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Abstract: The objective of this research is to develop an automatic algorithm based on electrocardiogram (ECG)

to estimate slow-wave sleep (SWS). An algorithm is based on 7 indices extracted from heart rate on ECG which 211
simultaneously recorded with standard full night polysomnography from 31 subjects. Those 7 indices were then

applied to independent component analysis to extract a feature that discriminates SWS and other sleep stages. Overall

Cohen’s kappa, accuracy, sensitivity and specificity of the algorithm to detect 30s epochs of SWS were 0.52, 0.87,

0.70 and 0.90, respectively. The automatic SWS detection algorithm could be useful combining with existing REM

and wake estimation technique on unattended home-based sleep monitoring.

Key words: Slow-wave sleep, Electrocardiogram, Heart rate

LM = ul, choket AJRIake 758 Saakchal A ok, 7)R

Moz ag) § o4k ol ofgt 1o o

A3} = (Slow-wave sleep, SWS)2 oA Uet =2E &SIt A JoH[2], & 4+ AeEct A
= ohoret 4wl W B SR ARAES] 54 MkE 7] ok Sl A4 SEEe) Hulzh Zokeickn wa AcHs).
o Sl A Tt RAK HHe) S SASH, T, A2 AN Aok S 719 §asiMemory
49HA| (S4)ol dFsl= H|F(Non-rapid eye movement; consolidation)?] 7]%5& Urelel Qlch4,5]. Aol
NREM)-=to|tH1]. A 2] 15-25%5 AA|sh= Aot ofshd Au} e ngﬁ 7199 Arol9] frojuldt ¢Fe]
FHE I o]FoAME & 5 9ol 29 F 1-2Hz olat A WAL 9low, o) Aluk HefA] FE e b
o] YAE(BEG)2 A7)7} A5k Uehts E4S 712 uho] 2 H%E(Slow oscillation)o] ©]at Zola}t 9]z}t
ok yorh Muf o] F(Quantity) Hd +H 72

Corresponding Author : Park Kwang Suk 55 IAE ABRE Y3 5a3% EAOR &8 H 4+ QY

=]
Seoul National University College of Medicine, 103 Daehak- T ulel AT ek ZR|eteH6]. o] A Aut LWl )i
ro, Jongno-gu, Seoul, Korea ) B N
TEL: +82-2-2072-3135 / FAX: +82-2-3676-2821 Hog FQ3t s 4P Wk ofye}, H v g
Emal psobmilemaacke A5 HAlE S-EIA HEY 5 W] whel, A &
O] %'__“T_'Tt‘ 201315E %-,—(U]EH%}_E}‘C‘_'-,—)‘,] ZHT:I.-——E ??_]—%Cﬂ?—xﬂ KX o) o EH_SI-}I;_‘_— 7}]\% % o U]% ;4_

gl AMEO A==
ko] 2918 ol 235 917 (No. NRF-2012R1424240201- oA Aot & H5stat, o]
0714).” o o



212

olget Mut 1 Ay AE daEE MY - [ -

B pule] FEE EASHY ASHE P
AH AN Polysomnography)2 w4 2|3} 3] (American
Academy of Sleep Medicine)o]|A] HASE 7|52 W2
[7]. o] WL HAR(EEG), ZH=(EMG), oHd
5 TR AAASE 2l A 4 BAle] S5
A% gjelo] oAk nlglo g 4 1z uw i e T
7Vele gubel Axpoltt. 20129 HAE A oA T+
ol oJshd R&K WHiofA] BAIRE Aut =1 =, S3, S4

HAE N3= E@o}&igul ]h 0.5-2 Hz, 75 uv_cq NE]

o St

el

SpAlet o] AARS A3 A5 ﬁlﬁ

wxpajof ki WAl A SuE Faof shrhs Bl

lou], ue B S8 SuE ARAE AL 5
=S o} sl ofelgol At

712 Thabet AT A A BEo] Sul gl

whe} gojulat xfo l% Boltk A BerHs-13]. A%

/1\_]_76]75” H O Al % ]/H D:]E?F]— /Rll:ﬂ— = JJ—_Q_?Q UH_L]—

l_.‘:l

;:O

F—.°~

(Photoplethysmogram), Aletz (Ballistocardiogram) S
O thA| AlZoA] 4T AukE vige® Al t R
71'/\17:14 gd=o 44-3?;_ Hol]&(Heart rate
o] 55 WS
& Ato] 85

74101] 1’412* A4l A O] S-S WSt

(REM) A A ) ggo] Eisl
ol wet AljHo® w747
x17e] Bgo] SAJs) Mok vhc). o
& Wsk= At o, Yozt o g
e A= 2gE 4 AT, Ao
T2 BAS 8 Al Es TE Zlft

%
2
_ﬁ'i
2L
o>
3
22
2
ﬂtl
A
=
il
lo
_1
(2 rz

).
g
o o
e

| 10 o
2,

oo

o

oy

B

o

=
BH

I
o

mlm
4 o
=l
ol
ol
rr
__‘T‘:

N
o
r
o,
2,

kI rE oo per oY @ o

5
mlﬂ i
o =
~
EE rlr
R

(

1
ox
o
wu o~
)
H
fru
1

10
> R

£
o Jl(;l'
o =

e 4> o

_31:1
>
=

oyl
©

£2

o

o)

