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Abstract 
In the pattern recognition field, features or object’s characteristics are one of the key points to 
recognizing them. The feature extraction process will see that objects have different features, 
where the features are obtained through the analysis process from the extractor, such as for 
data statistics, energy, power spectral, and so on. This study aims to enrich the point of view of 
EEG signal features by quantifying the signal. It will be analyzed whether the features obtained 
by quantization represent the EEG signal object from different viewpoints. This research uses 
the DEAP dataset, with the result being a feature vector that will be included in the artificial 
neural network classifier using the Keras library. The experiment carried out is to try to enter 
quantized and Non-quantized feature vectors into the classifier. As a result, the accuracy of the 
classification process with the quantization vector was 75%, and the accuracy in the Non-
quantized vector classification process was only 58%. These results indicate the EEG signal 
quantization feature can represent the EEG signal object. 
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1. Introduction 

Machine Learning (ML) or machine learning is an approach in Artificial Intelligence that is widely 
used to replace or mimic human behavior to solve problems or automate. In the Machine 
Learning area, generally, the data used as input in the machine is a feature that can represent 
or represent an object in the process of classifying the object itself. The classification itself is a 
method in machine learning that is used by machines to sort or classify objects based on certain 
characteristics [1]. An object certainly has different characteristics or features when viewed from 
the process of getting the features or features it has. That way, the detection of an object can 
not only be seen from one point of view or one feature, but also from another point of view. To 
detect an object in more detail requires a lot of features. The more the number of features, the 
more complex and detailed the features will be so that it has an impact on classification. 

The features of an object are obtained through the feature extraction process which is the 
process of analyzing the object from a certain point of view, for example from data statistics, 
changes in frequency from time to time, energy, zero-crossing rate (ZCR), pitch, spectral power 
and so on [2]. One of the efforts that can be made to enrich the object's features is through a 
process known as quantization. The general use of quantization is for the conversion of a 
continuous signal into a discrete signal in the digitization process through a device called an 
analog-to-digital converter (ADC), where an analog or continuous signal will go through 3 
processes consisting of sampling, quantization, and coding. A continuous or analog time signal 
is interpreted at each time value and taken for the values in a continuous-time interval. 
Meanwhile, discrete or digital time signals are interpreted only at specific time values and are 
usually taken at the same time intervals [3]. The quantization process is the process of rounding 
data values into certain predetermined numbers. The more levels used, the more accurate 
signal data is stored. However, this will result in large data sizes and a long process. 
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Meanwhile, the coding process provides a code for each quantized signal data based on the 
occupied level [4]. 

The object of research in this study is the brain wave signal which is commonly known as signal 
EEG. The EEG signal data used is a secondary dataset, namely the DEAP dataset1. The DEAP 
dataset consists of recorded EEG data from 32 research subjects with a stimulant in the form of 
40 music videos given to subjects in each experiment. EEG signal data recording refers to the 
international system standard 10-20 by using 32 channels. EEG signal itself is one of the 
biosignals produced by neurons in the brain and transmitted through the surface of the human 
scalp and can be used to analyze epileptic diseases, sleep disorders, brain paralysis, or 
emotions. EEG refers to the recording of the brain's spontaneous electrical activity over a short 
period, usually 20-40 minutes via electrodes attached to a part of the cortex of a person's head 
[5].  

In previous research, several studies have been carried out related to the feature extraction of 
EEG signals from various perspectives. One of them is a study related to feature extraction of 
EEG signals by performing statistical analysis of signal data to find out signal information that 
can distinguish signals from one another. There are several statistical features used in this 
study, namely the peak to peak value, the average value of the amplitude, the mean value of 
the amplitude, the standard deviation, skewness, kurtosis, the absolute average value of the 
first and second derivatives, and the normalized value of the mean. These static features are 
taken from each channel that has been previously selected which is the characteristic of each 
signal to be clustered [6]. Then, in other studies, EEG signal feature extraction using power 
spectral was carried out with the consideration that the power spectral can provide information 
for each frequency from the data processed into the system, where previously the data was still 
in the time domain. Another consideration is that spectral power provides a faster computation 
time for real-time identification. [7] 

