, the results of rain attenuation experiment carried out at master Control Facility,
at frequency of 11.544GHz in Ku band was given and the results of the measurements were compared with
various rain attenuation models. Also, typical frequencies in Ku band which are in operation for various
applications were selected for achieving the expected rain attenuation statistics using simulations and results
were compared with ITU-R model. The results of the research show that the world wide used ITU-R method
underestimating the rain attenuation, showing a difference of about 10dB but the research requires long term
experimental data to predict the rain attenuation of the desired location since the data considered is only 4
months which may not provide accurate results.

Harb et al (2008) developed an intelligent weather aware scheme for satellite systems. The study aimed at
estimating various attenuations using predicted signal-weather correlated database in conjunction with ITU-
R propagation models joined with interpolation methods, earth terminal and gateway properties. The proposed
method improves QoS by providing accurate estimates for different weather behaviours by improving the
signal-to-noise ratio (SNR).

Ojo et al (2008) predicted rate of rainfall and attenuation due to rain for communication satellite in Ku and
Ka bands. The researchers used contour maps with massive rainfall data of 30 years measured from coast to
the arid region. The study was based on predictions and no attempt was made by the research to improving
the received signals of satellite communications.

Kamal et al (2010), studied the improvement in satellite systems based on Markovian weather prediction for
better performance. Prediction of rate of rainfall using weather obtained from environment agencies was
carried out and the predictions were used for earth terminal and gateway for efficient control of channel
properties. The use of markov theory provides important data to develop improved back propagation-learning
algorithm to selectively tune the intelligent system to suit changes in climatic conditions. The efficiency of
the algorithm was evaluated on a simulated model to activate the code point control and weighted modulation.
The result shows that predicting channel attenuation caused by atmospheric conditions can improve the quality
of service, QoS of satellite networks mostly during higher frequencies operations joined with gas and heavy
rain attenuations. Also, it did not consider chosen adequate propagation indicators like modulation, coding,
power, frequency and transmission rate for the given attenuation level so as to minimize digital transmission
errors.

Sanjeev and Madhan (2011) researched on an experimental study of attenuation due to rain at Ku-band
frequencies for an earth space path over Chennai. The rainfall data was applied to the proper ITU-R model
and the degree of variation between the experimental and observed results for the attenuation encountered by
the system have been recorded and tabulated. The results show an effort to provide experimental proof on the
limitations of the existing model so as to help in the achievement of more India-specific models in the future
but they did not consider the need to improve rain attenuation prediction and slight modifications in the ITU-
R model itself to improve its prediction capabilities in the tropical regions such as Chennai.

3. Materials and Method

3.1 Materials
The materials used in the Research are:
e Coaxial Cable
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e Rain Gauge

e Stopwatch

e Compass

e Radiosonde

e Jperf; (Java Perf)

