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ABSTRACT: The other common sleep disorders are sleep apnea, caused by continuous disturbances of breathing
while sleeping. It leads to a reduction in the level of oxygen saturation in the blood. To treat it, one may use overnight
Polysomnography in an authorized conditional laboratory. However, this test demands more economic availability,
fewer beds in order to treat, and require more staff members to record the whole session. Thus, this paper is presenting
work to detect anomaly detection using oxygen saturation by looking at the patient record. In this paper, we used
GMM?70.67%, and Principal Component analysis detect anomaly resulting accuracy of 70.27% in logistic regression,
71.67% using DBSCAN, and lastly 65.17%

KEYWORDS: Sleep apnea, Isolation Forest, k-nearest neighbor, support vector machine, polysomnographys,..
LINTRODUCTION

Oxygen saturation is the kind of measuring the amount of oxygen, which is carried by the red blood cells in the body
[1]. It is measured meddling using an oximeter, oximeter is a small device that is attached to the fingertip or the other
parts of the body. SpO2 levels provide information about a person's overall health and respiratory problems. Detection
Sleep apnea is one of the challenging tasks because it undergoes undiagnosed due to its symptoms that occur during
sleeping. This is why the levels of oxygen saturation during sleep must be monitored, and this will serve as an approach
that will help detect any anomalies. In this paper, we applied anomaly detection algorithms to oxygen saturation data to
identify the patterns that depart from normal sleep patterns [2]. Managing sleep apnea and controlling that from time
and detecting abnormal oxygen saturation is a big task. That's why this anomaly detection came into existence. In
anomaly detection, analyzing the oxygen saturation data collected from pulse oximeters during sleep to identify the
patterns which deviate from the normal values [3]. Therefore, anomaly detection algorithms applied to these data would
automatically detect abnormal patterns such as oxygen saturation indicating sleep apnea events such as hypopnea,
partial airway blockage or apneas, complete airway blockage).

Detection of sleep apnea anomaly from oxygen saturation has so many applications in sleep medicine. It can cure the
treatment of sleep apnea by giving objective and quantitative measurements of oxygen saturation levels during sleep
[4]. It can also use to monitor the effectiveness of the treatments for sleep apnea, that is continuous positive airway
pressure (CPAP) therapy, by tracking changes in the patterns over time.

[S]. It also has the potential to be able to monitor patients with sleep apnea so early detection of sleep apnea events can
be done.

But most importantly, sleep apnea anomaly detection through oxygen saturation data is not only the

As such, a solution or treatment tool to be used along with other clinical assessment and sleep studies will be required
for the true detection of anomalies and thus will help in management of sleep apnea [6]. Moreover, accuracy using
algorithms for the detection requires more research and verification in aspects of reliability and clinical utility. Despite
this new area of research, there is much hope in spite of improvement, which will be there for the better treatment and
management of sleep apnea and thereby quality life..
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II. RELATED WORK

As we told before in the last sections when it comes to oxygen saturation, which is the amount of oxygen carried by the
red blood cells and is frequently used in sleep apnea treatment and patient monitoring, sleep apnea is a disorder that
occurs during sleep and causes repeated pauses in breathing while a person is sleeping. This decreases the oxygen
saturation level in the blood.Over the years there are so much significant and related research on sleep apnea anomaly
detection using oxygen saturation. Here in this section, we are going to look at some related works:

1. “Automatic Detection of Sleep Apnea using Oxygen Saturation and Heart Rate Varia bility” by Khedr et al. (2022)

This work proposed an automated detection of sleep apnea using oxygen saturation and heart rate variability. The
authors used statistical features which are extracted from the oxygen saturation and heart rate variability signals to train

a model for detecting sleep apnea. This proposed work achieved high accuracy in detecting sleep apnea events.

2.

“Detection of Sleep Apnea from Oxygen Saturation Using Convolutional Neural Networks” by Patnaik et

al.

(2019): This work proposed a deep learning-based approach using CNNs for detecting sleep apnea from oxygen

saturation signals. Here authors

approach which showed promising results to detect sleep apnea events.