Based on the background and previous studies, the focus of this study that distinguishes it from 
previous studies is that in this study, a feature extraction analysis study of EEG signals was 
carried out from a new perspective, namely, signal quantization. The purpose of this study is to 
analyze whether the EEG signal features obtained based on signal quantization can represent 
the EEG signal itself from different points of view. The EEG signal will be analyzed through its 
features based on the quantization of the signal that has been successfully implemented. The 
output of this research is in the form of feature or feature vectors resulting from the quantization 
process, where the feature vectors will then go through the classification process. This 
classification acts as a method of evaluating the quantization output using the Neural Network 
classifier which is implemented with the Keras library. In this process, there are two 
experiments, namely comparing the classification of the quantization feature vector with the 
feature vector without quantization. Then the accuracy of each experiment will be sought to 
determine which experiment gives better performance in the classification process. 

 
2. Research Method 

This research is divided into several stages including literature study, data collection, feature 
extraction, classification, and system evaluation. At the literature study stage, the authors 
search, collect, learn, and understand the information and literature needed in making and 
implementing research. Furthermore, the data used in this study are secondary data, namely 
EEG signal data to analyze emotions obtained from the DEAP Dataset. DEAP Dataset is a 
multi-modal dataset for the analysis of human affective states. The initial stage through which 
the EEG signal data is passed is a normalization of the Min-Max data. Then, the next stage is 
the main stage in this research, namely feature extraction which includes the process of frame 
blocking, windowing, and quantization of the EEG signal to obtain features from different points 
of view. Furthermore, the feature extraction output is classified. Then, the final stage in the 
research is an evaluation to calculate the correct results in the study and get an accuracy value. 
The following is a general EEG signal quantization research design: 

                                                             
1 Dataset source : http://www.eecs.qmul.ac.uk/mmv/datasets/deap/download.html. 

http://www.eecs.qmul.ac.uk/mmv/datasets/deap/download.html
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Figure 1. Research Design Flowchart 

 

2.1 Literature Study 

At this stage, the writer searches to collect, learn, and understand the information and literature 
needed in making and implementing research. Information and literature are obtained from book 
literature and other related information sources. 

2.2 Data Collection 

In this study, the EEG signal dataset used is a dataset that has gone through the Python 
version of the preprocessing stage, where the EEG signal data has been down-sampled to 128 
Hz, the artifacts have been removed, and so on. 

There are 40 channels in this dataset where channels 1-32 are channels for EEG signals placed 
based on the international system 10-20, and channels 33-40 are data signals for hEOG, 
vEOG, zEMG, tEMG, GSR, respiration belt, Plethysmograph and. In this study, the authors only 
use EEG signal recording, namely data signals on channels 1-32 and ignore signals that are not 
EEG signals. A file with a .dat extension representing one research subject from a total of 32 
.dat files will be extracted into 40 CSV files. The number of CSV files is a representation of the 
number of trials when recording an EEG signal. Then in each trial, there are 40 channel rows 
used in the dataset and 8064 data sample columns. 

Table 1. DEAP Dataset Content 

No Category Value 

1 Subject 32 

2 Video 40 Video 

3 Rating Scale Arousal, Valence, Dominance, 
Liking 

4 Rating Value Value scale 1-9 

5 Recorded Signals Peripheral physiological signals, 
Face video (on 22 subjects) 

 
2.3 Feature Extraction 

 
2.3.1 Frame Blocking 

The first step carried out in the feature extraction series is frame blocking where the signal is 
divided into several frames. Each frame contains signal points according to the frame length. 
The frame length that is usually used for signal processing is between 10-30 ms. Besides, this 
process is generally done in an overlapping manner for each frame. The overlap length that is 
commonly used is approximately 30% - 50% of the frame length. Overlapping is done to avoid 
losing the characteristics of the signal at the intersection of each frame. 

To calculate the frame blocking process with overlap, the following formula is used. 
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𝑦(𝑛) = 𝑥(𝑛 +𝑀)       (1) 

where :  

M  = overlapping frames obtained from multiplying the amount of data with the 
length of the frame  

N  = number of data 

n  = data index 

x (n + M) = the value of the recorded signal 

y (n)  = the result of frame blocking. 

