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ABSTRACT

Movement of objects due to wind and rain in the vicinity of fixed wireless 

access introduces an adverse environment for high frequency radio wave 

propagation.  In recent years, fixed wireless access deployed in suburban and rural 

areas are surrounded by large number of trees and hills. Although the transmitter and 

receiver of fixed wireless access remain in stationary positions, movement of trees in 

this foliated fixed wireless access would scatter, diffract and absorb the wireless 

signal causing signal fading.  In this study, the focus was on the measurement

temporal scale of the received signal strength in foliated fixed wireless access 

operating at the 5.8 GHz frequency of the Unlicensed National Information 

Infrastructure band. Based on the temporal scale of the measured received signal 

strength profiles of three different links comprising one line-of-sight and two non 

line-of-sight links, it was observed that line-of-sight link worked well even when it 

rained. The existence of trees in the vicinity of the transmission path caused signal 

deterioration where the received signal strength faded from 3 dB to 16 dB as the rain 

intensity increased. The wetness in the trees caused by rain had affected the received 

signal strength. To characterize the measured received signal strength, statistical 

characterization of the combined effects of several typical weather phenomena often 

experienced in a tropical region was also presented. The Rician distribution was used 

to characterize the fast fading effect due to both wind and rain. A smaller K-factor of 

the distribution represented more intense wind and rain conditions. Meanwhile, Log-

normal distribution was found to be suitable in describing the slow fading 

characteristics in a foliated channel. The work reported in this thesis has  determined 

the effects of wind and rain  in the deployment of fixed wireless access in foliated 

channel to ensure optimized links be provided for end users.
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ABSTRAK

Pergerakan objek-objek yang disebabkan oleh angin dan hujan di sekitar 

capaian wayarles tetap mengujudkan keadaan buruk kepada perambatan gelombang 

radio berfrekuensi tinggi. Kebelakangan ini, capaian wayarles tetap yang dipasang di 

kawasan pinggir dan luar bandar adalah dikelilingi oleh pokok-pokok dan bukit-

bukit. Walaupun, penghantar dan penerima capaian wayarles tetap ini berada pada 

kedudukan pegun, pergerakan pokok-pokok di kawasan capaian wayarles tetap yang 

berdedaun akan memecah, membelau dan menyerap isyarat wayarles menyebabkan  

berlakunya pemudaran isyarat. Dalam kajian ini, tumpuan dibuat kepada kekuatan 

isyarat penerima berskala masa yang diterima dalam capaian wayarles tetap di 

kawasan berdedaun yang beroperasi pada frekuensi 5.8 GHz Prasarana Maklumat 

Kebangsaaan Tanpa Lesen. Berdasarkan isyarat penerima berskala masa  yang di 

ukur pada tiga sambungan yang berbeza terdiri daripada satu sambungan garis 

nampak dan dua sambungan garis tidak nampak, diperhatikan bahawa sambungan 

garis nampak berada dalam keadaan baik meskipun pada ketika hujan. Kewujudan 

pokok-pokok di sekitar laluan rangkaian menyebabkan kemerosotan isyarat di mana 

kekuatan isyarat penerima berubah daripada 3 dB kepada 16 dB apabila kekuatan 

hujan bertambah. Kebasahan dalam pokok-pokok yang disebabkan oleh hujan telah 

menjejaskan kekuatan isyarat yang diterima. Untuk mencirikan kekuatan isyarat 

yang diterima, pencirian statistik daripada kesan gabungan beberapa fenomena cuaca 

yang kebiasaannya dialami oleh rantau tropika juga dibentangkan. 

