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Abstract 

Sleep disorders are a prevalent health issue, impacting millions of individuals globally through their 

disruption of quality of life, productivity, and general health. Early and accurate identification of sleep 

disorders is essential to allow proper treatment and management. This project seeks to develop a machine 

learning-based system to process sleep data and determine various types of sleep disorders. Through data 

processing and analysis of pertinent data, the system seeks to provide an auto-generated, effective, and 

reliable tool to aid in the diagnostic process. The proposed solution seeks to eliminate the constraints of 

manual diagnosis, such as time constraints and potential human error, by employing computational methods 

to provide greater precision and consistency. With the objective of aiding improved sleep health care, this 

project highlights the strength of technology to aid medical diagnosis and enhance our understanding of 

sleep-related issues. 
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1 Introduction 

Sleep is a vital component of human health, directly 

influencing physical, mental, and emotional well-

being. Despite its importance, millions of individuals 

worldwide suffer from sleep disorders, such as sleep 

apnea and insomnia, which significantly disrupt their 

quality of life. Sleep apnea, characterized by repeated 

interruptions in breathing during sleep, increases the 

risk of severe health issues like cardiovascular 

diseases. Insomnia, marked by difficulties in falling 

or staying asleep, leads to chronic fatigue, irritability, 

and decreased productivity. The growing prevalence 

of these disorders highlights the urgent need for 

innovative solutions to enable timely diagnosis and  

 

effective management, improving the overall well-

being of affected individuals. 

Historically, diagnosis of sleep disorders has been 

based on polysomnography (PSG), clinical 

assessment, and specialty examination. Although 

they are effective, they are also expensive, time-

consuming, and require equipment and training that 

would be impracticable to extend to a wide number 

of individuals. Additionally, through manual stage 

scoring of sleep and detection of disorders, 

inaccuracies and inconstancy may at times arise from 

subjective assignment. 
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In order to counter these limitations, machine 

learning and deep learning techniques have emerged 

as effective substitutes, offering cost-effective, 

automated, and more accurate solutions for the 

detection of sleep disorders. By processing 

physiological signals (EEG, ECG, SpO₂) and 

behavioural data, Machine Learning models can 

provide faster, scalable, and non-invasive diagnostic 

tools that increase detection rates and reduce 

dependence on traditional sleep studies. 

1.1 Traditional Machine Learning Models for 

Sleep Disorder Detection 

Machine learning techniques have also been used 

intensively for accurate sleep disorder classification 

from structured datasets. Some of the models used 

most for sleep physiological data analysis are Support 

Vector Machines, Random Forest, and Decision 

Trees. The techniques work by extracting features 

from bio signals and assigning the sleep stages or the 

pathology from learned patterns. 

Several studies have employed SVM for sleep-

disordered breathing classification based on 

craniofacial features and medical comorbidities. 

Feature-based sleep disorder classification has also 

been employed with RF models, leveraging their 

ability to handle high-dimensional data. Decision 

Trees have also been employed for the detection of 

sleep disorders, with interpretable classification 

models but vulnerable to feature optimization. While 

helpful, traditional models are highly reliant on 

manual feature extraction and thus their ability to 

generalize over large, heterogeneous datasets is 

compromised. 

1.2 Deep Learning-based Sleep Disorder Detection 

Deep learning has revolutionized sleep disorder 

detection by eliminating human feature engineering. 

Artificial Neural Networks, Convolutional Neural 

Networks, and Recurrent Neural Networks are 

widely applied to automatically learn features from 

raw sleep data and improve classification 

performance. 

CNN-based models have been employed to classify 

sleep stages and diagnose sleep apnea with higher 

accuracy compared to traditional approaches. The 

models make use of spatial and temporal 

characteristics of physiological signals to carry out 

more precise classification. RNNs have also been 

employed for sequential description of sleep patterns, 

particularly for the detection of long-term 

dependency in sleep cycles. Deep learning 

approaches, however, require large, annotated 

datasets and huge computational resources, and 

hence are not easy to implement in real-world 

applications. 

1.3 Sleep Disorder Detection Using Signal 

Processing 

Sleep disorder diagnosis is typically reliant on signal 

processing techniques to extract useful information 

from body signals such as Electrocardiogram (ECG) 

and Oxygen Saturation (SpO₂). Salient patterns in the 

signals distinguish normal and abnormal sleep states. 

