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Abstract - With the increasing interest in sleep, many devices and applications that can assist sleep have been developed to 
improve the quality of sleep. Using such devices and applications, elements to analyze quality of sleep, such as tossing and 
turning and snoring, can be measured using sensors and the surrounding temperature, humidity, noise and brightness can be 
measured to analyze the appropriateness of the sleep environment. However, not only does analyzing the sleep data 
measured by simply using an algorithm not accurately measure the quality of sleep, it doesn’t fully utilize the correlation 
between data characteristics and the data. This is a study on a dataset to construct a learning model to analyze the 
relationship between quality of sleep and sleep environment. To do so, data was analyzed using different sensors, and the 
characteristics that can be used to construct a learning model were investigated. Also, elements that can decide quality of 
sleep were collected along with analyzed data characteristics to define the dataset, which can be used to construct the 
learning model. By analyzing sleep through this dataset, an environment for optimum sleep can be expected. 
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I. INTRODUCTION 
 
With the recent increase of interest in health, interest 
in sound sleep has increased as well. Many devices 
and applications that can assist sleep to improve the 
quality of sleep have been developed, among which 
includes a sleep care device that can test sleep status 
as well as quality of sleep [1]. This device measures 
the user’s tossing and turning and snoring with a 
sensor to determine whether the user is asleep or not, 
and how deeply the user is asleep. Also, it measures 
the temperature, humidity, noise level and brightness 
of the bedroom to let the user know about the sleep 
environment. 
However, sleep analysis can’t accurately be 
performed by measuring the sleep environment. Also, 
it can’t analyze whether the current sleep 
environment helps improve quality of sleep, and what 
factors interfere with sleep, if any. Not only is it 
difficult to apply individual differences when judging 
quality of sleep based simply on snoring and number 
of tosses and turns, there may be other factors that 
lower the quality of sleep. For example, even without 
snoring and tossing and turning, high room 
temperature or excessive light may lead the user to 
feel that the quality of sleep is low. Generally, bright 
light and loud noises are known to interfere with 
sound sleep, but it is difficult to determine the 
specific level. 
To verify this, collecting sleep data with various 
sensors and analyzing the relevance between sleep 
environment and quality of sleep using machine 
learning would enable more accurate and faster sleep 
analysis. For this, a learning model needs to be 
constructed by learning sleep data with a machine 
learning algorithm. 

For sleep analysis, high-accuracy learning needs to be 
constructed. An appropriate dataset is needed to 
construct a learning model, and for this purpose, this 
study examines the elements that affect sleep, and 
analyzes how environmental factors such as 
brightness, surrounding noise, temperature and 
humidity affect sleep. Also, these factors are 
measured using sensors and their characteristics are 
extracted to construct a proper dataset. 
In Chapter 2. Relevant Studies, other studies are 
examined in terms of the factors that interfere with 
sleep, and the factors that need to be eliminated for 
sound sleep. Chapter 3 defines the dataset to 
construct an artificial intelligence learning model and 
describes which data needs to be included in the 
dataset. 
 
II. RELEVANT STUDIES 
 
2.1. Factors that Interfere with Sleep 
Sleep is affected by many factors. They can be 
categorized into biological factors such as asthma and 
imbalanced metabolism, psychological factors such 
as anxiety, depression and stress, and environmental 
factors in the surroundings [2]. In terms of 
environmental factors, noise, lighting, temperature 
and humidity sometimes decide the quality of sleep 
[3]. In normal cases, a bright bedroom or loud noise 
would interfere with sound sleep. In this regard, there 
are several studies about factors that may interfere 
with sleep. 
For example, there is a study result that found that 
excessive light in a bedroom breaks biological 
rhythms and interferes with sleep [4]. Melatonin 
controls when a person falls asleep and wakes up, and 
when melatonin secretion decreases, the human body 
tends to stay awake more than asleep[5]. However, 
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excessive light suppresses the secretion of melatonin, 
a hormone that helps with sleep, and suppresses 
falling to sleep[6]. Also, in terms of noise, higher 
decibels of surrounding noise lead to a faster cardiac 
rate, which results in waking up the body [7]. 
Another example is a study about the relationship 
between temperature and humidity and melatonin [8]. 
While asleep, the body’s core temperature decreases 
more than normal and accelerates melatonin secretion 
[9]. If the surrounding temperature is too high at this 
time, body temperature doesn’t decrease and 
melatonin is not released sufficiently, which makes it 
difficult to fall asleep. Also, the body uses sweat to 
lower body temperature, and if the environment is 
excessively humid, body temperature can’t be 
lowered, which interferes with melatonin secretion 
[10]. 
 
