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ABSTRACT 

Initiated from the availability of a simple to use and portable wireless electroencephalography, an effort was taken 
to find out the hemisphere of the brain that would be more active during human physical body movements. By recording 
the human brain waves using this wireless headset, the electroencephalogram (EEG) data were then processed with 
EEGLAB, which is an interactive Matlab toolbox. Visual inspections were performed from the output of Channel Spectra 
and Maps. Data output from the power spectral density estimation from Matlab were tabulated using Microsoft Excel. The 
more active brain hemisphere results from the visual inspections and tabulated data were either crisscross, no crisscross or 
dominant regardless of the movement of the arm or leg raising and neck turning. 
 
Keywords: physical movements, EEG, power spectral density. 
 
INTRODUCTION 

Using a simple setup and wireless neuro headset, 
an effort was embarked to find out the general 
understanding of the left hemisphere of the brain has 
controlled over the right side of the physical body and vice 
versa, the right hemisphere of the brain has controlled over 
the left side of the physical body. This was previously 
observed using the Electrical Capacitance Volume 
Tomography [1]. The understanding of having control in 
this context meant that the hemisphere of the brain being 
more active. The more active hemisphere was determined 
by comparing the power spectral density estimations 
between the left and the right hemisphere of the brain [2]. 
The power spectral density estimations for the EEG data 
could be produced using the Pwelch function in Matlab 
[3]. The objective of this study was to find out the 
hemisphere of the brain that is more active during physical 
movements of the raising of the arms, or legs and turning 
of the neck. 
 
LITERATURE REVIEW 

The EEG (electroencephalogram) is essential to 
understand the electrical activity in a human brain. Brain 
waves from both sides of the brain function are recorded 
over time and displayed graphically on a display unit.  
Brain waves are a map of electrical current firing from 
neuron to neuron, for a while [4]. British physician 
Richard Caton first noticed the brain's current in 1875. By 
1924, German neurologist Hans Berger found a way to 
read the current by developing what was known as the 
electroencephalography. 

The inception or the beginning of cerebral 
potentials are established on the electrophysiological 
premises of the nervous system. Neural function is 
normally maintained by ionic gradients established by 
neuronal membranes. Recognizing the generator sources 
and electrical fields of propagation are basis for discerning 

electrographic patterns that underlied the expressions of 
the brain waves [5]. When electrical charges move within 
the central nervous system, electrical signals are produced.  
Ample duration and length of tiny quantities (in 
microvolts) of electrical currents of cerebral activity are 
needed to be amplified and displayed for analysis. The 
EEG displays the continuos and shifting voltage fields 
differing with various positions on the scalp. In contrast,  
the electrocardiogram only measures in the order of 
millivolts [6]. 
 
METHODS 
 
Getting ready the subjects and setup for the 
electroencephalography 

The scalp of the subject should be clean and free 
from the use of any hair cream or gel because this can 
disrupt the contact of the electrode probes. The electrode 
probes where the sensors were located must be amply 
hydrated using drops of saline to ensure good contact. The 
sensors must be individually inserted into the black plastic 
headset arms by turning each one clock-wise one-quarter 
turn until a click was felt. Subject must be in proximity to 
the Bluetooth dongle for good connectivity between the 
computer and the neuro headset. 
 
Recording the brainwaves 

The recording of EEG data was done using the 
EEG software, which was pre-installed into a computer 
running on the Windows 7 operating system. A USB 
powered bluetooth dongle was used to connect the neuro 
headset to the EEG software in the computer. The signal 
quality can be seen on the software with color indicators 
(Figure-1). Green for good signal, orange for poor signal, 
red for bad signal and black for no signal. 
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Figure-1. All channels indicated in green in the EEG 
software when there was good contact between the 

scalp of the subject and the electrode probes 
of the electroencephalograph. 