ECG analysis is centred on the identification of heart 

rate variability associated with sleep disturbance in 

support of diagnosing Sleep apnea. Similarly, SpO₂ 

analysis is important to the identification of oxygen 

desaturation events, which are excellent indicators of 

obstructive sleep apnea. All these approaches are then 

followed by machine learning algorithms to classify 

more effectively 

2 Related Work 

 

 
Figure 1: Algorithms and methodologies adapted by 

existing system.  
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Figure 1 show cases different methods for evaluating 

the Sleep Disorder Detection and Classification using 

Traditional Machine learning methods, Deep 

learning, and Signal Processing-Based Detection 

3 Results and Discussions 

3.1 Comparative Analysis 

Comparative evaluation of various machine learning 

and deep learning techniques for sleep disorder 

diagnosis emphasizes their accuracy, recall, 

precision, and qualitative worth. Conventional 

polysomnography (PSG) and expert-driven 

techniques are the gold standard in clinical settings 

but tend to be expensive, time-consuming, and 

expert-intensive, and thus there is growing interest in 

machine learning-based techniques for automation 

and cost-effectiveness. 

Machine learning techniques, such as Logistic 

Regression and Decision Trees employed in [1][5], 

were 92.5% accurate and 86.8% specific and 

performed reasonably well in the classification of 

structured sleep data. The models are, however, hand-

crafted feature extraction-based, and they are not as 

flexible in terms of dealing with more complicated 

real-world data. 

Support Vector Machines, when applied to the 

diagnosis of sleep-disordered breathing, achieved 

79% accuracy and an F1-score of 82% in [2]. SVMs 

are very well-suited for pattern recognition from 

sleep data, even though they are not as precise as deep 

learning methods. Naïve Bayes and k-Nearest 

Neighbours  models in [2] achieved F1-scores of 67% 

and 71%, respectively, which suggests that 

conventional methods are not well-suited for more 

complex classification problems of sleep disorders. 

Time and frequency domain analysis of SpO₂ and 

ECG signals, employed in [3], achieved 91.8% 

accuracy and 91.2% recall and proved to be highly 

effective in the detection of sleep apnea. Signal 

processing-based methods, however, require 

extensive preprocessing and domain expertise and are 

thus less scalable to real-time automated application. 

Deep learning models such as CNNs and RNNs, 

employed in [5], provided highest accuracy of 

92.92% and recall of 93.80% and were the superior 

approach for sleep disorder classification. Their 

ability to learn raw sleep data features reduces the 

need for handcrafted feature engineering, thus 

making them far superior to traditional models. 

However, high computational costs and the need for 

huge, labelled datasets are still significant challenges 

for real-world implementation. 

 

3.2 Comparative Analysis Table 

Reference No Precision Recall F1 

Score 

[1] ✓ ✓ ✓ 

[2] ✓ ✗ ✓ 

[3] ✗ ✓ ✓ 

[4] ✓ ✓ ✗ 

[5] ✓ ✓ ✓ 

[6] ✗ ✗ ✗ 

[7] ✓ ✓ ✓ 

[8] ✓ ✗ ✓ 

[9] ✗ ✓ ✗ 

[10] ✓ ✓ ✓ 
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4.Conclusion 

The findings of various research studies on the 

diagnosis and classification of sleep disorder 

demonstrate the effectiveness of machine learning 

and deep learning  techniques in improving 

diagnostic accuracy and efficiency. Traditional 

techniques like PSG are the gold standard but are 

time-consuming and costly and therefore make AI-

based techniques a probable alternative. 

Machine Learning algorithms have also shown a 

great deal of potential in processing physiological 

signals such as ECG and SpO₂ for identifying sleep 

disorders, while deep learning techniques such as 

CNNs and RNNs are even more accurate by 

extracting patterns automatically from raw sleep data. 

Computational overhead, data availability, and real-

time processing are challenges to be addressed for 

wider clinical application. 

Future development will focus on enhancing deep 

learning models to generalize better, developing more 

effective real-time sleep monitoring, and integrating 

multi-modal data sources like behavioural and 

environmental variables to offer more personalized 

diagnosis. With continued research and technological 

progress, AI-based sleep disorder detection systems 

can become a common piece of equipment in sleep 

medicine, making it more accessible and earlier 

diagnosis for millions of individuals worldwide 
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