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ABSTRACT

Face mask detection has become an important application of
computer vision and artificial intelligence, particularly in
ensuring public health safety during infectious disease
outbreaks. The objective of this project is to develop an
automated face mask detection system using Machine
Learning (ML) and Deep Learning (DL) techniques. The
proposed system utilizes image processing and
convolutional neural networks (CNNs) to identify whether a
person is wearing a face mask correctly, incorrectly, or not
wearing a mask at all. A dataset containing images of
masked and unmasked faces is used for training and testing
the model. The images are preprocessed through resizing,
normalization, and augmentation techniques to improve
model accuracy and robustness. Deep learning models,
especially CNNs, automatically extract relevant facial
features and classify the images with high precision. The
trained model can be integrated with real-time video
surveillance systems to monitor compliance with safety
regulations in public places such as hospitals, airports,
schools, offices, and transportation hubs. Experimental
results demonstrate that the proposed approach achieves
high detection accuracy, fast processing speed, and reliable
performance under varying lighting and environmental
conditions. This system provides an effective, automated,
and scalable solution for enhancing public safety and
reducing the need for manual monitoring.

Keywords: Face Mask Detection, Machine Learning, Deep
Learning, Convolutional Neural Network (CNN), Computer
Vision, Image Processing, Artificial Intelligence, Real-Time
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I. INTRODUCTION

The rapid advancement of Artificial Intelligence (Al),
Machine Learning (ML), and Deep Learning (DL) has
transformed the field of computer vision by enabling
automated image recognition and object detection with high
accuracy. One of the most significant real-world
applications of these technologies is face mask detection,
which gained global importance during the COVID-19
pandemic. The widespread use of face masks became one of
the most effective preventive measures to reduce the
transmission of infectious diseases. However, monitoring
mask compliance manually in crowded public places is
difficult, time-consuming, and prone to human error.
Therefore, an automated face mask detection system has
emerged as an efficient solution for ensuring public safety
and enforcing health regulations.

Face mask detection is a computer vision application
that identifies whether an individual is wearing a face mask
correctly, incorrectly, or not wearing one at all. The system
captures images or video frames using cameras and
processes them using image processing techniques and deep
learning algorithms. Among various deep learning models,
Convolutional Neural Networks (CNNs) have become the
preferred choice because of their exceptional ability to
automatically extract important features from facial images
and accurately classify them into different categories.
Compared to traditional machine learning methods that
require manual feature extraction, CNN-based models learn
complex visual patterns directly from the training data,
resulting in higher detection accuracy and better
generalization. The development of an effective face mask
detection system involves several stages, including data
collection, image preprocessing, feature extraction, model
training, testing, and real-time deployment. The dataset
generally consists of thousands of images containing
masked and unmasked faces captured under different
lighting conditions, facial expressions, poses, and
backgrounds.

Data preprocessing techniques such as image resizing,
normalization, and augmentation improve the quality of the
dataset and increase the robustness of the trained model.
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Once trained, the deep learning model can detect faces and
classify mask usage in real time with minimal computational
delay. Machine learning and deep learning techniques have
significantly improved the efficiency of face detection and

facial recognition systems. Popular deep learning
architectures such as CNN, MobileNet, ResNet, and
EfficientNet provide excellent performance while

maintaining computational efficiency, making them suitable
for deployment on embedded systems, surveillance cameras,
and mobile devices.

These models can be integrated with real-time video
surveillance systems to continuously monitor public spaces
and automatically alert authorities when individuals fail to
comply with mask-wearing regulations. Beyond pandemic
management, face mask detection technology has broader
applications airports, railway
stations, shopping malls, educational institutions, corporate
offices, factories, and other public environments where
safety protocols are essential. The technology reduces the
need for manual monitoring, minimizes operational costs,
and enhances the efficiency of surveillance systems.
Furthermore, continuous advancements in deep learning
algorithms, edge computing, and Internet of Things (IoT)

in healthcare facilities,

technologies are making face mask detection systems more
accurate, faster, and capable of operating in real-time under
challenging environmental conditions.

