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Classification of Sleep Stages Using EOG, EEG,
EMG Signal Analysis

HyoungWook KimT, YoungRok Lee”,

ABSTRACT

THE

DongGyu Park

Insufficient sleep time and bad sleep quality causes many illnesses and it's research became more
and more important. The most common method for measuring sleep quality is the polysomnography(PSG).
The PSG is a test used to diagnose sleep disorders. The most common PSG data is obtained from the

examiner, which attaches several sensors on a body and takes sleep overnight. However, most of the
sleep stage classification in PSG are low accuracy of the classification. In this paper, we have studied
algorithm for sleep level classification based on machine learning which can replace PSG. EEG, EOG,
and EMG channel signals are studied and tested by using CNN algorithm. In order to compensate the
performance, a mixed model using both CNN and DNN models is designed and tested for performance.

Key words: Sleep Stage Classification, CNN Algorithm, DNN Algorithm, EEG, EOG, EMG,

Polysomnography
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Fig. 1. Histogram of sleep cycle stage.
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Table 1. Frequency Range and Brain Condition by Type of EEG

Type Frequency Range Conditions

Delta 0.5~3Hz Deep Sleep, non REM Sleep

Theta 4~THz Deep Meditation and Dreaming, REM Sleep
Alpha 8~13Hz Relaxed, Lucid, Calm

Beta 14~34Hz Awake, Normal, Alert




REM 9ol A A5 #3250 Aetsh= REM 1
ol A5 #ZATHG]. webA Hute] FRE v
& FH WA B o 5Aclth

3|

o
o
o
£
rN
b1

o C e
2222
moe
oo ®

N

g

fu

[-40

-

Ho

off

I Sy
Ho
fru
(g rr
=
&
Z g

WAl A o] Eo] we ok
_ﬁ_

o
offt
L

o
o
w
rd
>
b

2

I £
of
ot
o
iy
rr
o
i_“‘
>
foi
lo
(R
2]

il

Lo
LNy
o

e
I
et

¢

i Moo

2 xRl

,d
Lo

oA o] FAAIH, Sl Al FHax 2270 ©]7
Basle] 1270 o)Ak Ao o

O

3} = (Saturation of Percutaneous Oxygen : SpO2)
o] At F&E AAE FE Aozl HolHe A
FE A2de o) gate] A% 0 BEL BT BE
A3} Wake, REM, 124, 284, 384, A2 T35
ahm, 02 F71% Besiel 27te] SHTAE /%

oft ki

24 332 A7 5

Zro] tg Aol F7hgel Wk AEsE Su
WA BRE 98 U d7ES0] A AL 9
o =S AFAF &) 714 wHoE )
Aoole WAHY S 88 S0 wA ERIDEol
w3 A7} s

FEE 5 WuE 9 A5e) 7nE 245
of #9714 HHE R Pl ts) Ak

Rahman 52 @4 A'd A =E DWT(Discrete
Warvelet Transform)E ©] &3 54 F& Y Al
ettt =g FFH 54 S NCA(Neighborhood
Component Analysis)& o] &34 A A gg Fof
A Y 2~E(Random Forest)®} AXE WE Bl
(Support Vector Machine : SVM)2 o] &34 5

i

ghol £ @A £F ol tisko] AlbsAt) of

714 Fg&AWas Y o] &ste] del W3t Al

Uetus Az e Yol thd iALE, 58, F
= et A5 g5 23t o2l gt

FE&AWE o 53 FHE Sl E PSR
E

=4
< AEshs YA os 54& FE3 SVM 7

3. HIo[E{Al

3.1 CAP &M G|O|E{H|0]A

T @A £4L5 95te] A% dlo]El+ Physio
Net gtolB 2 g o|A] AlF=+ CAP(Cyclic Alterna-
ting Pattern) <=9 do] g o] 20|t} CAP <4 d]
olg o] == ojF ol i Ao AlEd TE5E
AL A A HolHZE FAH o, EDF(Eur-
opean Data Format) 84 22 7| E = o t}H[12,13].
EDF= HEIAE 259 A4S g F2o= dut
Ao g FATHAAA 7] Fe) ol AgHTE AdE
MEF7E HuE, HHE, ZTHE A2 47
512Hz, 128Hz, 512Hz ©]t}. dlolE o= FHF7] o+
S4%4% x3Eogon HEl H2E gd=R A
o #52%= F 6BAE ATEHY B Aol
QDA A FasHA A 3= U GAE
olr 7] 98k, FHEAE 19419 2684 & Light
Sleep(LS) @A, 3dAI2}t 494AIE Deep Sleep(DS)
GAZ 7o DS, LS, REM, Wake & 47 ©A|9] &
FE &&stdth



1494 SEIOICIOEE =2X FM222 K125(2019.12)
3.2 HIO|EAl MM
golg Al AAAAL Fig. 29+ Zt}.

1) EDF =9l o2 7|25 103719 FHAAA
golg 5

2) AA glolg Foll ¥ Aol ALH Hix,
IAE, ZAE A e NEE mEF 2T YE

7470 ¢] HlolH &R
3) AEE 7471¢] EDF 9 ©|o]ElS A&9] Ho
AL YA 24 NEHE wav FIZ HE
4) ¥M3E wav Y& F£A SA #F5 F7]<0 30
Z O E EFsta volE e 34 AFEHe B=
A3 9d s 01%3}]/‘1 s AAEE BR
5 28H HYES wav JYES ~HEZIY
(Spectrogram) o] ] X]i NET HIAEE gy B3
H €] (band-pass filter)E AF&3t] tigEE EH S
=
Aot 22 AAHE AA gl AHEE HolHE
st o AAE vlolE o tig A A
ofzj e} Zr}.

33 AMEZI 0|0|XIS 08% S 55
Malg el Al Bol AH§E CNN gaelze of
v A olEE o] §3h7] wRel, W3, AR, 2

All existing polysomnography databasss

108 recording data(EDF file)

\/

Select data including EEG, EOG, and EMG channels

74 recording data(EDF file)

N/

Separate signal by channel

Save EEG(F2-F4), EOG, and EMG channel signals as wav file{wav files)

N\

Separate Data by Read cycle

Separate wav files in 30 second read cycle

A 4

Signal processing

Spectrogram, bandpass filter, normalization, etc.

Fig. 2. Physionet dataset preprocessing steps and vari—
ous signal processing.
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Fig. 4. Sleep stages classification structure of mixed model,
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Table 2. Comparison of sleep stage classification methods and accuracy with other studies
Channel Method Accuracy

Classification using

D.H. Nam, et al. EEG single channel 75.9%
gamma-wave power

J.U. Park, et al. Optical pulse wave Support vector machine 72.6%

Our Method EEG, EOG channels DNN, CNN mixed model 79.2%

Table 3. Sleep stages classification accuracy of EEG,
EOG, EMG with CNN model

Model Accuracy
CNN Model(EEG channel) 38.9%
CNN Model(EOG channel) 78.9%
CNN Model(EMG channel) 32.1%
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Table 4, Performance evaluation of CNN model and mixed model
Prediction accuracy Sensitivity Specificity
Stage CNN Mixed CNN Mixed CNN Mixed
DS 85% 85% 70% 70% 96% 96%
LS 2% 1% 46% 50% 94% 93%
REM 84% 84% 99% 99% 93% 94%
Wake 74% 76% 99% 99% 89% 90%
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