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A Study on the Anlaysis of Nonlinear Characteristics of ECG.

Jong Min Lee, Kwang Suk Park*

It has been shown that many of physiological systems have nonlinear dynamics. The evidences of
these nonlinear behaviors make us analyze physiological systems in the new viewpoint. And, some of
these nonlinear dynamics can be represented by chaotic behaviors, which is studied by several method-
s-correlation dimension, return map, power spectrum analysis, etc.

This study is on the analysis of nonlinear characteristics of ECG.

After data have been acquired from 20 children (10-13 years old), and 30 students (20-24 years old).
We have calculated parameters HR, PR, VAT, TD, TRD, TPD from data, and estimated correlation
dimension, return map, power spectrum, time series. Results show the nonlinear and chaotic character-

istics of ECG.
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O 1. HEE £43H| Block Diagram.
Fig. 1. A block diagram of ECG analysis process
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a8 2. EHY algorithm & MH AR T HEF o)
Fig. 2. An example that the analysis algorithm applies to the
real ECG data
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Fig. 3. A time series data of QRS. The window sizes are
a) 300 beat, b) 600 beat, ¢) 1200 beat, d) 1800 beat.
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a8 4. TRD 9 correlation XH22] HI4AtDHE.

(a) Correlation integral graph.

(b) Embedding 2919} 57}e) w2 correlation X-€12] ],

(c) Embedding 2Fs12) &7} a}-& local correlation =}l W
(XA A3k =44 )

Fig. 4. A process of correlation dimension of TRD.

(a) The correlation integral graph.

(b) The Convergence of correlation dimension as the increase of
embedding dimension, '

[ lagtry 3

(c) The change of local correlation dimension as the increase of
embedding dimension (in case that the time delay is 4).

1. A4 2ol CHE AEE0|AM2] 2+ 7212 correlation
AR AL A
Table 1. A correlation dimension result for each ECG interval-
5 of specimen.

o " Children Pre D”w i Post _ Dose
HR 3.574 40434 | 3.407£0.333 | 331240335
PR 4,055 £ 0.528 | 4.074 £0.568 | 3.947 £0.432

QRS 4.059 +0.651 | 3.626 £0.673 | 3.519 £ 0.909
VAT 3.675 +£0.673 | 3.853£0.677 | 3.575%0.503
D 3.813 £0.631 | 3.653+0.341 | 3.692 +£0.454
TRD 3.955+£0.533 | 3.607 & 0.485 | 3.554 £0.537
TP’ 3.901 £0.384 | 3.812+£0.325 | 3.792+0.,333

o] A)Ad dlojebe] B&3 Z+7Zb 600beat, 1200 beat,
1800 beat 72| &AA171 AlA|E dlo]ebd] REsro] A3}
o} &, A|7+EALE] scaled ViehA] ko A Z7be| -
Fo] BrlsHAe A HAM Y AAE AT S
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8 JAE (IF] 3)S AW B A Y 4 vt o]
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fraksHA #&E At

4,2 Correlation X}24.

Correlation x+9-2- A 41817) 813} A}-4-% dlo|elg 2 A
S 7bzhe] 799l glelA o 12007 A =7t E it Cor-
relation 2418 A|A138)7] 914 etel| 4] A7 Grassberger
and Procaccia @8] 5-& o]fslgtt AAA 2.2 507
9] glo|e}S-e thsle] 748 A 22 correlation AFHS &
= Aarstge}, 283, A 7hA) FoR ipela] 2 A
Eo yFF wEwa), oz, AR5 Al
(18] 4)% correlation 29 3k B & RojFaL 9l
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(" 4. a)E embedding 2] F7}el W corre-
lation integral graph ¢} A3 o7 AAY F7+-& RoFL
glom, 7 st 23 T (¥ 4. b) oA el sl
o213t A AL £ PalA AR s (2H 4.
c)e} 78 local correlaton A& T3, A7F gl
ahirt. -

(F 1)ell= Al ZF9 Aol it 248 HA=e
7} parameter 5] correlation 21 A4 A3g A2 shel
ol (R 1) ollA] o) 22 AnkE 8l ot

1. B2 parameterSel o3l A4 correlation MY
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Fig. 5. TD data's (a) power spectrum, (b) log scale of power
spectrum and the slope.
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T
110 130 iS50 170 190
< PR : return nap > dataln] nsec.

a7 6. PR H[O|EY CHEL return map.(A]7F2] gt =441 %)

Fig. 6. A return map of PR data(in case that the time delay is
4).

ojdele] A7 v °‘]EE'—-] Ater) o £ e
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4.3 Power spectrum2} return map.
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