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Using Wavelet-crosscorrelation Analysis to Obtain
the Features of the Diffuse Alpha Pattern in EEG
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Abstract. On electroencephalography (EEG), alpha waves are usually visible in the occipital region of
the brain during the closing of the eyes. In some individuals suffering from brain illnesses, alpha waves
can be seen in many regions of the brain and this is considered to be an abnormal EEG (known as
diffuse alpha pattern). We quantitatively investigated normal and abnormal EEGs. The subjects were 5
healthy individuals and 7 patients suffering from brain diseases. We used wavelet-crosscorrelation
analysis to compare diffuse alpha patterns with normal EEGs. We calculated wavelet-crosscorrelation
coefficients (WCC) for frequencies in the alpha band for all epochs in each of the patients and healthy
persons. We found that the values of WCC were higher in the abnormal EEG with the diffuse alpha
pattern than in the normal EEG.
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1. Introduction

The clinical application of electroencephalography (EEG) is being carried out in many hospitals
and is being used for the assessment of neurophysiological pathologies [Okuma, 1999]. For the clinical
study of EEG, frequency analysis is one of the most important methodologies [Niedermeyer and Lopes
da Silva, 1999].

Alpha waves have a frequency ranging from 8 to 13.9 Hz and can be seen the most clearly in
healthy individuals in the occipital region of the brain during the closing of the eyes [Kadobayashi et
al., 1983]. There are cases where alpha waves do not only appear in the occipital region but can also
continuously appear in all regions in the cranium. This phenomenon is called “diffuse alpha pattern”,
and is regarded as a type of abnormal EEG [Okuma, 1999].

This research aims to compare the EEG of patients suffering from mental diseases with the EEG of
healthy individuals, and, using wavelet-crosscorrelation analysis, to calculate wavelet-crosscorrelation
coefficients (WCC). We compared the appearance of the diffuse alpha pattern with the appearance of
the normal alpha pattern and investigated whether or not the coherence between the different parts
inside the brain changes according to these 2 patterns.

By calculating WCC, we can obtain coherence values which provide information about the
correlation between the sites of the brain, as well as the patterns in connectivity inside the brain. We
can hypothesize that not only the WCC values, but also the connectivity pattern between the parts in
the brain will differ between healthy individuals and mental disorder patients.

2. Material and Methods

We recorded electroencephalography (EEG) from 5 healthy individuals and 7 patients. The
patients were diagnosed with mental disorders, and abnormalities can be observed in the EEG. The
EEG was measured during a state of relaxation while the eyes were closed. There was no sound at the
time of recording. To obtain the EEG recordings, the electrodes were placed according to the
International 10-20 electrode positions. The sampling frequency was 500 Hz. The study protocol was
approved by the Ethics Committee of the Matsumoto Clinic.

The analyzing method used was wavelet-crosscorrelation analysis [Mizuno-Matsumoto et al.,
2005]. It is a combination of wavelet analysis and crosscorrelation analysis. By using wavelet analysis,



a wavelet power spectrum can be obtained that displays the activity of the various frequency bands.
Crosscorrelation analysis enables the degree of waveform similarity between 2 different time series to
be determined. Wavelet-crosscorrelation analysis is a new method that, while storing time information,
makes it possible to investigate the coherence between the parts inside the brain. As opposed to
crosscorrelation analysis, it can also be used for non-stationary data [Mizuno-Matsumoto et al., 2002].
It displays that the closer the value of the obtained wavelet-crosscorrelation coefficients (WCC or in
other words the coherence) is to 1, the more the waves are the same in terms of shape and nature (a
value of 1 means exactly the same). The closer the value of WCC is to 0, the more different the waves
are in shape and nature (0 means the waves are completely different). The EEGs recorded 19 electrode
channels. Therefore 171 channel pair combinations are possible and each of these pair combinations
has a coherence (WCC) value.

We used the software Vital Tracer, developed by Kissei Comtec Company, to abstract the EEG.
There were 1000 analysis points, and the analyzing time was 2 seconds. The Frequency bandwidth is
between 8 and 13.9 Hz (alpha bandwidth). The programming software MATLAB R2015b was used to
obtain WCC values. We used SPSS Statistics 18 to do the statistical analysis. The method for statistical
analysis was the Student’s T-test for comparing 2 averages, and analysis of variance (ANOVA) with
Bonferroni corrections for comparing more than 2 averages.