 
There were 4 subjects involved in the recording 

of the EEG. They were all healthy males and in the age 

there were 4 subjects involved in the recording of the 
EEG. They were all healthy males and in the age range of 
20 to 30 years old.  Every recording was done with the 
subject’s eyes remain closed and cotton buds in the ear. 
This was deemed necessary to condition and to minimize 
distractions to the subjects. 

The brain waves of the subjects were being 
recorded in successive routines as shown in Table-1 and 
Table-2 below. The recording of EEG was done 
continuosly (meaning the subject would do all the 
instructions without stopping or restarting the recording) 
for each arm, leg and neck routines. The recording was 
stopped after the arm routine and then was restarted for the 
leg routine.   

The first relax condition of each routine was 
alloted ten seconds while the subsequent relax condition 
were alloted only 5 seconds each.  Only the ten-seconds 
relax condition would be used for data extraction but the 
five-seconds relax condition were merely treated as 
intervals for the next change of condition. 

 

 
 

 
(b) 

 

Figure-2. Timeline when recording the brainwaves: (a) arm/leg routine, (b) neck routine. 
 
Loading and slicing the raw EEG data 

In order to be able to load the EEG raw data 
recorded using Emotiv EEG software, an interactive 
Matlab toolbox for processing continuous and event 
related EEG known as EEGLAB and an open source 
software library for biomedical signal processing known 
as BioSig must be pre-installed into the MATLAB 
environement.  

The recorded EEG data have a duration of 50 
seconds for both the arm and leg routines. As for the neck 
routine, it has 35 seconds of recorded data. The slicing of 
data has to be done to seperate out the condition for relax,  
left side, right side and both sides data for further analysis. 
Only the data with ten seconds duration would be sliced.  
The slicing of data was done using a feature in the 
EEGLAB toolbox. After choosing the “Select Data”, there 
would be a prompt to enter the minimum and maximum 
time range that needed to be sliced. The data extracted 
were two seconds after starting and two seconds before 
ending of a condition. This would give a 6 seconds of data 
for further data analysis. Each of the sliced data was saved 
as a new dataset. 

Visual inspections with channel spectra and maps 
From the saved datasets of sliced data,  channel 

spectra and maps were performed by using the “Plot” 
feature in EEGLAB. Before plotting this,  information of 
the position of each electrodes on the scalp needed to be 
loaded using the feature “Channel Locations” within the 
“Edit” option (Figure-3).  
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Figure-3. Showing the location of each channel using 
EEGLAB. 

 
The mean values of each data channel needed to 

be cleared as well before attempting to perform the 
channel spectra and maps. This was done using the feature 
“Remove baseline” within the “Tools” option.  
 
Centering, filtering and power spectral estimations 

Centering was processed using the MATLAB 
software. The concept behind centering was by subtracting 
the averaged value from each datum. Data with values 
larger than the average would have positive values and the 
value smaller than the average would have negative 
values.  

The EEG data was filtered of artifacts and noise 
using the signal processing tool in Matlab software.  
Besides that, only the alpha (8-13 Hz) frequency range 

was extracted from the EEG data using the filter 
command.  Alpha range is referred to the brain wave when 
a person was relaxed with minimal exertion of effort. 

The power spectral density was processed using 
the pwelch function from the signal processing toolbox 
within the Matlab software [3]. Pwelch returns the power 
spectral density (PSD) estimate of the input signal, found 
using Welch's overlapped segment averaging estimator. 
Hamming window was used in the pwelch function. An 
example result of this process can be seen in Figure-4 
below. 
 

 
 

Figure-4. An example from Subject 2’s power spectral 
density versus frequency. 

 
Tabulations 

The data that had been centered, filtered and 
processed with Pwelch’s method were then exported as 
delimited text files. This was to enable the data to be 
tabulated using Microsoft Excel (Table-3 and Table-4). 
The peak values of each channel were used for 
comparison. 
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Table-1. Power spectral density of Subject 2’s arm routine data for (a) odd numbered 
channels, (b) even numbered channels. 

