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A study on the anlaysis of nonlinear characteristics of ECG.
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Abstract

It has been shown that somwe of physiological
systems have nonlinear dynamics. The evidences
of these nonlinear behaviors make us analyze
physiological systems in the new viewpoint.
And, nonlinear dynamics can be represented by
chaotic behaviors, which is studied by several
methods - correlation dimension, return map,
power spectrum analysis, etc. This study is on
the analysis of nonlinear characteristics of
ECG. Data have been acquired from the 20
children (10 -~ 13 years old), and 30 students
(20 -24 years old). We have calculated
parameters HR, PR, VAT, TD, TRD from data, and
estimated correlation dimension, return wap,
power spectrum, Resuits show the noniinear
characteristics of ECG.
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1) deterministic & aperiodic,

2) sensitive dependence on initial condition.

3) constrained to relatively narrow band.

4) deterministic pattern,
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Mean Range S.D.
Children 3.7585 2.263 - 4.843 0.6844
PreDos 3.6255 2.795 - 4.322 0. 4609
PostDos 3.4979 2.663 - 4.442 0.4783

<E 1.> AdEso] oie 2 QY2 2y via

€ low €¢r) 3
7

¢ Oor.intes. ve. Range > e

<% 3D BA2e] HRok cf}} correlation dimension?] A}

— 164~



AAz M HAYH B4 PN A A7

33 3.8 g2 HRol oy correlation
dimension& Al Aty & e Bolzzele},
embedding dimension®] F7lo] wzjM 71712 Y
Elt}= correlation dimensiono] $@3fjrsj=zo
vel}, chaotic K48 Y¥aag4s-olcl

a3 4.+ %L dataol] ti3le] 3 return mapl
2 B3 % patterng& HoAF3 ot}

datatns?) meec.
00

+ + + + + +
400 00 %00 700 @00 00 1000
dntetn? rmec.

3" 5.0e ohgat gL Ade power'spectru
& BRI oEd, dutez  gaude)
chaotic HdelA vehl: 1/12] BH S RoiZn
alrct.

L log Pouar 1]

< Pouvar 3pactrun >

<2g 5> t82] HRof i {} power sr;ectnmzl off,

5. £9

flold Jehd AxtEe Bul AT dojx|
€ °2712] parameter§o| MUY HHE B
olit & Ufalrh olWe dAREel 23,
HYUEsE vd%d 548 Ushde ziocs ¢
#2|%t 00|, correlation diemesiongto] PAlalz}
HAYgAE FEAE AANAEN A8HSURS
AH g4t At Uolx] o @ s1x] parameter

I log frag [Hz] 3}

ol ditt 47 A9 olFox|A] U de Al
oltl. o MYUSE FAM €2 ANES AR
H AR dol Afdde TIE  osia
parameter§ol M= o]t v MY Higdol e}
+ A& g5olen], wety oY UEAME
4z vPAA S FENE AAAES UAYS
A& Zew Hch %X Z parameter§2 AW
el Zp¥ele] S4& ueidz glo], #Id
parameter®] FMORRE U o|HN¥HFE
A3h=els o] &H4AE Hojtl, A Y
¥ U A1 E "] UL nEaEl oy
A YA 2}e] uielsioly o8 Relrh

ol2] xjojof] w}E correlation dimension?] 7}
2% A% AZEHZ A EAeld, ulyjgFe]
correlation dimensiono] ZRIYMIFHct WA
e da3lo] a}E correlation dimension?] Z}A
& dHYsAdou, FAAHLE F4& ol
2zl Zych 2zln AFHA AR AT o4F
Foistr| Azt Fo| u|dy Hgel WA dclE
2tol 7} giodch

A7l TR Arix] HAapEol A=Al Aoy
L2 ojuyt ou|F Yeste iy AL o}z I
feAAA drh v A Fdo oy 2EHYY
dde MEfFoMe] YEog o|sgo] 4l
= Ao% Roln, gdog YA ajo|r}.

i 29

[1]. Peter Grassberger, Itamar Procaccia. 1983,
Measuring the strangeness of
attractors., Physica 9D:189-208

[2]. James W, Havstad, Cindy L. Ehlers, 1989,
Attractor dimension of nonstationary dynamical
systems from swall data sets. Physical Review
A, Vol 39:845-853

[3). James E, Skinner, Clara Carpeggiani. 1991.
Correlation Dimension of Heartbeat Intervals Is
Reduced in Conscious Pigs by Myocardial
Ischemia, Circulation Research, Vol.68:966-976

[4). James E. Skinner, Craig M. Pratt. 1993 A
reduction in the correlation dimension of
heartbeat intervals precedes imminent
ventricular fibrillation in human subjects. Am.
Heart J. Vol, 125:731-743

[6]. G. Mayer-Kress, F. E. Yates, M. Keidel,
1988. Dimensional Analysis of Nonlinear
Oscillations in Brain, Heart, and Muscle, Math,
Bioscien, Vol.90:155-182

[6]. Nicholas B, Tufillaro. "An Experimental
Approach to Nonlinear Dynamics and Chaos”,
1992. Addison-Wesley Publishing Company.

[7). James Gleick. "Chaos”. 1987. Penguin
Books,

[8]. A. L. Goldberger, V. Bhargava, 1986. Some
observations on the question @ Is ventricular
fibrillation "Chaos”? Physica D. Vol.19:282-289
[9]. Mario Merri, Jesaia Benhorin. Electro
-cardiographic Quantitation of Ventricular

strange

—165—



1993 % & KERHE XS

E D - S ULE

A 2w

93/11

Repolarization, 1989. Circulaton,
Vol. 80:1301-1308

[10]. M. R. Guevara, A, Shrier, L, Glass. 1988.
Phase-locked rhythms in periodically stimulated
heart cell aggregates., Am. J. Physiol.
Vol. 254:H1-10

[11]. Daniel T, Kaplan, Richard J. Cohen, 1990,
Is Fibrillation Chaos? Circulation Research,
Vol, 67: 886-892

—166—



