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Abstract

The present study determines the relative strengthand positions of electrical activity in dif-
ferent regions of the brain. It aims to investigatehe differential involvement of the left and
right hemispheres of the brain when a visual stimwant is administered. This paper examines
the frequency - intensity spectrum of recorded EEGsignals at the electrodes at F7, F8, P3,
P4, T3, T4, 01, 02, C3, C4, T5 and T6 situated imvb hemispheres at a specific instant and
inferences were drawn regarding hemispheric differeces in EEG activities in four fre-
quency bands 0-4 Hz, 4-8 Hz, 8-12 Hz and 12-25 Har fall the four subjects. The present
work will be useful for future research to study the importance of the functional asymmetry
of the brain for the organization of emotions thoud the relative contribution of the left and
right hemispheres. The findings of this study canlao be used to develop brain-computer in-
terface for various applications.
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Introduction

Electroencephalography is a medical imaging tealeiq which then generate a photon before decaying to the
that records scalp electrical activity generatedlifferent  normal state. These photons are then measuredeby th
regions in the brain. Brain electrical activitygenerated MRI and a map of a living tissue is produced. Fiometl

by electric volume conductor i.e. the cortex, skalen- MRI depends on the magnetic properties of blood and
inges, and scalp [1]. With the latest developmenthe enable researchers to see images of blood flonhén t
field of signal analysis EEG has emerged as anbraip- brain as it is occurring. In NIRS a near Infra feght
ping and brain imaging technique with great poédtd  source and an NIR light detector are attacheddstalp
providing important spatio-temporal informatiorgaed- and the transmission and absorption rate of the INgHR

ing brain. EEG also has the benifit of being corfgb@t in human tissues is obtained, which contains infdiom
with other brain imaging techniques. Brain imagiagh-  of the changes in haemoglobin concentration. Thgex
niques allow researchers and scientists to viewigcat  demand increases when a particular area of thae lsai
various regions of human brain, without invasiveinoe  active and thus haemoglobin concentration alseas@s.
surgery. There are a number of established, sagiig The NIRS are portable and easy to use in comparison
techniques in use today throughout the world. Eeich with MRI. In Positron Emission Tomography (PET) the
these brain imaging techniques has their own unigusubject under study is injected with a radioactivarker
strengths and weaknesses, and there may be pbtentlaat contains isotopes that decays into lower gnpagti-
benefits and difficulties in combining these teciuds to cles, and create positrons which collide with etats and
achieve a complete analysis of brain functioninge T then transform into photons that can be detectethby
most accepted brain imaging techniques are MagnetPET. This brain imaging technigue is invasive xpen-
Resonance Imaging (MRI), Near InfraRed Spectroscopgive and is not portable. But the quality of PEges is
(NIRS), Positron emission tomography (PET), SPECTvery high and is widely used for Brain Tumour détet
Single Photon Emission Computed Tomography, EEGand various other clinical applications.
Electroencephalography. MRI makes use of strong-mag

netic fields and electromagnetic pulses to exciggns SPECT-Single Photon Emission Computed Tomography
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uses radioactive tracers and a scanner to rectaditat a 3. Parietal Lobe: The parietal lobe helps ingrag¢ing
computer uses to construct two- or three-dimensioma sensory information from different parts log¢ tbody,
ages of active brain regions. EEG-Electroencephalog knowledge about numbers and the relation &etw
phy uses electrodes placed on the scalp to detett a them, and in the manipulation of the objects.
measure patterns of electrical activity emanatiogifthe 4. Temporal Lobe: The temporal lobes deal primanilth

brain. EEG can determine the relative strengthspersi memory functions. The dominant temporal lobe is
tions of electrical activity in different brain negs. The specialized for verbal (word-based) memory and the
greatest advantage of EEG is speed-it can reconplex names of objects. We depend upon our non-dominant
patterns of neural activity occurring within framis of a temporal lobe for our memory of visual (non-verbal)
second after a stimulus has been administeredER{ material, such as faces, scenes.

