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ABSTRACT

The rampant Coronavirus disease 2019 (COVID-19) has brought global crisis
with its deadly spread to more than 180 countries, and about 3,519,901 confirmed
cases along with 247,630 deaths globally as on May 4, 2020. Now that the
vaccination has been found, WHO has still insisted on wearing masks to protect
against this deadly virus and maintaining social distancing as it is the most feasible
approach to fight against this pandemic. Face detection and object detection has
emerged as a very interesting problem in image processing and computer vision. It is
more relevant today because it not only used on images but also in videos. Object
detection using deep learning is helpful in computer vision. These detection
algorithms works efficiently in current situation. This notion motivated me to contribute
an efficient computer vision based detection system to public safety. The face mask
detection system and social distancing detection system that exist works separately
yet efficiently. In this proposed system | have brought both together, it is difficult yet
new. The detection system detects if there is any violations through the camera and
or on any video or image input. In this system, we have used deep learning algorithm.
This system | have proposed here can be applied in places where people gather in
huge amount. This automated detection technique makes it easier to inspect the

public gathering in malls, streets, any firms, apartments, etc.
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CHAPTER 1
INTRODUCTION

1.1 GENERAL

Computer vision is the most powerful and compelling types of Artificial
Intelligence. The development of computer vision has made its mark recently in
analyzing and solving the complexive problems which has the relevant potential to

contribute and help the health care industry in controlling COVID-19.

In recent years, deep learning techniques are achieving state-of-the-art results
for object detection, such as on standard benchmark datasets and in computer vision
competitions. Deep learning techniques are able to do end-to-end object detection
without specifically defining features, and are typically based on convolutional neural
networks (CNN). Notable is the “You Only Look Once,” or YOLO, family of
Convolutional Neural Networks that achieve near state-of-the-art results with a single

end-to-end model that can perform object detection in real-time.

Fig 1.1: Object Detection Example

1.2 PROJECT OUTLINE
Coronavirus disease 2019 has affected the world seriously. Major protection
method for people is to wear masks in public areas and maintain social distancing.

Furthermore, many public service providers require customers to use the service only


https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/Convolutional_neural_network

if they wear masks correctly and follow social distanci ng. However, there are only a

few research studies about face mask detection and social distancing together .

Respiratory droplets are generated when an infected person coughs or
sneezes. Any person in close contact (within 1 m) with someone who has respiratory
symptoms (coughing, sneezing) is at risk of being exposed to potentially infective

respiratory droplets. Thus, wearing mask and maintaining distance is essential.

Droplets may also land on surfaces where the virus could remain viable; thus,
the immediate environment of an infected individual can serve as a source of
transmission (contact transmission). Wearing a medical mask and maintaining social
distancing are the prevention measures that can limit the spread of certain respiratory

viral diseases, including COVID-19.

In this project, | have proposed a computer vision based system which detects
both presence of face mask on people and social distance between people. The
system takes input from a live video, images and videos.The system is developed
with the combination of various architectures. The ResNet is used for face detection,
MobileNetV2 is used as backbone for feature extraction to achieve a best face mask
detection model and YOLO is used for object detection. Using the above methods,
the system detects the face then looks for the presence of face mask and also
compares the distance between people simultaneously. The system thus makes it

easier to detect people who are violating the measures in single point of control.

1.3 OBJECTIVE

Main objectives of a this proposed system is to design a system to prevent
people from infections. This can be done by identifying the person on image,video or
live stream from a camera who is not wearing face mask and not maintaining social
distance. It can be detected with the help of computer vision and deep learning

algorithm. Also, to provide top management in a si ngle point of control that will be



helpful to reduce violations and decrease the spreading of infection.



1.4 MOTIVATION

One of the increasing popular public concerns is human health. In the present
scenario due to Covid-19, there is no efficient face mask and social distanci ng
detection applications together which are now in high demand for transportation
means, densely populated areas, residential districts, large-scale manufacturers and
other enterprises to ensure safety. If early actions can be taken in time, then lots of
people can be saved. However, face mask detection and social distancing detection
separately is inconvenient, time consuming and expensi ve. Therefore, these
constrains motivated me to provide all in single slate for detecting both face mask

and social distance, so people have the advantage of easy and simple access.



CHAPTER 2
LITERATURE SURVEY

2.1 RELATED WORK

The face mask and social distancing are the best technique to prevent from
the corona virus infection, initially when COVID-19 occurred in end of 2019 the above
mentioned ways was brought as an effective measure and it is still has positive
impact.There are various papers and researches related to the face mask detection
and social distanci ng detection. | have studies the existing papers and learned about
the advantages and disadvantages of the existing work. Therefore, by learning the
advantages | have applied those in my proposed system and by analysi ng the
disadvantages | have managed to come up with feasible and effici ent solutions for

the problems in the existing system.

2.1.1 Object Detection Using Convolutional Neural Networks

Reagan L. Galvez; Argel A. Bandala; Elmer P. Dadios; Ryan Rhay P. Vicerra
and Jose Martin Z. Maningo have put forward the concept of object detection usi ng
convolutional neural networks in 2019. They stated that vision systems are essential
in building a mobile robot that will complete a certain task like navigation,
surveillance, and explosive ordnance disposal (EOD). That will make the robot
controller or the operator aware what is in the environment and perform the next
tasks. With the recent advancement in deep neural networks in image processing,
classifying and detecting the object accurately is now possible. In their paper,
Convolutional Neural Networks (CNN) is used to detect objects in the environment.
Two state of the art models are compared for object detection, Single Shot Multi-Box
Detector (SSD) with MobileNetV1 and a Faster Region-based Convolutional Neural
Network (Faster-RCNN) with InceptionV2. Result shows that one model is ideal for
real-time application because of speed and the other can be used for more accurate

object detection.


https://ieeexplore.ieee.org/author/37085550305
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https://ieeexplore.ieee.org/author/37344479100
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2.1.2 Real-Time Detection and Motion Recognition of Human Moving Objects
Meimei Gong and Yiming Shu have written about Real-Time Detection and
Motion Recognition of Human Moving Objects Based on Deep Learning and Multi-
Scale Feature Fusion in Video in the year 2020. In their paper, they have proposed a
real-time detection positioning and recognition network based on multi-scale feature
fusion (IMFF-SSD), which improves the positioning accuracy and identification
accuracy. First, this article analyzes the multi-scale features extracted from the SSD
network. It combines the position-sensitive information provided by low-level detail
features with the context information provided by high-level semantic features
through feature fusion, which effectively improves positioning accuracy of the target
prediction layer in the SSD network. Secondly, a feature embedded prediction
structure is designed to strengthen the semantics of target features without changing
the spatial resolution of the SSD prediction layer, and embed low-scale detailed
features in high-semantic features for collaborative prediction of targets. This
improves the accuracy of the SSD network's recognition of human moving targets at

all scales.

2.1.3 You Only Look Once: Unified, Real-Time Object Detection

Joseph Redmon, Santosh Divvala, Ross Girshick and Ali Farhadi have
presented us about YOLO in the year 2015. We present YOLO, a new approach to
object detection. Prior work on object detection repurposes classifiers to perform
detection. Instead, they frame object detection as a regression problem to spatially
separated bounding boxes and associated class probabilities. A si ngle neural
network predicts bounding boxes and class probabilities directly from full images in
one evaluation. Since the whole detection pipeline is a si ngle network, it can be
optimized end-to-end directly on detection performance. Their uni fied architecture is

extremely fast.

2.1.4 MobileNets: Efficient Convolutional Neural Networks for Mobile
Vision Applications

Andrew G. Howard, Menglong Zhu, Bo Chen, Dmitry Kalenichenko, Weijun


https://arxiv.org/search/cs?searchtype=author&query=Howard%2C%2BA%2BG
https://arxiv.org/search/cs?searchtype=author&query=Zhu%2C%2BM
https://arxiv.org/search/cs?searchtype=author&query=Chen%2C%2BB
https://arxiv.org/search/cs?searchtype=author&query=Kalenichenko%2C%2BD
https://arxiv.org/search/cs?searchtype=author&query=Wang%2C%2BW

Wang, Tobias Weyand, Marco Andreetto and Hartwig Adam have put forward about


https://arxiv.org/search/cs?searchtype=author&query=Wang%2C%2BW
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MobileNets in the year 2017 which is an efficient models for mobile devices and
embedded vision applications. These MobileNets are rationalized architecture and it
is applied using depth-wise convolutions. Two straight forward global hyper-
parameters were introduced by them which are used to efficiently trade between
accuracy and latency, so that it grants the model builder the rights to choose the
appropriate model for the chosen applications on the basis of the problem’s
constraints.They have also explained about the potential of MobileNets and
effectiveness of MobileNets over various applications.The uses cases of MobileNets

includes geo localization, fine grain classification and object detection.

2.1.5 Real-time GPU-based Face Detection in HD Video Sequences

David Oro, Carles Fernandez, Javier Rodriguez Saeta, Xavier Martorell and
Javier Hernando in the year 2011 presented us a face detector based on Haar that is
optimized and which is applied on high definition videos. The operations by kernel
mentioned in their paper makes use of both fine grain parallelism and coarse for
computation of integral image and evaluation of filter, therefore it is not only helpful

for face detection but it is also beneficial for various computer vision implementations.

2.1.6 A cascade framework for masked face detection

Wei Bu, Jiangjian Xiao, Chuanhong Zhou, Minmin Yang and Chengbin Peng
has come up with a fresh CNN-based cascade framework in the year 2018, that
comprises of three thoroughly designed CNN to recognize faces that has a mask on it
as there is only less face mask data set that detects accurately, due to which the
difficulty to detect face mask is increased. In this paper, they have proposed a fresh
dataset named "MASKED FACE dataset" to refine the CNN models and examine the
face mask detection algorithm developed on the testing set, and obtain desired

performance.

