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Analysis on the Sleep Patterns and Design of System for Customized
Deep Sleep Service in Motion Bed Environments
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. LAAAA
Won Jin Lee

ABSTRACT

Jun Seo Jeongw,

, Jae Dong Lee

Tt

Sung Beom Cho

LAARARS

As the demand for quality sleep increases in modern society, the importance of sleep technology has
increased. Recently, development of sleep environment improvement products and research on the us-
er's sleep improvement have been activated. Representatively, user sleep pattern analysis research is
being conducted through the existing polysomnography, but it is difficult to use it in the sleep environ-
ment of daily life. Therefore, in this paper, we propose a system design that can provide a customized
deep sleep service to users by detecting sleep disturbance factors in a motion bed environment. In order
to improve the user’s sleep satisfaction, a logistic regression—based sleep pattern analysis model is pro-
posed and accuracy and significance are verified through experiments. And to improve user’s sleep sat-
isfaction, we propose a logistic regression-based sleep pattern analysis model and verify accuracy and
significance through experiments. The proposed system is expected to improve the user’s sleep quality
and effectively prevent and manage sleep disorders.
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s

w o

)

et

Ao ES] 7M1 2 1 F shve= Bz
| Al <= 8} 3] (World Sleep Society)+= T
F F8YS ‘FHY FE A @4

w M fo
>

o
e O

AE oA 7T F A= FHY T8AES F=E3)
W FH Ao A 2 #E B3 AR A A
Fe&E £017] 98 =9sta A1l H FHe
FHdd g a7k S74E el e ICT 7134
STE 53 ‘EHH A(sleep tech) 71&°] v 4%

% Corresponding Author : Jae Dong Lee, Address: (16890)

152, Jukjeon-ro, Suji-gu, Yongin-si, Gyeonggi—-do, TEL

1 +82-31-8005-2384, FAX : +82-31-8021-7422, E-mail :

letsodit@dankook.ac.kr

Receipt date: Aug. 12, 2022

Approval date: Aug. 23, 2022

" Department of Software Engineering, Dankook Uni-
versity (E-mail : 32180120@dankook.ac.kr)

" Department of Software Engineering, Dankook Uni—
versity (E-mail : 32183163@dankook.ac.kr)

e Department of Software Engineering, Dankook

University (E-mail : 32184188@dankook.ac.kr)
Department of Software Engineering, Dankook
University (E-mail : 32184302@dankook.ac.kr)
Research Institute of Information and Culture
Technology, Dankook University

(E-mail : god7300@dankook.ac.kr)

Department of Software Engineering, Dankook
University

% This work was supported by the Technology develop—
ment Program (S3034117) funded by the Ministry of
SMEs and Startups (MSS, Korea)

Tt

T

LRARESY



1110 EZEOICNES ==X M253 X8=(2022. 8)

=

Z AAH SR ANGEL LAl
SHg nAs] S8 e PHE velstn
Stk T FANAE 2nlAe] £E $E MR
ARG 5 ol AFES Fe] T3 A
slom amlzte] 49§74 A AN
4A NEHE ATY 5 9

Hel A7} Bus A

_{

>

oo

EY

4

=)
EI
T

A

&)
rlot
o
o2
3o
2 rlr
T ¥
fu 2

o
2
2

o @
il

it g ol
_?1_"
Y
T :
rlr rlo
bt
I

W o
= oy
)
£ 0 >
op Bt
ol
e K e
0

rlr
E
o2

e
o @
=)
T

(B o o

it
4 o ol
g o

i d v

ol i
r
=
P,L',

2
N
N
Eofr B
to M )

>
ofo
kY
IS

s (B oot [ 4y
w4y

AN e

o
2739

1

5 ALgA)
g & itk A3 N4
fol ek A-gAtel
AgAke] S vlolE]
| ANERT 718
JolE1 & ggale] Sus Ban Az A
=l Hlom ojwut ohje} 2njE W
ro] ele] ICT 71%0] §38 BopolA =AM
ggateis A7t BASEADG T AT
AR 53 24 W T A4 E 283
2 484 dolEE 2UEPsy] 4%
AgAe] S 87 Aol E A5 9%

o 72 PFHL F1 L FAT 5 Ao

2
ro
)
oo

o B
% fa
ezl

=z

=7 A

o (0ol o
N
)
=

o

1
I
T
2
i)
e
ol
ot
Sy

o H

n)

>
i
B R

gy o It o
rg i m

o

M2 2ot 2 2 e (B OO 0 E N> o=
Ho

=
ST

i
o
™
o
i
=
s
l‘ll: tlo
[
ol
-3
4
rg
i)