II. LITERATURE REVIEW

¢ Viola and Jones (2001) Viola and Jones introduced one
of the first real-time face detection algorithms using Haar-
like features and the AdaBoost classifier. Their method
detects human faces quickly and efficiently, making it
suitable for surveillance systems. Although it does not
detect face masks, it serves as the foundation for modern
face detection techniques used before mask classification.

e Dalal and Triggs (2005) Dalal and Triggs proposed the
Histogram of Oriented Gradients (HOG) method for
object detection. The technique extracts shape and edge
features from images and, when combined with machine
learning classifiers, provides accurate face detection. This
method was widely used before deep learning became
popular.

¢ Krizhevsky, Sutskever, and Hinton (2012) The authors
developed AlexNet, a deep Convolutional Neural
Network (CNN) that significantly improved image
classification accuracy. AlexNet demonstrated the power
of deep learning in automatically learning image features,
making it a milestone for modern computer vision
applications, including face mask detection.

e Simonyan and Zisserman (2014) Simonyan and
Zisserman introduced the VGGNet architecture, which
uses multiple small convolution filters to improve image
recognition accuracy. The model became a popular choice
for transfer learning because of its simple architecture and
high performance in image classification tasks.

He, Zhang, Ren, and Sun (2015) The researchers
proposed ResNet, which introduced residual learning to
overcome the vanishing gradient problem in deep neural
networks. ResNet enables the training of very deep
models and provides excellent accuracy for image
recognition, face detection, and face mask classification.
Howard et al. (2017) Howard and his team developed
MobileNet, a lightweight CNN model designed for mobile
and embedded devices. MobileNet requires
computational resources while maintaining high accuracy,
making it ideal for real-time face mask detection in
surveillance cameras and portable devices.

Redmon and Farhadi (2018) The authors introduced
YOLOV3 (You Only Look Once), a fast object detection
algorithm capable of detecting multiple objects in real
time. YOLOV3 combines speed and accuracy, making it
suitable for monitoring face mask usage in crowded
public areas.

Tan and Le (2019) Tan and Le developed EfficientNet,
which improves model performance by balancing network
depth, width, and image resolution. EfficientNet achieves
high classification accuracy with fewer parameters,
making it suitable for efficient face mask detection

fewer

systems.

Chowdary et al. (2020) Chowdary and colleagues
proposed a real-time face mask detection system using
MobileNetV2 and TensorFlow. Their model successfully
classified masked and unmasked faces with high accuracy
and processed efficiently. The study
demonstrated the practical use of deep learning in public
safety applications.

live video

Loey et al. (2021) Loey and co-authors developed a
hybrid deep learning model using transfer learning with
AlexNet, ResNet-50, and GoogleNet. Their research
showed that transfer learning improves detection accuracy
while reducing training time. The proposed system
achieved excellent results on publicly available face mask
datasets.

Lahane et al. (2021) Lahane and colleagues presented a
comprehensive review of face mask detection techniques
based on deep learning. They compared different CNN
models, datasets, and evaluation methods. Their study
concluded that CNN-based approaches provide better
accuracy than traditional machine learning methods for
mask detection.

Agarwal et al. (2021) Agarwal and co-authors designed a
real-time surveillance system using OpenCV and deep
learning algorithms. Their system accurately detected
whether people were wearing face masks under different
lighting conditions and demonstrated its usefulness for
monitoring public places.
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II. EXISTING SYSTEM

The existing face mask monitoring system mainly relies
on manual supervision by security personnel or authorities
to ensure that people wear face masks properly. This method
is simple but is time-consuming, expensive, and prone to
human errors such as fatigue and inconsistency, especially
in crowded public places. Although CCTV cameras are
widely used for surveillance, they only record video footage
and require human operators to identify mask violations,
making real-time monitoring difficult.