2.1.7 Performance Evaluation of Intelligent Face Mask Detection System with

various Deep Learning Classifiers

C.Jagadeeswari and M. Uday Theja in year 2020 have highlighted the usage



of deep learning technique to track each individual who fail to wear face mask in their
paper. The mentioned system has been instructed to detect precisely the presence of
face mask on a person’s face. Once the model finds a person without face mask,
people around are alerted with an alarm also the authorities responsible are also
alerted, by which appropriate actions can be implied against people who are violating
the rules. Their paper have also shown a detailed comparison between the classifiers
like VGG16, RESNET50, MobileNetV2, each with optimizer SGD, ADAGRAD and
ADAM .

2.1.8 A Review on Face Mask Detection using Convolutional Neural Network
Adithya K and Jismi Babu in year 2020 have written a paper about the system
they developed. It was an efficient face mask monitoring system usi ng machine
learning and image processing analysis.By the development of machine learning and
image processing analysis introduce methods for mask detection. By using image
processing analysis and machine learning method is used for find out mask
detection. Face mask detection can be done through various methods. Mainly
convolutional neural network method is used rapidly. The accuracy and decision

making is very high in CNN compared to others.

2.1.9 The effect of control strategies to reduce social mixing on outcomes of
the COVID-19 epidemic in Wuhan, China

Kiesha Prem et al. have surveyed and published in the year 2020 on how the
mix of population change have affected outbreak in Wuhan. People there have used
private location - specified contact patterns and used those ideas in schools,
workplace, and reduction of population mixing in general communities. The
epidemiological parameters captured and the matrices mentioned above, the latest
figures of the Wuhan outbreak is estimated. It has been replicated on the ongoing
situations in Wuhan adapting the age-structured susceptible-exposed-infected-
removed (SEIR) model for various physical distance measures. They also worked on
simulation models to check the dangers and effects of current scenario's outbreak,

on how lifting the control measures would affect the people and guiding by allowing



them to return to work in specified stages.



2.1.10 Monitoring COVID-19 social distancing with person detection and
tracking via fine-tuned YOLO v3 and Deepsort techniques

Narinder Singh Punn, Sanjay Kumar Sondhadra and Sonali Agarwal in their
paper in year 2020 have put forward an automated framework built out of deep
learning for monitoring social distance between the individuals by usi ng the
surveillance camera videos. The individuals are segregated from the background
using YOLO v3 object detection model. The identified individual are tracked with
bounding boxed and labels assigned using deep sort approach. An experimental
analysis was carried out, from which it was noted that the YOLO v3 framework with
deep sort tracking approach displayed desired results with balanced mAP and FPS

score to detect social distancing violation in real-time.

2.1.11 Deep Learning based Safe Social Distancing and Face Mask Detection in
Public Areas for COVID-19 Safety Guidelines Adherence

Shashi Yadav in year 2020 has proposed an computer vision based, live
automated monitoring system that detects people’s both social distanci ng and face
masks in public area by implementing it on raspberry pi4. After any breach detection,
the system sends alert to state police headquarters and also alarms the public. In his
system deep learning has been mixed with geometric method for developing a robust

modal. The work here detects both with a accuracy of 85% in best environments.

2.1.12 An Automatic System to Monitor the Physical Distance and Face Mask
Wearing of Construction Workers in COVID-19 Pandemic

Moein Razav, Hamed Alikhani, Vahid Janfaza, Benyamin Sadegh and Ehsan
Alikhani in the year 2021 have presented a paper on the system they developed to
automatically detect the violation of face mask wearing and physical distanci ng
among construction workers to assure their safety on infrastructure projects during
the pandemic. The final model was applied on four videos of road maintenance
projects in Houston, TX, that effectively detected the face mask and physical
distance. We recommend that construction owners use the proposed system to

enhance construction workers' safety in the pandemic situation.



CHAPTER 3
AIM AND SCOPE OF THE PRESENT INVESTIGATION

3.1 GOAL OF THE PROJECT

The goal is to train a custom deep learning model to detect whether a
person is wearing a mask or not and whether a person is maintaining social
distancing. To build a tool that can potentially detect where each person is, and return
a bounding box that turns red if the distance between two people is dangerously close
and label mask presence. This can be used by governments to analyze the

movement of people and alert them if the situation turns serious.

3.2 PROBLEM STATEMENT

3.2.1 Stimulate people on wearing face mask

The challenge is to train object detection models capable of identifying the
location of masked faces in an image as well as the location of unmasked faces in the
image. Because of which, we can keep a track on people not wearing mask and warn
them to wear mask to reduce the chances of spreading infection.These detectors
should be robust to noise and provide as little room as possible to accommodate false
positives for masks due to the potentially dire consequences that they would lead to.
Ideally, they should be fast enough to work well for real-world applications, something

we hope to focus on in future rounds of the competition.

3.2.2 Emphasize the importance of social distancing

The challenge here is to train models capable of identifying the distance between
people in an image as well as alert when people violate.This helps people in
companies and people worki ng in crowded areas to watch and alert people when
violating. It makes people understand the importance of following social
distancing.ldeally, they should be fast enough to work well for real-world applications,

something we hope to focus on in future rounds of the competition.

3.2.3 Coherent system to help



Rather than installing two different detection system to detect mask and social



distancing , here | have brought both in one. It makes it easier for people who wanted

to watch their customers and workers for their safety.
3.2.4 Applies to past, present and future

As the proposed system takes input from live camera or either from existing
video or image, it can be used in all the cases. The detection system can be applied
in live video streaming and note the people who are violating or it can be applied on
recorded video or image and detect people who are violating and use these clips or
images as evidence to warn the person. The evidences can also be used by police to

fine minimum charges to make people obey the rules.
3.3 SCOPE OF THE PROJECT

3.3.1 Existing system

Currently there are many detection systems to detect face mask and for
detecting social distanci ng violation separately and precisely. People managing a
large crowd in markets and companies install these systems to prevent violations and

to prevent spreading of infections.
Disadvantage of Existing System:
Purchasing of two systems
More memory consumed

Difficult to maintain both separately

3.3.2 Proposed system

In this proposed system, the face mask detection and social distanci ng
detection is done in si ngle slate. People managing a large crowd in markets and
companies install this one system to detect both for reduci ng the violations and to

prevent spreading of infections.

Advantages of Proposed System:

Purchasing just one system for both detection



Less memory consumption



Easy to maintain and keep a track

3.3.2.1 General flow of the proposed system

| FacEMASK H
DETECTION

. LIVE CAMERA / _— AN OBJECT
| NPUT } * IMAGE / VIDEO ] P READFRAME > peTECTION

WCIAL
DISTANCE
\__DETCTION

Fig 3.1: General flow of the proposed system

The flow diagram above show the general worki ng of the proposed system.
The system firsts get input from live camera or either in image or video formats. It
then reads frame from the input. The object is detected from the frames. If there is a
presence of an object, it checks for the face mask and social distance is calculated

between each object. If violation occurs, it notifies about the violation.



CHAPTER 4

EXPERIMENTAL OR MATERIALS AND METHODS; ALGORITHMS
USED

4.1 SYSTEM DEVELOPEMENT ENVIRONMENT

4.1.1 Introduction to python

PYTHON is an interpreted, high level, general purpose programming
language. we can use python for developing desktop GUI application, websites and
web application by taki ng care of common programming tasks. Python is the
programming language used in the code examples throughout this book. Python is a
clear and concise language with good support for input/output, numeric, images and
plotting. The language has some peculiarities such as indentation and compact

syntax that takes getting used to.

Python accomplishes what many programming languages don’t: the language
itself is simply designed, but it is very versatile in terms of what you can accomplish
with it.

4.1.2 Introduction to computer vision

Computer Vision, often abbreviated as CV, is defined as a field of study that
seeks to develop techniques to help computers “see” and understand the content of

digital images such as photographs and videos.

If we parallelize the human and computer vision systems, we can say that both
consist of a sensor and an interpreter. When it comes to sensors, cameras are most
often considered the equivalent of the eyes for a computer vision system. In reality,
cameras are only a part of a wide range of hardware that are used to capture

information about the real world.

It is a multidisciplinary field that could broadly be called a subfield of artificial

intelligence and machine learning, which may involve the use of specialized methods



and make use of general learning algorithms.



Artificial Intelligence

Machine Learning

Computer Vision

Fig 4.1: Computer vision Conceptual diagram

4.1.3 Introduction to deep learning

Though the technology is often considered a set of algorithms which ‘mimics
the brain’, a more appropriate description would be a set of algorithms which ‘learns in
layers’. It involves learning through layers that enable a computer to develop a

hierarchy of complicated concepts from simpler concepts.

To understand what deep learning is, we first need to understand the
relationship deep learning has with machine learning, neural networks, and artificial

intelligence.

Field of Artificial Intelligence

Field of
Machine Learning

Fig 4.2: Deep Learning Relationship diagram
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4.1.4 Introduction to image classification

Image classification is a supervised learning problem: define a set of target
classes (objects to identify in images), and train a model to recognize them usi ng
labeled example photos. Early computer vision models relied on raw pixel data as the
input to the model. However, as shown in Figure , raw pixel data alone doesn't provide
a sufficiently stable representation to encompass the myriad variations of an object as
captured in an image. The position of the object, background behind the object,
ambient lighting, camera angle, and camera focus all can produce fluctuation in raw
pixel data; these differences are significant enough that they cannot be corrected for

by taking weighted averages of pixel RGB values.

Average S

Fig 4.3: Image classification example

To model objects more flexibly, classic computer vision models added new

features derived from pixel data, such as color histograms, textures, and shapes.

4.1.4.1 General Approaches to Image Classification
1. Unsupervised

Unsupervised classification (a.k.a., “clustering”) identifies groups of pixels that

exhibit a similar spectral response


https://wikipedia.org/wiki/Color_histogram

2. Supervised

Supervised classification uses image pixels representing regions of known,

homogeneous surface composition -- training areas -- to classify unknown pixels.

