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Correlation Analysis of Electrocardiogram
Signal according to Sleep Stage

JeeEun,Leei Sun Kook Yoo'"

ABSTRACT

There is a problem to measure neutral bio—signals during sleep because of inconvenience of attaching
lots of sensors. In this study, we measured single electrocardiogram(ECG) signal and analyzed the
correlation with sleep. After R—peak detection from ECG signal, we extracted 9 features from time and
frequency domain of heart rate variability(HRV). Mean of HRV, RR intervals differing more than
50ms(NN50), and divided by the total number of all RR intervals(pNN50) have significant differences
in each sleep stage. Specially, the mean HRV has an average of 87.8% accuracy in classifying sleep
and awake status. In the future, the measurement ECG signal minimizes inconvenience of attaching

sensors during sleep. Also, it can be substituted for the standard sleep measurement method.
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Table 1, Features of heart rate variability
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Feature Units Domain Description

Mean ms Time Mean of all normal RR interval

SDNN ms Time Standard deviation of all normal RR intervals
RMSSD ms Time Root mean square of the successive differences
NN50 count Time RR intervals differing more than 50ms

pNN50 % Time NN50 divided by the total number of all RR intervals
LF/HF - Frequency Ratio between LF and HF

TF ms® Frequency Total frequency power

HFn - Frequency HF power in normalized units

LFn - Frequency LF power in normalized units
=319 29 532 mean of all normal RR in- between LF and HF(LF/HF), TF, HF power in

terval(mean), standard deviation of all normal RR
intervals(SDNN), root mean square of the succes-
sive differences(RMSSD), RR intervals differing
more than 50ms(NN50), NN50 divided by the total
number of all RR intervals(pNN50)Z Z 571¢] &4
olty. Zk A9 22 ot A (D~B) 2o F
2o A RR = WA RR intervals YEH, N
RR interval®] 7N+E YERATH14,15].

MEAN= (3 RR) 1)
N =
SDNN:\/ ! XV] (RR, — MEAN)?) (2)
N-1'44
1 N—1
RMSSD = \/—(Z(lm+1 —RR)) 3)
N—1 = i i
NN50=the Nof (RR,, | — RR,) > 50ms (4)
NN50
PNN50=—<—->100 ()

Aol T A ALEEHE FI F 92 power
in ultra low frequency range(ULF, < 0.003Hz),

power in very low frequency range(VLF, < 0.04
Hz), power in low frequency range(LF, 0.04-0.15
Hz), power in high frequency range(HF, 0.15-0.4
Hz), power in total frequency range(TF, < 0.4Hz)
2 J85E F Uk

Aol 2o A F&3 Fa¢ 99 EA-2 ratio

normalized units(HFn), LF power in normalized
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Table 2. The number of each sleep stage Al o] = 9] Mean, NN50, pNN502 Z+A4 Zdef oF
Total Average Ratio (%) A AE7E BEsH] FEEHE AL AT F e
Wake 5993 174 199 H, Zt dAlof] M2 Ho] xolE & 4 Utk SDNN
Stage 1 1966 66 75 3} RMSSD9] 7Z¢, £ZHAE= Mean, NN50, pNN50
Stage 2 7691 256 293 3} ¥ SRR A Al e = REM ZdE] ol A
Stage 3 1923 64 7.3 frARE S Zhe AS AT 5 ok 28y 2
Stage 4 4297 143 16.3 2 FHAdANE Ho] AT AL AT F 3
REM 5155 172 19.7 oh T iy 9 kg 9] HIE AlAbske o
Total 26265 875 100 < 5741l LE/HF, TF, HFn, LFne 90 ©& 3
3 E2RAL A WS 2eS FAsd 7}
236% AEo] Mg FAR 4 vk Be Fung 7o FH HE Fde) Aolnn wEHAe] Aol
gk 22t S [ 07 IR L o]GmE AY A nzt 7} 327] v £ 9A ERFo F2hA &e A
# A250) ol dpT 40 Aao W g s o= A5F F ATk =3 HPns} Line 22 3+
WY Welz 228 5 Qloh F& FHo) A sage T T OAE VS F 5 QA0 7 Ne SH2
10] 75%2] G M &S AAE AL AT F e Ted TS HEW A S 1A 12 At
H o)t HAAGe] Fe] mi A4S wwd way  A71E &S W8 ke v
stage 22 3= AS=E AT F ot =3
REM & < A] 9F 19.9%9] vl &-& A3t &= 4.3 AHz EZo| mE M CH
A< Fsted WSl NREM(non REM) '8 <k Aubdo)w Exo] me A4 e B4 9
REM “FHl9] A33< 4 dee 713e g A3 AFE FESIIAY. FBA ST 10 7S
R e AR Foe Sl s 2 9 gof ARBA, o] L5 B )
FBABAE 7RG A = Utk B AT E
42 S2 =4 F 309 WA AME EAo) g2 AEsE
2 AT FE2d EA2 A Y9 50, 3¢ FH A ] oA BAE JAsATE FH &
G AN=Z F 9ot} Table 3 = 3089 &=} Ae Z43/4H dEH, 48/¢ FH/ZHLE FHO=E
of thdk Z+A Jel, stage 1~ stage 4, REM %ol UE A, 44/¢e FH/4 2 FH/REMEZE Y
2 7k £ Hy TFEHAE A4 Aol i 739, R&K ruledl] ©e} Z+4d/stage 0~4/REMS
Table 3. Mean and standard deviation of each feature of heart rate variability
Sleep Stage Mean SDNN |RMSSD| NN50 | pNN50 | LF/HF TF HFn LFn
Wake mean | -019 | 058 | -058 | 005 | 020 | -016 | 021 | -055 | 055
std 0.28 0.29 0.27 0.30 0.28 0.26 0.20 0.23 023
Stage 1 e 017 | -042 | 046 | -0.38 015 | -020 | -019 | -053 | -053
std 0.35 0.38 0.26 0.32 0.35 0.22 0.27 0.21 021
Stage 2| 043 | -057 | -046 | -059 041 | -020 | -021 | -054 | -054
std 0.24 031 021 0.20 0.25 0.16 0.16 0.14 0.14
Stage 3 e 041 | -066 | 049 | -057 039 | -020 | -021 | -055 | -055
std 0.20 0.25 0.17 0.17 021 0.13 0.14 0.10 0.10
Stage 4 |_me 039 | -073 | -050 | -056 038 | -020 | -024 | -055 | -055
std 0.14 0.15 0.13 0.13 0.16 0.11 0.09 0.09 0.09
REM mean 029 | -053 | 051 | -048 027 | -020 | -022 | -054 | -054
std 0.27 0.31 0.24 0.23 0.28 0.18 0.18 0.14 0.14
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Table 4, Correlation between each feature and sleep stages

