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Abstract 

The aim of this thesis is to review and evaluate the performance of existing algorithms used 

to detect sleep-wake 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 low cost and 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 their ability to identify sleep and wake periods in long-

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 new algorithm based on decision trees and simple features is proposed as well as a 

new post-processing method which outperforms existing solutions.  

In the second part of this work, exploratory data analysis was performed using data obtained 

from simultaneous actigraphy 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 information to do so and further research 

might be needed. 
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Abstrakt  

C²lem t®to pr§ce je vyhodnotit existuj²c² algoritmy pouģ²van® k detekci sp§nku a bdŊn² 

v dlouhodobĨch aktigrafickĨch z§znamech a prozkoumat moģnosti identifikace jednotlivĨch 

sp§nkovĨch st§di² kter® se vyskytuj² v prŢbŊhu sp§nku. 

Aktigrafie je ġiroce uzn§van§ jako vhodn§ levn§ a pohodln§ alternativa k polysomnografii 

pro identifikaci sp§nku a bdŊn². Zat²mco vŊtġina st§vaj²c²ch vyuģit² a algoritmŢ se soustŚed² 

hlavnŊ na detekci sp§nku a bdŊn² v prŢbŊhu noci, hlavn²m c²lem t®to pr§ce je vyhodnotit jejich 

schopnosti identifikovat obdob² sp§nku a bdŊn² v dlouhodobĨch z§znamech a porovnat jejich 

vĨsledky s daty z²skanĨmi ze sp§nkovĨch den²kŢ. Pro ovŊŚen² bylo implementov§no nŊkolik 

existuj²c²ch algoritmŢ, kter® byly n§slednŊ vyhodnoceny na datech z dlouhodob® aktigrafick® 

studie. Tak® byl navrģen novĨ algoritmus zaloģenĨ na rozhodovac²ch stromech a jednoduchĨch 

ukazatel²ch, stejnŊ jako nov§ metoda n§sledn®ho zpracov§n², kter§ dosahuje lepġ²ch vĨsledkŢ 

neģ st§vaj²c² Śeġen². 

V druh® ļ§sti t®to pr§ce byla provedena exploraļn² analĨza dat z²skanĨch ze soubŊģnŊ 

poŚ²zenĨch z§znamŢ z aktigrafie a polysomnografie pro vyhodnocen² moģnost² detekce 

sp§nkovĨch st§di² bŊhem noci. D§le bylo vytvoŚeno nŊkolik modelŢ k automatick® detekci 

sp§nkovĨch st§di² na z§kladŊ aktigrafickĨch dat a aktigrafickĨch dat v kombinaci se z§znamem 

srdeļn²ho rytmu. Nicm®nŊ dosaģen® vĨsledky pŚi identifikaci jednotlivĨch sp§nkovĨch st§di² 

nejsou pŚ²liġ povzbudiv®, a jak naznaļuj² i dalġ² zdroje, aktigrafie i v kombinaci se z§znamy 

srdeļn²ho rytmu moģn§ neobsahuj² potŚebn® informace a bude tak potŚeba dalġ²ho vĨzkumu. 

Kl²ļov§ slova: Aktigrafie, Strojov® uļen², Sledov§n² sp§nku, Sp§nkov§ st§dia, Sp§nek-bdŊn² 
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1 Introduction  

Humans spent on average a third of their life by sleeping and itôs a very important part of it. 

Proper sleep is essential for a good mental and physical health. The exact purpose of sleep is yet 

unknown but it has been shown itôs critical for many vital physiological functions including 

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 psychological problems and 

recent studies suggests that it could be even linked to neurodegenerative diseases like Alzheimer 

years before the typical symptoms are visible. With up to 20% of population affected by some 

minor or major sleep problems and with a sleep deprivation as a common part of a current 

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

To better understand the function of sleep and its influence on the human life itôs critical to 

have reliable methods to track its length and evaluate its quality. Those information can then be 

used as a useful marker of personôs current health status, could give us a hint of a future risks 

and changes in the sleep behavior could provide a warning sign of upcoming problems. While 

the wearable devices are on the rise, tracking many aspects of our life often including the sleep, 

in the clinical studies there are three main validated ways how to monitor sleep: 

polysomnography, sleep diaries and actigraphy.  

Sleep is most often defined by the physiological characteristics observed like closed eyes, 

reduced breathing rates, reduced body movement and responsiveness to external stimuli and 

specific brain wave activity. These characteristics are used to detect sleep, identify its stages and 

determine the sleep 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 activity, eye movement, oxygen levels and other information which are then 

split into time frames and analyzed by a specialist using standardized set of rules. This provides 

the most exact data about sleep but is not very comfortable for the patient and itôs usually 

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 important for diagnosing specific sleep disorders or related problems, the complexity 

of the procedure makes polysomnography not suitable for longer studies and we such a detailed 

data are not always needed.  
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Sleep diaries on the other hand represent a very simple approach. Every morning subject fills 

out a form containing information about last night sleep, including 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 sleep over several weeks, but requires consistency 

and can be easily affected by individualôs errors.  

Actigraphy is an accepted alternative to polysomnography for sleep-wake detection. It is a 

method to monitor personôs activity using most often a watch like device worn on the wrist with 

accelerometer inside that periodically saves the amount of activity recorded. These recordings 

do not give direct information about sleep but can be later analyzed and used to identify the 

periods of sleep and wakefulness [18]. 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 without being intrusive or requiring much human 

effort. Unfortunately unlike polysomnography there are no standardized set of rules for scoring 

actigraphic signals and so the sleep-wake detection results can widely vary device by device or 

algorithm by algorithm. However, actigraphy is considered a long-time established method for 

evaluation of basic sleep parameters in home environment [19]. 

As actigraphy is viewed as alternative to polysomnography the current algorithms 

[1][2][3][4][5][6] focus mainly on detecting sleep in comparison with it. That means that they 

try to detect sleep and wakefulness occurring during the night of one night examination. While 

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 accurate in long term studies. The goal of this thesis is to 

evaluate and compare the current methods on a long term recordings and compare the results to 

sleep diaries and eventually propose a new method to improve the results. Such method would 

give us a possibility to analyze and determine personôs sleep patterns and circadian rhythms 

which can be later used for example to monitor status of people with Bipolar disorder where 

sleep characteristics change during the manic and depression phase [13]. Because the ability to 

identify sleep stages occurring during the sleep is essential for sleep quality evaluation the 

second goal of this thesis is to investigate the possibility to do so from actigraphy signal.  
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2 Methodological background 

2.1 Standard methods for sleep monitoring 

2.1.1 Polysomnography 

Polysomnography is considered a golden standard for monitoring sleep. It is one night non-

invasive procedure usually performed in sleep laboratory when the 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.sleep-apnea-guide.com/polysomnogram.html) 

 

Sleep technician then analyzes the recorded signals in time frames (epochs) and labels them 

with following information: sleep stage, breathing irregularities, cardiac rhythm abnormalities, 

leg movements, body position. These information are then used to evaluate the sleep quality 

based on sleep latency, sleep efficiency and the occurrence of each sleep stage during the night. 

The evaluation and the recorded data are provided to a sleep medicine physician for 

interpretation. With consideration of patientôs medical history, used drugs and other relevant 

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







































