4
A
3
>
lo
=
3]
U
-0,
oL

>

(]

polysomnography)+
2 A Fol A A AL EAY S}
AEE 73, A A3t 9 o]
2, PSG

i

Of

rlr
N 2 ¢

o

ox

il_l“

o

cher

>

s
2
fru
H JIN
oo o
o
O%
ol
_|>:

)
RS
>
© x
B o
i
o g orlr
Y

249

©

il

o

ot T

Y N

= o~

i o

Do

2 ox

%o
Bl rEorfo

e
iz
2

o
~
mg O
oy L
o
o
o
>

2
o
ol
ol
)
o rE d% ot ox o i

o =

I

K3
4 X
oo oo

tlo £ o
r
(e}
ox
_1 M

o o
k%)
©
N
off
_O|L
(d

e
i
2

S

fr o

o o Mr
oL,
i
o
)
fo
_?E
£
o

o2
2
R
o e
o —IIN'
e
3,
R
=)

o e g

iy
ot
oy
>
N
N
do
[0
ol
£
r_l.h
=
|
o o
o
2

d Sl ARILRE ATE 7 As A=E BAE A
Ik AQFEhE AR HH o] R AFE Al
sb7] flell 9 Aol 245 @RSk HAH |+
AR S AT 5 A== AAHAT. =3, 4
T @A R WY £42 ffst =39 A
Aol 1 dolH S &gste] 1 d £ e 3
skt

& wwd 74E BEd Ao 28 s #d
ATE NSkl 3l M= AR 24 W=
A ER W ARIAE 9% AE AA 2 A
&4 Y EAMol diste] ARt Te)a 4%
A= AR AHEA 1 oY B4 A 8l 71E

REP S9 MuaE REY Auash 49 fE
Al 2ol FAofoltt. %EY An et ArEe] 4
g shotatel IBOIA DEY HUE AT FE
A% BHTH6l. 53], YulolE L AFAS 71&9)
WAL BEY Aol U Fo4 R B
oA 3 Qi BAolth 4¥ fE Mulst &F
Ao) Mul 2, A L5 Ao] Aulz, 2P A ] A
2, AW FFA717] Ale] Aul (7], sE o] Alo] A
27b 9k

£8), A2 2AH % 9= BHMSE 9 87

g 5 mAMES] 4TS 2Aste]l £A o)

shale] Pl ol Fo) Fwel A AN Al

N
N,
N
L
o)
o
M
. 2
]
&
>
>
ofo
X
o
foi
ot
$e,
N
=
Y

A s A 58 B 24E AN 29D
PARo R $He 9%

REANA RFY S0 AN LE AT Sl
AE AFLA7)F o' 9 A3S A YA, AFE
27} o Aot =



A0 ol %, +79 eolEE A
W R4 aehE BRHQl 2EY
%9 Aulz AlFe] Zhssttk o] FAolA Holg

e 24 dugEs g5A

¢

AN 5 e REY 59 Az AF

AR A AR SR 2w

22 Hole mE 24

oy &4 &5+ tiF< Al ¢18F2
o= A3 39 (Multiple linear regression)[9,10], A
X E #WE WAl (Support vector machine)[11,12], 2
AL A4 Eg](Decision tree)[13,14], #H XY 2E
(Random forest)[15,16], 2] ~¥] 3] (Logistic re-

gression) &°] At 53], EA2H A= 5H ©

o} F& A dBAS BYsla F5 A g
A TS JEIATH1T7]. £33 2 2Y 3] A Y
+ 59 W5t 5 Ao AREE IR YE
W 59 W 98 S g2 vegd 4 7
ol 4 Wl frofvd FFH & 7= 29l
ol gl 7} 5] W] FA A FFE B4, 1F

A2 Fue AN stel dolgE A718 2
F& FE Y BYS S AT20171 95
A sRe] F2E ARSI SR 4 ey
t AEE $X%5] FHe Ao GFL AHE
Y B4 SRS AP FIEE 5 AR
We /o s E Y BAe A7} oeps
A FE 3 gtk Teu S 84 AR 5
WO AHPSGIE B3 97 475 25
o, GE o A48T £ Y AR AN EF R
5 A BEIE AP 9A 4B =AD
% 2B 9uE ASAE A% £E Y B
He QA 57 Aol A BATE 49 4RE
Aoz FH e BN Bast Ak

UEY 50 ANAE AFse] g UL

=P MHIAE 18 AIAE M4 & =B WE 24 1111

=
2
o
N
o
e

Og(:‘:
BN
)

