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Abstract 

 

Emotions might be one of the most significant differences between a machine and a human being. Currently, Machine 

Learning can learn and make predictions using Data in many different fields such as Medicine. In this paper, the goal is 

to evaluate how human emotions are being executed then test the performance of ML in terms of Emotion analysis. 

DREAMER Data was used to perform all the tasks. The classification of rankings for 23 subjects’ was done. The reactions 
of subjects and EEG data were recorded while 23 participants were watching 18 different short movies. Each candidate 

has a ranking, between one to five, based on their affective state after each stimuli in terms of valence, arousal, and 

dominance. Afterward, Using Generative Adversarial Network (GAN), synthetic data will be created and analysed using 

supervised and unsupervised learning algorithms. Finally, all results will be compared. The research can help to evaluate 

the basic human emotions for robots or devices in Medicine. Robotics or cyber-physical machines in healthcare are 

already growing every day therefore, the quality of surgeries, treatments, or medical assistance can be improved. 

 

Keywords: Machine Learning; Emotion Analysis; Electroencephalography; Brain Computer Interface; Generative 
Adversarial Networks 

 

1. Introduction 

 

Electroencephalography, according to the American Heritage dictionary, is a neurological test that works with 

electronic monitoring equipment to estimate and document the electrical activity in the brain. EEG can monitor and record 

the electrical activity of the human brain. Therefore it is possible to use a Medicine Dataset for Machine Learning (ML) 

algorithms. Today, many kinds of research are aiming to solve how the human brain controls our emotions and actions. 

Several examples are; Facial expression recognition or Emotion analysis using a Human-machine interface. Today, the 

human brain is not fully understood. It is likely to get the unique language occurring in the human brain with the help of 

signal processing technology and instruments and transform them into machine understandable language. Therefore in 

this project, it was possible to use EEG Affect Recognition Dataset (DREAMER) based on the signals. 

Emotion theories and brain structure have been studied. Afterward, neurons and neurotransmitters were analysed to 
understand the electrochemical structure of the brain. The Supervised, Unsupervised, and Generative Adversarial 
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Networks in the Machine Learning field have been used to perform experiments to understand the dataset in detail.  The 

classification tests had significantly high accuracy results therefore, it is possible to use the Machine Learning approach 

in affect recognition systems. The results might be useful to provide more information to new technical solutions related 

to human emotions in intelligent systems. 

Due to the importance of the health industry in the world and the overpopulation, robots might help in the healthcare 

systems thus, intelligent machines can assist people. This research aims to study human emotions that are unknown and 

difficult to understand mathematically and explain emotions to computers using mathematics, EEG, and machine 

learning. Brain structure is not fully understood. It is aimed that this research will contribute to the development of the 

connection between the human brain and computers and help patients in hospitals. 

 

2. Literature Review 

 

2.1 The Human Brain 

 

Approximately one and a half kilogram organ that organizes every function to manage the body itself. The brain is 

also responsible to analyse the information as well as controlling emotions, intelligence, and memory. The main parts of 
the brain are Cerebrum, Cerebellum, and Brainstem [1]. The five senses can receive by the brain as tasting, touching, 

hearing, smelling, and sight simultaneously. It can assemble any message that is meaningful for us because the brain can 

collect and interpret the memory. Instincts, desires, pain happiness, and any other emotional condition is controlled by 

the brain. 

 

2.2 Emotions in Human Brain 

 

 The limbic system consists of parts such as the thalamus, hypothalamus, hippocampus, and amygdala. The limbic 

system is also called the emotional brain because it is the control center for emotions. The limbic system is associated 

with emotions [7]. Thus, the limbic system governs behaviours, exciting events, and behaviours necessary for the survival 

of the individual. The other parts of the brain and the limbic system work together to regulate purposeful behaviours 

according to the information coming from the inner and outer environment of the person. 