Taburan Rician telah digunakan untuk mencirikan kesan cepat pudar yang 

disebabkan oleh angin dan hujan. Faktor-K yang kecil daripada taburan mewakili 

keadaan yang  lebih berangin dan hujan. Sementara itu, taburan Log-normal didapati 

sesuai untuk menggambarkan ciri-ciri pemudaran perlahan yang berlaku di dalam 

kawasan berdedaun. Hasil kajian dalam tesis ini telah menentukan kesan angin dan 

hujan dalam pemasangan capaian wayarles tetap di dalam kawasan berdedaun untuk 

memastikan rangkaian yang optimum dapat di berikan kepada pengguna.
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CHAPTER 1

INTRODUCTION

1.1 Background of Research

Nowadays, wireless technology is as an important alternative to its wired 

counterpart for delivering information to the end users. Deployment of wireless 

network has attracted great interest in recent years especially in suburban and rural

areas whereby these technologies allow less investment in deployment costs, 

particularly for last-mile connectivity in densely populated areas. As a result, there is 

an increasing demand for wireless communication to deliver both higher bandwidth 

and better quality of service.  Variants of wireless access services include Fixed 

Wireless Access (FWA), Mobile Wireless Access (MWA) and Broadband Wireless 

Access (BWA) [1].  In an FWA setup, both the transmitter and receiver are either 

fixed on top of a building’s rooftop or mounted on a wall.  The transmitter and 

receiver are usually separated by a significant distance, requiring therefore an in-

depth understanding of the transmission path used by the radio waves.

Broadband Fixed Wireless Access (BFWA) is currently one of the most 

popular wireless solutions due to the advantages provided by the technology to the 

subscriber access area.  The solution is able to offer competitive investment and 

maintenance costs, high speed data transfer rate, high scalability as well as high 

capacity [2]. Technical specifications for broadband wireless access system for 

different coverage ranges and frequency bands, known as 802.11a, 802.11b, and 

802.11g [1], are provided by Institute of Electrical and Electronics Engineers (IEEE)
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as part of their activities on the Wireless Local Area Networks (WLAN) The wide 

deployment of WLAN in densely populated areas such as private residential area, 

airports and university campuses however leads to cases of heavy utilization and 

congestion in the frequency spectrum used by the 802.11b/g band.  In addition, the 

frequency spectrum suffers from interference due to the usage of devices that operate 

in the same 2.4 GHz range such as blue-tooth, cordless phone and microwave ovens.  

Therefore, 802.11a can be used as a bridging system to create a wireless link in these 

congested areas.  802.11a band uses a licensed-exempted frequency band which is 

also known as the Unlicensed National Information Infrastructure (UNII) band that 

was developed by the Federal Communications Commission (FCC) in 1997.  The 

designated spectrum for the band covers both the 5150- 5350 MHz and 5725-5825 

MHz bands with a total of twelve non-overlapping channels, giving 802.11a 

significant aggregate bandwidth and reliability advantages over 802.11b/g.

Moreover, 802.11a can provide higher data rates up to 54 Mbps compared to 802.11b 

by using Orthogonal Frequency Division Multiplexing (OFDM) modulation format.  

1.1 Problem Statement

Since the performance of wireless communication systems depends greatly 

on the characteristics of the transmission medium, a thorough knowledge of the 

surrounding environment is crucial in ensuring excellent wireless link performance.  

In FWA, both transmitter and receiver are remained in stationary position, thus the 

movement of objects in the vicinity could deteriorate the received power level. The 

presence of trees in the vicinity of a fixed wireless link for example induces a 

significant fading impact on the radio wave propagation [3-7].  It is however 

common for trees to be present between the transmitting and receiving antennas 

especially in suburban and rural regions which surrounded by a large number of trees 

and hills. Furthermore, the changes experienced by the trees such as growth over 

time will affect the condition of the link performance.  However, removing all these 

natural obstructions is considered unrealistic.  This scenario occurs in the wireless 

network deployed within Universiti Teknologi Malaysia (UTM).  UTM has an area 

of 1777 hectares that consists of a large number of trees and hills while the 
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transmitter and receiver antennas are usually positioned below rooftop level or near

to the ground. Since the accommodation for students in UTM is scattered, internet 

access via a wired network is less cost-effective compared to the BFWA.  The 

wireless technology is less expensive than its wired counterpart as the wireless 

technology requires significantly less investment in the cabling infrastructure.  

