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Abstract

This Paper demonstrate the performance comparison of two artificial

neural network (ANN) base techniques Levenberg-Marquardt and Radial

basis function network for classification of planning of right hand

movement with respect to an awake relax state. In this study data was

collected from 10 healthy subjects. Wavelet packet transform (WPT) was

used for Feature extraction of the relevant electroencephalogram (EEG)

signals.
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INTRODUCTION
Brain  computer interface is a
communication system, which does not
require brain normal out pathway

peripheral and nerves.

Electroencephalograph (EEG) signals are
carry all the information needed for the
design and development of any kind of
brain computer interface (BCI) systems
[1]. It is well documented that proper

feature extraction and classification

methods are the key features deciding the
accuracy and speed of BCI systems. ANN
has been more widely accepted as the best
classification method to distinguish from
various mental states of relevant EEG

signals.

In this study a feature vector representing
the unique EEG characteristics to
differentiate the process of planning right
hand movement with respect to an

awake relax state. Frequency spectrum is
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analyzed by applying the FFT for each
second of EEG recording for Event
Related Desynchronization (ERD) feature.
Wavelet packet transform was used for
best fitting for classifiers. techniques
Levenberg-Marquardt Radial basis
function network classifier was used to
compare the performance in classification
of the two states namely planning of right

hand movement and relax state[2 -3].

METHODOLOGY

A. EEG Data Acquisition

For the study, EEG data was collected
from the 10 healthy right handed subjects.
The Ag/AgCI scalp electrodes,placed 2.5
cm anterior and posterior toC3 to C4.
Electrodes pair used are C4-F4,C4-T4,C4-
P4 C4-Cz,C3-F3,C3-T3,C3-P3,C3-Cz as
bipolar and F4-A2,C4-A2,T4-A2,P4-
A2,F3-Al1,C3-A1,T3- Al,P3-Al,as
unipolar derivation according to the
international standards 10-20 system of
electrode placement .The reference
electrode are placed on the left and right
ears and ground electrode on the forehead.
Electroculargram was derived from two
electrode placed on the outer canthi of left
eyes in order to detect eye movement.
These EOG signals are used to eliminate
eye movement artifacts as shown in

Figurel.

Fig. 1- Showing the electrode placement

An experiment paradigm was designed for
the study and the protocol was explained
to each participant before the experiment.
In this, the subject was asked to
comfortably lie down in a relaxed position
with eyes closed. Initially the subject was
asked to relax for 5 min. after assuring the
normal relaxed state by checking the
status of alpha waves the EEG was
recorded for the 30 s and collecting the
five session of 5 s epoch each for the
relaxed . This is used as basic reference
for further analysis of the planning data.
the subject was asked to mentally plan to
move the right hand ,on presentation of an
audio cue, both at the start and end of a
session .The duration of the sound cue
was 1ms and at 60 dB .Five session of
planning data were recorded each with a
time gap of 180s . The whole experiment
including preparation of the subjects last
for 1 hr, collecting EEG data for the 10

sessions, five each for the relaxed and
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planning states. All data set were visually
checked for the artifacts before the

selection.

The 5s epochs related to the normal
relaxed and planning period were first
pruned for artifacts and then analyzed as
the following setting high pass filter 5Hz
and low pass filter 1.6 Hz, notch filter 50
Hz ,sensitivity 70 uv/mm and a sampling
rate  of 200Hz. As the first step,
Frequency spectrum of the signal was
analyzed with FFT plots in Mu rhythms
(7-13 Hz).

B. Feature Extraction

As the first step, Frequency spectrum of
the signal was analyzed with FFT plots.
Mu rhythms (7-13 Hz) generated over
sensorimotor cortex is the best features
which would provide information about
the intention for movement planning in the
form of ERD. Mu rhythms are most
pronounced when the subjects are relaxed
and become desynchronized over the
contralateral hemisphere to the region
planning to move even when subjects
think/plan about the movement. Hence
EEG recorded during an awake relax state
could be considered as the baseline task
for the subsequent analysis. [4]. For relax,
peaks for C3 & C4 almost coincide (or
difference of 0-10 %) in Mu band (7-13

Hz) at a particular base frequency which
varies from subject to subject and for
planning a 50% decrease in magnitude of
C3 w.r.t. C4 is observed at the same base
frequency[5-6]. By observing the FFT
plots for each second the valid data for

further processing are sorted out.

