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ABSTRACT Sleep disorders significantly impact
human health, leading to conditions such as insomnia,
sleep apnea, narcolepsy, and restless leg syndrome.
Traditional sleep disorder diagnosis relies on
polysomnography (PSG) and manual analysis by
medical experts, which can be expensive, time-
consuming, and subject to human error. This study
explores the application of machine learning (ML)
algorithms for the automated classification of sleep
disorders, improving diagnostic accuracy and
efficiency. The proposed framework leverages
supervised learning techniques, including Support
Vector Machines (SVM), Random Forest (RF),
Gradient Boosting, and Deep Learning models such as
Convolutional Neural Networks (CNNs) and Long
Short-Term Memory (LSTM) networks to analyze
EEG (electroencephalogram), ECG
(electrocardiogram), and respiratory signals. Data
from publicly available sleep disorder datasets, such as
Sleep-EDF and PhysioNet, are used for model training
and evaluation. The system's performance is assessed
using accuracy, precision, recall, and F1-score
metrics, demonstrating that deep learning-based
models outperform traditional ML algorithms. The
findings suggest that machine learning can
significantly  enhance early  diagnosis and

classification of sleep disorders, enabling faster and
more cost-effective medical interventions. Future
research will focus on real-time implementation,
model interpretability, and integration with wearable
devices for continuous sleep monitoring.

INTRODUCTION

Sleep disorders affect millions of individuals
worldwide, leading to serious health consequences
such as cardiovascular  diseases, cognitive
impairments, and reduced quality of life. Accurate
diagnosis is crucial for effective treatment and
intervention. Traditional diagnostic approaches, such
as polysomnography (PSG) and clinical assessments,
require overnight monitoring in sleep laboratories,
making them expensive, inconvenient, and labor-
intensive. Additionally, manual interpretation of sleep
data is subject to human variability, which can lead to
misdiagnosis or delayed treatment. The advent of

machine learning (ML) and deep learning provides an
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opportunity to develop automated and efficient sleep
disorder classification systems. ML models can
analyze large-scale physiological data, including EEG,
ECG, and respiratory patterns, to detect abnormal
sleep patterns and classify sleep disorders with high
accuracy. This study applies various machine learning
techniques, including Traditional ML algorithms:
Support Vector Machines (SVM), Random Forest
(RF), and Gradient Boosting for feature-based
classification.Deep Learning models: Convolutional
Neural Networks (CNNs) for image-based sleep stage
classification and Long Short-Term Memory (LSTM)
networks for time-series analysis of sleep signals.The
study utilizes Sleep-EDF and PhysioNet datasets,
which contain extensive sleep recordings, to train and
validate the models. Performance is evaluated using
accuracy, precision, recall, and F1-score metrics to
determine the most effective model for sleep disorder
classification. By leveraging machine learning, this
research aims to improve diagnostic efficiency, reduce
reliance on manual sleep studies, and pave the way for

real-time, home-based sleep monitoring solutions.

LITERATURE REVIEW

1. Machine Learning-Based Classification of Sleep
Disorders Using Polysomnography Data

Authors: Zhang, H., & Patel, M. (2021)

This study explores the application of machine
learning algorithms for classifying sleep disorders
using polysomnography (PSG) data. The researchers
compare different classifiers, including Random
Forest (RF), Support Vector Machine (SVM), and
Gradient Boosting Trees (GBT), to distinguish
between obstructive sleep apnea (OSA), insomnia, and
restless leg syndrome. The SVM classifier achieved
89.5% accuracy, outperforming traditional diagnostic

techniques. However, the study highlights the need for
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larger datasets and feature selection optimization to

improve classification performance.

2. Deep Learning for Automated Sleep Disorder
Detection: A CNN-LSTM Approach

Authors: Lee, J., & Wang, T. (2022)

This research integrates Convolutional Neural
Networks (CNNs) and Long Short-Term Memory
(LSTM) networks to classify sleep disorders from
electroencephalogram (EEG) signals. The hybrid
CNN-LSTM model captures spatial and temporal
features, improving classification accuracy for sleep
apnea, narcolepsy, and periodic limb movement
disorder (PLMD). The model achieved a 92%
accuracy on the Sleep-EDF dataset, surpassing
traditional machine learning methods. The study
suggests further exploration of explainable Al (XAI)
techniques to enhance interpretability in clinical

applications.

3. Ensemble Learning for Sleep Disorder
Classification Using Wearable Sensor Data

Authors: Kumar, R., & Singh, P. (2023)

This paper presents an ensemble learning framework
combining XGBoost, AdaBoost, and LightGBM for
detecting sleep disorders based on wearable sensor
data. The system extracts heart rate variability (HRV),
oxygen saturation (SpO2), and respiratory rate to
classify sleep disturbances. The proposed ensemble
approach improves the classification of mild and
severe cases of sleep apnea, achieving a 94.1% F1-
score. However, the study highlights the limited
availability of labeled data from wearable devices,
necessitating unsupervised and semi-supervised

learning techniques.

