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Abstract

The expression on a human's face is a crucial aspect of communication and plays a significant
role in conveying emotions and information visually. Although recognizing emotions from
facial expressions comes naturally to humans, it presents a substantial challenge for computer
algorithms. Extracting features through various image processing techniques is essential for
machines to interpret emotions from images or videos. The development of an algorithm that
can detect, extract, and evaluate facial expressions would enable automatic recognition of
human emotions in digital images and videos. This study introduces a real-time facial emotion
recognition system that utilizes a Convolutional Neural Network (CNN) to process image
frames, detect faces, and recognize emotions from facial expressions. By training the CNN
model on a large dataset of facial images and emotions, the system achieves accurate and
rapid emotion recognition performance. The datasets utilized included FER2013 and Cohn-
Kanade (CK) obtained from the Kaggle dataset.The Precision, Recall, and F-score from the
CK dataset were 83.6142%, 95.0822%, and 88.9955%, respectively, while those of the
FER2013 dataset were 91.8986%, 98.3649%, and 95.0218%, respectively. The developed
system has the ability to rapidly detect faces in cluttered backgrounds and accurately classify
emotions in real-time. Various recognition techniques were compared, and a tradeoff between
accuracy and speed was evaluated for each. The results indicate that the CNN-based approach
is highly effective in accurately recognizing facial emotions, with significant potential for real-
world applications of facial emotion detection. The real-time implementation of the system can
be used for person identification and authentication. Additionally, it can be utilized by doctors
to understand the intensity of pain or illness in deaf patients.In security systems, it can identify
a person regardless of their presented expression, and it can also detect driver drowsiness
during driving to enhance safety precautions. The system is capable of recognizing
spontaneous expressions, and it can be utilized to track emotional states and conduct real-
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world testing to identify and address practical challenges that may not be evident in a
controlled environment.

Keywords: Facial Emotion Recognition, Convolutional Neural Network (CNN), Real-time,
Image Processing, Accuracy

1.0 Introduction

Recognizing facial expressions of emotion is crucial for effective social interaction in today's
world. Facial expressions are integral in human-computer interaction and have numerous
applications, including human-computer interaction, security, entertainment, computer-based
tutoring, customer service, home robotics, gaming, and more. Despite growing research interest
in facial expression recognition, there is still a need to analyze emotions in communication and
popular culture. Clinicians may have limited knowledge about this topic, making it challenging
to accurately detect current emotions. The facial emotion recognition and analysis system is a
composite framework designed to analyze faces and identify emotions.

Human beings, with their exceptional capabilities, are considered the most intelligent species
on Earth, particularly in their ability to identify and differentiate individuals. This plays a
pivotal role in our everyday interactions, communication, and other routine activities, enabling
us to lead a normal, social life. With the continuous advancement of technology and the
widespread use of computers in our daily lives, there is an increasing need to develop systems
that can accurately detect and recognize human faces. Our objective is to propose an approach
that can effectively achieve the goal of facial emotion recognition and analysis.

A facial emotion recognition system is a computer application designed to automatically
identify or verify a person’s emotions from a digital image or a video frame. This is typically
achieved by comparing specific facial features from the image with a facial database. These
systems are commonly used in security applications and can be compared to other biometric
methods such as fingerprint or eye iris recognition. In some facial recognition algorithms, facial
features are identified by extracting landmarks or distinct features from an image of the person's
face. For instance, an algorithm might examine the relative position, size, and shape of the
eyes, nose, cheekbones, and jaw. These features are then used to search for other images that
share similar characteristics. In contrast, other algorithms standardize a collection of facial
images and then condense the facial data, retaining only the necessary data for face recognition.
A probe image is then compared against the facial data. One of the earliest successful systems
utilized template matching techniques applied to a set of prominent facial features, producing
a condensed facial representation.

1.2 Statement of the Problem

Recognizing facial emotions is a challenging task due to the difficulty of discerning an
individual’s emotions from others in a collection of images or videos. Factors such as variations
in lighting, pose, and expression, particularly in darker skin tones, contribute to the complexity
of the task. Additionally, there are issues related to the low accuracy and speed of the
classification process.

1.3 Aim and Objectives of the Study

Theaim of this research is to develop a real-time system that utilizes an appropriate deep-
learning model to automatically detect and recognize faces in digital images, as well as

IIARD — International Institute of Academic Research and Development Page 22



http://www.iiardjournals.org/

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699
P-ISSN 2695-1924 Vol 10. No.4 2024 www.iiardjournals.org Online Version

categorize an individual's emotional state. The following specific objectiveshave been outlined
to achieve this goal:
I. Build a fast and efficient facial emotion recognition system using CNN to quickly
detect faces in cluttered backgrounds.
ii. Evaluate the issues associated with real-time face detection from digital images.
hi. Train the system with a substantial number of images from the Kaggle dataset.
iv. Use the VGG-16/CNN algorithm to label the target images for accurate
classification.
V. Compare different recognition techniques and analyze the tradeoff between
accuracy and speed for each of them.

1. Review

A. Theoretical Background
Numerous researchers have explored facial expression recognition. For example, Fan and
Tjahjadi (2019) combined Convolutional Neural Networks (CNN) with handcrafted features,
demonstrating the network's strong recognition abilities. Reddy et al. (2020) proposed an
approach integrating deep learning features and manual methods, proving effective in practical
settings. Liang et al. (2021) addressed limitations of handcrafted features by using specific
areas of interest and Patch Attention Layer for detailed characteristic capture.
Jain et al. (2018) introduced a convolutional-recursive neural network architecture for facial
expression identification, combining convolutional layers and Recurrent Neural Networks
(RNNSs) to extract and account for temporal correlations. Avots et al. (2019) used audio-visual
material and the Viola-Jones face recognition algorithm, achieving robust results with a two-
dimensional principal component analysis network. Kratzwald et al. (2018) found that RNNs
and transfer learning outperformed traditional methods in emotion identification.
Kumar et al. (2018) highlighted the role of deep CNNs in classifying facial expressions for
surveillance systems. Mishra et al. (2017) used CNNs to identify and classify emotions and
intensity levels, providing a solid foundation for future research. The increased computational
capabilities and extensive datasets of the 2020s have enhanced the feasibility of CNNs for
feature extraction and image recognition (Mehendale, 2020).
Innovations such as Gated Recurrent Units (GRU), various pooling methods, and image
enhancement techniques have further improved CNN performance. AdaGrad, RMSProp, and
Adam optimizations have also contributed to advancements. The FER2013 dataset has become
a benchmark for emotion identification models, with various CNNs achieving impressive
results (Kulkarni et al., 2023).
Overall, deep learning techniques, particularly CNNs, have shown significant potential in
enhancing facial emotion recognition. Combining computational intelligence and
neuroscience, integrating psychological analysis, and leveraging historical and contemporary
methodologies have advanced the field. Techniques like Principal Component Analysis,
Neural Network-Based Methods, and Gabor Wavelet are commonly used for feature extraction
and image analysis (Zhang et al., 2018).

