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ABSTRACT-- In the last few decades or so, various studies to come out in the last few years show that
neuro imaging modalities have been used to answer L
questions regarding mind relaxation and anxiety meditation really does produce measurable changes

states, ranging from EEG, fMRI, PET and others.
Meditation as a mind relaxing technique is widely
perceived to have potent, specific effects on both the . o . )
body and mind. The researchers have traced the With the stressed condition of mind there is Loss of
various spectral characteristics of EEG recorded
during meditation. The changes of EEGs during

in our most important organ “BRAIN”.

prefrontal regulation in the brain. Under this

meditation is analyzed by using various signal condition brain react more from primitive part of
processing techniques. Also the statistical parameters . . . .
are compared and results obtained. Lot of research is brain and Perception is Narrowed, Memory is

going on towards the same direction

Some of very reputed Research institutes are involved
in this field like S.Vyas University, Bangluru, Indian
Institute of Technology (IITs), Institute of b Amygdala control during stress conditions
Neurosciences, Frontiers in Human Neuroscience, All :

India Institute of medical sciences, etc. This paper is

Imprecise and Learning is Blocked.

an attempt to study the various method used by ' e Lo
researchers, scientists and doctors to study the TRy
positive effects of meditation. ’ / e ) O
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I. INTRODUCTION

In the today’s world, life has become very Nature Reviews | Neuroscience

challenging and fast, where we are highly Fig 1: Brain in stress condition

demanded with the difficult needs of our everyday

life that requires more attention and efforts. Such On the other hand when the brain is in relaxed

daily needs eventually lead us to stress if not state, Prefrontal cortex is more active and leads to

handled properly. These negatives effects if go improvement in emotion regulation, self-regulation

undiagnosed, can be fatal. Some of the most recent and responses.
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a Prefrontal regulation during alert, non-stress conditions
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Fig 2: Brain in Relaxed condition

Meditation can be used to treat patients with neural
disorders like depression, epilepsy, autism and
insomnia. When a doctor is treating a patient by
giving certain medicines, the treatment is from
outside. In meditation a person is cured from inside

his body. The results will thus be better and stable.

Meditation plays a significant role in treatment of
various physical and mental disorders. Meditation
helps relieve the subjective levels of stess, anxiety
and  depression, and improve attention,
concentration, and overall psychological well-

being.
Il. LITERATURE REVIEW

Earlier, a lot of work has been done using different
advanced signal processing techniques to study and
analyze the brainwave changes. The findings have
reported that increase in theta and alpha band
power and decrease in overall frequency results in
reduction of stress and mind relaxation with

meditation.

In the various papers, the authors have analyzed the
specific statistical features of EEG data collected
during meditation and normal conditions. They
have analyzed the changes of EEGs during

meditation quantitatively. The authors have also
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studied the effect of meditation on stress relief and
disease improvement. It was concluded that
meditation gives direct access to hidden power and
forces the mind to act differently to gain strength

reducing pain and stress.

Some authors have investigated the EEG signal
after meditation using Phase Synchrony (PS)
estimation method. The result of both Phase
Locking Value (PLV) and Improved Phase
Locking Value (IPLV) has been shown and
analyzed. Various tools have been used in various
papers to study the effect of relaxing techniques on
the mind. The aim of these studies is to assess and
provide a comprehensive review of the benefits of

meditation.

Some authors have analyzed brain signals while
solving math problems. These findings provide
evidence for replicable longitudinal changes in
brain oscillatory activity during meditation and
increase our understanding of the cortical processes
engaged during meditation. The authors have
analyzed the Electroencephalographic (EEG) peak
alpha frequency (PAF). It has been correlated to
compare the cognitive performance between
healthy and clinical individuals. They concluded
that PAF also varies within individuals across
developmental stages, among different cognitive
tasks, and among physiological states induced by

administration of various substances.
I1l. SIGNAL ACQUISITION

EEG signals are highly random in nature and may
contain useful information about the brain state. It
is well known that the brain is an electrochemical
organ; electrical activity emanating from the brain
is displayed in the form of brainwaves. There are

four categories of these brainwaves, ranging from
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the most activity to the least activity. When the
brain is aroused and actively engaged in mental
activities, it generates beta waves. These beta
waves are of relatively low amplitude, and are the
fastest of the four different brainwaves. The next
brainwave category is alpha. Alpha brainwaves are
slower and higher in amplitude. The next state,
theta brainwaves, is typically of even greater
amplitude and slower frequency. The final
brainwave state is delta. Here the brainwaves are of

the greatest amplitude and slowest frequency.
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Fig 4: Basic EEG waves

However, it is not possible to get certain
information from brainwave signals directly in the
time domain just by observing them. They are

basically non-linear and non-stationary in nature.

Significant features can be extracted for the
analysis using advanced signal processing

techniques.

