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Abstract

A Brain-Computer Interface (BCI) is a direct communication pathway between a human and external device. This system is very useful
especially for disabled people as their brainwave still can emit electrical activity and can move the machine even with severe motor im-
pairments. This research aims to investigate the brain waves produced by humans in terms of attention level for robot movement based
on sex and age category of children (6-12 years), teenagers (18-25 years old) and adult (30 years and over). An Electroencephalography
(EEG) device called Neurosky Mindwave Mobile has been used to obtain brainwave signals produced by humans. There were five as-
pects of robot movement namely forward (F), right (R), left (L), backward (B) and stop (S). From the analysis, the subject is less focus
when doing the backward movement compared to another aspect of movements. Based on sex difference, the male has a higher attention
level than female in every aspect of movement except for the left movement. The age group that has the highest attention level is teenag-
er and the lowest is adult. It can be concluded that the attention level produced by human varies depending on age and sex difference of

the individual itself.
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1. Introduction

In today’s increasingly sophisticated technology, the creation of
technology has influenced human life. The development integrated
robot in order to be controlled by users has also been rapidly gen-
erated. Electric wheelchairs have also been built to help disabled
people in their daily activities. However, this is especially limited
to patients who have fully paralyzed or have a spinal cord injury
that prevents them from controlling wheelchairs using a control
device. In recent years, so much research has been done to pro-
duce controlled electric wheelchairs only by using brainwave sig-
nals through the Brain-Computer Interface (BCI) system. The BCI
system is especially useful for disabled people or paraplegic pa-
tients.

Brain-Computer Interface (BCI) is a system that uses communica-
tion networks between a human brain nervous system and ma-
chine or computer. Through this system, people can move ma-
chines or computers without using their limbs and this system is
especially useful for disabled people such as paralysis and stroke

[1].

Brain Computing is a technology that makes human brainwaves as
an input and will be accessed to produce output. Humans can send
signals to an object or mechanism by using only the force of mind
or rather the brainwave. Brainwaves can be detected using sensors
placed on the scalp. The mental states and condition of the person
can be configured by determining the brainwave type that being
produced by that person. Analog brainwave signal has been con-
verted into digital form to measure the speed and attention. This

measurement and recording process known as Electroencephalog-
raphy (EEG) [2].

This research has been studied to analyze the human brainwave
pattern produced by humans depending on age and gender catego-
ry by using Neurosky Mindwave Mobile in terms of attention
level (related to beta wave) to improve the quality of signal and
the accuracy of wheelchair robot’s movement based on the result
obtained.

2. Related works

2.1. Brain-Computer Interface (BCI)

BCl is a technology that allows people to control a mechanism
using only the power of mind. This technology provides commu-
nication and control capabilities to people with severe motor disa-
bilities. This can be done by placing the electrode on the head to
detect the signal or more accurately the brain waves generated and
then sent to the computer to analyze the information [3].

The BCI study objective is to restore vital functions to people who
are highly disabled by various neuromuscular disorders, and en-
hance the functioning of healthy individuals [4]. The basic concept
of BCI consists of five steps; signal acquisition, signal enhance-
ment, feature extraction, classification and control interface. Fig-
ure 1 shows the general concept used for the BCI system [5].
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Fig.1: General concept of BCI

2.2. Electroencephalography (EEG)

Electroencephalography (EEG) is the first non-invasive neuron
imaging technique used to measure brain electrical activity. EEG
signals are detected from the scalp and contain noise due to elec-
trical disturbance and electrode movement. The EEG measures
brain waves (voltage graphs over time) through electrodes by
using the sum of potential actions transmitted by neurons in the
brain. An electroencephalogram is a record of the oscillations of
brain electric potential recorded from electrodes positioned on the
human scalp [6]. EEG is usually recorded by using common
standard called International 10-20 system as shown in Figure 2.
This system is an internationally recognized method to describe
and apply the location of scalp electrodes in the context of an EEG
experiment [7].
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Fig. 2: 10/20 Electrode Positioning System
2.3. Characteristics of the brainwave

Figure 3 shows the types of brain waves produced by humans.
Each brainwave has its own state of affairs.

