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[ Abstract ]

Nonlinear Correlation Dimension Analysis of EEG and HRV
Jung-Gyun Kim, Young-Bae Park, Young-Jae Park, Min-yong Kim

Dept. of Human Informatics of Oriental Medicine, Interdisciplinary Programs,
College of Oriental Medicine, Kyung-Hee University

Background and Purpose:

We have studied the trends of EEG signals in the voluntary breathing condition by
applying the fractal analysis.

According to chaos theory, irregularity of EEG signals can result from low dimensional
deterministic chaos. A principal parameter to quantify the degree of Chaotic nonlinear
dynamics is correlation dimension. The aim of this study was to analyze correlation
between the correlation dimension of EEG and HRV(heart rate variability). We have
studied the trends of EEG signals in the voluntary breathing condition by applying the
fractal analysis.

Methods:

EEG raw data were measured by moving windows during 15 minutes. Then, the
correlation dimension(D2) was calculated by each 40-seconds-segment in 15 minutes data,
totally 36 segments. 8 channels EEG study on the Fp, F, T, P was carried out in 30
subjects.

Results and Conclusion:

Correlation analysis of HRV was calculated with deterministic non-linear data and
stochastic non-linear data.

1. Chl(Fpl), Ch4(F3), Ch4(F4) is positive correlated with In LF.

2. Ch1(Fp1), Ch3(F3) is positive correlated with In TF

Key Words: Nonlinear analysis, EEG, HRV, correlation dimension
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Figure 1, Arrangement of the 10/20 electrode, top
of the head
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Table 1, Descriptive Statistics of Correlation Dimension, TCl Factors

N EES4S Hogk B B2

Chi 30 0.79 457 2.49 1.02

Ch2 30 0.82 440 245 0.98

Ch3 30 0.76 445 2.26 1.18

Ch4 30 0.77 4.20 2.23 1.09

Chb 30 142 4.68 343 0.83

Ché 30 1.24 491 3.55 0.88

Ch7 30 142 3.89 317 0.62

Ch8 30 144 427 3.16 0.70
ZVLF 30 475 7.95 6.5110 0.65948
=ILF 30 4.08 7.36 6.2118 0.78434
ZIIHF 30 4.86 7.19 5.9975 0.56921
2ITP 30 6.30 843 7.5820 0.50732

Table 2. The Results of Surrogate Date Method

CH1 CH2 CH3 CH4 CH5 | CH6 CH7 CHS
1 sig 0.00 0.00 0.01 0.07 0.01 0.00 0.00 0.00
2 sig 0.02 0.12 0.28 0.10 0.00 0.12 0.00 0.05
3 sig 0.00 0.00 0.04 0.01 0.00 0.00 0.05 0.00
4 sig 0.61 0.44 0.09 0.13 0.00 0.00 0.00 0.00
5 sig 0.45 0.00 0.60 041 0.00 0.00 0.00 0.00
6 sig 0.00 0.00 0.03 0.23 0.00 0.00 0.00 0.00
7 sig 0.00 0.00 0.00 0.00 0.33 0.00 0.69 0.01
8 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 sig 0.10 0.44 0.00 0.00 0.00 0.00 0.00 0.00
11 sig 0.41 0.47 0.00 0.00 013 0.00 0.00 0.00
12 sig 0.01 0.54 0.34 0.15 0.00 0.00 0.00 0.00
13 sig 0.11 0.15 0.24 0.16 0.00 0.00 0.07 0.09
14 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 sig 0.01 0.00 0.00 0.00 0.05 0.04 0.35 0.53
16 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 sig 0.05 0.00 0.00 0.00 0.16 0.07 0.59 0.38
18 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 sig 0.01 0.00 0.08 0.02 0.00 0.00 0.00 0.00
20 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 sig 0.05 0.28 0.00 0.00 0.00 0.00 0.00 0.00
24 sig 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00
25 sig 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00
26 sig 0.01 0.02 0.00 0.07 0.00 0.00 0.48 057
27 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
28 sig 0.19 0.00 0.00 0.00 0.61 0.00 0.00 0.00
29 sig 0.00 0.00 0.00 0.00 017 0.00 0.03 0.01
30 sig 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 1, Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP

In VLF In LF In HF In TP
CH1 spearman’s rho -0.010 0451 0.204 0424
Sig. (2-tailed) 0.966 0.035 0.363 0.049
Table 2. Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP
In VLF In LF In HF In TP
D spearman’s rho 0.063 0418 0.108 0.346
Sig. (2-tailed) 0.782 0.053 0.633 0.115
Table 3. Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP
In VLF In LF In HF In TP
B spearman’s rho 0.001 0.504 0.178 0427
Sig. (2-tailed) 0.997 0.012 0.405 0.037
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Table 4, Correlation Results of Correlation Dimension and In VLF, In LF, In HF, in TP
In VLF In LF In HF In TP
Cil spearman’s rho -0.064 0465 0.127 0.369
Sig. (2-tailed) 0.778 0.027 0.573 0.091
Table 5. Correlation Results of Correlation Dimension and in VLF, In LF, In HF, In TP
In VLF In LF In HF In TP
CLE spearman’s rho 0.119 0.237 0.006 0.247
Sig. (2-tailed) 0.590 0.276 0.979 0.256
Table 6. Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP
In VLF In LF In HF In TP
6 spearman’s rho 0.221 0.199 -0.079 0.181
Sig. (2-tailed) 0.259 0.311 0.688 0.356
Table 7. Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP
In VLF InIF | InHF In TP
Ly spearman’s rho 0.228 0.155 -0.064 0.271
Sig. (2-tailed) 0.284 0470 0.765 0.200
Table 8. Correlation Results of Correlation Dimension and In VLF, In LF, In HF, In TP
In VLF In LF In HF In TP
CH8 spearman’s rho -0.004 -0.045 -0.060 0.087
Sig. (2-tailed) 0.985 0.829 0.776 0.679
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