EEG is the most used signal acquisition method for
analyzing brainwaves because of the high temporal
resolution, safety, and ease of use. In clinical
contexts, EEG refers to the recording of the brain's
spontaneous electrical activity over a short period
of time, usually 30 minutes, as recorded from

multiple electrodes placed on the scalp.
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Fig 5: Electrode positions at Scalp

The EEG reveals not what is thought, but shows
the context in which thinking occurs---state of
arousal, state of vigilance and alertness, etc. A
predominant feature of the EEG is rhythmic
activity, or periodicity. These rhythms are very
complex in nature generated by various cortical,

sub-cortical, and cortico-subcortical dynamics.

In relation with the EEG signals, a lot of work has
been done to find the significant changes after
meditation by using different advanced signal
processing techniques. Some of the changes in
brainwaves which have been observed during
meditation are:

+» Higher intensity of neurophysiological
processes in alpha, theta, delta, and
gamma frequencies.

« Lower global synchronization than in
depression, schizofrenia, epilepsy, etc.

++ High speed of information propagation.

++ High efficiency of cognitive processes and
enhanced perception of reality.

« Delta activity is connected with
recognition of unconscious phenomena
that serve as novel and appropriate
solutions to creative problems.

« The increased theta activity fosters the

ability of encoding of new information.

IV. EEG SIGNAL PRE-PROCESSING
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A typical EEG tracing is a rapidly changing
composite  or  combination of  different
frequencies—waves moving up and down at
different rates—some slow, some fast. During
ordinary waking consciousness, EEG patterns are

complex, scattered and disorderly.

P T e U P e sl e Pt
.\UUMWﬁWvWWWWMWlMM%W{W
B A Rt L e e N sty PR
At AL oot g e s
Boalt ottt el AR i e A VAT e o
ettt AL S A ap e et Lo,
fLrJUu1_|'L"u\.l'-'\n'IN\f\wM,r’wm'-«-v-nﬂ,.f\r\|".;'L’U1-"'uﬂm”duﬁumﬁﬂfu"lj“nql\"m'\fdvhﬂfu’\:’wm{wwﬂ
Mttt s apa b AR Pt e U Arardy
T AR raomansta AT A MMM AR
AR A AR At AL st
e L At e At e et i R e g MR s
PR ET IY R PN R P AP S PV RY AR SN pet S LY Py I LYY
L e i e L T e e T e
P

e L L A LA e P PR ittt el
Fig 6: Typical EEG Tracings

As a first step in EEG pre processing there is
usually used a suitable filtering technique. High
pass filters are used for low frequency removal (for
f < 0.1Hz, such as baseline shift), low pass filters
remove high frequency noise like EMG activity (f
> 30Hz). Often removal of 50Hz noise from power

supply is performed.

EEG signal are most of the times contaminated by
certain artefacts. The artefacts are eye blinks, eye
movements, heart beats. In addition to these,
muscular movements and power line interferences
are also mingled with brain signals. Standard filters
(FIR, 1IR) can be used in this case, often advanced
method like PCA and ICA are needed.

A.ICA

ICA separates the artefacts from the EEG signals
into independent components based on the
characteristics of the data. The ICA algorithm

decomposes the multi-channel EEG data in to
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independent and spatial-fixed components. It is

found to be computationally efficient.

B. CAR

This method removes the noise by subtracting the
common activity from the basic position. The
various referencing methods are used to improve
the Signal-to-Noise Ratio (SNR). The presence of
the artefacts yields lower SNR in EEG signals. In
this method the removal of mean of all electrodes

from all the electrodes results in noise free signals.

C.SL

An estimate of current density entering or leaving
the scalp through the skull is referred to as the
Surface Laplacian of the skull. Ocular eye
movements can be efficiently eliminated during the
signal acquisition using this method. For large
artefacts ranging from 50uV (>50uV) visual
inspection is also required and by taking into
account shape of the artefacts the gradients of

activities are obtained.

D. PCA

The PCA transforms the correlated vectors into
linearly uncorrelated vectors. The uncorrelated
vectors are called as “Principal Components”. It is
a conventional method of Second Order Statistics.
It depends on breakdown of covariance matrix.
PCA helps in decrease of feature dimensions.
Ranking is done by using PCA based on the
variability of the signal properties. This ranking

helps in classification of the data.

E. CSP
CSP can identify abnormal EEG activity. CSP
performs conversion of EEG signal into a variance

matrix that maximally discriminates between
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dissimilar classes. CSP uses spatial filtering and
with it detects the waveforms in EEG. During the
training process the matching electrode positions is

to be maintained to confine the signals.

F. Adaptive Filtering

Adaptive filters have the ability to alter signal
properties according to the precise characteristics
of the signals. If the signal and noise are
overlapping then filters can remove the original
signal. This setback can be overcome by using the
adaptive filters. Various algorithms are used and it

has been proved.

PCA is mathematically defined as an orthogonal
linear transformation that transforms the data to a
new coordinate system such that the greatest
variance by some projection of the data comes to
lie on the first coordinate (called the first principal
component), the second greatest variance on the

second coordinate, and so on.

