Detecting Brainwaves to Evaluate Mental States and Condition using Neural
Network: A Review

Rajdeep Waghmare, Priyanka Khade, Aishwarya Shende
Rashtrasant Tukadoji Maharaj Nagpur University, India.
Bapurao Deshmukh College of Engineering, Sevagram, Maharashtra.

waghmarerajdeep@gmail.com, priyankakhade1214@gmail.com, aishwaryashende2306@gmail.com

Abstract—Human brain contains of approximately 100 billion neurons. Each neuron communicates with few ten thousands of other neurons in
order to carry messages in the brain. Significant electrical activity is produced in the brain over synaptic joints of such neurons sending signals at
very low frequencies below (50 Hz), thereby forming the brainwave pattern. The brainwaves are categorized as delta, theta, alpha and beta, as
per different frequency ranges. In this paper, the effect of binaural beats on human mind is presented. Alpha binaural beats of 10 Hz are
produced by creating the auditory illusion of 10 Hz in the brain by playing the binaural beats of 370 Hz and 380 Hz for left and right ear
respectively. Binaural beats are effective only when heard through an earphone. In order to examine the effects of binaural beats on human brain,
10 people are subjected to these beats for 3 minutes. Using Processing 3.0.2, the attention level and meditation levels are measured by alpha
brainwaves, and the comparison graphs are plotted. Relative comparison is carried out for each person’s state while listening to the binaural
beats. This study provides scientific evidences for the common perception that alpha binaural beats and thus music can help a person in
achieving a relaxed state of mind i.e., meditative state in a better way.
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1. INTRODUCTION
Brainwaves are electrical activities which are produced by
the firing of neurons in the brain. Each of these neurons
contacts with 1 to 10 thousand other neurons. Electric waves
registered in the brain helped regulate the activities of the
brain. These activities can be measured along the scalp
using an Electroencephalogram (EEG) device attached to
the scalp. These electric waves emit electrochemical
impulses of different frequencies which are then received by
an Electroencephalogram. The brainwaves, divided into five
different categories, which range from the least to the most
active, are shown in Table 1.
Delta brainwaves (Fig. 2 (d)) have the greatest amplitude
and the slowest frequencies. The brain is in the least active
state. It usually occurs when a person is in deep dreamless
sleep or is in a deeply meditative state of mind. Delta
brainwaves are generally found in infants and advanced
meditator.
Delta brainwaves can provide the ability to read people’s
emotions and empathize greatly with people. Theta
brainwaves
(Fig. 2 (c)) are commonly found in people who dream in a
very relaxed state or people struggling with Attention
Deficit Disorder (ADD) or Attention Deficit Hyperactive
Disorder (ADHD). A person who is deeply relaxed or
sleeping but not in a deep sleep may be in theta state.
Alpha brainwaves (Fig. 2 (b)) state allows a person to be
completely free of tension, nervousness, pain and
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discomfort. However, too much alpha activities lead to
excessive daydreaming and escape from reality. Beta
brainwaves (Fig. 2 (a)) are the fastest but amplitude is
relatively lower than the previous categories. A person
exhibits beta state when he thinks logically, is anxious, tries
to solve problems or his mind is strongly engaged on some
things such as debating or having an active conversation.
Gamma brainwaves are achieved when a person have
ecstatic experiences and feeling of oneness, or is overjoyed.
A person in gamma state may have higher mental activity
and motor functions.

Binaural beats can be defined as the illusion that is
perceived when dichotic ally presenting two or more tones
of similar frequencies to the ear through stereo headphones.
Binaural beats are generally less than 1500 Hz. For example,
playing a pure sinusoidal tone with frequency of 370 Hz on
the right ear and another with a frequency of 380 Hz on the
left ear would create a perception of a third tone with 10 Hz,
which is the binaural beat. This is illustrated in Fig. 1. The
frequency difference of binaural beats is usually between 1
and 30 Hz. Binaural beats are known to have an emotional
effect on a person and have a positive effect on people
suffering fromanxiety and tension.



TABLE |
TYPES OF BRAINWAVES AND THEIR STANDERED

FREQUENCIES.

Brainwave Type Frequency
Delta <4 Hz
Theta 4-7Hz
Alpha 8-12Hz
Beta 12 -36 Hz

Gamma >36Hz

As is mentioned previously, alpha state is when a person is
in a tension free state, and playing binaural beats to the
scenario helps in achieving this relaxed state of mind.
Several studies including brainwave controlled wheelchair,
brainwave controlled robot, and the effect of music on the
brainwaves and training a child’s brain using music have
been done in the past. These studies show positive results on
what the brain does and how the right type of music have a
positive effect on people. Brainwave controlled wheelchair
was designed for better mobility and to aid patients in times
of seizures and other medical emergencies.

For most brain-controlled robots, EEG, attention and eye
blinking signals were needed to be sent through a Brain-
Computer Interface (BCI). The amount of blinks sent to the
BCI equals a specific command which was carried out by
the robot. To move the robot forward, the attention level
was detected. Higher attention level resulted in faster
movement. NeuroSky MindWave, which is a dry EEG
device, was used for transmitting beta brainwave signals to
the BCI. A brainwave controlled robots is also designed to
aid people who are unable to move, to be mobile and be
more independent of others.

