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Abstract—Psychoacoustics has become a potential area of
research due to the growing interest of both laypersons and medical
and mental health professionals. Non invasive brain computer
interface like Electroencephalography (EEG) is widely being used in
this field. An attempt has been made in this paper to examine the
response of EEG signals to acoustic stimuli further analyzing the
brain electrical activity. The real time EEG is acquired for 6
participants using a cost effective and portable EMOTIV EEG neuro
headset. EEG data analysis is further done using EMOTIV test bench,
EDF browser and EEGLAB (MATLAB Tool) application software
platforms. Spectral analysis of acquired neural signals (AF3 channel)
using these software platforms are clearly indicative of increased
brain activity in various bands. The inferences drawn from such an
analysis have significant correlation with subject’s subjective
reporting of the experiences. The results suggest that the
methodology adopted can further be used to assist patients with
sleeping and depressive disorders.

Keywords—OM’ chant, Spectral analysis, EDF Browser,
EEGLAB, EMOTIV, Real time Acquisition.

1. INTRODUCTION

INCE centuries, researchers have been interested in

captivating the affective power of music on human body
and mind and have developed numerous theories to explain its
impact on the listener. But there is still a lack of experimental
evidence which can suggest the exact mechanism by which
music can evoke complex emotions. Wiebke Trost et al. used
functional neuroimaging with parametric analysis to explore
wide range of complex emotions evoked by music [1]. The
mental stress that human receives in day to day life may lead
to depression, anxiety, sleeping disorders etc. Seiji Nishifuji et
al. examined the response of brain wave to acoustic stimuli
and acoustic environment [2]. Affective computing research
can design systems that can interpret, recognize, process and
may even simulate human emotions. Anibal Cotrina Atencio
et al. designed an offline evaluation of scalp EEG data
acquired while a brain computer interface (BCI) user was
hearing the unpleasant sounds [3]. Music is considered to be a
valuable tool to understand human cognition and the
underlying brain neural correlates based on EEG and fMRI
studies [4]. In the scriptures of ancient India, ‘OM’ chant is
considered to be most powerful of all the mantras. Ajay Anil
Gurjar et al. proposed an algorithm to systematically
understand the sound of ‘OM’ and its effect on nervous
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system [5]. Stigsby et al. proposed a controlled quantitative
study in mantra meditation that the effect of ‘OM’ sound
brings focus to the mind and can break a pattern of
mechanisms. Stefan Koelsch et al. designed un updated model
of neural perception and its distracting thoughts coming from
the noisy mind in a way promoting positive thoughts [6].
Work has also been done to distinguish musical emotions from
non musical emotions such as fear and anger [7], [8]. Winkler
et al. described the effects of melodious music on growth of
infants and early childhood [9], [10]. In the study conducted,
the effect of music on premature infants was studied. First
group of infants listened to lullaby six times a day and the
second group of infants did not listen to and it was discovered
that the first group gained weight faster and had fewer
complications as compared to second group. A lot of literature
can be explored on the EEG response to various visual and
auditory stimuli and the way evoked potentials can be affected
by pleasant and unpleasant emotions [11], [12]. Lot of
research is underway using the technique of functional
magnetic resonance imaging (fMRI) to measure neural
responses to pleasant/unpleasant sounds that vary over large
range. S. Kumar et al. have proposed design for brain mapping
such sounds using this technique [13].

The technology of Brain Computer Interface (BCI) focuses
on two methodologies i.e. invasive and non invasive. The non
invasive methodology is preferred due to simple design and
less complications. For brain computer interface to function, it
needs some input brain signal. Various EEG signals such as
Virtual evoked potentials (VEPs), Slow cortical potentials
(SCPs) have been explored for controlling BCI functioning
mechanism. The transient VEPs (TVEPs) and steady-state
VEPs (SSVEPs) are being used for BCI control [14]-[20].

Electroencephalography (EEG) is the most suitable non
invasive technique to interface brain with computer. However,
it requires a lot of precision and trained staff to acquire EEG
signals and thus it is one of the challenging tasks in research
institutes. Thus EMOTIV EEG neuro headset is used for this
research. It is a consumer grade headset available in the
market for EEG acquisition. It is simple, easy to use, cost
effective, portable device which has higher bit rate and better
resolution.
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Fig. 1 Block Diagram for real time acquisition and analysis of EEG data

II. MATERIAL & METHOD

The functional block diagram of the developed EEG based
brain computer interface (BCI) is shown Fig. 1. It consists of
subjects, EEG recording and EEG data analysis.

A. Subjects

Six subjects, three males and three females, aged 25 to 38,
all of whom were considered to be in good health, participated
in the experiment. The experiment that consisted of a 20
minutes session consisted of having the participant sit in a
dark room with eyes shut throughout the session. All subjects
volunteered with informed written consent before the
experiment. Acquisition of real time raw EEG is done from
subject’s scalp using a portable EEG Neuro-headset unit
EMOTIV. A baseline reading is recorded and established
corresponding to the normal relaxed state of each subject.