4.1.5 Introduction to object detection

Object detection is a computer vision technique that allows us to identify and
locate objects in an image or video. With this ki nd of identification and localization,
object detection can be used to count objects in a scene and determine and track

their precise locations, all while accurately labeling them

Object detection is inextricably linked to other similar computer vision
techniques like image recognition and image segmentation, in that it helps us

understand and analyze scenes in images or video.

Image Object
Recognition Detection

Fig 4.4: Object detection example

Broadly speaki ng, object detection can be broken down into machine learning-

based approaches and deep learning-based approaches.

Deep learning-based approaches employ convolutional neural networks

(CNNs) to perform end-to-end, unsupervised object detection, in which features don’t



need to be defined and extracted separately.



4.2 SYSTEM REQUIREMENTS

4.2.1 Hardware requirements

Table 4.1: Hardware requirements

1. Processor :Intel Core i5-5300U CPU @2.30GHz

2. Operating System :64-bit OS

3. RAM :Minimum of 8.00 GB

4, GPU :Intel HD Graphics 5500

5. Camera :Laptop’s in built camera or external web cam

4.2.2 Software requirements

Table 4.2: Software requirements

1. Python 3.6.10
2. OpenCV 4.2.0
3. Tensorflow 1.15.0
4. Keras 2.31
5. numpy 1.19.1

4.3 SOFTWARE REQUIREMENT SPECIFICATION

The purpose of this Software Requirement Specification (SRS) is to help the

project.



It is provided with some requirements which are used in the Transaction
Mercator System. All parts design, coding and testing will be prepared with helping of
SRS.

4.3.1 Library software

The project is built usi ng Python as a platform and OpenCV as a main

source.We have also used certain libraries.

1. OPENCV(Open Source Computer Vision Library) is a python wrapper for the
original opencv c++ implementation. The library is cross platform and free for use
under the opensource BSD license. Opencv is capable of image analysis and
processing but have more like capture from cam. This means it is great at taking
frames out of video or taking in two frames from a stereoscopic camera and run

algorithim to extract information

2. Keras is a deep learning API written in Python, running on top of the machine
learning platform TensorFlow. It was developed with a focus on enabling fast
experimentation. Being able to go from idea to result as fast as possible is key to

doing good research.

However, Keras is also a highly-flexible framework suitable to iterate on state-
of-the-art research ideas. Keras follows the principle of progressi ve discloure of
complexity: it makes it easy to get started, yet it makes it possible to handle arbitrarily

advanced use cases, only requiring incremental learning at each step.

In much the same way that you were able to train & evaluate a simple neural
network above in a few lines, you can use Keras to quickly develop new training

procedures or exotic model architectures.

3. TensorFlow is an end-to-end open source platform for machine learning. It has a
comprehensi ve, flexible ecosystem of tools, libraries, and community resources
that lets researchers push the state-of-the-art in ML and developers easily build

and deploy ML-powered applications.


https://github.com/tensorflow/tensorflow
https://www.tensorflow.org/
https://www.tensorflow.org/resources/tools
https://www.tensorflow.org/resources/libraries-extensions
https://www.tensorflow.org/community

4. NumPy is one of the core libraries in Python programming and provides support
for arrays. An image is essentially a standard Numpy array containing pixels of
data points. Therefore, by using basic NumPy operations, such as slicing,
masking and fancy indexing, we can modify the pixel values of an image. The

image can be loaded using skimage and displayed using matplotlib.

Furthermore, NumPy enriches the programming language Python with
powerful data structures, implementing multi-dimensional arrays and matrices. These
data structures guarantee efficient calculations with matrices and arrays. The
implementation is even aiming at huge matrices and arrays, better know under the
heading of "big data". Besides that the module supplies a large library of high-level

mathematical functions to operate on these matrices and arrays.

4.3.1.1 Methods Included

Few major Methods that has been used in our project has been mentioned

below. The methods are essential to construct a stable system.

VIDEOCAPTURE() this method graps the next frame from video file or
camera and the return true(non-zero) in the case of success..that is,we call
videocapture ::grap() for each t camera and after that call the videocapture::retrieve()

to decode and geframe from each camera.

IMREAD() used to avoid data structure and function name conflicts with
others libraries,opencv has its own namespace: cv..Then create a mat object that will
store the data of the loaded image.mat image;now we call the imread function which
loads the image name specified by the first argument(argv[1]).use the function
cv2.imread() to read an image.the image should be in the working directory or a full

path or image should be given.

IMSHOW( | ) displays the grayscale image | in a figure.imshow uses the
default display range for the image data type and optimize figure,axes and image
object properties for image display..imshow(RGB) displays the truecolor image RGB

in a figure. imshow(BW) displays the binary image BW in a figure.use the function



cv2.imshow() to display an image in a window.The window automatically fits to the



image size.

WAITKEY( ) is a keyboard binding function in opencv it is used to introduce a
delay of n milliseconds while rendering images to windows.lts argument is the time in
milliseconds for any keyboard event.if you press any key in that time,the program
continues. if 0 is passed, it waits indefinitely for a key stroke.lt can also be set to

detect specific key strokes like, if key a is pressed etc.

DESTROYALLWINDOWS( ) simply destroy all the windows we created.If you
want to destroy any specific windows, use the function cv2.destroyAllwindows() where

you pass the exact window name as the argument.

4.4 MODULE IMPLEMENTATION

The detection system comprises of two modules. The Face mask detection
system is one and Social distanci ng detection system is another. The work flow

of the modules mentioned above is briefed below.

4.4.1 Face mask detection system

Face mask detection system is a separate module which detects the
presence of face mask on people’s face. The module is broke down into two

phases.

1. Training: Here the mask detection data set is loaded from the disk, model is

trained on the data set and the mask detector is serialized to the disk.

2. Deployment: Once it is trained, the mask detector is loaded, face detection is

performed and it is classified as mask or no mask.

A face mask dataset is prepared and trained for image classification. The
trained classifier is then loaded for detection. To detect face mask, we get input

from the user in various formats. The frames are read from the video input and



the faces are detected from the input. The Region Of Interest (ROI) of each face



is extracted and the mask classifier is implemented to each ROI. The presence of
face mask is checked and the results are shown. It labels “Mask” if there is a

mask on a person’s face and if not, it labels “No Mask”.

Training Face Mask Detector

Prepare a Face Mask
Dataset

Applying Face Mask Detector

( Check for the ] Apply Face mask
fFace | lassifier to each

| oo

Fig 4.5: Face Mask detection Flow diagram
4.4.1.1 Caffe model - Face detection

The system needs to detect the faces initially to check for the presence of
mask. Therefore, | have implemented face detection usi ng Caffe model. The
Caffe model is based on the SSD and it uses ResNet architecture as its
backbone. This model can process over 60 million image in single day which

makes it easier to train and detect with greater accuracy.

Caffe is a deep learning framework made with expression, speed, and
modularity in mind. Deep networks are compositional models that are naturally
represented as a collection of inter-connected layers that work on chunks of data.
Caffe defines a net layer-by-layer in its own model schema. The network defines the
entire model bottom-to-top from input data to loss. As data and derivatives flow
through the network in the forward and backward passes Caffe  stores,

communicates, and manipulates the information as blobs: the blob is the standard


https://caffe.berkeleyvision.org/tutorial/forward_backward.html

array and unified memory interface for the framework. The layer comes next as the



foundation of both model and computation. The net follows as the collection and
connection of layers. The details of blob describe how information is stored and

communicated in and across layers and nets.
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Fig 4.6: Caffe Model Architecture
Expressive architecture encourages application and innovation. Models and

optimization are defined by configuration without hard-coding. Switch between CPU
and GPU by setting a single flag to train on a GPU machine then deploy to commodity

clusters or mobile devices.

Speed makes Caffe perfect for research experiments and  industry
deployment. Caffe can process over 60M images per day with a si ngle NVIDIA K40
GPU. That's 1 ms/image for inference and 4 ms/image for learning and more recent
library versions and hardware are faster still. We believe that Caffe is among the

fastest convnet implementations available.

4.4.1.2 MobileNetV2 - Human classification

Once the face detection is done precisely, the face mask detection has to be
done. To detect the face mask, we need to apply image classification to classify faces
with mask and without mask. This is performed with MobileNetV2. It is a deep CNN

with 53 layers. We can use “classify” to classify new set of images using MobileNetV2



model.



MobileNets are based on a streamlined architecture that uses depth-wise
separable convolutions to build light weight deep neural networks. We shall be usi ng
Mobilenet as it is lightweight in its architecture. It uses depth wise separable
convolutions which basically means it performs a single convolution on each colour
channel rather than combining all three and flattening it. We then demonstrate the
effectiveness of MobileNets across a wide range of applications and use cases

including object detection, fine grain classification, face attributes and large scale
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Fig 4.7: Point wise and depth wise convolutions
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Fig 4.8: Face mask detection model accuracy



It shows the accuracy and loss of the face mask detection model. The

generated model’s accuracy is calculated and it is around 90%.
4.4.2 Social distancing detection system

Social distance detection system is another module which detects the distance

between the people and notify if there is a violation.

| Social distancing detector

= Eesdframe
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Fig 4.9: Social distance detection Flow diagram
The social distance detection system gets input from the surveillance camera

or from user either in image or video format. The object detection is applied and

“People” class is filtered.

The model generates a set of bounding box around each human. Each
individual is correlated with 3-dimensional feature area (x,y,d), where (x,y) refers to
the centroid points of the displayed bounding box and d refers to the individual’'s
depth that we see from the surveillance camera or from the video or image that we

give as input.

d= ((2 * 3.14 * 180)/(w+h * 360) * 1000 + 3) ,where the bounding box’s width
is referred as w and its height is referred as h.