 

 
Fig. 1. Human brain structure (left) and the Limbic System (right) 

Source: www.macalester.edu/psychology 

 

2.3 Neurons and Nervous System 
 

The cells that make up the nervous system are called neurons. The neuron consists of three main parts. Those are the 

cell body (soma), dendrite, and axon. Dendrites are numerous and usually short extensions [7]. These extensions receive 

stimuli from receptors and other nerves. The action potential is the brief electrical event that is generated in the axon 

which signals the neuron as “active”. An action potential travels as the length of the axon and causes the release of 

neurotransmitters into the synapse. The action potential and consequent transmitter release allow the neuron to contact 

other neurons. The nervous system is the organized group of cells specialized for the conduction of electrochemical 

stimuli from sensory receptors through a network to the site at which a response occurs. [18]. 

Electrophysiology of a neuron; The general idea of electrical signals in a neuron is; there is a voltage difference between 

the interior of the neuron relative to the space surrounding the neuron, the extracellular space. This voltage is known as 

the membrane potential which is a constant of about -70 mV [8]. When a neuron is stimulated, the membrane voltage 

may indicate both positive and negative variants. These voltage variations could carry signals across the body of a neuron, 

and also contribute to signals that are broadcasted from one to another across the synapse [8]. 
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2.4 Neurotransmitters 

 

Neurons are communicating through the body and they communicate with one another to transmit signals. 
Although, neurons are not simply connected physically. Each neuron's end is a small gap that is a synapse and to 
communicate with the next cell, the signal has to be able to cross the space. This process is known as 
neurotransmission. There are excitatory and inhibitory neurotransmitters. Excitatory will increase the likelihood 
that the neuron will fire an action potential while inhibitory will decrease it. The functions of the neurotransmitters 
are explained and shown below. 
 
Neurotransmitters and their functions are explained as [6]: 

• Adrenaline (excitatory): Also called Epinephrine, it increases blood flow and heart rate. 

• Norepinephrine: (NE): also known as noradrenaline (excitatory) Increases blood flow and attention. 

• Dopamine (both excitatory and inhibitory): is mostly responsible for feelings of reward and pleasure. Abnormal 

dopamine level is common in specific disorders such as schizophrenia [2]. 
• Serotonin (inhibitory): feelings of happiness and well-being, stable mood, sleep cycle, and digestive system. 

• Gamma-aminobutyric acid (GABA) (inhibitory): Inhibits neuron firing in the Central Nervous System also, high 

levels improve focus and low levels causes anxiety, contributes to motor control and vision. 

• Acetylcholine(excitatory): learning, memory, muscle contraction, awakening 

• Glutamate (excitatory): learning, memory, and creating new nerve pathways. 

• Endorphins: natural pain killer, excitement, and exercise. 

 

 
 

Fig. 2. Illustration of the major elements in chemical synaptic transmission 

 

2.5 Emotions and Neurotransmitters 

 

Neurotransmitters and have different physiological signatures while transmitting signals throughout the brain. 

Currently, there are many unknown areas about complex emotions in the human brain, basic emotions might be detected 

in the responsible areas [10]. Basic emotions such as fear, anger, pleasure(when combined) create another layer for 

creating different types of secondary emotions, therefore, primary emotions can be combined with the experience of other, 

higher-order emotions that are more affected by specific learning and experience [11]. Using this approach, primary 

emotions are observable in evolutionarily diverse organisms, which allows us to functionally “dissect” the mechanisms 

of the presumed associated internal emotional states and their externally manifest behaviours [11]. The first important 

theory about emotions is Basic Emotion Theory which is evolved to handle fundamental life tasks, e.g., fear and anger 

can aid survival. The second theory is the Dimensional Theory of Emotion that has three types of emotions those are: 

pleasant-unpleasant, tension-relaxation, and excitation-calm [11]. 
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Fig. 3. Dimensional Theory of Emotion 

2.6 EEG 

 

The brain has hundreds of billions of neurons that are performing electrical transmissions with densely interconnected 

via of the synapses. The nerve cells in our brains are active they create electrical signals that rotate through the surface of 

the scalp. Thus by using sensors placed on the scalp it is viable to measure those changes in Voltage while performing an 

activity or solving a task [3]. The measurement of EEG divides into two parts that are considered as Non-Invasive and 

Invasive techniques. In this research, all tasks were under Non-Invasive systems. 

