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Abstract

Theaim of this thesis is to review and evaluate the panénce of existing algorithms used
to detect sleevake periods from a long term actigraphy signal and investigate the possibility to

identify different sleep stages that occur during sleep.

Wrist actigraphy has been widely recognized as a suitable lowarwb low intrusive
alternative to polysomnography for sleep and wake identification. While most of the current
applications and algorithms focus mainly on detecting sleep and wakefulness during the night,
the main goal of this thesis is to evaluate théitity to identify sleep and wake periods in leng
term recordings and compare the results to ground truth obtained from sleep diaries. Several
existing algorithms were implemented and evaluated on a data set from a long term actigraphy
study. Also a newlgorithm based on decision trees and simple features is proposed as well as a
new postprocessing method which outperforms existing solutions.

In the second part of this work, exploratory data analysis was performed using data obtained
from simultaneousctigraphy and polysomnography recordings to investigate the possibility of
sleep stages detection during the night. Further on, several machine learning models were
developed for automatic detection of sleep stages using actigraphy data or actigraphy in a
combination with heart rate signals. However, the results of identifying different sleep stages
are not very promising and as other sources suggest, wrist actigraphy even in combination with
heart rate signals might not contain the necessary informataimgo and further research

might be needed.
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1 Introduction

Humans spent on average a third of their |if
Proper sleep is essential for a good mental and physicahiEadt exact purpose of sleep is yet
unknownb u t it has been s h o wimphysiotogicalfunctiors includiagl for
development and maintaining synaptic pathways, removing brain waste that builds up while we
are awake, modulation of immune responses, memory consolidation and many others. Lack or
low quality of sleep can lead to not only physiological but also psyclualbgroblems and
recent studies suggests thatauld be evetinked toneurodegenerativdiseases like Alzheimer
years before the typical symptoms are visibléth up to 20% of population affected by some
minor or majorsleepproblemsand with a sleep @privationasa commonpart of a current

lifestyle the sleep research got a lot of attention in last 20 years.

To better understand the function of sl eep e
have reliable methods to traitk length and evaateits quality. Those information can then be
used as a useful ma r kstatus,cauld gve esra hiot of@aduture vsksr e nt f
andchanges in the sleep behavior could provide a warning sign of upcoming prolaites.
the wearable devixs are on the riseracking many aspects of our life often including the sleep
in the clinical studies there are three main validated whg® to monitor sleep:

polysomnography, sleep diaries and actigraphy.

Sleep is most often defined by the physiotadjicharacteristics observdile closed eyes,
reduced breathing rates, reduced body movementesmbnsiveness external stimuli and
specific brain wave activityThese characteristics are used to detect sleep, identify its stages and

determine thaleep parameters that are needed to evaluate its quality.

Polysomnography is considered golden standard in sleep evaluation. It is a procedure
performed in sleep laboratory where subject is connected to many sensors monitoring brain,
heart and muscle agify, eye movement, oxygen levels and other information which are then
split into time frames andnalyzed by a specialissingstandardized set of ruleghis provides
the mostexactdata about sleeput is not very comfortable for the patié angualyt 6s u
limited to one night.Polysomnography is currently the only reliable method that provides
information about the sleep structure and the occurrence of different sleep stages. While this
might be importantor diagnosing specific sleep disorders dated problems, the complexity
of the procedure makes polysomnography not suitable for longer stumiesesuch a detailed

data are not always needed



Sleep diaries on the other hand represesatry simple approachevery morningsubject fills
out a fom containing information about last night sleggluding when they went to bed, when
they fell asleep, when they woke up, how many time they woke up during the night and so on.
This can provide a general overview of the sleepr several weekdut reqiires consistency
and can be easily affectegli ndi vi dual 6s errors.

Actigraphy is & accepted alternative to polysomnograpiysleepwake detectionlt is a
met hod to moni t or mgsmftes awatdhslikeaevicei worn onyhe wisth n g
accelerometeinside that periodically saves the amount of activdgorded These recordings
do not give direct information about sleep butan be later analyzed and used to identify the
periods of sleep and wakefulnefE3]. There are several different devices and multiple
algorithms to automatically analyze the data which makes actigraphy a useful tool to track
persons sleep over longer period of time withbeing intrusive or requiring much human
effort. Unfortunatelyunlike polysomnography there are standardizedet of rules for scoring
actigraphic signals and so the sleegke detection results can widely vary device by device or
algorithm by algoritin. However, actigraphy is considered a lgirge established method for

evaluation of basic sleep parameters in home environiheht

As actigraphy is viewed aslternative to polysomnographyhe current algorithms
[1][2][3][4][5][6] focus mainly on detecting sleep in comparison with it. Thatns¢lat they
try to detect sleep and wakefulness occurring during the night of one night examiiitn.
this is a useful as an alternative to polysomnography to detect quality of sleep during the rest
period it might not be that useful and accuratimg term studies. Thgoal of this thesis is to
evaluate and compare the current methods on a long term recordings ancedbpasults to
sleep diariemnd eventually propose a new method to improve the reSuith method would
give us a possibilitft o anal yze and determine personbs
which can be later used for examplentonitor status of people with Bipolar disorder where
sleep characteristics chandering the mard and depressiophas€13]. Because the abilitjo
identify sleep stagesccurringduring the sleep is essential for sleep quality evaluation the

second goal of this thesis is to investigate the possibilitpteo from actigraphy signal.

sl ee



2 Methodological background

2.1 Standard methodsfor sleep monitoring

2.1.1 Polysomnography

Polysomnographys considered aajden standard fomonitoring sleeplt is ane nightnon
invasive procedure sually performed in sleefaboratorywhen he subject is connected to
sensors that simultaneously record many different physiological data including brain activity
(EEG), heart activity (ECG), eye movement, leg movement, blood oxygen levels etc.

Figure 1 Patient connected to sensors during the polysomnograph examination.
(Source: https://www.sleepapneaquide.com/polysomnogram.htm)

Sleep techniciathenanalyzes the recorded signatstime frames (epochs) and labels them
with following information: sleep stage, breathing irregularities, candigthm abnormalities,
leg movements, body position. These information are then used to evaluate the sleep quality
based on sleep latency, glesfficiency and theccurrencef each sleep stage during the night.
The evaluation and the recorded data are provided to a sleep medicine physician for

interpretation. With consideration of patient


https://www.sleep-apnea-guide.com/polysomnogram.html










































































































