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ABSTRACT

With no doubt, the infectious diseases pandemic has put the world to a halt. The
world we lived in a few months prior is completely different from what it is now.
The virus is spreading quickly and is a danger to the human race. Seeing the necessity
of the hour one must always take certain precautions of which one being social
distancing. Maintaining social distancing during this pandemic situation is necessary
to ensure a slowdown in the growth rate of new cases. Our manuscript focuses on
detecting if the people around are maintaining social distancing or not. Using our
own self-developed YOLO v3 for detecting the frame of a person and displaying
labels, they are marked as safe or unsafe if the distance is less than a certain value.
This system can be used for monitoring people via video surveillance in CCTV. Our

model achieved an accuracy of 92.8 %.
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

1. INTRODUCTION

1.1 PROJECT SCOPE

The project titled as “SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING
YOLOv3 MODEL”. The absence of any active therapeutic agents and the lack of immunity against
COVID-19 increases the vulnerability of the population. Since there are no vaccines available,
social distancing is the only feasible approach to fight against this pandemic. Motivated by this
notion, this article proposes a deep learning-based framework for automating the task of monitoring

social distancing using surveillance video.

1.2 PROJECT PURPOSE
By monitoring the distance between two individuals, we can make sure that an individual is

maintaining social distancing in the right way, which will enable us to curb the virus.

1.3 PROJECT FEATURES

This system can be used in CCTV for surveillance of people during pandemics Focusing on
surveillance of public places and detecting whether the people are maintaining social distancing or
not. Social Distancing is the only best option for us to protect ourselves from diseases, not limited

to COVID-19, where no medicinal antidote has been prepared, and that may be transmitted.

CMRTC 1



SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

2. SYSTEM ANALYSIS
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

2. SYSTEM ANALYSIS

2.1 PROBLEM DEFINITION

The system presented is for analyzing social distancing by calculating the distance between people
in order to slow down the spread of the virus.

This system utilizes input from video frames to figure out the distance between individuals to
alleviate the effect of this pandemic.

The results and outcomes obtained by the system show that evaluation of the distance between

multiple individuals and determining if rules are violated or not.

2.2 EXISTING SYSTEM

In existing System determining whether persons during an outbreak can use social distancing and
associated self-protective behaviors. The differential game is used as a mitigating tool to research
the possible utility of social distancing by measuring the equilibrium actions under several cost
functions. Following outbreak detection, computational techniques are used to measure the
cumulative expense of an infection under equilibrium practices because of the period until mass
vaccination. The main parameters in the study are the specific number of reproductions and the
underlying efficacy of social distancing. To slow the spread of the COVID-19 virus via airborne

transmission a” social distancing” approach of around 1.83 m.

2.2.1 LIMITATIONS OF EXISTING SYSTEM

% It has Outbreak in identifying person using mitigating tool.

2.3 PROPOSED SYSTEM

The proposed framework utilizes the YOLO v3 object detection model to segregate humans from
the background and approach to track the identified people with the help of bounding boxes and
assigned IDs. The results of the YOLO v3 model are further compared with other popular state-

of-the-art models, e.g., faster region-based CNN (convolution neural network).
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

2.3.1 ADVANTAGES OF THE PROPOSED SYSTEM

% Itisused to track persons while moving easily.

®,

¢ It will be helpful for maintain social distance.

®,

¢ By this there is a chance to prevent Covid-19 and upcoming Omicron virus.

24 FEASIBILITY STUDY

The feasibility of the project is analyzed in this phase and business proposal is put forth with a very
general plan for the project and some cost estimates. During system analysis, the feasibility study
of the proposed system is to be carried out. This is to ensure that the proposed system is not a
burden to the company. For feasibility analysis, some understanding of the major requirements for

the system is essential.
e Economic Feasibility
e Technical Feasibility

e Social Feasibility

2.4.1 ECONOMIC FEASIBILITY

This study is carried out to check the economic impact that the system will have on the
organization. The amount of fund that the company can pour into the research and development of
the system is limited. The expenditures must be justified. Thus, the developed system as well
within the budget and this was achieved because most of the technologies used are freely available.

Only the customized products had to be purchased.