It is possible to say that the source of EEG signals is the pyramidal cells in the cortex. All cells in the corresponding 
area are perpendicular and parallel to each other. Each pyramidal cell has approximately 30000 exhibitory and 1700 

inhibitory inputs [4]. Thus the EEG is created by the electrical flow of neurons that are placed in extracellular space. The 

parallel configuration is; the Pyramidal neurons are spatially aligned perpendicular to the articular surface. Thus it 
creates a dipole layer in the cortex. Therefore EEG represents the mainly postsynaptic potentials of those 
pyramidal neurons which are close to the recording electrode [5]. 
 

3. Methods & Materials 

 

3.1 EEG and DREAMER Database 

 

EEG nodes, Participant number, and Age columns were used in the dataset for Machine Learning. Gender 0 is Male, 

Gender 1 represents Female subjects. It is not fully understood differences of emotions for different genders therefore in 

this research, Genders have been separated and tested individually. From EEG nodes near to limbic to were used. 

DREAMER is a multi-modal database containing electroencephalogram (EEG) and electrocardiogram (ECG) signals 

recorded. Signals from 23 participants were recorded along with the participants’ self-assessment of their affective state 
after each stimulus, in terms of dominance, valence, and arousal. All the signals were captured using wearable, portable 

and wireless equipment. [20]. The Emotiv-EPOC wireless EEG headset was used for EEG The database contains the 

participant ratings and physiological recordings of an experiment where 23 volunteers have watched 18 film clips [19]. 

EEG and ECG signals were recorded and each participant rated their emotion by reporting the felt arousal, valence, and 

dominance on five-point scales.  

The peak of the main wave of AI is about to hit industries, governments, and societies accelerating the pace of product 

and service innovation and putting data in the focus of the business interest [9]. Using AI in Medicine is also another 

challenge nowadays.  

Advanced distributed coordination and decision-making techniques allow more effective operation and availability 

therefore it is possible to combine AI, Medicine, and a cyber-physical system to build a human-computer interface [28]. 

In this work, only the EEG Stimuli part of the Database was used to perform Machine Learning experiments. Dataset 

was created based on 23 participants that watched 18 films. Out of 18 films, nine different film clips were chosen. Each 

of these nine films targets emotions as shown in the figure below. Each prepared dataset contains one film for 23 subjects. 

Each subject’s results were appended to the next one respectively. During the ML experiment datasets were shuffled, 

validated and Random State was used to avoid overfitting. 

 

 
Fig. 4. The first 5 lines of each of 9 Supervised Dataset in python W
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        Fig. 5. DREAMER database films and expected emotions 

 

The length of the film clips was between 65 to 393 s (M = 199 s), which is considered sufficient since, according to 

psychologists, video stimuli between 1 to 10 min is capable of detecting single emotions [20]. The target emotions after 

the experiment were Valence, Arousal, or Dominance. The database has results based on levels of subjects after watching 

the corresponding films. The Scale is between 1 (lowest) to 5 (highest) reactions for each Valence, Arousal, and 

Dominance measurements. The database provides information about Affect Recognition therefore it was possible to use 

it in further Machine Learning experiments. The dataset of film clips:  1, 2, 4, 5, 6, 7, 9, 12, 14 were chosen. 
The dimensional approach proposes that every emotion has different amounts of hedonic and arousal value. In the 

DREAMER database, there are three different emotions based on different film clips. This means in the Database, there 

are measurements of levels for each emotion after different film clips. 

