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Abstract
EEG(electroencephalogram) are measured to accurately determine the level of sleep in various sleep
examinations. In general, measurements are more accurate as the number of sensor channels
increases. EEG can interfere with sleep by attaching electrodes to the skin when measuring. It is
necessary for self sleep care to select the minimum number of EEG channels that take into account
both the user's discomfort and the accuracy of the measurement data. In this paper, we proposed a
sleep stage analysis model based on machine learning and conducted experiments for using from one
channel to four channels. We obtained estimation accuracy for sleep stage as following 82.28% for one
channel, 85.77% for two channels, 80.33% for three channels and 68.87% for four channels. Although
the measurement location is limited, the results of this study compare the accuracy according to the
number of channels and provide information on the selection of channel numbers in the EEG sleep
analysis.
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Learning |
.M 2 FEE Ay F7gstar EAste] AMEALA 2Ed Al
HAS AFAHE Yo ATHIL Jrl-4l. 59
2 iAol 714 wuk AL Aledt 22 A M Suclg weel Suel 2g Wrleked
* This work was supported by the Technology development Program funded by the Ministry of SMEs and
Startups(MSS, Korea) (Grants No. S2798371)
t 20204 09¥ 23Y HAREY 20204 118 23¢Y
WAMXK : O|EE, e-mail : bmlee@gachon.ac.kr

BhelX
FUXE 1 20204 11€ 20

A
T



wOp i T HSl| OE SHEA 24 B2 141

283t g4olty. FHEAE REM(Rapid Eye
Movements)&8, 197, 224, 324, 424, 2443-
vl A2 FESICHS). 2 At o] ARe] 35
I} A7) AJefoll S wX|7] qEol HAEHE ol &
ato] AZAEHE Tt & 5 ik

i ZE4Y3 22 AN FHEANE B
3 EEGE &4 df 1071014 20709 Eoke A5
Fojof] Fagic}. mo] Bast Mo g7t Holuvt
H Hotre geut Busing 2kgqto] 7hAas)
A7tk QAo A ARREE A 0] AlAF]
W2 o] IS Faohe Zlo] 23]8 AR
FHS afeict

JBgE 9ggo] ofet YAE 7oA SH
Aolgog Agated g /47t Fojof gtk 1
A AT AHIES vy dAA ol HEges
E=o]7] 98l st 7ol == AeHell7]. &7
A=) 17 ¢S FHof 1709 A5 F29]
o2 g BHshAy B0 20 Hojux &
3t FEEAo] oj# YR Wo] itk E =4 9
Aol whet xjute] mhgdo] GEkA]y] wigel] G dE
o ROl o ohket JRE FESE 5= QIoHs8).

AHE & A0 Fgo] nEstEHA 7HY 8
oA k] Q& HloleE Mg 4 SIHIl. aHA|gh
Aol HukEy AA"S ALkl AsiHs
ARgARe] S whell 9490 A S HAaslebEA
ggtwol izt 187t Wasitt ¥ AU 17]5E
| 474742 Agote] SHUAE E5ka TS
v wshd, 7Hg A3 g g Aokt =go
gt E ot YRollA SAe Huke] FSEg H|
Wl HuhEA 79 Ao ] Aol gge
Ut

kA 2 =RoAe Mg wE st 24
213l Physionete] 371€ o} tlo]eje} HE 2|
E g318EE o] 83 HEA B4 2dES AAR
S 24 2Ed sto| el WAl Aol A
S 23 W07 1AGRE 43974 Bt
S F7boke AEE shtel B 2Agic)
A7 g A5y Ho g BAAE sHct
LA ARgohe A=) Fakgix|el vsshA A

flo rr

[> o

gttt Aol Autz Ao} AlA-o] A9t Hut
A Mg SRIstaLA} Qict,

2 AFolM = Hot =] AP et 74 A

£ DA 4 HeeE vladith weba 2789
AP E o] 440 dish dwE, 14
GRE 497 Hue S5k R dedES
Attt A3FelME At Az +HIAE 24
g ZF Adde ddEnE vuddt. AdgelMe
AA2IE sistal Brstel A9 +HEHE A
g gelsi, A5EelMe 288 Wett