Experimental results demonstrate that the
performance and robustness of PCA are the best
among all these methods, which implies that PCA
is the most suitable method for EEG data pre-

processing.

V. FEATURE EXTRACTION
After pre-processing of EEG signal, information
needed for classification (features) has to be
extracted. Due to harmonic nature of EEG signal,
frequency domain analysis is more adequate.
Maybe the most used are Fourier transform (FT),
short time FT (STFT) and Wavelet Transform.
Inter-electrode information coupling is often

measured by coherence.
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The first step was using filters to extract Alpha,
Gamma, Beta, Delta and Theta waves.

The characteristics of these Brainwaves are:

DELTA <4 Hz |Deep sleep, pathological when in an alert state
THETA | 4-8Hz |creativity, falling asleep, pathological in adults when in an alert state,
normal in kids
ALPHA | 8-13Hz |normal in an alert state with open and closed eyes, relaxation

BETA | 13-30Hz |normal in an alert state with open eyes, concentration, logic —
analytical thinking, unrest,
GAMA | >30Hz |extreme concentration, deep meditation

Table 1: Brainwaves characteristics

In the next step, essential features from the brain
signals were extracted. For feature extraction from

EEG signals various methods were used.

A. ICA

ICA can also be utilized as a feature extraction
method. ICA analyzes the components that are free
from each other’s influence. From the components
required features can be extracted using ICA. It

helps in finding the independent signals.

B. PCA

PCA is also a pre-processing technique and also a
feature extraction method. It is a powerful tool for
element reduction of data without loss of important
data. Using PCA the information present at all the
time series multi channel is extracted as principal
components. The principal components PCA

therefore reduces the dimensions of signals.

C.WT

Wavelet Transformation is specifically used for
feature extraction. It is a method to perform the
feature withdrawal with the B-Spline parameters.
This function can act as low pass filter as well as
high pass filter and with these filtering
characteristics. By using multi resolution analysis
filter coefficients can be obtained.
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D. AR

AR method is used for feature extraction in time
domain analysis. It uses shorter duration of data
records and it yields better frequency resolution
and reduces the spectral loss problems. It is the
most frequently used method for un-stationary
signals in which parameters are supplied to the
model. The difficulty is in establishing the
parameter model property. It achieves a

classification accuracy of 83%.

E. WPD

WPD can extract features in both time and
frequency domain with the coefficients mean of
WT. In this method, the coefficients with higher
separability were considered effective and formed
as final vector. It divides the original signal into
subspaces based on frequency. Wavelet packet tree
shows the decomposition of low frequency
wavelets. The conclusions by various authors show
that WPD vyields better performance results and it is
superior to all other methods. It shows good
performance in the extraction process of non-

stationary signals like EEG.

F.FT

FT was identified by Joseph Fourier in 19th
century. It extracts the signal quality by converting
the signals from time domain to frequency domain.
It works well for stationary signals and, linear
random processes. It cannot measure both the time
and frequency. This frequency based analysis is

named as Discrete Fourier Transformation (DFT).
Wavelet Transform is concluded to be the best

method for the time-frequency analysis of EEG

signals as it gives the required frequency
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information together with the time occurrence at
which it occurs.

Generally, the wavelet transform can be expressed
by the following equation:

F(a,b) = /_ .If[::I!J Vo (2) do

where the * is the complex conjugate symbol and

function vy is some function chosen arbitrarily.

Wavelet analysis provides more  precise
information about signal data than other signal
analysis techniques.

VI. RESULTS

The EEG signal before and after meditation is
analyzed and results are obtained by various
authors. It is proved that meditation training can
enhance attention and improve emotion regulation.
Subjects responded positively to mediation as
evident from the increases in power in alpha, beta,
and gamma bands as well as increase in alpha and

beta coherence during meditation.

In case of Mediators the thoughts levels during
meditation were found to be more reduced. It was
proved by comparing the Histograms of alphal,
alpha2 and delta bands.

There is a domination of alpha band activation
especially in prefrontal cortex of brain during
meditation. It was concluded that the meditative
signal shows enhanced phase synchrony in the

alpha frequency which may improve functional
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integration.

ESD provides information on distribution of energy
of an energy signal per unit bandwidth as a
function of frequency. The unit of ESD is

Joules/Hz.

E_= J.w IX(H2df

-_—og

The ESD Alpha of no of electrodes were averaged.
The same process was done for electrodes on the
right hemisphere. These values represent Left
Frontal ESD and Right Frontal ESD respectively.

The Frontal ESD Alpha Asymmetry is obtained
from the formula:

Frontal ESD) = natrallog{ ESDsy. ) —natural log (ESDy.z)
Alpha
Asymmetry

It was proved that Frontal alpha asymmetry level

decreased during listening to the noise session and

increased after meditation.
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