B. Facial Emotion Detection Image Features
The image can be processed to derive various features, which can then be normalized into
vector form. Different techniques can be employed to identify emotions, such as calculating
the ellipses formed on the face or measuring the angles between different facial features. The
following list comprises some prominent features that can be utilized for training machine
learning algorithms as described by Shan et al. (2009) :
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B.1 Facial Action Coding System (FACYS)

Facial Action Coding System (FACS) is a method for assigning a numerical value to facial
movements, known as action units. Combinations of action units give rise to different facial
expressions. Each action unit represents a specific movement of the facial muscles. For
instance, a smile can be described in terms of action units as 6 + 12, indicating the movement
of the AU6 muscle and AU12 muscle resulting in a happy expression. AU6 corresponds to the
cheek raiser, while AU12 corresponds to the lip corner puller. FACS provides a reliable system
for identifying which facial muscles are involved in particular expressions. Additionally, it can

be used to generate real-time facial models based on these action units. (Ekman, 1997).

AUl AU2 AU4 AUS AU6
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AU7 AU9 AUI2 AUIS AUL7
_L AN - BET="RE - EEe
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AU23 AU24 AU25 AU26 AU27
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Lip ughen Lip presser Lips part Jarw drop Mouth soeich

Figure 2.1: Facial movements corresponding to specific Action Units.(Ekman, 1997).

C. Related Work

C.1 Machine Learning Algorithms

After creating the dataset with the necessary features, the next crucial step is to employ an
effective classification algorithm. Support Vector Machines (SVM) are commonly utilized for
multi-class classification of human expressions, often in combination with various feature
extraction techniques (Panticet al., 2000).

C.1.1 Support Vector Machines (SVM)

SVM is considered one of the most effective classification algorithms. Its objective is to
identify an optimal hyperplane that accurately separates the two classes. The concept of
margin, which is meant to be the maximum distance from both classes to prevent any overlap,
is also important. Data that cannot be separated linearly is transformed into a higher dimension
to achieve improved classification outcomes. Kernel functions like radial basis function (rbf)
and polynomial are employed for non-linear data (Giannopoulos et al., 2018).

When it comes to emotion detection, a multi-class SVM is commonly utilized to identify a
range of emotions including anger, contempt, disgust, fear, happiness, sadness, and surprise,
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instead of using a binary approach. K-fold cross-validation is employed to mitigate database
variances and to conduct comparisons between various machine learning algorithms. In k-fold
cross-validation, the dataset is divided into k slices and the prediction results are then averaged
over all iterations.

Loconsoleet al. (2019) used Principal component analysis (PCA) for feature set reduction and
then feeding the reduced feature set to SVM.

The PCA algorithm involves transforming the image feature space into eigen space using an
eigen matrix. In addition to specifying the kernel, SVM provides methods for adjusting
parameters such as C and y. In this context, C represents the penalty function for
misclassification, while y aids in optimizing the decision boundary. Both of these parameters
impact the accuracy of the classifiers and can be adjusted to achieve optimal results in both
binary and multi-class classification.(Rajesh et al., 2016).

C.2 Hidden Markov Models (HMM)
Hidden Markov Models (HMM) are based on statistics and are useful for uncovering hidden
structures in data. They are particularly popular for detecting emotions through speech. In
HMM, the input consists of a sequence of observed features, while there are hidden states
corresponding to consecutive events (Zhanget al., 2017).
HMM is expressed as follows:

1 = (4,B,n) (2.14)
where,
A = (ajj) transition probability matrix between the hidden states
B = (bij) observation symbols probability from a state
11 = initial probability of states.
Also, HMM are used in sequence with algorithms such as k-Nearest Neighbor (Huang et al.,
2019). One advantage of using both methods is that HMM can handle complex computations,
while k-NN simply classifies given samples. HMM makes decisions based on the highest
output probability, which may be affected by noise. On the other hand, k-NN can add a second
layer of classification, thus improving accuracy.

HMM is also utilized in conjunction with SVM as a Serial Multiple Classifier System to
achieve optimal outcomes in speech emotion recognition. Because SVM provides direct
classification rather than a score, HMM can be employed to train the samples, while SVM is
used for classification. In addition to multiple classifiers, boosting can also be employed to
establish a robust classification system by combining two or more weak classifiers to form a
strong one (Huang et al., 2019).

C.3 Other Algorithms

Random Forest Classifiers have proven to have an edge over SVM in some cases. They are
based on decision trees, but instead of just one classifier, they use multiple forests or classifiers
to decide the class of the target variable. In Table 4, the results of the random forest classifier
for detecting 6, 7, and 8 emotions are presented. Here, S1 to S5 represent subsets of emotions
used for detection.

K-Nearest Neighbor, Linear Discriminant Analysis, and Neural Networks (ANN) are some of
the algorithms used for predicting and classifying emotions.
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Table 2.1: Random forest Classifier results(Huang et al., 2019).

No of tested S1(%o) S2 (%) S3 (%) S4 (%) S5 (%)
emotions

8 51 76 80 86 89

7* 61 80 84 88 90

T** 60 81 84 90 92
6*** 67 87 89 91 94

* Means without considering contemptuous emotion, without considering neutral emotion,
without considering neutral and contemptuous emaotion.

D Research Gaps

From the research, it was discovered that Zhang et al. (1998) investigated the use of two types
of features (geometry-based and gabor-wavelets-based facial expression recognition) extracted
from face images for recognizing facial expressions but it has some error rate with lower
classification accuracy.

