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Abstract. In this paper, we used the Granger causality test of vector autoregressive to study the
connectivity of epileptic EEG. The real epilepsy EEG data show that Granger causality exists among
epileptic lesions, which is conducive to understand the dynamic mode of operation of human brain at the
system level, and to provide technical guidance for clinical diagnosis and treatment. And the results also
show that using Granger causality of vector autoregressive to locate EEG epileptic wave has a bright future.
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1. Introduction

Epilepsy is a chronic brain dysfunction syndrome caused by various causes. In epileptic seizures,
abnormal discharges of brain nerve cell populations cause brain dysfunction [1], and the information
reflected by the EEG could not be provided by other physiological methods. Therefore, using computer to
treat and analyze the EEG sigals in epilepsy patients is a valuable auxiliarytool for diagnosis, treatment,
automatic detection of epilepsy and to reveal the pathogenesis of epilepsy [2].

Wavelet analysis is a new time-frequency analysis method developed in recent years. The traditional
Fourier transform lacks spatial locality and can only determine the global property of singularity of a
function, but it is difficult to determine the position and distribution of the singular point in space. On the
basis of the traditional Fourier transform, wavelet analysis has both the spatial and frequency domain locality,
So it becomes an effective tool to describe and seize the local properties of singularity [3]. Its variable time
window and frequency window make it has a high adaptability to the signal, and it is very useful for
extracting various characteristic information in biomedical signal. So it has a good positioning characteristics
and analysis accuracy at sharp, sharp waves in epileptic EEG.

This paper introduce a new method using vector autoregressive model and Granger (Granger, 1969)
causal relationship based on wavelet analysis[4] to locate epilepsy EEG information flow and to explore their
connectivity. It can predict the location and seizure of epilepsy and indicate the direction of the follow-up
treatment .

2. Theory
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2.1. AR Model

The variables and error terms in the p order autoregressive model AR (p) are all transformed into vectors,
and the Coefficient become Coefficient vector or matrix. We obtain a k-dimensional vector of p-order
autoregressive model VAR (p):

Y =V+ Alyt—l + A2yt:2 +eeet Apyt—p +U,
u[n] is a multivariate white noise, it’s characteristic is
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2.2. Wavelet Analysis
We denote the convolution of f (x) e L*and g(x) € L* as two functions

fg()=[", f(u)g(x-u)du ®)

6(x) is a smoothing function, which should meet two conditions: Tﬁ(x)dx =land ‘Jim o(x)=0

Let o(x) =dO(x)/dx, we can know ¢(x) satisfies the wavelet function permissibility condition, so it can
be used as the wavelet mother function.
The following notation is introduced for arbitrary function (x) :

@oozimg) a>0 @)

Leto(x) be the wavelet function, f(x) Convolution type wavelet transform at scale a is defined as:

dé, d

)(X) =a—[f(x)*0,(x)] (5)
dx dx
It is known that the signal transition point is related to the wavelet transform modulus maxima. We have

the following definitions:

WE (a,x) = F(x) * 9, () = T (x) *(a

Definition 1. The continuous wavelet transform of signal f (x) is defined as:

W, f (a,%) = — [, F QpC—)t ©)
al a

among them, a is the scale, qa(t_—x) is a wavelet function.
a

d

Definition 2. At scale a,, if dx
mutation point.

Definition 3. For Vxe(X,,5), we have Wf (@, )| <Wf (a5, %) and we call (39, X;) the maximum
modulus [5]

In summary, when the first derivative of smoothing function ©(X) as the wavelet function of the wavelet
transform for the signal, the wavelet transform The position of the first derivative modulus maxima at each
scale corresponds to the position of the discontinuity of the signal.

Wf (a, x)

has a zero-crossing point at X = X, , we call (a,,X,) is a local
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2.3. Granger Causality

Granger causality (Granger, 1969) is derived from a concept in economics, which is mainly using time
series to identify causal relationships. It pointe out that if a time series y can cause (or influence) another
time series X, and y information can predict the future value of x, then a causal relationship can be predicted.
More specifically, there are two discrete time series x and y, if we use the past x and y’ s value to predict the
effect of the current x value alone ,it is more effctive than using the value of the past x to predict the current
x value, Then we think that there is Granger causality between y and x. On this basis, the time structure
between x and y is used to determine the direct effects that may exist between them.

2.4. Effective Connectivity
Geweke (1982) [6] proposed a linear dependence between x and y time series. This scale is based on the
vector autoregressive model and the Granger causality concept [7]. "x.y is defined as follows:

F Fx,y = I:X—)y + Fy—»x + Fx~y
*=Y is a measure of the direct impact of x to y, and if past x values can predict the current value of y,

then Fioy > O, The same definition Frox. Fey quantifies the current x (y) value , predicting the current
X (y) value by the current value of y (x) and the value of past x (y).

3. Dealing with Real Data and Analysis Results

We used this method in the clinical measured EEG signal, from which a signal is intercepted for analysis.
Figure 1 is the interception of the epileptic EEG signal. This data extracted by wavelet analysis of the
epileptic focus [8] results in the following reconstruction of Figure 2. According to Fig. 2, we can find that it
is very easy and clear to locate the spike, sharp and slow wave signals in EEG data by using the wavelet
analysis.
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Fig. 1: EEG signals of epilepsy.
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Fig. 2: The singular value of epileptic EEG obtained by wavelet analysis.
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Granger causality analysis of the autoregressive model of the signals in Fig. 1 and Fig. 2, shows the
influence of each other. Processing the relationship between the 6th signal and the 7th signal, Let the 6th
signa be the time series X, And the 7th signal as the time series y, The resulting
Fx,y :FX~>y+Fy4>X+FX-y relationship is shown in Figure 1. According to the statistics of normal
distribution of the data in the table, the 6th signal has a direct influence on the 7th signal, that is, the
information flow is from the 6th signal to the 7th channel.

Table 1: Connectivity Analysis of 6th and 7th Signals of Raw and Wavelet Processing

Fx,y I:X—)y Fy—>x Fx-y
The original 6th and 7th singal 0.3424 0.1013 0.0641 0.1770
The 6th and 7th signal rocessed by wavelet | 0.1070 0.0026 0.0003 0.1041

4. Conclusion

EEG is an effective basis for the diagnosis of epilepsy,based on the singularity detection of signal by
wavelet analysis, the Granger causality of vector autoregressive model was used to locate epileptic EEG.The
results show that the results of wavelet analysis are more effective than the Granger causality of vector
autoregressive model in detecting epileptic signal connectivity, which is helpful for clinicians to observe and
analyze EEG more accurately and improve epilepsy Diagnostic accuracy.

Computer-aided disease treatment has been widely applied to modern medicine, the algorithm for non-
stationary, non-linear and other variability of larger biomedical signal classification and analysis, can more
effectively provide more help to clinical diagnosis It is worthy for the further study of application prospect
in EEG and other biomedical signal analysis and process.
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