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Automatic Detection of Stage 1 Sleep Utilizing Simultancous Analyses of
EEG Spectrum and Slow Eye Movement
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B ABSTRACT

Objectives: Stage 1 sleep provides important information regarding interpretation of nocturnal polysomnography, particularly sleep
onset. It is a short transition period from wakeful consciousness to sleep. The lack of prominent sleep events characterizing stage 1
sleep is a major obstacle in automatic sleep stage scoring. In this study, utilization of simultaneous EEG and EOG processing and

analyses to detect stage 1 sleep automatically were attempted.

Methods: Relative powers of the alpha waves and the theta waves were calculated from spectral estimation. A relative power of
alpha waves less than 50% or relative power of theta waves more than 23% was regarded as stage 1 sleep. SEM(slow eye move-
ment) was defined as the duration of both—eye movement ranging from 1.5 to 4 seconds, and was also regarded as stage 1 sleep.
If one of these three criteria was met, the epoch was regarded as stage 1 sleep. Results were compared to the manual rating results

done by two polysomnography experts.

Results: A total of 169 epochs were analyzed. The agreement rate for stage 1 sleep between automatic detection and manual sco-
ring was 79.3% and Cohen’s Kappa was 0.586 (p<0.01). A significant portion (32%) of automatically detected stage 1 sleep in-

cluded SEM.

Conclusion: Generally, digitally—scored sleep staging shows accuracy up to 70%. Considering potential difficulty in stage 1 sleep
scoring, accuracy of 79.3% in this study seems to be strong enough. Simultaneous analysis of EOG differentiates this study from
previous ones which mainly depended on EEG analysis. The issue of close relationship between SEM and stage 1 sleep raised by
Kinnari remains a valid one in this study. Sleep Medicine and Psychophysiology 2003 ; 10(1) : 52-60
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I 1A o AAE L8] w7 o He 2k
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Aoz Aoh(3). ek 7| 53F et
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I AJRe] A S A e HIHEEGQ) E o
oz AFEITH6,7). 19351 Loomis 5 =3} 27
w2} Q7] (sleep—onset period) & WFi=d], dulsrt
F2 Jeh = Stage A, AA%49(ow voltage wave) 7}
% YERR= Stage B, 7 W37} YR = Stage C7F 1
Aot} 1957d Dement?} Kleitmans Loomis 52| Stage
AS} Stage BE 344 Stage 102 B5F3319cH®). 1 2=
T ©A WPl 23 i AEE sk s E A
8oz 215 F9Jth 1968 Rechtschaffen®} Kales
= old A AARE Feto] M3k Fd%(Electrooculo-
gram, EOG), 24 % (Electromyogram, EMG) & 7|4ko.
23 WA 7 AR S wEsleH, gur] o
CAE dutuke] AJtfA vlgo] 50% oPdRl 244 A, &
stste] A nlge] 50% olskE FHAdtal 2~7 Hz9l ¥
Wt FE Yepe 1] 7, 7 S5kt Ao -53
b 72 Ve, 2ER}(delta wave) ©] A H]Eo]
20% olakl 29| o E WEGITH9). gk YHV1E
Al Hre] sk Al Ql9iTh 1961 Roth &
& ol (vigilance) A =8} W5} Wsks ABAIA <]
W75 ATAR Rl 58] 71E Aqte g AR A
JH(vertex sharp wave)ol thall 7]«3AthH(10). 1994
Hori 5 352, 784, g4 AxE o83 I JH
£ 7oA ol ¥t vistel AvAlA 9RAR UEal
ok 252 3 WA Sl ok WA SR Egte] w)
oF ARA o7 9 Ap=ol i whe Alte] AEe &
ZHIITH(1D).

AG7HA 9] A AAE T BH, A AdEelss v
 F Gupake] oA vl&o] 50% odo® A=, wh
£ oHteso] Fdsty, SARE e i wleM B
g =7 fX9h 38, ZPdellA] o el dolsH 5
Ao dupute] A HlEo] 50% mwroE "ojA| 1,
ANEb}, T4 Hu}(vertex sharp wave) (9) ¢F =& Q-
$=(SEM, slow eye movement), ZHE2] ARA 7
S5 Y Wk A e ¥ so] YeRdt (). o=
AEE T Wol ARESHH S oA o AEEe] W
S5 £ o] Age] gX3 5 glom, 24 et 19 ¢
Hs o dgs] EE 5 vk 2).

gAY T A Basas FHokdAbel A &

=

= A9 tAd 4e FEl e AIE Ak Al

3l gkt ™ AR sfetE of| &7} obQlrh(12). Au7kA 2l
AT FE Guute] A vlE Fhhel] gEsIsith st
At s 2= ARIAF A, 520 K2} Aee] wet
TFAIE Wekal, oy Aste] 9lom dutn} A7 ofst
Al Yeh 7| gt whebA Haelnt A ow ofEehs
= WA el g7 QITH2).