Avotset al. (2019) explored audiovisual emotion recognition but did not address the difficulties
or drawbacks of the algorithms used. They developed a two-dimensional principal component
analysis network without specifically acknowledging the challenges in face recognition or the
constraints of the model proposed.

Reddy et al. (2020) proposed a method that integrates deep learning features with manual facial
expression recognition, yet there was difficulty in training accurate models. did not discuss the
challenges encountered in real-world scenarios. Fan and Tjahjadi (2019) also presented a
framework that integrates CNN and handcrafted features, however they did not elaborate the
limited dataset size and there is high variability in the facial expressions.

Mishra et al. (2017) utilized CNN for emotion recognition without detailing the challenges of
recognizing subtle emotions like micro-expressions. The study conducted by Kratzwaldet al.
(2018) delved into the utilization of deep learning for emotion recognition, however, they did
not ensure efficient training of models. Similarly,Kumar et al. (2018) focused on modeling
aberrant facial expressions and emotional aberrations through computer vision and pattern
recognition CNN & LBP but did not develop appropriate evaluation metrics.

Jain et al. (2018) employed a hybrid CNN-RNN model to extract relevnt information from
facial photos but failed to adequately improve on interpretability of machine learning models.
While Liang et al. (2021) introduced a novel facial expression recognition method using
patches of interest and a Patch Attention Layer, they did not thoroughly explore the inherent
limitations of correctly classifying emotions.

I11. Method

A. Research Methodology

The method utilized is the Convolutional Neural Network (CNN) Algorithm, a widely used
type of Neural Network presently in use. This particular neural network is renowned for its
capability to identify patterns and can effectively decrease the dimensionality of high-
resolution images without impacting their quality.Furthermore, it can accurately predict and
effectively detect facial expressions, even when the images are captured from unconventional
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angles. These exceptional capabilities set the CNN apart from other models, especially in its
ability to perform well with non-frontal images. A Convolutional Neural Network is employed
to create a facial emotion recognition system, which has been trained using a dataset. The
system will produce a prediction based on the input provided. This approach is valuable in the
field of sentiment analysis, clinical practices, gathering individual feedback on specific
products, and various other applications.

Convolutional Neural Networks (CNNs) have proven to be a fast and dependable method for
photo classification. When compared to earlier image classification techniques, CNN-based
classifiers have achieved accuracy levels of over 95% for relatively smaller datasets

, requiring less preparation. CNNs are commonly used for computer vision tasks such as object
recognition and image categorization. These deep learning algorithms are trained on a
substantial dataset of labeled faces to learn specific features and traits for facial recognition,
such as the positioning of the eyes, nose, and mouth. When a new face is introduced, the CNN
examines the facial traits, creating a unique image known as a face embedding. The system's
database can then be used to compare this embedding to others, determining if there's a
match. Theblock diagram for the Facial Emotion Recognition and Analysis System is shown in
figure 3.1.

Dataset Image Face Detection

1. Feature Detection
2. Feature Extraction

Ll

Training dataset until CNN
is fully trained and then
testing for analysis of
correct output

Emotion Detection
\

Classification

Output

Figure 1: Block diagram for Facial Emotion Recognition and Analysis System

B. Data set

The dataset used for facial emotion detection model consisted of 28,709 images featuring 7
different emotions: anger, happiness, neutrality, sadness, fear, disgust, and surprise.The Cohn-
Kanade dataset (CK) and the FER2013 dataset are widely utilized for facial expression
recognition. The FER2013 comprises 35,887 grayscale images sized at 48x48 pixels, each
labeled with one of seven emotion categories: anger, disgust, fear, happiness, sadness, surprise,
and neutrality. This dataset, created by Pierre-Luc Carrier and Aaron Courville, was originally
published in 2013 as part of a Kaggle competition. The images were obtained from various
sources such as the internet, TV shows, and movies. The FER2013 dataset is employed to train
and assess various facial expression recognition models, including deep neural networks, and
has become a benchmark dataset in the field. Recognizing users' emotions over time in a real-
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world setting is vital. By developing a system that can recognize facial emotions, this work
aims to address this challenge and enhance communication between machines and humans.
The system will be designed for implementation in a variety of sectors including healthcare,
education, security, marketing, and human-computer interaction.

Figure 3.2 shows the deep CNN model for facial emotion recognition and analysis system.

Input Face Features

Conv2D layer 1
ReLU activation, {32, 3x3}

Maxpooling 2D layer 1
{32, 2x2}

Conv2D layer 2
RelLU activation, {32, 3x3}

NS

Maxpooling 2D layer 2

NS

Flatten layer

NS

Dense layer 1

NS

Dense layer-2 with SoftMax Classifier {1x7}

NS

Predicted Facial Emotions

Figure 2: Deep CNN model for facial emotion recognition and analysis system

Figure 3.3 demonstrate the data flow diagram (DFD) of deep CNN model. The Data Flow
Diagram (DFD), also known as a bubble chart, is a visual representation that illustrates the
flow of data within a system. It provides a simple yet effective way to depict how input data is
processed within the system, leading to the generation of output data. This modeling tool is
widely used to represent system components, which include the system process, the data used
by the process, external entities that interact with the system, and the information flows within
the system.Notably, the DFD showcases the movement of information through the system and
how it undergoes various transformations along the way. It is a graphical technigue that not
only demonstrates information flow but also highlights the transformations that occur as data
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progresses from input to output. Additionally, the DFD can represent a system at different
levels of abstraction and can be divided into levels that represent increasing information flow
and functional detail.

User

@ Unauthorized User

’7 Upload Facial Emotlon Dataset

Preprocess Dataset
|

v

Model generation

!

Train facial emotion CNN
|

Test tlhe model

v

Accuracy comparison graph

Predict facial emotion.

End process

Figure 3: data flow diagram (DFD) of facial emotion recognition and analysis system

C. The CNN concept

A Convolutional Neural Network (CNN) is a type of deep learning algorithm that takes an
input image, assigns learnable weights and biases to different aspects or objects within the
image, and can distinguish between various images. The preprocessing required for a CNN is
generally less than that needed for other classification algorithms. In Figure 3.4, you can see
the operations involved in a CNN. The structure of a CNN is similar to the connectivity pattern
of neurons in the human brain and was inspired by the organization of the visual cortex. One
of the roles of a CNN is to transform images into a format that is easier to process without
losing critical features necessary for accurate predictions. This is particularly important when
designing an architecture that can effectively learn features and scale up to handle large
datasets.
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Figure 3.4: The CNN operations

The primary operations of CNN include convolution, pooling, batch normalization, and
dropout, each of which is detailed below.