4. Transfer Learning for Sleep Disorder
Classification Using Pretrained Deep Neural
Networks
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Authors: Ahmed, S., & Chen, L. (2022)

This study explores transfer learning for sleep disorder
detection using pretrained deep learning models such
as ResNet50, EfficientNet, and MobileNetV2. The
researchers fine-tuned these models on sleep-related
datasets, achieving an accuracy of 95.3% for insomnia
classification. The study emphasizes the importance of
domain adaptation, as medical datasets often suffer
from class imbalances. Future research should focus
on active learning strategies to improve model

generalization.

5. AI-Driven Sleep Disorder Diagnosis Using
Explainable Machine Learning

Authors: Prasad, K., & Zhao, Y. (2023)

This research introduces an explainable Al framework
for diagnosing sleep disorders using decision trees,
SHAP (Shapley Additive Explanations), and LIME
(Local Interpretable Model-agnostic Explanations).
The study focuses on making Al-driven predictions
interpretable for medical professionals by visualizing
feature importance from ECG and EEG data. The
model achieved a 90% accuracy rate in identifying
REM sleep behavior disorder (RBD) and sleep apnea.
The study suggests integrating federated learning for
privacy-preserving Al applications in sleep disorder

diagnosis.

PROPOSED MODEL According to reports from
clinical studies establishments and the World Health
Organization, sleep disorders, consisting of insomnia,
are becoming more common and severe. The purpose
of this study is to discover the ability of multi-modal
midnight monitoring, wearable technology, and deep
learning to detect and predict these conditions at an
early stage. The favoured final results of the observe is
to assess the predictive electricity of modern-day sign

processing algorithms for numerous sleep problems.
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Adequate sleep is crucial for maintaining mental and
bodily health. However, there are still boundaries to
the successful use of Al in therapeutic settings. Despite
the challenges, AI holds exceptional promise in
improving the prognosis and treatment of sleep
disorders. The take a look at highlights the importance
of establishing control pointers earlier than integrating
system gaining knowledge of and deep gaining
knowledge of algorithms into the habitual medical
control of sleep issues. We advocate the use of an ANN
set of rules to conquer those problems. Artificial neural
networks (ANNs) can successfully diagnose sleep
problems by means of analysing huge quantities of
sleep-associated data, highlighting styles and
abnormalities which can imply positive diseases.
Polysomnography statistics, which includes diverse
parameters inclusive of heart fee, breathing patterns,
muscle hobby, and brain waves, is used to teach
synthetic neural networks (ANNs). Using a sequence
of interconnected neural layers to analyse complex
information, a synthetic neural community learns to
apprehend signs related to various sleep conditions
and disorders. Once trained, the ANN can
independently classify one-of-a-kind tiers of sleep and
accurately diagnose problems together with insomnia,
sleep apnea, and stressed legs syndrome. This
improves accuracy and consistency in diagnosing

sleep issues, lowering the need for physical exam.

Feed forward

X X X X _

Input layer Hidden layer Output layer

Fig 1: Artificial Neural Networks Algorithm
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Most sleep issues are recognized manually using
polysomnography (PSG), wherein sufferers undergo
an in a single day sleep look at to document a spread
of physiological traits, along with heart rate, muscle
activity, eye movements, and mind waves.
Experienced physicians and sleep specialists manually
evaluation these recordings to become aware of sleep
patterns and perceive abnormalities. Subjective
records on sleep styles and pleasant is likewise
accumulated thru questionnaires and sleep diaries, at
the same time as actigraphy entails a wearable tool to
display actions and determine sleep-wake cycles.
While these strategies work nicely, they may be
exhausting, liable to human blunders, and from time to
time lack the accuracy and performance that automatic
machine learning strategies offer. It takes a whole lot
of time and money. The goal of this examine changed
into to investigate the potential of multi-species
nocturnal surveillance. Deep learning and wearable
technology are getting used to early locate and predict
sleep problems, in particular insomnia, which is
believed to be at threat. The aim of the take a look at
changed into to investigate the extent to which
presently used signal processing techniques
algorithms predict various kinds of sleep troubles.
Mental and physical fitness depend upon adequate
sleep. However, there are health limitations to
correctly implementing Al in scientific settings.
Despite these barriers, simulated intelligence holds
promise for improving cognitive talents and dealing
with sleep issues. The take a look at highlights the
need for regulatory steerage earlier than meaningful
integration. We endorse ANN computing as a solution
to this trouble using machine mastering and getting to
know strategies in aggregate with conventional
clinical treatment for sleep disorders. Artificial mind

