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Abstract— In current research discussions, facial expression
recognition, or FER, receives a lot of attention. A relative
examination of face expression recognition systems is presented
in the paper. Three steps are typically involved in facial expression
recognition: face detection, feature extraction, and expression
categorization. A face detection and extraction technique based
on Haar cascade features is the main focus of the proposed study.
Numerous images, both positive and negative, are used to train
the classifier. It is used to extract the features. Convolutional
kernels are utilized for conventional Haar feature pictures.
Then, using the COHN-KANADE database, the supervised
learning technique Fisher face classifier is used to create a
facial expression classification system with eight classes (seven
basic emotions and neutral). A 65% recognition rate in COHN-
KANADE database is achieved.

Index Terms— Convolutional Neural Networks (CNNs), OpenCYV,
Machine Learning, Deep Learning, Emotion Recognition, and
Facial Detection

I. INTRODUCTION
FER plays a significant role in the interpersonal growth of
partnerships. By analyzing facial expressions in the social
setting, one can predict the intents or circumstances and react
accordingly. Human facial expressions can convey emotions
and sentiments that regulate and observe one another’s
conduct. Humans and robots may now communicate thanks
to rapidly advancing technology, which allows robots to be
controlled by facial expressions. Research on the FER of
humans by machines is still in its infancy. The main problems
with FER are as follows: variations in expressions, quick
processing, and product-specific applications. Due to its
wide range of applications, FER has currently emerged as a
crucial area of study. Efforts are being made to improve FER
accuracy by utilizing a facial expression database that spans
a wide age range. In general, there are Disgust, sadness, fear,
surprise, happiness, anger, contempt, and neutral are the eight
fundamental expressions. Every society and culture uses these
expressions. The actions listed below are required for any
FER system: (A) Face Recognition (B) Extraction of Features
(C) Categorization of Facial Expressions. The authors used a
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variety of feature extraction techniques to conduct a thorough
investigation into FER techniques. A number of face and FER
procedures have been proposed. Each of them, though, has
unique benefits and drawbacks. A few examples of holistic
approaches are Linear Discriminant Analysis (LDA) and the
Eigenfaces and Fisher face algorithms, which are constructed
using the most recent 2D PCA holistic methods. Numerous
authors have examined these techniques, but local descriptors
have drawn interest due to their resilience to lighting changes
and posed variations. In the sections that follow, some of the
alternative strategies are covered in more detail. In the study
[1], the authors talked about Automated Facial Expression
with salient patch features. Six universal expressions for facial
expression recognition have been provided in this research.
The authors of [2] talked about FER, which is concerned with
aging facial expressions. Here, facial features are extracted
using the Gabor and log Gabor filters. When compared to
the Gabor filter, the log Gabor filter produces better results.
However, the log Gabor filter takes longer to process than the
Gabor filter. The precision with which the Gabor filter or log
Gabor filter with SVM is implemented classifier outperforms
natural human prediction on both synthetic and standard
databases. Using two databases, including lifetime and faces
gathered from the psychology community, the authors of [3]
talked about facial expression recognition, which is related
to aging.

They provide thorough explanations of the causes of aging
and how they affect FER. The authors of [4] talked about feed
forward neural networks in relation to FER. For recognition
testing, the Cohn Kanade dataset is utilized. Compared
to traditional linear PCA and histogram equalization, it
has provided a higher recognition rate. The most recent
face recognition algorithms’ operation was discussed by
the authors in [5]. The results showed that the most recent
algorithms outperform the facial recognition algorithms by
a factor of ten. a hundred times better than those of 1995
in the year 2002. When it came to face recognition, some
of the algorithms could leave human participants behind.



Additionally, even identical twins may be recognized by
these algorithms. Principal Component Analysis and Wavelet
Packet Decomposition, which allow the use of PCA-based
face recognition involving a large number of training images
and are faster training than PCA method, were discussed by
the authors in [6] in relation to Vytautas Perlibakas (2004).
The authors of [7] have presented a classification and face
recognition algorithm that relies on linear subspace projection.
Using dimensionality and adjacent component analysis
(NCA), the subspace is created.