C.1 Convolution operation

The convolution operation aims to extract high-level features, such as edges, from an input
image. The convolution layer functions as follows:

i. The initial convolutional layer(s) capture features like edges, color, gradient
orientation, and simple textures.

ii. Subsequent convolutional layer(s) identify more complex textures and patterns.

iii. The final convolutional layer(s) recognize features such as objects or parts of objects.

The element responsible for carrying out the convolution operation is called the kernel. The
kernel filters out information that is not relevant for the feature map, focusing only on
specific details. It moves horizontally with a certain stride length until it covers the entire
width of the image, then it shifts back with the same stride length and repeats the process
until it has traversed the entire image.
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Figure 3.5: CNN feature learning and classification

The kernel shifts nine times as the stride length is chosen as one. Each time, it performs a
matrix multiplication of the kernel and the portion of the image underneath.
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ol1|1]|0]0 0]1/1/0/0, o|1(1]|0|0
Image Convolved Image Convolved Image Convolved
Feature Feature & Feature

Figure 3.6: Convolving a 5 x 5 image with a 3 x 3 kernel to get a 3 x 3 convolved feature

In Figure 3.6, an image with dimensions of 5 x 5 is shown along with a 3 x 3 kernel filter. The
resulting convolved feature can have the same dimensions as the input image or the kernel.
This is achieved through the use of "same" or "valid" padding. "Same" padding results in the
convolved feature having the dimensions of the input image, while "valid" padding leads to the
convolved feature having the dimensions of the kernel.

C.2 Pooling operation

The pooling layer serves to reduce the spatial size of a convolved feature. This reduction is
implemented to lower the computational requirements for processing data and to extract
dominant features that are rotation and position invariant. There are two types of pooling: max
pooling and average pooling. Max pooling outputs the maximum value from the area of the
image covered by the kernel, while average pooling provides the average of the corresponding
values. The figure illustrates the results obtained by applying max and average pooling to an
image.
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Figure 3.7: Max and average pooling outputs for an image
C.3 Fully connected layer

Neurons within a fully connected layer establish connections with all neurons in the preceding
layer. This layer typically resides towards the end of a CNN. Within this layer, the input from
the previous layer is transformed into a one-dimensional vector through a process known as
flattening, and an activation function is then applied to produce the output.

C.4 Dropout

Dropout is a method used to prevent overfitting in machine learning models, where overfitting
occurs when the model's training accuracy significantly exceeds its testing accuracy. During
training, dropout involves randomly ignoring neurons, effectively reducing the network during
a specific forward or backward pass. This is illustrated in Figure 3.8. The dropout rate
represents the probability of training a given node in a layer, with 1.0 indicating no dropout
and 0.0 indicating that all outputs from the layer are ignored.
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Figure 3.8: Dropout in a NN

C.5 Batch normalization

Training a neural network is more efficient when the distributions of the layer inputs are
consistent. Variations in these distributions can introduce bias to the model. Batch
normalization is applied to standardize the inputs to the layers.
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C.6 Activation functions

The softmax and Exponential Linear Unit (ELU) are commonly used activation functions in
CNNs. These functions are utilized to convert real numbers into probabilities, ensuring that
the output values sum to 1 and fall within the range of 0 to 1. Softmax is specifically
employed in the fully connected layer of the proposed models, allowing the results to be
interpreted as a probability distribution for the seven emotions. Figure 3.9 shows the location
of the softmax function.

hidden
hidden
e <7
SNOET7 ' N
B X4
0 EDGS

Figure 3.9: The location of the softmax function

D. Phases in Facial Emotion Recognition System

The facial emotion recognition and analysis system undergoes training using a supervised
learning approach that involves capturing images of various facial expressions. The system
encompasses a training and testing phase, encompassing image acquisition, face detection,
image preprocessing, feature extraction, and classification. Face detection and feature
extraction are performed on facial images, which are then classified into six categories
representing the six basic expressions outlined below:

D.1. Image acquisition

Emotion recognition from facial images typically involves static images or sequences of
images. It is common to capture facial images using a camera.

D.2. Face detection

Face detection is a useful method for identifying facial images. It involves training a dataset
using the Haar classifier, known as the VVoila-Jones face detector, and implementing it through
OpenCV. Haar-like features encode differences in average intensity in various parts of an
image. These features consist of connected black and white rectangles, with the value of the
feature being the difference between the sum of pixel values in the black and white regions.
D.3. Image pre-processing

Image pre-processing involves removing noise and normalizing color and histogram.

D.4. Feature extraction
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Selecting the feature vector is a crucial step in solving pattern classification problems. After
pre-processing the face image, the next step involves extracting the important features.
Common challenges in image classification encompass scale, pose, translation, and variations
in illumination level.

D.5. Classification

The data obtained from the feature extraction method has a high dimensionality, so it is reduced
using classification. Object belonging to different classes should have features that take
different values. For this reason, classification will be performed using CNN.

E Software Requirement

Anaconda for Python 3.6.5 and Spyder will be used.

E.1 Anaconda

Anaconda is a free software distribution that combines Python and R computer languages for
data science and machine learning. It aims to simplify package development and delivery.
Conda, a package management solution, keeps track of package versions. Anaconda service is
used by over six million people and contains more than 250 popular machine learning bundles
for Windows, Linux, and macOS.

E.2 Spyder

The Spyder IDE, previously known as Pydee, is a Python-based integrated development
environment. It is open-source software available under the License Agreement. Spyder is
extendable, supports interactive data analysis, and offers Python-specific code inspection and
introspection tools such as Pyflakes, Pylint, and Rope. It is compatible with Anaconda,
WinPython, Python(x, y), MacPorts for macOS, and major Linux distributions including Arch
Linux, Debian, Fedora, Gentoo Linux, openSUSE, and Ubuntu.

F.3 Google collab
The Colab, also known as Google Colaboratory, is a complimentary machine learning platform
supported by Google. It offers users access to free CPU and GPU capabilities, making it
particularly useful for individuals and small companies working in Computer Vision who may
not have access to a GPU. COLAB utilizes Jupyter Notebook data and requires no setup.
Some of its features

i. include a source code editor with dynamic typing and insight

ii. , as well as multiple Python terminals, including IPython.