structures (ANBs) are used to diagnose sleep issues
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via studying massive quantities of
relaxationassociated records to discover developments
and abnormalities that indicate particular disorders.
ANN:S are skilled the use of statistics. From studies the
usage of polysomnography, which measures heart
price, brain waves, respiration patterns, and muscle
interest... This complex information is processed with
the aid of various ANNs the use of interconnected
layers of neurons to learn how to apprehend functions.
Various sleep conditions and troubles. After training,
the ANN can routinely classify sleep. More correct
staging and diagnosis of conditions consisting of sleep
apnea, insomnia, and stressed legs syndrome reduces
the want for guide evaluation and improves the
consistency and productiveness of sleep problem
diagnosis. Greater accuracy saves time. A branch of
wearable computer generation referred to as synthetic
intelligence (Al) and system gaining knowledge of
(ML), Al makes a speciality of the usage of facts and
algorithms to mimic human studies techniques and
gradually increase their accuracy. Decision-making
manner Predictions or classifications are generally
made the use of gadget studying algorithms. Your
application analyses the sample in the data primarily
based on a number of records or input labels. The
version's prediction error function is evaluated, that's a
feature of errors. Error characterization the accuracy
of the version may be assessed by contrast,
considering examples  The model optimization
method changes the weights to reduce the difference
between the model and the acknowledged example if
the model great fits the records inside the education
dataset. This "estimation and optimization" procedure
is repeated by using the algorithm, which constantly
modifications the weights until a positive criterion is
reached. It should be mentioned that deep gaining

knowledge of, neural networks, and machine gaining
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knowledge of are subcategories of artificial
intelligence, however deep studying and machine
mastering are from time to time used interchangeably.
Deep learning is a subcategory of neural networks,
even as neural networks are a subcategory of system
learning. How every set of rules is trained is the
distinction among deep getting to know and gadget
getting to know. Although categorized datasets are not
continually categorized datasets, “deep” gadget
getting to know, from time to time known as
supervised studying, can use them to inform its set of
rules. A deep learning technique can constantly find
out a set of functions that distinguish extraordinary
types of information from each different by way of
taking statistics in its uncooked shape, which include
text or photographs. We begin by using amassing facts
from sleep diaries, polysomnography’s, and
autographs furnished by using patients. Artificial
neural networks (ANNs) are being studied for their
capability use inside the class of numerous sleep
disorders. Data pre-processing approaches, which
includes segmentation, denoising, and normalization,
are critical. Techniques such as time area evaluation,
frequency domain analysis, and time area analysis
procedures may be used to extract useful statistics. A
synthetic neural network can efficiently educate a
selection of functions and techniques if its input,
hidden, and output layers are optimized and suitable
activation features are used. Hyper parameters are
adjusted to keep away from overfitting. Artificial
neural networks (ANNs) are educated and tested on
diverse datasets. Each activation is scored individually
to make sure accuracy. Rewrite the following line the
use of a clean writing fashion: Data set. After
education, the version is included into a natural
program for actual-time analysis. New information is

delivered to the model via continuous training
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approaches to make certain that the version is accurate
and strong. The films. Csv, rating. Csv, and users. Csv
documents required for the challenge must be received
from the Kaggle website to finish the records
collection module. We will convert the datasets right
into a dependent layout and alter the assumptions
inside the information body to meet the desires of our
model in the records pre-processing module. To
organize the statistics, you want to apply an mXn
matrix, wherein m and n represent the range of users
and films. The task of converting uncooked based
records into Dbeneficial functions falls to the
characteristic extraction module. The development of
Al models advantages from this. In contemporary
digital international, system learning algorithms are
extensively used for various functions, which include
early detection of sicknesses, forecasting inventory
market tendencies, and assessing credit score hazard.
In system gaining knowledge of, a model selection
module is frequently used to decide the quality
approach and version structure for a given trouble or

dataset.

Fig: Proposed Architecture

CONCLUSION

This study demonstrates the effectiveness of machine
learning algorithms in the automated classification of
sleep disorders, offering a more efficient, scalable, and

cost-effective alternative to traditional diagnostic
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methods. By applying supervised learning techniques,
including SVM, Random Forest, Gradient Boosting,
CNNSs, and LSTM networks, the system achieves high
accuracy in detecting and classifying sleep disorders
based on physiological signals.Experimental results
show that deep learning models, particularly CNNs
and LSTMs, outperform traditional ML methods in
terms of classification accuracy and generalization.
The findings highlight the potential of ML-based sleep
disorder detection to streamline medical diagnosis,
reduce manual workload, and enable early
interventions.Despite its success, challenges such as
data variability, model interpretability, and real-time
implementation remain. Future research will focus on
enhancing model transparency through explainable Al
(XAl), integrating real-time monitoring using
wearable devices, and expanding datasets to improve
robustness across diverse patient populations.
Additionally, collaboration with medical professionals
and sleep researchers will facilitate clinical validation
and practical deployment of ML-based sleep disorder
classification systems.Overall, this study contributes
to the advancement of Al-driven healthcare solutions,
offering a promising step toward automated, real-time
sleep disorder diagnosis and personalized treatment

planning.
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