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Abstract - The identification of emotions based on
electroencephalogram  signal  patterns  has  attracted
considerable interest in the brain computer interface domain
owing to its various uses in the health sector, human-computer
interaction, and monitoring of mental states. This work
introduces NeuroFusion, a multi-modal deep learning model
aimed at increasing emotion classification accuracy by
incorporating EEG signal characteristics together with deep
neural networks. The system carries out the preprocessing,
feature extraction, and classification steps of the input EEG
signals using deep learning algorithms that exploit both
temporal and spatial brain patterns. The experimental results
reveal that the developed technique outperforms conventional
machine learning methods in terms of accuracy. The design of
the method allows for efficient scalability, making it ideal for
real-time applications. The source code used in developing the
algorithm is available through an open-source platform.
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1.INTRODUCTION

Recognition of emotions has been one of the areas of focus
for researchers studying brain computer interfaces and artificial
intelligence due to the varied applications that it may offer in
the healthcare industry, human-computer interaction, and
mental well-being evaluation. Since EEG signals reflect brain
activity directly, their usage in emotion recognition can be very
effective. On the other hand, they tend to be very complex and
thus not easy to classify using traditional machine learning
algorithms.

The recent advances in deep learning have offered promising
ways of obtaining information from complex biological
signals. The utilization of neural networks helps extract both
spatial and temporal characteristics of complex datasets. There
are, however, some problems that need to be addressed,
including high error rate, inability to generalize and poor
feature extraction.

In this paper, we introduce NeuroFusion, a multimodal deep
learning approach intended to increase emotion recognition by
EEG signals. Our proposed method involves using efficient
preprocessing, feature extraction, and deep learning models to
classify emotions more accurately. This framework is tested
using benchmark data sets and its results are compared to other
methods.

Our contributions in this study include the creation of a novel
multimodal learning model, efficient feature representation of
EEG signals, and improved classification results by applying
deep learning methods. Our framework will be made publicly
available using a repository link for future studies and
experiments.

1.1 Problem Statement

Recognizing emotions from EEG signals poses a difficult
challenge due to the complexity and noise present in the brain
signals. Classical machine learning algorithms have not been
successful in capturing the spatio-temporal dynamics of the
EEG signals, which results in reduced classification accuracy.
Subject variation and weak feature representation make the
problem even more difficult. Hence, there exists a need for an
efficient and accurate system for classifying EEG signals for
emotion recognition.

1.2 Proposed Solution

To overcome these difficulties, NeuroFusion, a deep
learning-based multimodal framework for emotion recognition
from EEG signals, is proposed in this paper. The NeuroFusion
framework involves signal pre-processing, feature extraction,
and deep learning models for effective analysis of EEG signals
for emotion recognition purposes. By employing neural
networks, the system can model complex patterns within the
EEG signals for improved predictions.

2. METHODOLOGY

The proposed NeuroFusion system is designed to perform
emotion recognition using EEG signals through a structured
pipeline consisting of preprocessing, feature extraction, and
classification using deep learning models. The overall workflow
of the system is illustrated in Fig. 1.
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Fig -1: Proposed NeuroFusion System Architecture

Firstly, EEG signals are recorded and processed by applying
certain filters to eliminate the noises and artifacts in the signal.
This helps ensure that the signal is clean and ready to be
analyzed. Following the processing stage, the next step is to
extract appropriate features from the EEG signal that will
capture the patterns related to emotions.

After feature extraction, the process continues by applying deep
learning algorithms where the signal’s temporal and spatial
representations can be learned. This involves training the model
to recognize the emotional state of the user.

2.1 Data Preprocessing

The EEG signal is very susceptible to interference from the
external environment, including eye movement, muscle
activation, and noise.

In the proposed method, the following preprocessing steps will
be taken:

1. Noise reduction through filtering techniques such as
band-pass filters

2. Normalizing the EEG signal to ensure consistency
among different data samples

3. Artifacts removal due to eye blinks and muscle
activity

This will enable the machine learning algorithm to extract
relevant information from brain activities without being
affected by external factors.

2.2 Feature Extraction

Feature extraction is vital when it comes to translating raw
EEG signal data into useful forms for proper classification.
For this study, statistical and frequency domain features will
be extracted to analyze unique traits associated with brain
activities.

The statistical features like mean, variance, and standard
deviation are extracted from the signal. On the other hand,
frequency features are extracted from the data using fast
Fourier transform. This method is important since it helps in
understanding the signal across various frequency bands,
which are related to emotions. These features help in

providing an informative yet simplified form of EEG signals
to facilitate emotion classification.

