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Ref. No.: AGCE/Office/2024-25/                  Date:27thFeb. 2025  

ACHIEVEMENTS OF FACULTY MEMBERS 

The faculty of Arvind Gavali College of Engineering have demonstrated exceptional academic and 

research excellence. They have published numerous research papers, filed patents, presented at 

conferences, authored books, and secured external funding. These achievements showcase their 

expertise and dedication, enhancing the institution's reputation and research ecosystem, making it an 

ideal candidate for autonomous status. 

Sr 

No 

Activity No of activities academic year wise 

2023-

24 

2022-

23 

2021-

22 

2020-21 2019-20 2018-19 

1 Number of Research 
Papers Published in 

Journals 

17 27 08 13 11 07 

2 Number of Patents 

Granted 
05 05 02 02 01  

3 Number of Papers 
Published in National 

Conferences 

      

4 Number of Papers 
Published in International 
Conferences 

01 50  02 34 40 

5 Number of Books 

Authored 
02  01 01   

6 Number of Book 

Chapters Authored 
 01     

7 Number of New 
Externally Funded 

Research Projects 
Received 

31 24 25 21 16 14 

8 Funds Received  5.74 
Lakhs 

11.26 
Lakhs 

4.98 
Lakhs 

6.98 
Lakhs 

4.83 
Lakhs 

3.10 
Lakhs 

9 Other Achievements 47 22 17 44 110 02 

All faculty members achievement 
certificates Link for reference 

View View View View View View 

 

https://www.agce.edu.in/files/autonomy/af/2023-2024.pdf
https://www.agce.edu.in/files/autonomy/af/2022-2023.pdf
https://www.agce.edu.in/files/autonomy/af/2021-2022.pdf
https://www.agce.edu.in/files/autonomy/af/2020-2021.pdf
https://www.agce.edu.in/files/autonomy/af/2019-2020.pdf
https://www.agce.edu.in/files/autonomy/af/2018-2019.pdf


 

Achievements of Faculty Members for the Academic Year 2020-21: 

https://www.agce.edu.in/files/autonomy/af/2020-2021.pdf 

1. Number of Research Papers Published in Journals:  

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details/Title of the Paper 

1 Ms. D. S. Jadhav Civil Engineering Research Paper 

Published 

Analysis of Factors 

Causing Cost Overruns in 

Residential Building 

Construction Projects 

2 Ms. D. S. Jadhav Civil Engineering Research Paper 

Published 

Effect of Time and Cost 

Overruns on Building 

Construction Projects 

3 Ms. D. S. Jadhav Civil Engineering Research Paper 

Published 

Influence of Buildability 

Factors on Flooring 

Labour Productivity 

4 Mrs. Eva Gupta Electrical 

Engineering 

Research Paper 

Published 

Fabrication and 

characterization of novel 

nitinol particulate 

reinforced aluminium alloy 

metal matrix composites 

(NiTip/AA6061 MMCs) 

[SCOPUS] 

5 Mrs. Eva Gupta Electrical 

Engineering 

Research Paper 

Published 

Finite element analysis of 

mechanical response of 

fracture fixation 

functionally graded bone 

plate at paediatric femur 

bone fracture site under 

compressive and torsional 

loadings [SCOPUS] 

6 Mrs. Eva Gupta Electrical 

Engineering 

Research Paper 

Published 

An Insight into the 

Simplified RP 

Transmission Network, 

Concise Baseline and SIR 

Models for Simulating the 

Transmissibility of the 

Novel Corona virus 

Disease 2019 (COVID-19) 

Outbreak [SCOPUS] 

https://www.agce.edu.in/files/autonomy/af/2020-2021.pdf


 

2. Number of Patents Granted: 

7 Mrs. Eva Gupta Electrical 

Engineering 

Research Paper 

Published 

Stochastic and 

deterministic mathematical 

2odelling and simulation to 

evaluate the next COVID-

19 pandemic control 

measures [SCOPUS] 

8 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Research Paper 

Published 

Early Detection of Tumors 

in MR Images in MR 

Images of the Human 

Brain: An Application 

Using Deep Learning 

Techniques [SCOPUS] 

9 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Research Paper 

Published 

Detection of deforestation 

change in SAR images 

using local features [Web 

of Science] 