Based on these results, the conditions in Table 1 need 
to be in effect for sound sleep. 
 

Table1: Requirements for good sleep 
Sort Requirements 

Temperature 18℃-22℃ 

Humidity 45% - 55% 

Brightness 0 lux – 5 lux 

Noise 0 dB - 30 dB 
 
For sound sleep, four factors (temperature, humidity, 
brightness and noise) must be satisfied [11]. 
Temperature must be cool, from 18℃ to 22℃. Based 
on the individual, it may require a lower temperature. 
Humidity should be maintained from 45% to 55%. If 
humidity is too low, dry air may make it difficult to 
breathe. In terms of brightness, it should be dark, 
from 0 lux to 5 lux. Artificial light sends a signal to 
the brain to wake up, suppresses sleep and causes 
insomnia. Noise should be from 0 dB to 30 dB. Not 
only is it difficult to fall asleep beyond this noise 
level, it is also difficult to sleep soundly. 
 
2.2. Snoring and Tossing and turning: Criteria for 
Quality of Sleep 
To verify the correlation between noise, lighting, 
temperature and humidity and sleep, the effects of 
each factor on quality of sleep need to be examined. 
At this time, snoring and tossing and turning can be 
used as criteria to determine quality of sleep. A study 
result stated that sleep disorder may result in 
insomnia, snoring, sleep apnea, tossing and turning, 
and narcolepsy [12]. These are symptoms that appear 
due to low quality of sleep. Among them, snoring and 
tossing and turning were measured using sensors and 
set as the criteria to determine quality of sleep, and 
were calculated as seen in Formula 1, which were 
then included in the dataset. The number of snoring 
and tossing and turning counts for 10 minutes was 

combined, and a higher value is considered to 
interfere with sleep and result in low quality of sleep. 
 
Tc (Tossing and turning) + Sc (Snoring) 
= Sd (Sleep Disorder)              (1) 
 
2.3. Sleep Analysis Using Machine Learning 
A study measured smartphone use patterns along with 
sleep environment and analyzed them using a 
machine learning algorithm. In this study, sound 
amplitude, acceleration, light intensity, apps running, 
screen proximity, battery state and screen state were 
measured and saved, as seen in Figure 1. Afterward, 
the data was analyzed to extract features, which were 
transmitted to a server to analyze using a machine 
learning algorithm. 

 

 
Fig 1. Smartphone sleep analysis using machine-learning 

algorithm 
 
According to the study case, in the experiment that 
measured sleep status based on measured data, the 
results ranged from 42% to maximum 94.5% 
accuracy, and was able to predict the time of falling 
asleep and waking up. Also, as the learning data 
accumulated with time, the error rate decreased and 
accuracy increased. 
This indicates that more improved sleep analysis can 
be performed, and the environmental factors that 
affect sleep can be determined using a machine 
learning algorithm. If machine learning is performed 
based on measured sleep data, more accurate sleep 
patterns can be analyzed. Chapter 3 will select the 
data that is needed to construct a learning model 
using this machine learning algorithm, and extract 
data features to define a dataset. 
 
III. CONSTRUCTION OF DATASET FOR 
SLEEP ANALYSIS 
 
The generation of an artificial intelligence learning 
model for sleep analysis requires the processes in 
Figure 2. First, the brightness, noise, temperature and 
humidity of the sleep environment are measured. In 
this process, snoring and tossing and turning, which 
can determine the quality of sleep, are measured 
together to evaluate the sleep environment. Features 
are extracted using measured data, and a sleep dataset 
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is constructed to be used in machine learning. The 
sleep dataset is used for two purposes: as a training 
dataset to apply to a machine learning algorithm and 
generate a learning model, and as a test dataset to 
perform an accuracy test on the generated learning 
model. After the test is completed, the final learning 
model is generated in a form that can be used in sleep 
analysis. 
 
3.1. Sleep Data Extraction 
In order to enhance the performance of the learning 
model, a proper dataset needs to be constructed. 
Therefore, to construct an efficient dataset, five 
sensors were used to measure the environment to turn 
sleep information into data, as seen in Table 2. 
 

