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Abstract: Abstract: Human feelings play a crucial function in powerful verbal exchange and choice-making. In the technology
of artificial intelligence (Al) and human-computer interplay (HCI), enabling machines to apprehend, discover, and reply to
human emotions has come to be increasingly essential. This research offers a real-time Facial Emotion Recognition (FER)
system that detects and classifies seven key human feelings Angry, Disgust, Fear, Happy, Sad, Surprise, and Neutral from live
video streams using a Convolutional Neural Network (CNN) model.

The model changed into skilled at the FER2013 dataset, using facts augmentation, elegance balancing, and dropout techniques
to improve accuracy. The machine uses OpenCV for real-time face detection, TensorFlow/Keras for CNN model education, and
a Flask-based totally web application for an interactive person interface. The proposed technique demonstrates high actual-time
overall performance, achieving as much as eighty five% validation accuracy, and offers a couple of actual-global packages,
along with mental health monitoring, e-mastering, customer service enhancement, and emotion-aware Al assistants.

Keywords: Facial Emotion Recognition, Deep Learning, CNN, OpenCV, FER2013 Dataset, Flask Web Application, Real-Time
Detection.

I. INTRODUCTION

Human emotions play a critical feature in communication, selection-making, and social interaction, forming the inspiration of
human behavior and relationships. Understanding feelings facilitates in expressing mind efficiently and responding correctly to
important situations. With the fast development of synthetic intelligence (Al) and tool studying (ML), modern-day structures are
more and more predicted to analyze, recognize, and respond to human emotions, permitting machines to have interaction with
human beings more obviously and intelligently. This has given upward thrust to the sector of affective computing, in which laptop
systems are designed to apprehend emotional states and adapt their behavior as a result.

