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Abstract - The researches and investigations on Brain signals get more popular in research areas. The remote controlling 

vehicles is the notice fiable research area in this concept. This study focused on this idea. In this study, electroencephalography 

(EEG) signals are firstly taken and analyzed. P300 potentials are taken into consideration when data are taken. The received 

data can be analyzed in real time by pre-processing step. The obtained EEG signals are classified by using entropy, route mean 

square, variance, expected value, max, min and standard deviation. For the control of the device, the closed eye and the arm 

standing below represent the first state, while the open eye and the air-standing arm represent the second state. In this way, in 

case of involuntary eye and arm movements, incorrect control of the device will be prevented. As a result of the study, the best 

classification result is obtained by ANN, while the best working time belongs to the proposed method. In this study, a person 

with proper muscular system can control the device. Moreover, for people with muscular system problems, the device can be 

brought to usable level with thought training for a while.  Thus, the dream of 'remote control with thought' can be realized. 
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I. INTRODUCTION 

 

The development of science enables the emergence of 

innovations in human life day by day. Many studies 

have been carried out especially in the field of 

elimination of human health problems. Scientific 

studies are usually carried out using previous 

experiences and data from individuals. In particular, 

these studies have been done to learn the brain 

structure from past to present and to define the events 

taking place in the brain and these studies are still 

continuing today. After the first detection of 

neuroactivity in the detection of activities in the brain 

[1], their meaning and transfer to the external 

environment and control of the devices are among the 

important studies done in this area.  

 

A. Motivation 

Remote non-contact controls in the outside world by 

making sense of brain signals are important for many 

areas. In particular, the control and remote of systems 

by making sense of signals from thought-based, 

stimulus-based or simple muscle movements can 

facilitate many humanoid tasks. In this way, it can be 

ensured that those who have muscle problems, 

including those with limb loss, can perform many 

services on their own.  

 

B. Problem Statement 

In this study, first of all, it is aimed to provide the 

control of an unmanned aerial vehicle by making sense 

of the brain signals by controlling the arm and eye 

coordination. For this purpose, the following steps are 

analyzed.  

• Receiving, labeling and recording EEG signals 

• Pre-processing of signals 

• Extracting attributes 

• Classification 

• Control of the device 

 

C. Proposed Approach 

EEG signals are obtained from a healthy person for 

this study. For these signals, the Emotive Epoc + 

device with 14 electrodes is used. The placement of 

the device on the head is shown in Figure 1. 

 
Figure 1. Inserting the EEG device into the head [2]. 

 

 

 
Figure 2. Location of the EEG sensors [3]. 
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The placement of the sensors of the Emotive Epoc + in 

the skull is placed as shown in Figure 2, taking into 

account the international 10-20 system. In Figure 2, 

the green dots are the sensors and the yellow dots are 

the reference points. 

 

Signals are received for 3 different situations. These 

include only the opening and closing of the eye, the 

raising and lowering of the right hand only and finally 

opening the eye while raising the right hand, closing 

the eye while lowering. For each case, first separate 

records are taken and then mixed records are taken. 

Then, labelling is made to indicate the existence of 

each situation. The label '1' is used for the closing the 

eye and lowering the arm at the same time, while the 

'0' label is used for the opening and raising the arm. 

For other cases the undefined label is used. The 

labeled signals are then filtered to remove noise.  The 

signals is then decomposed into 256 ms data packets 

for processing. This separation is performed for data 

from 14 channels. These channels consist of AF3 and 

AF4 channels used for the detection of eye 

movements, and 12 remaining channels for the 

detection of arm movement. The parsed packets are 

processed in order to extract the attribute, and the 

classification step is started after determining the route 

mean square (RMS), entropy, variance, mean, max 

and min values and standard deviation of the signal. 

