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Abstract

Human emotion detection using brain waves has gained significant attention in recent years due to its
applications in healthcare, neuroscience, and human-computer interaction. Magneto encephalography
(MEG), a non-invasive neuro imaging technique, provides high temporal resolution in capturing brain
activity, making it a promising tool for emotion recognition. This study explores the feasibility of detecting
and classifying human emotions based on MEG signals. By an alyzing brain wave patterns associated with
different emotional states, we employ advanced signal processing techniques and machine learning models
to improve classification accuracy. Our approach aims to enhance real-time emotion recognition, which
can be beneficial for mental health monitoring, brain-computer interfaces, and affective computing.
Experimental results demonstrate the effectiveness of MEG in distinguishing various emotional states,
highlighting its potential for future research and applications.
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Introduction

Emotions play a crucial role in human cognition, decision-making, and social interactions. Understanding
and accurately detecting emotions have significant implications in various fields, including psychology,
neuroscience, human-computer interaction, and mental health monitoring. Traditional methods of emotion
recognition rely on facial expressions, speech analysis, and physiological signals such as heart rate and skin
conductance. However, these methods can be influenced by external factors, limiting their reliability.

Brain wave analysis offers a more direct and objective approach to emotion detection by capturing neural
activity associated with different emotional states. Magneto encephalography (MEG), a non-invasive neuro
imaging technique, measures the magnetic fields generated by neuronal activity in the brain with high
temporal resolution. Unlike electroencephalography (EEG), which records electrical activity from the
scalp, MEG provides a more precise localization of brain activity, making it a powerful tool for studying
the neural basis of emotions.

This study aims to investigate the feasibility of detecting and classifying human emotions using MEG-
based brainwave analysis. By applying advanced signal processing techniques and machine learning
algorithms, we seek to identify specific patterns of neural activity corresponding to different emotional
states. The findings of this research can contribute to advancements in affective computing, mental health
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diagnosis, and the development t of brain-computer interfaces(BCls) for enhanced human-machine
interactions.

Electroencephalogram(EEG)

Magneto encephalography (MEG) is a non-invasive neuro imaging technique that measures the magnetic
fields generated by neuronal activity in the brain. It provides high temporal resolution, allowing real-time
tracking of brain functions and is widely used in neuroscience, cognitive research, and clinical applications
like epilepsy diagnosis and brain mapping.

Application

Emotion Recognition: MEG is used to study brainwave patterns associated with different emotional states,
aiding in affective computing and mental health research.

Neurological Disorder Diagnosis: It is commonly used to locate seizure origins in epilepsy patients and
assess brain function in conditions like Alzheimer's and Parkinson’s disease.

Brain-Computer Interfaces(BCI):MEG enables the development of advanced BCls for communication and
control in individuals with motor disabilities.

Due to its ability to capture fast-changing brain activity with high precision, MEG has emerged as a
valuable tool in neuroscience and cognitive research, particularly in understanding human emotions and
mental states.

Brainwaves

Our brain consists of millions of brain cells also called neurons. The neuron in our brain functions to
communicate with each other via electric impulse waves. Especially for the communication in the nervous
system, the neurons are interconnected with each other by forming into neural nets, related [8] through a
passage called 'synapse’ which allows activities. When the activity of these neurons occurs, current flows
locally produced. In this activity, jointly driven by an electric current flow from one neuron to neuron to
another and it will produce wave patterns(waves),and is known as the wave of the brain (brain waves).