Among severa emotion detection strategies, Facial Emotion Recognition (FER) has won giant interest due to its reliability and
hooked up applicability. Facial expressions are one of the maximum powerful and natural signs of emotions, as studies display that
more than fifty five% of human conversation is non-verbal. FER structures can interpret the ones subtle facial cues and map them to
emotional states, developing better human-pc interplay (HCI) opinions. Applications of FER are abruptly increasing into fields
which includes intellectual fitness monitoring, e-studying, digital assistants, customer support enhancement, gaming, and
surveillance systems. By making machines extra emotionally smart, FER contributes to developing structures that recognize users
higher and provide extra custom designed offerings. This task introduces a actual-time Facial Emotion Recognition System that
combines deep analyzing and pc imaginative and prescient to discover and classify seven primary human emotions: Angry, Disgust,
Fear, Happy, Sad, Surprise, and Neutral. The device leverages the energy of Convolutional Neural Networks (CNNs) to
mechanically extract capabilities from facial pictures, getting rid of the want for guide function engineering utilized in traditional
device learning strategies. To gather sturdy performance, the model is educated the use of the FER2013 dataset, which incorporates
more than 35,000 grayscale pictures of facial expressions accrued beneath diverse situations. A crucial characteristic of the
proposed device is its real-time functionality, enabled thru the aggregate of OpenCV and Flask. The webcam captures stay video
input, and Haar Cascade classifiers are used to find out facial regions within the frames. The detected faces are preprocessed and
handed to the educated CNN version, which predicts the corresponding emotion together with a self belief score. The Flask-based
totally net interface enhances usability via providing a easy, interactive platform wherein users can begin or forestall detection and
feature a observe predictions right away. Designed with accuracy, scalability, and customer-friendliness in thoughts, this Facial
Emotion Recognition System has extensive-ranging packages in more than one domain names. In healthcare, it can help therapists
and docs in assessing affected man or woman emotions remotely. In education, it may be used to show screen student engagement in
virtual classrooms. Businesses can combine FER into customer support systems to research customer delight, at the same time as
gaming and virtual fact systems can decorate character experience with the aid of the use of adapting gameplay based on emotions.
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Il. LITERATURE REVIEW
The speedy development of Facial Emotion Recognition (FER) has endorsed large research inside the fields of pc vision, deep
getting to know, and human-pc interaction (HCI). Various studies have tested specific techniques, datasets, and fashions used to
stumble on emotions from facial expressions. Earlier research depended on traditional handcrafted feature extraction techniques,
while current works have shifted closer to deep studying-based methods that robotically analyze patterns and reap better accuracy in
actual-time environments.
Shan et al. (2009) [1] proposed a facial expression popularity model based on Local Binary Patterns (LBP) blended with a Support
Vector Machine (SVM) classifier. Their observe confirmed suitable accuracy for 6 primary feelings but required sizable manual
function engineering and faced difficulties beneath varying lighting conditions and head poses.
Mollahosseini et al. (2016) [2] brought one of the first deep learning-primarily based tactics for FER, employing a Convolutional
Neural Network (CNN) skilled on big datasets which includes FER2013 and CK . Their work confirmed tremendous development
compared to traditional fashions, highlighting CNNs’ capability to mechanically extract strong hierarchical capabilities.
Li et al. (2017) [3] addressed the challenges of real-world facial emotion detection, such as pose version, occlusion, and noisy
statistics. They proposed a deep locality-retaining studying version blended with crowdsourced annotations to enhance facts
tremendous. Their experiments proved that outstanding datasets significantly decorate recognition accuracy and device reliability.
Goodfellow et al. (2014) [4] brought the FER2013 dataset in the path of the ICML opposition, which has thinking about the truth
that end up a benchmark dataset for schooling FER systems. It includes extra than 35,000 grayscale pics categorized with seven
emotions. However, because of its low decision (forty eightx48 pixels), carrying out excessive common overall performance calls
for facts augmentation and sophistication balancing strategies.
Cohen et al. (2018) [5] investigated multimodal emation recognition, integrating facial expressions, voice tone, and textual content
sentiment to beautify device accuracy. Their look at established that combining more than one records assets offers better results as
compared to the use of facial expressions by myself but will increase computational complexity.
Kahou et al. (2015) [6] developed a deep multimodal neural network for real-time FER using both CNNs and Recurrent Neural
Networks (RNNSs). Their version completed properly on dynamic video sequences however required massive computational sources
and vast preprocessing.
Ng et al. (2015) [7] as compared traditional feature-primarily based techniques with deep mastering-based totally completely
strategies on multiple FER datasets. Their outcomes indicated that CNN-based fashions continuously outperformed hand made
strategies like LBP, Gabor filters, and HOG capabilities, mainly in unconstrained real-worldwide situations.
Sariyanidi et al. (2015) [8] carried out a complete evaluate of function extraction techniques and concluded that hand made
strategies often fail in complex environments regarding occlusions, various illumination, and pose range. Their observe emphasised
the need of adopting deep studying architectures for proper, strong emotion popularity.
Zeng et al. (2018) [9] targeted on enhancing real-time FER overall performance the usage of optimized CNN architectures and mild-
weight frameworks. Their approach reduced latency whilst keeping excessive accuracy, permitting deployment on component
gadgets collectively with smartphones and 10T structures.
In evaluation, the proposed tool builds upon the ones studies by way of the use of integrating deep studying, real-time video
processing, and a Flask-based totally net interface to create an end-to-end Facial Emotion Recognition System. Unlike in advance
works that during general cognizance on offline datasets or unmarried-photograph predictions, this task gives a real-time, webcam-
driven FER answer capable of classifying seven distinct feelings with stay opportunity rankings. By combining CNN-based totally
definitely schooling, OpenCV-primarily based detection, and Flask deployment, the device bridges the space among educational
studies and real-global programs, ensuring excessive accuracy, scalability, and sensible usability.

IILMETHODOLOGY

A. Existing Methodology

In modern facial emotion popularity structures, the way frequently is primarily based on conventional device gaining knowledge of

techniques and older pc imaginative and prescient strategies. Typically:

1) Handcrafted Feature Extraction: Older strategies use manually engineered abilities like Local Binary Patterns (LBP), Histogram
of Oriented Gradients (HOG), or location detection to extract key facial elements and expressions. This calls for large pre-
processing and place recognize-a manner to select out out capabilities that extraordinary represent facial feelings.