Pairwise L2 norm is estimated for the group of bounding boxes..The L2 norm’s
dense matrix is applied to mark the contiguous one for each person that makes
certain of the closeness. If any person that satisfies closeness property is marked as
a neighbour. The contiguous ones are represented in discrete color and the social
distancing violation count is incremented. If there is no violation, the count value

remains null.

4.4.2.1 YOLO- Object detection

In case of social distance detection, we need to detect the object first. In
our case, persons are the object. We have used YOLO for object detection. It
processes images in real time at minimum of 45 frames per second and maximum of
around 155 frames per second. YOLO trains on full images and directly optimizes
detection performance. This unified model has several benefits over traditional

methods of object detection.

First, YOLO is extremely fast. Since we frame detection as a regression
problem we don’t need a complex pipelin.Second, YOLO reasons globally about the
image when maki ng predictions. Unlike sliding window and region proposal -based
techniques, YOLO sees the entire image during training and test time so it implicitly
encodes contextual information about classes as well as their appearance . Third,
YOLO learns generalizable representations of objects. When trained on natural
images and tested on artwork, YOLO outperforms top detection methods like DPM

and R-CNN by a wide margin.




Fig 4.10: You Only Look Once architecture



4.5 FLOW OF THE PROPOSED SYSTEM

SDV - Sodial distancing Violation
FMD - Face Mask Delection

Fig 4.11: Flow of the proposed system

The modules involved in this detection system is discussed previously. Those

modules are brought together and made to work as si ngle system. The overall

proposed system detects both face mask and social dista nce violation detection at

single point of control.

The proposed system makes it easier to detect the violation and it consumes

less time by showing the output of each module simultaneously rather than

implementing each module separately.



CHAPTER 5

RESULTS AND DISCUSSION, PERFORMANCE ANALYSIS
5.1 INTRODUCTION

Facial recognition and object detection systems uses computer vision
technology to identify individuals for security purposes. Most of the practices have
positive changes in some metrics after adopting the face mask and social distance
detection system. The current scenario made people to realize the need of the

system to follow precautionary methods.

5.2 REQUIREMENT ANALYSIS

The developer is responsible for:

Developing the system, which meets the SRS and solving all the requirements

of the system?

e Demonstrating the system and installing the system at client's location after

the acceptance testing is successful.

e Submitting the required user manual describing the system interfaces to work

on it and also the documents of the system.
e Conducting any user training that might be needed for using the system.
e Maintaining the system for a period of one year after installation.

5.2.1 Functional requirements

Functional requirements define what a software system should do. It defines a
function of a software system or its module. Functionality is measured as a set of

inputs to the system under test to the output from the system.
Functional requirements could include the following components that can be

measured as part of functional testing:

1) Interoperability: Requirementdescribes whether a software system is

interoperable across different systems.



2) Security: The functional requirement describes the security aspect of software
requirements.

3) Accuracy: Accuracy defines a data entered into the system is correctly calculated
and used by the system and that the output is correct.

4) Compliance: Compliance functional requirements validate that the developed

system is compliant to Industrial standards.

5.2.2 Non-functional requirements

The non-functional requirement says about “what a system should be” rather
than “what a system should do” (functional requirement). They are mostly derived
from functional requirements based on input from the customer and other
stakeholders.Non-functional requirements consist of below sub types (non-

exhaustive):

1) Performance:A performance attribute type of non-functional requirement
measures system performance.Please remember that system performance
measurement is different from load measurement. During load testing, we load the
system CPU and RAM and check the system throughput. In the case of performance,
we test system throughput in normal load/stress conditions.

2) Usability:Usability measures the usability of the software system being developed.
3) Maintainability:Maintainability of a software system is the ease with which the
system can be maintained. If the Mean Time Between Failures (MTBF) is low or Mean
Time To Repair (MTTR) is high for the system being developed, then the
maintainability of the system is considered low. Maintainability is often measured at
code level using Cyclomatic complexity. Cyclomatic complexity says that the lesser
complex the code is, the easier it is to maintain the software.

4) Reliability:Reliability is another aspect of availability. This quality attribute
emphasi zes the availability of a system under certain conditions. It is measured as
MTBEF just like maintainability.

5) Portability:Portability means the ability of a software system to work in a



different environment if the underlying dependent framework stays the same.



6) Serviceability:Serviceability of a software system is the ability of a
service/technical expert to install the software system in a real-time environment,
monitor the system while it is running, identify any technical issues in the system and
provide a solution to resolve the issue.Serviceability is possible if the system is
developed to facilitate serviceability.

7) Adaptability: The adaptability of a system is defined as the ability of a software

system to adapt to change in an environment without any change in its behavior.

5.2.3 Performance requirements

Performance is measured in terms of the output provided by the application.
Requirement specification plays an important part in the analysis of a system. Only
when the required specifications are properly given, it is possible to design a system,
which will fit into required environment. It rests largely in the part of the users of the
existing system to give the required specifications because they are the people who
finally use the system. This is because the requirements have to be known during the
initial stages so that the system can be designed according to those requirements. It
is very difficult to change the system once it has been designed and on the other
hand designing a system, which does not cater to the requirements of the user, is of

no use.

5.3 SYSTEM ANALYSIS

5.3.1 Introduction to system analysis

After analyzing the requirements of the task to be performed, the next step
is to analyze the problem and understand its context. The first activity in the
phase is studying the existing system and another is to understand the
requirements and domain of the new system. Both the activities are equally
important, but the first activity serves as a basis of giving the functional
specifications and then the successful design of the proposed system.

Understanding the properties and requirements of a new system is more difficult



and requires creative thinking and understanding of existing running system is

also difficult, improper understanding of the present system can lead diversion



from solution.

5.3.2 Analysis model

The model that is basically being followed is the SPIRAL MODEL, which
states that the phases are organized in a linear order. First of all, the feasibility
study is done. Once that part is over the requirement analysis and project
planning begins. If system exists one and modification and addition of the new
module is needed, analysis of the present system can be used as the basic

model.

The design starts after the requirement analysis is complete and the
coding begins after the design is complete. Once the programming is completed,
the testing is done. In this model the sequence of activities performed in a
software development project is Requirement Analysis, Project Planning, System
design, Detail design, Coding, Unit System integration & testing and here the
linear ordering of these activities is critical. End of the phase and the output of

testing .

5.3.2.1 Spiral model

One phase is the input of another phase. It was defined by Barry Boehm in
his 1988 article, “A spiral Model of Software Development and Enhancement.
This model was not the first model to discuss iterative development, but it was the

first model to explain why the iteration models.

The spiral model is a combination of sequential and prototype models.
This model is best used for large projects which involve continuous
enhancements. There are specific activities that are done in one iteration (spiral)
where the output is a small prototype of the large software. The same activities

are then repeated for all the spirals until the entire software is built.



This model is very good to use for larger projects where you can develop



and deliver smaller prototypes and can enhance it to make the larger software.
The implementation of this model requires experienced resources as risk analysis
is a very integral part of this model and risk analysis requires expertise and as a

result this model becomes costly.
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Fig 5.1: Analysis Model

5.4 SYSTEM DESIGN

The proposed system is an efficient detection system which detects the
presence of face mask on each person’s face and whether there is social
distancing violations. It detects from the live video surveillance,existing images
and videos which makes it unique from other existing systems. The system

proposed here detects both simultaneously and far more accurately. It ensures

public’s safety.
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Fig 5.2: General flow of the system



The above figure is the generalized flow of the project. The system firsts get
input from live camera or either in image or video formats. It then reads frame from
the input. The object is detected from the frames. If there is a presence of an object, it
checks for the face mask and social distance is calculated between each object. If

violation occurs, it notifies about the violation.

5.5 SYSTEM EVOLUTION

The detection system | have proposed will recognize people wearing face
mask and maintaining social distanci ng in a single slate. It detects from live video
and also from existing video or images. It also alerts and notifies when someone
violates the rules.

5.5.1 System to be changed:

There may be a chance of missing few faces to detect in a highly crowded
environment .The accuracy of the project maybe me of 85% to 95% on overall. The
accuracy can be up to 99% in better environment and better angle of camera
coverage. The system’s accuracy can be improved further by training the the model
with larger dataset.

5.5.2 Change Proposal:

The change proposal to the proposed system is to develop it into a full stack
application, that can get the details of people who are violating. Body gesture can be
included to this system to detect coughing and sneezing. As fever is also another
threat, the system can be equipped to any thermal screening cameras to detect the
body temperature.

5.5.3 System understanding:

Complete understanding of the system that is to be generated i.e. a brief study
of the requirements and Designing the system that is to be developed.
5.5.4 System Validation:

Validation can be fined in many ways, but a simple definition is that validation
succeeds when software functions in a manner that can be reasonably expected by
the customer, i.e. the customer expected output i.e. fulfilling all the customer specified

requirements.



In our case, the customers are people handling huge crowd, like company



managers, shop owners,stations,..etc.
5.5.5 Modified System:
Modified system provides a accurate detection of both mask and social

distancing. It can be made available for everyone by developing it into an application.

5.6 RESULT

As the proposed system can be applied on three different formats of input, the
outputs of each kind of input is disclosed below.
5.6.1 Image as Input

The proposed system output for the image input initially process the input
image and detects the individual and their face from it. Then the people and their face
is confined in the bounding boxes with the confidence score. The colour of the
bounding box is changed to red when there is a violation and the count value is

increased when there is a social distancing violation.
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Fig 5.3: People wearing face mask and violating social distance in an Image

In the Fig 5.3, it shows that the people are violating social distancing but all are
wearing face mask.
5.6.2 Video as Input

The outputs for the video input reads the frames from the video and detects



the person and face of the person from it. Then the person’s face is confined in the
bounding boxes with the confidence score. The bounding boxes remain in green
colour if the people are following the measures. The bounding boxes change colour
to red when there is a violation and the count value is incremented when there i s a

social distancing violation.
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Fig 5.4: Detection of iolation in a video input

In the Fig 5.4, it shows the screen shot of the video on which the system has
detected the violations. We can see that, there are few people who are not wearing a
mask and many are not following social distancing. It also shows the people who are
wearing a mask with green boxes around their face.