e Parabolic Reflector Antenna

e MATLAB/SIMULINK computing software
e AcerPC

3.2 Method
The method used follows from the procedures as listed in figure 1 which includes collection of data from the
study area using the listed components in the material list above and analyzing the data collected using the
proposed rain attenuation model in Matlab/Simulink. For performance analysis of the proposed model,
comparison will be carried out for the performance of the model of different sections of the selected area for
a period of about 3 months.
3.3 Channel Model
The general satellite system model contains three main components: earth station(s), satellite(s) and the link(s)
between them (channel(s)). The channel and receiver models were created using MATLAB/SIMULINK.
For case study purposes, the city of Aba in Abia state of Nigeria has been chosen as a study area, however to
investigate for satellite attenuation in this area and how atmospheric conditions affects satellite communication
with different bands in the area. Atmospheric condition of these areas such as rainfall rate, rain height above
sea level, liquid water content of rain drops, Temperature, relative humidity and so on were considered.
The satellite connection may suffer from poor signal quality due to atmospheric disturbances in the study area.
Raindrops cause significant effects at higher transmission frequencies, especially above 10 to 250 GHz. Other
atmospheric phenomena such as clouds, water vapor and oxygen significantly affect signal attenuation,
especially at higher transmission frequencies. The models were implemented in Matlab/simulink based on the
International Telecommunication Union (ITU) radio wave sector recommendations, which proved to be
suitable for satellite communications.
3.4 Mathematical Modeling of the Rain Attenuation Model
The rain attenuation model shown in Figure 2 was created and implemented based on the modified ITU-R
prediction model, however the model includes the Fuzzy logic inference system which acts as a decision
scheme to select and adjust the satellite connection to the most band that favours a certain weather impairment
within the selected location. In particular, the actually measured rain rate was applied in this paper instead of
the predicted values of the ITU-R model to create a more accurate rain estimation model. The model will be
implemented with Matlab. The initialization includes values for earth station position parameters (latitude and
altitude above sea level), rain parameters (rain rate, rain height, and percentage of exceeding time p), and
transmitter parameters (frequency f, elevation angle@, and polarization anglet)(Singh et al., 2017).
The developed simulink model performs two procedures simultaneously. The first method starts with
obtaining the frequency-dependent rain damping empirical values before calculating the rain-specific
coefficients r and & as shown in equations (1) and (2).

LT + 1, + (ry — 1,)cos?8 cos(271)

: (1)

_ ThEp T &y + (They — 1,€,)c0520 cos(2T1) @
B 2k
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Where, 1y, 1, €, €, and Kk are the horizontal reduction factor, vertical reduction factor, vertical elevation
angle, horizontal elevation angle and rain specific coefficient respectively.
The rain-specific attenuation (the rain attenuation per 1 km) is then calculated using Equation (3) dependent
on the actual measured precipitation rate (at p = 0.01%) reported in (Al-Saegh et al., 2014) and not on the ITU
predicted values in (Al-samawi et al., 2022)

Srain = £(Rg.01)" 3)
Where R o, is the rainfall rate at precipitation rate of 0.01
This value will be applied in the second method to identify the effective path length as well as to predict the
overall rain attenuation. The horizontal reduction factor (ry) for 0.01% of the time can be calculated using

Equation (4)
1

Ty = > (4)
1+0.78 /%—0.38(1—(2%)

Where Py is the horizontal projection which depends on the slant path length and the elevation angle, while
&g Is the rain specific attenuation as imposed by Equation (5)

Py = S, cosf (5)
Where Py is the horizontal projection, the slant path length S; depends on the vertical height from the earth
station to the rain height as well as on 8, as shown in Equation 6.

Hr—H.
(Hr=ts for 6 > 5°
sin @

S, = 4 2(HR_Hs) for@ > 5° (6)
L \/sin29+@+sin9
R

Where H, and H, are the rain and earth station heights above sea level, respectively; and Ey, is the earth radius
(8500 km). The vertical change factor (V) can be calculated at 0.01% of the time using Equation 7 to 8.

— tan—1 (Hr=Hs
w = tan ( PHTH ) (7)
PH rH
— forw >0
Ry =] 0, (8)
eing fOT'(J) >5
1
VF = (9)

6 .
1+\/sin9[31(1—em>%®2—0.45]

Where x depends on the latitude (¢) of the earth station(Olimer, 2018). The computation of the horizontal
reduction and vertical change factors (I ) in the ITU-R model is based on 0.01% of the time exceedance
because these factors actually indicate the temporal variability of rain drop dimension and rain height,
respectively. The effective path length (EL) can be obtained using Equation 10, whereas the total rain
attenuation at 0.01% of time (4,.,) can be calculated using Equation 11 (Fiebig et al., 2004).

E, =R, Vs (10)

Ago1 = EL6g (11)
Consequently, the predicted rain attenuation at any percentage of time (p) can be calculated using Equation
12 and 13.

