
 
 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

CAIRO – EGYPT 

Electronics and Communications Engineering Department 

 

 

Adaptation Engine for Cognitive Radio Systems  

based on Meta-Heuristic Techniques 

  
Dissertation submitted to the Faculty of the Engineering – Ain-Shams University  

in partial fulfillment of the requirements for the degree of Doctor of Philosophy in 

Electrical Engineering  

 

submitted by 

 

Eng. Ramy Ahmed Fathy Mahmoud 

Electronics and Communications Eng. Dept. 

Faculty of Engineering - Ain Shams University  

 

supervised by 

 

Prof. Dr. Abdelhalim Zekry 
Professor in the Electronics and Communications Eng. Dept. 

Faculty of Engineering - Ain Shams University (ASU) 

Cairo, Egypt  

 

Dr. Ahmed Abd-Elhafez  

Communications Eng. Dept. 

Military Technical College (MTC)  

Cairo, Egypt 

 

 

Cairo 2013



ii 

 

 

 
 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

CAIRO - EGYPT 

 

 

Examiners Committee 

 

 

Name  : Ramy Ahmed Fathy Mahmoud 

Thesis : Adaptation Engine for Cognitive Radio Systems based on Meta-

Heuristic Techniques 

Degree: Doctor of Philosophy in Electrical Engineering 

 

Title, Name and Affiliation                  Signature 

 

1. Prof. Christian Gontrand                                                 … 

Electronics Department 

INSA-LYON University, Villeurbanne, France 

 

2. Prof. Hadya Elhennawy                                                    …………… 

Electronics and Communication Eng. Dept. 

Ain Shams University, Cairo, Egypt 

 

3. Prof. Abdelhalim Zekry                                                    …………… 

Electronics and Communication Eng. Dept. 

Ain Shams University, Cairo, Egypt 

 

 

 

 

Date:   31/07/2013

 

 

 

 

.. ….. …..  



iii 

 

STATEMENT 

 

 

 

 

This dissertation is submitted to Ain Shams University in partial 

fulfillment of the degree of Doctor of Philosophy in Electrical 

Engineering. 

 

The work included in this dissertation was carried out by the author in 

the department of Electronics and Communications Engineering, Ain 

Shams University. 

 

No part of this dissertation has been submitted for a degree or a 

qualification at any other university or institute. 

 

Name       : Ramy Ahmed Fathy Mahmoud 

Signature : 

Date         : 31/07/2013 
 

 

  



iv 

 

Abstract 

 

Adaptation Engine for Cognitive Radio Systems  

based on Meta-Heuristic Techniques 
 

This research aims at contributing to the problem of decision-making in 

Cognitive Radio Systems (CRS); where optimization of specific Cognitive 

Radio (CR) physical layer parameters is targeted, in order to minimize the 

communication link BER at the lowest possible transmitted terminals' EIRP 

levels. Moreover, this thesis mainly focuses on developing an Adaptation 

Engine that achieves the aforementioned objectives in order to establish a 

reliable communication link, with the least terminals' power consumption and 

minimum possible interference on other neighboring communicating radio 

systems. Applying cognition to radio systems is not an easy task. The problem 

is that there is currently no universal widely-accepted definition for that 

terminology. Accordingly, this poses some difficulties as to specify the 

necessary CR adaptation architecture components that enable the radio from 

attaining adaptive behavior.  

Hence, attempting to close that gap, this work initially introduces a formal 

rigorous model of CR inspired from cognitive sciences. Identifying the nature 

of cognition is crucial for laying down a rigorous theoretical model for CR. 

Two aspects are needed to be considered when it comes to specifying 

cognitive behavior. One is the functional specification of cognition, and the 

other is the architectural specification needed for attaining cognitive behavior. 

By developing a novel computational formal model based on a modified form 

of Turing Machines, the peculiar nature of the radio's cognitive properties as 

inspired from cognitive sciences, and cognitive neurosciences is modeled, and 

hence reflected in the required adaptation functionalities.  

The Adaptation Engine is designed to respond to varying operating contexts 

which account for varying provisioned services under varying environmental 

impairments, represented by dynamic noise plus interference levels at different 

frequency bands. However, its performance is ratified against the operational 

and efficiency requirements of two of state of the art use cases in the industry; 

namely, the efficient utilization of the spectrum through Dynamic Spectrum 

Access (DSA), and Public Protection and Disaster Relief (PPDR) 

communication systems. In the later case, first responders in disaster scenarios 

need to have a secured, robust, and reliable communication system that can 

reach the compromised areas in case there is damage in its underlying 

infrastructure. Cognitive Radio Systems (CRS) could provide an ultimate 

solution to such situations.  With the ability to adapt to varying levels of 

stimuli, and intelligently adapt its operating parameters to satisfy the 

aforementioned objectives; the adaptation function of CR is one fundamental 
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aspect necessary for the functionality of many CR use cases, like DSA and 

PPDR. The Adaptation Engine varies the radio operating parameters assuming 

an underlying Software Defined Radio (SDR) architecture that provides the 

ability of the radio to change its waveform according to the optimized 

parameter set achieved during the optimization process.  

This thesis also presents a novel architecture, design, and implementation of 

the Adaptation Engine employing Genetic Algorithms (GA) as core meta-

heuristics optimization techniques for the adaptation process. GA is an 

optimization method that mimics natural evolution. Optimization is based on 

the development of the population comprising a certain number of 

chromosomes. The chromosomes represent a possible solution set for the 

optimization problem; which could be maximization or a minimization for a 

specific objective function. The population size indicates the number of 

parallel solutions that would be tried in parallel to reach towards the 

optimum/sub-optimum solution. The development of the population is 

regulated by means of two genetic operators; namely, crossover and mutation.  

GA has been widely used in the development of Adaptation Engines. 

However, it has been criticized for its slow dynamic response times. 

Accordingly Real-coded Genetic Algorithm (RGA) – a specific type of GA – 

has been implemented, to address this problem. RGA alleviates many of the 

disadvantages of conventional Binary-coded Genetic Algorithm (BGA) based 

engines, employed often in the CR adaptation literature, like the slow 

convergence and dynamic response times. Employing RGA based AE, as a 

core meta-heuristic technique; enables the radio to provide a multitude of 

applications and services including high data rate and bandwidth hungry 

applications like video calls and VOD services, and it does indeed satisfy the 

operational and efficiency constraints of DSA and PPDR use cases.  

It is the first time to our knowledge that RGA has been used to carry out the 

adaptation process in CRS. RGA has the advantage of producing accurate and 

reliable solutions with reasonable dynamic response times depending on the 

radio's operating frequency spectrum span and data rate of the service 

provisioned. Using single objective optimization with a special power limiting 

algorithm, rather than using multi-objective optimization, the Adaptation 

Engine is operated to minimize the communication link BER at the lowest 

possible transmitted terminals' EIRP levels.  

Experimental results show that RGA based implementations attain superior 

performance in terms of faster dynamic engine response times and better 

engine reliability compared to BGA based implementations. In addition BGA 

is shown to produce misleading results in the optimization problem 

investigated, unless it is used in a multi-objective optimization setup where the 

minimization of the transmitted EIRP levels is included as a secondary 

objective.  
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