 

Left hemisphere 

Conditions of the arm 

Channel Relax Left raise Right raise Both raise 

AF3 (μV)2 71559 99547 104950 102413 

F7 (μV)2 67399 97837 116185 79866 

F3 (μV)2 168255 68327 98372 128371 

FC5 (μV)2 78579 89088 65907 121369 

T7 (μV)2 121662 91959 105276 113964 

P7 (μV)2 93776 72473 113558 104457 

O1 (μV)2 99393 107357 91203 111981 

Total  (μV)2 700623 626588 695451 762421 

(a) 
 

Right hemisphere 

Conditions of the arm 

Channel Relax Left raise Right raise Both raise 

O2 (μV)2 132860 134316 96879 128092 

P8 (μV)2 92580 113467 102299 76676 

T8 (μV)2 110507 114690 57252 69527 

FC6 (μV)2 122688 128191 116215 145152 

F4 (μV)2 97071 72025 100420 107882 

F8 (μV)2 68802 96213 122374 92837 

AF4 (μV)2 58193 95017 85446 133587 

Total  (μV)2 682701 753919 680885 753753 

(b) 
 

From the Microsoft Excel, the data were analyzed 
by seeking the peak values of each channel data.  
Comparison between the channels situated on the left 
hemisphere (odd numbered channels) of the scalp and 
those located on the right hemisphere (even numbered 
channels) of the scalp (Table-1) would be done. If the total 
values of all the odd numbered channels is higher than the 
total values of all the even numbered channels,  it could be 
concluded that higher brain activities were present on the 
left hemisphere of the brain and vice versa. 
 
RESULTS AND DISCUSSIONS 
 
Visual inspection with channel spectra and maps 

From the visual inspection of channel spectra and 
maps,  it was discovered that when the left arm was raised, 
three of the subjects recorded higher brain activities on the 
right hemisphere of the brain. When the right arm was 
raised, three of the subjects recorded a higher brain 
activities on the left hemisphere. It was clear here that the 
left hemisphere of the brain being more active when the 

right arm was raised and vice versa. This trend was 
summarized and can be seen in Table-2 below. 

During the leg routine, the channel spectra and 
maps showed that when the left leg was raised,  there were 
two subjects that showed more active brain activities on 
the right hemisphere of the brain. There were also two 
subjects that do not show a crisscross, meaning when the 
left leg was raised, their left hemisphere of the brain were 
also more active instead of the right hemisphere. It was the 
same as well for the case when the right leg was raised, 
there were two subjects that showed more brain activities 
on their right hemisphere of the brain. This trend can be 
seen in Table-2. It was not clear here whether there is a 
definite crisscross of left brain corresponding with the 
right leg movements and vice versa. There was a fifty 
percent chance that when the subject raise either side of 
his leg,  either side of the brain could also be  

As for the neck routine, it was discovered that 
regardless of the direction that the subject turn his neck, 
the left hemisphere of the brain was more active except for 
once as seen in Table-2 below. 
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Table-2. Extracted 10 Hz graphic from the channel spectra and maps of four subjects for the neck routine. 
 

Subject Left arm Right arm Left leg Right leg Left neck Right neck 

1 

Dominant 
Right 

Dominant Left 
Dominant 

Right 
Dominant 

Right
Dominant Left Dominant Left 

2 

Dominant 
Right 

Dominant 
Right 

Dominant Left Dominant Left Dominant Left Dominant Left 

3 

Dominant Left Dominant Left Dominant 
Right 

Dominant 
Right 

Dominant Left 
Dominant 

Right 

4 

Dominant 
Right Dominant Left Dominant Left Dominant Left Dominant Left Dominant Left 

 
Tabulated data 

From the Microsoft Excel tabulations (Table-3),  
the following trends were observed as seen in Table-4 for 
the arm routine, there were two subjects with right 
hemisphere  more active when the left arm was raised,  yet 
in the same event there were also two subjects with left 
hemisphere more active. It can be concluded that there 
was a fifty percent chance of either of the hemisphere of 
the brain could be active in the event of one of the arm 
was raised. 