10 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Research Paper 

Published 

Comparison of Image 

Processing Techniques for 

Classification of Red Blood 

Cell Structures [Web of 

Science] 

11 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Research Paper 

Published 

Brain Tumor Detection in 

MR Images of the Human 

Brain Using Biologically 

Inspired Orthogonal 

Wavelet Transform and 

Machine Learning 

[SCOPUS] 

12 Dr. V. A. Pharande Mechanical 

Engineering 

Research Paper 

Published 

Design of Tooling System 

to Reduce Cycle Time 

[SCOPUS] 

13 Dr. A. N. Khadtare Mechanical 

Engineering 

Research Paper 

Published 

Surface integrity studies for 

straight and inclined hole in 

micro-drilling of thermal 

barrier coated Inconel 718: 

A turbine blade application 

[SCOPUS] 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details/Title of the Patent 

1 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Published 

Australian Patent 

Semi-Automatic Approach 

for Tumor Segmentation in 

Human Brain MR Images 

2 Dr. V. A. Pharande Mechanical 

Engineering 

Published Indian 

Patent 

Retro-Fitment Kit for 

Three-Wheeler Auto 

Rickshaw to Convert IC 



 

3. Number of Papers Published in National Conferences: NIL 

 

4. Number of Papers Published in International Conferences:  

 

 

5. Number of Books Authored:  

 

 

6. Number of Book Chapters Authored: NIL 

 

 

 

Engine Into Electrical 

Drive Using Gear Box 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details/Title of the Papers 

1 Mr. V. C. Khade Electronics and 

Telecommunication 

Engineering 

Presented Research 

Paper in 
International 

Conference on 

Communications 

and Cyber Physical 

Engineering 

(ICCCE 2021) 

Maize Leaf Healthy and 

Unhealthy Classification 

Using Image Processing 

Technique and Machine 

Learning Classifiers 

2 Mr. A. S. Shivade Mechanical 

Engineering 

Presented Research 

Paper in 

International 

Conference on 

Artificial 

Intelligence and 

Machine Learning 

(ICAIML 2020) 

Modified Direct Clustering 

Algorithm for Group 

Formation in Cellular 

Manufacturing 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details 

1 Dr. V. A. Pharande Mechanical 

Engineering 

Published Book Book Titled, “Customer 

Relationship Management” 

published by International 

Research Journal of 

Multidisciplinary Scope 

(IRJMS) 

ISSN: 2454 – 8499 



7. Number of New Externally Funded Research Projects Received: 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details/Title of the Project 

1 Dr. A. V. Gujar Civil Engineering Project Sponsored 

by Dhumal 

Construction Pvt. 

Ltd., Satara 

Experimental Study on 

Effect of Glass Fiber in 

Glass Powder Cement 

Concrete 

2 Dr. V. R. Thombare Civil Engineering Project Sponsored 

by JW Infra Pvt. 

Ltd., Satara 

Effect of Granite and 

Marble Waste to Enhance 

the Properties of Silty Soil 

3 Mr. R. N. Sapkal Civil Engineering Project Sponsored 

by Innovative 

Construction Pvt. 

Ltd., Satara 

Strengthening of Beam and 

Column by Carbon Fiber 

Reinforced Polymer 

4 Dr. V. S. Hingmire Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by Ajinkya 

Polymers and 

Engineering 

IoT-Based Industrial 

Security System 

5 Mr. V. T. Barkade Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by Prime 

Enterprises 

Sanitizer Dispensing Robot 

6 Dr. V. S. Hingmire Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by 3 Star IT 

Solutions, Satara 

Smart Receptionist Using 

IoT 

7 Dr. G. S Mirajkar Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by VRT Enterprises, 

Satara 

Alexa Based Home 

Automation System 

8 Dr. B. M. Nayak Electrical 

Engineering 

Project Sponsored 

by Ajinkya 

Electrosystems, 

Satara 

Reverse Rotation 

Controller for Rotating 

Equipment 

9 Dr. V. K. Bhosale Electrical 

Engineering 

Project Sponsored 

by Ravi Electricals, 

Satara 

IoT-Based Induction Motor 

Monitoring System 

10 Dr. G S Mirajkar Electrical 

Engineering 

Project Sponsored 

by Siddheshwar 

Electricals, Satara 

IoT-Based Smart Energy 

Meter Monitoring and 

Billing System 

11 Mr. Basavraj Nelogal Electrical 

Engineering 

Project Sponsored 

by Ajinkya 

Electrosystems, 

Satara 

Induction Motor Rotation 

in Bidirectional Through A 

Remote ControlDevice 

12 Mr. P. A. Pathak Computer Science 

and Engineering 

Project Sponsored 

by Sourcecode 

Technology, Pune 

Online Grocery Market 

13 Mr. V. T. Barkade Computer Science 

and Engineering 

Project Sponsored 

by Sourcecode 

Technology, Pune 

Forest Fire Detection and 

Control 



 