Classification is based on labeled data. It is tried to 

determine which state data belongs to by considering 

attributes. Three groups were selected for 

classification. The first state in which the hand is in the 

air and the eye is open, the second state in which the 

hand is below and the eye closed, and the undefined 

third in which no two movements are performed 

together. After our data is classified, the data 

corresponding to our first and second class are sent to 

the control unit and control the device to be controlled. 

In this study, drone simulator is used as device and it is 

requested to move in two ways. These movements are 

the upward and downward movements. In the case of 

opening the eye and raising the hand, the drone is 

vented, and in the case of eye closed and the arm is 

lowered, the drone descends and the device is made 

with the simulator.   

 

Related Work 

In this field, many studies have been made on the EEG 

signals received from the brain and these signals have 

been classified and tried to determine how they occur. 

Fetz was one of the first to do this work. In their 

studies, they found that neuron activity occurs in a 

person exposed to a stimulus [1]. In the same period, 

Sutton et al. found that individuals had a positive 

potential in the brain 300 ms after attention to a 

stimulus [4]. Kaya et al. conducted a study that 

introduced the necessary devices and their properties 

for the design of a brain computer interface (BBA) and 

also determined the right and left hand movements 

through thought [5]. In their research, Hwang et al. 

found that studies on EEG are increasing day by day. 

Specifically, they reported that EEG analyzes were 

increased using P300 potentials [6]. Lotte et al. have 

classified the methods used for EEG classification into 

4 main categories. These are adaptive classifiers, 

matrix and tensor classifiers, transfer learning 

methods and deep learning. Finally, they stated that 

deep learning cannot show the success of other areas 

in this area [7]. Aydemir et al. reviewed the 

EEG-based BBA structure and compared them with 

the k nearest neighbour (KNN) and support vector 

machine (SVM) algorithms, and found that with 

small-scale data, KNN was effective, whereas SVM 

was more effective in large-scale data [8]. Vidal is one 

of the first founders of this system with its BBA 

system to derive real-time brain characteristics from 

EEG signals [9]. Acar et al. found that the electrode 

placement errors during the EEG signal were taken 

[10]. Seker et al. performed the welch method on the 

EEG signal. In the study, they tried to distinguish 

between good odor and bad odor. Found that activity 

on the left side of the brain increased with good smells, 

whereas activity on the right side increased with bad 

smells [11].  

 

McFarland et al. estimated the signals they received 

from the motor cortex with the BBA system developed 

for control purposes and provided control [12]. 

Fakhruzzaman et al. have tried to determine the 

movements by using the signals formed in the brain 

with the idea of movement [13]. Kaya et al. created a 

large EEG data set by combining EEG signals from 13 

people with 60-hour recording [14]. Kumar et al. 

proposed a frequency band selection method to obtain 

information. They stated that common spatial patterns 

were detected in overlapping bands. LDA is applied to 

each filter specification. The scores obtained were 

combined and classified with SVM. They reported that 

they obtained better results than other studies that 

classified them with the lowest error value [15]. In 

some studies, brain diseases such as Alzheimer's and 

Epilepsy have been detected [16, 17].  

 

Contribution 

While the data used in this study are meaningful, the 

situations in which two movements are performed at 

the same time are meaningful and the other situations 

are considered undefined. The aim of this is to increase 

the accuracy of detection and to prevent unwanted 

results if one of the significant movements is 

involuntary. In addition, it is detected that the two 

movements are coordinated so that they do not exhibit 

unnecessary behaviour so that more accurate 

commands can be given to the device. 
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II. SYSTEM THEORY 

 

In this study, it is aimed to understand the signals 

obtained from the human brain. It is desirable to 

control the device with these signals. The system 

diagram created for this purpose is given in Figure 3. 

The device for receiving EEG signals has 14 

electrodes and is named AF3, F7, F3, FC5, T7, P7, O1, 

O2, P8, T8, FC6, F4, F8, AF4 and contains numerical 

values. These signals are transmitted wirelessly to the 

computer environment and the data is labelled. The 
raw signal images are shown in Figure 4. 