>

-0,

bl
fu
;‘E[‘
ox
|o
M g

s
|-|:|
0
o
oY
=

>
F-n)
(o))
DO
[\
t
>
[>
)
—~~
Z
)

o+
-

o

=]

=2
p—
=]

E 1. 584 QA 2 40 7 g,
Table 1. Demographic and sleep related information for the
subjects.

qgz o WA
(N=13) (N=1g  Pvalue
B3 o] 298+16.6 32.1+16.2  N.S.
Bt ALFAS 919137 244452 NS
ol 2+3. A4+5. S.
5 221 Al 7} (min) 491.2+ 385 503.6 +58.1  N.S.
HdSHEL (%) 91270 89.3+8.2 N.S.
Bt *1%4)4“5 & 166+7.1 141+67  N.S.
PEE-AEF A5
)T 11406 2884260 p<0.005

E 2 Au 5w 248 g3k AR
Table 2. Indices for SWS estimation.

EA 7 (sec) A a4
mHR Bt Ak
Ak 7hA o] A Fub
VLF A v
(£0.04 Hz) 7}9]
pgp Az gapsie nge
150 (0.15-0.4 Hz) 7}
szl 71d &3 (Poincaré plot)
D,/ SDy, T ES
SDVSD2 5 $p, 313D, o) vl %
Aer AN fER F A
EDR. &1 1 % "
Adt A A ST T AS
EDR,., 5 Lg7 T B
s ©f ut9]
30 Ak b A 3} Apu] = 7] - Z o]
sCCy  WER ZAMG AUk 742 Aol ]
ABASE BEST
struments, @ AR, BALA w]a)S o]-§5to] 250 Hz= 3%
2o} Bk AL R E F, Sutkdar 7)aet 5

HEJEL 543 A ES viges gydate] $HS 30
Z &9l2 Frleldlh. & A9 Aedistay e ot
24 2] 91 3] (Institutional Review Board, IRB)S] %
0] slof] A= JTHIRB No. H-1405-124-582).

]

2. 97 e
11%)9] =7t Zhofsigict. 7
= 3 alﬁio] e B 138 HHg
§§%(Obstructive sleep apnea, OSA)E 712 R
B2 Al £ 18 2 2 i ol A A
o ¢ Huol 4w A7 S &G, At S
BB mv Aol Gl P YRS peiich, G4
3t gt gk A4 9 SHEE JEE R5E-AS
ApE ALt s dolEo] el A {240

ot
>

Ir
-y
4,
=)
B,

Eld' Mot § & o



Journal of Biomedical Engineering Research 35: 211-218 (2014)

glgick
3. AE ME
Sl WY 5L WS AES 4] 913
chlZAleL A1) 2% HHERYE Rlag a5t
E}

Gck. ol el wAL 3020] ShAA Jg }5471 el 51
M 1 A ) Sl ke 2 S ol

AAZA ) Wek B Wgshs TRt A3
Ajgick. o] AFEL S| 7)) ket Z7hel
L ouE B4 BolA HA, el B 9

SIS

I *E

o
10 flo oM o ru]n
Ant = of i-> =

0

O

H
4> 4
o g ox f
fu
*
N oox of 2 O N

o,
rit
o,
2o
to ¢
B~
il
=)
Y
ol
U H m
N 1
2]
4
=)
tlo
o
e
_c|>L
fr |
i)
2
o

0
Hz 9le) 99z vy 0 agizsel 25e v
ot nHF= Sk o9 324 0.15-0.4 Hz9] 9]
5 0.04-0.4 Hz o] T2 vypo] A2t Ao
e BRI 488 Welsts 4Bz g ot
[9]. 7} 4= ¥]910] B9l 32| o ueH(Fast Fourier
Transform, FFT)S ©]|-&5}o] AF=E| QI
SD,/SD, & v|A3 B ol Ealyly] =3 (Poincaré
plot) o= e &% SDt SDy9| vl&o|th. SD ©@7]
Aupolg ARE Uehie RRHE Hold] mzwxl
(Standard deviation of successive differences, SDSD)
oF IAZF lokar A et SDy= 7] AHPHol &2 A
SDSD, SDNN (Standard deviation of NN intervals) =,
RR7M7 9] #z@abel eiso] Qirkn ate4 914,15
EFL AUt ) ma, A A4 BEE vl
S Ao whet wsksteta g A QIeH16,17].
o] Zolol et RagHAAe] Hgo] SHAAB, ole]
wel B FALo|n HYA PAHE WA Hek. 4
2R olug 55 S4S AXsL] 8] AdE G2
33 (ECG-derived respiration, EDR)Z& AR&-3}%t}[18].
ol Tgo] A vhE Wigte] FE mAlE 2E3AEA

K

A @ (Respiratory sinus arrhythmia, RSA)o] 7
oz SwolA A 7HA o] FobA|aL dssollA A
S7Fhs 545 ol8e Zolt19]. A= = 52 3

“o 10 o, 20 30 200 400 600 800
AlZH(ZE) Ol =(30%)

TR 1. (a) A 5o] 2] T1EtE Al 2ha )27 2]
Le2 HRsE A2, () @ elAle] At A A

3} b 27]-Zelo] Lel= HI A 214, (0 S Tt
sCC, .
Fig. 1. (a) Normalized RR intervals and RR intervals

smoothed with Savitzky-Golay filter during SWS, (b)
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