I The types of brain waves

Brain waves generated by a person to change and vary from one state to another depending on their current
activities. For example, when a person's brain waves in a relaxed and

unpretentious are in stark contrast to someone who is doing their work intensively. These brain waves are
classified into five classification indication different conditions. The classification is:

TABLE1
Classification of brainwaves
Types of waves Frequency Description

Range

Cure, sleep very well.
i. The slowest brain waves and is
Delta(d) 0.5-3 Hz often associated with sleep.
ii. Multiple frequencies in the
Delta range is accompanied by the
release of human growth

hormone (Human Growth
Hormone), which is useful in
healing.
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Deep relaxation, meditation,
Improved Memory

Theta(b) 3-8 Hz i. Occurs when we dream in light
sleep or often cited as having a
dream consciously.

ii. Theta frequency is associated
with stress relief, and memory
recollection long

Creativity, Relaxation,
Visualization

Alpha(a) 8-12Hz i. Very cons compared to the
situation where a state of
relaxation that | encourage the
flow of energy and creativity and
fresh feeling healthy.

Alpha brain waves are ideal
conditions for reflection ,problem-
solving, and visualization, to act as
a gateway to our creativity

Concentration.

Beta(p) 12-27H3z i. To always keep our mind sharp
and focused.

ii. In the Beta state, our brain will
easily do the analysis and
preparation of the information, and
generate solutions and new ideas.
iii. Beta is very beneficial forwork
productivity, study for exams, or
other activities that require high
concentration and alertness.

Regional Learning, Memory and
Language Processing and
Gamma(y) >27Hz Ideation.

I. Gamma waves are shown away
from the brain signals for
anesthesia caused a deep sleep
[10], [11].

Table 1 shows the Classification of Brain Waves by the types of the wave like Delta, Theta, Alpha, Beta
and Gamma. The frequency range and also the description of the criteria for each type of wave are
specified and keeping it specific.

Emotions

Emotion is a communication method for describing inner feelings through the physical and real world in
the form of body language involves facial expressions and body

movement. The emotion was synonymous to all mankind. However, emotions have been interpreted in
different fields .

Through this theory suggest that the field of physiology, emotions was the result of the reaction of the
body. While in theory the field of neurological state, activity in the brain is the source that generates the
emotional response. Meanwhile, in the field of the cognitive theory states that mental activity is a very
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important role in the formation of emotion.

According to Model explains, there are five elements of stimuli that affect the behavior of an individual to
master the academic skills of an information and new or difficult.
Oneistheemotionalelementinvolved(motivation,persistence,responsibilityandstructure). This combination
will result in an indication in the realization of one's emotions at a certain time.

The stimulus can evoke emotions involving visual or auditory, or both at the same time. Different emotions
involve different areas in the brain .

Figurel:Basic through Emotional Reaction Interface

Figurel:Basic through Emotional Reaction Interface

Anger Surprise [)x.s‘gmt

Emotions can generally be categorized into three major classifications: Basic (happy, sad, fear, anger,
surprise, and disgust), motivation (thirst, hunger, pain, and mood) and the conscious self / Social (shame,
dignity, and guilt) . Human emotions can be said and equated in meaning in the same way through a
combination of mixed primary colours (red, yellow and blue)to produce secondary colours (orange, green
and violet). The combination of basic emotions or early stages can result in more complex emotions.

In figure 1,we can see a variety of facial expression that represents any kind of emotion that occurs in
human beings. Reactions face or facial expression that results show the human emotional responses
produced at that time. It happens automatically without being forced. However, this change can be masked
and it can be overcome with observations of brain waves in the studies undertaken.
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Figure2:ModelEmotions2Dspace.(Modifiedfromthestudy)

I.MATERIALSANDMETHODS

The methodology for this research is divided into four; (i) both visually and MEG data
isusedtoextractthedateatthesametimefromtherespondent,(ii)therecordingprocessfor
thecompletedataincludeimagecapturewiththecameraandelectricalreconstructionusing MEG,(iii)pre-
processing,featureextractionandclassificationisperformedatthesametime and (iv) the extracted features are
classified using artificial intelligence techniques to emotional faces.