 

 
Figure 3. BBA implementation steps. 

 

 
Data 

Figure 4. Raw signal chart. 

 

In this study, two movements will be determined. For 

this purpose, AF3, AF4 channels are used for detecting 
the opening and closing of the eyes after the electrodes 

have been placed to fit the international 10-20 system 

and the other channels are used for detecting the 

raising and lowering of the arm. After these signals are 

received, the pre-processing step of the data is started 

in computer environment. In this step, the raw data is 

filtered first. The filtered signals are shown in Figure 

5. 

 

 
Figure 5. Filtered signals. 

 

The filtered noise-free data is then packaged to contain 

256 ms of data. Afterwards, fast fourrier transform 

(fft) is applied to make the data packets workable. The 

fft applied signal is shown in Figure 6. 

 

 
Figure 6. fft applied data packet 

 

After transforming into data packets, the route mean 

squares (RMS), entropy, variance, mean, max, min 

values, and standard deviation values are calculated 

for each data packet and thus the attributes for our 

signal are determined. Attributes help determine the 

structure of the signal. It is difficult to derive meaning 

from raw signals. These calculations are performed 
and recorded separately for each data channel. After 

these operations are calculated separately for all 

signals, the classification step is started to determine 

which movement each data packet belongs to.  At this 

stage, artificial neural network (ANN) is one of the 

classification methods used.  With this method, 

attributes are used for input, while data labeled is used 

for output. 70% of the total data is used for ANN 

training, while the remaining data is used for testing. 

ANN structure is given in Figure 7. The ANN used has 

7 inputs and 1 output and has 10 neurons in the hidden 
layer. ANN 1000 iterations are running. 

 

 
Figure 7. Structure of ANN Input and Output. 

 

As another classification method, k means is used. 
There are 2 classes for this case. These classes 

represent the state of eye and arm movements. In this 

way, which class the data package belongs to is 

determined. As for Figure 8, it is determined which 

class the data belongs to for 2 classes.  

 
Figure 8. K Means State Sets. 

 

Finally, a method has been proposed by taking into 

consideration the attribute values determined by 

experience in order to perform the transactions quickly 
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and it has been tried to determine the status of the data 

package. In order to produce a fast solution in the 
proposed algorithm, tests are performed according to 

the criterion determined and decisions are made 

according to the results. In this context, the proposed 

algorithm as in Figure 9 has appeared.  

 

 
Figure 9. Proposed algorithm steps. 

 

In order to identify undefined conditions in the 

algorithm, the channels in which eye movements are 

detected and the channels in which arm movement is 

detected are compared. It is considered undefined if 

there is no movement in any channel. Then, averages 

of the attributes of all arm and eye conditions are taken 

separately. For cases below and above the average, the 

condition of the eye and arm is decided based on the 
channel. According to the structure of the data in the 

channels AF3 and AF4, the characteristics below the 

average are accepted for the closed state of the eyes, 

whereas the attributes above the average are accepted 

for the cases where the eyes are open. Likewise, the 

condition of the other channels is controlled for arm 

movement. If the attributes are below average, the arm 

is down, in other case the arm is up. If the attributes are 

below average, the arm is down, in other case the arm 

is up. At this stage, drone lift and landing instructions 

are sent for simultaneous arm and eye condition. 

 

III. EXPERIMENTAL RESULT 

 

The characteristics obtained after the pre-processing 

of the EEG signals are plotted separately. The 

characteristics obtained for the data received from the 

EEG channels are given in Figure 10.  

 
Figure 10. Graphs for attributes. 

After obtaining the attributes, 70% of the data for 

ANN is used for training and 30% for the test. 
Attributes are given as input for ANN. There are 7 

entries. The number of neurons in the hidden layer is 

then determined. 10 neurons are used in the hidden 

layer for ANN. As a result, 1 output is obtained. By 

running ANN 1000 iteration, the training graph in 

Figure 11, the performance graph in Figure 12 and the 

test graph in Figure 13 are obtained.   