The authors of [8] talked about the Fisher Linear Discriminant
(FLD) feature fusion approach. Two-Dimensional PCA
(2DPCA) and Gabor Wavelets are used in the technique to
extract features, and FLD is then used to fuse the features.
According to a survey of the literature, standard classification
methods for facial expression recognition were employed in the
1980s [9]. Neural network classifiers have been used in recent
years to extract features such as the mouth, eyes, and soon[10].

This is how the paper is structured. The suggested
methodology is examined in Section II, the comparison of
the various approaches is highlighted in Section III, and the
results and their analysis are explained in Section I'V. Section
V concludes the paper.

II. LITERATURE REVIEW

Generally speaking, there is now much more regard for
experts in the field of facial recognition. As the violation
grows more serious, the legal observation is necessary
to prove a facial quality, a visual similarity of a casualty’s
face. Many professionals employ a variety of methods
[11]. A reasonable framework exhibition is produced, but
ongoing face exploration remains a tedious task. We are
discussing two facial recognition models [12]. By suggesting
arectangle element-based classifier and a robust identification
calculation that satisfied computation and location execution
effectiveness, the continuous face district was found. In this
research, the face acknowledgment approach combined with
PCA and the identified face region as an acknowledgment
input picture One of the clever groups, the multi-layer
network, was suggested, and its demonstration was evaluated
[13].

This method uses PCA to register the eigen face and sends
the preparation images to it as a basic vector as part of the
preprocessing calculation of the info face picture [14]. Each
image uses the principal vector’s load arrangement as an
element vector, which simultaneously reduces the image’s
element. The multi-layer neural organization is then used
to do face recognition [15]. Two types of typical strategies
are first and second. Location and execution were proposed.
One of the clever groups, the face recognition approach using
PCA and multilayer network, was developed in this paper
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employing the recognized face area as an acknowledgement
[16]. The input image and its display were assessed. This
method communicates the preparation photos with the info
face image as a simple vector and uses PCA to register the
own face as a pretreatment measurement. Each graphic shows
how the load is arranged [17].

IHI. METHODOLOGY

To recognize a person’s face from video frames or still
photos using a database of face images. The user’s face
reveals a great deal about them, and they are frequently more
sensitive to environmental changes. Face recognition has
seen a lot of studies, but its accuracy rate is lower than that
of other biometric information about an individual, such as
fingerprints, facial expressions, eyes, palm geometry, retina,
etc. Fig. 1 illustrates the face recognition process.

Image Face Pre- Feature
Capture by Detection Processing Extraction
Web Cam
Face Pre. Feature Face
Detection Processing Extraction database

Fig. 1. Face Recognition Process
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There are two stages to the system. The training phase is when
machine learning models are learned, and the testing phase
is when trained models are tested and their performances
are assessed. First, the system environment is set up and all
required libraries are installed. skLearn for machine learning
algorithm instances, CNN (Convolutional Neutral Network)
for image classification tasks, NumPy for numerical
computation, pandas for dataset creation and data operations,
and seaborn for data visualization are the libraries required for
the system. Open-source data is employed since data gathering
is completed after the environment is created. Since the data
is in picture format, it is extracted and used in the following
section of the system. Following that, the image is sent to the
media channel for facial feature estimation, which identifies
the 33 important spots inside a specified frame and assigns a
visibility value to each of these points’ 3-D coordinates. These
33 crucial points serve as the foundation for a new dataset,
which include each critical point’s coordinate and visibility as
a feature. The data is then cleaned and prepared for a machine
learning model using data pre-processing techniques. The
data set undergoes normalization as part of the pre-processing
step. Making sure that every value in a data collection fall
between 0 and 1 is known as normalization. This is primarily
because certain machine learning models require data that has
been standardized to work effectively and produce positive
outcomes. Next, new features are extracted from the dataset’s
current features using feature engineering. We did this by
turning the key points into vectors. These vectors are used
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to compute the feature measurements, and this one depicts a
3-D face feature. All processed data is then sent to machine
learning algorithms that are based on classification for
training. First, test data needs to be created or obtained. This
data must be brand-new and shouldn’t include training-phase
duplicates. We attempted to compare different classifiers for
face feature classification. Ridge Classifier, Random Forest
Classifier, Gradient Boosting Classifier, Logistic Regression
Classifier, and KNN Classifier are some of these classifiers.
These classification techniques have helped to provide the
greatest results with more precision. The dataset was gathered
through web scraping. The goal was to gather the photos in
the most effective manner possible. Fig.2 displays feature
mapping for facial detection.