G. Hardware Interfaces
i. CPU: Core I5 CPU with a minimum data rate of 2.9 GHz
ii. RAM: 4 GB at the very least
iii. Hard drive: 500 GB required.

H. Interfaces For Software
i Microsoft Office 2010
ii. Excel for data storage
M. Windows 10 is the OS.

I Planning
The following
are the thesis workflow:
i. Thoroughly examine the problem description.
ii. Gather specifications for the requirements.
iii. Evaluate if the thesis is feasible.
iv. Create a layoutfor the thesis.
v. Consider relevant prior efforts on this topic as published.
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vi. Select an algorithmic development technique.

vii. Consider the various benefits and drawbacks of the chosen technique.
viii. Initiate the project development process.

ix. Utilize a model set such as ANACONDA.

X. Make progress through an algorithm.

xi. Have the algorithm reviewed by the tutor.

xii. Implement the algorithm in Python as per the developed algorithm.

The waterfall development approach will be followed to develop the project:

Requirement
Elicitation

( Requirement

Analysis
A

( Design Pian

A
Detailed
( Design
A

Coding &
Testing

Deployment &
Implementation

T r Maintenancs

“

Figure 3.10: waterfall development approach

J Algorithm

Step 1: Images are gathered into a data set. (The FER2013 dataset will be used, which 35887
pre-cropped, 48-by-48-pixel images monochrome images of the face, all labeled with one of
seven emotional classes: angry, disgust , fear, happy, sad, surprise, and neutrality.)
Step2:imagepre-processing

Step3: Identifying a face in each image

Step4: The monochrome photographs of the clipped face are created

Step5: The pipeline guarantees that each picture may be delivered as a(1,48, 48)NumPy array
into the input nodes.

Step5: The Convolution2D module takes the NumPYy arrays.

Step6: Convolution creates feature maps

Step7: MaxPooling2D is indeed a pooling method that uses(2,2) frames across the feature
map to keep just the greatest data point.
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Step8: Throughout learning, the image pixels are subject to the front and backward
propagating by neural network models.

Step9: For every emotional category, the Softmax shows itself with a possibility.

This system can accurately capture the complex stochastic nature of emotional expressions in
the human eye. Developing algorithms that can analyze and predict from data remains a
significant endeavor in the field of machine learning. The algorithm operates by constructing
a computational model based on input data and generating informed decisions and predictions.
Ultimately, the final model will be constructed using data from multiple datasets. Typically,
three sets of data are commonly utilized at different stages of model development.

The system will first be trained using a set of instances that align with the photographer's
specifications, such as the number of synaptic connections in neural networks. Typically, the
training dataset consists of pairs of input vectors and their associated response vector or scalar,
known as the objective. For each input image in the test set, the current model is applied to
produce a response linked to the target. The model's parameters are adjusted based on the
comparison results and the specific learning algorithm used. Image matching may involve both
component selection and variable approximation. Finally, a test dataset comprises data used to
provide an objective evaluation of the statistical match against the training data.
K System Architecture
The system architecture comprises the following key components:

I. Face Detection Module

ii. Emotion Recognition Module

iii. Training Module

iv. Evaluation Module
K.1 Face Detection Module
We use the Multi-task Cascaded Convolutional Networks (MTCNN) for face detection due to
its accuracy and robustness in handling variations in pose, lighting, and occlusions.
K.2 Emotion Recognition Module
For emotion recognition, we employ the VGG-16 architecture, a deep convolutional neural
network known for its high performance in image classification tasks.
K.3 Training the System
The training process involves collecting and preprocessing a large dataset of facial images
labeled with different emotions, followed by data augmentation to increase variability and
robustness. The VGG-16 model is then trained using this dataset.
K.4 Evaluation Module
The evaluation module assesses the system's performance in real-time scenarios, focusing on
accuracy, speed, and robustness. Different recognition techniques are compared to understand
the tradeoffs between accuracy and speed.
L Implementation

L.1 Environment Setup
i. Programming Language: Python
ii. Libraries: OpenCV, TensorFlow, Keras, dlib, MTCNN
iii. Hardware: GPU-enabled machine for faster training and inference

Python libraries used are:
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L.1.1 NumPy:NumPy (Numerical Python) is an open-source Python library designed for
handling arrays and matrices. In NumPy, an array object is referred to as nd.array.
Convolutional Neural Network (CNN) inputs are represented as arrays of numbers, and NumPy
allows for the conversion of images into NumPy arrays, facilitating matrix multiplications and
other CNN operations.

L.1.2 OpenCV: OpenCV is a library that is open source and is used for image processing,
computer vision, and machine learning. OpenCV can handle images and videos to recognize
handwriting, faces, and objects. Integration of OpenCV with a library like Numpy enables the
processing of array structures for analysis. The array structures undergo mathematical
operations for pattern recognition.

L.1.3 Dlib:Dlib v19.2 utilizes a Maximum-Margin Object Detector (MMOD) with CNN-based
features. It offers straightforward training and does not require a large amount of data. Once
landmarks are labeled in an image, the system learns to detect them. Additionally, it includes
a built-in shape and frontal face detector.

L.1.4Keras: Keras, an API for high-level neural networks based on Python, works with
TensorFlow, CNTK, and Theano. Its purpose is to allow users to quickly conduct
experiments.Keras encompasses various versions of layers, objectives, training algorithms, and
optimization techniques, along with a range of methods for handling image and text data,
likened to the building blocks of the human brain. The code is available on Github, and the
community engagement channels include a forum for viability discussions and a tab for
reporting source code issues. Keras supports productizing deep models on mobile devices (i0S
and Android), the web, and the Java Virtual Machine. Additionally, it allows for utilizing
clusters of graphics cards during the distributed machine learning training phase (GPU).

