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ABSTRACT

CNNs have achieved significant progress in several domains, notably in computer vision. Their application in analysing images and
distinguishing facial expressions ! with exceptional accuracy has been particularly noteworthy. A framework based on convolutional
neural networks ! has been developed to identify human emotions B! in real-time, leveraging dynamic facial expressions. The
framework encompasses three stages: initial face detection ¥ utilizing Haar Cascades [*], subsequent normalization, and emotion
recognition 1 through a CNN [! trained on the FER 2013 dataset ®1, comprising seven distinct emotions. Experimental outcomes
unequivocally demonstrate the feasibility 1 of facial emotion recognition, offering educators the opportunity to customize their
presentations %) based on their students' emotional states.
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I.INTRODUCTION

Facial expressions are a powerful means of communicating **! emotions, and detecting them accurately I can provide valuable insight
[31 into a person's emotional state. The ability to detect facial expressions of emotion has numerous applications, from improving human-
computer ™l interaction to enhancing medical diagnoses [*®! and improving mental health care. With advances in computer vision ¢! and
machine learning [7], facial expression recognition has become a promising field of research, and several techniques have been developed
for detecting and analysing facial expressions of emotion. This technology can recognize and interpret facial expressions, providing
valuable information about a person's emotional state and helping us to better understand and communicate with each other.
I.SYSTEM ANALYSIS

System analysis for detecting facial expressions of emotions using machine learning involves analysing the requirements, design, and
implementation of the system. Requirements analysis [*] involves identifying the needs and expectations of the users, stakeholders 1],
and the system itself. In this case, the requirements may include high accuracy?% in recognizing facial expressions, real-time processing,
the ability to detect multiple emotions, and robustness to variations in lighting and facial features. The design phase involves creating a
high-level architecture 2!1 of the system, selecting appropriate machine learning algorithms ?2], and determining the data requirements.
Facial expression recognition typically involves the use of convolutional neural networks (CNNSs), which are designed to recognize
patterns in images. The input data may include facial images, facial landmarks, or a combination of both. Implementation involves
building and testing 2% the system. This may involve training the CNN model using a large dataset of facial expressions, such as the
popular Facial Expression Recognition Challenge (FERC) dataset, and fine-tuning the model to improve accuracy. The system may also
include pre-processing steps, such as face detection and alignment, to ensure that the input images are properly prepared for analysis.
The performance of the system can be evaluated using metrics such as accuracy, precision, recall, and F1-score %4, The system may
also be tested on a variety of datasets to evaluate its robustness %! and generalization ability. Overall, the system analysis for detecting
facial expressions of emotions using machine learning involves a comprehensive understanding of the requirements, design, and
implementation of the system, as well as ongoing evaluation and refinement to ensure high accuracy and robustness.

H1LEXISTING SYSTEM

Convolutional neural networks (CNNSs) are a popular type of deep learning algorithm that has been used for emotion detection in a
variety of applications. EmoReact is an open-source dataset and benchmark for emotion recognition from facial expressions that uses a
CNN-based architecture. The system uses a combination of convolutional, pooling, and fully connected layers to learn features from
facial images and predict emotions. EmoReact has achieved state-of-the-art performance on benchmark datasets, demonstrating the
effectiveness of CNNs for emotion detection.

IV.PROPOSED SYSTEM

A Convolutional Neural Network (CNN) is a type of deep artificial neural network used for identifying patterns in images without
requiring extensive pre-processing. In contrast to traditional methods, CNNs learn filters automatically to extract relevant features. The
primary building block of a CNN is a neuron, and these neurons are connected in layers such that the output of one-layer feeds into the
input of the next. The first layer in a CNN is typically a Convolutional Layer, which extracts features from the input image. This layer
performs convolution, a mathematical function that multiplies two matrices, one representing the image and the other representing a
filter or kernel. This operation preserves the structural relationships between pixels and extracts features from the image. After the
Convolutional Layer, a Pooling Layer is often added to reduce the spatial size of the feature maps, making the network more robust to
variations in the input image. There are three types of pooling layers: Max Pooling, Average Pooling, and Global Pooling. Max Pooling
selects the maximum element from a region of the feature map covered by the filter, while Average Pooling computes the average of
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the elements in the region. Global Pooling reduces each channel in the feature map to a single value, resulting in a 1x1xnc feature map.
This can be accomplished using either global max pooling or global average pooling.