Brainwave Type  Frequency range Mental states and conhitlons

Delta 0.1 Hz to 3 Hz Deep. (ll:emfﬂess sleep. non-REM sleep.
unconscious

Theta A Hzto 7 Hz Intuitive, creative. recall, fantasy.
imaginary. dream

Alpha $ Hz to 12 Hz Relﬁxgd. but not drowsy. tranquil.
conscious

Low Beta 12 Hz to 15 Hz Formerly SMR. relaxed yet focused.
integrated

Midrange Beta 16 Hz to 20 Hz Thinking, aware of self & surroundings

High Beta 21 Hzto 30 Hz Alertness. agitation

Gamma 30Hz to 100 Hz Motor Functions. higher mental activity

Fig. 3: Brainwave type

Delta wave (0 Hz - 3 Hz)

This wave has a very large amplitude. This is a stage where people
are asleep and unconscious. Humans are currently in a state of
sleep without a dream. Studies show that this wave will decrease
as the age increases. Often patients with brain disorders such as
coma and bleeding often produce this wave [8].

Theta wave (4 Hz - 7 Hz)

These waves often produce much in children. The waves show
that the brain is in full stage of relaxation as practiced by yoga
masters. Humans who experience this wave are always in fantasy,
have a lot of creative imaginations or minds [9].

Alpha wave (8 Hz - 12 Hz)

This is the level of human feeling in rest, meditating or meditation.
This wave shows that humans are in a state of calm and are in a
state of conscious mind that is conscious and unconscious. Often
the decisions taken while in this situation are most appropriate in
solving a problem [10].

Beta wave(13 Hz - 40 Hz)

This wave is a conscious mind. Usually occurs in Parietal Lobe
and Frontal Lobe. The beta wave can be divided into three parts:
low beta (12-15 Hz), midrange beta (16-20 Hz) and high beta (21-
30 Hz). Low beta show that the human being is in focus but still in
a state of relaxation. For the midrange beta, people who experi-
ence this wave condition perform thought, focus and mindfulness.
High beta waves are also a ranking where the brain is in a state of
alert and has turbulence in itself [11].

2.4. Neurosky Mindwave Mobile

Mindwave Mobile (Figure 4) is a brainwave detection device used
to capture signals in the brain and to translate it into visual or digi-
tal form. This tool has a function such as eSense. ESense is a spe-
cialized Neurosky patent algorithm in classifying existing brain
waves. There are two types of eSense; eSense Attention and
eSense Meditation. eSense Attention meter shows the concentra-
tion and focus of Mindwave Mobile users. Disturbances, drifting
thoughts, less focus or anxiety can lower the level of the person’s
attention. The eSense Meditation meter shows the user’s “tran-
quil” level. According to an explanation from Neurosky, brain
waves related to concentration are beta waves while those relating
to peace of mind are alpha waves. The waves were measured us-
ing a unique scale value set by Neurosky between 0 and 100 [12].

Fig. 4: Neurosky Mindwave Mobile

3. Methodology

3.1 Block diagram of brainwave detection system

Figure 5 shows the block diagram of the brainwave detection sys-
tem. The brainwave signal generated by the user will be tracked
by Mindwave Mobile and transmitted to the Arduino UNO micro-
controller via wireless network. The Arduino UNO will send in-
structions to the servo motor to move the robot forward, right, left,
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backward and stop depending on the Mindwave Mobile signal.
After that, the EEG signal of a user based on the attention level
will be analyzed for controlling the robot movement. Arduino
Integrated Development Environment (IDE) software has been
used to get the attention value in a digital form ranging from 0 to
100 by using code provided by Neurosky. The attention value
being analyzed based on age and gender category for every aspect
of movement.