3. Results

Table 1 shows the healthy subjects’ information (mean age = 24.00 £ 2.00 years). Table 2 shows
the patients’ information (mean age = 54.71 + 8.33 years). The patients were medicated with
psychoactive drugs.

Table 1. Healthy subject profile.

Subject number Age [years] Gender Number of epochs
1 21 Female 5
2 27 Female 5
3 23 Male 5
4 24 Female 5
5 25 Male 5

Table 2. Patient profile.

Patient number Age [years] Gender Disorder Number of epochs
1 58 Female Schizophrenia 5
2 40 Female Low IQ and Depression 5
3 55 Male Neurosis 5
4 50 Male Depression 5
5 56 Female Insomnia 5
6 70 Male Dementia 5
7 54 Male Depression 5

The obtained wavelet spectra of 2 subjects can be seen in Figs. 1 and 2. The abscissa show the
time and the ordinates show the frequency. In the map, white color signifies a high spectrum value and
black color signifies a low spectrum value. In the healthy subject, a lower alpha activity is visible in C4
(Fig. 1). Higher alpha wave activity is visible in O2 during eyes closed, which is the normal state.
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Figure 1. Wavelet spectra of the normal alpha pattern.

In Fig. 2 can be observed that the C4 electrode of the patient has a higher alpha wave activity
compared to the healthy subject. We can also observe that the peak of the wavelet power spectrum of
the patient (in other words, the highest alpha wave activity) occurs at a lower frequency than the

healthy individual.
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Figure 2. Wavelet spectra of the diffuse alpha pattern.

Figure 3 shows the WCC values between all electrodes on a map using Tcl/TK according to the
International 10-20 electrode positions. The thresholds of the WCC values of the patient is set much
higher than in the healthy subject. In an individual who has normal alpha wave activity, the WCC
values are less high. We can observe high coherence values in the post-temporal and occipital areas
(Fig. 3A). In the brain of a patient, high WCC values can be observed between all electrodes,

especially in the frontal area (Fig. 3B).
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Figure 3. Display of WCC in a map using Tcl/Tk. The left figure shows the WCC values between electrodes at
a frequency of 11.1 Hz, the right figure shows WCC at a frequency of 8.48 Hz. In the left figure dark thin lines
represent 0.84 <WCC<0.87, light thick lines, 0.87 =<WCC<0.9, and dark thick lines, 0.9 =WCC =1. In the right
figure dark thin lines represent 0.96 =WCC<0.97, light thick lines, 0.97 =WCC<0.98, and dark thick lines, 0.98
=WCC =1.

Figure 4 displays the comparison of the average of the 171 WCC values of all epochs of all 7
patients with the average of the WCC values of all epochs of all 5 healthy persons using a Student’s T—
test. A significantly higher average value of coherence between all electrodes can be observed in the
patients compared to the healthy individuals.

1.00 * % %k

.90 T

.80

70

60 -

50 A

wcc

A0

30

20 A

A0

.00 -
Normal alpha (N=171) Diffuse alpha (N=171)

Figure 4. Comparison of averages of WCC using a Student’s T—test (*** P<0.001).

4. Discussion and conclusion

The connectivity inside the brain can be abstracted using WCC. The results confirm that the WCC
values and the connectivity pattern between the sites in the brain of patients suffering from mental
disorders differs from the brain of healthy individuals.

It has already been reported that in healthy persons the alpha activity is at a higher frequency and
patients have alpha activity at a lower frequency [Okuma, 1999]. The obtained wavelet spectra confirm
a lower frequency in the alpha band of patients. It is also known that the diffuse alpha pattern is visible
in people with a small brain disorder and low brain function [Okuma, 1999].

Interpreting these results, we can consider that the diffuse alpha pattern not only reflects low brain
function, but also that there is an abnormality in the connectivity of the sites in the brain. It could be
the case that healthy people do not use a lot of neurons in an idling state. In this state, it could be
sufficient to use only the neurons of the occipital area of the brain [Asakawa et al., 2014]. We can
consider that patients or some elderly individuals, even in an idling state, might use the whole area of
the brain, rather than a small area.
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In the future, we will investigate the EEGs of older healthy individuals and younger patients with
mental disorders in order to be able to compare the normal and diffuse alpha patterns between subjects
of the same age.
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