2.3 Classification using Deep Learning

The feature extraction results in extracted features that
become input to the deep learning algorithm for classifying
emotions.

Deep learning algorithms are known for their effectiveness in
EEG analysis since they are able to find complicated patterns
not easily extractable with other approaches.

Classification consists of the following actions:

e  Feature input to the neural network model
e Model training on labeled EEG data
e  Optimization of model parameters

A simple architecture of the deep learning algorithm utilized
in this study is depicted in Fig 2.

Input Layer

Midden Layer

Fig -2: Deep Learning Model for Emotion Classification
3. RESULTS AND DISCUSSION

Performance evaluation of the proposed NeuroFusion model
on EEG datasets was carried out to determine its efficacy in
emotion classification. To measure the efficiency in terms of
improvement in accuracy and performance, various machine
learning models were compared with NeuroFusion.

Table -1: Accuracy Comparison of Different Models

0,

Model Accuracy(%)
SVM 72
Random Forest 8
KNN 7
CNN 85

. 91
NeuroFusion Model

Table 1 shows that the suggested NeuroFusion model exhibits
the highest accuracy compared to other models under
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consideration. Conventional ML methods such as SVM, KNN,
and Random Forest have been shown to yield relatively poor
results due to the inability to detect complex patterns in EEG
data. On the contrary, deep learning models yield better
performance due to higher accuracy levels.
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Fig -3: Accuracy Comparison of Different Models

It can be observed from Fig 3 that the NeuroFusion model
outperforms other models with an appreciable margin. The bar
chart indicates the superiority of deep learning algorithms in
dealing with EEG signals, thus yielding improved performance
levels.
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Fig -4: Confusion Matrix of NeuroFusion Model

Fig 4 gives an indication of the stability of the NeuroFusion
model when predicting emotional states. It shows how accurate
the algorithm performs when making predictions across
different categories.

3.1 Performance Analysis

The enhanced performance achieved by the NeuroFusion
model is due to several important reasons:

e  Preprocessing of the EEG data to eliminate noises and
other types of artifacts

e  Feature extraction process based on both time-domain
and frequency-domain techniques

e Capability of deep learning algorithms to recognize
complex patterns

e Combining different processing stages into one
architecture

The combination of these reasons leads to better performance
and accuracy than that obtained through other methods.

3.2 Discussion

Despite the good performance metrics obtained with the
developed approach, some issues have been identified. First,
individual EEG signals are characterized by variability, which
can impact their recognition. Second, deep learning algorithms
tend to be computationally complex when compared to other
methods.

At the same time, it should be noted that the benefits offered by
the system outweigh potential shortcomings. Improved
accuracy and advanced feature recognition make this approach
valuable for emotion recognition using EEG signals.

3.3 Limitations and Future Work

Despite the enhanced accuracy obtained by the proposed
NeuroFusion model in the recognition of emotions based on
EEG signals, some limitations remain. One of the major
problems of EEG signals is their high complexity that varies
for each individual. This could hinder the performance of the
model in terms of generalizability across different datasets.

Moreover, the effectiveness of the proposed model strongly
depends on the preprocessing quality and the amount of
available labeled samples. In turn, the other challenge to
overcome is related to the computational complexity of deep
learning models, which can complicate their deployment in
real-time conditions.

Nonetheless, the proposed system has shown excellent
performance in various tests. Future research might consider
increasing the size of the dataset for improving the
generalizability of the model, reducing computational
complexity through optimization, and utilizing hybrid
approaches, among others.

4. CONCLUSIONS

The proposed NeuroFusion system presents an effective
approach for emotion recognition using EEG signals by
leveraging deep learning techniques. The integration of
preprocessing, feature extraction, and classification enables the
model to capture complex patterns in brain activity and achieve
higher accuracy compared to traditional methods.

The experimental results demonstrate that the proposed model
outperforms conventional machine learning algorithms in
terms of classification performance. The use of deep learning
allows the system to learn both temporal and spatial features,
resulting in improved prediction accuracy.

Although the model shows promising results, challenges such
as variability in EEG signals and computational complexity
still exist. Future work can focus on optimizing the model for

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM61625 |

Page 3


https://ijsrem.com/

i# International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

real-time applications and improving generalization across 91 S. Koelstra et al., “DEAP Dataset for Emotion Analysis,”

different datasets.

The implementation of the proposed system is made publicly
available to support reproducibility and further research in the
field of emotion recognition.

The implementation and source code of the proposed system
are available at:
https://github.com/apex-parzival/NeuroFusion.git

IEEE Transactions, 2012.
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