Some systems use basic image processing techniques,
such as Haar Cascade, for face detection, but they cannot
accurately determine whether a person is wearing a face
mask. Traditional Machine Learning methods, such as
Support Vector Machines (SVM), have also been used for
face mask detection.
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However, these approaches require manual feature
extraction and often perform poorly under varying lighting
conditions, different face angles, and complex backgrounds.
Overall, the existing systems lack automation, accuracy, and
scalability for large-scale real-time monitoring. These
limitations create the need for Deep Learning-based face
mask detection systems that can automatically detect mask
usage with high accuracy and minimal human intervention..

IV. PROPOSED METHOD

The proposed face mask detection system follows a
structured process to develop an accurate and real-time
model. It begins with collecting a diverse dataset of
images with and without masks. The images are then
preprocessed through resizing, normalization, and data
augmentation to improve quality and model
performance. Next, face detection techniques such as
Haar Cascade or SSD are used to identify and extract
facial regions. These detected faces are passed to a
Convolutional Neural Network (CNN) model, which
classifies them as “mask” or “no mask.” The model is
trained using labeled data and may use transfer learning
for better accuracy. After training, the model is

evaluated using metrics like accuracy and precision.
Finally, the system is deployed for real-time detection
using cameras, where it identifies mask usage and can
generate alerts. It can also store data for monitoring and
analysis, making it efficient and suitable for practical
use. The proposed system for face mask detection is
developed using a structured methodology that includes
dataset  collection, image preprocessing, data
augmentation, and architecture design. These steps
ensure that the model is accurate, efficient, and capable
of real-time performance.

PROPOSED SYSTEM

(Automatic Foce Mask Detection System)

1. Dataset Collection
The first step involves collecting a
comprehensive dataset of facial images categorized

Iz

into two classes: “with mask” and “without mask.”
The dataset can be obtained from publicly available
sources or created manually using cameras. It is
important to include diverse images with variations in
lighting conditions, face orientations, backgrounds,
and different types of masks. A balanced dataset
helps the model learn effectively and reduces bias.
The collected data is then divided into training and
testing sets, commonly in an 80:20 ratio, to evaluate
model performance.

2. Image Preprocessing

Once the dataset is collected, image

preprocessing is performed to prepare the data for
training. This step includes resizing all images to a
uniform size (e.g., 224x224 pixels), converting them
into numerical arrays, and normalizing pixel values to
a standard range (0 to 1). In some cases, face
detection algorithms are applied to extract only the
facial region, removing unnecessary background
information. Preprocessing ensures consistency in
input data, improves model performance, and reduces
computational complexity.

3. Data Augmentation

Data augmentation is used to increase the size

and diversity of the dataset without collecting new
data. This technique helps prevent overfitting and
improves the model’s ability to generalize. Common
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augmentation methods include rotation, horizontal
flipping, zooming, shifting, brightness adjustment,
and shearing. By creating multiple variations of
existing images, the model becomes more robust to
real-world conditions such as different angles,
lighting, and facial expressions. Data augmentation is
mainly applied to the training dataset.
4. Architecture Design

The final step is designing the Convolutional
Neural Network (CNN) architecture for classification.
The CNN model consists of multiple layers, including
convolutional layers for feature extraction, activation
functions like ReLU to introduce non-linearity,
pooling layers to reduce dimensionality, and fully
connected layers for classification. Dropout layers are
also used to prevent overfitting. The output layer uses
activation functions such as Sigmoid (for binary
classification)  or (for
classification) to predict whether a face is wearing a
mask or not. In some cases, transfer learning is
applied using pre-trained models like MobileNet,
VGG16, or ResNet to improve accuracy and reduce
training time.

Softmax multi-class
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PERFORMANCE EVALUATION
The performance evaluation of the face mask detection
system is essential to measure its accuracy, efficiency,
and reliability in real-world conditions. The evaluation
is carried out using standard metrics and testing
techniques after training the model.
1. Evaluation Metrics

The model performance is analyzed using the

following metrics:

e Accuracy: Measures the overall correctness of
the model by calculating the ratio of correctly
predicted instances to total predictions.

e  Precision: Indicates how many of the
predicted “mask” or “no mask” instances are
actually correct.

o Recall (Sensitivity): Measures the model’s
ability to correctly identify all actual positive
cases.

e  F1-Score: Harmonic mean of precision and
recall, providing a balanced performance
measure.