V.SPECIFICATION

A. HARDWARE REQUIREMENTS (Minimum Requirement)

1.RAM:4GB+RAM

2.PROCESSOR: i3 5th Gen 2.2 Ghz

B. SOFTWARE REQUIREMENTS

1.Domain: Python

2.Version: Python IDLE (3.8.0)

3.Code Editors: PyCharm

4.Frameworks and Dependencies: Tensor flow, Keras, Open CV

5.0perating System: Windows 10

C. CODE EDITORS

PyCharm

PyCharm is an integrated development environment (IDE) used in computer programming, specifically for the Python language. It is
developed by the Czech company Jet Brains (formerly known as IntelliJ). It provides code analysis, a graphical debugger, an integrated
unit tester, integration with version control systems (VCSes), and supports web development with Django as well as data science with
Anaconda

Navigation bar

Editor

; ’ Popup menu
Project tool window pup

Context menu

Run tool window

Status bar

Figurel: PyCharm screen
Coding assistance and analysis, with code completion, syntax and error highlighting, linter integration, and quick fixes. Project and code
navigation: specialized project views, file structure views and quick jumping between files, classes, methods and usages. Python
refactoring: includes rename, extract method, introduce variable, introduce constant, pull up, push down and others. Integrated Python
debugger. Integrated unit testing, with line-by-line code coverage. Google App Engine Python development. Version control integration:
unified user interface for Mercurial, Git, Subversion, Perforce and CVS with change lists and merge. Support for scientific tools like
matplotlib, NumPy and SciPy [professional edition only]. PyCharm provide an API so that developers can write their own plugins to
extend PyCharm features. Several plugins from other JetBrains IDE also work with PyCharm. There are more than 1000 plugins which
are compatible with PyCharm
VI.ALGORITHM
In this case we are using CNN algorithm
Convolutional Neural Networks (CNNs) have revolutionized various applications, becoming the most renowned deep learning
architecture. Their widespread acceptance and success have fuelled the recent surge in interest in deep learning. CNNs emerged with
Alex Net in 2012 and have since evolved significantly, progressing from eight layers to 152 layers in ResNet within just three years.
CNNs have become the go-to model for image-related tasks, surpassing competing approaches with remarkable accuracy. Moreover,
they find utility in recommender systems, natural language processing, and more. The key advantage of CNNs over their predecessors
lies in their ability to automatically learn essential features without human intervention. For instance, when presented with numerous
images of cats and dogs, CNNs autonomously learn distinctive characteristics for each group. In addition to their effectiveness, CNNs
are computationally efficient. They employ unique convolution and pooling techniques, along with parameter sharing. Consequently,
CNN models can now operate on diverse devices, making them universally accessible. In summary, CNNs appear almost magical. They
offer highly efficient and eco-friendly models that achieve superhuman precision through automated feature extraction (even surpassing
humans in image classification). This post aims to uncover the secrets and methodologies behind this remarkable approach.
CNN Algorithm
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Input Conv Pool Conv Pool FC FC Softmax
Figure2: CNN algorithm

The CNN, or Convolutional Neural Network [, is a type of deep learning model designed to classify images by extracting key features
from them. Compared to other classification algorithms, CNNSs require minimal pre-processing of the input image
It is made up of four layers.
a) Convolution Layer
b) ReLu Layer
c) Pooling Layer
d) Fully Connected Layer

3 Colour Channels

Height: 4 Units
(Pixels)

width: 4 Units
(Pixels)
Figure3: pixels structure

This image is composed of three-color channels: Red, Green, and Blue. Images can be represented in various colour spaces, such as
Grayscale, RGB, HSV, CMYK, and more. As image dimensions increase, such as in the case of 8k resolution (7680x4320), the CNN
algorithm plays a crucial role in compressing the image into a more manageable format for processing while retaining essential features
for accurate predictions.

A.Convolution Layer
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Figure4: convolution layer
In CNNs, grayscale images are processed by applying filters or kernels to extract features. These filters, often 3x3 or 5x5 in size,
convolve with corresponding input arrays to generate filtered outputs, resulting in feature maps with reduced dimensions.
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B.ReLu Layer

ReLU is a function that transforms negative pixel values in a layer to 0, making images more non-linear as they naturally are. It helps
counteract linearity introduced during convolution, removing dark parts and keeping only positive values (grey and white colours). The
rectified version of an image sets all negative pixel values to 0, distinguishing it from the non-rectified version.