In the study of the influence of Mozart’s music, it was
speculated that Mozart’s music helps in the activation of
certain specific areas of the brain which are significant for
spatio-temporal reasoning. It has also been seen that starting
musical training at an early age can highly affect how the
musical brain is organized. This revealed a difference on the
structure and function in the brains of people who play
musical instruments and those who don’t. Children who are
trained musically from the age of 5 to 7 years old also have
long-term enhancement of memory as compared to children
who are not musically trained.

There are several researches about music like the study of
production characteristics of music signal or separation of
music and source. In the study of characterizing temporal
and spectral features of Indian music, features like Short-
Time Fourier Transform (STFT), Autocorrelation,Linear
Prediction (LP) Analysis and Short-TimeEnergy were
analyzed upon the speech files of total 10 speakers. Another
study in music deals with classifying musical instruments
from monophonic signals. In this study, 3 different
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instruments (guitar, violin and drums) were taken under
observations.The characteristics and musical components of
these instruments were analyzed by using the acoustic
features, namely Mel Frequency Cepstral Coefficients
(MFFCs), Spectral Centroid (SC), Zero-Crossing Rate
(ZCR), and signal energy. Musical instruments were then
classified depending on their components.Separation of
music from its source signal has been studied upon by
determining the best window selection. Studies related to the
detection of when a person is shouting (shouted speech),
Noh voices which are expressive voices, and even finding
the characteristics of laugh and non-laugh speech signals
have been analyzed. The Nohvoice and laugh speech
analysis of source characteristics have been done using
modified Zero-Frequency Filtering (mZFF) method.
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Fig. 2. Brainwave patterns for (a) Beta frequency, (b)
Alpha frequency, (c) Theta frequency, and (d) Delta.

It is evident that there have been numerous studies related to
music, be it monophonic, bi-phonic, or polyphonic. These
studies, including the analysis production characteristics of
the mentioned music signal, musical instruments, Noh voice
etc., however, are solely analyzedusing speech signal
processing, and not brainwave signals. It has also been seen
that there is not enough study on binaural beats, and the
effect of alpha binaural beats in generating alpha waves for
deep meditation. In this paper, a study on brainwaves has
been conducted on how binaural beats aid in achieving high
level of meditation. The wave patterns of the first four
categories are shown in Fig. 2. Experiments were performed
on how the alpha brainwaves are significant to a person who
is relaxing or meditating whilesimultaneously listening to
alpha binaural beats at 10 Hz via earphone. The results we
have seen from our experiments prove promising and could
greatly help for future research.

The organization of this paper is as follows: Section Il
discusses the about the data, how it is obtained and used.



Section 11l describes the methodology of this paper. It
discuss in details about the hardware and software
instruments used. This is followed by Section IV, in which
details the experiments performed in this paper are
explained. Section V lays out the experiments performed in

Hardware

this paper. Section V lays out the observations from
experiments performed in the previous section. Section V1 is
a discussion on the results obtained, which is followed by
Summary and Conclusion of this paper.
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I1. DATA

To detect brainwaves pattern clearly, it is important to
collect samples of binaural beats for proper experimentation
on the subjects. With the help of Processing, the alpha
binaural beats have been created. The alpha binaural beats
are sinusoidal waves of 370 Hz and 380 Hz for left and right
ear respectively. The auditory illusion of 10 Hz will be
created in the brain. So, in nutshell, alpha binaural beats of
10 Hz have been taken. The alpha beats were stored in wave
file with ‘.wav’ extension for playing these beats through
earphones. This alpha binaural beats sample is created for 3
minutes duration. The alpha frequency ranges from 8-12 Hz.
So the median of the Alpha at 10 Hz have been taken. These
alpha beats at 10 Hz will force the brainwaves to oscillate at
this frequency thereby inducing a relaxed state in the brain.
These external alpha binaural beats are played for 3 minutes
for the brain to gradually Adapt to these beats and thus itself
produce alpha waves in the brain. The brainwaves data are
captured through a NeuroSky, MindWave Mobile Headset.
The brainwaves data are stored in bit values for further
processing of the data. 10 subjects were chosen to
experiment upon. 5 males and 5 female were taken as the
subjects. The age varies from 17-29. The average age of the
subject was 24.
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I11. SUMMARY AND CONCLUSIONS

This paper presents a study on the effect of the binaural beat
on human mind. In this study, we conducted experiments on
10 subjects and recorded their brainwave through NeuroSky,
MindWave Mobile Headset. The data was acquired over
Bluetooth on Processing platform. The samples for the
binaural beats were also created on Processing version
R2013a. Each sample was 3 minutes long. The samples
were binaural beats of 370and 380 Hz for left and right ear
respectively, that is, the sample was of alpha binaural beats
of 10 Hz. These beats were played for 3 minutes on the
subject after observing their normal mode for 2 minutes.
The graphs for attention level and meditation level were
plotted and the values were stored in the excel file. The
average values for attention and meditation were calculated
for both the case of ‘without beats’ and ‘with beats’.

The paper presents the discussion on how the alpha wave
dominates over the other 3 waves (i., beta, theta and delta
brainwaves) when a person is in a relaxed state. When in
normal state, an individual is more alert to the happenings in
the surroundings, which is an indication that music
definitely relaxes a person. The best way to observe is
through the Binaural Beats which create an auditory illusion
of lower frequency ranges in the brain (below 50 Hz). The



brain has different experiences for different ranges of
frequency. In the alpha range of frequency, an individual
tends to be more relaxed and calm, in a light meditated state.
The graphs are also plotted for the attention and meditation
level in the two cases.
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