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Fisher Discriminant Analysis of EEG Data based on Drinking Events
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Abstract: Objective: We have performed Fisher’s discriminant analysis to the EEG data of experimental subjects who
were drunk on alcohol. The subjects of these experiments were recorded anonymously. The data has been used for feature
extraction and classification decisions in order to determine the part of head electrode’s categories after alcohol intake and
to explore the changes of EEG features. The calculation methods have been divided into four species In accordance with
the strength of o wave. The head electrodes have been used as a part of of 21 electrodes EEG data used for 6 subjects.
We have performed Fisher’s discriminant analysis of the EEG data on the six subjects. After every 20 minutes 7.2 ml of
alcohol was given to the subjects for drinking. The EEG data processing and statistical analysis adopted was independ-
ently designed regarding the EEG analysis toolbox and the program for correlation analysis. Results of the Fisher dis-
criminant would be better applied to the feature extraction and classification decisions of the EEG data. Conclusions:
EEG activity shows a significant response after alcohol intakes, electrode categories is noted to constantly change. After
drinking 200 ml categories changes obviously, and drinking 600 ml category changes become calm. The changes found

are not so obvious in men but are significantly obvious in women.
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1. INTRODUCTION

The purpose of routine brain wave inspection is to evalu-
ate whether the brain wave is normal or not and provide help
in diagnosing any brain disorders which are also known as
brain wave interpretations [1]. The traditional brain wave
interpretation is realized through reading the multi-channel
EEG on the recording paper by experts, who try to under-
stand and evaluate electroencephalogram (EEG) through
visual inspection. The essence of this method based on ex-
pertise is that experts utilize experience to wipe out any dis-
turbance and anomalies of the signals, conduct feature ex-
traction of the EEG according to the frequency, range, phase
position and other information, and carry out the category
description of the extracted features with their experience to
analyze and evaluate the EEG [2]. Up till now, this method
is widely applied in clinic. The visual inspection, to some
extent, can catch the pathological waveform or even confirm
the position of the brain’s focus. However, due to the strong
non-stationary and nonlinear characteristics of the EEG, with
the addition of the great dependence of visual inspection on
knowledge-level and experience of EEG analysis personnel,
the new method must be explored to realize the breakthrough
of EEG research [3]. Bayes Discriminant analysis has been
introduced in the EEG research. This will actively promote
the extraction and classification of EEG data to assist the
inspection and quantitative analysis of EEG and provide an
effective analysis and means for the EEG examination.
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2. OBJECTS AND METHODS
2.1.0bject of the Study

We took 28 men and 35 women as the research subjects.
The age of the subjects ranged from 20 to 60 years, with the
average age being 36.7. All the subjects were in good health
without serious nerve system diseases or any history of psy-
chotropic drugs, and they were selected from normal popula-
tion.

At the start of the experiment 6 subjects were taken, they
were asked to be in peace with their eyes closed. At this time
they had not been given any alcohol. Then they were given
200ml (3.6% alcohol) in the form of beer and their EEG data
were recorded after every 20 minutes, overall 3 records were
taken. At the end of the experiment each person had con-
sumed 600ml beer with 21.6ml alcohol. The number of sam-
pling points for each EEG data acquired was 512, and each
block took 5.12 seconds. Effective experimental events per
subjects were 6: starting with no drinking, then drinking
200ml beer every 20 minutes for 3 times — 3 experimental
events of taking 7.2 ml alcohol every 20 minutes.

