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ABSTRACT 

 
 

Brain Computer Interfaces (BCI) are applications that allow users to communicate and control external 
devices directly by analyzing changes in brain activity without using muscle and nerve cells, which are 

normal pathways of the brain. It can also be said that BCIs are an alternative means of communication 

between the human brain and the outside world based on the electrical activities of brain activity, which 
can be measured by electroencephalography (EEG) devices. In the EEG measured from the human brain, 

when a person wants to move a limb, the potentials associated with the event are observed in the EEG. 

This suggests that information about changes in the activity of the human brain in the cognitive or 
movement decision process can be detected in the observed EEG.In this study, the attributes of the 

signals obtained using a four-channel EEG recorder are extracted and classified. Because the 

experimental study was performed while the user was awake, it processed beta signals. Considering the 
artifacts, the processed data was used as input data for the interface by realizing offline and online trial. 

The data obtained from the EEG device was processed in a computer and transmitted to a 

microcontroller used to control the model vehicle. Data communication is carried out wirelessly. The 

model vehicle is allowed to move forward-backward / right-left and diagonally. 
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Thus, the lives of these people using BCI 

tools can be easier than their current 

situation. BCI is a link between human brain 

and computer. Unlike logical input devices 

(mouse, keyboard etc.), the BCI reads the 

waves generated from the brain at distinct 

spots in the head, converting these signals 

into movements and turning them into 

commandments that can control the output 

units.The BCI converts brain signals into 

outputs that transmit a user's purpose [1]. 

Since this communication channel is not 

connected to peripheral nerves and muscles,  

Introduction 

With the development of technology, human 
beings have tried to understand how the brain 
works more and combine it with innovative 
methods to communicate with the computer. 
The system that performs this process is 
generally called the Brain Computer 
Interface. Realization of the communication 
of the brain with the computer People who 
have brain damage but whose physical work 
is not damaged, people who cannot use their 
muscles, people with Multiple sclerosis (MS), 
amyotrofik lateral skleroz (ALS) or spinal 
cord injury can use BCI applications after 
trauma or impact.  
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it can also be used by people with severe motor 
impairment. BCI allows patients who are 
completely paralyzed or locked by brain stem 
paralysis or other neuromuscular diseases in 
ALS to express their wishes to the outside world 
[2]. The BCI tools consist of data detection, 
attribute extraction, attribute conversion and 
output devices, and a protocol that is responsible 
for the management of these four components, 
which determines the start, end and run timing of 
the system. 

There are studies in the literature that take EEG 
signals as inputs and analyze these input data 
and operate the corresponding output unit. In 
Banik et. al.’s study [3], a brain-controlled 
device was designed and EEG signals were 
studied for 3 states of mind (sleep, meditation 
and listening to music). In order to detect 
different mental states, EEG signals were taken 
from the brain with the EEG module on the 
developed device and used to move the vehicle 
back and forth. With this system, it is aimed to 
provide a new world of interaction to those who 
are lockedin syndrome but are cognitively sound 
and awake. In Ozturk et. al.’s study [4] the 
movement of a toy car is provided with real-time 
EEG data and head movements. Sevgili and 
Akin [5] worked on EEG signals of cursor 
movements classification. Li et. Al [6] improved 
quantum support vector machine with the 
arbitrary nonlinear kernel for prediction the label 
of the EEG signal. 

 

Background 

There are studies in the literature that take EEG 
signals as inputs and analyze these input data 
and operate the corresponding output unit. In 
Banik et. al.’s study [3], a brain-controlled 
device was designed and EEG signals were 
studied for 3 states of mind (sleep, meditation 
and listening to music). In order to detect 
different mental states, EEG signals were taken 
from the brain with the EEG module on the 
developed device and used to move the vehicle 
back and forth. With this system, it is aimed to 
provide a new world of interaction to those who 
are lockedin syndrome but are cognitively sound 
and awake. In Ozturk et. al.’s study [4] the 
movement of a toy car is provided with real-time 

EEG data and head movements. Sevgili and 
Akin [5] worked on EEG signals of cursor 
movements classification. Li et. Al [6] improved 
quantum support vector machine with the 
arbitrary nonlinear kernel for prediction the label 
of the EEG signal. 

The nerve cell, also known as neuron, is the unit 
whose primary function is to carry information 
and form the nervous system as a whole. All 
kinds of behavior arise from the activity of 
grouped neurons in different parts of the human 
brain. In order for neurons to communicate, a 
communication channel must be established. 
Neurons consist of three main parts called axon, 
dentrid and soma. 