 

 
Figure 11. ANN training graph. 

 

 
Figure 12. ANN performance and error graph. 

 

 
Figure 13. ANN test graph. 

 

While the targeted error rate is determined as 1 per 

thousand, the result is 1.55% and training time is 19 

seconds. Using the k means algorithm, the data is 

divided into two clusters. After the cases where the 

arm and eye movement do not take place at the same 

time, the remaining data is divided into two clusters. 

120 data are used in this process. Each data contains 7 

attributes. 7 iterations have been reached for clustering 

this data with k means. Table 1 shows the data samples 

of the clusters.  
 

Cluster Data 

Cluster 0 0,62.458,41.093,194.49,8.0659, 

47.766,2281.6 

Cluster 1 0,51.085,37.405,139.17,5.7747, 

35.332,1248.4 
Table 1.K means Cluster Data 

 

As a result of k means, the data is clustered with a 
37.5% error.  

 



International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 

Volume-8, Issue-5, May.-2020, http://iraj.in 

Controlling Vehicles Using EEG Signal and Eye-Arm Collaboration 

 

29 

Finally, in order to be used in the proposed algorithm, 

the attributes and the mean of these attributes are 
calculated in Table 1. In addition, the mean value of all 

attributes was calculated separately for the closed eye 

and the lowering arm condition, and the mean of all 

attributes was calculated separately in the case of the 

open eye and raising arm in the other case.  

 

Features General mean Open Eyes 

Raised Arm 

Close Eyes 

Lowered Arm 

Rms 65.5809 69.4333 62.0954 

Mean 44.7473 47.0069 42.7028 

Max 177.0134 191.4685 163.9349 

Min 5.9722 6.1578 5.8043 

Std 48.1894 53.5369 45.3269 

Var 2694.9876 2973.7100 2442.8102 
Table 2.Features and Mean. 

 

When the data obtained as a result of the calculation is 

examined, the mean of the attributes of the open eye 

and raised arm situation is above the general mean, 

while the mean for the closed eye and the lowered arm 

situation is below the general mean. Based on this 

observed feature, the algorithm was proposed and 

designed. Afterwards, the decision is made by 

comparison. Due to the structure of this algorithm, the 
entropy error value was not used in the comparison 

step. The number of eye and arm conditions obtained 

as a result of individual comparisons for the data are 

given in Table 3. 

 

Features 0 1 

Rms 51 69 

Mean 53 67 

Max 54 66 

Min 51 69 

Std 52 68 

Var 44 76 
Table 3.Situations Obtained by Comparison of Features. 

There are 55 available cases for the set of open eyes 

raised arms. There are 65 available cases for the closed 

eyes lowered arm. The results obtained from the 

comparison algorithm and error rates are given in 

Table 4.  

Situations Available 

Situation 

Calculated Error 

Rate 

Open Eyes 

Raised Arm 

55 41 %25.45 

Close Ayes 

Lowered Arm 

65 79 %21.54 

Table 4.Error Rate for Proposed Method 

 

The error value for the total data is calculated as 

23.33%. All results are compared in Table 5.  

Methods Data 

Package 

Correct 

Numbers 

Error 

Rate 

YSA 360 - %1.55 

K means 120 75 %37.50 

Comparison 120 106 %23.33 
Table 5.Comparative Error Ratios 

IV. CONCLUSION 

 
The Neuro activities of the human brain and their 

interpretation are among the scientifically important 

research topics. In this study, the drone simulator 

moves up and down by coordinating the two 

movements, eye and arm movements. for this purpose, 

EEG signals were taken and preprocessed and their 

properties were determined. Then, results were 

obtained with ANN, k means and proposed mean 

attribute method. In the study, ANN is the best result 

as the error rate. The best result in terms of speed is 

achieved by the proposed method. In the following 

studies, it is aimed to reduce the error rate and carry 
the study to the real world in the simulator 

environment. 
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