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Abstract. The human brain has many different functions and it is so complicated that each position on 

human head provides the different electroencephalography signal. It is interesting to find out the suitable 

electrode positions for a specific brain function. In this work, the writing imagination is on focus because it is 

curious which brain functions such as imagination, movement, memory, language and perception play the 

main role on the writing imagination. This paper analyzes to find the suitable electrode positions for 

recording the electroencephalography signals when we imagine to write either circle or straight line by using 

artificial neural networks. The results reveal that the suitable electrode positions are the frontal pair of F3 and 

F4channels. This outcome is very helpful for studying further on writing imagination in the future 

application. 
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1. Introduction  

In the past, Electroencephalography (EEG) signals recorded from medical equipment was expensive and 

complicated. But now the development of technology can create an affordable product such as the EEG 

headset providing a wireless connector such as Emotiv EPOC. It is inexpensive and easy to use so it is very 

popular in research [1], [2], [3]. Eomtiv EPOC has 14 electrodes (AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, 

FC6, F4, F8, and AF4) [4]. Fig. 1 shows Emotiv’s electrodes placement (Red) and the letters F, T, C, P and 

O stand for frontal, temporal, central, parietal, and occipital lobes, respectively. To choose a suitable 

electrode positions for each brain function allows a direct analysis and time saving.  In [5], it is shown that 

the suitable electrode positions according to the brain function of emotion are T7 and T8. In another research 

studying the hand movement [6] [7], the suitable electrode positions are C3 and C4. In this study, the 

analysis of the suitable EEG electrodes for writing imagination without using arm muscle has been presented. 

This can be very useful for any future research that involves a writing imagination.  

 
Fig. 1: International 10–20 system of electrode placement [5] and Emotiv’s electrodes placement (Red). 
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2. Methodology 

2.1. Data Collection 

The data was collected by researcher. He wore an Emotiv EPOC headset and performed to look the 

animation of circle or straight line as shown in Fig.2. Then, the researcher imagined to write either circle or 

straight line. The EEG data was obtained by recording from the fourteen electrodes using raw EEG and the 

bandwidth: 0.2 – 43 Hz, digital notch filters at 50 Hz and 60 Hz [4]. The duration of imagination is 8 seconds 

for each image.  Fig.3 shows the process of data collection which researcher imagines writing the circle in 

his imagination during the experiment. In this experiment, All EEG datasets were collected from imagining 

to an animation of circle for100 datasets and straight line for 100 datasets. The measured EEG datasets will 

be used to train the artificial neural network learning later. 

      
Fig. 2: The image of circle and straight line for collecting the EEG signals. 

 
Fig. 3: Researcher imagines writing the circle in his imagination during the experiment. 

2.2. Learning Artificial Neural Network 

The EEG datasets are measured from 14 electrodes named as AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, 

FC6, F4, F8 and AF4. The patterns of EEG signals are learnt by artificial neural network and then they will 

be compared between each other to find the suitable electrodes based on the correlation coefficients. The 

correlation coefficients provide the statistical relationships between two or more random variables and 

observed data values [8], [9] as shown in (1): 

                  (1) 

The EEG datasets were normalized by scaling between 0 and 1 as shown in (2) in order to reduce 

variability [5], [10]: 

      

 

               

 

(2)

 

Fig. 4 shows the EEG signals of electrodes F3 and F4 which have the most correlation coefficients for 

recoding the writing imagination of circle(above) and straight line(below). Each electrode is used as input to 

the learning of individual neural networks. Fig. 5 shows a model of EEG data input of the artificial neural 

network and vectors of two components are defined as the output targets, Circle [0 1], Line [1 0]. 
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Fig.4: EEG signals of electrodes F3 and F4 which have the most correlation coefficients for recoding the writing 

imagination of circle (above) and straight line(below). 

Fig.5: Input and output of artificial neural network. 

2.3. Testing Artificial Neural Network 

In this testing, the researchers who have no neuro disorder histories record their EEG signals in order to 

perform two tasks. For the first task, the researchers imagine to write a circle for 100 times and relax about 1 

hour before starting the second task which is the recording of a straight line for 100 times. Then the recorded 

signals are used as data for testing artificial neural network. 

3. Experimental Results and Discussions 

Table 1 presents the classification accuracy of 14 electrodes (AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, 

FC6, F4, F8 and AF4) when imagining to write a circle. The results reveal that the top-two highest average 

accuracies can be achieved at positions of F3 and F4 which the accuracies are 70% and 72.86%, respectively. 

Table 2 presents the classification accuracy of 14 electrodes when researchers imagine writing a straight line. 

Interestingly, it can be found that the top-two highest average accuracies are at positions of F3 and F4 which 

the accuracies are 68.57% and 70%, respectively. As seen from both tables, it can be seen that the electrode 

positions at AF3, F7, F3, F4, F8, and AF4 give the correct results more than 50% when researchers imagine 

writing a circle and a straight line. From these experimental results, it can be explained that the electrode 

positions at AF3, F7, F3, F4, F8, and AF4 are placed on frontal lobe area which acts to control concentrating, 

thinking (such as ideation, imagination) and problem-solving. These experimental results get along with the 
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area of frontal lobe which was described in Fig. 6 [11]. Note that the important problem in analysing EEG 

signals is that EEG signals can be generated when a muscle is shifting of the facial such as rise of brow or 

furrow of brow. 

In [12], it was shown that the EEG signals were occurred by facial expressions in each electrode position. 

Remarkably, it was found that a pair of F3 and F4 channels provided the EEG signals with the minimum 

correlation to the facial expressions. The outcome of this work also presents the consistency with the 

research in [13] which a pair of F3 and F4 channels has an important role in the perception of information. 

Table1: Classification accuracy of 14 electrodes when researchers imagine writing a circle. 

 
Table2: Classification accuracy of 14 electrodes when researchers imagine writing a straight line. 

 

 
Fig. 6: Functional areas of the Brain [11]. 

4. Conclusion 

Among all electrode positions on frontal area, the F3 and F4 positions are the suitable electrodes to 

record the EEG signals for studying writing imagination. These results are considered by using the 

correlation coefficients in the artificial neural networks. This conclusion is very helpful to investigate the 

EEG signals in the future because it can save more time and provide a direct analysis on this specific 

problem. For future work, the authors will apply this study to send some messages by interpreting the 

brainwave signals.  
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