5.6.3 Input from Live camera

The outputs for the live camera input reads the frames from the streaming
video and detects the person and face of the person from it. Then the person’s face is
confined in the bounding boxes with the confidence score. The bounding boxes
remain in green colour if the people are following the measures. The bounding boxes
change colour to red when there is a violation and the count value is incremented

when there is a social distancing violation.



Fig 5.5: Violation detection on a live camera

In the Fig 5.6, it shows the screen shot of the live video on which the system
has detected the violations. We can see that, both of them is not wearing a mask and

it also detects that there is no social distancing violation.



CHA
PTER 6

6.1 INTRODUCTION SUMMARY
AND

CONCLUSION

This Chapter describes and discuss the objectives of the system stipulated in
earlier chapters, limitation of the system conclusion and recommendation of the

proposed system.

6.2 SUMMARY

As discussed in the previous chapters the main problem that we addressed
was accuracy and efficiency of both the detection. Therefore, it motivated me to
develop both precautionary detection in a si ngle slate and enable them to handle
work efficiently and effectively. The Project has implemented most of the objectives
stipulated in earlier chapter. The Face mask and social distanci ng detection system
offers a number of benefits to the user and it facilitates to prevent others and

themselves from infections.

6.3 CONCLUSION

| have put forward a computer vision based system which ensures people’s
safety in public places from COVID-19 virus infection. It is done by assisting firms,
any organizations or government to surveillance through camera equipped with the

proposed system. The system can also be applied on any images or videos.

The current study used OpenCV,Python and CNN to detect whether people
were wearing face masks or not. The models were tested with images and real-time
video streams. The accuracy of the model on average is around 95%, the
optimization of the model is a continuous process and we are building a highly

accurate solution by tuning the hyper parameters.



An efficient real-time deep learning based framework to automate the process
of monitoring the social distanci ng via object detection and tracking approaches,

where each individual is identified in the real-time with the help of bounding boxes.



The generated bounding boxes aid in identifying the clusters or groups of people
satisfying the closeness property computed with the help of pairwise vectorized

approach.The accuracy of the social distancing alone will be nearly 90%.

Thus, the system function in an efficient way in the current scenario where the
virus is spreading faster and the vacci ne has not yet suggested as the only sufficient
way to prevent ourselves from the deadly virus. Therefore, detection of social
distancing and presence of face mask violations helps in ensuring human health’s
safety.The solution | have proposed here saves time and reduces the spread of the
coronovirus. The accuracy of the system is around 85% to 95% and it can reach
around 99% based on the surrounding environment. This system can be applied on

places with huge crowd like malls, stations, companies, streets, etc.

6.4 FUTURE WORK

The system has only some features that will help in attaining a complete
solution for the current problem. There are other use cases that can be added to
derive a more efficient system for the safety of people.

The system proposed here can be developed into a full stack application, that
can get the data of each people violating the precautionary measures. The details
can be used to send a warning message to the people or fine a minimum amount to

let them know the importance of following the measures.

As coughing and sneezing is the cause for spreading of COVID-19 infection,
including body gesture to detect coughing or sneezing by a person in a crowded

place will help the current situation .

Another symptom of corona virus is body temperature, it is difficult and
vulnerable of getting infected to note the temperature of large crowd of people with IR
thermometers. This system can be equipped to any thermal screening cameras to

detect the body temperature of each people in public areas effectively.
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APPENDICES
A. SOURCE CODE

from config import s_d_config as config

from config.detection import detect_people

from scipy.spatial import distance as dist

import numpy as np

import argparse

import imutils

import cv2

import os

from tensorflow.keras.applications.mobilenet_v2 import preprocess_input
from tensorflow.keras.preprocessing.image import img_to_array
from tensorflow.keras.models import load_model

from imutils.video import VideoStream

import numpy as np

import time

ap = argparse.ArgumentParser()

ap.add_argument("-i", "--input", type=str, default="",

help="path to (optional) input video file")
ap.add_argument("-0", "--output", type=str,
default="",

help="path to (optional) output video file")
ap.add_argument("-d", "--display", type=int,
default=1,

help="whether or not output frame should be displayed")
args = vars(ap.parse_args())
def detect_and_predict_mask(frame, faceNet, maskNet):

(h, w) = frame.shape[:2]



blob = cv2.dnn.blobFromlmage(frame, 1.0, (300, 300),

(104.0, 177.0, 123.0))
faceNet.setInput(blob)



detections =
faceNet.forward() faces = []
locs =[]
preds =[]
for i in range(0, detections.shape[2]):
confidence = detections|0, 0, i, 2]
if confidence > 0.5:
box = detections[0, 0, i, 3:7] * np.array([w, h, w, h])
(startX, startY, endX, endY) = box.astype("int")
(startX, startY) = (max(0, startX), max(0, startY))
(endX, endY) = (min(w - 1, endX), min(h - 1, endY))
face = frame[startY:endY, startX:endX]
face = cv2.cvtColor(face, cv2.COLOR_BGR2RGB)
face = cv2.resize(face, (224, 224))
face = img_to_array(face)
face =
preprocess_input(face)
faces.append(face)
locs.append((startX, startY, endX,
endY)) if len(faces) > O:
faces = np.array(faces, dtype="float32")
preds = maskNet.predict(faces, batch_size=32)
return (locs, preds)
prototxtPath = "face_detector/deploy.prototxt"
weightsPath = "face_detector/res10_300x300_ssd_iter_140000.caffemodel”
faceNet = cv2.dnn.readNet(prototxtPath, weightsPath)

maskNet = load_model("mask_det.model")
labelsPath = os.path.sep.join([config.MODEL_PATH, "coco.names"])
LABELS = open(labelsPath).read().strip().split("\n")



weightsPath = os.path.sep.join([config.MODEL_PATH, "yolov3.weights"])
configPath = os.path.sep.join([config. MODEL_PATH, "yolov3.cfg"])



print("[INFO] loading YOLO from disk...")
net = cv2.dnn.readNetFromDarknet(configPath, weightsPath)
In = net.getLayerNames()
In = [In[i[0] - 1] for i in net.getUnconnectedOutLayers()]
print("[INFQO] accessing video stream...")
vs = cv2.VideoCapture(0)
fourcc = cv2.VideoWriter_fourcc(*'XVID')
out = cv2.VideoWriter(‘output2.avi',fourcc, 20.0, (640,480))
while True:

(grabbed, frame) = vs.read()

if grabbed == True:

else:
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break

frame = imutils.resize(frame, width=700)
(locs, preds) = detect_and_predict_mask(frame, faceNet, maskNet)
for (box, pred) in zip(locs, preds):
(startX, startY, endX, endY) = box
(mask, withoutMask) = pred
label = "Mask" if mask > withoutMask else "No Mask"
color = (0, 255, 0) if label == "Mask" else (0, 0, 255)
label = "{}: {:.2f}%".format(label, max(mask, withoutMask) * 100)
cv2.putText(frame, label, (startX, startY - 10),
cv2.FONT_HERSHEY_SIMPLEX, 0.45, color, 2)
cv2.rectangle(frame, (startX, startY), (endX, endY), color, 2)
results = detect_people(frame, net, In,
personldx=LABELS.index("person"))
violate = set()

if len(results) >= 2:



centroids = np.array([r[2] for r in results])
D = dist.cdist(centroids, centroids, metric="euclidean")
for i in range(0, D.shape[0]):

for jin range(i + 1, D.shape[1]):

if D[i, j] < config.MIN_DISTANCE:
violate.add(i)
violate.add(j)

for (i, (prob, bbox, centroid)) in enumerate(results):
(startX, startY, endX, endY) = bbox
(cX, cY) = centroid
color = (0, 255, 0)

if i in violate:
color = (0, 0, 255)
cv2.rectangle(frame, (startX, startY), (endX, endY), color, 2)
cv2.circle(frame, (cX, cY), 5, color, 1)
text = "Social Distancing Violations: {}".format(len(violate))
cv2.putText(frame, text, (10, frame.shape[0] - 25),
cv2.FONT_HERSHEY_SIMPLEX, 0.85, (0, 0, 255), 3)

cv2.imshow("Frame", frame)
key = cv2.waitKey(1) & OxFF

if key == ord("q"):
break
vs.release()

out.release()

cv2.destroyAllWindows()



B. SCREEN SHOTS

. IMAGE INPUT

dence = detectionsi@. @. i. 21




Il. VIDEO INPUT

B Frame - O x |

%

Ever since the start of
thernoirvaates pas demic,




lll. LIVE CAMERA INPUT




C. PUBLICATION WITH PLAGIARISM REPORT

. PAPER

COVID-19 Prevention Melioration : Face Mask and
Social Distancing Detection

Aishwarya 5 Nirmalrami ¥
(hepantment of Commper Sciance and [hepartment of Infermaticn Techokey
Eregrin eeTing Saaghvabara Institate of Soience and
Sathvabarma It of Science and |'\."\.']'I.|'H."l\.'\"!"_\'
Tiex hanakesgy Chensai, India
Chennai, India

mirrid dra . i sath va bara g c . m
[or e r e e e

el oG el oo
= Tnnint

Absrracs—The pindemic  Coremovirm, — disesse D%
(COVID-1%) ylt:ﬁh:hy%ﬂmm': Eres
Milisns of perople have been infecied worldwide. New ihe
vaccination bas been found WHO bhes sull fnsisted on wearing
mazk snd madntsining social distance - Decessary as it & the
mest feasible way to prevent eursehes frem the virm Thi
motien metivsted me to contribute an efficient compunter visien
based detection system te public zafetry The deteciiom system
detectsif there i amy vielatioms throngh the camers ssd or-om
amy vides or image mput In this system, we have wed deep
learming algerithm. Thi system I have propesed bere cam be
applied in places where people gather in boge amemnt. Thi
sntomated detection techmgque malkes it sssier to inzpect the
public gathering in malk, streets, amv firms, spartmenrs, e

Eepwords— Conper  Vision, Deap ILsoming,
Objger degrefion, Fars degrcdon, COVID-IP, Face

Sacial dirranea, Singls Shor Muddbey Dagresor
(55D, Convelrdon Newal Nenvor) Wi Yo Onfy Look
Onee (TOLO).