AL &3 AT E, tAE BHE Bt Fd
WAE Hsks AE7F AAEE e vp QITR(13). o]
AIARIA S T5HA] G e] shdelA dufsto] A 19
HsHE TAR sl7el A At sHAE HloluA] Xt
Ak 1 A 19 e @Ag0] 2~4tHA] £ 2 g
o] nlel] v S Blth

olef & AFrelA= ¥ 3t EA o 7]E Al thRelA|
A Sk =% QEse] HAY A4 FUkeke] 19|
ol st I YGEE Folda A&tk ofv] 7Y
wejo] ellA &EH I Gl A7 AIAES o] &5t
2~4%H] 4= 4 @ (Rapid eye movement, REM) 0]
gt =5 AlERgiet. hH HThAgIAL Al A 5e] 7}
3 el A 29 Fe] Edsr] Ao AAF AR
= wutel QP ze] tigh tiAY #A41E st 7t
A3 19 s s o8 dagss /el
o] duglFo] ey 773 SOD(sleep onset det-
ector) 2 Y53 2, MATLAB (version 5.3.0 R13, Ma-
thwork, U.S.A) 02 FHglom, ANsAe|e}l =2 Ak
A3 3 AA 59 Vs 7T

LELE

1. 917 oy
A2 0% el ofEe 85 olo] 13, AT, b,
S S Ade] gl TR0 BR1e) ARE o)

ok ol = el 23415k

2. 97

At 715 7]7)% Grass model 78 (Grass Instrumen-
tal Co.,, US.A)S AMEsIGlom, dFshyl WHos 715
H=E (electrodes) # THA7| & (sensors) & PRl Al F-2¢
33itk HIHEEG), SR (EOG), 8kt 4% (chin EMG),
AAT(ECG), 38 (breathing sound), 77 4 1] 37]
55 (oral and nasal airflow), §% 35 % (chest move-
ment), B4 3F 2% (abdominal movement), A%
(limb movement), 183 FFAtAESE(Sa02, arterial

oxygen saturation) & =3Itk ¥k W52 10~20 A
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A(14) ol ZA3F] C3/A2, 01/A2, C4/A1, O2/A1°) F=F
siglom g Wipe] DAHEY FAo) AREH A5
C3/A2, O2/A19t} o= Zx)7]= etz 9= 1 cm

A, Spyel 27 RAsh, SA% AV Sek Sl
RN, T3S YL 9B BEE vlolAREL FF
laryno) 510 #3550 F719) 57109) 3] L% A

=R

£ o8l #Eshs 3] TF 5%
ple) & 39} S8l Atolol] H-21813ilth “xﬂt A= A

¥ 9X] (modified lead 1 position) ©ll, 842 & %
7153817] 1%t & A WIS o dAIe K6l
At S4719] AVE 9% A 2

Haksloich

Tt 5 Al At vk
W Aedigta oFst oy etart JssiA s IPS
(Intelligent Polysomnography System) TIA|€ 44 t}
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2205 5 A28 Al g ARE s

o] A|AES o8 AE7P7) visual CT" T2 1w 210
(Microsoft visual C*, version 6.0, U.S.A.) & A3k
el 0w M67 (Innovative Integration, U.S.A.) DSP
(digital signal processing) module& AFE8F] Grass
model 78 FHUHAZZ7]7]0A ol FHThAALe] B
opdE 7 NS E txdsleto] el AEth SOD
3} 242 Pentium IV Personal ComputerZ ©]-8-3}

o] T-a3irk
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3. MZ NE|
1) 5

(1) & #H(Sampling)

AFH(CY) 2 F77(02) HuE A8 d5S &
3IA Ao obdE T (analogue) AHEE HIAE A= A%
a7] 918l 125 Hz= SR80k

(2) AHE" B4 (Spectral analysis)

Hanning window& ARg-ste], 114 F2le] ®SHFFT,
fast Fourier transformation) & A|38}H 1, 3= oY
(band) ™= Adf 3+ (absolute power) & ] ekl om, o)
9] Fstol & 9 19 (total band power) S T3} Th
Zt | 1+9] (band power) & % U9 349 (total band po-
wer) 2 o] o 8 A 319 (relative band power)
= ARSIt aE 1.
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Power Spectrum

= Calculate the spectrum of each segment
= Sum all the band powers

-

Extraction of the band powers
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Fig. 1. Signal processing of EEG and spectral analysis.
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Fig. 2. SEM detection algorithm flow.