When a neuron explodes, signals are sent to all 
neurons connected to their axons via dendrites. 
Dendrites can be connected to a large number of 
axons. When the total input reaches a certain 
threshold, the neuron fires and sends a signal at 
its own axon.  The power of this output signal is 
the same regardless of the size of the input. The 
basic functions of the neurons are to receive the 
signal that carries the information, to combine it 
with itself in order to understand whether the 
incoming information can be transmitted to the 
destination, and as a final process, to deliver the 
incoming signal wherever the target system is.  

The human brain, which has many common 
features with other vertebrate brains, is the most 
important organ of the central nervous system. 
Understanding the parts of the brain will be 
useful for understanding the signals from the 
brain. Figure 1 shows sections of the brain. 

 

 

Figure 1 Brain sections b) Serebrum sections 
 

The brain is mainly examined in four sections 
(Figure 1.a). The Brainstem (1) performs basic 
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body operations autonomously without the need 
for conscious thinking. Limbic System (2) 
includes thalamus, hypothalamus and amygdala. 
The limbic system plays a central role in the 
realization of behaviors such as fighting or 
escaping. The cerebellum (3) is responsible for 
posture, balance and sensitive movements. 
Cerebrum (4) fulfils high brain functions such as 
conscious thinking, action selection and control. 

The cerebral cortex is divided into four basic 
subsections called lobes (Figure 1.b). The 
occipital lobe (5) is a low-level visual-spatial 
processing center of the brain, such as color 
separation and motion detection. The temporal 
lobe (6) is responsible for long-term memory. 
The parietal lobe (7) combines resources 
associated with the outside world, such as 
internal sensory feedback from the skeletal 
system, muscles, head and eye. The frontal lobe 
(8) is the area where our eyes and limbs are 
controlled, where most of the conscious thoughts 
and decisions involving voluntary movements 
and motor parts are found. 

 

Biomedical signals 

Electrical or non-electrical signals detected by 
electrodes or transducers from a living biological 
organism are called biological signals. 
Biological Signs of electrical origin are obtained 
by medical measurement methods; 

• ECG (Electrocardiogram) 

• EMG (Electromyogram) 

• EEG (Electroencephalogram) 

• ENG (Electroneurogram) 

 • ERG (Electroretinogram) 

 

EEG signals 

The biological signals obtained as a result of 
neural activity of the brain are called EEG (10 
µV to 100 µV in amplitude; 0.5-50 Hz band).  
EEG is a physiological signal capable of 
reflecting the underlying processes in the brain 
for understanding human behavior and inferring 
conclusions [7,8]. 

EEG is the electrical monitoring of brain waves. 
Both the alertness and electrical activity 
produced by the nerve cells in the brain during 

sleep are printed as brain waves on paper. Owing 
to EEG, brain electricity is made visible in a 
simple way. The EEG device receives the brain 
electricity and saves it on paper by strengthening 
it. The amplitude of the EEGs detected over the 
head is 1-100 µV from top to top and the 
frequency band is 0.5-100 Hz [8].  

When the brain produces a neural activity, a 
huge number of signals could be applied for the 
BCI. These signals are divided into two 
categories: field potentials and spikes [9]. Spikes 
projects the action capacity of single neurons 
and are obtained owing to microelectrodes 
inserted by invasive methods. Field potentials 
are a reading of the unified synaptic, neuronal, 
and axonal activities of the neuron sets and can 
be weighed by EEG or inserted microelectrodes. 
The ordination of EEG signals by frequency 
/bands is given below (Figure 2). 

 

 

Figure 2 Brain waves in normal EEG [10] 

 

a) Delta (δ) signal: The frequency range is 
0.5-4.5 Hz and the amplitudes are 20-400 μV. 
The amplitude inclined in the slowest and to be 
the highest waves. It is observed ordinarily in 
adults in deep sleep and in infants. 

b) Theta (θ) signal: The frequency of these 
signals varies between 3.5-7.5 Hz and their 
amplitude varies between 5-100 μV. Theta is 
connected with insufficiency and dreaming. 
Actually, the measure of theta exemplifies the 
route of being awake or asleep. In adults, high 
levels of theta are considered abnormal. 