L.1.5 Tensor Flow: The Python library TensorFlow, created and released by Google, is
designed for rapid numerical computation. Serving as a fundamental library, it enables the
construction of Deep Neural networks directly or through the use of additional dependencies
layered on top of TensorFlow to simplify tasks.
L.2 Data Collection and Preprocessing

I Used Datasets:FER-2013, CK+, AffectNet

ii. Steps for Preprocessing:

e Change images to grayscale
e Standardize pixel values
e Rescale images to meet the input specifications of the VGG-16 model

L.3 Data Augmentation
To enhance the dataset, we apply various augmentations:

i. Rotation: Randomly rotate images to simulate different head tilts.
ii. Scaling: Adjust the size of images to simulate different distances from the camera.
iii. Flipping: Horizontally flip images to increase variability.
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L.4 Model Training

i Initialize VGG-16 Model: Pretrained on ImageNet dataset and fine-tuned for facial
emotion recognition.

ii. Compile Model: Using Adam optimizer and categorical cross-entropy loss
function.

iii. Train Model: On the augmented dataset, with a validation split to monitor
performance and prevent overfitting.

M End Result

The developed facial emotion recognition system effectively detects and classifies emotions in
real-time with a high degree of accuracy. The VGG-16 model, augmented with robust
preprocessing and data augmentation techniques, ensures the system's reliability. The tradeoff
analysis provides insights into the suitability of different recognition techniques based on
application requirements, balancing accuracy, speed, and computational efficiency.

This system demonstrates the potential for real-world applications in various fields, including
human-computer interaction, security, and healthcare.

1V. Results and discussion
A Results

In this chapter, we detailed the development and evaluation of a fast and efficient facial
emotion recognition system. The objectives of this project include building a system capable
of quickly detecting faces in cluttered backgrounds, addressing the challenges faced by real-
time emotion recognition systems, training the system with a comprehensive set of images
from Kaggle dataset, labeling target images using the VGG-16/CNN algorithm, and comparing
various recognition techniques to understand the tradeoffs between accuracy and speed.

The model was trained as shown in figure 4.1 with the layers (type), output shape and
parameters clearly specified.
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= *silas.py - CifUsers/ZEERA-DDE/Docurnents/silas.py (2.12.4)* — (=] >

FEile Edit Format EBun Opticons Window Help
Model: "model™

Laver (tvpe) Cutput Shapes Param #
input_ 1 (ImputLayver) [({(Hon=, 4948, 48, 3)1 [s]
éie‘lt.t.en (Flatten) (MMon=, 1536) [u]

dense (Dense) (Hone, S512) TEESa4a
dense_1 (Dense) (Mone, 7) 591

Total params: 15,304,231
Trainakle params: 15,304,231
Non—trainakble params: 0

Figure 4.1: Training the Model
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Figure 4.2 (a) shows the seven emotions detected by the system using the CK and FER2013
datasets. Figure 4.2 (b) shows the implementation on dark skin.

- t t totypd A “untitled* . o X
File Edit Format Run Options Window Help File Edit Format Run Options Window Help

cv2
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# Predict emotion
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# Draw bounding box and emotion I
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cv2.putText (frame, emotion, (x, ¥
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cv2.imshow ("' otion '-'"-:'::‘, tzu
if cv2. wau:Key(J.) & OXFF == oxd('

cap.release()
cv2.destroyAllWindows ()

Figure 4.2: Emotion Results (a) seven emotions detected by the system using the CK and
FER2013 datasets
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Figure 4.2: Emotion Results (b)shows the implementation on dark skin
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4.1.1Confusion matrix

The confusion matrix compiles values for the four combinations of true and predicted values,
including True Positive (TP), True Negative (TN), False Positive (FP), and False Negative
(FN). Precision, recall, and F-score are derived from these values. TP represents the correct
prediction of a specific emotion, while FP represents an incorrect prediction.

TN indicates the correct prediction of an incorrect emotion, and FN depicts an incorrect
prediction of an incorrect emotion. Taking an image from the happy class as an example, the
confusion matrix depicted in figure 4.1 illustrates these values. The TP value is shown in the
red section, signifying that the happy image is correctly predicted as happy. In contrast, the
blue section corresponds to FP values, where the image is predicted as sad, angry, neutral, or
fearful. The TN values are highlighted in the yellow section, indicating that the model
incorrectly predicted the image as not sad, angry, neutral, or fearful. Finally, the green section
displays the FN values, signaling that the image was incorrectly predicted as happy when it is
not.

TP TRUE VALUES
HAPPY  SAD  ANGRY NEUTRAL FEAR

HAPPY

FNs

PREDICTED VALUES

FEAR NEUTRALANGRY SAD

— TNs
FPs

Figure 4.3: Confusion matrix for five emotions

A.2 Confusion matrix of COHN-KANADE

Table 4.1: Confusion matrix 0f COHN-KANADE
Labels Angry Disgust  Fear Happy Neutral  Sad Surprise
Angry 250 0 0 0 0 1 0
Disgust 1 170 0 0 0 0 0
Fear 2 1 119 0 0 0 1
Happy 20 30 80 98 1 19 0
Neutral 1 1 12 0 111 0 0
Sad 1 1 1 1 0 220 0
Surprise 12 10 120 1 0 11 60
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In Table 4.1, the rows represent the actual classes and the columns represent the predicted
classes. The classifier made a total of 1356 predictions, with 287 predictions for "angry", 213
for "disgust”, 332 for "fear", 100 for "happy"”, 112 for "neutral”, 251 for “sad", and 61 for
"surprise”. In reality, there were 251 instances of "angry", 171 of "disgust", 123 of "fear", 248
of "happy", 125 of "neutral™, 224 of "sad", and 214 of "surprise".

Table 4.2: Accuracy of COHN-KANADE

Evaluation Types Result in Percentage
Precision 83.6412
Recall 95.0822
F-score 88.9955

The data in Table 4.2 indicates that 83.6412% of the predictions were accurate, and 95.0822%
of the assignments were correct. The harmonic mean of precision and recall was 88.9955%.

A.3 Confusion matrix of FER2013

Table 4.3: Confusion matrix of FER2013

Labels Angry Disgust  Fear Happy Neutral  Sad Surprise
Angry 4
Disgust 0
Fear 0
Happy 0
0
0
0

Neutral
Sad
Surprise

(e NelNolNollalié)
cNoNoNol o)
OO OO oo
P OONOOO
ol _NoNolNolNoll
NOOOOOO

In Table 4.3, the rows represent actual classes while the columns represent predicted classes.
The classifier generated a total of 50 predictions, with 4 instances of "angry"” predicted, 6
instances of "disgust," 10 instances of "fear," 8 instances of "happy," 9 instances of "neutral,"
11 instances of "sad," and 2 instances of "surprise.” The actual distribution was 6 for "angry,"
5 for "disgust," 10 for "fear," 10 for "happy," 6 for "neutral,” 10 for "sad," and 3 for "surprise."