Informationobtainedfromthebraintostudyproducedbytheelectricalactivityoflarge quantity neuron networks
simultaneously. Electrical activity that occurs simultaneously throughout the brain produces waves like an
MEG signal. MEG signals were full of information on the activity of the brain usually between 0.5 to
100uV in amplitude when measured from peak to peak voltage as a figure 3 shown below:
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Figure3:PeaktoPeakValue[18]

Assuch,theEEGequipmentwillendeavortostrengthenthesignal. However,when the EEG signal is very weak,
the existence and the movement disorder which causes
unnecessaryinformationsignalsEEGimportantrightandtherewasawavethatisgenerated. Preprocessing needs
to be done.The systemwill need to extract and filter out the noise and movement to get key data that
contains information about emotion, through pre-processing features extraction and classification.
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Extracted features are classified using artificial intelligence techniques using neural networks.

All the equipment for the experiment such as monitor screen, computer, EEG machine, and camera need to
prepare early at least 30 minutes prior to the session of data collecting. To ensure the respondents in a
comfortable mood, room temperature also must be maintained with an airconditioner and the respondents
must be seated 80 cm a way in front of a computer screen.

To take readings and measurements of EEG signals, this process involves the use of research equipment as
follows:

I. Software Installation Process

(a) CD Installer software installed on the computer. It aims to control the process next well using
EEG applications. With out CD installer, the software cannot function.

(b) Safe net Microdog

This software is used every time the process of data collection on respondents. Reading and data analysis
cannot be performed if Microdog is not used in a computing device. EEG also cannot function properly.It
also can be used only by one computer at a time. ii. Hardware Installation Process

Figure5:CONTECKT88-3200EEG[20]

(@) CONTECKT88-3200EEG.

These measurements will be performed using this equipment. EEG signals are an important part of the
whole process should be done carefully to avoid locations corresponding electrodes on the subject as well
as harassment and interfering with the movementofthemainsignalEEGreadings. CONTECKT88-
3200willbeabletosupplyup to 32 channels of EEG under the international standard system for electrode
placement.

EEG gel used to support the placement of electrodes will be placed and then he swept to connect
properly on the head with this place some gel flow between electrodes and skin.
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i, Data Recording Process

@) Hat/Cap EEG

EEG cap placed on the head of respondents and is connected to the main system.

Respondents were asked to act naturally and ordered them to stay in a comfortable and relaxing for a good
reading with minimal disturbance and movement. Interrogation sessions and recording of EEG signal is

Figure8: Cameras

Cameras

Video cameras are used to capture facial expressions and reactions of respondents during the data
collection process are run. The camera is used to facilitate researchers to investing at the relationship
between the expressions on the face of respondents with data.
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Pre-processing

This process is to eliminate unwanted signals of EEG to read and reconstruct the signal as close as possible
to the original activity of the brain. EEG signal
containingbrainactivity,noise,andreferenceactivities. Thisprocessisconsidered as:

Disorders and Movement

Raw EEG signal contains much noise and movement derived from static electricity or electromagnetic
fields. The interruption came from reactions around the device. Produced by body movements, such as eye
movements generate waves in the EEG signal. Process low-pass filter and the high filter process is
performed to remove the respective frequency below 2 Hz and above 40Hz. Thus, unwanted noise and
movement will be eliminated as quickly as possible.

MATERIALS AND METHODS
1. Materials
1.1 Participants

Atotalof20—30healthyadultparticipants(aged 18—35)wererecruitedforthestudy. Participants had no prior
history of neurological or psychiatric disorders.

Eachparticipantprovidedwritteninformedconsentbeforeparticipatinginthestudy.
1.4SoftwareandTools

Signal Processing: MATLAB, MNE-Python, or FieldTrip for data filtering and
preprocessing.MachineLearning:Scikit-learn, TensorFlow,orPyTorchforemotion
classification.Statistical Analysis: SPSS or R for hypothesis testing and validation.