c)Alpha (α) signal: This signal frequency 
ranges between 7.5 - 12 Hz and amplitudes 
range from 2-10 μV. Hans Berger called the first 
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rhythmic EEG activity he saw as “alpha wave” 
[11]. It appears by closing eyes and loosening. It 
is about resting and before falling asleep. 

d) Beta (β) signal:  Beta is a brain signal in 
which the frequency ranges between 12 Hz - 30 
Hz. Amplitudes vary between 1-5 μV. Beta 
waves are usually divided by β1 and β2 to obtain 
a more particular scope. These signals are small 
and fast, for example, when withstanding or 
compression a movement or solving a math task. 
In such cases an increase in beta activity is 
observed.  

e) Gamma signal: A signal with a frequency 
area of 31 Hz and above. The amplitudes are less 
than 2 µV. Reflects the mechanism of 
consciousness [12]. They carry the characteristic 
sign of sleep [13]. The gamma wave is seen in 
the 4th stage of sleep, in moments of learning, in 
moments of extreme happiness and difficult to 
detect by EEG. 

 

Types of BCI 

The main purpose of BCI devices or variants is 
to capture electrical signals passing between 
neurons in the brain and convert them into a 
signal detected by external devices [14]. As 
shown in figure 3, there are three types of BCI 
signal collection methods. 

 

Figure 3 BCI signal collection methods 

The first of these methods is that invasive BCI 
devices are placed directly into the brain and 
have the highest quality signals. These devices 
are used to provide functionality to people with 
stroke [15,16]. These devices, which are 
standing in the gray matter in the brain, produce 
the highest quality signals of the BCI devices. 
But when they react to a foreign object inside the 

brain in the body, they cause the signal to 
weaken or even disappear [14]. Second, Non-
invasive BCI has minimal signal clarity as it 
disrupts the skull signals when it comes to 
communication with the brain. However, it is 
thought to be safer compared to other interfaces 
as it does not require any intervention to the 
brain [17]. The non-invasive technique is a 
technique in which medical scanning devices or 
sensors are mounted on the headbands and reads 
brain signals. It reads the signals less effectively 
because the electrodes cannot be placed directly 
in the desired part of the brain. EEG is easy to 
use, cheap and portable [14].  Third, partially 
invasive BCI devices are placed inside the skull, 
but not inside the gray matter, outside the brain. 
The signal strength here is slightly weaker 
compared to invasive BCI. 

 

BCI Process Steps 

The signals obtained in an EEG-based BCI 
system are transmitted to the application 
interface after entering the pre-processing, 
feature extraction and classification stages 
(Figure 4). The general structure of the brain 
computer interfaces consists of five main steps. 

Signal acquisition: Signal acquisition is the first 
step in the BCI process. Considering that the 
brain is simply composed of parts that perform 
different operations, the electrodes to be placed 
close to the relevant section provide information 
about that region. BCI systems are realized by 
analyzing different combinations of electrodes 
and electrical signals received from these 
electrodes in different ways. There are three 
ways to detect the electrical reflections of 
electrochemical interactions of electrodes and 
neurons in BCI systems [18]. The electrodes are 
placed directly into the brain shell as micro 
electrodes. In this method, the skull is opened 
and the micro-electrode matrix is attached to the 
brain by an operation [2,19].  This method is 
also called an invasive method. The skull is 
opened, but this time the electrodes are not 
inserted into the brain's shell, but are laid on the 
brain shell in the form of an electrode matrix. 
The electrodes here are not micro structured as 
in the first method. This method is called partial 
invasive. Electrodes attached to the skull with a 
conductive gel are used. This method is called 
non-invasive technique. 
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Figure 4 BCI functioning block diagram 

 

Extracting an attribute: Digitalized signals 
are subjected to many analyzes, such as spatial 
filtering, voltage amplitude measurements, 
spectral analyzes, or single neuron separation. 
This analyzes reveal the signal properties of 
user-encoded messages or commands [2].  In 
order to use the recorded signals purposefully, 
some features that best express the signal should 
be determined and studied with these features. 
Extraction is the process of purifying 
neurophysiologic signals from noise and other 
unnecessary information, but at the same time 
preserving the distinctive characteristics of the 
signal. Another purpose of the feature extraction 
process is to reduce the size of the data to be 
classified. The selection of the attribute is done 
in such a way as to answer the questions about 
which features will be selected and what the 
amount will be [20]. 

