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Abstract: Coronavirus or COVID-19 is a new type of disease which is spreading rapidly by human contact and has
been declared as a pandemic by the World Health Organization (WHO). In this paper several parameters like age,
cough, cold, travel history, contact with an infected family member, breathing trouble and fever are taken into
consideration for predicting the spread of this disease. A survey of one hundred people from 8 different states of India
namely Maharashtra, Gujrat, Tamil Nadu, Kerala, West Bengal, Assam, Jammu & Kashmir and Himachal Pradesh
have been taken into consideration, and based on those values the spread of Coronavirus in different states of India has
been calculated using MATLAB fuzzy logic. Prediction of the spread of novel Coronavirus can be predicted using fuzzy
logic and based on this prediction further preventive steps can be taken by the higher authorities. Conclusive result
indicate that North Eastern states are less likely to be diagnosed with Coronavirus than the Western states of the

country.
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l. INTRODUCTION Quantitative evaluations of the effect of these measures in
decreasing death rates, morbidity, infection rates etc. and

Epidemics are a form of natural disastglwhich takes place therefore can be a critical guide in public health planning.

without any warning. In the present scenario novel
Coronavirus is spreading rapidly through human contact [1].
With the advancement in artificial intelligence and machine
learning a fast-growing epidemic can be diagnosed and
based on that diagnosis preventive measures can be adopted
to suppress the spread [2]. Coronavirus (covidl9) is an
infectious disease which has recently originated in Wuhan
the capital of Hubei province in China. Its rapidly spreading
nature through contact had made it a tremor among the
population of the world. The world health organization
(WHO) has declared it as a pandemic, as no vaccination has Days
been invented as of now [3]. Originating in Wuhan of @)

China, the novel Coronavirus spread rapidly across the
globe [4]. The Coronavirus can be seen passing from people
to people through contact as it is transmitted by touch or 40
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concealment of social contact in work environments, Days

schools, offices and other open circles is the objective of

such measures. Since social contacts have a solid assortative (b)

structure in age, the viability of these measures is subject to Fig 1: (a) & (b) represents total number of Coronavirus cases and total

number of Deaths caused by Coronavirus in the month of March
The above graphs [7] show the number of people affected

by Coronavirus in India in a span of one month from 1°* of

both the age structure of the population and the recurrence
of contacts between age bunches over the population [6].
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March till 31% of March. Figure “a” represents the number
of Coronavirus cases recorded in India and figure “b”
represents the total number of deaths due to Coronavirus.
Both the graphs clearly predict the exponential rise in
Coronavirus cases and the increasing number of people
getting infected by this pandemic disease. India witnessed
their first death of a civilian from Karnataka by Coronavirus
on 12" March 2020 [8]. This spreading of the disease can
be possible by mass lockdown and avoid close proximity of
infected people as much as possible [9]. There is no method
of calculating and predicting the exact next patient of this
disease [10], however the fuzzy logic approach can be used
to have a rough idea and predict the infection possibility of
a person by this disease.

Fuzzy logic is a computational approach to calculate the
degree of truth or chance of truth rather than determining
the actual answer in Boolean form (True or False & 0 or 1
form) on which logic modern computer is based [11]. Fuzzy
logic determines the possibility of a particular action based
on various other actions which are directly or indirectly or
partially related to the input [12].

In this paper we present a case study of 8 states in India and
respective possibility of a person getting infected in each of
these eight states based on few important factors based on
which the novel coronavirus infection can be determined.
This way a precautionary step can be taken depending on
the risk level as calculated by MATLAB Fuzzy logic
preventing further outbreak of this epidemic among the
population of the country can be stopped.