I InmeomucTmion

Compuier vision [9]4s the most powrerful and compelline
types uf..ﬁ.rttﬁe'al I.u.n&]l-is&nce Ths ﬂ&'ldvrhidl iz su'hjacbad
system and nsinz ths compuiss systems to abtzinand execnte
the objects from imasss and video 1ike homans do is termed
2 Computer vision The way of recomnizng the patiems is
knowm 3 Compwer vision. One of the many ways, is whers
we educate 2 compuber system on how to look out for visnal
data is to cater thonsands or millions of information labeled
imzzzs and push thoss fe=ds ink moldpls softrass
techmiques or zlgoritums to create or visalize the possdbls
parems that ar= mostsimdar o ther of the labeled items.

Ths deveh]:mt of compueer visim has made it merk
which has fhe selevan ]mEutﬂlm contribuie and help the
health cars industry incontralling COVID-19[4].

Agtificizl intelliz=ncs (AT} [2] is the replication of human
inellect in machinss that afe made 10 work simdar =
humams and replicate the actions This lzbel can zlso be
vizhlz onany machins that perfoams same 25 human mind

The idsal functimality of amificial inelliz=ncs is iG
capability of taling st=ps thet have the hishest chance to
achisve the dasired sozl Mlachins l=aming is the subsst of
antificial inellizencs, which point out that the compues
programs spanEnssusly laams and zlter fo omew detzdls
writhout the human's assistance Dieep lasming is 2 techmique
which lsams by shsorbing detzils from larss smounts of
umsh'uchuedda‘lasnchastext,jm_saﬁ or  vidsa
automatically  Alsoritms play: 2 important sole dn
strocturing atificizl imelligenes | The complawity of ths
2lgorithm is decides based on the application’s complexity.

Fig. |. Pasesul mpreaniaian of nbdiondip baween Dap Losning,
b hine Leuming,, Adilic] inicllpoee sl Compuier Wik

Diezp lezming is an atificial ingellizsnce method which
replicates homan brain's wosbdng in dafz processine for
abject detection, speech recogonization, langnass translation,
and decizion making . Mzusl network archiscrses are used
inmast of the deep lezming methods, therafose deep leaming
models are mentionsd as despnenral netwarksin mast of the
CEIEL

The word “desp” mezns the number of hidden layers in
the neusz] natwork. The desp networks can have 25 many 23
150[18]).
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Figa. 2

Dizzp lezming [17] wses 2 ranked level of atificiz] neugzl
natworks to parform the procsss of machine lsaming The
artificial newral networks is developed likle homan brzin
they are connscted like web with neuson nodes. In traditional
methods, programs are  constrocied and to amalyss with
specifisd datz in linsar way, whersas desp leaming
framevearks makes machines to exsone lzbelad dat nsing
nonlinsz approaach
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The SOWID - 19 [7] has brousht dowm lives of many
paople zeoumd the warld [29], [31] Ta prevent oursslves
from this deadly vims, wesring mask and maintzining socil
distancingis essemrizl [14] As itis hard to surveillance everny
persm whether they zme not following the precamtionsry
mezsuge, [ have proposad 2 compuier vision [7] based system
which detects both presence of face mask on people and
social distncs [19] between people. The system takes inpot
from 3 live wvidsa, immoss amd vidsosThe system ds
developed with the combinztion of varions archiscrwss. The
RasMet is nsad for face deiection, MabdeMatV2 [26] 45 ns=d
25 backbons for fezture extraction to achisve z best face
mask detection moadsl and YOLO [13] 45 wsed for object
detection [12] Using the shove methods, the syeem detects
the face them looks for the pressnce of faoe mask and zlso
comparss the distancs befwesn peopls simnlEnsoushy. The
sysiem thos makes if sasisr fo deiect peopls who ars
violzting themszsnres in single pomtof conmol.

IO Eraaten Work

The fzce mask and socizl distancing ars the best
techmque to prevent from the corons vims infection, intiElhy
when COVID-19 ocourred in end of 2019 the zbow
mentionsd ways was bronsht 25 an sffective mezsure and it
izsrillhas poasitiveimpact [23]

Andrewr of 3l [3] have put foreand MobilkeMets which is
an sfficient models for mobile devices and embeddad visim
applications. Light weisht nenszl nefwords e boilf nsing
Mohil=Wats These MabilsNets are rationzlized achitcms
and it i3 z2ppli=d nsinz d=ph-wis= mnmlnmns Twa strzizht
which a1 usedtuefﬁneuﬂ» trade betwesn zcoumcy and
latency, s0 that it Zrants the model builder the sights to
choase the approprize madsl for the chosen applications on
the basis of the problem’s constrzints They have zlso
expleined zbow the powntizl of MobileMNets and
effectivensss of MobileMNets over varions zpplications The
nses casas of MobileNefs inclndss z=o0 loczlization, fins
gmindxaiﬂmﬁmandutﬁactde‘tecﬁun

2 facs detectar based on Hasr thet is aptimizad and which is
zppli=d on high d=finition vidsos. The operations by kemsl
mentionsd in the#t paper makes use of both fins zrzin
paralklizm and coarse for compuistion of integral imaze and
evalustion of files, thersfoss it 45 not only helpful for face
detacionbut it is also beneficial for varions compuer vision
implementations.

czicads ﬁm::newm‘k. that comprizes of thres T.h.m‘ﬂuzhl'r
desimad NN to recomize faces that has a mask on it as
there s only less face mask dam set that detects acongatzly,
due to which the difficolty to detect face mesk is incresssd.
In this paper, they have proposed 2 fresh datsst named
"MASEFD FACE datzset” to sefine the CHWN modals and
examine the fzoe mask detection Zlzorithm develaped on the
tasﬁnzsetanduh'ﬂindﬁﬁedpafumce

the usazz of desp leaming ter_hmqm to track ezch individusl
wha fzil to wear face mask The mentionsd system has besn
imstructed to datect precisshy the presenes of face musk ana
persam's face Omnce the modsl finds 2 person withow face
mask, people zround are zlemed with an zlazm zlso the
anthoritiss respansible 202 zlso zlerted, by which approprize
actions can be implisd zz=inst peopls who are violating the
mules. Their paper have zlso shown a detziled comparion
between  the  classifies lke WGG14  RESMETS(
MaobideWeiV2, each with optimizer 360, ADAGFAT and
ATAN

afficient face mesk monitorine sysism wsinE mechine
lezming and imaz= procsssing anzhesis. They hawve nssd
convohition nenes] netwark which has 2 hish zconracy and
decizsim makines

]mpu.h‘hnn changzs have affectad ﬂuﬂ]:‘eal:mﬁu.hm Penple
thers have nsed private location - specified contct patems
and nsad thoss idsas in schools, wosrkplacs, and rednction of
populstion  mixing in  gZEnerz]  comdounitiss  The
epidemiologica]l parameters captwed and the mafricss
mentioned zhove, the latest fignres of the Wohan oufbrezk is
estimated It has besn replicated on the ongnins simations
in Wuohan adzpting the as=-stmcmred susceptible-sxposad-
imfected-remaved (SEIR) mode] for varions physical distance
mezsur=s They zlsa worded on simnlation madsls to chedk
the damesrs and =ffects of cosrent scemaric's ouirezk, on
hawr liftins the confrol messuses wonld affect the peopls znd
Eniding by zllowng them to retum to work in specifisd
FiEEEs.

P L

antemzted famework buoilt oot of desp leamimz for
monitering socizl distance between the individusls by nsing
the swrveillanc: camers  vidsos. The individoals as
segremated from the backeround nsing YOLO v3 abject
detection madsl The idemified individms] are tracked with
bounding boxsd and lzbels assimned uwsimE dessp sont
Zpproach. An sxperiments] anabysis was carisd out, from
which it was noied thet the YOLO v3 famework with d=sp
sont tracking approach displaysd desied resulis widh
halan:ed n:uﬁ.P :md FPE score to detect social distamcing

live anfmated monitoring system that detects people's both
social distamcing and face masks in public arsm by
implementing it on saspherry  pid After any heeach
detection, the system sends aler to stk police hesdquenters
znd zlsa alarms the public. In his system desp lesming has
besn mixed with zeomstric method for developing 2 rolmst



applied 1o mark the contiznous on= for sach persom
that makes cetzinof the classnss:

« If any person ther sanisfies closemsss property ds
marked a5 3 neishbour The contizuous onss M=
sepresanred in discrete color and the socizl distamcing
vialation conntis incremented. If there is no violzdon,
the coum value remains null
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The modules involred in this detecion syEtem s
disoussed previowsly. Thosz modulss are brousht tossther
znd made fo waork 35 sigls system The avessll proposad
system detects bof face mask and social disence vialzton
detectionzt single poinrof conmal

The proposed system makes it essisr to detsct the
violafionand it consumes less tiwe by showims the onipa of
=zch madnle simnlEnsonsly rather then implementing szch
module saparaely

TV Brsaiit Asm Dhscission
The zhove discussed COVID - 19 Prevention violsfion
detection system i3 3 desp lezming soldon thar detects
humens from the inpot in fast znd efficient menner fo
measnre the distance betvesn people znd compriss dz@
calleced o crezte 2 facs mesk detecdonmadel[24] .