2) Nk

P SAH 7|5 Huks} sdst S AR <t
AE Az dial H&3}(smoothing) Moving average :
order 10) g5 71H 3, A% 57 ¥ (low pass filter-
ing : < 8 Ho) & A% ¥, A A% (peak detection) 2=
3l 7} 3H(wave) ©] 3 (peak) = AGITE o] F kLo
gk 23 S AR, FaKl 7)ol weh =9 b
= HASITHIE 2).

-
B ATolA ARME duelEs AA Ase] AEAA B
I AEEE WS § dugsel JeHe e M
(parameters) & 43517] $3t A5 B4 g tjxZgo] 7]
o2 7R AlE 4 Z23(SOD Version 0.9) & 7
sioltt o] ZERS o] gsto] Huke} HHE A5
=] (epoch) H 937 24 AE  poll Yok
UL, A AIE A Qlok 229 VsE AA
FEgks] HE Hul R ASE HAs

o] & 4 Q& 7Isolth Foldl 75HE Aws AR

shdef tAaEelo] |k o]F Fae] Algkd Lare]Fel 9
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4. M 15H 28 E7|(Detection of stage 1 sleep)
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Rolu], S5 (occipital) $okEte] At 7]
¢} A (frontal) Lot} wko] o] iy S7HE Hel
TH(15,16). o5 F-7 dupute] Adf 94971 50% olstE
A= Al Zdo] FRET1D).

I HEoR Y jbreEd] Al ARl 151 4
50| FH 7|E Aol =l

F sl 8k AAS AN A=l T g
SO Al tiAlR dAJsk whebd o AR 38
sh= Alglelgtal & 4 AtH17-19). trels =1 w3t
ol AlEHH(2~7 Hz)7F 2D, o]l F45 3t
7F vehd, 2] i) AR o Eake) Aol -
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Fig. 3. SOD Version 0.9.
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2) ®18% £3 B NZ(Criteria for stage 1 sleep)
(1) Lot}
g AET el Lotk (8~13 Hz) o gl 3H)71 50%
olakel Aol 1A e Fgecka ysiqlet. kA
7b ) o) dubal w9l 5 o) e o] 2413 v
aolon o1 %—%‘% AR o) Fal ZgelA e

Aor F¥shs gyt 999 e |

(2) Aerst

s BETlol VRt AlEke~T Ha) ) A 397}
23% olold 19 Se] Ratevy wgstglct Mg
ske] A shel7E ARYel wheh of |l WSS Hol=A] ¥
A7) 99 g wEwsle ol BEwE vwskict
(19 5).

(3) =" 25 % §Iw7] 34 (sleep—onset REM)
i eHsS BRI Sldl, g dEege) e
5o A& Algto] 1.5% 1= =) sk

KB 4% Aolef gl
th alg W= gho)o) PAE WEo] EF Ax}(standard

Alpha band power ratio
Hiins ‘/
it S .0

LR
AT o

I8 B 7 9 I IS 1617 19 2129 227 20 81 83 56 &7 99 ¢ 4f
Epoch

Fig. 4. Relative power of alpha frequency band. Transition from
wakefulness to stage 1 sleep is indicated by the line between
two arrows. R.P : Relative power.

Theta band power ratio
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Fig. 5. Relative power of theta frequency band. Transition from
wakefulness to stage 1 sleep is indicated by the line between
two arrows. R.P : Relative power.
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deviation) & 2% Z7tel tiste] AL, ARelz} 3k
ALF} AR®] 22 ALT ARF 7H 2 #tos WHal
71 gke] 0.3 olaPt HE Aol =1 o 2] 3
A WEstha Bkt dhH 29 ko] 9l g
o] sAlol dojuk=A] Hdtslr] fls, ¢ ke A
9] indexel tj3te] W £ (covariate analysis) S &
3] 24 A<= (correlation coefficient) & 3130, 1 3k
o] —0.70131Q1 A% =7 - 272 FAAl gt 24

& WEAL Wk,

mlo

o,

I o

o
%=
o

JI

% %%%Hﬁl L% il
T} vlaskglem, OLHJ/P %—: %k— Hol= A9-ll= o
w7] gm0 g wEalgl 1, QlWo s whHslelt)