0 if p = 1% or |p| = 36°
—0.005(|| —36) if p < 1% and |p| < 36°and 6 > 25° (12)

—0.005(|¢p| — 36) + 1.8 — 4.25sinf otherwise

P )—[0.655+0.0331n(p)—0.0451n(A0_01)—ﬁ(1—p)sin9]

Argin = A (———
rain 0.01 0.01

(13)

Website: www.ijiets.coou.edu.ng Emalil: editor.ijiets@coou.edu.ng Page 81



http://www.ijiets.coou.edu.ng/

INTERNATIONAL JOURNAL OF INNOVATIVE ENGINEERING, TECHNOLOGY AND SCIENCE ISSN: 2533-7365 Vol. 7, No.1, September, 2023
A Publication of Faculty of Engineering Chukwuemeka Odumegwu Ojukwu University Uli - Nigeria.

Where, B is the signal bandwidth. The signal performance during rain events at different transmission
parameters is analyzed along with received signal strength and error rates assessments (Fiebig et al., 2004).
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Figure 1: Rain attenuation model with fuzzy logic decision making

3.5 Mathematical Modeling of the Cloud Attenuation

The amount of liquid water content (LWC) contained in the cloud is also responsible for absorption and
scattering of electromagnetic energy especially for frequencies above 10 GHz, but with less intensity than that
of rain. Cloud attenuation, in addition to the transmission parameters such as the signal frequency and the
elevation angle, rests on the cloud parameters such as average height and thickness, as well as the total
columnar content of liquid water in Kg/m2 (liquid water contents LWC) and temperature(Singh et al., 2017).
Figure 2 describes the block diagram of the cloud attenuation process to calculate liquid water content and
temperature.
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The cloud attenuation estimation model has been implemented based on the ITU-R models. The implemented
model started with the initialization of the above-mentioned parameters.

However, the cloud specific attenuation coefficient §,,;,,,4 can be calculated using Equation 14.
0.819f

e [i-(z2) ]
The cloud attenuation at any probability depends on the LWC that can be obtained from radiosonde or
radiometric measurements for the selected regions in ABA.

Scloud = (14)

Lwc
Acioua = Scioud (sine) (15)
Initializatio
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Figure 2: Cloud attenuation model
3.6 Water Vapor and Oxygen Attenuations Model
Equation 16 can be applied to calculate the water vapor specific attenuation (6,, ) in (dB/km).
8y = f2r25p[s; + 53+ S4 + S5 + Sg + 5, + Sg + 5] X 107* (16)
Where s, to sq are the oxygen pressures in Par, r is the total rain rate.
The effective water vapor path length is based on the assumption of an exponential atmosphere to describe
the relation between water vapor density and altitude. At this point, the total gases attenuation Ag;,.s (0Xygen

and water vapor attenuations) can be predicted using Equation 17.

ApotAw _ Yolot+tywlw
A == = 17
Gases sinf sinf ( )

Where A,,Aw, Yo, Lo, Yw, Ly are the oxygen attenuation, water attenuation, specific oxygen attenuation,
length of oxygen, specific attenuation of water and length of water.
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3.7 Simulink Implementation of the Rain Attenuation Model
The rain attenuation model used in this paper follows from the ITU-R standard rain attenuation
calculation(Singh et al., 2017). The simulink implementation of the rain attenuation model is attached directly
to the fuzzy logic decision maker for selection of parameter, the simulink implementation follows from
equation (13) which has Matlab program from the slant length, rain height, percentage of exceedance time
and elevation angle. The simulink implementation of the rain attenuation model is as shown in figure 3.

Zero-Order Discrete-Time

Random Integer
Generator

CLOUD/GAS/RAIN ATTENUATION SATTELITE COMMUNICATION SYSTEM
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4— Outt  In1lg——

EFFECTS
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Figure 3: overall simulink implementation of the satellite communication system with attenuation models.