24.2 TECHNICAL FEASIBILITY

This study is carried out to check the technical feasibility, that is, the technical requirements of the
system. Any system developed must not have a high demand on the available technical resources.
This will lead to high demands on the available technical resources. This will lead to high demands
being placed on the client. The developed system must have a modest requirement, as only minimal

or null changes are required for implementing this system.
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

2.4.3 SOCIAL FEASIBILITY

The aspect of study is to check the level of acceptance of the system by the user. This includes the
process of training the user to use the system efficiently. The user must not feel threatened by the
system, instead must accept it as a necessity. The level of acceptance by the users solely depends
on the methods that are employed to educate the user about the system and to make him familiar
with it. His level of confidence must be raised so that he is also able to make some constructive

criticism, which is welcomed, as he is the final user of the system.

2.5 HARDWARE & SOFTWARE REQUIREMENTS
2.5.1 HARDWARE REQUIREMENTS

Minimum hardware requirements are very dependent on the particular software being developed
by a given Enthought Python / Canopy / VS Code user. Applications that need to store large
arrays/objects in memory will require more RAM, whereas applications that need to perform

numerous calculations or tasks more quickly will require a faster processor.

. Operating system : windows, linux
. Processor : intel 17

. Ram : minimum 4 gb

. Hard disk : minimum 250gb

2.5.2 SOFTWARE REQUIREMENTS

The functional requirements or the overall description documents include the product perspective
and features, operating system and operating environment, graphics requirements, design
constraints and user documentation.

The appropriation of requirements and implementation constraints gives the general overview of

the project in regards to what the areas of strength and deficit are and how to tackle them.

. Python idel 3.7 version (or)
. Anaconda Environment 3.7
. Jupiter Notebook (editor)

CMRTC 5
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3. ARCHITECTURE
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3. ARCHITECTURE

3.1 PROJECT ARCHITECTURE

This project architecture describes how the application is going to function. This describes how

the user’s request is taken as input and how the output is delivered to them. The detailed

architecture is explained below.

Detecting objects in Centroid
tracking

the
stream( YOLOv3)

Bounding box
inside dimensions

Maintaining Violating

social distancing

social distancing

Send alert

Fig 3.1: Architecture
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3.2 MODULES DESCRIPTION

3.2.1 YOLOV3

The YOLOv3 module is an object detection model. This algorithm views object recognition as a
problem of regression, taking a given input image or video stream and concurrently knowing the
bounding box coordinates and the corresponding labels of class probabilities. YOLO has three
tuning parameters, network input sizes, anchored box, and feature extraction network. First, the
frame is detected. We then compute bounding box coordinates and then derived the center of the
bounding box. Using the box coordinates, the top-left coordinates are derived. After which the
frame is pre-processed giving three results, which are confidence, bounding box, and centroids of

each person.

3.2.2 Centroid Tracking

Centroid Tracking is a module, which is used for distance computation. The Euclidean distance is
calculated and used to find the distance between centroids. After the comparison of the distance
the centroids of two individuals, it is compared with the minimum distance in terms of pixels.
Violation’s detection module detects the distance violations of an individuals. The pairs are marked
as red or green depending on if they have violated social distancing or not.

Then voice alert is sent, if distance is violated. The user specifies the input size and number of
classes while choosing a network. With the minimum size for a network, the size of the training
image and the computational cost was optimized. We tried to find the best model as per input size

and set of training images and optimize it to handle larger data sets than the current dataset.
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

3.3 UML DIAGRAMS
3.3.1 USECASE DIAGRAM

A use case diagram in the Unified Modeling Language (UML) is a type of behavioral diagram
defined by and created from a Use-case analysis. Its purpose is to present a graphical overview of
the functionality provided by a system in terms of actors, their goals (represented as use cases),
and any dependencies between those use cases. The main purpose of a use case diagram is to show
what system functions are performed for which actor. Roles of the actors in the system can be

depicted.
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Fig 3.3.1 Usecase diagram
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3.3.2 CLASS DIAGRAM

The class diagram is used to refine the use case diagram and define a detailed design of the system.
The class diagram classifies the actors defined in the use case diagram into a set of interrelated
classes. The relationship or association between the classes can be either an "is-a" or "has-a"
relationship. Each class in the class diagram may be capable of providing certain functionalities.
These functionalities provided by the class are termed "methods" of the class. Apart from this, each

class may have certain "attributes" that uniquely identify the class.