2.2. Build the Selection of Mathematical Modelling EEG
Data

The sampling frequency of experiment recording of EEG
is 100Hz which is recording 21 electrode data according to
the lead location in international 10-20 system: C;, Cz, Cy,
Fp1, Frz, Fro, F7, Fs, Fz, F3, F4, Oy, Oz, Oy, P3, Pz, Py, Ts, Ts,
T3, T4 [4]. A block (indicating a short time period) of EEG
data is acquired at every turn, and the number of sampling
points for each block is 512 with the recording time of 5.12s
[5]- The electroencephalogram of normal people is usually in
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O thythm, the strengths of wave appear in the occiput, and
then weaken gradually from back to front. The 21 conduct-
ing electrodes can be classified into 4 categories in accor-
dance with the intensity differences of the ¢ rhythm in vari-
ous parts of the head which are, former head electrode, side
head electrode, central electrode, occiput electrode. The spe-
cific classification situation is as O follows [6]:

(1) The first category: central electrode (C;, Cz, Cy4)

(2) The second category: former head electrode (Fpi, Fpy,
FPZ, F79 F89 FZ) F39 F4)

(3) The third category: occiput electrode (Oy, Oz, O,, P,
PZ) P49 TS) T6)

(4) The forth category: side head electrode (T3, T4)

2.3. The Computer Processing of EEG Data

In order to facilitate the analysis of the raw data of the
EEG, MATLAB programming is used to design a dedicated
EEG Toolbox. In EEG Toolbox when raw data is accessed
and saved in matrix, the horizontal lines represent the time
points of lab records (namely sampling points) and the verti-
cal columns stand for electrodes. Before analysis, all data of
every subject should be accessed in EEG Toolbox and there
should be a visual EEG, with one page including a block of
EEG data.

In accordance with the electrode classification method
described above, overall four Fisher’s discriminant analyses
divide sample data into four categories. First, according to
the classification we will put the 21 electrode EEG data
which has mathematical models into 4 matrixes
},«(1:1,2,,,4). Then we put EEG data of the current

blocks into the matrix X, whose measurement is 512 x 21.
Now we will use Fisher discrimination analysis to predict the
electrode classification results, and the results should be dis-
played in the form of the vector [7].

Fisher discrimination analysis will build a linear classi-
fier surface in the feature space to project the space sample
points along this direction, and identify categories

The predicted Classification Results of Fisher’s discrimi-
nant analysis of the 6 events vary from each other, we only
show the Classification Results of one person, with 2 blocks
to demonstrate the whole. As rest of them are similar. Figs.
(1 and 2) Illustrate the Fisher discriminant analysis of 2
blocks for the 6 subject in peace and with their eyes closed
(event 1).

According to the values of these projections in its direc-
tion. Fisher discrimination analysis procedures in this re-
search program are based on the multi-channel EEG data.
First we must establish mathematical models, namely the
discrimination functions, then predict the EEG data catego-
ries according to the discrimination rules. Fisher’s discrimi-
nation analysis can be explained by the following mathe-
matical formula:

y=uX (1)

In the formula (1), u is the feature vector corresponding
to the maximum characteristic root of each £ '4. Multi-
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Fig. (1). Fisher results of the sixth subject in Event 1.
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Fig. (2). Fisher results of the sixth people in Event 1.

dimensional discrimination needs to use many feature vec-
tors in order to form multiple discriminant functions. We put
unclassified EEG data X into four Fisher discriminant func-
tions, and get the minimum distance and then match it with
the corresponding whole. We can use Fisher discriminant
functions to predict classifications of the EEG data of each
block, and shows the predicted classification of the results,
visually combined with the actual classification in Fisher
discriminant analysis prediction map [8].

3. EEG DATA ANALYSIS RESULTS FROM FISHER
DISCRIMINANT

The classification results of the 6 subjects from block 2
in the 1™ event were used to demonstrate the whole results,
as the results from the rest blocks were similar. Figs. (1 and
2) illustrate the Fisher discriminant analysis of the 6 subjects
in event 1: In the first category the central area was classified
as the back of the head; In the second category, part of elec-
trodes of the front of head was classified as the side of the
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head; in the third category, part of the electrodes of back of
the head were classified as the central area; in the fourth
category, all the electrodes of the side of the head were clas-
sified as the front of the head. The misjudgments normally
happened when X wave is close to categories caused by the
nonlinear characteristics of normal EEG. By using PSD
function, we found in event 1, o rhythm, with wave a
weakening in a row from back of the head, the central area,
head side, front head, which is identical with normal people.
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Fig. (3). Fisher results of the sixth people in Event 2.
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Fig. (4). Fisher results of the sixth people in Event 2.

