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Analysis of Propagation Characteristics and Estimation of Radio Communication
Distance along Random Rough Surface
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Recently, the sensor network technologies among many wireless communication
systems have attracted many researchers' interest. Sensor devices collect physical
information and construct networks by communicating with each other. They are
usually distributed not only on the wall or floor in closed space but also in open space
such as complicated propagation environments like a dessert, hilly terrain, forest, sea




surface and so on. Since the latter terrestrial surfaces are considered to be
statistically random, the radio waves from the sensors located on the surfaces are
much influenced by diffused reflection from random rough surfaces (RRSs). As a
result, it 1s important to investigate the propagation characteristics along RRSs in
order to construct an efficient and reliable sensor network system.

The purpose of this thesis is to investigate propagation characteristics along RRSs.
At first, a statistical property of electromagnetic field distribution above RRS is
discussed not only theoretically but also experimentally. Finite Volume Time Domain
(FVTD) method is used for numerical simulation. Next, Discrete Ray Tracing Method
(DRTM) is introduced for analyzing electromagnetic field distributions with long
distance, and an estimation formula for radio communication distance is proposed.
The formula enables us to easily estimate the communication distance when the
input power and receiver sensitivity are selected.

This thesis consists of 7 Chapters. In Chapter 1, introduction of this study is
discussed.

In Chapter 2, two types of generation methods for homogeneous RRSs are
introduced: one is direct DFT method, and the other is convolution method. Based on
the convolution method, we also propose a generation method for inhomogeneous
RRSs.

In Chapter 3, the formulation of FVTD (Finite Volume Time Domain) method is
described. In this study, an Extrapolated Absorbing Boundary Condition (EABC) is
used as an absorbing boundary condition to save computer memory. In Chapter 4,
statistical properties of electromagnetic field distributions above RRSs are discussed
from view points of theory and experiment. It is shown that the statistics of
electromagnetic fields above RRSs can be expressed in terms of Nakagami-Rice
distribution which is well known as multi path model in urban area.

In Chapter 5, the principle of DRTM is described. In Chapter 6, estimation
algorithm for radio communication distance is discussed. We can easily estimate
radio communication distance along RRSs when the input power and receiver
sensitivity are selected.

In Chapter 7, conclusion of this thesis and some future problems are described.
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