 

       
   

 

     Fig. 6. The source of EEG signals (left) and tThe corresponding EEG nodes in prepared Dataset 

 

3.2 Valence, Arousal and Dominance 

 

Wundt (1912/1924) was among the first psychologists to argue that affective experiences involve at least two 
properties: valence (ranging from feeling pleasant to unpleasant) and arousal (ranging from feeling quiet to active) [24]. 

In Psychology, emotional valence describes the measurement to which an emotion is negative or positive, and arousal 

refers to its intensity. Dominance on the other hand represents the control and influence over circumstances [25]. It is 

explained in the section on Emotions and Neurotransmitters and it is shown in figure 6. The emotions have levels as 

explained in Dimensional Theory of Emotion [11], therefore approach in DREAMER Database using 1 to 5 to determine 

the levels of each emotion suits the experiment.  

 

3.3 Algorithms 

 

In this project, SVM, Logistic Regression, KNN, XGBoost, and Random forest (RF) were used. RF is a bagging 

technique and XGBoost is a boosting technique. RF gave the highest accuracy. The algorithm takes votes of the similar 

or same implementations, XGBoost on the other hand, improves the weights of the model [23]. Each model, in this case, 

is influenced by the previous implementation. 
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Neural Networks may give acceptable results when the Data-set is big enough. A Dense Neural Network means 

(DNN) all the nodes in each layer are connected. Before a neural network can be used for the required problem or task, it 

must be trained. The learning is based on given rules and data. After determined (100 epochs and 500 batch size and 0.01 

learning rate in this project) epochs, the NN weights the connections of the neurons afterward, it develops patterns, 

relations which also means intelligence. The learning rules depend on how the learning material changes the neural 

network iteratively. Thus the Neural Network learns how to connect the weights and relations according to its neurons 

properly. 

The RELU (Rectified Linear Units) activation function is used in input and hidden layers. The advantages of using 

RELU are: it converges faster than traditional activation functions (tan-h, sigmoid), and more particularly; RELU is non-

saturation of its gradient, which means it accelerates the convergence of stochastic gradient descent [21]. Therefore RELU 

is used as the main activation function of neurons. The Soft-max gives at least a minimal amount of probability to all 

elements in the output vector [22]. The Soft-Max activation function was used for multi-class classification. Data was 

scaled using Min-Max before the training. Neural network modelling requires knowledge of historical data on supply 

volume large enough as to provide a good training of the network [29]. 

The shape of the neural network might be related to the number of features, in this case; the training data has nine 

features(8 EEG columns and age column) for the model evaluation and training, NN has 9 input neurons, two hidden 
layers with 18 hidden layer units (nodes), and 9 output units shown in the figure below. 

 

        
 

Fig. 7. Structure of Neural Network visualization in python 

 

3.4 K-Means Algorithm 
 

K-Means is an Unsupervised Learning algorithm. Unsupervised algorithms make inferences from datasets using only 

input vectors without referring to known, or labelled, outcomes. This means for the K-Means algorithm the synthetic Data 

(generated using GAN) and original Data were used without labels. 

 

3.5 Generative Adversarial Networks 

 

A Generative Model is an unsupervised approach in ML that automatically discovers and learns the patterns in input 

data therefore the model can be used to generate or new data that could have been drawn from the original dataset [26]. 

It is possible to use GAN to generate Tabular data [27], in this research Conditional GAN for a Tabular data model was 

used (CTGAN). CTGAN outperforms all methods to date and surpasses Bayesian networks on at least 87.5% of tested 

datasets [27]. And conditional generator in GTGAN and training-by-sampling can overcome the imbalanced training data 

issue [27]. DREAMER database is a big and not balanced tabular database therefore this method was chosen. 