2) Classical Classifiers: After feature extraction, classical machine reading models collectively with Support Vector Machines
(SVMs) or K-Nearest Neighbors (KNN) are used for emotion class. These fashions carry out pretty properly on small,
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controlled datasets however battle with massive variations in actual-worldwide statistics collectively with precise lights
situations, face angles, and ethnic diversities.

Static and Offline Processing: Many gift systems artwork on static photographs or pre-recorded movies. Real-time, non-stop
emotion detection is a lot hundreds a whole lot less not unusual due to computational limitations or the dearth of strong
fashions. This limits the practical usability of emotion reputation in dynamic, actual-time eventualities which encompass live
video conferencing or interactive applications.

Proposed Methodology

The suggested tool eliminates the boundaries of traditional methods with a deep mastery to detect real -time, strong feeling and help
in state -Art -Art -Shorten -laptop Powerful and present:

1)

2)

3)

Deep Convisional Neural Network (CNN): Instead of manually designing abilities, the machine uses a professional CNN that
automatically teaches Hiezen, Hiezen, rich in raw face pictures. It improves the accuracy and flexibility of facial expressions
and conditions significantly.

Real -Time Detection with OpenCV: The proposed technique integrates OpenCV for processing video movement. The face is
discovered in real-time haar cascade or DNN-Mainly based on the use of complete detectors. The detected faces are then passed
through the informed CNN version, which collectively predicts emotional elegance with the score of the self -concept.

Increased training technique:To control the imbalance and over -installation of facts, the unit uses techniques such as data text,
aesthetic weight balance, dropout layer and planning of reading speed. This ensures that the version normalizes well for
unsettled faces and manifestations.

IV.SYSTEM DESIGN AND ARCHITECTURE

[ Start

A4

Open Web Application

v

Webcam Activation

A 4

Face Detection

A 4

Emotion Prediction

A 4

Emotion Display

Stop Detection
Clicked?

Stop Detection J

Fig. 1: "Workflow of Facial Emotion Recognition System™
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A. Diagram Overview

Start

»  This marks the start of the Facial Emotion Recognition (FER) system.

Open Web Application

*  The consumer launches the Flask-based net interface to start the emotion detection machine.
Start Emotion Detection

e The user clicks at the “Start Detection” button to prompt the actual-time recognition manner.
Webcam Activation

e The device accesses the webcam and starts offevolved capturing live video frames continuously.
Face Detection

» Using OpenCV'’s Haar Cascade Classifier, the gadget scans the video feed to locate and stumble on faces in actual time.
Face Preprocessing

* Once a face is detected, the system:

»  Crops the detected face area.

»  Converts the image to grayscale.

* Resizes the face photo to 48x48 pixels.

»  Normalizes the pixel values for higher model overall performance.

Emotion Prediction

* The preprocessed face is surpassed to the skilled CNN version.

»  The version predicts one of seven feelings:

Angry, Disgust, Fear, Happy, Sad, Surprise, or Neutral.

»  Aself belief rating is also calculated for each prediction.

Emotion Display

» The anticipated emotion and self belief percentage are displayed at the net interface in real time.
Stop Detection

e The consumer can prevent the procedure whenever by means of clicking the “Stop Detection” button.
e The webcam turns off, and the detection system stops.

End

»  This marks the crowning glory of the Facial Emotion Recognition workflow.

V. IMPLEMENTATION

¥. Facial Emotion Recognition

L. Detection Active - Anaty Iing emotsons in real Seve

cTION /‘ M STOP DETECTION

Fig 2: Facial Emotion Recognition
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¥. Facial Emotion Recognition

L Detaction Active - AnalyTing emotaons in reslseve

Y} W STOP DETECTION

Fig 3: Facial Emotion Recognition

¥. Facial Emotion Recognition

L. Oetection Active - Analy Iing emotons in resl eve

Fig4: Facial Emotion Recognition

A. Tools and Technology

e Programming language: Python

e Library and frameworks: Tensorflow/Cerus, OpenKev, Bottle, Pneumpi, Panda, Matplotib, Seborn, Skicit-Laran
o Dataset: Fer2013 (forty -five x 48 grass scale face image)

e Development environment: Visual Studio Code

B. Model Training

e Entrance images were given forty -four x forty eight pixels and shaped to normalize.
e CNN structure covers conversion, merging, waiver and almost associated layers.

e  Optimize: Adam

¢ Disadvantage ceremony: Category Crossanthropy

e Evaluation matrix: accuracy, confusion matrix and F1 score.
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C. Detection
e Informed CNN model.
e OpenCV handles the face of the face, even predictions are overcharged with opportunities for self -confidence.