NEUROSKY HC-05 ARDUINO ARDUINO SERVO
MINDWAVE Bl—]\}lgggfgﬂ UNO UNO MOTOR
MOBILE - + Convert « Send » Control
* Brainwave * Transmitter analog into instruction the
sensor digital for robot direction
form movement of the

robot

Fig.5: Block diagram of brainwave detection system [13]

3.2. Experimental procedure

A total of 50 respondents according to gender and age category
which is; 20 children (6-12 years old), 20 teenagers (18-25 years
old) and 10 adults (30 years and over) were selected for the brain-
wave analysis experiment for controlling the integrated robot
movement. There are five aspects of robot movements to be taken
into account, namely forward (F), right (R), left (L), backward (B)
and stop (S). Figure 6 shows the flow diagram of the experiment
conducted to a user for each type of age and gender category.

The testis
conducted
forone
minute
for every
aspect of

movement

Fig 6: Experiment flow diagram of Mindwave Mobile users [14]

The tests are conducted according to the following steps:

1. Respondent is required to use Neurosky Mindwave Mo-
bile to control the movement of the integrated robot.

2. User is directed to highly focus as the robot will move
when the user raises the attention level over the thresh-
old value.

3. Mode of movement which is forward (F), right (R), left
(L) and stop (S) is selected by the blink detection pro-
duced by the user.

4. Backward (B) movement is selected by when the user
lifts up the eyebrow as the poor signal quality is pro-
duced.

5. Experiment is conducted for one minute for every aspect
of the movement.

6. The resulting concentration level is analyzed by using
the Arduino IDE software.

7. Steps 1 until 6 are repeated using another specification
of age and gender.

4. Results and Discussion

4.1 Range of attention value

Figure 7 shows that the attention level of the children's stage for
males is higher than female except for backward movement. The
males have great attention (80-100) during the forward and right
movements and hard to focus when doing the backward move-
ment compared to the females as the maximum range of attention
value is 50-60.
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The level of attention produced by the teenager's level of sex dif-
ferences is shown in Figure 8. The data show that for the teenager
category, females are more focused than males in all robot move-
ment except during left and stop movement. The range of attention
levels produced by teenage girls is between 50 and 60 which clas-
sified as neutral attention.
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Fig. 8: Range of attention value for the teenager

Figure 9 shows that the maximum level of attention level for the
adult stage is during the right movement of 90-100. Based on the
gender comparison, male adults have higher levels of attention
than women for each component of the movement. It also shows
that during adult stage, the level of attention that can be produced
is very less compared to another category of age.
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Fig. 9: Range of attention value for the adult
4.2 Average of maximum attention value

Figure 10 shows that for forward movement, the teenager has the
highest attention value compared to another age category. Wom-
en's adult has the lowest average of maximum attention level
when doing a forward movement of 68.6. In terms of gender, men
are more focused than women for each age category when doing
forward movement.
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Fig. 10: Average of maximum attention value for forward movement
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From Figure 11, it shows that teenager has the highest attention
value for right movement and the lowest is children. For the right
mode of robot movement, males have the highest attention level
compared to females.
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Fig. 11: Average of maximum attention value for right movement

The female’s attention values for all age category when doing left
movement is higher than males as shown in Figure 12. Based on
age comparison, the teenager has the highest attention value while
the adult has the lowest.
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Fig. 12: Average of maximum attention value for left movement

From Figure 13, males have the higher attention level than fe-
males for all type of category. The highest attention value pro-
duced is in the teenager stage while only slightly different of at-
tention value between children and adult.
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g. 13: Average of maximum attention value for backward movement

Figure 14 shows that the teenager has the highest attention value
among the age groups while the adult and children has slightly

different of attention value but the lowest attention value for stop-
ping the robot movement is in children stage.
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Fig. 14: Average of maximum attention value for stop movement