143} %Ud e L S8 2AEE o] 88K 9ok
2 Al 2 At
2 5 9w 2R o) mRold
SpAw 7 BAelA ebd 5 Qe U Al B5Ee

skt A

3) I=’E(Classification)

Tk 7]E22 Rechtschaffen®} Kales? %=3}¥ 7]
F(Q) ol w2 el F3d FuckzAL SR AL
2vgo] W=3Iink ol& vigow FH 715 AR AFHE
25| o] YEh] o]de] i Akm HHE Akl

o] = Apgol| thal =H ZIAPE 2, 1A 7 2
7] A5 F oo SR WEEIGIth o) # duelEe
AP LS FASR= f) 9lo] V)% (standard) 2 A3

Y Aol tial ¥ ATRelA] ket 4 322 73(SOD)
& olgste] FAEItE dutuke] Al Tk, Aletgke] A
of ske] 283 =7 2] 370 VI Wil tisted, 4
7NE H7E 9 71Es 15k ) 71ES wEsh 1
ZPde) slgdshs A9 022 F33}H(coding) 39S
e 4 ol 87H4] 23S eI 7F 23l disl
A= R1, R2, R3, R4, R5, R6, R7 4 R8°Z WHalal
Rttt D). 7 28l oisl thsd 22 7ee® 74
olut 19| oz HF W3 AA, Lutute] A
i 3417F 50% ool thE 71 WeEel od g 7h
AdRiE ZMde R FSISItHR], R2, R3, R4). &4, &

_E
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sse] Aol 4917} 50% oleteld, Alese] ) shs)7h
23% ololIut =9 QFee] ks 5otk 150
o WYHATHRS, RE, R7). A, 2ofse] 157
el 7)5Re s 2P 0% WaIRIThRS) (B 1),

4) 1 2

7} 5] dlgEe dEeelel s 2] st A
W= 7R wES 71 vlaste], A dAE(0PA,
overall percent agreement) & AL AF & H71E
918l SPSS PC version 11.0& o]-g3te] 7kt (kappa) 4k
ARkstSitt.

T 78] FHAA AARCN FEE T 169719 dst
A BABIGItE o] F wELE FHthARAL Al A5
e 2% o] YRy o] M 9] AfnEolglon, 2~4%t
A G 9SS ol wEelE §Igly, Aoy 1
WA F skl sk

O3 (subject) MR 7} 23 ol sjgshs d=wk9] 9]

(number of epoch), ©1& 7|=3} H

g B=Tk9) 9] 4= (number of agreement), 181 7}

Tablel. Rule of discrimination between wakefulness and stage 1 sleep

Parameters R1 R2 R3 R4 R5 R6 R7 R8
Alpha wave relative power 0 0 0 0 1
Theta wave relative power 1 1 0 0 0
SEM (slow eye movement) 1 0 1 0 0
Stage W W W W S1 S1 S1 W

0 : In case that each parameter satisfies the criteria of wakefulness,
1! In case that each parameter satisfies the criteria of stage 1 sleep,

W : Wakefulness, S1: Stage 1 sleep

Table2. Agreement of each subject and total subjects regarding wakefulness and stage 1 sleep detection by the developed

algorithm
Subjects R1 R2 R3 R4 RS R6 R7 R8 Sum SEM
Stage W W W W S1 S1 S1 W

No of epoch 0 0 0 1 1 9 17 34 10

1 No of Agreement 1 7 14 28 8
Agreement (%) 82.4 80.0

No of epoch 5 11 28 14

2 No of Agreement 11 20 6
Agreement (%) 71.4 429

No of epoch 11 16 32 18

3 No of Agreement 8 14 26 16
Agreement (%) 81.3 88.9

No of epoch 2 13 22 1

4 No of Agreement 2 0 8 16 0

Agreement (%) 72.7 0

No of epoch 8 3

5 No of Agreement 0 7 2
Agreement (%) 87.5 66.7

No of epoch 17 29 8

6 No of Agreement 15 25 6
Agreement (%) 86.2 75.0

No of epoch 9 16 0

7 No of Agreement 12 0

Agreement (%) 75.0 0

No of epoch 17 40 37 72 169 54

Total No of Agreement 13 34 25 59 134 38
Agreement (%) 79.3 70.4

57 NECRS



Table 3. Reliability of automatic detection of wakefulness and O 2 20|38t Ho|t}, ujgbr] 2~4THA 4 A—Fm 3} 15
stage 1 sleep by the developed a;?::;haTd %\—?4_94 ?:_1?]5_ } i“é’ﬂcﬂ 74]7;}?]_ %_IXL,J} 70%3}? @%
" o Total  glokab, R Qo Qe 79.3%9) AT, G 4
Algorithm w 62 2 84 Aol vl 5841 A7k AaL of A%E EE%HO]E B
s1 13 72 85 1 ke oo R g Zlow, ov] QA w2 A
Total © 94 169 et & = Slek 7HE 0.586 (p<0.0D) = FAA 0= 79
Kappa 0.586, p<0.01, W : Wakefulness, S1: Stage 1sleep 613% 79. 3%94 ?:li]l‘:_ } 00101] -JSH L}E}ﬂ— 7)\0] 0}‘43’_
& AellA Aljke gl 2 AFES 7ML =