Figs. (3 and 4) Are the Fisher’s results for the sixth sub-
ject in the 2™ event, after drinking 200ml of beer. In the first
category, most electrodes in central area were classified at
the back of the head, in the second category. Most electrodes
were classified in the front of the head as the central area. In
the third category, the electrode classification accuracy rate
was very high. In the fourth category, most of the electrodes
in the side of the head were classified as the central area.
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Compared with the results of the 1% event, the classification
results changed a lot, mainly on the front, side of the head
and central the area. The number of electrodes in the central
area which were classified at the back increased; the number
of electrodes in the front which were classified to the central
increased, the number of electrodes in the side which were
classified to the central increased as well. However no sig-
nificant change was noticed in the electrodes classification in
at back. The characteristics of EEG (wave( ) for normal
subjects conforms to that of electrodes in the rear head, and
tends to weaken gradually along the direction of the front
head. After drinking 200ml beer, it changed a lot, and caused
the change of electrode classification. The degree of brain
stimulation by alcohol increased, so did the level of excite-
ment and the degree of inhibition, while the body control
reduced.

The estimated spectral density of EEG data collected af-
ter drinking 200ml of beer shows O wave in front, central
and side of the head increased greatly, but not much at the
back, which is identical to the results of the electrodes classi-
fication trend analysis.
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Fig. (5). Fisher results of the sixth people in Event 3.
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Fig. (6). Fisher results of the sixth people in Event 3.
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Figs. (5 and 6) Are the Fisher results of the sixth people
in Event 3, after drinking 400ml of beer. In the first category,
electrodes in central area were classified as the back. In the
second category, some electrodes in the front of the head
were classified as the central and the side area. In the third
category, the electrode classification was accurate only a few
were classified as the central area. In the fourth category,
some electrodes in the side of the head were classified as the
front. Compared with the results of the 2" event, the classi-
fication results kept changing, mainly on the front side of the
head and partially in central area. The number of electrodes
in the central area which were classified to the back de-
creased; the number of electrodes in the front which were
classified to the central decreased significantly; the number
of electrodes in the side which were classified to the central
increased; no significant change was noticed for the elec-
trodes classification in the back. This illustrates that after
drinking 400ml of beer, the degree of brain stimulation by
alcohol decreased, so did the level of excitement and the
degree of inhibition. The estimated spectral density of EEG
data collected after drinking 400ml of beer shows a wave in
front, central and side area of the head decreased slightly, but
no significant change was notice in the back, which is identi-
cal to the results of the electrode classification trend analysis.

Figs. (7 and 8) Are the Fisher results of the sixth people
in Event 4, after drinking 600ml of beer. In the first category,
some electrodes in central area were classified as the front
and side. In the second category, some electrodes in the front
of the head were classified as central. In the third category,
the electrode classification was very accurate. In the fourth
category electrodes at the side of the head were classified as
the front. Compared with the results of the 2" event, the
classification results kept changing, but the changing degree
reduced. The number of electrodes in the central area which
were classified to the back decreased, while increased for
those which were classified to the front. The number of elec-
trodes at the front which were classified to the central area
increased. The number of electrodes at the side which were
classified at the front also increased. This illustrates that the
degree of brain stimulation by alcohol decreased, so did the
level of excitement and the degree of inhibition. The esti-
mated spectral density of EEG data collected after drinking
600ml of beer shows wave in the central and side of the head
decreased and the one in the front has increased slightly,
which is identical to the results of the electrodes classifica-
tion trend analysis.

Overall, the electrodes classification changed as the
amount of alcohol taken increased, and the trend of the
change was the same as that of wave . The change was big
after drinking in the 200ml category, but decreased in drink-
ing in the 600ml categories and electrodes classification re-
mained stable. The change in the front, side and central area
was great but only a little in the back. Fisher discriminant of
EEG for the subjects 6 in different events is basically the
same as that of the change of electrodes, meaning the con-
clusion follows a regulation and is stable.