Il AU

1. BN

Hupe H7F @951EH AFARS] A RlA
HA7HHo = Qs SA=E A FHolot gt $x]o
A A&AR] HlolBE S5t mheo] E4Q JEH
Fake, oS 7HA AL Qint. Huke AR AR /g3t
FeiolA ohE EXE Hol7] wjiZo| Hukg o]8sto
=9 S54E AT 4 vt A sHTHARAL
A HTRE ol&ste] =9 ZolE HIIRITHIOL

A2 Ao A Fojalo g AXEEo| FhAst
7] wfi2ol AN ST Y= (S
A deolA 5743 Hutet o E4S Helth |
ko] EAZ o]8sto] £HY Zo|Ql SHEAE T
B3l7] el H7|2 vjFA(Rechtschaffen&Kales
sleep scoring manual)ol4] AoH $FHTAAE o]&
git} o] SHTA 71E2 SHTHAAE 28t o
Fe AT Hopoll A AREI 3lom [# 1]3 Zrh

2 A (Wake)= BlsHAAHE Sutak(8-12Hz)7t
skl 2]} Aol QJgt o] =7t HhAggltY,
194 2 2-7Hz9] 239 Hup7k S = KE5E
Aot FHNEE AEHA geth KEGAE DA
AHog Uehte 2 1E9 4 W 43S vt
1 SRt KEEA Fol #A 5485=+= 12-14
Hzo] E3atolr}, 29 FHoA= KEZALL &4
W7 74451 2Hz ol6ke] =9 mFgo] 20% ©lst
= TEn



142 SIEREIXSS[E=2X] 21 Vol. 21 No. 2

E 1. 280 53

Z] F0x £% R

=

Zbd(wake) |LIHIN8-13Hz) Al

1 (GRS B et sonen gig
2 |AKO-2HZ?E 20% Ot _|k-maiiet ol 258
3 |MIDI 20%00 50% &8
4[Nt 50% 0 88 |-
REM _|zem oA 07 BpIo® oiet LOIx B

3FA $HE 2Hz ofste] L@ Hurh 20%04
50%=2 AT 3TAR FRE 494 FHS 2Hz
olate] 7 bz}t 50% ol ZFHETh. REMSHL 1
oA ST H|SSHAEE b AP o® QIgt ko]=
7} Zo] S7€r

ol¢} T2 P EL Fro M Faole] £4E
$ Utk (1Y 112 SA1Ho R F8HEe #2E A=
o] Y& #wEsIeE melo|rh11]. o] B (19 1]
o] B)OIAAE AFAoIH T4 IO 10% E=
20%9] Al AL 71E02 (AAH FEs] M=
< Ak WAlofth. Aol ARt A=A} A Al
A9 A9t 71T o8 ARESt] FH] 9] 7} f]A]q

B2 A4 Hiel RS 24,

(A)

(B)

32 1. =8 10-20 M3 Hix|Hel YHZ(A)2H HHEZ(B)

FHGLAARE 107 o]49] A=E Fs, By, Fo, C,
C3, C4, O1, Oz, Ay, A0l B8ttt [I” 1]19] 10-20

AFY 7Z0R 2 1) 9 B AEGY HukE T
BT S5, P FAY, G A4 22, 0%
Oy TGO Wt Z4gch e Huts &
Hole FHUGYANE F, BE G2 BE Wna 33
S, B0l AARGoR FHES e s
& Boo] 43 B2 o] AT 22go] ol
245,

AT Huke S S8 (19 209 gL
Ao AL BT [ 1S B FHLnE o]
83to] SRTAE BH] A T 22 ol
B2k @ ZAEE 2o] FsiH12). ueba TR
92 24 i F, o4 Z3ske] Aarge ot
LAY S ST 279 ALE FAY W (1
% 2)9] 2895} o] FHckAAANN SR Fy
Fioh 77ke 9HS By, Fro® 242 34193} 47)
92 2} o By, Fp® 245kt B AU
27 T2 5919 Wnke 2gste] chakst 4] Fa
Auz 289 4 A% ek geb 3HUL F,
Froo 00141 H5ke 24510l SwichelziAlel By, Fy
0,7 ¥i%:3t 91018 10-20 WA F1Ede 27
Ak 4G Fyr, Foo, Ts, Tooll $215}0] Seickl
9] B, By, G, Citt W3 308 243

ear clip electrode EEG electrode

1 channel

Inion
Inion

Inion
Inion

J3 2. X2 W0l ME £Y AX|



Lo A s Heo ME SBHEH 24 8L 143

22 SRt BAe AEAO) 45 B4 PAS o

o} FHHEZ ol

7} s A=t A
E

A A8 Susste] Zupn 542 AT Ak
o SUGAS BRE AL AHI3N14). £ AT
oA of¥l oAl A viste] gt 4 A7
PFE B4 PEL B8] K el B P