As for the leg routine from the data in Microsoft 
Excel (Table-4), when the left leg was raised,  there were 
three subjects with more active right hemisphere brain 

activities. Thus, when the right leg was raised,  there were 
also three subjects with more active left hemisphere brain 
activities. It can be deduced that a clear indication of a 
crisscross of left leg corresponding to the right hemisphere 
of the brain and vice versa. 

For the neck turned routine,  it was observed that 
when the neck was turned to the left (Table-4), there were 
three subjects with left hemisphere of their brain more 
active. Thus,  when the neck was turned to the right,  there 
were also three subjects with right hemisphere of their 
brain more active. It can be deduced that there was no 
crisscross over the left turn of the neck with the right 
hemisphere of the brain being more active and viceversa. 
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Table-3. Total values of odd and even numbered channels of four subjects for the arm, leg and neck routines. 
 

Subject 

Condition 

1 2 3 4 

Left 
(Odd) 
(μV)2 

Right 
(Even) 
(μV)2 

Left 
(Odd) 
(μV)2 

Right 
(Even) 
(μV)2 

Left 
(Odd) 
(μV)2 

Right 
(Even) 
(μV)2 

Left 
(Odd) 
(μV)2 

Right 
(Even) 
(μV)2 

Left Arm 
Raise 

740238 716388 626590 753917 714123 668756 548947 611379 

Right Arm 
Raise 

656517 666947 695451 680884 739970 756194 802848 763347 

Left Leg 
Raise 

694553 727082 683906 697416 685183 698391 717934 703623 

Right Leg 
Raise 

701200 731400 744470 693258 690860 639360 698881 665429 

Left Neck 
Turn 

682182 709653 740094 687993 685677 655527 738397 722954 

Right Neck 
Turn 

690585 711267 648030 748748 657838 671938 640251 617217 

 
Table-4. The arm raised conditions corresponding to the hemisphere of the brain from the data in Microsoft Excel. 

 

Arm routine Leg routine Neck routine 

Subject Left raise Right raise Left raise Right raise Left turn Right turn 

1 
Left 

Hemisphere 
more active 

Right 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

2 
Right 

Hemisphere 
more active 

Left 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

3 
Left 

Hemisphere 
more active 

Right 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Right 
Hemisphere 
more active 

4 
Right 

Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

Left 
Hemisphere 
more active 

 
CONCLUSIONS 

From the channel spectra and maps visual 
inspection, it can be concluded that for the physical 
movement of raising the arm, there was a crisscross in the 
left hemisphere of the brain over the raising of right arm 
and viceversa. As for the physical movement of raising the 
leg, it was not clear whether there was a definite crisscross 
of left brain corresponding with the right leg movements 
and vice versa. There was a fifty percent chance that when 
the subject raise either side of his leg, either side of the 
brain could also be more active. As for the physical 
movement of turning the neck, it was discovered that 
regardless of the direction that the subject turn his neck,  
the left hemisphere of the brain remained more active. 

From the tabulated delimited text files in 
Microsoft Excel, it can be concluded that for the physical 
movement of raising the arm, it can be deduced that there 
was a fifty percent chance of either of the hemisphere of 
the brain could be active in the event of one of the arm 
being raised. As for the physical movement of raising the 
leg, it can be deduced that a clear indication of a crisscross 

of left leg corresponding to the right hemisphere of the 
brain and viceversa. As for the physical movement of 
turning the neck, it was discovered that the side of the 
neck that was turned was also the same side of the brain 
hemisphere that was more active. It can be deduced that 
there was no crisscross over the left turn of the neck with 
the right hemisphere of the brain being more active.   
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