C.Pooling Layer

The pooling layer reduces input size, improving computation efficiency and enhancing the spatial variance handling of CNNs. It also
aids in preventing overfitting by summarizing discovered features and producing down sampled feature maps.

D.Fully Connected Layer

The primary objective of a convolutional neural network (CNN) is to extract informative features from input data for accurate image
identification. The interconnected neurons in the network recognize patterns, transmit signals to the output layer, and assign classes
based on weights, while the fully connected layer captures specific features and communicates them to the output classes in trained
images.

VILIMPLEMENTATION
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Figure5: Implementation

Data Collection: Data is collected from the Kaggle dataset, consisting of 35,500 grayscale 48x48 pixel photos of faces, categorized by
facial expressions (happiness, neutral, sadness, anger, surprise, disgust, fear).

Data Pre-Processing: Data pre-processing techniques, including data augmentation such as cropping, padding, and horizontal flipping,
are applied to enhance performance and increase data diversity. Pre-processed images are obtained from the Kaggle dataset for faster
and more accurate processing.

Train And Test Modelling: The data is split into training and test sets, where the training set is used for model training, and the test set
evaluates model performance. Data augmentation is employed to expand the training set, providing diverse images. Optionally, data
augmentation can also be applied to the test set to observe the model's behaviour on augmented images.

Modelling: A CNN model is built and saved for further use. Four different models, including three neural networks implemented using
Keras and TensorFlow, and a decision tree implemented using Sci-Kit Learn in Python 3.6, were evaluated. The training algorithms
specific to each model are described alongside their model descriptions. The table displays the final accuracy comparison among the
models.

VIII.REAL TIME TEASTING

Run the python app code.py. Immediately after running the app, the camera will be switched on automatically to capture the live video.
A rectangular box willbe formed around the maximum area of the face to detect the emotion of the detected face from the camera. And
the emotion of the face will be

Figure6: happy face expression from live camara Figure7: neutral face expression from live camara
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Figure8: surprised face expression from live camara Figure9: fearful face expression from live camara
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Figurel0: angry face expression from live camara Figurell: sad face expression from live camara

The screenshot showcases the output of your Python code, which has successfully detected and captured facial expressions from a video.
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Figurel2: facial expressions from recorded video

IX.CONCLUSION

In this project, we have introduced a novel methodology for facial expression identification using a CNN model that effectively extracts
facial features. In contrast to existing methods, our proposed approach has the ability to automatically learn pattern features and mitigate
the limitations caused by unnatural design elements. Our method, known as FERC (Facial Expression Recognition and Classification),
leverages the strengths of CNN and supervised learning, made feasible by the availability of large datasets. One key advantage of the
FERC algorithm is its capability to handle different facial orientations, including angles less than 30°, thanks to the utilization of a
unique 24-digit-long EV feature matrix. Moreover, the inclusion of background removal significantly enhances the accuracy of emotion
detection. The FERC algorithm can serve as a fundamental building block for various emotion-based applications such as lie detectors
and mood-based learning systems for students. The proposed approach directly utilizes pixel values from sample training images,
allowing for independent learning and the discovery of more hidden facial feature expressions. The training process incorporates suitable
weight initialization, which plays a crucial role in weight adjustment. Through extensive experimental investigations, we have
demonstrated that our proposed strategy can significantly improve the detection rate of facial expressions, even in challenging
background conditions. Compared to existing approaches, our CNN model exhibits faster convergence and higher recognition rates,
particularly in complex backdrop scenarios.

X.FUTURE SCOPE

The future scope of this work involves enhancing the accuracy and efficiency of emotion recognition systems by utilizing RGB datasets
in uncontrolled conditions, incorporating deep neural networks as emation classifiers, and considering compound emotions and micro
expressions. The integration of multi-modal behavioural systems like body movements, facial expressions, and voice can contribute to
the development of robust automatic recognition systems. Improving system security can be achieved through the utilization of cloud
storage resources and cancellable biometrics. Additionally, further research is needed to analyse and improve the accuracy of the model's
predictions, especially for challenging emotions such as disgust. The real-time capability and high accuracy of the model make it
adaptable for various applications, including healthcare, marketing, and the video game industry.
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