Feature Wake/Sleep Wake/Light/Deep Wake/Light/Deep/REM Wake/Stage 0~4 /REM
Mean 0.6143 0.5163 0.3857 0.4183
SDNN -0.0136 -0.1470 -0.0415 -0.0795
RMSSD 0.1492 0.0961 0.0288 0.0293
NN50 -0.6076 -0.5079 -0.3930 -0.4224
PNN50 0.6087 0.5112 0.3819 0.4141
LF/HF -0.0813 -0.0662 -0.0499 -0.0549
TF -0.0259 -0.0564 -0.0474 -0.0546
HFn 0.0140 -0.0023 -0.0010 -0.0022
LFn -0.0140 0.0023 0.0010 0.0022

2 Ui A9 AlEE she] vlwalgth Table 4%
7 Sree) e 7 Aluhio]® B Au %
o] B¢ Uit Aluhd el £o] Mean, NN5O0,
PNN50-& @ ) A4 038014

2E FU HHE 27T 3

o] FAATFE 7HAH e ARWAE HAE A
BH1g 4= Atk SDNN2 A4/ FH/7e 3
o 79 oF 0.159] o3t FABAE 7= AL Hol
m RMSSDe ZH4/4d delEe 728 v oF 0.159]
FRBAE 7M1 A & Atk Fakr dgow
HE F%¥ 54 LF/HF, TF, HFn, LFnE =&
T3 GACNA 0.1 vgke] FAAFE THAY dEd
A 7HA d5S 4T F itk =3 Aubdol
EEREH FE% 5SS 44/4H dHE TR
TR ARG Hlwz w5

LFn% Fig. 3914 A9 am
stolet 2 9lu)
2 dAFdAe 44/4H FE ol distd &4
971e EA & AR L Y3 At 4 EA
o] wel A4t 3 H Alg= Table 59 23, con-
= T & JEbH 37 AL

stant= ‘&<, B AF

plitude®] 2]3k 2}o]
=4 AR

TE3E A5, 4 54 ©e} Meand oF 87.8%,
SDNN-2 ¢F 79.6%, RMSSDS ¢F 80.5%, NN50-&
oF 87.6%, pNNB02 9F 87.7%, LF/HF-2 <F 80.2%,
TF2 °F 79.2%, HFn2 ¢F 80.1%, LFnS 9F 80.1%6
AT E 7hH

2 o
mE ey Ase 328 59 Yt xFe 5 7@ =
1 epochES YEFNHE 3 7l 2] epochs 30%°]t}
(a)= 2ie Aztoln 0L ZHd, 1~4E stage 1~4, TH A BANEE SHst= AA e ol2RE F
55 REMS Yt (h)~ (e 328 EXLS 7] W&o AdxH A FEHE S43 = o A
BRI -1~18 A=A Fig. 3004 2 4 % E 7Y, mEtA B dFoAM s bdd AAE s
o] 7+ Exe 7hA/2=m Ao A ZolE SRS 1 g SAsta, sl FRARAE YT
Hzo] S Tt AT F Ak Aupwe| =9 Aol =R R FEH EXEL 37 B4 2
Mean, NN30, pNN50 #7F+ ok 2t SDNN#} RMSSD, I oF 80% ol el ARER AP/ FEE TR
Z34 g9l 229 =49 LF/HF, TF, HFn, g T ASFS E F AAJT 53], A 99 5A
Table 5. Regression coefficient of each feature of heart rate variability
Coefficient Mean SDNN | RMSSD NN50 pNN50 LF/HF TF HFn LFn
Constant -0.922 -1.349 -2.662 0.636 -1.047 -0.920 -1.611 -1.520 -1.520
B -5.776 0.066 -2.428 6.115 -5.778 1.274 -0.107 -0.577 0.577
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