Input " | YOLOV3 Model
+ data # lrain data
+ 0pen camera + build model
+ capture() + train and test()
; ” + create flask object()
s Y | ]
User Alert System Centroid Tracking
+ maintain social + detect people + bounding hox inside dimensions
————— \
distance + detecting violations — :
\ + grabbing dimensions()
+ alert() + send alert() I measuring distance()

Fig 3.3.2 Class diagram
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3.3.3 SEQUENCE DIAGRAM

A sequence diagram represents the interaction between different objects in the system. The
important aspect of a sequence diagram is that it is time-ordered. This means that the exact
sequence of the interactions between the objects is represented systematically. Different objects in

the sequence diagram interact with each other by passing "messages".

‘ ey YL i'.:lll'lfll | I I|-'|l1:l'|||:::-|-|.-|-|':a'.u ‘

| mr bl

i g d Lo ol

\PI—I-MII
—

| | el g b o

x.._________________________________

X

Fig 3.3.3 Sequence diagram
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SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

3.3.4 ACTIVITY DIAGRAM

The process flows in the system are captured in the activity diagram. Similar to a state diagram, an
activity diagram also consists of activities, actions, transitions, initial and final states, and guard

conditions

[ open application ]

v

[ capture object J
E model generation J

s R .

[ build YOLOWS

model

v

[ create flask object

v

E foadmaodel

v

[ detect people

-

l bounding box inside

dimensions

-

detect social
distance

Yes maintaining social
distance

wviolating social
distance

VI I [ T (L Y (N [

-

send voice alert

Fig 3.3.4 Activity diagram
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3.3.5 DATAFLOW DIAGRAM

The DFD is also called as bubble chart. It is a simple graphical formalism that can be used to
represent a system in terms of input data to the system, various processing carried out on this data,
and the output data is generated by this system.

The data flow diagram (DFD) is one of the most important modeling tools. It is used to model the
system components. These components are the system process, the data used by the process, an

external entity that interacts with the system and the information flows in the system.
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Fig 3.3.5 Dataflow diagram
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4. IMPLEMENTATION
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4. IMPLEMENTATION

4.1 SAMPLE CODE

# Import packages

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

import numpy as np

import imutils

import time

import cv2

import math

from playsound import playsound

labelsPath = "coco.names"

LABELS = open(labelsPath).read().strip().split("\n")

np.random.seed(42)

COLORS = np.random.randint(0, 255, size=(len(LABELS), 3),
dtype="uint8")

weightsPath = "yolo-coco/yolov3.weights"

configPath = "yolo-coco/yolov3.cfg"
net = cv2.dnn.readNetFromDarknet(configPath, weightsPath)

# face mask classification

confidence_threshold = 0.4

# load our serialized face detector model from disk
print("[INFO] loading face detector model...")
prototxtPath = "face_detector/deploy.prototxt"

CMRTC 15
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weightsPath = "face_detector/res10_300x300_ssd_iter_140000.caffemodel"”
faceNet = cv2.dnn.readNet(prototxtPath, weightsPath)

# load the face mask detector model from disk
model_store_dir= "classifier.model"

maskNet = load_model(model_store_dir)

cap = cv2.VideoCapture(0)
while (cap.isOpened()):

ret, image = cap.read()

if ret == False:

break

image = cv2.resize(image, (640, 360))

(H, W) = image.shape[:2]

In = net.getLayerNames()

In = [In[i[0] - 1] for i in net.getUnconnectedOutLayers()]

blob = cv2.dnn.blobFromImage(image, 1/255.0, (416, 416), swapRB=True, crop=False)
net.setInput(blob)

start = time.time()

layerOutputs = net.forward(In)

end = time.time()

print("Time taken to predict the image: {:.6f}seconds".format(end-start))
boxes =[]

confidences =[]

classIDs =[]

for output in layerOutputs:
for detection in output:

scores = detection[5:]
CMRTC 16
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classID = np.argmax(scores)

confidence = scores|classID]

if confidence > 0.1 and classID == 0:
box = detection[0:4] * np.array([W, H, W, H])
(centerX, centerY, width, height) = box.astype("int")
x = int(centerX - (width/ 2))
y = int(centerY - (height / 2))
boxes.append([x, y, int(width), int(height)])
confidences.append(float(confidence))

classIDs.append(classID)

1dxs = cv2.dnn.NMSBoxes(boxes, confidences, 0.5, 0.3)
ind =[]
for i1in range(0, len(classIDs)):
if (classIDs[i] == 0):
ind.append(i)

a=[]

b={]

#color = (0, 255, 0)

if len(idxs) > O:

for 1 in idxs.flatten():