 

 
 

          Fig. 8. Synthetic Data (GAN) in tabular format is shown 

 

4. Results 

 

4.1 Random Forest Algorithm using Original Dataset 

 

The first method was RF (supervised learning) for multi-class classification. After training and testing, (70% train, 

30% test data) models were able to predict with 98% accuracy. There were five different classes for three of these groups 

in the Dataset. The classification groups are individual which means they do not affect each other. One more important 

issue here was not all the classification groups have five different levels. In this case, Arousal for film 4 had only 3, 4, 

and 5 while the Valence group has 1,2,3,4, and 5 as classes. RF tests were completed for 9 different films as explained in 

the previous chapter and accuracies were significantly close to each other around %98 for both female and male groups. 
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      Fig. 9. Random Forest results of arousal, dominance and valence shown for Film 4 

 

4.2 Dense Neural Network Using Original Dataset 

 

 DNN (Dense Neural Network) was used and tested for 9 films. Data was shuffled and used the same Random state 

(42) and cross-validation techniques to prevent overfitting.  The accuracy for DNN was 91.41% for male candidates for 

film 4 to classify Dominance. The accuracy was 92.44 for female candidates for film 4 to classify Dominance. After 

testing Valence and Arousal the results were similar between 90% - 95% accuracy for males and females. There were no 

overfitting (Train-Val was close to each other) during the training process. Therefore the model gave high accuracy to 

detect emotion levels (1 to 5) as a multi-class classification for Valence, Arousal, and Dominance Separately. 

 

 
 

Fig. 10. DNN implementation results for dominance, male (left) and for female (right) 

 

4.3 K-Means using Original Dataset 

 

The unsupervised learning method K-Means was applied to the original Dataset. For film14 Dataset. The results of 

dataset film14-Females were clustered properly on the other hand the results of dataset film14-Male were not reliable 

shown in the figures below. The purpose of this test was to detect the possible clusters related to Dominance, Valence, or 

Arousal using an unsupervised learning approach. Elbow method using the edge on graph was used that selects the optimal 

number of clusters by fitting the model with a range of values for K. 

 

   
 

    Fig. 11. K-Means and Elbow results for film14 Female (left) and Male (Right) respectively. 

 

4.4 Generative Adversarial Networks for Synthetic Data Generation 

 

To create Tabular Data using GAN there were 300 epochs for generator and discriminator. To observe the effect of 

quantity of GAN data; three different sample numbers of Data as 1000, 10000, and the original number of subjects, for W
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instance, there were 25472 samples for females in film-1 or 21760 for females in the film-12 dataset. The correlation 

results between original and Synthetic data are shown in the figure below. To test the generated data, the same supervised 

(RF and DNN) and unsupervised (K-Means) algorithms were used. 

 

 
 

      Fig. 12. GAN results of attributes(correlations) for Synthetic Data generation 

 

4.5 Random Forest and DNN using Synthetic Data 

 

Synthetic Data (GAN) was tested for all 9 films using 1000, 10000, and original dataset size (chosen). Dataset size 
did not affect accuracy. The best results were Female Film1 Dominance 51.67%, Female Film14 Valence 51.3%, Male 

Film12 Valence 42%, Male-Film14 Dominance 41.67%.  Arousal gave the worst results around 30% in every dataset. An 

extra algorithm SVM (Support Vector Machine classifier) was used and it slightly performed better than RF in Female-

Film1 Dominance. The highest accuracies were in films 1, 12, and 14, Dominance and arousal data for both genders and 

synthetic data of Female subjects performed better up to 10% accuracy difference. 

 

     
 

 Fig. 13. Dominance -Film1 Female and film 14 Male Supervised learning results for Synthetic Dataset 
 

4.6 K-Means Using Synthetic Data 

 

The same approach above was implemented using synthetic (GAN) data. The results were similar to the original data 

tests. In each unsupervised test, algorithms have failed to determine the exact numbers of clusters although the optimal 

number of clusters was 5 according to the Elbow Method. The results of K-Means were inconsistent. 