Step Description Tools/Techniques

used a large dataset of oxygen saturation recordings to train a CNN- based

1. Data Collect physiological signals related to sleep (EEG, ECG, Polysomnography (PSG), Sleep
Acquisition SpO2, respiratory effort, airflow, etc.). monitoring devices.
2. Clean the raw data by removing noise, normalizing signals, Fllter.s (b'andpass, }ow-pass),
. . . . normalization techniques, signal
Preprocessing and segmenting data into windows. . .
windowing.
3. Feature Extract relevant features from the data to highlight Tlme-domam., frequency-fian an,
. . . . morphological, and statistical
Extraction important patterns like respiratory cycles.
features.
4. Feature Reduce dimensionality by selecting the most relevant PCA (Principal Component
Selection features. This step is optional. Analysis), correlation analysis.
. . . . KNN, SVM, Random Forest,
5. Anon‘laly Use machine learning algorithms to detect anomalies Isolation Forest, LOF, PCA-based
Detection (apnea events). .
detection.
6. Evagl ation Evaluate the model’s performance using metrics like Accuracy, sensitivity, specificity, F1
Classification accuracy, sensitivity, and specificity. Score.
7. Diagnosis || Provide a final report on detected apnea events, including Apnea-Hypopnea Index (AHI),
and Reporting severity (AHI score). sleep study reporting.
III. EXPERIMENTAL SETTINGS
Data set

This experiments Sleep apnea anomaly detection datasets can be collected in the 25000 patients into datasets that can
detect anomalies this dataset feature can be spo2, weight,heart pulse, temperature, muscle mass, hydration, bone mass,
pulse wave velocity from the patients with and without sleep apnea and the data sets training and testing process of
some machine algorithms implemented to the based accuracy score which algorithm can be the better performance of
the algorithm.
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Gaussian Mixture Models (GMM)

GMM is a probabilistic model that assumes the data is generated from a mixture of several Gaussian distributions.
Each data point is assigned a probability of belonging to one of these distributions, and points with low probabilities are
considered anomalies.

1. Key Points: Effective for detecting anomalies when the data follows or can be approximated by a Gaussian
distribution. However, it may not perform well if this assumption is violated.

2. Average path length in sleep apnea is determined using average_path_length

3. (n)=2*(log(n1)+0.5772156649)

In this equation, n stands for the number of samples in the dataset.

4. Anomaly score in sleep apnea is determined using anomaly score(x)=2(-average_path_length(x)/c(n)) where n is the
dataset's sample count, andc(n) is a normalizing constant.

Principal Component Analysis (PCA)

PCA is a dimensionality reduction technique that transforms data into a new coordinate system based on its principal
components (directions of maximum variance). For anomaly detection, data points that deviate significantly from the
low-dimensional space formed by the principal components are considered anomalies.

Key Points: Particularly useful in high-dimensional data. However, PCA assumes that the majority of variance in the
data is meaningful, PCA requires that the data be standardized so that each feature has a mean of 0 and a standard
deviation of

X —p

a

Kocaled =

Where:
s X is the original data matrix.
s i is the mean of each feature.
* o is the standard deviation of each feature.

o X . ..led is the standardized data.

DBSCAN (Density-Based Spatial Clustering of Applications with Noise)
DBSCAN is a clustering algorithm that groups together closely packed points based on density and treats points
that are not in a dense region as outliers. It does not require specifying the number of clusters in advance.
Key Points: Works well with datasets that contain noise and clusters of arbitrary shape. The results are sensitive
to the choice of parameters like the radius (epsilon) and minimum number of points in a cluster

IV. RESULTS AND DISCUSSIONS
In this below, we are using plot express to plot anomalies using oxygen saturation as an x-axis and pulse wave

velocity as a y-axis where red color indicates the outliers and blue color indicates no outliers in this we are using
the slider to vie and to get a better point of view.
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In this below figure, we are using the model. The decision function is to get a score by passing a data frame as
oxygen saturation and in the score we will get both positive and negative values. Here is a histogram plot, using
bins=50 where we evaluate the score less than -0.05 as an outlier.
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In this figure, we are using a scatter plot where we are plotting all the abnormal points with red color and this is
been applied to the function called abn_index where distance and mean are used with an axis equal to 1.

In this figure we are using the unsupervised method to detectanomalies using the KNN algorithm where we are
using the axhspan function which comes under matplotlib with alpha equal to 2 and fitting the nearest neighboring
algorithm with neighbors equal to 5 and the algorithm used is in this isballtree.

DBSCAN
In this figure, we are visualizing the anomalies using a scatter plot by considering the data and data frame as
heartbeat, oxygen saturation, and showing all the outliervalues in red color.
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V. FUTURE SCOPE AND CONCLUSION

One of the promising processes is the potential for detecting sleep apnea anomalies using machine learning
algorithms. There exists a huge growing interest in this field among clinicians and researchers and with continued
research and development in this field.

We can expect further improvements in the occurrence and effectiveness of the algorithms that we used in this
work. To this, in addition it will also be helpful for patients to assume their sleep apnea events. In conclusion
employing machine learning algorithms for sleep apnea anomaly detection is one the prominent way that might
potentially significantly enhance the identification and treatment of sleep apnea. While there is much work to be
done, the current research shows the effect. The liveness of machine learning algorithms in detecting sleep apnea
and anomalies from the dataset
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