& gAY SH e 2
Yo QJoiH FaE A
wlo] glojA U ol
AgAre] Sle] 29 a9l
| % W SE weo] Basi
= QYT A S e

2
32
o
A
e
& Ao

2

g
£
T

i
o odo

>
oo
X
1o
2

o
=

i o
et
bri

i Fo
)
:(g

o
o M -
2

Ir oot

Hd

2

2o
>

of AE rie
o o X
ftlo E
4
)
ol r—E‘
£
o
=2
ol
2
tlo
N
4>
g:(_)‘
rlr
fo
o

(

=
>

an

o N gy T oot 1o o
N
it
U
rE
9
o
o
I
E
e
L ¢
_\g
)
il
N
ry
N
rO
ﬂ

b orr

w

BNHE EE0AM SEYE 5H MH|[AE 2
gh AIAR] A

3.1 MHIA IR

B =RoA AdE RAME S0N Y &
W AN 2E 98 A2
2,

RRMECA AEASA HHSE 7 8
& A7) 98 A BAH Aus BPoz
TR, oheg} gol 69 AW

o
o
>
=
[
[t
1,
rlo
&)
S

—
B

m Step 1 AH8A 55 ©A

- ASAE A FAA AEA JRE FH Hol
B A me Ane 5%

- 2ulY 7]7] 9 = AH =& Bluetooth® 323}
o ZulY WolA WE HRE 41 HolE g
/&2 Aol F5

m Step 2 AHEAF A4 R A F BA (AR =4

W= ARE E9)

-w2ekd 777 2A = ZA ) Ao,
Bluetooth® A5 o8 ol RHAWET} AHE-
7kl W= ARE-E A

- 2HlY Q¥ 2 W =oA HlE Ao V)5 &3

- AT VHA] RE(SH BRE, F4 RE FF
EE Qb BE) F AMul2 AIFF REAA (102
RESH AL A S REE Aulzs AR

m Step 3 HlolH A%

2
%Y RE 5% REY 0 w4 WET} £



1112 ZEOICNEE ==X M253 X8=(2022. 8)

Customized Motion Bed and Deep Sleep Service System

Preprocessing .
Service Steps

Customized Motion Bed System Customized Deep Sleep Service System
[ J Recommended services

Step 3

Steps to Data Transfer

Step 4

Steps to analysed Sleep pettern

@ Analyze user’s
sleep pattern
nede

Sleep Data Analysis

O Step 1
Steps to
“ reglster users
@ Register user
il\fnrer?\_atinn

@ Register

Snoring &
Tossing

Send user | _User's sieep pattern data_|
sleep data = nd

user’s mobile | & dmongons Mash Up Data
and motion bed L’ \| - —
Manual control
using touch display
Step 2
Steps touser
awareness and
startup Step 6
® Automatic
recognition of Steps to Customized deep sleep service

users in motion @® Provides customized sleep environment to

bed users with motion bed and mobile Device |§ 1+
@ Activating - 4 N &
motion bed

control

® Set the user Provide customized || Visualized sieep | Adiusttheangleof |} Automatically
deep sleep content information $he motion bed for. adjust custom

mode for the it S s

motion bed

Fig. 1. Service model of customized deep sleep service system,
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Service System Manager

Data Processing Recommendation & Service
Server Server

Mobile Application

Sleep Contents Register Analyzed Data Receiver

Contents Viewer

l ° ‘- Sleep Contents Compositor Sleep Contents Recommender

Data Processing & Saving Sleep Contents Adapter

Sleep Contents

Feedback Manager & Profile Mash-Up

Receiver/Provider Customized Contents Provider

Recommended Motion Bed Pairing
Contents DB

Sleep data DB

%
e
_

Sensing Data
Fig. 2. Configuration diagram of customized deep sleep service,
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Input: User's sleep data

1. target data = user’s sleep satisfaction data
2. While (count of independent variable in training data >= 1) {
Train logistic regression model fitted to training data
If (p-value of all independent variables in logistic regression model < 0.05){
Break
)
Else {
Exclude the independent variable with the largest p-value from the training data

}

3. Analyze user’s sleep patterns based on the coefficient of dependent variables in the model

Fig. 3. Processes of user’s sleep pattern analysis,
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Table 1, User sleep data features,

Feature type | Feature name Describe
. . , . . very dissatisfied, dissatisfied, moderate,
Satisfaction User’s sleep satisfaction .y . L.
satisfied, very satisfied
. User’s snoring frequency .
i Snorin, . never, rarely, sometimes, frequently, always
Categorical g during sleep y q \% y
data - -
. User’'s moving frequency .
Moving . never, rarely, sometimes, frequently, alway
during sleep
Noise Ambient noise during sleep | very quiet, quiet, noisy, very noisy
Continuous BMI User’s body mass index real number, More than 0~Less than 35
data Sleep_Time | User’s sleep time (minute) real number, More than 180~Less than 800

