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Abstract 
 
Wireless devices and applications have been an unavoidable part of human lives in the 

past few years. Statistics show that in 2014, the global mobile data traffic grew 69%, 

and the mobile data traffic generated only in that year was almost 30 times the size of 

the total global Internet in 2009. In 2014, nearly half a billion mobile devices and 

connections were added. It is predicted that the global mobile data traffic will increase 

almost 10 times between 2014 and 2019, and the mobile network connection speeds 

will increase more than twice by 2019. 

Given the fact that the number of wireless nodes has significantly increased, while the 

unlicensed wireless medium where nodes can freely communicate stays the same, it is 

obvious that the contention and interference has become severer than ever. Cognitive 

radio nodes were introduced in the past decade to mitigate the issues related to 

spectrum scarcity. Cognitive radios are smart devices that are able to investigate the 

licensed spectrum and find spectrum holes that can be utilized without causing harmful 

interference to the license holders. 

Since the development of the cognitive radio technology, many important practical 

issues were introduced that require research efforts. In this dissertation, we address 

the design and analysis of spectrum allocation schemes for cognitive radio networks, 

with a focus on interference analysis. Spectrum allocation enables nodes to construct a 

link on a common channel and at the same time so they can start communicating with 

each other. We introduce a new approach for the modeling and analysis of interference 

and spectrum allocation schemes for cognitive radio networks with arbitrarily-shaped 

network regions. 

First, this dissertation studies the problem of obtaining the distributions of the distances 

between an arbitrary reference point and a random point within an irregular polygon. 

Distributions of the random distances are extremely helpful in the analysis of wireless 

networks. For the first time in the literature, we proposed a simple and efficient 

approach that can derive the distribution of the distance between an arbitrary 

interior/exterior reference point to a random point within an arbitrary convex/concave 



irregular polygon. This tool is essential in analyzing important performance metrics that 

depend on the locations and distances among nodes, in wireless communication 

networks. 

Second, considering the importance of interference analysis in cognitive radio net- 

works and its important role in designing spectrum allocation schemes, we model and 

analyze a heterogeneous cellular network consisting of several femto cells and a co- 

existing multi-cell network. Besides the cumulative interference, important distance- 

related performance metrics have been investigated, such as the signal-to-interference 

ratio and outage probability. 

Finally, the spectrum allocation problem in cognitive radio networks has been 

discussed. Considering a wireless cognitive radio network coexisting with a cellular 

network with irregular polygon-shaped cells, we have used the tools developed in 

this dissertation and proposed a spectrum allocation scheme with regards to the 

interference and the probabilities of the availabilities of the licensed channels. 

In summary, this dissertation focuses on a few important aspects of spectrum 

allocation in cognitive radio networks. Through the proposed mathematical tool 

for obtaining the distance distributions, we have made the modeling and analysis 

of irregular-shaped wireless networks possible. Further, we have shown that our 

proposed scheme for spectrum allocation based on the obtained probabilities for the 

availabilities of channels can improve the performance of the cognitive radio networks 

through reducing the end-to-end delay. 

Section 5.3 presents a list of publications accomplished during the PhD studies. 
 


