Automated sleep scoring and sleep apnea detection in children
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ABSTRACT

This paper investigates the automated detection of a patient’s breathing rate and heart rate from their skin conductivity
as well as sleep stage scoring and breathing event detection from their EEG. The software developed for these tasks is
tested on data sets obtained from the sleep disorders unit at the Adelaide Women’s and Children’s Hospital. The sleep
scoring and breathing event detection tasks used neural networks to achieve signal classification. The Fourier transform
and the Higuchi fractal dimension were used to extract features for input to the neural network. The filtered skin
conductivity appeared visually to bear a similarity to the breathing and heart rate signal, but a more detailed evaluation
showed the relation was not consistent. Sleep stage classification was achieved with and accuracy of around 65% with
some stages being accurately scored and others poorly scored. The two breathing events hypopnea and apnea were
scored with varying degrees of accuracy with the highest scores being around 75% and 30%.
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1. INTRODUCTION

1.1 Objectives

This paper investigates the development of software capable of automatically detecting sleeping disorders in children.
Three tasks have been proposed for the software:

1. the measurement of depth of sleep of a patient,
2. the detection of breathing irregularities during sleep, and
3. the extraction of heart and breathing signals of a patient.

The first task was to investigate the use filtering techniques on the skin conductivity to extract the heart rate and
breathing rate from only the skin conductivity. The second task was to develop software capable of accurately scoring a
patient’s sleep. This task investigated the effectiveness of the two signal processing techniques of Fourier transform and
fractal dimension in the classification of sleep stages. The third task investigated the detection of breathing events using
only the EEG as input data. The same two signal processing techniques as in the second task were used in this task as
well.

Data sets have been provided from the Sleep Disorders Unit at the Adelaide Women’s and Children’s Hospital. The
data includes a set of electroencephalograph (EEG), thoracic and abdominal breathing data and skin conductivity data.
By using various signal processing techniques on the data it is hoped that the depth of sleep of a patient can be
accurately estimated as well as the detection of occurrences of events during sleep where breathing is obstructed. It is
hoped that the results of this project will contribute towards the development of automated systems for the diagnosis of
sleep apnea in children.
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1.2 Motivation

Overnight polysomnography (PSG) in a sleep laboratory is considered to be the definitive diagnostic exam for suspected
abnormal breathing in children'. Polysomnography is the simultaneous recording of a number of physiological
variables of a patient over a nights sleep. Typically they include measurements of brain activity, respiratory activity,
oxygen levels, cardiac activity and muscle activity.

One of the most common sleep disorders is the Obstructive Sleep Apnea Syndrome (OSAS) with a prevalence of 2% in
children aged two to 18 years”. OSAS is caused by the repeated cessation of airflow due to upper airway obstruction.
OSAS is usually defined as more than five breathing events per hour of sleep’. A breathing event during sleep is an
event in which the patients breathing stops or is reduced. They are classified as being either an apnea or a hypopnea.
An episode of apnea may be defined as the temporary absence of breathing for at least two respiratory cycles while
hypopneas may be defined as a reduction of more than 50% in respiratory movement for at least two respiratory cycles®.

While the PSG is considered the diagnostic standard for the diagnosis of OSAS there are considerable drawbacks to
their use. The PSG is uncomfortable for the patient and involves a considerable investment for the healthcare system
requiring equipment, bed space and specialized technical support’. Interpretation of data is a time consuming and
tedious process requiring a qualified sleep technician. Thus the automation of tasks involved in sleep studies is a highly
desirable goal. The advantages of an automated system for diagnosis include speed, reliability economic savings and
improved reliability of diagnosis’. If important information can be automatically obtained from an EEG it would be
possible to develop portable devices that could be taken to a child’s home. Compared to a full sleep study this would be
much less stressful on the child and would be less expensive. Portable home sleep monitoring has been proposed for the
diagnosis of OSAS. The potential benefits of home sleep monitoring include reduced costs and the ability to evaluate
patients in their usual environment®.

2. SKIN CONDUCTIVITY

2.1 Data

The data provided for this study was recorded over the duration of a night for four patients. The data consists of the
galvanic skin conductivity together with the corresponding thoracic breathing signal and electrocardiogram. The skin
conductivity was sampled at 100 Hz, the thoracic data at 25 Hz and the ECG at 500 Hz.

2.2 Procedure

2.2.1 Overview

The skin conductivity is processed by applying a bandpass filter centred on the frequency of interest, which was either
the breathing rate or the heart rate. Following this a visual comparison of the filtered skin conductivity with either the
breathing or heart signals is possible, but in order to quantify any resemblance that may appear between the signals their
correlation is calculated. When the patient is breathing regularly their thoracic signal has a sinusoidal appearance and so
does not require any processing but the ECG has completely different shape. An algorithm is used to convert the ECG
into a square wave signal representing the heart rate.

2.2.2 Heart rate detection algorithm

The QRS detection algorithm—designed specifically for the production of heart rate from an ECG—was used. The
term QRS refers to points in the general shape of the ECG. This shape consists of a relatively fast, high amplitude pulse
followed by a slower, lower amplitude pulse. A linear phase bandpass filter with pass band of 10-20 Hz is used to
remove the slower pulse. The algorithm then uses three concurrent moving windows of lengths 380 ms, 280 ms and
100ms over the filtered signal. When the large pulse lies in the central window, the other two windows will have little
activity in them. The ratio of the activity in the central window to the activity in the other two windows is used to detect
heart beats. When this ratio exceeds a certain threshold the output is held at “1° for 280 ms to indicate a pulse, otherwise
the output is set to ‘0°. The operation of the QRS detection algorithm is shown in Figure 1. The first and second graphs
show the ECG input signal and the filtered ECG. The third graph shows the pulse factor the ratio used in detecting
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