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Abstract. In this paper, a method based on the nolinear Granger causdlity is used to analyze epilptic
EEG and ECG signal. Polynomial kernel function, Gaussian kernel function and sigmoid kernel
function are used to map the linear data in low dimensional input space into high dimensional feature
space .In this space linear Granger method can be used to analyse the biomedical signals. The results
show that the effect of ECG signalsto EEG signalsis more significant than that of EEG signalsto ECG
signals and the result by normal subjectsis more significant than that of epileptic subjects. This study is
helpful for the analysis of epileptic patient's EEG and ECG signal..

Introduction

Epilepsy is a common brain disease, which is harmful to health. It is caused by transient central
nervous system dysfunction. Brain electrical signal contains a lot of physiological and pathological
information. It plays a very important role in clinical medicine and brain science [1].In epileptic
seizures, brain waves are often accompanied by high amplitude slow wave, spike wave, sharp wave.
The EEG reflects the computer activity and functional status of brain tissue [2]. The change of ECG
signal in the regulation of autonomic nerve and the evaluation of autonomic nerve function which has
better specificity and sensitivity than other physiological parameters|[3].

The purpose of this paper isto analyze the causal relationship of the epileptic EEG and ECG signal.
Time series can make the study of complex engineering system more easily [4]. A method is proposed
by Granger, in the linear regression mode!, if the prediction error of the first sequence is reduced after
the introduction of second sequences, it can be said that the second sequence has a causal effect on the
first sequence [5]. This theory in economics, meteorology has extensive application. The significance
of Granger's causal relationship is to reflect the amount of transfer information between the two
subsystems, so the introduction of kernel method to the nonlinear field of Granger causality is very
meaningful.

In this paper, the nonlinear Granger causality index is used to analyze the physiological signals of
epilepsy and to discuss the relationship between EEG and ECG. Kernel function theory is a method to
realize the support vector method under the condition of linear non separable data. So the inner
product of feature space can be represented by a kernel function, the essence of kernel function is
corresponding to the inner product of the high dimensional space. Therefore, kernel function resultsin
the formation of the high dimensional space of feature mapping.

Nonlinear Granger causality
The given traning set {j ,,w,} (n=1,2,.,N+m) ,to meet the Markov process, namely
X, = (v diemd) Y =W W% =), =1...., N).Foral {L., nt,
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the a thsamplesof X formvector m, T A™ for without loss of generality, the mean value of m, isO.

General x = (xl,..., xN)T normalized treatment, the mean value is also taken 0. The sample
collection m,..., m, extended linear space H. The NxN matrix X of the expansion of the space is

consigtent with K = X"X[6], takev,,... v asaset of standard orthogonal vectors of the matrix K
with nonzero eigenvalues. The projection operator for linear space H is defined as

P = éviviT

i=1

(1)

Here, x = Px, x is the projection of x on H[8]. Thus, for a given X, prediction error is
e, = ||x - xﬂz =1- % x%.

Using both X and Y, the m,..., m), and Y sample collection of g,,..., g,,formthelinear space
He¢i AN. The Z is 2mxN matrix with m, ,g, as column vectors. H' is the range of the matrix
K = Z"Z [6]. Calculated according to the formula (1) H', the projection operator P, linear regression
values of the vector x¢ = P& , predicted error e, = [x - >e(H2 =1- x€x¢.Linear Granger
causality index is:

- e xExC- x"x

e
dY ® X) = > =
( ) e, 1- x€x¢
@)

By means of afeature map, the kernel function method can map the linear data in low dimensional
input space into high dimensional feature space (Hilbert space) [9]. The kernel method is used for
nonlinear mapping, which makes use of high dimensional space to deal with data[7].

Kernel function can be expressed as K(X,X(I) =al.Y. (X)Ya (X(I) and its the sign

function,/l , Y, , the eigenfunction expansion of linear space in mind is H, NxN inner product
matrixK; = k(xi » X ) H and NxN matrix K space expansion consistent [6]. Similar to the linear
Granger causality, by calculating the linear space H, the projection operator P can be obtained for

prediction error e, while X is given.
Y Seriesisintroduced according to the X seriesand Y Series generation Z sequence, compute the

NxN inner product matrix K', K; ‘= k(Zi va ) H' is the range of the matrix K' [6]. Similar to the
linear Granger causality, by calculating the linear space H', the projection operator P' can obtain the
prediction error for a given XY. According to (2) formula, Granger's causal coefficient can be
obtained.

