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Abstract

This  paper proposes a new technique called
Evelutionary Fuzzy ARTMAP (EFA). The technique
combines genetic algorithm (GA) with Fuzzy ARTMAP
(FA) to select optimal features for classification of
aleoholics and controls. The features are extracted from
multi-channel single trial electroencephalogram (EEG)
signals evoked during visual stimulus. The technique
selects features that contribute towards classification,
which serves to reduce the number of required features
while maintaining classification performance.
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Introduction

In any classification application, a reduction in the
number of features becomes useful since this allows a
reduction in computational time and design complexity.
This is especially true in cases involving classification of
multi-channel EEG signals.

In this paper, a technique that uses GA to select the
features for FA classification of alcoholics and controls is
proposed. FA classifier is used for evaluating the fitmess
function of the GA populations and is specifically chosen
due to its relatively low computation training. Speed is
crucial to applications involving GA since GA incurs the
cost of evaluating all the populations in each generation.
The features are extracted from multi-channel single trial
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EEG signals evoked during visual stimulus, The
technique selects features that contribute towards
classification, which serves to reduce the number of
required features while maintaining classification
performance. The technique is known as Evelutionary
Fuzzy ARTMAP (EFA).

These extracted EEG signals are known as Visual
Evoked Potential (or evoked EEG) in medical literatures,
The human generates Visual Evoked Potential in
response to visual stimulus and over the years, it has
proved to be very useful for clinical study [3,5,6,8]. In
particular, the effects of alcohol on evoked responses
have been reporied, where it was concluded that long-
term use of alcohol impairs the visual short-term memory

[8].

Unlike the study in [8] which focused on analysing visual
short-term memory of alcoholics, our study focuses on
classification of alcoholics and controls using selected
features extracted from visual responses.

Since the studied alcoholics have been abstinent for a
minimum peripd of one month, the identified features
actually supports evidence on the residual effects of long-
term alcohol use on the visual response ability.

Approach And Methods

The proposed method is presented in the form of
algorithm to save space and to allow easier
understanding. The parameters used in EFA are given in
Table 1.



Step 1. Initial GA populations

Generate NPOP initial populations with NBITS of binary
numbers (0 or 1)}

Each bit represents each of the feature

Bit 0 denotes deactivation, bit I denotes activation of the feature

Fopulatisn | ——e=10110110040.......10001110011

Fopufation 2 ——= 11011000011 . 10051010101 DiFarant

populalions in
it ganaration

Population NPOR——a= 11001100101 ... aGi011010114

Bits to ropresent activelnactive stale features

Step 2. Population fitness calculation

Fuzzy ARTMAP training and testing using training and testing
data
Jitnesy

= Pattern / Pattern + NBIT, / NBITS
correci 0

population total
Pattern e represents FA correctly classified patterns
Pattern,, represents total patterns in the testing data
NBIT, represents number of inactive features

NBITS is the total number of features

Step 3. Next generation GA populations are generated
GA operators: reproduction, crossover, mutation are applied
based on population fitness from step 2

Step 4. Iteration
Repeat steps 2 and 3 until maximum iteration or population
convergence

Table I - EFA parameters

Coding of genes Binary coding

Popdation size (NPOP) 10
No. of genes (NBITS) 7 bits
Reproduction Tournament selection (pool
of 3 population)
" Crossover Bwo-point erogsover
GA " Crossover rate .3
Mutation Random mutation
Muration rate .01
Convergence Maximum 500 generations
or population convergence
Population convergence  If 80% of populations are
similar
Vigilance parameter Varied from 0 10 ] in steps
F4 of 0.1
Cholce function 0.01
Learning rate I (Fast learning mode)
Data

Evoked EEG data is recorded from 10 alcoholics and 10
controls. The alcoholics have been abstinent for a
minimum period of one month and are also off all
medications for the same period of time. The controls are
carefully matched for age, socioeconomic status and are
not alcohol or substance abusers. Measurements are
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taken for one second from 64' electrodes placed on the
subject’s scalp, which are sampled at 256 Hz. The
electrode positions (as shown in Figure 1) are located at
standard sites using extension of Standard Electrode
Position Nomenclature, American Encephalographic
Association.

Figure 1 - 64 channel electrode system (channels
used outlined by the hexagon)

The evoked EEG data is recorded from subjects while
being exposed to a single stimulus, which are pictures of
objects chosen from Snodgrass and Vanderwart picture
set [7]. These pictures are common black and white line
drawings like airplane, banana, ball, etc. executed
according to a set of rules that provide consistency of
pictorial representation. Figure 2 illustratés the
presentation of these pictures. Further details of the data
collection process can be obtained from [8].

Stimulus Stimulus
} t —1
Stimulus Inter trial duration:
duratton: 5100 ms
300 ms
One trial Next trial

Figure 2 - Presentation of Snodgrass and
Vanderwart stimulus

' Data from 61 channels are used to extract features; the other 3
are reference channels.



Spectral power ratio (i" band)
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where N is the total number of data. The 7 spectral power
ratios from each of the 61 channels are used as features
representing the particular evoked EEG pattern,
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classification.

Tables 3 and 4 give the results of FA classification, the
time taken for classification of 200 patterns and the
number of clusters (nodes) formed by the FA during
training, The results are given for varying vigilance
parameter values of 0 to 0.9 in steps of 0.1. Table 3 gives
the results of using the 7 spectral power ratios extracted
from 61 channels (case A), while Table 4 gives the
results using the discriminatory spectral power ratio (low
gamma) extracted from the 61 channels (case B). These
results are obtained from simulations carried out on a
Pentium III 800 MHz PC with 128 MB RAM and
software written in C language.









