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ABSTRACT 
 

Two principal approaches are used to model a given radio wave 

propagation problem. The first is empirical based on measurements and 

statistics. Empirical models are easy to implement and fast because they 

only consider the distance between the transmitter and the receiver but 

are not accurate enough as different objects of the environment are not 

taken into consideration. The second is deterministic which exploits 

physical laws to simulate the signal propagation. Deterministic 

propagation-prediction models based on a combination of geometrical 

optics and the uniform theory of diffraction represent the unique 

solution for reliable estimations. The most famous of the second 

approach are the well-known ray tracing like models, based on the 

computation of the different paths according to the geometrical optical 

laws. The wave flow is represented in terms of rays obeying the 

Geometrical Theory of Diffraction (GTD) to estimate the power 

distribution in a given environment. 

The propagation channel appears differently to Ultra Wideband (UWB) 

wireless systems than it does to Narrow Band (NB) sine wave systems. 

Two main topics are of interest in the thesis. The first is that the power 

distribution is obtained as a function of the spatial coordinates to 

estimate the influence of different channel impairments like reflection 

and refraction at a given frequency. This is realized via a suitable 

modeling technique, ray tracing, and a custom simulator, matlab, and a 

reference open source simulator, Radio Propagation Simulator (RaPSor), 

for an optimization for the network performance. The second is that the 

UWB propagation channel statistics are calculated from the channel 

frequency response at a given reception point. This is simulated using 

matlab and the results were compared to those from practical 

experimentation for a typical scenario between a transmitting and a 

receiving point to estimate the channel transfer function. According to 

time domain corporation specifications, the bandwidth was selected to 

cover the 3.1-5.3 GHz band with center frequency 4.3 GHz. That is to 

account for practical considerations, for any further practical 

verification, and to make simulation parameters be as close as possible 

to the PULSON 400 Ranging and Communication Module (RCM) used 

for auto-survey of distributed sensors and localization systems. 

Index Terms: 

Propagation models, Deterministic prediction, Ray tracing, Ray 

launching, Wireless propagation, UWB, Spatial power distribution, 

Temporal power distribution. 
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SUMMARY 
 

UWB is a new radio technology that promises to advance high-speed 

data transfers and enhance the personal area networking industry leading 

to new innovations and greater quality of services for the end user. 

The first objective of the thesis is to certify the correctness of the 

approach used for simulating a 2D area to estimate the location for a 

receiving WSN node in a typical environment (spatial distribution). 

The second objective is to validate the approach used for a UWB 

channel in estimating the channel transfer function between the 

transmitting and receiving nodes in a WSN (temporal distribution). 

In Chapter 1, a brief introduction for the whole thesis has been drawn 

followed by research objectives and the organization of the thesis. 

Chapter 2 gives a general overview of UWB technology including 

definition, historical evolution, UWB system design considerations 

including regulations and UWB channel followed by an overview of IR-

UWB and ends with UWB characteristics. 

Chapter 3 introduces the ray tracing concept for channel modeling. This 

includes propagation models, RT approach and application for RT for 

practically locating a receiving node in a WSN. 

Chapter 4 continues with the UWB channel modeling using RT 

technique including a survey for the proposed modeling followed by an 

application of RT to roughly estimate the channel in a UWB 

environment (the achieved objective is to validate the correctness of the 

method for approximate estimation of the channel transfer function). At 

the end of the chapter, the comparison between the simulated and 

experimental results is presented. 

Finally, a conclusion of the thesis and an outlook on the research points 

and the future work are discussed. 
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