This paper will discuss the common three kinds of kernel functions: p order polynomia kernel

function kp(X,XG): (1+XTX<ap , the parameter is p; Gaussan kernel function

e - xXa (x - 0
K, (X, XG) = exp(é- (X Xi (ZX X(I): the parameter s reflect the complexity and sigmoid kernel
a

functionK,, (X, XG) = tanh(aXTX¢+ b), the parametersare a and b [9].

Epileptic EEG and ECG signal and nonlinear Granger causality analysis

EEG and ECG datarecording. The EEG dataisfromthe latest clinical collection, including epileptic
and normal EEG signal which were collected from the General Hospital of the Nanjing Military Region.
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The EEG and ECG recording were collected by using the standard methodology (10—20 system) and
17 electrode cap ,which includes FP1, FP2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5,
T6,ECG. The original EEG and ECG signals sample frequency is 512HZ.

Granger causality of the normal sample EEG signal and ECG signal. By calculating the Granger
causality between the normal subjects and the EEG signals, we can obtain the causality diagram of the
EEG and ECG signals. The results of the three kinds of kernel function are shown inFig. 1.
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Fig. 1 The error bar of the normal sample Fig. 2 The error bar of the epileptic sample
Granger causal index Granger causal index

With independent t test for sample mean by SPSS, the significance of the polynomial kernel function is
0.001, the sigmoid kernel function is 0.001, and the Gaussian kernel function is 0.001,the significance
of thisthree are al lessthan 0.005.So, thet test can be obtained by the confidence degree of 0.95.Three
kinds of kernel functions can be significantly improved.

It can be found that the EEG signal of the normal person has a significant effect on the heart

electrical signal, and the effect of the ECG signal to EEG signal is small. By comparing the effect of
three kinds of kernel functions, we can find that the significant level of the polynomial kernel function
ismore obvious while using suitable parameter and the significant level of Gaussian kernel and sigmoid
kernel are close to each other. When the parameter changes the result of Gaussian kernel and sigmoid
kernel have little change.
Analysisof Granger causality of the epileptic sample EEG signal and ECG signal. By calculating
the Granger causality between the epileptic subjects and the EEG signals, we can obtain the causality
diagram of the EEG and ECG signals. The results of the three kinds of kernel functions are shown in
Fig. 2.

With independent t test for sample mean by SPSS, the significance of the polynomial kernel function
i50.035, the sgmoid kernel function is 0.044, and the Gauss kernel function is 0.045,the significance of
thisthree are all less than 0.005.So, thet test can be obtained by the confidence degree of 0.95.Three
kinds of kernel functions can be significantly improved. By comparing the effect of three kinds of
kernel functions, we can find that the significant level of the polynomial kernel function is more obvious
while using suitable parameter and the significant level of Gaussian kernel and sigmoid kernel are close
to each other. When the parameter changes the result of Gaussian kernel and sigmoid kernel have little
change.

It can be found that the EEG signal of the normal person has a significant effect on the heart
electrical signal, and the effect of the ECG signal to EEG signd is small. By comparing EEG signal and
ECG signal of normal subjects and patients with Epilepsy. It can be found that the norma simple
EEG’ seffect to ECG signal ismore obvious despite epileptic simple can also tell the different direction
of effect by the confidence degree of 0.95.
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Conclusions

This paper analyzes the EEG signal and ECG signal based on the nonlinear Granger causality.
Polynomial kernel function, Gaussian kernel function and sigmoid kernel function are used to extend
the linear Granger causality to nonlinear space.

Through the analysis of the experimental results, it isfound that thereisasignificant causal relationship
between ECG signal and EEG signal. The effect of EEG on the signal of ECG is more significant than
that of the signal to the brain. In addition, compared with the normal data analysis results, the effect of
EEG signal to the EEG signal isweak. Thisindicatesthat the ECG signal of epileptic patientsisrelated
to the signal of the brain electrical signal, and the factors that need to be considered when the signal is
analyzed. This is associated with a high amplitude ow wave, spike wave, sharp wave and so on.
Therefore, it is essential to take into account the influence factors of EEG signal in the analysis of
epileptic patient's ECG signal.
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