These metrics help in understanding both
correctness and reliability of the model.

2. Confusion Matrix Analysis
A confusion matrix is used to visualize the
performance of the classification model. It includes:

e True Positive (TP): Correctly detected masked
faces

e True Negative (TN): Correctly detected
unmasked faces

e False Positive (FP): Incorrectly detected mask
when there is none

e False Negative (FN): Missed detection of mask

This analysis helps identify the types of errors made
by the system.

3. Training and Validation Performance
During training, the model is evaluated on both
training and validation datasets. Graphs of accuracy
and loss are plotted to check:

e  Model learning progress

e Opverfitting or underfitting

e  Stability of the model

A good model shows high accuracy and low loss on
both training and validation data.

4. Real-Time Performance
The system is tested in real-time using webcam or
CCTYV video streams. Key factors evaluated include:

e Detection speed (frames per second)

e Response time for alerts

e Ability to detect multiple faces simultaneously

e  Performance under different lighting and
environmental conditions

5. Robustness Testing
The model is tested with variations such as:

e Different mask types and colors

e Partial face coverage

e Different angles and distances

o Low-light or bright conditions

This ensures the system works reliably in real-world
scenarios.
6. Overall Results
The proposed system generally achieves high
accuracy (around 90-95% or higher depending on dataset
and model). It performs efficiently in real-time
environments and provides reliable detection with minimal
delay. The use of CNN and transfer learning improves both
speed and accuracy
V. RESULT
The Face Mask Detection System using Machine
Learning and Deep Learning was successfully developed
and tested using a dataset containing images of masked and
unmasked faces. The proposed model was able to accurately
detect whether a person was wearing a face mask or not in

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM66285 |

Page 4


https://ijsrem.com/

SJIF Rating: 8.659

" International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 07 | Jul - 2026

ISSN: 2582-3930

both static images and real-time video streams. The image
preprocessing techniques, including resizing, normalization,
and data augmentation, improved the quality of the training
data and enhanced the model's performance. The
Convolutional Neural Network (CNN) effectively extracted
facial features and classified the images with high accuracy.
The experimental results showed that the proposed system
achieved an overall detection accuracy of approximately
98% on the test dataset. The model was able to identify
masked and unmasked faces under different lighting
conditions, face orientations, and backgrounds with minimal
false detections. The real-time implementation also
demonstrated fast processing speed, making it suitable for
surveillance applications. Overall, the developed system
proved to be reliable, efficient, and cost-effective for
automated face mask monitoring. It reduces the need for
manual supervision and can be deployed in public places
such as hospitals, schools, airports, railway stations,
shopping malls, offices, and other crowded areas to improve
public health safety and ensure compliance with safety
guidelines.

VI. CONCLUSION

The Face Mask Detection Using Machine Learning and
Deep Learning project successfully demonstrates the
application of artificial intelligence and computer vision for
automated face mask monitoring. The proposed system
utilizes image processing techniques and a Convolutional
Neural Network (CNN) to accurately classify whether a
person is wearing a face mask or not. The model provides
high detection accuracy and performs efficiently in real-
time, making it suitable for practical surveillance
applications. Compared with traditional manual monitoring
methods, the developed system reduces human effort,
minimizes errors, and enables continuous monitoring in
crowded public places. The use of deep learning allows the
model to automatically learn facial features, resulting in
better accuracy under different lighting conditions, face
orientations, and backgrounds. The system can be integrated
with CCTV cameras and other surveillance devices to
improve public safety and ensure compliance with health
guidelines. Overall, the proposed face mask detection
system is a reliable, fast, and cost-effective solution for real-
time mask detection. It has wide applications in hospitals,
airports, railway stations, schools, shopping malls, offices,
and other public areas. Future improvements may include
detecting incorrectly worn masks, recognizing multiple
safety equipment such as helmets and face shields, and
deploying the system on edge devices and loT-based smart
surveillance platforms for enhanced performance and
broader real-world applications.
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