2. Methods

2.1 DataCollection

1. ParticipantswereseatedintheMEGscannerinsidethemagneticallyshieldedroom.

2. Emotion-inducingstimuliwerepresentedusingacomputerscreenandheadphones.

3. Participantswereinstructedto focusonthestimuliwhiletheirbrainactivitywas recorded.

4. Additionalphysiologicalresponses(suchasheartrateandskinconductance)were optionally recorded to
validate MEG findings.

2.2 EmotionClassification

1. FeatureSelection:

Theextractedbrainwave featureswereanalyzed usingstatisticalmethods(suchasPrincipal Component
Analysis) to select the most relevant signals.

2. MachineLearningModelsUsed:
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SupportVectorMachines(SVM),RandomForestClassifier,ConvolutionalNeural Networks (CNNSs) for deep
learning-based classification

3. Classification Task:

The selected features were used to train the model to classify different emotional states (e.g., happiness,
sadness, fear, neutrality).

4. Performance Metrics:

Model accuracy was evaluated using standard metrics like precision, recall, F1-score,and confusion matrix
analysis.

Across-validation technique was used to prevent over fitting and improve reliability.

2.3 Statistical Analysis

A NOVA or t-tests were performed to analyze the statistical significance of MEG signal variations across
different emotional states. Correlation analysis was conducted between MEG signalsandself-
reportedemotionalratings. Therobustnessofclassificationmodels was tested using statistical validation
techniques

A flowchart-style diagram can illustrate the methodology:

1. Participant seated in MEG scanner

2. Emotion-inducing stimuli presented(images/audio/videos)

3. MEG system records brain activity

4. Rawdataundergoespreprocessing(noisefiltering,artifactremoval,baselinecorrection)
5. Feature extraction(alpha, beta, gamma wave analysis)

6. Machine learning algorithms classify emotions

7. Statistical analysis validates results

I1. RESULTANDDISCUSSION

The findings of the initial study (raw data)

Researchers expect the following results; (i) to study brain waves for the purpose of
emotions, (ii)toassociatefacialstudieshumanemotionandbrainwaves,(iii)itisveryuseful to your doctor in a
hospital and the police criminal investigation department, and (iv) help develop software packages based
on the study.

The findings and analysis of every emotion under review

This is a results of the study and analysis of results for each study involving emotional emotions of anger,
sadness, happy and emotional surprised. The data analysis showed differences in brain waves produced and
successfully recorded for each emotion that has been declared. Frequency and the type of wave involved
are also described.
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Figure10:Wave of Anger Emotions
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(a) The findings and analysis of the emotional anger.

Brainwave study showed angry emotional reactions are very clear on the right side of
thebraininvolvingthistypeofThetawaves. Thetawavesmeanofdeeprelaxationandstress relief or linked to
pressure on human emotions. Thus, Theta wave is visible when the emotion of anger occurs.

When the wave of emotion which thrilled recorded, there are changes in the wave of emotion that show at
the event response respondent view or live video joy. Reactions that occur in the brainwave activity that
shows a very noticeable in the middle part of the brain that are on Alpha waves. Alpha wave refers to
activities related to rest and quiet. Thus, the wave of emotions those are very happy in the Alpha wave,
which involves the flow of energy and creativity and fresh feel.

The results and analysis of emotional shock waves showed the occurrence of many events or reactions in
the brain. Almost every type of wave shows the reactions. The most obvious answer can be seen is in the
Delta and Theta waves. The various frequencies in the range of Delta are accompanied by emission
from(human growth hormone),which is useful in healing. While Theta shows frequency associated with
stress or high stress. Due to the many reactions that occur in Delta and Theta waves on this emotion.

V. CONCLUTION

This study highlights the potential of magneto encephalography(MEG) as a Powerful tool for detecting and
analyzing human emotions through brain wave patterns. By capturing real-time neural activity with high
temporal and spatial resolution, MEG enables the identification of distinct emotional states based on brain
responses. The findings suggest that specific brainwave frequencies and regional activations correlate with
various emotions, providing a non-invasive and accurate method for emotion recognition. This research not
only enhances our understanding of the neural basis of emotions but also opens up promising applications
in neuroscience, mental health monitoring, affective computing, and brain-computer interface
development..
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