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Abstract: The COVID-19 pandemic has underscored the critical importance of wearing face masks to curb
the spread of the virus, especially in densely populated areas like public transportation, industrial facilities,
and other crowded spaces. However, monitoring large populations to ensure compliance with mask
mandates poses significant challenges for authorities. This paper introduces a Face Mask Detection System
that leverages computer vision and deep learning techniques to automate the identification of individuals
wearing or not wearing masks. The system utilizes a Convolutional Neural Network (CNN) architecture,
built with popular frameworks such as TensorFlow, Keras, and OpenCV, to process image data and detect
masks in real-time. By training the model on datasets of masked and unmasked faces, it achieves high
accuracy in distinguishing between the two categories, even in dynamic environments. The system processes
live video streams from webcams, efficiently detecting mask compliance in high-traffic areas like airports,
shopping malls, and offices. Designed to function under diverse lighting conditions, the system is adaptable
for various deployment scenarios. Its ability to provide real-time video feed analysis makes it a valuable tool
for public health authorities to monitor mask-wearing behavior, reducing the need for manual surveillance.
By offering a scalable, automated solution, this system significantly aidsin ensuring compliance with mask
regulations, thereby supporting efforts to limit virus transmission and enhance public safety during
pandemics.

Index Terms —Face Mask Detection, Computer Vision, Deep Learning, CNN, Real-Time Video Analysis,
COVID-19 Prevention.

|. INTRODUCTION

In the early 21st century, the use of face masks saw a notable increase, particularly during outbreaks of
infectious diseases such as influenza, with Japanese authorities advising both ill and healthy individuals to
wear masks as a precautionary measure. However, the emergence of the COVID-19 pandemic marked a
significant turning point, as the novel coronavirus rapidly evolved into a lethal threat, prompting health
departments worldwide to issue strict guidelines emphasizing the importance of mask-wearing in public
spaces. The pandemic's widespread impact has affected various sectors, including large-scale industries and
tourism, while resulting in a tragic increase in human fatalities globally. To address these challenges,
automated face mask detection systems have gained considerable attention as an effective solution for
ensuring compliance with health protocols [1].

Our project specifically aims to detect masks worn over faces in public places using advanced deep
learning algorithms and the MobileNetV2 architecture. This endeavour is rooted in the context of a critical
public health necessity, as ensuring safety in venues such as government offices, hospitals, airports, and
shopping malls is paramount. Traditional methods of manual surveillance for mask compliance are labour-
intensive and prone to human error, making them inefficient, particularly in densely populated areas. By
leveraging computer vision and deep learning techniques, our system offers a scalable, efficient, and reliable
means of monitoring mask adherence, thus enhancing public health safety [2].
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Face mask detection is a systematic process that employs machine learning algorithms to determine
whether individuals are wearing face masks. Unlike basic face detection methods used for security and
biometric authentication, our system must differentiate between masked and unmasked faces in real -time.
Utilizing Convolutional Neural Networks (CNNs), which are particularly effective for image classification
tasks, our approach can automatically learn relevant features from extensive datasets, improving itsaccuracy
over time through training. By integrating CNN architectures with frameworks such as TensorFlow, Keras,
and OpenCV, we create robust face mask detection systems capable of operating efficiently under real-world
conditions[3].

These systems operate by capturing images or video streams from cameras or webcams, which are then
pre-processed to enhance quality before being passed through the trained CNN model for mask detection.
Pre-processing tasks, including image resizing and contrast adjustment, ensure consistent input for the neural
network. Once processed, the CNN applies convolutional filters to extract important features such as edges
and shapes, ultimately classifying the image as either "with mask™ or "without mask.” This real-time
monitoring capability allows the system to observe multiple individuals simultaneously in dynamic settings,
contributing significantly to compliance monitoring efforts. Despite the challenges posed by variations in
mask types and orientations, as well as privacy concerns, the deployment of automated face mask detection
systems represents a promising and innovative approach to public health management during the ongoing
pandemic and beyond [4].
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Figure 1: Stages in Face Mask detection System

Il. RELATED WORK

The study by Almabrok Essa and Vijayan K. Asari titled "Face Recognition Based on Modular Histogram
of Oriented Directional Features” focuses on improving face recognition systems by addressing the challenges
of varying lighting conditions. Their approach involves encoding different face patterns using local directional
pattern descriptors and modular histograms. The authors utilized various edge-detecting masks such as Prewitt
kernels, Kirsch masks, Sobel kernels, and Gaussian derivatives, highlighting their effectiveness in boosting
face recognition accuracy. However, while their method works well on certain datasets, the performance may
not generalize across different datasets due to variations in the data, limiting its robustness [5].