In gur proposed sysem we have followed fowr steps fo
brins o a0 efficient and fast detection system:

4. Dyir coilection mnd ditea re-procecane

The detection sysiem [ have proposed hese has 3 data 5=t
fhet comprises of lzbeled face imasss with masks and
vrithont mask and they are used for wraining the modsl The
data set we use for aining the mask derscior comprises of
nealy 385) picinres The datassfs afe partitionsd as traimng
data 5ot and the testine data set initiElly befors labeling it
The tzminz dafz most bhave B0 imapgss for training the
glzoritm zocosately and affectively. The testine dstz s=t
st have 207 imazes for testing the alzprithin’s acoezcy
Wowthe trzinsd data collected are classifisdas Mask and Mo
Mask The social distancing vialafon dectiom is performed
by YOLO[11]alzorithm
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B Adodel Trarmmg

The Caffe modsl is nsed for face detsction in onr
propasad system, which is faster and can procsss aver GOM
imaz=s in sinsls shot Oncs the face has been demcied, we
ne=d 1o train 2 modsl to detect the presencs of face mask on
the face W are nsins B0% of the datz s2t to tr2in the mods]
witha 330 Then the dataset is stored in the dirsciory and
onthe basis of the Iabelad imazss the zlzoritm is trzimad In
o processing steps, S50 modal §s Zven 23 impu to create 2
madzl and befors thaf the {imagss in dafz 521 202 lzbeled The
modal i5 built wsme MobdsMeiV1 a3 backbms and
TensasFlaw Object Deiection APT o trzin the maods] .

The sacizl distance detection is done by identifiring the
persan imirizlly. Therefors, I have used YOLOQ for object
detaction ﬁ]iannw anly parsan class that is fast and accusate.

mezsused 1o ]Jrad.t:: the dismncs betwesn 2zch people
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C. Aodel Testing

The model i3 trzined with the datz 5=t that we mave, the
test data s2t's acongacy {5 seen by displyimz the bomdns



madal The work hers defects kot with 2 zconacy of 85%:
inbast enviromments

These approaches mentioned above is nof sufficient and
afficient enonsh o obfzin 2 foll flads=d made] that helps in
public's safety

I Prorosen Womk

The proposed system i5 an efficiem descrion sys=m
which dewcts the pressnce of face mask on =zch person's
face and whether there i5 sociz]l disemcins violatioms. It
detecrs from the live vidso suneillancs existing imasss and
videas which mzkes it uniqus from other existing svssms
The syst=m praoposed here detects bath simultanegusly and
far maore accarstely It enswres public's safety.

This section briefly expleins zbow the modsls used fo
autemate the detection, the modulk implementation and the
archiscmyz] flaw of the whale proposed sysrem.

4. Mbodels

The propased system have been formed using varions
madsl Each of the madsls wers nsad for specific rales mo
artain the desirad efficientdetection syst=m

+ The system nesds fo deeor the faoss inidally fo chedk
fcu the pressnce of n'asl: Thersfors, I have

HasHat [13] architctues a5 its backbona. This madel
can pracsss aver 60 million imess in sinds day
which makes it czsier to train and datect with srester
BCOMMECY

= Omnce the face detection is dons precisely, the facs
mask detection has 10 be done. Ta detect the foz
mask, we n==d to apply im=s: classifiatim fo
classify faces with mask and withow mask This 4s
performed with AobilsWNafV1 Itis 2 deep CHM [32]
with 33 layers. Wecan wse “classify™ to classify new
setofimazes nsing MobileNetV2 model

= Incase of social distnce deection, we need 1o detect
the abject first In owr case, parsons are the object
Wi have nsed YOLO [10] for abject datecrion I
processes images in ezl time &t omindmom of 43
frames por second and meximum of zomd 135
frames per sscond It has wids marsins and it is
highly s=neralizable
8. Madide Implementaman
The detectim system comprises of two madules. The
Face mask detection system 5 one and Bocial distancing

dstection sysiam 15 another. Letus see the work fow of the
modules mentionsd ahove

Face mask dstection sysiem is 2 s=parae module which
detacts the pressmce of face mask oo people’s face. The
madule is broke down imba two phasss.

1. Trziming: Hers the mask detectiondata s=f 15 loaded from
the disk, model is trzinsd on the data sot and the mask
detectnr is serialized tothe disk

2. Deployment Omnce it i5 wziped, the mask detectar is
loaded, fzce detection is perfonmed and it 45 classifisd
33 mask or nomask

aphmem P s b e e
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Fag 4 Flow ofthe Fax sk doodss meduede

» A fzce mask datzset is preparsd and trained for imass
claszsification. The trained claszifisr is then lozded for
detectian

« To defect fzce mask, we 2=t imput fom the wser in
varions formats. The frapes ate rsad from the wideo
imputand the faces ars detecied from the impuot

« The Repion Of Imtersst (ROT) of cach face is
extracied znd the mask classifier is implemantzd 1o
each ROL

» Tha prasencs of face mask is chacked and the s=snls
are showm Tt 1zbels “hlask™ if there is 2 mask on 2
persmm's f2ce and ifnot itlzbels “Wa Mask”

Spcial distance deectian syst=m 15 anoder module which
detecs the distnes betersen the peopls and notify if thers is
avialation

- m— S —— = g —

- —

=
s | T |
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Frg 5. Fhow el the acnl desmcng doiodan meduk:

» The social distncs detection system ssts imput from
the surveillance camerz [21] or from nser siter in
imaz= of video format The object detecionis sppli=d
and “Peapls™ class is fikerad

« The mods]l zensrstes 2 sot of bomding box [22]
arpund sach humen

+« Eazch i:lldh?.idnal i3 cumal:ﬂad wifh 3-dimenzional

poms “afthe dJ.i]]h}-‘Ed b-:umdmg b znd d gefers fo

the individnal's depth that we 328 from the

surveillance camerz or fom the vidso of imass that

wa give a5 input

d={{2% 3.14% 1B0Nw+h® 360« 1000+ 3},
where the boundins box's width is referrad 25 w and ifs
height isreferrad 25 h

= Pairorise L) pom s estimated for the gronp of
bomdinz boxes The L2 norm's dense matix is



box with label and confidence some. The model T hawve
proposed imtally detecs 2] the person in the frame and
shows greem boundins bozmes arounnd szch persom; when
persmms vidlae the socil distancing nomms the bomding
boxezs alter it's colous to red for thoss who are violating It
3ls0 incfsments the wiolafion coumts whenever 3 parsom
brezches the morms. The acouracy of the sociEl distamcs
vidlationdstection sysiem 15 zround 833 o0 90%. It varies on
2 lpre eanvionment Simdlerly, the mask detection is
performed by displevine bomdmz boxes zround esch
persoms face thet includss lsbels "Alask’ and 'Wo Mlask
inchiding the confidence scofe It zlsa zliErs the bomdins
tax colaur to red from green when thers 45 face mask is not
prasent on the person's face The averazs accwrecy of the
face mask detection modsl is 80%. It can delect with 2
zocoracy ranging berwesn 20°% 10 999 in 2 beter angle of
suavellance.
DL Model fnplementann

The system g2tz input in theee different formats which
ae imase, video and from 2 live camess. From the inpur the
s¥siem maniters and derects the presence and zbsencs of the
fzce mask on the parsom’s face and vidlafiom of socizl
distandng among the people. When it detects 2 parsm
without 2 face mask it notfies ns by labeling itas "Wo Mask'
and if thers isa social distancing violation, it imtmates us by
incfementing the vidafion count. Either way it changsss the
bomdmeboxss colons toged if thers i3 violzfim

V. OAneaTs

Ajs the system proposad hers czn be applied on thres
differentformats of input, the onipos of ezch kmdof input is
dizclosed hers:

Faa. 7- Siple capuiz of mape hpuks given by e sary m owvhah o

prosinie of maok wnd sl dedeony valdaen sdoiied

The proposed system ouput for the imese imput {3
shown in Fiz 97 infrizlly process the inpurimesz and deeots
the individuz] and their face from it Then the peopls and
thetr fzce i5 conmfined im the boundine boxes with the
confidenca scare. The colour of the boundine baxis chang=d
to ged when there {5 2 wiolation and the conm valoe is
incfeased when these is 2 social distancing violadon

The first {mas= shoves thar thers is 2 violzdon of socizl
distancing and absence of face mask oo bofh the person’s
faczs

The s=cond ims=s shows that both the persons ae

wearinga fzoe mask andmeintzning socil distance berwesn
them

Thea third im=s= shawrs thet the peopls a9 violating soci]
distancing botall are weaning facs mask

Fig 1) S ple piaiail vl mxxiedal valod mpel jrecs’ by

the preence ol musk sl aoesd drdmomy el wdioe d

the war wt whah

Fig- [ b Sempl: viipuis of the Live saior mpul gieom fom the Cmca @

whach the pasonce ol sk wmd arcil dedmcny varkasm codoagsd

The outputs fof the recorded video inpot {35 shawn in
Fiz 10y and liwe video input {25 shown in Fiz 117 r=zds the
frames from the video and defects the person and facs of the
person from it Then the persm's face is confmed in the
bomding hoxss with the confidence scorz. The bounding
hoxes chanss colous to red when there is 3 violation znd the
connt value s incremented when there §5 2 socizl distancing
violation

VI Comecausio

In this paper, I have putforsand 2 compuer vision basad
sysi=m which enswres people’s safsfy in public places from
COWID-19 vims infecion It {5 done by assisting fisms, any
arZEnizations or fovermnment to swrveillancs thooush camera
cquippad with the proposed system The system can alsa be
zpplisdon anyimasss of vidsos

Thus, the sysEm function in an efficient way in the
curent soenaio whers the vims is spreadins faster and the
vaccine has mot yef suszested a5 the only sufficismt way 1o
prevent ourselves from the deadby vims. Thersfors, detection
of socizl disancinz and presence of face mask violafions
helps in ensuring humen hezld's safety The solotion I have
propased here sawves time and seduces the spread of the

coowd [23] like malls, sttions, companiss, strsst, stc



VI Fumure Womk

The system has only some featnses that will help in
attaining & complete solution for the corrent problem Thess
arz other use casss that can be added to derive 2 mors
efficizmt system for the safery of peaple.