 

 
Fig. 14. Results of K-Means and Elbow Method implementation using synthetic data 

 

5. Discussion 

 

In this paper, the structure of the brain, limbic system, neurotransmitters, and emotion theories were explained. Based 

on two different emotional theories, it is possible to say that emotions, limbic system work together with other parts of 
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the brain such as decision making and memory. Grossberg and Levine's theory proposed that emotions are the neural 

signals that connect the instinctual sensor with the conscious brain, to make the instinctual needs to be consciously known 

to the brain, to make the instinct conceptually recognized-understood [12].  The basic emotions are evoked by sensing 

the basic bodily instinctual needs, while the “complex” emotions, including love, aesthetic emotions are evoked by higher 

cognitive needs of a human being [13]. In Maslow’s Hierarchy of Needs, physiological needs and safety needs might be 

directly related to basic emotions, while the other needs, such as the need for love, esteem, and self-actualization, are 

related to feelings such as aesthetic emotions [13]. 

There are two different generalizations for emotions. Firstly basic emotions are related to our instincts. The second 

one is emotions by experience that are complex to detect and analyse. Experience learning is related to personal behaviour, 

this means a subject might have arousal or valence based on her desires, wishes, or experiences. Thus to analyse complex 

emotions using this database was not possible. The tests were related to the dimensional theory of emotion using basic 

emotions as valence, arousal, and dominance in the DREAMER dataset.  The research was able to classify rankings of 

emotions although it was not possible to specify which exact emotion is occurring in the brain during the DREAMER 

data experiments. 

The neurotransmitter dopamine (DA), is known to mediate unconditioned pleasure and reward from food, sex, and 

drugs, but recent findings suggest that DA is also involved in the anticipatory, preparatory, approach, and coping phases 
of reward behaviour [14].  Alterations in one neurotransmitter affect other neurotransmitters. Numerous studies have 

pointed to an important role for neuromodulators (e.g., DA, 5-HT, and NE) in the emotional process [15]. There are 

relationships between higher levels of arousal and higher relation of dopamine [16] [17]. Based on this research, we can 

say that neurotransmitters control our emotions and EEG might detect signal alterations in the human brain. Thus using 

EEG signals, it was possible to analyse rankings of basic emotions.  

The supervised learning classifications for original data were successful with 95-98% accuracy. Thus, it is possible to 

say that using EEG data rankings of basic emotions can be classified. On the other hand, unsupervised learning tests were 

inconsistent to create clusters analysing EEG data. GAN has been tested to generate synthetic EEG data to widen the 

experiments on the database. The highest accuracy was 51% on the female subject using GAN data for supervised learning 

algorithms. GAN results were not high enough as in the original dataset although it is possible to say that GAN was able 

to generate synthetic EEG data with around 50% accuracy.  

 

6. Conclusion 

 

 In conclusion, emotions in the human brain were analysed. The limbic system not only controls emotions but also 

works with other parts of the brain. Neurons are the tiniest units in the brain that are synchronously communicating 

together. Neurotransmitters allow the communication process electrochemically. Because of the relation between 
emotions, neurotransmitters, and EEG signals, it is possible to detect alterations in neurotransmitter levels and using those 

signals occurring in the brain to perform Affect Recognition. The multi-output multi-class accuracies were high enough 

to use the model in real-time equipment. In this research some of the results were acceptable. Using different methods 

and models, not all models gave high accuracies and there were unstable results for several subjects.  Emotions are still 

unknown in theory and practice and this issue was the biggest limitation of this research because different subjects can 

give different results for ML systems which will cause unstable models. Not only neurotransmitters but experience, 

memory, and expectations can affect emotions. It is not yet possible to generalize emotions based on experiments. The 

goal is to help patients in hospitals by understanding basic emotions. Unfortunately, using such systems might have 

dangerous outcomes related to privacy. For future work, the Machine Learning model will be tested using Cyber-Physical 

and control systems. Finally, the EEG signals can be used to develop an Affect Recognition system to analyse or detect 

basic emotions. Therefore human-computer interface can be used in the healthcare industry to help patients in hospitals 

or to improve the quality. 
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