el o] QA 204 Wi e} g, o wojzu
Zpgo WY BEGIE T5ARH, o] F Aokl @ Aol Uukwpe] Aty 147} 50% o) golehs 24

A

FA SH17E 50% ololehs 242 MR AS ) o weh 2o BRE A4S 37 BEusiolg), o
ol itk Urix] 7278 Sutste] AT 1917} 50% olek el e A, stalel Ay elozE 2

O
W 2,

oA AlERts) R kgl 1R S ARl 4 Abels el | @A) vk e anzw 3

o) el ol 0 BsrEson 8299 U A wpste] A skl 50% olaklelw AElstel =

5wl M 2L TEele] o WS AE 82%
I Frow g 5G9 947lRon, o] T ¢ o) dAES Holng UFA zlﬁ &8k Zlo] At

stoh 205} Aleksh 2008 WSS R6 23] 4042 7 wkg mefshs el nls) maHoln, b e Luis

% H9kT, 85% 9 AAEE BTk gt 9 EsH Aol I WAE FHshed Bgol €
=3 oHEeES 169709 BEES] F 5470, F 32%°]  Ro= sk

}\1 "}’E}’ OD% 70. 4%-4 ]E—g— E‘i}\r/}- o}_x]u]_ 213;]'4 2=
-

H
<o)
N
¥
(8,
.

o7 wgE dEdg] Tol, dubu 233 Al

A ARelds =1 e g ¢ ik oleY A B RHSehs 9ol 4070= 7 Bakar,

T Z47F 16709 22709] =GRS Z o] FofA Qlo} TRE & 85%9] YAEE BT o= 1] Fug s bl 9l
A

W Ame] ds) geldom gtk dststel Al S9b o) Alebste) Ay 9lE efehs ol f8slehe AE A

ﬁ

we Al
o
offt
>,
=2,

50% olsleh= 24E Wehs A Fol 1 e HEE AR @l 29 w7 QbeE 20 TS

TSN 1A SR PR WEDSR= 37HE 68%  R7 @] 37/1lom, dubutel Ak} 2Elm 9 gk

o A E=E ATk &5 218 BT u}zez‘s}h 232 17742 7F A9k o)

gor 799 Al Ang FUE F 2R Ay WA = 19949 Hori 59 Aol ZollwA v

AA = 79.3% A0} 183 7R 0.586 (p<0.01) ARet  H= Aekatel -2 oHLTEo] AR o7 Uepdths 4

(£ 3). & AAFR(1D).

o] A 2k9)7F 50% olstehs A wEshe A

€1 7B FolM =7l e yelsM 19 sHow Wy

=l 37ME 68%2] YAEE Bt ol HEwe]

B AFelM e HAE 24 TRO3s 286l 1 = md eSS 1 43S Agole Ao B

WA st A4 AEE eehal, B A H 7l g9 e AR, mH QHEeES olgdown dut

AL w3t 7] A vlwstsls W 79.3% 2 AA f gwro® 7hHol AL y= koo sl By ES = &

AEE Bt 71E Ateld tAE 24 olgstd 1 9Iglek 2000 Kinnari 52 F3F 3t} 285 A58
S W3 AAEE 70% FEolW(12), T YAEE  gplo & At @l ek reEo] Edo] wul W

H
<o)
X,
¥
o o
0

i} Sy
ofet 2~4wAl B R-/] ¥EH0R o o Qe e A=l digh wheAe) Fhane) St
= ]
g

23] Qe Adolrk AL 49 S deble] 4 = A Bwairi18). # ATE 540 Kinnari 5] A
o) SIS Akste] S S s 3, 48 $EY g el hrese st Whd BRde o) sl
A% 2 AAEA e Bk E Welehs 544 AR 2 4

G - WA Su wEshE Acl-Bguieh e B d7e 19 S 992 9le) Hnis dans 54
S AR gl 207 S oA Y o] rhE o tiaE BAeRitis Aol 71E9] Qg e
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