data contains useful information about physiologipay-
chological and pathological processes as differegibns
in the brain reflect different EEG data. The infation

derived by analyzing and processing EEG data can R ggG recording, each scalp electrode is placed oer-
used for the diagnosis of brain disorders, psydio®  5in prain centres because different areas aremsitpe

behavior and various brain related research apilit® o gifferent functions in the brain e.g. F7 isdbed near
Electroencephalography is a noninvasive and inesipen centres for rational activities, Fz near intenticayad mo-
technique with very high sensitivity to receivednha-  yational centres, F8 close to sources of emotidma
tion about the internal structure and functionirfgttze pulses. Cortex around C3, C4, and Cz locationssdeith
brain. It's being used for various applicationgiognitive sensory and motor functions. Locations near P3,aRd,
Development and Psychological research studies. The; contribute to activity of perception and diffetiation.
general cognitive processes involve perception, O1¢M  Near T3 and T4 emotional processors are locateils ah
attention, language, and emotion in normal aduftd a 15 76 certain memory functions stand. Primary alsu

children. It provides a very high time resolutian the  gre45 can be found below points O1 and O2. Howtaeer
millisecond range [3]. EEG data can be effectiveded o515 electrodes may not reflect the particulaasiref

for Brain Computer Interface applications for eB&Ng  .4rtex as the exact location of the active souiegst to
a new channel for communication between human bralﬁe found out due to limitations imposed by the non-
and computers. The greatest advantage of EEGSits  homogeneous properties of the skull, differentraggion

speed. Complex patterns of neural activity 0CCOITN o the cortex sources, coherences between theeswetc
within fractions of a second can be recorded wilBGE [5].

after administering a stimulus [4]. The most usefopli-
cation of EEG recording is the ERP (event relatetmp
tial) technique. It is well known fact that the EE@nals
are the measure of the alertness of brain whicimgds
according to task performed by a person. The lwawves
can be classified into few different frequency kand
named as delta, theta, alpha, beta and gamma.cEhe a
rate classification of electrical activity for a rpeular
state of human brain helps in neurological diaghesid
also for establishing standards for developing erop
technigues and instruments. This classification ban
utilized in developing brain computer interface lagap
tions.

The human brain is divided into two equal halvest |
hemisphere and right hemisphere. According to fanst
performed, each half is divided into four main Iskes
mentioned below:

EEG electrode Positioning

While positioning the electrodes on the scalp,dlrereds
to be a reference electrode with respect to whiehvblt-
age of EEG signals at other electrodes will be oreak
Several different recording reference electrodecepla
ments are mentioned in the literature. Physicaresfces
can be chosen as vertex (Cz), linked-ears, linked-
mastoids, ipsilateral-ear, contralateral-ear, Ciéresce,
bipolar references, and tip of the nose. Electpumtgtions
are named according to the brain region below tba af
the scalp: frontal, central, parietal, tempoaaidoccipital
In the bipolar method, the EEG is measured froraiagd
scalp electrodes. The pair of electrodes meashees|¢c-
trical potential difference between their two piosis
above the brain with respect to a reference eléetro
There are reference-free techniques representexbiny
mon average reference, weighted average referamce,
1. Frontal lobe: The frontal lobes play importeste in ~ Source derivation. To prevent signal distortiongei:

impulse control, judgment, language production@nces at each electrode contact with the scalpps be-

working memory, motor function, sexual behavior, low 5 KQ.

socialization and spontaneity. The frontal lobdstss

in planning, coordinating, controlling and execgtin Materials and Method

behavior.