Il. METHODOLOGY AND CALCULATION

There are several factors affecting the cause and spread
of Coronavirus among people. China being the birth place
of this infectious disease, it got spread to other parts of the
world by passing from one person to another [13].
Coronavirus interpretation is predicted using fuzzy logic in
MATLAB. The symptoms of the disease are considered as
the input of the fuzzy logic and the percentage chance of
getting infected by this virus. One of the main factors of
getting into critical condition due to this virus is the age of a
person. According to World Health Organization (WHO),
chances of a patient getting into critical condition is if the
patient is and elderly person and also have a history of
foreign travel background [14]. Few of the highest impacted
symptoms of Coronavirus are considered as the basic inputs
based on which prediction of infection is computed. In our
paper the five basic symptoms and high-risk factor for
getting infected from this disease is considered. They are:
Cough, Fever, Breathing Issues, International Travel
Background and Age [15]. These are the primary factors
based on which the percentage of getting infected is
calculated using fuzzy logic.

Certain parameters are set to the input variables so that a
better prediction can be made. Setting certain member
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function to each of these inputs will help in obtaining a
more accurate prediction of the risk of being infected.
Triangular member function [16] of three members have
been used in all cases to have uniformity in computing. The
table shows the input factors which have been taken into
consideration and their respective member functions [17].

TABLE 1: RANGE OF MEMBER FUNCTIONS

Parameters Low Medium High
Cough 0-1 0.5-2.5 2-3
Fever 0-1 0.5-2.5 2-3
Breathing 0-1 0.5-2.5 2-3
International Travel 6-10 3-7 0-4
Age 0-30 25-60 45-100
Infected Family 0 - 1

DOI : 10.35291/2454-9150.2020.0263

Parameters Low Medium High
Cough 0-1 0.5-2.52-3

Fever 0-1 0.5-2.52-3
Breathing0-1 0.5-2.52-3
International Travel 6-10 3-7 0-4
Age 0-3025-60 45-100
Infected Family 0 - 1

The following calculation sets will help in understanding
the above table:

International Travel = {Low, Medium, High}
Low = {6,7,8,9,10} returned months before
Medium = {3,4,5,6,7} returned months before
High = {0,1,2,3,4} returned months before
Age = {Low, Medium, High}
Low = {0-30} years of age
Medium = {25-60} years of age
High = {45-100} years of age
These inputs are dependent on the risk factor they impose,
whereas cough, fever and breathing trouble is calculated on
the degree and nature of illness. The infected family plays a
major role in predicting the risk of infecting others and it is
calculated in a simple yes or no binary fashion where 0
means no infected family member and 1 means at least one
infected family member [18].

After these inputs have been entered in the fuzzy logic, the

rules have been implemented and defuzzification process is
started.

RULES

OUTPCT (et sn (s

‘Fig. 2. The Fuzzy Logic Design for determining the
chances of been affected by Corona Virus.
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A through survey had been conducted on eight states, two
from Norther India, two from Southern India, two from

I11. RESULT AND DISCUSSION

The fuzzy logic has been designed after thorough study
of research papers and information’s released by World
Health Organization (WHO). The rules have been set based

Eastern India and two Western Indian states.

Table 2: States considered for Survey

on the number of people getting diagnosed by Corona North Jammu and Kashmir Himachal Pradesh
Virus. According to scientists this virus is more dangerous South Kerala Tamil Nadu
for elderly people who are above the age of forty-five. East West Bengal Assam
Following statistics, the rules have been made and list of West Gujrat Maharashtra

question are having been handed over to local people for
survey. These surveys were inputted into the MATLAB
fuzzy logic system and their infection percentage was
predicted [19]. Survey questions were handed out to people
with different backgrounds and having different age
differences. All factors of transmission were taken into
consideration for the evaluation and a proper prediction of
chances of getting infected has been calculated in this

paper.

