
American Journal of Engineering Research (AJER) 2018 
        American Journal of Engineering Research (AJER) 

e-ISSN: 2320-0847  p-ISSN : 2320-0936 
  Volume-7, Issue-9, pp-64-70 

  www.ajer.org 
Research Paper                                                                                                        Open Access 

 

 

w w w . a j e r . o r g 

 

Page 64 

Performance Evaluation of A Modified Time Diversity Gain 
Model For Rain Fade Mitigation In South-South Nigeria 

 

Uduak M. Udongwo1, Kufre M. Udofia2, Akaninyene B. Obot3 

1,2,3
Department of Electrical/Electronic and Computer Engineering, University of Uyo, Uyo, Nigeria 

Corresponding Author: Uduak M. Udongwo 

 
 ABSTRACT : Satellite communication systems utilizing frequencies above 10 GHz are known to experience 

strong propagation impairments due to rain especially in regions where rainfall rates are high. South-south 

Nigeria is characterized by the tropical rain forest climate which exhibits high rainfall rates virtually all year 

round. Therefore, in order to compensate for the propagation impairments on earth-space communication link 

at Ka-band frequencies of 20 and 30 GHz, time diversity (TD) is presented in this paper. Rainfall data obtained 

from Nigerian Meteorological Agency (NIMET) over a period of five (5) years for four (4) selected earth 

stations were analyzed to derive one-minute rainfall rate distribution. The link parameters of Nigerian 

Communications Satellite (NigComSat-1R) were incorporated with the International Telecommunications 

Union Radiowave (ITU-R) model for rain attenuation to estimate the rain attenuation distribution through an 

annual cumulative distribution, and outage percentages of time between 0.01 to 100 %. The TD gain was 

computed taking the Akwa Ibom International Airport (AKIA) as the reference site. Results obtained from these 

analyses were used to develop a prediction model for the TD gain using regression analysis based of two 

parameters, the effective attenuation and time delays. The proposed model was compared with other models, 

namely Matricciani, Fukuchi and Nakayama, and the ITU-R models. 
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I.  INTRODUCTION  
The continued demand for huge data rate to support multimedia services such as high quality real-time 

audio and video streaming in telecommunication systems has led to the usage of frequencies higher than 10 GHz 
[1]. Such frequency bands though are able to provide larger bandwidths and higher data rates to the users with 
notable drawbacks, heavy precipitation severely degrades the performance of satellite communication system 
particularly in tropical region [2]. 

Strong propagation impairments have made it necessary to incorporate techniques which aim to reduce 
the effects of propagation impairments such as rain attenuation in the design of telecommunication systems that 
operate at Ka and V band frequencies. According to [3], these techniques which are referred to as fade mitigation 
techniques (FMTs) are already in existence and they include; power control, adaptive �± wave and diversity 
techniques.  

As stated by [4], several diversity reception schemes have been thoroughly investigated in the past to 
mitigate rain fading in fixed/broadcast satellite communication systems operating above 10 GHz. These 
schemes have been shown to offer significant performance improvement. Some diversity techniques include [2, 
4, 5]: site diversity (SD), orbital diversity (OD) or satellite diversity (Sat D), frequency diversity (FD), time 
diversity (TD) and polarization diversity (PD). These FMTs produce significant diversity gains but their use is 
limited due to specific technical and other factors [6]. As highlighted by [7], the main limitation of SD comes 
from cost consideration since additional earth stations and terrestrial connections enabling the processing of the 
jointly received signals are required. In OD, limitations are imposed by the switching procedure between the 
satellites, as well as by the waste of satellite bandwidth [8]. Finally, FD is rather expensive, requiring dual 
reception at the earth terminals [2]. 

  