 

2.3.2 Windowing 

The next step taken with the EEG signal before entering the main quantization stage is 
windowing. There are several types of window functions, but the most commonly used is the 
Hamming window. The Hamming window function is as follows. 

𝑤(𝑛) =  0.54 −  0.64 𝑐𝑜𝑠 (
2𝜋𝑛

𝑁−1
) , 0 ≤ 𝑛 ≤ 𝑁 − 1    (2) 

The output representation of the window function for the input signal is: 

𝑦(𝑛) = 𝑥(𝑛).𝑤(𝑛), 0 ≤ 𝑛 ≤ 𝑁 − 1     (3) 

where : 

N  = the duration (in sample units) for each frame or frame length 

y (n)  = the windowing signal sample value 

w (n)  = the Hamming window function and x (n) is the sample value from the signal 
frame to-i. 

In this study, after obtaining the Hamming window results on the EEG signal, then the 
calculation of the average value of the sample frame is carried out using the following equation. 

𝑦(𝑘) =  
1

𝑙
∑ 𝑥[𝑘, 𝑖]𝑙
𝑖=0        (4) 

where :  

y (k)  = the average sample frame 

l  = the frame length  

x [k, i]  = every ith sample of k frame. 

 

2.3.3 Quantization 

Then, the next step that the EEG signal goes through is quantization. The quantization process 
converts a continuous signal x(n) into a discrete signal xq(n), which is used to represent x(n). 
The quantization mathematical equation is as follows. 

𝑥𝑞(𝑛) = 𝑄[𝑥(𝑛)]      (5) 

where : 

Q  = the quantization process  

xq(n)  = the quantized signal (discrete-valued). 

There are two ways in the quantization process, namely rounding and truncation. The way of 
rounding changes the value of each data to the nearest number. Meanwhile, the truncation 
method will change the value of each data to the smallest number value. 

As for the EEG case in this study, the quantization equation used is as follows. 
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𝑦𝑞(𝑘) =

{
 

 
−1 ≥ 𝑦(𝑘) > 0.5 ,     − 1

−0.5 ≥ 𝑦(𝑘) > 0,        − 0.5

          0 ≥  𝑦(𝑘) > 0.5,      0.5

      0.5 ≥ 𝑦(𝑘) ≥ 1 ,              1

   (6) 

As seen in the equation above, to obtain the quantization value of the EEG signal four 
conditions refer to the y (k) value or the average sample frame value, where later the value of y 
(k) will fulfill one of the four conditions.  Determine the four conditions in the equation because in 
this case the quantization level is divided into 4 levels. 
 
2.4 Classification 

The result of the feature extraction process which is a quantization feature will go through the 
classification process. For the estimated feature vector classification, the authors rely on the 
Neural Network classifier which is implemented using the Keras library. 
 
There are two ways to classify emotions based on EEG signals, namely by selecting several 
channels based on predetermined criteria or by using all available channels. In signal 
processing, it is necessary to reduce the number of channels used because a large number of 
channels take a lot of time and makes data analysis difficult. By selecting certain channels, the 
computational load required for data analysis and features used is reduced, thereby minimizing 
computation for feature extraction and classification processes. Taking these things into 
account, the authors chose channel F8 from a total of 32 EEG signals to obtain the required 
features. The selection of channel F8 is based on the location of the channel close to emotional 
impulses [8]. 
 
In this process, the feature vectors obtained from processing the EEG signal data of one of the 
research subjects are included in the classifier to classify two types of emotions, namely positive 
emotions and negative emotions from the liking label on the DEAP dataset. Liking data from 
subjects in the dataset is numerical data with a scale of values from 1 to 9. Each research 
subject has 40 liking data according to the number of trials on the DEAP dataset. The 
determination of the value of positive and negative emotions is carried out by normalizing the 
liking value. After that, the search for the average value is carried out, where the result of this 
average value becomes the limit for determining the positive and negative values of emotions. 