4.3. Age and sex differences in attention

The percentage of the average maximum attention value for each
gender (25 males and 25 females) for every aspect of movement
regardless of the age category has been calculated as shown in
Figure 15. The overall percentage for the average maximum
attention value can be calculated by the total average of maximum
attention value divided by the number of participants. It shows
that for every aspect of movement, people tend to focus more
when doing right movement while the lowest attention value is
when doing backward movement. In gender category, the attention
value produced by male is higher than female.
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Fig.15: Percentage of the maximum attention value

Previous study shows that there are various factors that can affect
the human attention value and some of the effects is based on the
age and sex differences of the individual [15]. However, the anal-
ysis of attention value based on gender and age category is not
being fixed as each human brain is different and another factor
such as surrounding and disease factors associated with the human
brain also can lead to less attention.

In this research, an EEG device called Neurosky Mindwave Mo-
bile has been used to acquire the brainwave data produced by the
human. EEG is the first non-invasive method. The dry type of
EEG used an active electrode to record the EEG data at the fpl
position located on the frontal lobe with reference to the earlobe.
Hans Berger states that beta activity is associated with the meta-
bolic process of cortical tissue and related to the attention. The
higher the amount of beta wave produces, the higher the level of
attention [16].

Through experiments conducted show that male is more likely to
focus than female for all aspects of movement except for the left
movement where the level of women's attention is higher than
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men. The processing of getting the raw data of brainwave is locat-
ed in the frontal lobe of the brain for EEG system as the cognitive
function has commonly associated with the prefrontal cortex. A
research based on the brain anatomy found that the size of the
frontal lobe in the male is 1% larger than that of the female [17].
Besides that, male are more focus on in specific task and less sen-
sitive to the surrounding compared to the female [18].

However, the results obtained during the left movement are very

different where the female has higher levels of attention than male.

This result is really significant to the investigation study of the
attention level of undergraduate students based on gender differ-
ences [19]. The results show that female students have a better
ability to pay attention than male students. Female students pay a
higher level of attention during visual-based activities while male
students are good at hand-based activities. Gray matter is really
important in attention because this area contains many nerve cells
or neurons. Based on brain anatomy, women have a higher per-
centage of gray matter while men have a higher percentage of
white matter [20]. However, female is more sensitive about emo-
tion which can affects the resulting concentration [21].

Analysis of brainwave signals shown that a teenager has the high-
est attention level followed by children and adult has the lowest
attention value in every aspect of the movement. A teenager has
the highest attention value because beta waves produced is higher
as most people having so much mental activity at this age and
more emotion or mental states happen in this age life span.
Research based on the brain anatomy concluded that the frontal
volume of the human varies according to age. As we know, the
collection of EEG signals is located in the frontal lobe of the hu-
man brain. Older subject has less frontal lobe volume compare to
the younger subject. That's why the adult has the lowest attention
value than child and teenager. Besides that, differences in cogni-
tive abilities among age category can be related to some disease
occur that affect the human attention such as attention deficit dis-
order (ADD), especially for children. According to statistic, ADD
is affecting 3% to 10% of children and 4% of the adult [22].

For aspect of movements, the right mode of movement has the
highest attention level compared to another aspect of the move-
ment. The lowest of attention level produced by the human is
when doing the backward movement. This is due to the difficult
task to imagine the robot to reverse instead of going forward when
focus. Therefore, eyebrow movement is being used for backward
movement instead of using attention level.

5. Conclusion

Based on the experiment, it can be concluded that age and sex
differences could affect the attention level produced by the hu-
mans. From the analysis, male is easier to focus compared to the
female for every aspect of robot movement except for left move-
ment. Based on age comparison, the teenager has the highest at-
tention value followed by children while the adult has the lowest
attention value in all age category studied. Since the attention
value for every aspect of the movement varies according to age
and sex differences, the threshold value for the integrated robot
movement controlled by Neurosky Mindwave Mobile can be set
differently based on the age and sex category of the subject.
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