SRBAS 2R SdeiA (1Y 319 2o S
4 mdS AR
(A) Learning (B) Classification
Physionet 1 to 4 channel
EEG data EEG data

1 1
Time Division
Bandpass filter

!

Time Division
Bandpass filter

Tt:;tsfi)c;umriiry Classification for
S| St
Sleep EEG Band eep ~tage
Classification for :
Sleep Stage by + Al Model
Random Forest Output :
Sleep Stage

Physionet Sleep EEG data[15]%= 6AI7F o]4f9] X
1 A3 HolHe}t HE7te] ¥ 68A F4S Zget
I Qlt} Ha} HlojgolA 1Hz ©]ske] i Fuie:
ou7t gl L 7H £ JES 302 sh H|
o|g|2 Eajith $=H Huh= 20Hz o|5te] ool ¢
AJst7] ol 40Hz olste] a7} Fdol= A3t
B4 IEE ol&sto] ko|2E AAST. S5 HA
Eof| ARgS NI} HlolE= thy (3 2]9t 2t &
&oll AF8sh= HlolElet HIAES ARESl= HolE+=

oF It} 19] vl&2 Holele] A4S Yo WA
AR Aot "ol 1, Age] SuolA] S8 B
Hlgo] e} WA o] we] 2% ol A
Yolelg Agatet.

SER £42 91 piAled mae Hte] Fu

A< = (o]
8 ERS

24 10 g

H 2. Physionet &=Mk|I} H|0|E|

oo 8= | s oo HIAE GlOJEf
2+ 1,954 1,857
1 121 66
2 400 407
3 107 83
4 49 79
REM 179 228
bl 2,810 2,720

A 4T Ho} dlolHEe HErte] F40] gl7] o
2ol A= wash=dl o#%°] Slth. Physionet
9] v} dloje 2 A&et wAleyd ndE SA5 wu}
tlolElg £45tal, BASE AT sgoto] The 1E
o] Y=g Qg fo WE FF=E BHrlohs WS
ARbeict, wheka] 2 =R 2H E4 Hopils
Ad E2 24 mdg vEo] T2 HAE foHz
FAsto] JEwE vjwelth

(2 319 (A) TgollAl e wAaled shsnd
(Al ModeD) [ 3]3} 22 Fee s Btk Y
(precision)= TEo| g SA=t ER3t A3} Fof
AAE 1 AR HlEo| HHL(recal)S HA HA
E dlojg] FollA EA &3 Hlgo[t}. fl-scorex
Uzl AL xohEFoz HA| glojgof gt
ER gz 88.79%0|t. o= BE SHTA
e A et glojg ] /g AA diolg ez

ol
H



144 S=EEEIXEE=2X] 21 Vol. 21 No. 2

ol A4kt

H 3. HIzs £HHA 24 THo| H5

IIX|E N N
Ay precision recall fl-score |HAE iz
2y 0.96 0.98 0.97 1,857
1 0.10 0.06 0.07 66
2 0.83 0.87 0.85 407
3 0.51 0.51 0.51 83
4 0.74 0.65 0.69 79
REM 0.72 0.60 0.65 228

23 glole ok mdls o
She HAE BHo

Ul
E
g
ox
ok
e
it
i)
=]
o,
O

a
1

Il $7 U NEHY

Ao A= (18 20004 AHgE F2LA o HA=S
B8} Ganglion HEE 08519 200Hz9] AMZ]
H&E $RHYT Ho|8 g SAste] ARt Ad A
ol w2t 13] HS St 574 X9t &7 Azt
2 [ 419} 2ot FFEHE dlolE = Wt HolHE
15% 7H402 B33 tg U F FHHULS=E <l
tlolE9] Bxlolut AZet 5ol E44H HoleE Al
Azt 7lgolct.

