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Abstract

Standard methods estimating the power A ZAA
spectral  density(PSD) from an irregularly A7) ¢ *}%QE g8 B2y 6xAE
sampled cardiac event series require deriving a I B¥ (nonlinear lowpass filter)2] &4<& el
new evenly-spaced signal applicable to those w, o]Z QI3 FuAAAAL 5 & FrrEy] ¥
methods. To avoid that requirement, in this g AREAN AEHIL e 2F 3K E(high-
study, the power spectrum of heart rate frequency components)?] Z4AE I EF,
variability was estimated by Lomb-Scargle’s AutRiE el BA2 FHrAE(SA node) of ek
algorithm, which is a means of obtaining PSD AEAAAY B5E& Hrtee S BEXHo= 7
estimates directly from irregularly sampled time B Fol cardiac event serieso] FAW L= =2
series observed in astronomy. To assess the o] 93 o}lE]HE (artifacts), ¥ H] E(missing
performance of Lomb-Scargle algorithm in the beat)ol EFH A5, Bl dAMA olF HAY
power spectral analysis of heart rate variability, stojof oy 1y ol 2E AAGE wle W
it was applied to various cardiac event series A8 olzr AF I E(ow-frequency
derived through integral vpulse frequency components) & F7HAZ o2 A WA A o
modulation model(TIPFM) simulation and from real < FYFEAE HEHS xdn U o9 e
ECG signals, and the resultant power spectra AoAM FAL AUHEASE fFxZge] glo
was compared with those obtained by a cardiac event series® +-E X‘Xd bl R o
conventional method based on the FFT. In result, FAste Aol vty & Aot}
it is concluded that Lomb-Scargle's periodogram Wk B EFgME RFTAY AEFE RY
is very effective in the power spectral analysis AY #9 2¥EH®SE FAHI7 g8 AUdd
of heart rate varability, especially in the Lomb-Scargle(3, 419 ¢uadEFe& =9 #=H
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presence of arrhythmia and/or dropouts of cardiac event series® F-E
~HEYES FAHI}E B
g AubdEe w9
Lomb-Scarglet312l &9 &4 #AEsr] 94,
Lomb-Scargle2 18] &3 7|&9 g =& IPFM
(Integral Pulse Frequency Modulation) 2. & A} &3
oldS Ed 2o}A cardiac event series® A
o2 BE AL cardiac event serieso] & &35l
22 A7E A2 v 2Lt

cardiac events.
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AF g E el AP E M= (linear trend)7t EA3}0y,
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¥ AFHAHEL(LF component : 0.04~0.12 Hz)d)
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(®) The original ECG signal and a cardiac event series('s’)
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(b) The input signal for Lomb-Scargle's sigorithm
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(c) IBIS

3" 1 cardiac event series(a)Z HE (b)
Lomb-Scargle ¢4z Fo oi3t gJzEas o
(c) THA 9 HIAFANFTE A= Py

Fig. 1 Techniques for deriving (b) the input
signal for Lomb-Scargle’s algorithm and (¢)
the evenly-spaced HRV signal from a cardiac
event series (a)
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Fig. 2 IPFM model
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Fig. 3 Power spectra estimated by (a)the
conventional algorithm and (b)Lomb-Scargle’s
algorithm from the cardiac event series
obtained through IPFM model simulation with
white Gausian noise
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Fig. 4 Power spectra estimated by Lomb-
Scargle's algorithm (the dotted line) and the
conventional algorithm (the drawn line) from
the cardiac event series obtained through
IPFM model simulation with the sinusoidal
signal
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Fig. 5. Power spectra estimated by Lomb-
Scargle's algorithm (the dotted line) and the
conventional algorithm (the drawn line) from a
cardiac event series for a real ECG signal
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