At this stage, the FFT output could have
also been used for feeding the ANN but
the data size being too large and for ANN
the input size decides the learning speed
and the performance of the network. So
the data is preprocessed using Wavelet
packet transform to extract the most
relevant information from the whole
signal which could become a base for the

classification of the two stages [7-8].

By applying the wavelet packet analysis
on the original signal, wavelet coefficients
in the 7-13 Hz frequency band at the 5th
level node (5, 3) were obtained as shown
in Figure2. For analysis, Daubechies
(db5) wavelets were used as a mother
wavelet because of its physiological shape,
which closely resembles the EEG. These
21WPT coefficients are used as the best
fitting input vector for Neural Network.
See Figure 2.

C. Artificial Neural Network

A Neural Network (NN) being massively

parallel, distributed processor made up of
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simple processing units, which has a
natural propensity for storing experiential
knowledge. The main advantage of
choosing artificial neural network for
classification was due to the fact that NN
could be used to solve problems, where
description for the data is not computable.
Hence NN has been widely accepted as
one of the best classification method to

discriminate mental states [9-11].

P H—

1. Levenberg_Marqurdt(tarinim)

For classification of right hand movement
tasks, a two layer feed forward neural
network was used as classifier with
topology of {10, 1}, indicate 10 neurons in
hidden layer and one output layer as

shown in Figure 3.

101-200Hz

1 ]
6.26-

Figure 2: Wavelet packet decomposition tree for the present study
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Figure 3: Architecture of multilayer feed forward network used for present study
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The levenberg —Marquardt training
algorithm was to tain the network with p
=.01, p_dec=0.1land Mo _inc =10
parameters. design to approach second
order training speed without having to
compute the Hessian matrix.when the
performance function has the form of a
sum of square(as is typical in training feed
forward network) ,then the Hessian matrix
can be approximate as H=JTJ and
gradient can be computed as g=JTe. Were
J is the jacobian matrix that contains first
derivatives of the network errors with
respect to the weights and biases, and e is
a vector of network errors. The Levenberg-
Marquardt algorithm uses this
approximation to the Hessian matrix in the

following Newton-like update:

Xi1=Xk - [JTI+ulI] e

When the scalar p is zero, this is just
Newon's method, using the approximate
Hessian matrix. When p is large, this
becomes gradient descent with a small step
size. Newton's method is faster and more
accurate near an error minimum, so the
aim is to shift toward Newton's method as
quickly as possible. Thus, p is decreased
after each successful step (reduction in
performance function) and is increased
only when a tentative step would increase

the performance function. In this way, the

performance function is always reduced at

each iteration of the algorithm.

2. Radial basis function network
classifier

A RBF networks may require more
neurons than standard feed-forward
backpropagation networks, but often they
can be designed in a fraction of the time it
takes to train standard feed-forward
networks as shown in Figure 4. They work
best when many training vectors are

available.

A RBF network can be described as a

linear combination of basis function i.e.,
y =f(x) =3 0i ®i (X)

Where
yeR  the output variable;
x ¢ R" the input variable;
i the optimal weights;
&(x) the radial basis function

There are many choices for the radial basis
function. We selected the Gaussian
function defined as

_ exp| X
(I)i(x)_exp 202
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The parameter o controls the radius of
influence of each basis function, and Xxi

represents its center.

In this study, a two-layer RBF network

was designed. The training vectors were

21 Input

—

Wavelet
coefficients

Radial Baziz Layer

selected as the centers of radial basis
function. The output layer had only one
unit. The parameter ¢ can be estimated by

cross validation on the training data.

QOut put Layer

Figure 4: Architecture of Radial basis neural network used for present study

RESULT AND DISCUSSION

Comparison of the performance of neural
network  (NN) method Levenberg-
Marquardt and Radial basis function
network classifier in classification of
planning of right hand movement and
relaxes state. In all cases a two layer neural
networks is used for the instance a
topology of {10-1}indicate a 2linput ,10
hidden layer neurons and one output
architecture. The mean square error (MSE)
is the condition to terminate training of all
method’s is originally set at exp(-5), how
ever, these Method can also stop once the

training exceeds the number of epoch set.