B. EEG Recording

Real time EEG dataset is acquired at a sampling rate of 128
Hz from 14 assembly electrodes sensors placed on subject’s
scalp using a portable EMOTIV EEG Neuro-headset unit. The
EMOTIV headset is the most advanced consumer grade EEG
headset available in the market. The 14-assembly electrode
sensors are AF3, F7, F3, FCS5, T7, P7, Ol1, 02, P8, T8, FC6,
F4, F8, AF4 with 2 reference electrodes P3 and P4. It can also
detect head movement using a built in gyroscope. The
transmission of the acquired EEG signal to the computer is
done via wireless bluetooth dongle that comes along with the
headset. The EMOTIV Test Bench (software provided by
EMOTIV) saves the recorded EEG dataset in .edf (European
data format). The real time EEG dataset is acquired for each
subject twice, at 10 minutes intervals, following the musical
stimulation (‘OM’ chant) for a total period of 20minutes.

C.EEG Data Analysis

All data analysis is performed using EMOTIV Test Bench,
EDF Browser and EEGLAB v 13.0.1 in MATLAB workspace
application software platforms. The proposed approach is
developed and implemented using Core i3 processor with
speed 2.40 GHz. The recorded EEG signal (.edf) is imported
in the EEGLAB toolbox of MATLAB to locate all 14
channels on the subject’s scalp shown in Fig. 2. FFT for all the

recorded EEG signals is done using EMOTIV Test Bench
which is further verified by carrying out the spectral analysis
of such signals in EDF Browser software platform. The EEG
signals in .edf format are header edited and filtered using
Butterworth high pass filter so as to obtain the corresponding
power spectrum using Fast Fourier Transform.

Channal locations

Fig. 2 All 14 channel locations in EEGLAB

III. RESULTS & DISCUSSION

The various results recorded are discussed in this section.
Using EMOTIV Test Bench, FFT of the real time EEG signal
(.edf) acquired through AF3 channel of the headset for the
normal relaxed state of the subject is plotted in Fig. 3 (a). This
can be established as the base line reading. FFTs of the EEG
signals (AF3 channel) recorded after 10 minutes and at the end
of 20 minutes session of ‘OM’ chant are plotted in Fig. 3 (b)
and Fig. 3 (c) respectively. The spectral analysis of these
signals is also done using EDF browser so as to verify the
validity of conclusions drawn. Corresponding results are
plotted in Fig. 4.
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Fig. 3 (c) FFT of EEG signal after 20 minutes of session

Immediate visual indication of Fig. 3 (b) ( after 10 minutes
of the session) shows a considerable increase in delta band
(0.5-4 Hz) and a small increase in beta band (13-30Hz) which
shows that the subject felt deep level of relaxation but at the
same time was in waking/alert state as well. In the next 10
minutes i.e. at the end of the session, visual indication of Fig.
3 (c) shows increased theta activity (4-7Hz) and small
decrease in alpha (7-13Hz) and beta activity. This indicates a
state of awareness associated with vivid internal imagery but
still remaining deeply relaxed. Moreover, there was a
significant correlation between subject’s subjective reporting
of the experiences during the session and the brain wave
indications suggested by the researcher.

The spectral analysis of acquired signals using EDF
browser indicates the dominant frequency component at
0.256000Hz in the baseline measurement (Fig. 4 (a)) but

gradually shifting to 0.512000Hz (Figs. 4 (b) & (c)) as the
session progresses which also interprets that the intensity of
action corresponds to standard frequency range of the EEG
signal. There is a gradual shift towards right hand side of the
spectrum and is indicative of increased delta activity of the
brain as already inferenced.

The results shown here are for one subject with a known
history of no regular meditation practice but there is seen a
high incidence of similar results/ reports from other subjects as
well. Among the subject’s comments were such typical
descriptions as “I completely lost sense of my body and felt
very light”, “I am feeling relaxed,” I felt as if I was flying,”
etc. No significant difference appeared in reports by either sex
or age.

137



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:8, No:3, 2014

FFT resolution: 0.128 Hz 2 blocks of 1000 samples

(vpaHz
120~
100 — e
20|
60—
20| MK
20— 3
0=
Hz
Fraguéncy
Fig. 4 (a) Power spectrum- baseline reading
FFT resolution: 0.128 Hz 2 biocks of 1000 sampias
Wy 2Hz

Hz

Frequency

Fig. 4 (b) Power spectrum-after 10 minutes

FFT resolution: 0.128 Hz 2 biocks of 1000 samples
(wWyaHz

Hz

Frequency

Fig. 4 (c) Power spectrum-after 20 minutes

IV. CONCLUSION
In this paper, an EEG based BCI using EMOTIV EEG
neuro headset is implemented. EMOTIV technology is
efficient, low price and has shorter preparation time for use.
Spectral analysis techniques are explored in order to recognize

the dominant frequency components corresponding to brain
activity resulting on exposure to music stimuli. For such type
of studies a large sample of subjects is vital so as to predict
that whether the results experienced by one individual are
likely to be experienced by others. The results obtained here
suggest that the design proposed has been successful in brain
mapping with minor variations on different subjects. If such
findings are substantiated by future research, it can prove to be
helpful in altering a variety of Psycho physiological conditions
such as stress, anxiety, sleeping disorder, self esteem etc
which will further be extended and utilized in the field of
cognitive brain therapy.
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