Conversion algorithm: The conversion 
algorithm converts the signal properties into 
device command orders in order to fulfill the 
user's requests. Each independent algorithm 
(such as signal properties) is converted to 
dependent algorithms (such as device 
commands) [2].  Classifiers used in BCI research 
can be grouped as linear classifiers, neural 
networks, nonlinear bayes classifiers, closest 
neighborhood classifiers, and combined 
classifiers. 

Output device: Today, many devices can be 
used as output units. These are the orthosis 
devices, especially the monitor, which output 
unit to use can be determined according to the 
needs of the user. 

 Operating protocol: BCI has a protocol that 
manages and maintains operation. This protocol 
provides feedback to the user by managing 
processes such as system on and off, frequency 
and format of use. 

 

Materials and Methods 

This section describes the steps of operating an 
output unit designed as an embedded system by 
processing and classifying the signals received 
from the EEG device. 

 

System Design 

The BCI control system developed within the 
scope of this study includes three subsystems: 
signal processing system, interface and vehicle 
control system. The signal processing system 
records analyzes and converts EEG signals from 
the computer into control commands. The 
interface system, on the other hand, transmits 
signals received from the Muse EEG to the 
microcontroller (arduino) via bluetooth to 
determine the model car motion states and to 
monitor the commands sent to the model car. 
The control system receives control commands 
and converts them into electrical signals to drive 
the vehicle (Figure 5). 

EEG signals were obtained from four different 
male volunteer participants (age range 22-26, 
average 24). Users were informed about the 
experiment before recording EEG signals. Muse 
EEG device was used to obtain the signals 
(Figure 5.b). Figure 6 shows the plan of the 
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Figure 5 a) Prototype of the developed model b) EEG device used in this study c) software 

developmentinterface 

electrode placement of the Muse EEG. The EEG 
device used in the research can receive data from 
four channels as TP9, AF7, AF8 and TP10. 

 

Figure 6 Muse electrode placement scheme 

according to 10-20 international standards 

In the study, a remote-controlled model car with 
a working frequency of 2.4GHz, which was 
reduced by 1/12. The model car, which is guided 
by using radio frequency, can be used as full 
function as forward-back-right-left and cross. 

With the microcontroller, the code written in 
Python language which enables the movement of 
the vehicle is executed and this is transmitted to 
the control of the vehicle in real time. Thus, the 
movement of the vehicle is ensured by EEG 
signals.  

The attributes of field potential signals are 
different from each other. These threshold values 
also differ. The threshold value for beta varies 
from person to person. Considering the data 
obtained from the offline trial from four 
volunteers participating in the experimental 
study, the threshold value for the beta was 
determined as 20%. A distinctive increase in 
beta signals is observed in the motions 
performed while the person is awake. For this 
reason, in this experimental study, the attributes 
of beta signals received from the user are 
extracted and used as input data for the interface. 

 

System operation 

Both offline and online users' experience has 
been taken for the operation of the system. In 
both stages, users were asked to mount the EEG 
device. 

In the offline trial, users were asked to use the 
remote control for the model car and move the 
car forward, backward, right and left. In this 
process, data were obtained with EEG device. 

In the online trial, users were asked to 
concentrate on moving the car without using the 
model car controller and explained how they 
could “use their heads” for direction. In the case 
of no concentration, “eye closure” is mentioned. 
If they are concentrated, the car is activated and 
the “chin tightening” is explained to stop the car. 
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With the obtained EEG signals, the car was 
started to move and stop. In this process, online 
EEG recordings of the users were obtained. 

For the Beta values calculated from the EEG raw 
output obtained from four channels with the 
EEG device, the range was determined as 0.20. 
If the average Beta value obtained from four 
channels is above 0.20, the concentration value 
required for the movement of the model car is 
provided. When this threshold value is exceeded, 
the car moves forward. When this value is below 
0.20, no movement is possible.  

The movement of the head in the right, left, front 
and rear directions is determined by the 
gyroscope on the Muse EEG and the forward, 
back, right and left movements of the vehicle are 
defined. Field potentials also change when some 
motor movements occur. EEG recorders can 
detect and filter artifacts such as heartbeat. The 
beta value change in the “chin tightening” 
motion was determined to be used as an input 
data to stop the vehicle.  

In Ubuntu, a Linux-based operating system, to 
transmit information from the EEG to 
microcontroller, Muse is paired with Bluetooth, 
then MuseIO is used to connect to Muse with the 
following codes. 

 

muse-io - -device “MAC address of the 
matching muse device” --dsp --osc osc. 
udp: //localhost: 5000 

 

The software that will analyze the data that 
contains Muse device information and move the 
car is run with Python code to be written to 
Terminal in Ubuntu operating system (python 
beta.Py).  

