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Abstract: The coronavirus disease 2019 (COVID-19) is an infectious disease identified in Wuhan, China, in December 
2019 caused by a new coronavirus. The Indian government has taken many initiatives to mitigate the effects of COVID 
by encouraging the standard mechanisms of social distancing, the use of masks, and various safety parameters. 
COVID-19 hotspot identifies regions in India where COVID-19 severity is very high. We propose a novel hybrid 
cellular automata classifier for predicting the trend of various Hotspots in India, processing different parameters, 
including infection control, virus reproduction rate, critical correlation, safety parameters, and social distancing. The 
proposed classifier, named Hybrid Cellular Automata-Hotspot (HCA-HS), predicts the number of hotspots in various 
districts of states, and also gives the status of each city marked as Totally Safe, Marginally Safe, or Unsafe. This will 
alert the state authorities to take necessary actions to mitigate the COVID-19 effect and help the people avoid traveling 
to infected areas, i.e., hotspots. These datasets were collected from Kaggle and local Indian databases to enhance 
adaptability. The accuracy of the predictions of Hotspots is reported as 91.58%, which is considerable at this moment. 
The developed classifier is compared with Support Vector Mechanism (SVM), K-Means, and Decision Tree, and HCA-
HS has reported an accuracy of 10.69% higher than the existing literature.

Keywords: COVID-19, hybrid cellular automata, infection control, reproduction rate, social distancing, usage of masks, 
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1. Introduction
The rate change of the infections happening because of COVID-19 are increasing for the last six months. The 

death, infected, and recovery rate of COVID-19 is changing dynamically with time. Many researchers have focused 
on predicting the trends of COVID-19 using many mechanisms such as machine learning, data analytics, and image 
processing. Since this is a new and dynamic, open problem, none of the developed mechanism can provide a reliable, 
accurate, adaptable and robust method. There is a lot of scope for a new mechanism that can process diverse parameters 
and predict the variations of COVID-19 with reasonable accuracy.

We have studied various measures to reduce the effect of COVID-19 on India in various states. Dr. Kiran et al. 
[1] have proposed a novel Cellular Automata Classifier for predicting the trends of COVID19 [2]. Arab et al. [3] have 
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reported the hotspot variations in Iran, and this research helped plenty of travellers. Eckerle et al. [4] have analyzed the 
impact of hotspots. Cohen et al. [5] worked on collecting image data pertaining to COVID-19 so that the X-rays can be 
the benchmark for comparison. Many machine learning algorithms/mechanisms are evolved to address the problem of 
COVID-19 [6]-[8]. Several algorithms are proposed to process the X-rays of infected COVID patents to monitor the 
practice of social distancing and use of masks [9]-[13].

2. Design of HCA-HS
Cellular Automata (CA) is a set of cells on a given Grid. CA is an innate versatile classifier where the working of 

the CA is shown in Figure 1.
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Figure 1. Design of HCA-HS with an example
Rule Applied < Ti + 1 + Ti, Ti + 1, Ti + Ti + 1 > (Basin: 0.2, 0.3, 1.0)

Cellular Automata is employed in several terms of rules, where these rules tell the system about the dependability 
of the corresponding states. For example, Rule 1 depends on its state and its neighbor.
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Figure 2. Overall Design of HCA-HS with Output

Rule 2 states it has to depend on the next state, and Rule 3 states it has to  depend on its state and its neighbor. The 
transitions are represented as per the rules to get 0.2, 0.4, as a basin.

We have designed the entire research into two modules, as shown in Figure 2. The first module is trained and 
tested to analyze critical parameters like infection control, reproduction rate, critical correlation like (learning from 
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the mistakes) to give the intensity of the hotspots of various areas. The second module is trained and tested to analyze 
preventive parameters like the implementation of safety parameters, usage of masks, and social distancing. The output 
that is expected is bifurcated into totally safe, marginally safe, and unsafe in relation to the number of hotspots.