2.5 Evaluation 

Evaluation is carried out to get an accuracy value which reflects how well the system has been 
made. In this research, the accuracy value will be used by using the equation: 

P =  
b

n
 x 100%            (7)  

where :  

P = the level of accuracy 

b = the number of correct data  

n = the total data. 

By obtaining a P-value, it can be stated that if the P-value is greater, the system will be better 
and vice versa if the P-value is getting smaller, the system cannot recognize the emotion well. 

 
3. Results and Discussion 

Research on feature extraction of EEG signals based on the quantization point of view is 
implemented using the Python programming language. 

The data used in this study is a secondary EEG dataset obtained from the DEAP website, with 
a total of 32 files with data extension representing 32 research subjects. The form of the EEG 
signal from the research subject after the plotting process of the data files in the DEAP dataset 
is as follows. As seen in Figure 2, the plotting results of one of the .dat files from a total of 32 
.dat files show the shape of the EEG signal which will pass through several processing 
processes in this study. 
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Figure 2. 1st Subject’s EEG Signal 

This research was conducted by inputting EEG signal data into the system and then carrying 
out the Min-Max normalization process. Normalization is the process of scaling the attribute 
values of data so that they can lie within a certain range. With this normalization, the 
comparison value of data before or after processing becomes balanced or standardized. Then 
the output from this process will enter the frame blocking stage. 

Frame blocking itself is the initial stage of the feature extraction process in this study. In frame 
blocking, EEG data which is the output of the normalization process is divided into 125 frames 
containing signal points with a frame length of 64. The length of the overlap area used in this 
study is half of the frame length. 

The next step in the feature extraction series is windowing the frame blocking results using the 
Hamming window function. Then, after the Hamming window results are obtained for the EEG 
sample, the average value of the sample frame will be calculated. Then, the EEG data goes 
through the main stage of the feature extraction series, namely quantization. In this quantization 
stage, new feature vectors will be generated from the EEG signal. The following is the form of 
an EEG signal that has been quantized and without quantization. 

 

Figure 3. 1’st Subject EEG Signal Sample Without Quantization 
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Figure 4. 1’st Subject EEG Signal Sample With Quantization 

The feature vectors will then go through a classification process. The classification stage in this 
study acts as a method of evaluating new features resulting from the quantization process to 
determine whether the features of the quantization results can represent the EEG signal itself. 
In the DEAP dataset, four labels are consisting of arousal, valence, dominance, and liking. In 
this process, the feature vectors obtained from processing the EEG signal data of one of the 
research subjects are included in the classifier to classify two types of emotions, namely positive 
emotions and negative emotions from the liking label on the DEAP dataset. 

Classification is implemented using the Keras library, which is a library that runs on the 
TensorFlow machine learning platform. The Neural Network architecture used is as follows: 

a. First layer: input layer with 250 neurons 
b. Second layer: hidden layer with 500 neurons 
c. Third layer: hidden layer with 250 neurons 
d. Fourth layer: hidden layer with 250 neurons 
e. Fifth layer: hidden layer with 500 neurons 
f. Sixth layer: the output layer has 1 neuron with sigmoid activation function 

In this study, 100 epochs of Neural Network architecture were conducted. 

At the evaluation stage, there are two experiments, namely comparing the classification of the 
feature vector through quantization with the feature vector without quantization. The following is 
a table of the accuracy obtained based on the experiments that have been carried out. 

 

Table 2. Accuracy Table 

Quantization Accuracy 

Yes 75% 

No 58% 

As shown in the table above, the feature vector with quantization has a positive impact in 
representing the EEG signal which is indicated by the acquisition of accuracy of 75%. Then, the 
feature vector without quantization can represent the EEG signal, but the accuracy is lower than 
the feature vector with quantization, which is 58%. 
 
4. Conclusion 

Based on the results of the tests carried out, the conclusion that the writer can draw is that the 
quantization feature is one of the features that can represent EEG signals, shown by its 
accuracy in the classification of positive and negative emotions from the liking label on the 
DEAP dataset with Neural Network classifier with the Keras library. In this study, it was proven 
that features with quantization have an accuracy of 75% compared to features without 
quantization which only obtain an accuracy of 58%. 
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