The above table shows the states where the surveys were
conducted. An averaged value of each parameter was
considered and used as input in the fuzzy logic design from
where the number of infected people in the next few days
are predicted. The averaged values as obtained from the
surveys are arranged in Descending values based on the
percentage chance of getting infected:

Table 3: Averaged values used as input in Fuzzy Logic

Parameters Cough Fever | Breathing | International Age Infected | Infection
(0-3) (0-3) Trouble Travel (0-10 (0-90) Family Chance
(0-3) months) Member (20)
Maharashtra 2.81 2.81 2.6 1.07 70.2 0.96 80.3
Kerala 2.79 1.91 2.66 1.65 60.8 0.854 78.5
Gujrat 2.49 2.64 2.49 2.58 66.4 0.929 75.5
Tamil Nadu 0.727 2.09 1.67 2.77 55.5 0.607 60.7
Jammu & 1.87 1.91 1.663 3.51 44.5 0.271 53.4
Kashmir
West Bengal 1.24 0.704 1.48 3.87 42.9 0.045 50.2
Himachal 0.304 0.704 0.58 7.1 44.5 0.241 34.3
Pradesh
Assam 0.196 0.01 0.23 7.17 42.9 0.0652 21.3
MR
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Fig. 3. (a) Fuzzy Logic interpretation and (b) State-wise Coronavirus infection prediction

The averaged value of each parameter has been put up in Fuzzy logic input. The values are shown in Table 1. Defuzzification
of these inputs generated results, predicting the chances of a person to be infected by Coronavirus. Three membership functions
were considered for generating results each of which ranged from High, Medium and Low. Figure (a) is the Fuzzy Logic
Defuzzification which calculates the variable set as the input and generated an approximate prediction of a person to be
affected by coronavirus. The predicted approximated result is represented on the extreme right side of the image. The states

with highest probability are shown at the top which is followed by states with gradual decrease in percentage of chance of
getting infected.

The above graphs as shown in figure “b” represent the column bar type representation of the percentage chance of getting
infected by a person with Corona Virus. As per the data's revealed from survey it has been observed that people of Assam has
least probability to get infected. Assam has till yet has a record of zero Corona virus case, whereas from the fuzzy logic
interpretation it is observed that Assam has a probability of getting affected by corona virus by 20%. It is observed that
Maharashtra, Kerala and Gujrat have the highest chance of getting affected. This way we can utilize fuzzy logic method for
predicting the spread of the disease. In a decreasing order of percentage chance of getting infected by COVID-19, the states

which have been considered as our case study can be arranged as — Maharashtra, Kerala, Gujrat, Tamil Nadu, Jammu &
Kashmir, West Bengal, Himachal Pradesh and Assam.
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Fig. 1. State wise representation of Fuzzy Logic prediction
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The above figure (4) shows the state wise prediction of a
person getting infected by Coronavirus as per fuzzy logic at
a glance. The map has been created using ArcMap 10.3.1.
Maharashtra being the center of main entertainment zone
and business due to some cities like Mumbai attract a large
number of tourists and business associates. Most of them
have a comparatively higher international travel history
making the residents of Mumbai highly probable of getting
infected by coronavirus.

IV. CONCLUSION

According to the survey conducted, it can be concluded
that Maharashtra has the highest risk of getting infected
followed by Kerala and Assam has the least probability of
getting affected by Coronavirus. Maharashtra being
predicted at the highest of all readings, 80.3% followed by
Kerala at 78.5%. Gujrat being the neighboring state of
Maharashtra has lower possibility of been affected by
Coronavirus. The steps which are taken by each state plays
an important role in limiting the spread of Coronavirus. The
use of Fuzzy Logic has proved to be useful for predicting
how much an individual is prone to be affected by
Coronavirus. This can be said since the predicted results
from Fuzzy Logic defuzzification shows good relationship
with original ongoing current scenario
[https://www.covidl9india.org/]. All the averaged-out data
and values acquired from the surveys conducted, the output
values were entered into the fuzzy logic inputs. Based on
them fuzzy logic defuzzification generate results predicting
the probability of a person getting infected by coronavirus.
The fuzzy logic defuzzification shows high risk alert for
Maharashtra and least by Assam. Assam being the closest to
China among all the other states considered shows more
probability of getting infected than the current situation in
the world. It can be safely concluded that on the basis of the
research work conducted, Western India has a more
probably of getting infected by this pandemic disease.
However, it should be kept in mind that proper precautions
must be taken into consideration strictly to avoid more
spreading of this pandemic disease.
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