4. Results
4.1 Rain Attenuation Results

Table 1 tabulates the rain attenuation values at the frequency bands for different elevation angle, it can be seen
from the table that the higher of the elevation angle, the lower the attenuation.
Table 1: rain attenuation values at C, Ku and Ka bands at different elevation angles

@ Elevation angle | @ Elevation angle | @ Elevation angle | @ Elevation angle | @ Elevation angle
=10 degree =20 degree =30 degree =40 degree =50 degree

Percen | C Ku Ka Cc Ku Ka C Ku Ka C Ku Ka Cc Ku Ka

tage of

excee

dance

time

0.010 | 140 |178 | 253 |134 |176 |240 |143 |183 |26.1 |13.1 |16.6 |233 |127 |16.0 | 223
440 4080 | 2430 | 5070 | 7230 | 5440 | 7360 | 5890 | 8720 | 2440 | 2090 | 1440 | 0280 | 3920 | 6270

0.020 |124 |160 |229 |119 |152 |218 |128 |16.4 |238 |116 |148 |21.1 |11.2 |143 |20.2
5470 | 50 940 | 4060 | 9210 | 0480 | 050 | 8620 | 0840 | 4880 | 7390 | 110 6180 | 3560 | 2430

0.030 |114 | 148 |214 |109 |141 |202 |11.7 |152 |221 |107 |137 | 196 |10.3 |13.2 | 187
6380 | 060 1860 | 8610 | 2870 | 8690 | 8530 | 5440 | 8190 | 0510 | 3480 | 290 | 4250 | 2810 | 8860

0.040 |10.7 |139 |20.2 |102 |132 |191 |110 |143 |209 |10.0 |128 | 185 |9.67 |124 | 17.7
3580 | 0920 | 3080 | 8250 | 6930 | 4760 | 4110 | 4170 | 690 1590 | 9440 | 1830 | 210 1240 | 1490
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0.050 |101 |132 |19.2 |9.73 |125 |182 |104 |136 |199 |947 (122 |176 |914 |11.7 | 16.8
6450 | 0490 | 8180 | 090 | 9120 | 390 | 5670 | 1980 | 9290 | 60 3180 | 3330 | 740 | 9510 | 6040

0.060 |9.69 |126 |184 |9.27 |120 |174 |997 |13.0 |191 |9.03 |116 |169 |871 |112 |16.1
650 | 2480 | 9390 | 940 | 3320 | 8550 | 750 | 2480 | 8190 | 430 | 8680 | O 840 | 4170 | 5310

0.070 |9.30 |121 |178 |889 |115 |16.8 |957 |125 |184 |866 |11.2 |16.2 | 835 |10.7 | 155
140 3310 | 820 860 | 6060 | 4340 | 30 2040 | 8970 | 190 | 2560 | 7550 | 690 | 9510 | 5130

0.080 |89 |117 |172 |857 |111 |16.2 |9.22 |120 |178 |834 |108 | 157 |8.04 |104 | 150
080 0760 | 3740 | 830 | 5190 | 8530 | 390 | 8360 | 8720 | 10 2670 | 330 550 | 0910 | 2870

0.090 |(866 |11.3 |16.7 |828 |10.7 |157 |891 |116 |17.3 |8.05 |104 |152 |7.77 |9.76 | 145
180 | 3340 | 2090 | 240 | 9260 | 9260 | 770 | 9930 | 5480 | 970 | 7630 | 5410 | 270 | 820 | 6770

0.010 [839 |11 16.2 | 802 |104 |153 |865 |113 |168 |7.80 |10.1 |148 | 753 |7.84 | 141
630 5910 | 680 | 7270 | 5230 | 540 | 5690 | 7850 | 990 | 6430 | 2640 | 030 | 510 | 5610

0.020 |6.71 | 886 |132 |640 |842 |125 |691 |916 |13.7 |6.22 |817 | 120 |599 |6.79 | 115
150 710 6730 | 720 | 490 | 0490 | 70 40 8870 | 870 | 330 6340 | 90 200 | 0140