I e I T T
4 4 2 24.25 610
24.62 330
24.62 270
25.83 420
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20.08 390
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< ‘< 3 3
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172 - 4 3 2 18.59 350
173 2 3 4 0 26.23 420
174 - 2 4 [ 28.34 380
175 4 0 1 0 243 480
2 2 4 0
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Table 2. Test environment,

Division Detail

0s Windows 10(64-bit)

ToolKit RStudio, Visual Studio Code
Language R Language

Model PC

CPU Intel Xeon W-2223 (3.6GHz, 8.25MB)

RAM 32GB DDR4

GPU Geforce RTX 3080 10GB
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Table 3. Layout of a confusion matrix,
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Actual positive

Actual negative

Predicted positive

True positive (TP)

False positive (FP)

Predicted negative

False negative (FN)

True negative (TN)

FN)o] thate] o Zo] 4 %(TP + TN)Z ¥8-¢ o]
o) st o] vEhit
TP+ TN

ATy = rp L pp+ TN+ FN @
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Table 54 Z o/ 59 W 5 HAEY, BML
A7re] #2] =&(Significance Level, sig)< 0.05%%
Bt Forvnz £H fER oS 2l 3o f-23)
A ZFo], F4 4—%«] o] F£FL& 0.067ET
IoZ {o3lA &g 75 & F Atk e
2 Table 59 o] &3 &AW (backward elimi-
nation)< 483} %9]’5}11 %S FAEZolot FH A&

& 54 2 %%E‘i S Ao F4 HolEo|
Al At o] % g S A" FH ISR
g 9Ad £x ix]/ﬂé] 3] # (backward stepwise
283 A3} Table 6

Nlo ml

logistic regression) 71 ¥ <

Table 4, Machine running models to perform comparative analysis.

Method Category Methodology
Multiple linear . Regression to model the linear relationship between the explanatory
. Regression . .
regression variables and response variables

Regression /
Classification

Support vector
machine

Method to model an optimal non-stochastic binary linear classification
model to predict dependent variable based on data set

Regression /
Classification

Decision tree
learning

Predictive method using a tree composed of decision rules to model the
relationship between explanatory variables and response variables

Regression /

fi R
Random forest Classification

Ensemble learning method that performs classification and regression
based on multiple decision trees constructed through training

Ensemble learning :

Table 5. Results of logistic regression analysis,

Technique for drawing accurate predictions by combining predictions using multiple classifiers

95% Confidence interval
B SE. Wald df sig. Exp(B)” of EXP(B)
Lower Upper
Snoring -0.222 0.129 -1.711 1 0.087 0.801 0.621 1.032
Moving -0.890 0.139 -6.403 1 0.000 0411 0.311 0.537
I“giii;jznt Noise 0257 | 0.180 1426 | 1 | 0154 | 1293 0.906 1.837
BMI 0.130 0.053 2.427 1 0.015 1.139 1.026 1.265
Sleep_Time 0.028 0.003 10.155 1 0.000 1.028 1.023 1.035
Constants | -14.331 1.842 =7.779 1 0.000 0.000 -
B: Regression coefficient, S.E. : Standard error, Wald : (B/S.E)?, df : Degree of freedom, Sig. : Significance level,

ExpB) :

Odds ratio
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Table 6. Results of backward stepwise logistic regression analysis,

95% Confidence interval
B SE. | Wald | df | sig. | Exp@B) of EXP(B)
Lower Upper
Moving -0.906 | 0139 | -6.403 | 1 | 0.000 | 0404 0.307 529
Independent BMI 0130 | 0053 | 2427 | 1 | 0016 | 1.139 1.024 1.262
Variable
Sleep_Time | 0.028 | 0.003 | 10155 | 1 | 0000 | 1.028 1.023 1.035
Constants | 14583 | 1.831 | -797 | 1 | 0.000 | 0.000

B: Regression coefficient, S.E. : Standard error, Wald :

Exp(B) : Odds ratio
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(B/S.EY, df : Degree of freedom, Sig. : Significance level,
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Table 7. Result of comparative analysis of prediction models,

Method Accuracy (%) Association check
Multiple linear regression 83.523 Yes
Support vector machine 85.511 No
Decision tree learning 84.659 Partly Yes
Random forest 86.364 No
Proposed model 85.227 Yes

Association check : Check whether the association of independent variables can be verified
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Fig. 5. Results of user’s sleep improvement,
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