In the study titled "Study of Masked Face Detection Approach in Video Analytics", authors Gayatri Deore,
Ramakrishna Bodhula, Dr. Vishwas Udpikar, and Prof. Vidya More propose a simple yet effective method for
detecting masked faces in video sequences. Their approach involves estimating the distance from the camera,
detecting the eye line, identifying facial parts, and performing eye detection. This methodology simplifies the
task, making it feasible for real-time implementations. Although the approach is simple and promising for
masked face detection in video, the accuracy depends on the combination of these various steps, and the paper
suggests that further optimization is required to improve performance [6].

In, "Covid-19 Face Mask Detection Using TensorFlow, Keras, and OpenCV" by Arjya Das, Mohammad
Wasif Ansari, and Rohini Basak, leverages a Sequential Convolutional Neural Network (CNN) to detect face
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masks during the COVID-19 pandemic. By combining popular frameworks such as TensorFlow, Keras, and
OpenCV, they achieved impressive accuracy rates of 95.77% and 94.58% across two datasets. Their system
also shows the potential to detect masks on moving faces, making it suitable for surveillance tasks. However,
a limitation is that the system cannot determine the type of mask being worn (e.g., surgical vs. N95), which
could be important for health and safety purposes [7].

In "A Novel Approach to Detect Face Mask to Control Covid Using Deep Learning”, authors T
Subhamastan Rao, S Anjali Devi, P Dileep, and M Sitha Ram present an innovative CNN architecture known
as M-CNN for detecting face masks. Their model can classify images into two categories—"with mask" and
"without mask"—with an accuracy of around 91.5%. The model employs several convolution, max-pooling,
and dropout layers, making it effective for real-time applications. However, like many deep learning models,
there is room for improvement by exploring combinations of different features to boost overall performance
[8].

Another study, "An Automated System to Limit COVID-19 Using Facial Mask Detection in Smart City
Network™ by Mohammad Marufur Rahman, Md. Motaleb Hossen Manik, Md. Milon Islam, Saifuddin
Mahmud, and Jong-Hoon Kim, outlines a system for detecting face masks in a smart city environment. The
system uses deep learning for image processing and aims to inform authorities when someone is not wearing
a mask, thus helping limit the spread of COVID-19. While this is a valuable tool for public health surveillance,
a key limitation is that the system struggles to distinguish between a person wearing a mask and someone
covering their face with their hands, which can lead to false positives [9][10].

Eashan Adhikarla and Brian D. Davison’s paper "Face Mask Detection on Real-World Webcam Images”
explores face mask detection using real-world webcam images and proposes an R-CNN architecture with
ResNet-50. They introduce the WFM dataset, a large and diverse set of images collected over 10 months. This
dataset could serve as a valuable resource for developing Al models for mask detection and related COVID-
19 studies. However, one limitation is that the proposed methodology does not yet integrate with smart sensors
or edge cloud devices, which could be beneficial for collecting and processing multimedia data in real-
time[11][12].

In the study "Detection of Face Mask Using Convolutional Neural Network™, Riya Chirag Kumar Shah and
Rutva Jignesh Shah present a CNN-based face mask detection model that achieves an impressive 99% precision
and recall. Their system can be deployed in crowded areas like shopping malls and airports to monitor public
adherence to mask-wearing guidelines, thereby reducing virus spread. Despite its high accuracy, the model
cannot be integrated into high-resolution video surveillance systems, which limits its-application in certain
high-security or high-definition environments [13].

Finally, "Facial Recognition and Face Mask Detection Using Machine Learning Techniques" by Mira M.
Boulos investigates both facial recognition and face mask detection using CNN models. The study uses transfer
learning and fine-tuning techniques to improve performance, providing a tool to enhance biometric
authentication during the pandemic. However, the system does not include an alert mechanism for improper
mask-wearing or social distancing violations, which would be valuable features for public health surveillance
[14][15].

