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Abstract 

Sleep Apnea (SA) is a common disorder without “age-specific” that affects ap-

proximately 2% of women and 4% of men; sleep apnea is characterized by repeti-

tive cessation of breathing during sleep. The consequences of the sleep apnea in-

clude daytime sleepiness, impaired cognitive function, impaired memory, neu-

rocognitive dysfunction, and development of cardiovascular disorders, metabolic 

dysfunction, and impaired quality of life. This thesis investigates the automated 

detection and prediction of sleep apnea. Many researchers have concentrated on 

automated detection of sleep apnea, but not much comprehensive or well-ordered 

work has been done on signal and feature selection or on predicting of the sleep 

apnea.  

The objective is to find the best set of signals as input and the best set of features 

from selected signals that can be used by a machine learning approaches to study 

sleep apnea. The best set here is not only refers to a smallest set of signals with a 

good performance in sleep apnea analysis but also consideration for a set of sig-

nals that can be easily acquired from patients.   

During the course of this thesis, several algorithms were developed. These algo-

rithms can be used in sleep apnea studies or in wider machine learning areas. The 

most important contributions of this thesis can be summarized as below:  

-Developing a new signal segmentation algorithm designed specifically for sleep 

apnea by attention to its properties. This algorithm chose times windows with a 

greater probability of containing at least one sleep apnea event. After that these 

segmentations are generated, they should be reviewed by the machine learning 

approaches to be classified as sleep apnea or normal. 



 

 

 

xiii 

 

-Developing a novel Support Vector Machine (SVM)-based approach named 

Self-Advising Support Vector Machine (SA-SVM) that transfers more knowledge 

from the training phase of SVM to the test phase. This idea helps SVM to learn 

from misclassified data in training phase and use this gained knowledge, in the 

testing phase. This approach can be used in any binary classification problems and 

it shows also high impact in sleep apnea detection.  

-Developing a new parallel structure for Particle Swarm Optimisation (PSO). 

Finding the best set of input signals or the best set of features required a huge 

amount of computation power which a single PSO – or other optimisation ap-

proaches- cannot deal with, so a new hierarchical multi-master structure for paral-

lel PSO was developed in this thesis, which quickly revealed its advantages over 

previous parallel PSO structures. 

In this thesis real data has been used from Concord Repatriation General Hospi-

tal in Sydney. Obtained result shows a good performance in detection and classifi-

cation of sleep apnea. Together with detection and classification, a prediction of 

sleep apnea was also considered. The prediction stage examines some famous 

neural networks structures and demonstrated how to improve the final result by 

taking advantage of multi neural network approach. 
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