Table 4.4: Accuracy of FER2013

Evaluation Types Result in Percentage
Precision 91.8986
Recall 98.3649
F-score 95.0218

In Table 4.4, it is indicated that 91.8986% of the expressions were foreseen, and 98.3649% of
the expressions were accurately categorized. The combined precision and recall resulted in a
harmonic mean of 95.0218%.
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B System Implementation

The classification of emotions into positive and negative can provide insight into an
individual's mental state. This classification is implemented using OpenCV and Python, as well
as additional dependencies like dlib. In Table 4.5, you can find the estimated time for various
detection processes. The time for each process is calculated using Python's time function.

Table 4.5:Time Estimation of different detections performed

Type Time taken in sec
Face detection 0.0844
Facial feature extraction 0.9216
Classification using CNN 0.1956
Emotion detection 0.1994

4.2.1 Image to array

An image is depicted by values (numbers) that represent the pixel intensities. The NumPy array
module (nd.array) is employed to transform an image into an array and retrieve its attributes.
In Figure 4.4, we can observe an image from the "sad" class of the FER 2013 dataset, which
has been converted into a NumPy array.

array([[169, 151, 158, ..., 143, 117, 151],
(164, 143, 145, ..., 153, 126, 1417,
[169, 145, 148, ..., 161, 142, 143],
[132, 140, 146, ..., 32, 43, 401,
(102, 121, 126, ..., 36, 47, 421,
[ 16, 95, 115, ..., 40, 49, 42]], dtype=uint8’

Figure 4.4: Sad image from the FER 2013 dataset converted into an array.

Figure 4.5 indicates that the image has 2304 pixels, exists in 2 dimensions, and has a size of
48 x 48 pixels.

° sad.size, sad.shape, sad.ndim

(2304, (48, 48), 2)

Figure 4.5: Attributes of a sad image.

The Dlib library is utilized for detecting facial landmarks, a process that involves localizing
the face in an image and identifying the facial landmarks. The frontal face detector from Dlib
is employed to detect the face in an image, resulting in a rectangle defined by the coordinates
of the top left and bottom right corners. The Dlib shape predictor is then used to extract
keyfacial features from the input image. This involves passing an object called landmarks with
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two arguments: the image in which faces will be detected, and the area specified by the
coordinates of the rectangle where the facial landmarks will be obtained. Figure 4.6 showcases
the 64 landmarks detected in an image.

Figure 4.6: Landmarks detected on a face.
B.2 System Evaluation

The system's effectiveness is assessed by metrics such as precision, speed (measured in frames
per second), and its ability to withstand changes in background, lighting, and pose.
Subsequently, the system is put to the test in real-world situations to confirm its usefulness in
practical applications.

i Precision : Precision is a metric that measures the accuracy of a classifier by
calculating the ratio of true positive predictions to the sum of true positive and false
positive predictions. It indicates the algorithm's ability to make correct positive
predictions. Mathematically, precision is
represented as Precision = TP / (TP + FP), where TP stands for true positive and FP
stands for false positive.

ii. Recall : The recall is influenced by both the correctly classified examples (true
positives) and the misclassified examples (false negatives). It represents the
percentage of correctly identified expressions out of the total number of
expressions. The recall can be calculated using the following formula:

Recall = TP/(TP+FN)

iii. F-score : The F-score is a composite measure that advantages algorithms with
higher sensitivity and poses challenges for algorithms with higher specificity. When
B = 1, the F-score is evenly balanced. It favors precision when B > 1, and recall
otherwise. The F-score is calculated as the harmonic mean of recall and precision,
represented by the formula:

F-score = (2 * Recall * Precision) / (Recall + Precision)

All three measures distinguish the correct classification of labels within different classes. They
concentrate on one class (positive examples). Hence, precision and recall do measure different
properties and we therefore need a combined quality measure in order to determine the best
matching aspect to expression category mappings. The so called F- measure, FM computes the
harmonic mean of precision and recall and allows taking into account both properties at the
same time. Note that the overall recall is also known as accuracy.

C Discussion of the Results
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C.1 Overview of the System
The facial emotion recognition system consists of several key components:

i. Face Detection Module: Detects faces in images or video streams.

ii. Emotion Recognition Module: Classifies the detected faces into various emotional
states.

iii. Training Module: Trains the system using a large dataset of labeled images.

iv. Evaluation Module: Assesses the performance of the system in real-time scenarios
and compares different recognition techniques.

C.2 Face Detection

For fast and accurate face detection, we use the Histogram of Oriented Gradients (HOG)
combined with a Linear SVM method and the Multi-task Cascaded Convolutional Networks
(MTCNN). The former is efficient for detecting faces in still images, while the latter is more
suitable for detecting faces in videos with cluttered backgrounds.

C.2.1 Histogram of Oriented Gradients (HOG)

o Advantages: Fast and efficient for still images, robust against small variations in
lighting and pose.
o Disadvantages: May struggle with very cluttered backgrounds and extreme poses.

C.2.2 Multi-task Cascaded Convolutional Network (MTCNN)

o Advantages: Excellent performance in detecting faces in videos, handles variations in
pose and lighting well.
o Disadvantages: Slower than HOG, requires more computational resources.

C.2.3 Emotion Recognition
For emotion recognition, we employ the VGG-16 architecture, a type of Convolutional Neural
Network (CNN) known for its depth and performance in image classification tasks.

C.3.1 VGG-16 Architecture

e Advantages: High accuracy in image classification, effective in recognizing subtle
variations in facial expressions.

o Disadvantages: Computationally intensive, requires significant memory and processing
power.

D Training the System
Training involves the following steps:

i. Dataset Preparation: Collect and preprocess a large dataset of facial images labeled with
different emotions.

ii. Data Augmentation: Enhance the dataset by applying transformations such as rotation,
scaling, and flipping to increase the variability and robustness of the model.

ili. Model Training: Use the augmented dataset to train the VGG-16/CNN model, adjusting
hyperparameters to optimize performance.
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iv. Validation and Testing: Evaluate the trained model on a separate validation and test set
to ensure its generalizability.