11l. PROPOSED METHODOLOGY

In our face mask detection system, we leverage the power of Convolutional Neural Networks (CNNSs)
through a process known as Transfer Learning, allowing us to use a pre-trained MobileNetV2 model as a
feature extractor rather than training a model from scratch. This approach capitalizes on the hierarchical
learning capabilities of CNNs, where lower layers focus on detecting low-level features such as edges and
corners, intermediate layers identify shapes and colors, and upper layers discern high-level features
corresponding to specific objects within images. By utilizing the activations obtained from the layers just before
the final fully connected layer, we create a feature vector that serves as input for a secondary classifier. This
method not only expedites the training process but also improves accuracy by harnessing the extensive
knowledge embedded in the pre-trained model.

The implementation involves several key components. Firstly, we customize the MobileNetV2 architecture,
which is designed to be lightweight and efficient, making it ideal for real-time applications. We utilize Keras
with TensorFlow as the backend framework, which provides a comprehensive suite of tools for building and
training deep neural networks. Our system's output is computed using the Single Shot Multibox Detector
(SSD), which effectively handles object detection tasks by simultaneously predicting multiple bounding boxes
and their corresponding class scores in a single forward pass through the network.
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To elucidate the design and functioning of our system, we employ UML diagrams, which visually represent
the system architecture and the interactions between its various modules. These diagrams serve to clarify the
workflow, illustrating how input images are processed through the MobileNetVV2 model, how features are
extracted, and how the final classification is performed. Overall, this design ensures an efficient, scalable, and
accurate face mask detection system suitable for deployment in public venues, enhancing safety and
compliance during the ongoing pandemic.
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Figure 2: Flow Diagram of MobileNetV2 model.
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A. SYSTEM ARCHITECTURE
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Figure 4: Sequence Diagram for Face Mask Detection
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Figure 5: Activity Diagram of Face Mask Detection

D. CLASS DIAGRAM

WAt mask

“helgnt_ ol _nose
-poﬂuon_c'__mg

-poﬂuon:o':cl:h
cpaniton_of _hips

m‘M_m“k

“helght_of _nose
~PORIton_of _oayes
spositon_of_oyebrows

“Is_none visible
~is_Mps_ visible
s _ohin_ visibia
etect_visitihity ()
Tacoepl_rrusge ()

“is_Ince  coversd
saccopt_image()

wrojeact_image()
sraeject_image)

\] /
—iN_any _object_present

Load datm

sstatus of load _ | s _everything visibile
e L | -1 do_data_video_ siresm
«lo:ﬁ)

[ Vace detection |

saduect_taco()
sdaetect no  face)

Show result
s lnce  mask presseot
So_mask detected()
+mank_detected() [
spercent_of_tace visible()

N
Face mask detecton
svisibility fraction
sdetect No_mask()
S aetm ot _mank()

Figure 6: Class Diagram of Face Mask Detection
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1VV. CONCLUSION

In conclusion, the implementation of a face mask detection system represents a significant advancement
in public health safety, enabling us to effectively identify individuals who are wearing face masks and thereby
allowing controlled access to various environments. This solution is not only timely but also crucial in
mitigating the risks associated with virus transmission, especially in crowded spaces where compliance with
health protocols is paramount. By leveraging a highly accurate model trained on publicly available face mask
datasets, we can achieve state-of-the-art results that continuously improve through ongoing model
optimization. The versatility of this system allows for seamless integration into both web and desktop
applications, providing real-time detection capabilities via live video feeds. Furthermore, the system can be
connected to entry gates, ensuring that only individuals adhering to mask-wearing guidelines gain access,
thus enhancing safety in shopping malls, educational institutions, and other critical infrastructures. This
proactive approach not only aids in enforcing health regulations but also fosters a sense of security among
the public, contributing to a collective effort to combat the spread of infectious diseases. Ultimately, the face
mask detection system stands as a valuable tool in our ongoing response to global health challenges,
embodying the fusion of technology and public health measures to create a safer environment for all. As
society continues to navigate the complexities of health safety, the deployment of such innovative solutions
will be essential in shaping a more resilient future.
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