0.030 | 579 |769 |115 |552 |730 |109 |597 |[795 |120 |537 |7.08 |105 |516 |6.08 | 10.0
450 340 9350 | 720 | 690 1590 | 510 | 560 | 5740 | 060 120 2380 | 910 | 550 2510

0.040 |518 |690 |104 |493 |655 983 |534 |714 |108 |479 |634 |948 |461 |55 |9.02
160 | 380 |5640 | 970 |280 | 790 |510 |20 80 80 790 | 030 |[590 | 290 | 560

0.050 |(4.72 |631 | 960 450 |599 |9.03 |488 |653 |10.0 |437 |580 |870 |420 |515 |8.28
950 850 | 760 |670 |430 |410 |020 | 860 |50 620 | 520 |260 |850 |320 140

0.060 | 437 |585 |893 |416 |555 |839 |451 |6.06 |930 |404 |537 |808 |389 |481 |7.69
570 880 710 80 590 | 970 620 | 450 | 550 640 | 930 920 020 | 900 | 470

0.070 |4.08 |548 |838 |389 |519 |7.87 |421 |567 |873 |377 |503 |758 |363 |453 |7.21
760 | 340 |720 | 240 |180 970 |970 |720 |520 |810 |190 |650 |140 | 870 | 430

0.080 |384 |516 |792 |366 |489 |744 |397 |535 |825 |355 (474 |716 |341 |429 |6.80
640 |820 |560 |170 |790 |160 | 140 |180 |420 |360 |030 |320 |480 |860 |990

0.090 | 364 |489 | 752 |346 |464 |706 |3.75 |[507 |784 |336 |449 |6.79 |322 |4.08 |6.46
0 780 | 470 | 440 | 040 | 480 890 | 270 | 020 160 | 050 930 970 | 940 230

0.10 346 |466 | 717 |329 (441 |673 |357 (482 |747 |319 |427 |6.48 |3.06 |3.83 |6.15
040 210 590 270 | 460 | 550 390 | 930 | 810 |470 | 280 130 880 | 300 870

0.20 239 | 325 |506 |227 |3.06 |474 |247 |337 |528 |220 |297 |456 |211 |284 |433
480 380 | 960 |560 | 740 |[990 |560 |380 |930 |590 |470 |570 |660 |350 | 220

0.30 186 | 254 |398 |176 |240 |373 |192 |263 |416 |1.71 |231 |358 |164 |221 |3.39
050 030 630 640 | 40 110 530 | 560 190 150 | 910 | 410 110 | 520 790

0.40 151 | 208 |328 |144 |196 |3.07 |157 |216 |[342 |139 |189 |[294 |133 |181 |279
90 140 260 140 | 550 | 020 170 | 030 | 890 610 | 820 790 80 220 310

0.50 127 | 175 (277 | 120 |165 (259 |131 |181 289 |117 |159 |248 |112 |152 |235
570 20 410 | 950 |370 |30 980 | 910 | 880 110 | 660 |89 |20 370 | 710

0.60 1.08 | 150 |238 |103 |141 |222 |112 |155 |249 |102 |136 |185 |095 |1.30 |202
970 50 350 | 320 |570 | 690 180 | 830 140 |0 650 | 590 | 7960 | 360 | 290

0.70 094 (130 |207 |089 (122 |193 |097 (135 |216 |086 |118 |18 |082 |112 |1.75
7740 | 50 150 3530 | 660 | 460 6160 | 10 580 | 4850 | 370 560 8120 | 900 640

0.80 082 (113 181 |0.77 (107 |169 |085 |[1.04 |189 |0.75 |1.03 |162 |0.72 |098 | 153
2940 | 170 540 9780 | 220 | 490 2270 | O 850 | 4620 | 450 560 2420 | 6420 | 800