E 4 32 8 &Y 9 £ H0H

=% — - PR
et | WA | s | Giat
(! Fpz BAIZH 292 1,468
23 Fp1, Fp2 BAIZE 1182 1,427
e Fp1, Fp2, Oz bAIZE 578 1,389
R E] Fp1, Fp2, T1, T2 GAIZH 2782 1,439

ZF g B oF oA Y ElolEE Ao}
Aom [ 4= oF 3/ Fol 34€ e
glojglolth. [ 4]9] y3 EEG AlZold whoji= np
o|AREEOC|} x5 125
och. wu} g FAL||of whebA wPat UFo] 2
A o2 A& [ 42 FRIF 4 ot

1-channel EEG
! Fnz

el !
M'J"“u' Ui ! ,.lu'M . l.“,|,|mul \,‘ ll\l‘,n,“’u‘n.

I\ ||m \‘ R 1 L
\M‘I.I‘ I “ I il i“"HHI\ I UG l.l\'r‘ il
|

[} 50 100 150 200 250 300 E 400
tims(200=15)

EEG signal(uV)

y
b
2388

tims(200=15)

3channel EEG
Fpl

- g

1
(]
I
(]
]
I
]
I
(]
1
1
hmi[ZCID 15) H
(]
1
l
1
1
l
1
l
1
1
1

4-channel EEG

L A

i
1
]
1
I
]
1
]
18 )
1
]
1
]
1
1
]

400
tms(200=1g)

3
cmir I OTOITAR, — T4
I

J8 4. xdd ’—.".E-! GlolH

o}k Zd Ao T SETA 24 FYEE v
o A3, Adpo] webs fojuet Fee Ao
24T 4= AUk AkeE xdo] et EAnE o
(HIAE HEm)E gRlsto] [3 5], (3 6], [#
8]t Zo] v uARAIE AU (& 519 1
ndlo] A95 AnEw, 1,857719 ZATA dHlo]
£ o= R A7t 18437H°1U1, Z}/go] oid

2 A Hol"HE AR E7TE F97 34670
o|iet. wEhAl AL (recall, o, 7“31"‘rfﬂﬂ tlo] ¥
£ MPAR ERS vl 0.998 A =t

S £S5 HlolE FollA AA gAY Hle&E Bt
o= WX (precision)= 0.84% AHFoz Hold
ot 2= 14 E4REe 2,720719] HAE dHolg
FolA HEstA EReE HolEH(Ad@S)E 2.238712
dqloug AREFE ALl 82.28%0lt}. 0|9} T
WA o s HETE AESE A, 2492 85.77%, 34

>M

m_h:]‘
rﬁ:ﬁ

_1

=~

:.:’
i}



wOp i T HSl OE +HEA 24 Hu 145

i)

2 80.33%, 4492 68.87%= 224X 7V ==
PE=E de 7 AT

A3 274 HlolEH =z AARt viiled 2de gHA

oF A3 148y 241d 2de AQlskal 3dA1% 4

=

m

A FHS BRG] ZFth 1Y BARES 3TA
S 83719 Holg FollA] 13] ERst= Aol 45
S 49 Al AR ZHlh
I 5 1xi2 +HOO|HE 0|88t 2MEYO| 45
IR HE .. HAE
Pee precision recall f1-score IS
2t 0.84 0.99 0.91 1,857
1 0.00 0.00 0.00 66
2 0.78 0.86 0.81 407
3 0.50 0.01 0.02 83
4 0.00 0.00 0.00 79
REM 0.61 0.20 0.30 228
E 6. 282 £HG0|ES 0|83 EMDHo| M5
EEPIONE=S . HAE
Ay precision recall f1-score TP
2y 0.92 0.98 0.95 1,857
1 0.00 0.00 0.00 66
2 0.75 0.93 0.83 407
3 0.42 0.48 0.45 83
4 0.85 0.22 0.34 79
REM 0.66 0.30 0.42 228
B 7. 3xi2 +HOO|HE 0|88t 2MEYO| 45
IR HE .. HAE
P precision recall f1-score e
2t 0.81 1.00 0.89 1,857
1 0.05 0.03 0.04 66
2 0.90 0.70 0.79 407
3 0.00 0.00 0.00 83
4 0.00 0.00 0.00 79
REM 0.67 0.22 0.33 228
H 8. 4x2 +HOH0|HE 0|88 EAzHU HS
LI B L HAE
Ay precision recall f1-score TP
2y 0.69 0.99 0.82 1,857
1 0.00 0.00 0.00 66
2 0.00 0.00 0.00 407
3 0.00 0.00 0.00 83
4 0.00 0.00 0.00 79
REM 0.49 0.14 0.22 228