(x, y) = (boxes[i][0], boxes[i][1])
(w, h) = (boxes[i][2], boxes[i][3])
a.append(x)

b.append(y)
#cv2.rectangle(image, (X, y), (X + w, y + h), color, 2)

distance =[]
nsd =[]

for 1 in range(0, len(a) - 1):
CMRTC 17
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for k in range(1, len(a)):
if (k ==1):
break
else:
x_dist = (a[k] - a[i])
y_dist = (b[k] - b[i])
d = math.sqrt(x_dist * x_dist + y_dist * y_dist)
distance.append(d)
if (d <=100.0):
nsd.append(i)
nsd.append(k)
nsd = list(dict.fromkeys(nsd))

color = (0, 0, 255)
for iin nsd:
(X, y) = (boxes[i][0], boxes[i][1])
(w, h) = (boxes|[i][2], boxes[i][3])
cv2.rectangle(image, (X, y), (X + w, y + h), color, 2)
text = "Alert"
playsound('sound/alert.mp3")
cv2.putText(image, text, (X, y - 5), cv2. FONT_HERSHEY_SIMPLEX, 0.5, color, 2)
color = (138, 68, 38)
if len(idxs) > O:
for 1 in idxs.flatten():
if (i in nsd):
break
else:
(X, y) = (boxes[i][0], boxes[i][1])
(w, h) = (boxes[i][2], boxes[i][3])
cv2.rectangle(image, (X, y), (X + w, y + h), color, 2)

text = 'OK'
CMRTC 18



SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

cv2.putText(image, text, (x, y - 5), cv2.FONT_HERSHEY_SIMPLEX, 0.5, color, 2)

(h, w) = image.shape[:2]
blob = cv2.dnn.blobFromImage(image, 1.0, (416, 416), (104.0, 177.0, 123.0))
faceNet.setInput(blob)
detections = faceNet.forward()
cv2.imshow("Image", image)
if cv2.waitKey(1) & OxFF == ord('q"):
break

cap.release()

cv2.destroyAllWindows()
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S. RESULTS
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5. RESULTS

5.1 COMMAND PROMPT

Open the Command prompt option.

] ZaMWind e Bl i3 el e - pthon mcbuarnpy - | b

Fig 5.1 Command prompt
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5.2 OUTPUT SCREENSHOTS

People maintaining social distance will be bounded in blue color bounded boxes.
People violating rule of maintaining social distance will be bounded in red color bounded boxes and an

alert will be sent.

Fig 5.2.1: maintaining social distance
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5 Image - a

Fig 5.2.2: distance violations and alert sound

A7 Image

Fig 5.2.3: crowded people in college
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Fig 2.2.4: crowded people in restaurants

Fig 5.2.5: crowded people in shopping malls
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Fig 5.2.6: crowded people on roadside

CMRTC 25



SOCIAL DISTANCE DETECTION AND ALERT SYSTEM USING YOLOv3 MODEL

6. TESTING
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6. TESTING

6.1 INTRODUCTION TO TESTING

The purpose of testing is to discover errors. Testing is the process of trying to discover every
conceivable fault or weakness in a work product. It provides a way to check the functionality of
components, sub-assemblies, assemblies and/or a finished product It is the process of exercising
software with the intent of ensuring that the Software system meets its requirements and user
expectations and does not fail in an unacceptable manner. There are various types of tests. Each

test type addresses a specific testing requirement.

6.2 TYPES OF TESTING

6.2.1 UNIT TESTING

Unit testing involves the design of test cases that validate that the internal program
logic is functioning properly, and that program inputs produce valid outputs. All decision branches
and internal code flow should be validated. It is the testing of individual software units of the
application .it is done after the completion of an individual unit before integration. This is a
structural testing, that relies on knowledge of its construction and is invasive. Unit tests perform
basic tests at component level and test a specific business process, application, and/or system
configuration. Unit tests ensure that each unique path of a business process performs accurately to

the documented specifications and contains clearly defined inputs and expected results.

6.2.2 INTEGRATION TESTING

Integration tests are designed to test integrated software components to
determine if they actually run as one program. Testing is event driven and is more concerned with
the basic outcome of screens or fields. Integration tests demonstrate that although the components
were individually satisfaction, as shown by successfully unit testing, the combination of
components is correct and consistent. Integration testing is specifically aimed at exposing the

problems that arise from the combination of components.
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6.2.3 FUNCTIONAL TESTING

Functional tests provide systematic demonstrations that functions tested are

available as specified by the business and technical requirements, system documentation, and user

manuals.
Functional testing is centered on the following items:
Valid Input : identified classes of valid input must be accepted.
Invalid Input : identified classes of invalid input must be rejected.
Functions : identified functions must be exercised.
Output : identified classes of application outputs must be exercised.