E Evaluation Criteria
To assess the system, we consider the following metrics:

e Accuracy: The proportion of correctly classified emotions.

e Speed: The time taken to detect and classify emotions in real-time scenarios.

o Robustness: The system's ability to handle variations in background, lighting, and
pose.

F Issues in Real-Time Emotion Recognition Systems
Real-time emotion recognition system face several challenges:

i. Latency: Ensuring the system processes and responds quickly enough for real-time
applications.

ii. Robustness: Maintaining accuracy despite variations in environmental conditions.

iii. Computational Efficiency: Balancing the demand for high computational power with
the need for speed and responsiveness.

F.1 Latency

o Cause: Complex algorithms and deep neural networks.
e Solution: Optimized models, used hardware acceleration (e.g., GPUs, TPUs), and
employ efficient algorithms like HOG for initial face detection.

F.2 Robustness

o Cause: Variability in lighting, pose, and occlusion.
e Solution: Used data augmentation during training and employ robust detection
techniques like MTCNN.

F.3 Computational Efficiency

e Cause: Deep learning models are computationally intensive.
« Solution: Model pruning, quantization, and efficient architectures like MobileNets for
deployment on resource-constrained devices.

G Training with Sufficient Images

G.1 Dataset Collection

We utilized several datasets including FER-2013, CK+, and AffectNet, which collectively
provide a comprehensive set of facial images labeled with different emotions.

G.2 Data Augmentation Techniques

To enhance the dataset, we applied the following augmentations:
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« Rotation: Randomly rotating images to simulate different head tilts.
e Scaling: Adjusting the size of images to simulate different distances from the camera.
o Flipping:Horizontally flipping images to increase variability.

G.3 Training Process
The training process involved:

i. Initial Training: Training the VGG-16 model on the augmented dataset.

ii. Hyperparameter Tuning: Adjusting learning rates, batch sizes, and other
hyperparameters to optimize performance.

iii. Validation: Using a separate validation set to monitor for overfitting and to adjust the

model as needed.
iv. Testing:Evaluating the final model on a test set to measure its accuracy and robustness.

H Labeling Target Images with VGG-16/CNN
Using the VGG-16 model, we labeled target images by:

I. Preprocessing: Normalizing and resizing images to fit the input requirements of the
VGG-16 model.

ii. Inference: Running images through the trained VGG-16 model to obtain emotion
predictions.

iii. Post-processing: Interpreting and recording the output probabilities as discrete emotion
labels.

I. Comparison of Recognition Techniques
1.1 Techniques Compared

« HOG + SVM:A traditional machine learning approach.
e MTCNN: A modern deep learning-based detection method.
e VGG-16: A deep convolutional neural network for emotion classification.

1.2 Evaluation Metrics
We compared the techniques based on:

e Accuracy: Precision of emotion detection and classification.
e Speed: Time taken to process images or video frames.
« Computational Requirements: Hardware and processing power needed.

J Tradeoff Analysis

e HOG + SVM: Suitable for applications where speed is critical, but high accuracy is
not paramount.

e MTCNN: Offers a balance between accuracy and speed, ideal for moderately
demanding applications.

e VGG-16: Provides the highest accuracy but at the cost of speed and computational
power, best for applications where accuracy is the top priority.
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V. Findings of the Research
Table 4.6: Findings of the Research

Technique Accuracy Speed (fps) Computational Requirements
HOG + SVM  Moderate Fast Low

MTCNN High Moderate High

VGG-16 Very High  Slow Very High

Table 4.7: Parameter setting of the facial emotion recognition CNN based on psychological
feature analysis

Convolution layer Pooling layer Fully connected layer ~ Output layer
1:128*128*1 1: 28*28*6 1: 1*1*1 1*1*6

2: 64*64*1 2: 10*10*16 2: 1*1*6

3:32*32*1

4:14*14*6

Table 4.8: Image Composition of FER2013 and CK datasets

Datasets FER2013 CK
Image Composition  Number of images: 35,886 Number of images: 593
Size: 48*48 pixel Size: 640*640 pixel
Participants: 10 Participants: 123
Tags: happy, fear, sad, surprised, Tags: happy, fear, sad,
angry, disgusted, neutral surprised, angry, disgusted,
neutral

V1. Recommendations
Please make a note of the following text:

The real-time facialemotion recognition system is designed to identify human faces and can be
utilized for person identification and authentication. This fully automatic system can process
images and recognize spontaneous expressions. It has the capability to track emotional states
and conduct real-world testing to address practical challenges not apparent in controlled
environments. In security systems, it can identify individuals regardless of the expressions they
present and can also detect driver drowsiness to promote safety while driving. Additionally,
doctors can use the system to assess the intensity of pain or illness in deaf patients.lIt can also
aid in the treatment of individuals who struggle with communication and expressing their
feelings. Furthermore, the system can be utilized in retail settings to assess customers' reactions
to products through their facial expressions, which can inform production decisions and
contribute to product quality improvements.

V11 Contribution to Knowledge

The development of this facial emotion recognition system contributes to the field of computer
vision and artificial intelligence in several ways:
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i. Robust Face Detection: The use of MTCNN for face detection demonstrates a reliable
approach to handle cluttered backgrounds and variations in pose and lighting.

ii. Emotion Recognition with VGG-16: The adaptation of the VGG-16 architecture for
emotion recognition showcases its capability to achieve high accuracy in classification
tasks.

iii. Data Augmentation Techniques: The comprehensive use of data augmentation
enhances the model's ability to generalize to diverse real-world scenarios.

iv. Tradeoff Analysis: The comparative analysis of different recognition techniques
provides valuable insights into balancing accuracy and speed, informing future system
designs.

v. Real-Time System Evaluation: The evaluation of issues in real-time systems,
including latency and robustness, contributes to the understanding of challenges in
deploying emotion recognition systems in practical applications.

vi. Comprehensive Training and Preprocessing: The detailed approach to training and
preprocessing sets a standard for future projects aiming to develop high-accuracy
emotion recognition systems.

vii. Application Integration: The system's potential integration with various applications
highlights the interdisciplinary impact of facial emotion recognition technology,
spanning fields such as healthcare, security, and human-computer interaction.
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