The interface developed as a result of the 
execution of this code shows whether the device 
moves with concentration or not, and if it is 
moving, the direction of the device is determined 
by the gyroscope. 

In case the required concentration value could 
not be provided, the “eyes closed” was used as 
an alternative method for movement. The value 
obtained as a result of “eyes closed” made the 
vehicle move forward. The flow chart of this 
system designed in figure 7 is given. 

 

Figure 7 Designed system general flow chart 

 

Results 

In the interface designed within the scope of this 
study, first the beta value from four channels are 
read and the average value is obtained. If the 
value calculated for beta is below the threshold 
value (20%), the EEG record continues to be 
read from user. If the beta value is above the 
threshold value, direction information is 
obtained by using the gyroscope located on the 
muse device (2D, xz). Unless an interrupt 
occurs, the process loops. Interrupt is the 
deterioration in beta signals that occur during the 
" chin tightening" action. 
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In figure 8, a screen shot of the developed 
interface is presented. The value of the obtained 
beta signal is 0.295428350568, exceeding the 
specified threshold. Thus, the vehicle moves. It 
is seen that the direction information is forward 
with the forward movement of the head obtained 
from the gyroscope on the EEG Muse. It is also 
understood that the obtained signal value is 
good. 

 

 

Figure 8 Forward acceleration of the model car 

in the interface software developed in Python 

The value of the beta signal obtained is 
0.250078838319, which exceeds the specified 
threshold. However, because the necessary “chin 
tightening” movement is made to stop, the 
vehicle appears to be stopped and parked (Figure 
9). 

 

 

Figure 9 Stopping the model car in the interface 

software developed in Python 

 

Discussion and Future Works 

The aim of this study is to measure and evaluate 
the electrical signals in the brain and to activate 
a radio-controlled model car and to direct the 
model car movement with an EEG device with 
accelerometer. The desire of the user to move 
any limb is called motor intent and causes a 
change in the motor cortex in brain signals. 
Therefore, hand movements (physical and 
imaginary) can be observed mainly in the motor 

cortex of the brain [21]. Alpha and beta activities 
in the sensorimotor cortex change at the moment 
of motor intention [4]. Beta signal measurement 
as the electrical signal to be measured was 
successful. In the evaluation phase, the threshold 
value and the target of moving the radio-
controlled car in the forward direction was 
achieved. In addition, the EEG device used in 
the research has been used to determine the 
direction of movement of the device in the 
measurements made according to the mass 
position of the device and these values have 
been successfully transferred to the radio-
controlled model car. In this experimental study, 
the communication with the microcontroller was 
realized in real time. In order to minimize the 
delays caused by the microcontroller structure, it 
will be beneficial to use hardware interfaces with 
less latency time tolerance in future studies. 
Using microcontrollers with a BUS structure, 
such as ARM® architecture, with a multi-stage 
pipeline structure with minimum interrupt 
latency, which allows the use of embedded 
cache for data transfer, as well as the buffer 
structure, will reduce the total delay time. 

In the study, since the device has four channels, 
mathematical operations have been performed 
by taking into consideration the values from here 
and the radio-controlled model car has been 
directed. If EEG headbands or EEG devices with 
more channels are used, an even clearer signal 
measurement will be obtained as the 
diversification of incoming data will be greater. 
The results obtained from this study confirm the 
results obtained from similar studies in the 
literature [3,4]. Using EEG signals and motor 
movements together as input makes this study 
different from similar ones. These study results 
are important in terms of showing that the 
required concentration can be achieved while 
recording EEG signals during physically 
performed motor movements. Systems designed 
in these and similar studies can also be used to 
increase focus, especially in children with 
attention deficit and hyperactivity disorder. It is 
possible to use such structures in the 
entertainment games and toys sector.  

In addition, the low-cost design of interfaces on 
different platforms will expand the application 
areas of these systems as it is performed in this 
study which facilitates the classification and use 
of data obtained from EEG devices. In future 
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studies, multiuser applications can be made in 
which direction information is obtained by using 
EEG signals.  Users with different demographic 
characteristics can be selected as a sample. It 
will contribute to the literature to make 
applications where EEG signals obtained from 
male and female participants are compared and 
used as input data. The use of multi-channel 
EEG recorders with less artifact tolerance will 
increase the reliability of the studies. 
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