Fig. 2. Feature Mapping for Facial Detection

An algorithm for supervised learning is the support vector
machine.Althoughithasbeenexpandedtobemulticlass,itisnow
a two-class classifier. Regression is another application for it.
Vectors of support: The data points nearest to the hyperplane
are called support vectors, and they regulate the hyperplane’s
position and orientation. We can increase the classifier’s
margin by using these support vectors, and the Hyperplane’s
position will shift if these support vectors are deleted. In
actuality, these are the points that aid in the construction of the
SVM. The Support Vectors and the Hyperplane are equally
spaced. Because the Hyperplane also shifts if their position
does, they are known as support vectors. Accordingly, the
Hyperplane is solely dependent on the support vectors and
not on any more observations. (Left) Hyperplanes at random.
(All right) Fig. 3 displays the optimal separating hyperplane.

In the demonstration of face recognition networks, a semi-
supervised learning approach utilizing support vector
machines for face recognition is proposed. The recognition
mechanism is easy to use and efficient. Therefore, it can be
claimed that if distinctive facial traits are added in the right
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Fig, 3. (Left) Arbitrary hyperplanes.
(Right) Optimal Separating Hyperplane.

amounts, an image of the original face can be recreated from
the native interface. As seen in Fig. 4, each face only displays
specific facial traits that might not be seen in the original image.
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Fig.4. A detailed Data Flow Diagram (DFD) illustrating the
process of a Human Facial Recognition System components

Although a little lower, the recognition rate of 95% shows that
the model’s mechanism can handle these variations; however,
further improvement is still necessary to enhance performance
across a variety of facial expressions. Additionally, different
scenarios were used to test response times. The results
demonstrated that, as illustrated in Fig. 5, face recognition
performed with 0.5 seconds/frame and standalone weapon
detection was able to function at an impressive 0.3 seconds/
frame.
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IV. RESULTS OF FACE RECOGNITION

USING CNN
Using a vast database, this technique enables the com-
puter to comprehend the photos by identifying the visual
components and identifying any trends. If the similar-
ity is less than the threshold, it may also return “no match.”
However, the accuracy decreased to 90% in dim light. Less-
lit settings that are better suited for infrared cameras or im-
age enhancement techniques may present challenges for the
model. Additionally, the devices, [oT systems, and smart cam-
eras were brought about by the angles at which the faces were
presented.

TABLE I
Face Recognition Results Under Various Test Scenarios

Test Scenario Face Recognition Accuracy (%)

Normal Lighting 88% - 98%

90%
95%

Low Lighting

Dynamic Angle

TABLE II
System Response Time under Different Test Cases

Test Cases Response Time (Sec)
Weapon Detection Only 0.3 sec
Face Recognition Only 0.5 sec
Full System (Both Tests) 0.8 sec

When incorporated into a second system, the system as a
whole processed data in 0.8 seconds, guaranteeing prompt
alerts for unknown people or possible dangers. The outcomes,
as shown in Tables I and I, indicate the system’s effectiveness
for real-time monitoring, making it a practical option for visu-
ally impaired people in dynamic and potentially dangerous
situations.

V. CONCLUSION AND FUTURE SCOPE
Using OpenCV and Python, this study effectively created a
real-time emotion recognition system that incorporates deep
learning approaches to improve speed and accuracy. We can
be certain that everything is centered around automation and
technology as we enter the Fourth Industrial Revolution. The
industry that needs technical advancements is changing, as
we can see. In addition to altering how businesses function,
these advancements also altered how we live our daily lives.
Strong data security measures to guarantee that no criminals
can access private data to support forensic analysis. In this
project, we have tried a variety of approaches and every one
of those face recognition techniques has been successful. Face
recognition is the foundation of the face recognition system.
The unknown individuals can be identified using this system.
This saves time and money and is easy to use. using the
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algorithm for machine learning. Anyone can customize the
system to meet their needs, and it is more dependable and
straightforward.

Future work includes multimodal data integration, combin-
ing speech emotion recognition, body language, and physi-
ological signals for the more accurate analysis of emotions.
Advanced deep learning models such as Vision Transformers
(ViTs) and Efficient Net can further increase accuracy. The
system will be optimized for low-power edge devices, which
enables real-time applications in mobile
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