Occipital Lobe: The visual cortex is locatedthe  For our current study, EEG data were recorded from

occipital lobe. The occipital lobe is responsibte f male and two female subjects in the age group af fo

one’s ability to see and visual interpretation. fourteen years. None of them had any medical histor
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had taken any medication that could have affeched t Experimental Observations

EEG signal. The subjects were made to sit comftyt@ah  The recorded waveforms reflected the cortical eleadt
a chair and EEG electrodes were fixed on the szsiper  activity. EEG activity is measured in microvolt\W(u
International 10-20 electrode placement system.isie  Signals were viewed in terms of frequency verstenis

ual stimulus in the form of a pleasant picture whewn ity to produce power spectrum. In the current sttity

to the subjects and EEG data was recorded. Theén®y intensity is displayed graphically in individuakfuency
analysis for all the four subjects was done at second units.

from the start. The signal intensity at electro&@s F8,

P3, P4, T3, T4, O1, 02, C3, C4, T5 and T6 was ealcurhe square root of intensity spectrum is referedrapli-
lated and tabulated for four frequency bands Hz44 - tude spectrum. Frequency analysis measures therasnou
8 Hz, 8- 12 Hz and 12 - 25 Hz. The variation ie titen-  of different frequencies in the EEG. A variety afagtita-
sity at each electrode placed in left and rightisphrere  tive methods can be used for transforming, tracking

were plotted for each frequency band for subja¢®, C  trending the EEG or determining other relevantsidam
and D separately to observe the response of e&th el computations based on the EEG [6-7].

trode for the same stimulus and to study the belaofi
different regions in the brain in the left and tiglemi-  Frequency Analysis of the EEG signal
sphere. This study also aims to understand th@mnsspof  The intensity was measured at electrodes F7, B8P®,

different regions of brain for subjects of diffetévack- T3, T4, O1, 02, C3, C4, T5 and T6 in four frequency
ground and age for the same stimulus. bands as shown below:

(2) Frequency Range: 0 Hz — 4 Hz
Table 1. Electrode intensity of subjects A, B, C and Dhimfrequency range 0 Hz — 4 Hz

Electrode F7 F8 F3 F4 T3 T4 P3 P4 01 02 C3 C4 T5 T6
—Inten-

sity(uV2)

SubjectA 36826  293.05 18528 43059 34547 8959 66622 60360 720.87 450.81 26822 45149 668.79 452.38
SubjectB 9.60 7.93 14.09 6.15 18.31 10.01 821 19.33 11.88 11.98 7.46 7.07 1943 10.34
SubjectC  24.57 26.96 25.86 42.55 15.01 2128  24.01 16.10 27.08 22.98 17.37 20.95 43.05 18.35
SubjectD  5.64 2.78 2.60 2.92 3147 1.03 343 41 2.67 6.24 3.19 3.38 3.87 2.01

(2) Frequency Range: 4 Hz — 8 Hz

Table 2. Electrode intensity of subjects A, B, C and Dhimfrequency range 4Hz — 8 Hz

Electrode— F7 F8 F3 F4 T3 T4 P3 P4 01 02 C3 C4 T5 T6
Intensity (UV2)

Subject A 22.22 1320  51.64 2933 897 2793 5367 2218 4941 4752 3757 5099 1043 4449
Subject B 5.78 8.19 451 773 31.83 8.00 1442 9.02 1092  7.05 17.35 973 1085 6.79
Subject C 23.22 3065  25.86 1232 13.05 2029 2314 1096 1580 2551 5424 921 16.80  13.55
Subject D 4.07 1.54 1.49 1.91 1.99 1.00 2.37 1.41 3.34 1.92 1.84 200 153 2.39

3) Frequency Range: 8 Hz — 12 Hz
Table 3. Electrode intensity of subjects A, B, C and Dhimfrequency range 8 Hz — 12 Hz

Electrode — F7 F8 F3 F4 T3 T4 P3 P4 01 02 C3 C4 T5 T6
Intensity(uV2)

Subject A 4.32 246 8.94 1322 302 449 5.80 3.16 5.52 517 5.58 17.71 4.69 9.93
Subject B 10.65  3.80 1929  6.39 535 9.27 4116  33.18 2637 3084 17.54 5.11 1325 2113
Subject C 6.57 1015  13.74 740 939 525 8.48 5.23 1612 9.53 10.51 476 2417 14.05
Subject D 1.77 1.51 0.65 0.54 1.07 141 0.89 0.45 2.87 222 0.84 0.42 1.16 1.21

4) Frequency Range: 12 Hz — 25 Hz
Table 4. Electrode intensity of subjects A, B, C and Dhimfrequency range 12 Hz — 25 Hz

Electrode — F7 F8 F3 F4 T3 T4 P3 P4 01 02 C3 C4 T5 T6
Intensity(uV?)