The syst=m proposed hers can be developed inko 2 foll
stzck zpplication, thet cam g2t the daz of each peapls
viglating the pracantionssy mezsures The details can bensad
to s2nd 3 wamine messass to the people of fine 3 mindmom
amonnt ta lst them know the impantancs of following the
MEzETEs.

As conghine and sneszing is the canse for spreadine of
ZOVID-19 infection, includine body sssture to deect
coughing of sneezing by 3 persom ina crowded place will
helpthe cosrent simation.

Angther sympiom of coronz vins is body temperatis, it
is difficolt and volersble of gettine infacted to nowe the
tempearatre af larss crowd of people with IR thermometers.
This system can be =quipped fo any therms] soresmins
cameras to detect the body temperatwe of sach people in
public areas sffactivaly.

BrrERFNCES

[ Adihya K. Jfgmi, Babu, "4 Review cn Fac Mok Docoion wsing
Conwohibnng] Mol Mawoeek™, URASET. sel 7 me. L1, pee 13032-
1304, 2020

2] Ake Frmk ikl = A Mol Il e Al

e v i w e e oo e s et i e - i Tl o - ai a s

In v gl 203 L

Pl Andeew G Hewsed, Mowalooy T, I!z:-fhm Dy, Katloniahnbs.
Weipn Wang, Tebss Wepand, dMaor dndeeciioe, Hetvg, Aulam,
“hobileMete: Efcient Convolibional Neumd Sopworks e bobde

Yiawn Appludan ", :-.'{ir 2007,

Bl doeer. Wi !amss Hem. -:!m' Khin, Douple o Sy
s Pl ~COVID-LT Conbed

(rm s,
by = wiEaLn § A Swrwey”, [EEE, sel 3, pg 21L&
3534 2024

B Clmpsdssgnms, ed MUy, Thgs, “Polomane: Feakidam of
billmi Fax Dde e System with Viewus Teep losnmy,
Cheeafes:™, hkrnaama  Jodmal of Adviecal Scemee ad
Tewhnekyy (WAST), vel 2%, ne. | Lage 30743042, 2020

] Chon 5. Fhamp O Domg 3. Le I Rae M "Using pmkngann G
e cdimuali=™, [EEF Conkrence on l._l.npul.l.'r Viawrn und Paiicrn
Roxyniaa (CVFR), 2007

M Chon Wiy, Hedey Poter W, Huydon Fradorad G Geae Geegge FoTA
aove oemnavmis culbncdk of kbl hcalh onoom®, The Lanod, ol
A0S, pe. 1223, pp 470473, 2000,

B[] Dl O, Colen, Femnder, Juvicr ML e, N
Abwicn:ll and Javier Honande, "Ried-dme GPL-E :ﬂ.'ll Bace dofouiamn
m HD salar smagumes®, [EEE hionaaonal Coskroce on Compuior
‘r'ir:'l:n Wurkxhl.'poc pLL

“FErcrypthmg you cvir wamial b know sl

"

'.-l.npul.l.'r ‘fnv:l.n ", hlpcst vl salaicaoi: moe comdcver y thmp cy o
euir- wankal bk neweu ool mpa o -w v R o i heokowh g i e
e s claidd b4 Le , 200

[lo] I. K. A Fahali wnd J. Roleoa,

“Yolwdl: dAn moemenil

e cnai”, :l'.'{ir vl 17,2003

[L1] Juscph ISHJL'M Sy, Dyl Roess (i, AN Fighali, "Vou
by lock Opoe: Unifcd, Bcd-Tme Obpad Tacdss®, IEEE
Conkrene oo Cempaby Viemn and Pullirn Rosgppiaa (CVPRL
13lé

defsvinrnamd makmp, m walar airvolbmce  spsem”, hl.l.'rml.l.n:l]
Jedmal of SpiCempyimy ond mpmamng, sel 1 ae. 3, pee 4444,
P

[13] K He X Thamp, & Ren, and I Sun, “Dep ealua] kming, e
mupccospninn, [EEF @akrme on compils sovnmmd puilom
nxopnin, pp. 71077, J01E

[14] K Fram, V. la, T W, Rusall A 1 Kuchaedi, B M Fae, W
Terem=e S Fheahe, 5 Chlfoal, O A Porarn, o T Mundayad ol
“The cifad ol oeamed st e s i pluce sacoml mEcme, on colames
of the wal-l7F ralomic m woalup, ima o soddlng,  audy”,
The Limced Pubdda: Healih, 2020

[15] L. Hemaley, =Scemld didmong o cul, phyas] dodncny & mhos
b b die ™, Gl Sew s Comsala (27 harch 2000, 2030

[l&] laa B, Chen & 1 T amd Ha W., "An powcrhil acihed of
pu]l:d.ru'l detongien bapaad en YOLOWI™, Vot Poblms n
Frgincoring. g tilpion (L 0.1 1552003351 3050, 2014

[I7] Sachaldl Harpmme, “Dap Lizaming,”,
hupo: Kdriie Dot rm erm sl y! nrE
E:ﬂ 1, 20211
[13] Miah Wk “What ™ g Liziming .

kil muihw el g emd s pilap-kummp himl . [Onlne
wve el i 202 1]

1] Mlarag 1 leung T, “Feabing the efotivonees ol woil distncing
micrvimiions b debey or felien the cpaloms: curse of ooaena s
e, mh Erud Do, woll 2803 Lpp. L T4R1 744, 2020

[20] Marnden Singh Punn, Sy, R, Sondfaln e Senali Al
L aaicmng, COVIR- L7 el dedneny vihpoeaen ddoadan amd
mackimp, v me-mwnal YL wnd Decpracd schnagues”™, i,
202

Bl] P Dok, V. Rabsad G Cegedl aud S :H:L'.‘..I!H_I_ “Bchuvwiee
R opniin e spuns  spun-bmpond Eeunca” IEEE hioneanal
Wedkhep en Vioad Sirclkoc: ol Polomamee Feabkisiaen

el Traking wmd Suricillbnce, pp. 6571, 2008

[22] Far g didiuiin . ddanue i i eni .
hLI.pﬁu"ai_i.hul e e o kg Tie o cn-and -Dindmc c-
Bdcisinomeni, 20240, ['.-.'n'lnl_uu.'l.m.ﬂ Ul-‘hmdﬂlﬂ].

[23] B Bl
diticyinrnd I.nl.E my ol prepke moa |.'n.'\|~1] IEFEE Conimmos on
Compuier Viesen snd Putern Revpnitaon, pp. |3, 2006,

4] 5 I Fam oamd QU Yimp, "A Swrecy of Tromskr leumnp” IEEE
Tramcasions ocn Knewkalpe and Tan Frpmoarsng, wel 22 pe L0, pp
1345 L350 201k

R5] Sunchari Snha Dums, "ok -wcring wpoher with okl diskncing

has mmanimum el on COYVIDR-L9, Sows Malazl 20 Jan 2031
202 L

Ré] Smdkr Mok, Andew Hovwsd, Monpleny Th, Andesy Thnopmoes,
mnd lempLhach Chon, chikmaed: hyoinl pcalue md nce
boaknaks", IFEF Conknmx on Conpubr Vi and Palom

'P:u.-l.-a_.l,ni.i:n R 45104520, 20049,

'Il'l.l.l.'l.l.n m Publa: .li.rl:ux i.r '._'.-.l"rl'l'.l-l':l ﬁul.l.r LE T B
Aulbenenee”, URASET, wel 3, me. 7, 2020,
LS i.' 'H-l.'rg. _in.l "'l.rl;i_'L ::“;L.l..ﬂ.llu e I ﬁprn;i,u' F
wn ko oo wapdks v, pp.21-37, 2014

B3 W, B Ogemissas, “WHO  wonsemeses (0080607
bl weaeie e b m o pemesss] pasaassn o e cm- s mis-20 LT,
2020, [l cisensd. My 02, 2020)

[39] Wi B Jemppnn Kear CF E Fhua Mnmn yuny ad Chen
“A Coamale Frmewod e Mekal Fae Ddcden™IEEE 3
hirnna Conkxno on CTS & RAM 01T

L] WHO, = Whe dinciergenerab cpoing rmark s o the medin beicfing
e arwal-l T, kg vww wheombde fspeadcsdosal’ | 2020, [Onlnc
s oal March 12,2020]

P2 24 T P g, “i-L S ad 3 Wi, gt defodacn waith

dep kenmp: A eiew ™, IEEE mrnc om nceal Ex amd
kernmp, sy, yel 30 pe. |l pe. 3312-3232, 201 %




Il. PLAGIARISM REPORT

PAPER WORK - COVID - 19 PREVENTION
MELIORATION docx

CRIGIMAL T FEFORT

10, 8. 6+ 15

SIMILARITY [INDEX INTERMET SOURCES  PUBLICATIONS STUDENT PP ERS

PRIMART SOURCES

n www .ijraset.com
inte m et Soume

H export.arxiv.org

I et Soums

H www .investopedia.com

I et Soums

B. Sathyabama, Ashutosh Devpura, Mayank
Maroti, Rishabh Singh Rajput. "Maonitoring
Pandemic Precautionary Protocols using Real-
time Surveillance and Artificial Intelligence”,
2020 3rd International Conference on Intellige nt

sustainable Systems (ICISS), 2020
Pub fcafion

Imran Ahmed. Misbah Ahmad. Joel J.P.C.
Rodrigues, Gwanggil Jeon, Sadia Din. "A Deep
Learning-Based Social Distance Monitoring
framework for COVID-19" Sustainable Cities

and Society, 2020
Pubcaion