VI.RESULTS AND DISCUSSION
A. Model Accuracy and Performance

Fer2013 Educated Determination National (CNN) model on the dataset eliminated the accuracy of the upper class in detecting seven

wonderful feelings: anger, hatred, fear, happy, sad, surprise, surprise and neutral.

1) Main discovery: The proposed CNN architecture made the model specializing the traditional unit to be better by acquiring
knowledge of complex facial skills.

2) Implications: Real -Time Feelings Use the Reliability of Recognition and the Use of Deepest Knowledge of Appreciation in
Scalability.

B. Detectation

The Machine Efficiently Catch the Video Feed Through The Webcam and Detect The Faces Using The Haar Casked Classifier of

OpenCV. Once Detected, The CNN Model Immediately Predicts Emotions With A Clean Self Assurance Rating.

1) Major Discoveries: Real -Time Predictions Have Been Perfect for Most Light Fixtures and More Than One Facial Angles.

2) Implications: The system can be distributed in practical applications such as digital classrooms, games, customer service and
mental fitness monitoring.

C. Emotion-clever Analysis

The Prediction of the Model Differs from Barely in Emotions. Emotions such as happy and neutral have high accuracy, while hatred

and fear relatively reduce the prediction ranking due to low samples in the dataset.

1) Major Search: Data Imbalance Inside Fer2013 Dataset Slightly Affects The Prediction Accuracy for underputed classes.

2) Implications: Future Reforms May Include The Use of Large and Balanced Dataset or A Study Switch to Decorate Overall
Performance.

D. Targeted and interface experience

The Kolbe-intelligent-based network interface provides a clean-to-use platform, where customers can start or detect and watch live-
permanent.

1) Prominent discovery: The system is incredibly consumer-helpful and requires minimal technical understanding.

2) Implications: It suits students, researchers and agencies, which require the detection of feelings in packages of real temperature.

E. Comparative Observation

Compared to existing structures, the proposed solution provides better accuracy, real -time spread and an interactive interface:
1) The most effective procedure that is in contrast to old structures, static images, this task helps to detect live.

2) Traditional strategies that use SVM or KNN are less correct than our CNN-based perfect approach.

3) The real -time view of self -esteem assessments provides high interpretation and purpose.

F. Discussion Summary

The proposed emotional system shows significant improvement of existing techniques in terms of accuracy, purpose and
performance in real time. Although there are less challenges related to data setbalance, the system achieves excellent results and
opens opportunities for various practical applications in education, health care, entertainment and contact with people.

VII. CONCLUSION
This research introduces a real -time emotional recognition system that combines Deep Learning (CNN) with Computer Vision

(OpenCV) and is a flask -based network interface to classify seven feelings with high accuracy. Fer2013 trained models on datasets,
automatically removes facial properties and predictions of real time.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1022




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue IX Sep 2025- Available at www.ijraset.com

A. Central Conclusions

1) Model accuracy: Best for seven feelings achieved high prediction accuracy, which is best with happy and neutral performance.
2) Real time capacity: Integrated OpenCV and Kolbe allow spontaneous live detections through webcams.

3) User-friendly design: Web interface is simple and suitable for non-technical users.

4) Practical applications: Useful for domains such as mental health analysis, sports, virtual meetings and customer help.

B. Study Contribution

1) Developed a full end-to-end FER system with live video support.

2) Provided a clean and interactive interface for ease of use.

3) Use the importance of computer text and balance the performance of the performance of an intensive teaching model.

C. Future Increase

1) Use large, more different data sets for better accuracy.

2) The centenary of the sound integrates analysis to detect multimodal spirit.

3) For better access, distribute the system on the cloud platform.

Finally, the project successfully demonstrates how to take advantage of intensive learning to understand human feelings better and
make the interaction between people and computers more natural, personal and meaningful.
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