Epoch is set at 5000 originally. By using
The levenberg —Marquardt training 92%
accuracy was obtained. As compare to The
levenberg —Marquardt training method
Radial basis function was better accuracy
(95.00%).

For the application to the BCI system, it is
necessary that EEG Feature related to the
human intent were analyzed with EEG
signals. The present study determines the
feature that could reveal the intension and

performance of the right hand movement
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and relax. Wavelet packet analysis results
in signal decomposition with equal
frequency bandwidth at each level of
decomposition, which leads to an equal
number of the approximation and detail
coefficients. By applying Wavelet packet
analysis on the original signal (for 200
samples at sampling frequency 200 Hz) we
can obtain the wavelet coefficients in the
7-13 HZ frequency band at the 5th level
node (5,3) . The signal is reconstructed at
node (5,3).

We compare the performance of neural
network  (NN)  method
Marquardt and Radial basis function

Levenberg-

network classifier in classification of
planning of right hand movement and
relax state. Out of which Radial basis
function network classifier method has
highest performance (95.00%).it can be

effectively used for classification of

REFERENCES
1. JR Wolpaw, N Birbaumer, D.J
McFarland, G.Plurtscheller, T.M
Vaughan, Brain computer
interfaces for communication and
control Clinical Nurophys 2002,

vol 113, pp767-791.

2. L. Leocani C.Toro, P..Zhuang C.
Gerlff and M.Hallett , “Event

planning the right hand movement and

relax state.

CONCLUSION

After the successfully discriminating the
two cognitive states as awake relaxed and
a right hand side movement planning from
raw EEG recording. Using wavelet packet
transform the authors intended to estimate
feature coefficients and  performance
comparison of two neural network based
classifier through various indigenously
designed neural network architectures. It is
observed that the performance given by
Radial basis function network classifier

method is significantly better.

ACKNOWLEDGMENT

The authors acknowledge their gratitude
towards faculty of JIT for their support
and help to carried out the analysis and

study.

related desyncronization in reation
time paradigm :a comparision with
event related potential and cortical
excitability”clinical
Neurophysiology,2001,vol 112 pp
923-930.

3. B.Grainmann,J.E.Huggins,
S.P.Levin,and G. Pfurtscheller

76 I Page 70-77 © MANTECH PUBLICATIONS 2017. All Rights Reserved



Journal of Artificial Intelligence, Machine Learning and Soft Computing

MANIECH

Publications Volume 2, Issue 2, July-December 2017

Svisulization — of  signification 9. S. Haykin ,Neural Network- A

ERD/ERS pattern in multicannel Comprehensive  foundation, 2nd

EEG and EcoG data ‘clinical Edition ,Prentice Hall,2000.

Neurophysiology,2002, pp43-47.

10. M.Hagen , H Demuth ,and M beale

. G. Pfurtscheller and F..H. Lopes ,Neural Network design Boston

da silva,“Event —related EEG/EMG MA.,PWS Publishing,1996.

dynamic Synchronous and

desynchronous :basic priniciples 11. F. Lotte, M. Congedo, A. Lecuyer,

“.clinical Neurophysiology, 1999
pp 1842-1852.

. J.R Wolpaw, D.J. McFarland, T.M
Vaughan, “The wadsworth Centre
Brain Computer interface research
and Development Program ,IEEE
Trans ,on Neural System and rehab
Eng 2003, 11(2), pp204-207

. M.Akay “Wavelet in biomedical

engineering,annals in biomedical
engineering ,1995, 23 (5)pp531-
542 .

. G. Strang and .T Ngugen.
Banks”
.Welleseley-Cambridge press,1997.

“Wavelet and Filter

Network toolbox, the
mathworks Inc 1998.

Neural

F. Lamarche, B Arnaldi: A Review
of classification algorithms for
EEG bases brain

interface,

computer
Journal of neural

Engineering, 2007 vol. 4, pp 1-13.

77|

Page 70-77 © MANTECH PUBLICATIONS 2017. All Rights Reserved