Aol X Fgwrt dasks FS B

(28 51 A ¥ sl md9] 7|&gko] st Q14
E3 2914E I Zolt}. Physionet HO|EE o|-&
sto] eh5et Bdl(origin)e] 7FY w2 A5 2
I o302 244y} 14d HlolHE o83t sk &
do] JFoR w2 452 Btk A9 /heet
A& At HAE BARIY AEES APFPS 1 72
u]gt zto)7} Qlk= A& & 4= ASATt Physionet H|
o[ElE o] &35t o] B4 Zig o]&sto] Slof A
-&5}3L Physionet?] & HloJElE o]&sto] Fok
g 437 gEd, 71& ndojA B4 HFgrrt o
o

WAL RS 23

0l
Py

Receiver operating characteristic(ROC)

10

o o o
B (=) [--]

True Positive Rate

=]
[N]

o
=}

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

J3 6. 2 B QAMEN 2QIMFo| #3 OO

Iv. 24 & Hot

At Aol A ATE Hiel Zol, 192 82.28%,
2492 85.77%, 3M'E2 80.33%, 4HE2 68.87%=
A Ad B 79.31%9] s BT FHTA
Z 19419} 3], 494 = 7€ 2E9] HEgert (&
313t Zo] WojAA thE 4 RHoANE AAHoR
24 A3t Axsice A7 itk 712 9]
37t 9ojRjE o]f= (& 1]91A 19419} 294, 3
A} 4dA FHO FukeZ Zjol7t 7| YEoR
FE5E & (F 219 g5 HolH FollA 443 A9
dlolg7} 713 w7 wj 2ol HA FYEE =0]7] {lsh

2 A7} HojA e d4oz FtEh ol 24
= FHEA0] A A=A T2 BA HBE 7R 5



146 SIEREIXSSE[E=2X] 21 Vol. 21 No. 2

AL AHEALY S RE Aosshs FA0R
2 5 9l Aotk

Aol A47t Solds® Hewst Fobd Zolet
< AYHE 1AM 2= ] A7t Sk
W gelerl Lokt 39T} 43 oM E 98
goll= AE Btk 1AEofA 2242 Ad <] A
57} ol th (1Y 219 Zo] APl 4
w5t Fdo] Sojuteh. et 3 d} 43 D)4 Hof
o AFe FEAT ZFQ0] A4 AT 2Hslo] ]
°lHE S7gatalth. BTt Holdl jlo] & A
917 Ade] AsAA G5 317] SIsAE Fp9iAl
of 47Ho] ATFg Ratsto] Feksts Ado] Wasl)
SHAIRE F7HEQl A9 glole HFHe] Fplat Fp2ef
A glojgE 243 2x1d B4 ndo] AL 1Y 5]
o Zo] 712 HElst Htt Fe Hof ARt Hol

A
B 22 5 ke AS s

V. Z8
A7t ezlo] AAEeNN SHTAS BAsto] B
29 AuIAE AT g Suunte] 24o] B
SEAR 39 5} Hle el 2517 A8
S wele 4 9l w2 Aol Hn
At 24 XS Tste] SuTA B4 e v
LAPS APt RN He 47he) DL ALE
sto] el Sl Aol Huks Sgstd, 27
Aol 7H BEAQ Msehe AWENE BAT &

o]o]
AT

!

T g ‘Hé 9}2 4 75 SOl el
A7 ik 1
LA Wit 3 7H"°ﬂ m} . yosg 4oz u
AR ¥ AT S B4 Aol Hu
371202 3L 244 33T Lk ool
& Ache A 1 slelt 5

1% ox
—Or"‘
ﬁ.
:L.
ol
[
o,
ok
EE.