4. CONCLUSION

In accordance with the strength of X wave, the head
electrodes are divided into four species. Using 21 electrodes,

Yuan Shi

2
0' Q
N

e :
CzC3 C4 FpzFplFo2 F7 FB F3 F4 F2
Bosn dectzode Bosin deectrode
e
¢ Fvegam !
~ /| SRR R RS R O - ———
{3l eeessssd ]
- 2 A..... -
1 Sershecdenedoredeectones
0z 010275 T6 P3 P4 P2 3 T4
Beosn et rode Beown ducct rode

Fig. (7). Fisher results of the sixth people in Event 4.

FpzFp1Fp2 F7 F8 F3 F4 Fz
Boen dwectzode

L
- W

$ T4

Besin dectrode

0z01027T5T6 P3 P4 Pz
Bowin duoct rode

Fig. (8). Fisher results of the sixth people in Event 4.

we have performed Fisher’s discriminant analysis with EEG
data of six subjects in six events (no drinking event, and 3
events with 200ml of beer drinking after every 20 minutes).
The results showed that the electrode classification changed
as the alcohol intake increased. The change was big after
drinking 200ml category, but decreased in drinking 600ml
categories whereas the electrodes classification stayed stable.
The change in the front, side and central area was found to
be the greatest and it was found to be the least at the back.
After drinking 200ml of alcohol, strong stimulation of the
brain was observed, the brain became excited for a short
while. As the alcohol intake was increased, the stimulation
increased, the stability decreased, and the reaction of the
brain was reduced.

In the 6 events, changes were not obvious in two of the
men after they had beers to some extent and the EEG pointed
to the no drinking status. However the electrodes classifica-
tion for four of the female participants changed greatly after
they had consumed 600ml of beers. It may be because that
males were more used to the alcohol due to their drinking
habits [9].
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Details of electrodes classification in 6 events: all elec-
trodes classification was correct in event 1. In event 2, the
number of electrodes in the central area which were classi-
fied as the back area, increased. The number of electrodes in
the front and the side which were classified as the central
area also increased. In the 3™ event, the number of electrodes
in the central area which were classified to be the back area
decreased. The number of electrodes in the front and the side
which were classified as the central area decreased. In the 4"
event (after participants had consumed 600ml of beer), the
number of electrodes in the central area which were classi-
fied as the back area decreased but those which were classi-
fied as the front area increased. The number of electrodes in
the front which were classified as the central area decreased.
The number of electrodes in the side which were classified
as the front area increased. The trend of electrodes classifica-
tion changes in 6 events was the same as wave O change
trend by the estimated spectral density of EEG data col-
lected.

5. CURRENT & FUTURE DEVELOPMENTS

In this paper, we have performed Fisher’s discriminant
analysis on EEG data from the experiment on subjects whose
drinking statuses were recorded anonymously. This data was
used for feature extraction and classification decision mak-
ing. In order to determine the parts of head electrode's cate-
gories after alcohol intake, in order explore the changes of
EEG features. The head electrodes are divided into four spe-
cies in accordance with the strength of o wave. In use of
part of 21 electrodes EEG data of 6 subjects. We have done
Fisher’s discriminant analysis to EEG data of six subjects
after every 20 minutes by introducing a dosage of 7.2 ml of
alcohol with six intervals forming six different events. EEG
data processing and statistical analysis adopted independ-
ently designed EEG analysis toolbox and the program of
correlation analysis. Results Fisher discriminant would be
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better applied to the future extraction and classification deci-
sions of the EEG data.

Conclusions: EEG activity shows a significant response
after alcohol intake, electrode categories are constantly
changed. After drinking 200 ml category changes are obvi-
ous, and drinking 600 ml category changes become subtle.
The changes are not so obvious in men but are relatively
more obvious in women.
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