0.90 072 | 109 |160 |068 |094 |149 | 074 |092 |167 |066 |091 |143 |0.63 |0.86 |1.35
330 |0 120 | 520 | 3460 | 440 | 9190 | 0330 | 480 | 2990 | 0150 | 310 | 4570 | 7670 | 550

1 063 | 088 (141 |060 |083 |132 | 062 |091 |148 |058 |080 |1.26 |056 |0.76 |1.20
9130 [ 553 | 930 | 5330 |4540 | 490 | 090 |320 |480 |5040 | 4960 | 970 | 0440 | 7250 | 80
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The higher the elevation angle, the lower the attenuation and therefore the higher the value of throughput
Eb/No.( rate of attenuation in dB). It was observed that at the study area, bad weather attenuates satellite
transmission to a large extent. Because during heavy rainfall (around 0.001% of annual time), bad channel
quality imposes serious problems to the users of the satellite networks. This leads to communication link
outage at lower elevation angles,8. The elevation angle depends on the Eb/No along with the transmission
bit rate and bandwidth. Figures 4 to 5 show that the higher the percentage of exceedance time, the lower the
attenuation, also the higher the percentage of exceedance time, the lower the elevation angle. For rainy weather
events, the higher the lower the elevation angle, the lower, the higher the rain throughput of Eb/No.
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Figure 4: plot of Eb/N with rainfall events for C, Ku and Ka frequency bands at 10° Elev. Angle
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Figure 5: plot of Eb/N with rainfall events for C, Ku and Ka frequency bands at 20° Elev. angle
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@ Elev. angle= 30 degrees
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Figure 6: plot of Eb/N with rainfall events for C, Ku and Ka frequency bands at 30° Elev. angle
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Figure 7: plot of Eb/N with rainfall events for C, Ku and Ka frequency bands at 40° Elev. angle
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Figure 8: plot of Eb/N with rainfall events for C, Ku and Ka frequency bands at 50° Elev. Angle

4.2 Total Gas Specific Attenuation Results
The significant amount of dry air and water vapor specific attenuation appears at specific regions across the
frequency spectrum across the atmosphere of the selected locations in Aba, and hence the total correlated
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gases attenuation at various relative humidity’s are shown in figure 9, the gas attenuation is seen to increase
as frequency increases from 250 GHz. For a significant increases in relative humidity of the gases(Al-Saegh
etal., 2014).

The significant specific gas attenuation started at frequencies above 100 GHz mainly due to the effect of
oxygen, and then the attenuation level went down. The effect appeared again at frequencies above 210, 310
and 410 GHz during selection by the fuzzy logic inference system, but this time mainly due to water vapor
attenuation and the logic implementation to select the best frequency band at the expense of weather with
varying relative humidity. The gases attenuation at fixed 50% RH reached higher level at approximately 415
GHz. The relative humidity (RH) is directly proportional to the amount of signal power attenuation due to the
water vapor particles in space, and hence the total gases attenuation. However, the location such as Ogbor hill
and Umungansi usually suffer from higher RH which indicates increased gases attenuation in the location.
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Figure 9: Total specific gas attenuation at various relative humidity

In conclusion, proper implementation of the attenuation model in the satellite communication will help initiate
the effective selection of the frequency band that best suits the frequency band.

5. Conclusion

This paper presents effects of atmospheric impairments and its attenuation effects to the satellite signal quality
in terms of performance evaluation and assessments/analysis concerning various effective atmospheric and
transmission parameters during dynamic weather conditions

Models for cloud, gas and rain attenuation were developed based on ITU-R standard and these models were
implemented using Matlab/simulink communication system tool box for satellite communication
configuration. The results presented are able to compare the specific gas attenuation relative humidity and
throughput at different elevation angle. Observations from the results show that the higher the percentage of
exceedance time, the lower the attenuate, also the higher the percentage of exceedance time, the lower the
elevation angle.
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