27} -E&i doletet W +2 doleiE 23
sto] SvintA] BAo] A8 & 9SS

o

|

o
ra

(1] H%%, o|H &, “H”thﬂ =l 7] ]’é‘é FHE

i A23, pp. 204 215 2020.

4, AR, L, “BAKSE o] 8T A=

‘B‘EHJ 714 Ao \_Eil‘ﬂ & Fa,)” sz

58]=87], 454, A13, pp.19-26, 2005.

3] F9<=, 71111*“, “goj2E tuto] At FAA o] A
9 FIF ZRI=835]7],  A16H, A4S,
pp.14-19, 2018.

[4] ZoAH, ZJ"“’] RS Qg ] HHY
Ul HAR1 A+ Zel =53 =E 4], #1184, A2
s, pp.378—387, 2018.

[5] D. Aeschbach and A. A. Borbely, "All-night
dynamics of the human sleep EEG," J. Sleep
Res, Vol.2, pp.70-81, 1993.

[6] A. Sors, S. Bonnet, and S. Mirek, "A

convolutional neural network for sleep stage

l‘E

o

i

scoring from raw single-channel EEG,"
Biomedical Signal Processing and Control,
Vol.42, pp.107-114, 2018.

[7] 28+t 2Z15E A, “A-84 wut 7|9k AREAL Q1
S A3 Y Ad EEG & FH|E 5o =19
EEG Aﬂ /] 14;(]1-1 xﬂﬂ H]—lﬁ Z4Ei§_§]—§]{’—ﬂ‘j_—1],
A274, A2%, pp.383-395, 2017.

[8] K. Susmakov4, "Human Sleep and Sleep EEG,"
MEASUREMENT  SCIENCE REVIEW, Vol.4,
pp.59-74, 2004.

9] J. Ahn and B. M. Lee, "Smart Edge Broker for

Location-Based Transfer between Services and

Distributed Data in IoT Smart Services,"
Mobile Information Systems, Vol.2020, Article
1D.8896252, pp.1-12, 2020.
o|gd, ‘STt AL digtFAIEAY 2 EE]A],
A1E, A2%, pp.230-235, 1999.
[11] M. Sazgar and M. G. Young, Absolute Epilepsy
and EEG Rotation Review, Springer, 2019.
(12] 718, oIBE, BA, "HE3 —’F—Eqﬂl‘ﬂ AuIAE
{13t EOG 7|¥te] AAIZE 7iQ14E dare)s,” 8854
HEEZ] A9¥E, A123, pp.8-16, 2019.

[13] T. L. T. Silveira, A. J. Kozakevicius, and C. R.
Rodrigues, "Single-channel EEG sleep stage



wOp RHE Jhes HEH| M2 EEA 24 Hlu 147

classification based on a streamlined set of
statistical features in wavelet domain," Med
Biol Eng Comput, Vol.55, pp.343-352, 2017.
[14] Akara Supratak, Hao Dong, Chao Wu, and
Yike Guo, "DeepSleepNet: A Model for
Automatic Sleep Stage Scoring Based on Raw
Single-Channel EEG," IEEE Transactions on

Neural Systems and Rehabilitation
Engineering, Vol.25, No.11, pp.1998-2008,
2017.
[15] https://physionet.org/content/sleep-edfx/1.0.
0/, 2021.2.15.
XN Xp A Y
3t & H(Heygyeong Han) =351

=2020¢ 8¢ : 7Y R [T
ot AFETst st

= 20209 99 ~ @A : 7Pddst
dutdisk 1T858k Ay

O
!

(HAROD 1 AFE FAaAo], AEUEHU(IoT), AAHE
A, AsFHENL, A0tE Auja

o] ¥ E(Byung Mun Lee) 3
= 19889 2¥ : F=ish ARFALE
st} st
= 19904 2¥ @ A7FHistn AR AL
st} Aap
= 20084 24 : ANty HFEHF
st} upa

= 19909 ~ 19979 : LGAX 5%
AT HEYT A7 AYdATY

= 19984 39 ~ @A : 7St T8 he e
st we

(FEop) : AUIE FAA0] AULE A o], YEZ
IZEF 5P AEJHU(ALOT), AFIE AH|A

o
ok