Systems/Procedures : interfacing systems or procedures must be invoked.

Organization and preparation of functional tests is focused on requirements, key
functions, or special test cases. In addition, systematic coverage pertaining to identify Business
process flows; data fields, predefined processes, and successive processes must be considered for
testing. Before functional testing is complete, additional tests are identified and the effective value
of current tests is determined.

6.2.4 SYSTEM TEST

System testing ensures that the entire integrated software system meets
requirements. It tests a configuration to ensure known and predictable results. An example of
system testing is the configuration-oriented system integration test. System testing is based on
process descriptions and flows, emphasizing pre-driven process links and integration points.
6.2.5 WHITE BOX TESTING

White Box Testing is a testing in which in which the software tester has knowledge
of the inner workings, structure and language of the software, or at least its purpose. It is purpose.

It is used to test areas that cannot be reached from a black box level.
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6.2.6 BLACK BOX TESTING

Black Box Testing is testing the software without any knowledge of the inner
workings, structure or language of the module being tested. Black box tests, as most other kinds
of tests, must be written from a definitive source document, such as specification or requirements
document, such as specification or requirements document. It is a testing in which the software
under test is treated, as a black box. you cannot “see” into it. The test provides inputs and responds

to outputs without considering how the software works.
6.2.7 ACCEPTANCE TESTING

User Acceptance Testing is a critical phase of any project and requires significant
participation by the end user. It also ensures that the system meets the functional requirements.

e Test Results: All the test cases mentioned above passed successfully. No defects encountered.

6.3 TEST CASES

TEST TEST CASE DESCRIPTION | INPUT EXPECTED ACTUAL RESULT
CASE | NAME OUPUT OUTPUT
ID
DISTANCE TO CHECK CROWDED | VIOLATING MAINTAINING FAIL
DETECTION | SOCIAL PEOLPE RULE SOCIAL
1 DISTANCE DISTANCE
01 BETWEEN
INDIVIDUALS
DISTANCE TO CHECK PEOPLE MAINTAINING MAINTAINING PASS
DETECTION | SOCIAL WITH SOCIAL SOCIAL
2 DISTANCE DISTANCE DISTANCE DISTANCE
02 BETWEEN
INDIVIDUALS
DISTANCE TO CHECK PEOPLE MAINTAINING VIOLATING FAIL
DETECTION | SOCIAL WITH SOCIAL RULE
3 DISTANCE DISTANCE DISTANCE
03 BETWEEN
INDIVIDUALS
DISTANCE TO CHECK CROWDED | VIOLATING VIOLATING PASS
DETECTION | SOCIAL PEOPLE RULE RULE
4 DISTANCE
04 BETWEEN
INDIVIDUALS
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7. CONCLUSION
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7. CONCLUSION

7.1 PROJECT CONCLUSION

In this project we have used a recent technique in the field of computer vision and also in the deep
learning. The proposed system will correctly detect the presence of person is in the safe distance.
The system is accurate, since we have used Euclidean distance formula for distance computing.
Thus, it makes easier to deploy our model to embedded system like Raspberry Pi, Google Coral
etc. We believe that this approach will enlarge the safety of the individuals during the pandemic.
Social distance with is performed by using the two labels which were declared for color and title.
* System uses a pre-filmed video of people on a crowded street. The distance between each
person can be easily calculated using computer vision. If any set of individuals is found
violating the minimum accepted threshold value, they will be indicated with a red bounding
box.
» The social distancing patterns are distinguished and classified as "Safe" and "Unsafe" distance.
The classifier can be implemented for live video streams and can be used for developing real-
time applications. This system can be integrated with CCTV for surveillance of people during

pandemics.

7.2 FUTURE ENHANCEMENT

* With advanced technical updates, the system may be capable to trace and detect the violations
from an aerial view and we can implement this system in shopping malls, restaurants to find
the violations along with distance marks.

*  We can predict/detect time at which it gets crowded and heat map can be plotted in an accurate
way.

* This publishing is focusing on surveillance of public places and detecting whether the people
are maintaining social distancing or not. Social Distancing is the only best option for us to
protect ourselves from diseases, not limited to COVID-19, where no medicinal antidote has

been prepared, and that may be transmitted through human contact.
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