Table 1. Rules used in HY-CA

111 110 101 100 011 010 001 000

250 0 1 1 0 1 0 1 0

248 1 1 1 1 1 1 0 0

228 0 1 1 0 1 1 1 0

182 1 1 0 0 1 1 0 0

155 1 1 1 0 0 0 0 0

160 1 0 1 0 1 0 1 0

120 1 1 1 1 1 0 1 0

0 0 0 0 0 0 0 0 0

Algorithm 1
Input: Training Sequence Sn = {S1, S2, …, Sp, …, Sl} with m classes.
Output: HCA-HS tree.
Partition (S, m)
Step 1: Generate an HCA-HS with n attractor states.
Step 2: Allocate the sequence S into these n attractor states.
Step 3: Verify all the elements in the attractor basins.
Step 4: If all the elements indicate S1 belongs to an attractor basin, then label the sequence with the class associated 

with the attractor basin.
Step 5: If S1 belongs to more than one class, then Partition (S1, m) till S1 belong to an attractor basin.
Step 6: Stop.
The rules of form referred in Table 1. We have taken six different rules and their operations in this prediction. The 

simple algorithms shows the method of prediction.

3. Results and comparisons
Datasets were collected from Kaggle [2] and the local Indian database for more adaptability. We have extracted 

2,02,689 various records for developing a robust, reliable classifier.  
The research work has considered all the major cities in India with a population of more than 500000 for the 

analysis, but the analysis of the critical parameters was reported only for the cities Mumbai (MUM), New Delhi (ND), 
Hyderabad (HYD), Kakinada (KKD), Vijaywada (VIJ) and Visakhapatnam (VSP). As the results obtained in Figure 
3, Vishakapatnam shows a better infection control, considerable reproduction rate, and proper critical correlation 
parameters.
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Figure 3. Analysis of Critical Parameter as on 20-07-2020
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Figure 4. Analysis of Preventive Mechanisms as on 20-07-2020

Figure 4 shows that Vijaywada (VIJ) adopts good social distancing norms and stands first in implementing the 
usage of masks. Hyderabad and New Delhi have reported considerably better  safety parameters.

HCA-HS predicts the number of hot spots in various states of India using the two modules designed. Figure 5 
shows that Tamil Nadu (TN) reports the highest number of hotspots and Orrissa (OD) reports very few. The other 
states reported in the graph are Kerala, Madya Pradesh (MP), Maha Rastra (MH), Pondicheery (PU), Rajasthan (RAJ), 
Telangana (TE), Uttar Pradesh (UP) and West Bengal (WB).
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Figure 5. Number of Districts with Hot Spots in few States of India as on 20-07-2020
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Figure 6. Intensity of the Hotspots in India as on 20-07-2020

Figure 6 shows that Vishakapatnam(VSP) is considerably doing better, which was designated as Totally Marginally 
Safe, and Mubai is designated as Unsafe at this moment.

We have compared the performance of our classifier HCA-HS with other standard mechanisms SVM, K-Means, 
and Decision Tree algorithm, and HCA-HS has performed considerably well compared to the other existing literature. 
The performance of the developed classifier is reported as 91.58%, which is 10% more accurate when compared 
with standard models. The result depicted is, as per the data collected at that point, can be considered only to conduct 
research and do not contain any legal validity.
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Figure 7. Comparison of the Performance of HCA-HS with SVM, K-M, and DT

4. Conclusion
We have successfully developed a novel, unique, robust, adaptable, and most accurate classifier HCA-HS to predict 

the number of COVID-19 hotspots in India. This work can be used by the administrative authorities of the government 
to keep track and monitor the growing number of hotspots in India. The public and travelers will also utilize this work 
for updating their COVID knowledge and act accordingly. HCA-HS processes live data and report dynamic changes. 
The accuracy reported is 91.58%, which is the best in the existing literature.
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