Subject A 1.72 076 290 3.38 1.66 144 164 1.54 1.46 1.84 3.61 5.74 217 278
Subject B 1.83 377 449 349 4.44 266 921 6.47 11.08 5.74 6.34 4.80 1026 4.88
Subject C 1.79 176 1.20 1.05 3.34 243 181 3.16 237 423 2.85 243 430 265
Subject D 1.15 090 1.07 0.99 1.34 087 1.23 1.18 4.05 2.36 0.90 1.25 235 138
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Figure 1. Variation of intensity (in p¥ at electrodes F7, F8, P3, P4, T3, T4, O1, 02, C8, T5 and T6 with fre-
guency for subject A (Male, age 4 years)
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Figure 2. Variation of intensity (in u% at electrodes F7, F8, P3, P4, T3, T4, O1, O2,C&, T5 and T6 with frequency
for subject B (Female, age 8 years)
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Figure 3. Variation of intensity (in p¥y at electrodes F7, F8, P3, P4, T3, T4, O1, 02, C&,T5 and T6 with frequency
for subject C (Female, age 12 years)
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Figure 4. Variation of intensity (in p¥y at electrodes F7, F8, P3, P4, T3, T4, O1, O2,C&,T5 and T6 with frequency
for subject D (Male, age 14 years)
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Results and Discussion difference in the similar electrodes were fountdéomuch

larger between subjects A & B, A & C and between A

From the graphical frequency analysis of subjects AC and D. Thg intensity difference was not found mbeh
and D, it was observed that the brain activityifeecent ~ tween subjects B, C and D. It was also observetaha
for each subject irrespective of age and gendez.ifiten-  the subjects showed more intensity at TS5 than atTe6
sities of the signals recorded at electrodes plaeed left and T6 are localized near the centres of brainvities
hemisphere and right hemisphere of the brain wete nWhich are responsible for certain memory functloi_ns.
equal. In the frequency band 0 Hz to 4 Hz, thenisity of ~ th€ frequency band 4 Hz to 8 Hz, youngest subject A
EEG signal recorded at all the electrodes was fdarie ~ Showed maximum intensity at F3, F4, P3, P4, O1,@@,
the maximum for the youngest subject A. Maximum in and T6. Subject A records maximum power at C4 which
tensity for subject A was recorded at electrodeadd 'S Iocated_near the centres for sensory and motatibns
minimum at T4. Electrode O1 is located near thanbra in the brain. Not much difference at differencecetedes

activity centre responsible for primary visual vehit4 ~Was observed for subjects B, C and D in this freque
near the centres for emotional processing. Thetisala Pand. Subject A recorded least intensity at F7,(%,02

between the intensity at the electrode T4 witheetsjof ~@nd TS in the frequency band 12 Hz to 25 Hz. Sulijec

different age groups and its effect on emotionalettep- who was the oldest among all, recorded least iitieas
ment of the subjects could be an interesting rekear F7» F3, F4, T3, T4, P3, P4, C3, C4 and T6. From the

study. In the frequency band 0 Hz to 4 Hz the isitgn above results it is inferred that all the four salg have
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This study also indicates that the brain waves terhit Pune, India

from the left hemisphere are different from thatitesd
from right hemisphere and therefore the regionghef
brain in both the hemisphere show different braitivay
and perform different functions. The future reshaaims
to study the importance of the functional asymmeify
the brain for the organization of emotions thouu rela-
tive contribution of the left and right hemispherksalso
aims to find a relation between the intensity pagticular
electrode for the subjects of same age and theitienal
response to a given stimuli. The results of suodiss
can be utilized for developing brain-computer ifgee
applications which will be of great use to phydicahal-
lenged people.
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