Table2: Extracted Feature from Sleep Data 

Type of 
Sensor Features 

Samplin
g Rate 
(Sec) 

Indication 

Pressure 
Sensor 

Tossing 
and turning 600 Sleep 

Disorder 
Sound 
Sensor 

Snoring 600 

Noise 600 Sleep 

Type of 
Sensor Features 

Samplin
g Rate 
(Sec) 

Indication 

Light 
Sensor Brightness 600 Environme

nt 
Temperatur

e Sensor 
Temperatur

e 600 

Humidity 
Sensor Humidity 600 

 
This study processed the data that each sensor 
measured, extracted features so that it can be used in 
the learning algorithm, and defined it to construct a 
dataset. The features are categorized into sleep 
disorder and sleep environment. 
Sleep disorder refers to tossing and turning or snoring 
during sleep, which is used as the criteria to measure 
quality of sleep and use in the analysis. A pressure 
sensor is attached on the bed to measure tossing and 
turning during sleep, and a sound sensor is used to 
measure snoring. Sleep environment refers to 
surrounding elements that may affect sleep, including 
noise, brightness, temperature and humidity. Noise is 
measured using a sound amplitude sensor, brightness 
using a light sensor, and temperature and humidity 
using a temperature-humidity sensor. 

 

 
Fig 2. Machine-learning algorithm to make learning model 

 
Brightness, temperature, humidity and noise are 
measured every 10 minutes, and snoring and tossing 
and turning are calculated from the data obtained 
from the pressure sensor and sound sensor, and are 
used in terms of a single line. Lines that combine 
features construct a sleep dataset, and each line 
contains information about sleep. 
 
3.2. Definition of Sleep Dataset 
A sleep dataset is generated, as seen in Table 3 
 

Table3: Sleep Dataset Definition 

Data Type Unit 

Average Noise Int dB 
Average 

Temperature Float ºC 

Data Type Unit 
Average 

Brightness Float Lux 

Average Humidity Int % 

Sleep Disorder Int Number of 
disorders 

 
Each line combines the data that is measured during 
sleep into one line, and the average of data measured 
for 10 minutes is used as data. Measurement data is 
divided into 10-minute intervals because learning 
through machine learning requires a sufficient dataset. 
The number of snoring and tossing and turning 
instances is added and defined as sleep disorder. The 
total count for a 10-minute period is used as data, and 
the total sum data is used as the standard for the 
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criteria that determines quality of sleep. A higher 
value of sleep disorder means more interference 
during sleep and low quality of sleep 
 
3.3. Sleep Analysis Using Dataset 
The Sleep analysis is performed using the dataset 
previously defined. Sleep analysis refers to the 
analysis of the relationship between sleep disorder 
and sleep environment, and for this, the defined 
dataset is arranged in chronological order and 
analyzed for relevance. 
Figure 3 is a prediction graph of sleep analysis based 
on a defined dataset. A hypothetical sleep situation is 
used as an example, from 23:00 to 7:00 the next day. 
The X-axis refers to the time measured, and Y-axis 
on left refers to the values of humidity, noise, 
temperature and brightness, which construct the sleep 
dataset. The Y-axis on right refers to the sleep 
disorder values. 

 
Fig.3. Sleep Environment and Sleep Disorder (Prediction) 

 
According to the graph in Figure 3, brightness and 
temperature are steady with almost no changes, but 
occasional noise occurred. Humidity shows the 
biggest change, from 48% to 82%, and considering 
that the sleep disorder value increased as humidity 
increased, humidity significantly affects sleep. 
Similarly, the relationship between sleep and sleep 
environment can be analyzed and important elements 
in sleep can be analyzed. Also, performing such 
analysis using machine learning would result in 
higher accuracy. 
 
CONCLUSIONS 
 
This study determined the elements that affect sleep 
and examined the proper sleep environment to 
analyze the relationship between sleep environment 
and quality of sleep. It measured the temperature, 
humidity, brightness and noise of the sleep 
environment to generate a learning model to use in 
sleep analysis, and measured snoring and tossing and 
turning as the criteria that can determine sleep to 
define a dataset. 

Generating a learning model using a dataset and 
analyzing sleep with it could help research on the 
conditions that can lead to high quality sleep. It may 
also provide services for analyzing quality of sleep 
while analyzing the sleep environment, as well as 
advising users in creating a sleep environment that 
can improve the quality of sleep. Additionally, more 
intensive study on the elements that determine quality 
of sleep can be conducted by gathering user data. 
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