However, the presence of trees in the vicinity of the transmission path can cause 

fading of the transmitted signal which subsequently affects the overall wireless link 

performance.

Weather is another important factor that needs to be considered in foliated

wireless link.  Previous studies have focused on weather-induced effects such as 

wind-flow and rainfall in temperate region [8-11] but little consideration has been 

given to date to the weather-induced effects in tropical region, particularly in the 

UNII band. Although it is well known that the rain significantly affects radio wave 

propagation in transmission frequencies above 10 GHz for line of sight (LOS) link,

the rain effect is most likely results in temporary failure of the wireless link at 5.8

GHz, yet it is still remained less addressed. The existing prediction models may not 

be sufficiently accurate to characterize the fading on fixed wireless access in tropical 

region. Thus, a thorough analysis on how both wind and rain affect wireless links in 

a tropical or an equatorial region is required since this region is surrounded by trees 

which retain most of their leaves throughout the year.  Moreover, this region has an 

extensive amount of water in the atmosphere due to the heavy rainfall that occurs 

frequently throughout the year. The accumulations of rain water on the tree 

components possibly become a dominant source of absorption hence contribute to 

attenuation in the propagating wave.
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1.3 Objectives of the Research

Based on the research problem statement above, the research objectives are therefore:

1) To investigate the additional loss caused by vegetation blockage that exists in the 

vicinity of installed fixed wireless links.

2) To identify additional losses introduced by different wind and rain condition in 

foliated channel.

3) To analyze the temporal variation of received signal strength (RSS) due to wind 

and rain in foliated channel.

1.4 Scope of Research

The research first studies extensively both the concept of outdoor wireless 

propagation and the fading phenomena that affect the link performance.  The site 

used for real time data acquisition is located in the UTM campus area where fixed 

point-to-point links serve as bridges deployed in the wireless network used to 

provide internet connection in the student’s accommodation.  Both the deployed LOS 

and NLOS links operate at 5.8 GHz.  

In order to obtain the received signal strength (RSS), a signal that provides an 

indication of the quality of the link, and its temporal variation, scripting commands 

are executed using a router board and radio unit.  The scripting commands are 

remotely logged by a server located in Wireless Communication Centre (WCC), 

UTM.  Weather information such as rain, wind and humidity meanwhile are recorded 

using a Davis Vantage Pro 2 wireless weather station that is installed near the 

experimental sites.  MATLAB coding is subsequently used to match the RSS logged 

at any given time to the relevant weather data. Later, ICS-Telecomm is used to 

predict the additional attenuation for obstructed LOS links.
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1.5 Organization of Thesis

The thesis is divided into five chapters, each focusing on a particular area of 

the research.  The thesis is organized as follows:

Chapter 1 briefly introduces fixed wireless access technology and states the 

problem to be investigated, the objectives of this research and the scope of the 

project.

In Chapter 2, the essential theory and propagation model relevant to the 

research field are reviewed in order to better understand the fading phenomena.  

Previous studies and developed models are also presented.  Furthermore, the chapter 

introduces the theoretical principles of propagation study used in the analysis carried 

out in Chapter 4. This chapter also explains the Malaysian weather, in particular both 

the local wind flow and rainfall distribution.

Chapter 3 describes the research methodology including the outdoor setups 

used for both the RSS measurement and the weather station.  The simulation 

software Kiwi Syslog Daemon, Kiwi Log Viewer, and MATLAB are utilized in 

order to analyze and clearly visualize the overall data. This chapter also presents the 

simulation steps to predict the RSS and clutter losses using ICS-Telecomm.

Chapter 4 explains the results and conducts a statistical analysis of the 

measured data.  The data obtained from each link is analyzed and further discussed.

This chapter also presents the validation of the measurement by comparing the 

simulation results and the measured data.  Discrepancies and agreement between the 

simulation and measurement results are also explained in detail.  

Finally, this thesis is concluded in Chapter 5.  Moreover, important project 

findings, key contributions and recommendations for future research works are 

described. 
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