8. Funds Received During This Academic Year:  

14 Mr. P. A. Pathak Computer Science 

and Engineering 

Project Sponsored 

by Rudra Architects 

Interior, Landscape, 

and Master 

Planners, Satara 

Web Development of 

PTMPL Advertising 

15 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Novel Industries, 

Satara 

Performance Study of 

Electric Discharge Machine 

(EDM) Processes 

16 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Paranjape 

Autocast Pvt. Ltd. 

Satara 

Ladle Lining by 

Readymade Exothermic 

Sleeve 

17 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Kavade 

Engineering Works, 

Satara 

Polyster Let Off Machine 

18 Mr. A. S. Shivade Mechanical 

Engineering 

Project Sponsored 

by Omkar 

Engineering, Tal. 

Wai, Dist. Satara 

Compact Rolling and 

Bending Machine 

19 Mr. P. R. Nikam Mechanical 

Engineering 

Project Sponsored 

by SBK Machinery 

& Consulting 

Services, Koregaon, 

Dist. Satara 

Vertical Hydraulic Baling 

Machine 

20 Mr. A. S. Shivade Mechanical 

Engineering 

Project Sponsored 

by Urja Setu, 

Dhankawadi, Pune 

Automatic Painting 

Machine 

21 Mr. P. R. Nikam Mechanical 

Engineering 

Project Sponsored 

by Shri Ganesh 

Industries, Karad 

Pneumatic Operated Feeder 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details/Title of the Project 

1 Dr. A. V. Gujar Civil Engineering Project Sponsored 

by Dhumal 

Construction Pvt. 

Ltd., Satara 

Rs. 20,000/- 

2 Dr. V. R. Thombare Civil Engineering Project Sponsored 

by JW Infra Pvt. 

Ltd., Satara 

Rs. 15,000/- 

3 Mr. R. N. Sapkal Civil Engineering Project Sponsored 

by Innovative 

Construction Pvt. 

Ltd., Satara 

Rs. 28,000/- 



4 Dr. V. S. Hingmire Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by Ajinkya 

Polymers and 

Engineering 

Rs. 18,000/- 

5 Mr. V. T. Barkade Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by Prime 

Enterprises 

Rs. 20,000/- 

6 Dr. V. S. Hingmire Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by 3 Star IT 

Solutions, Satara 

Rs. 22,500/- 

7 Dr. G. S Mirajkar Electronics and 

Telecommunication 

Engineering 

Project Sponsored 

by VRT Enterprises, 

Satara 

Rs. 12,000/- 

8 Dr. B. M. Nayak Electrical 

Engineering 

Project Sponsored 

by Ajinkya 

Electrosystems, 

Satara 

Rs. 15,000/- 

9 Dr. V. K. Bhosale Electrical 

Engineering 

Project Sponsored 

by Ravi Electricals, 

Satara 

Rs. 22,000/- 

10 Dr. G S Mirajkar Electrical 

Engineering 

Project Sponsored 

by Siddheshwar 

Electricals, Satara 

Rs. 20,000/- 

11 Mr. Basavraj Nelogal Electrical 

Engineering 

Project Sponsored 

by Ajinkya 

Electrosystems, 

Satara 

Rs. 22,000/- 

12 Mr. P. A. Pathak Computer Science 

and Engineering 

Project Sponsored 

by Sourcecode 

Technology, Pune 

Rs. 12,000/- 

13 Mr. V. T. Barkade Computer Science 

and Engineering 

Project Sponsored 

by Sourcecode 

Technology, Pune 

Rs. 16,000/- 

14 Mr. P. A. Pathak Computer Science 

and Engineering 

Project Sponsored 

by Rudra Architects 

Interior, Landscape, 

and Master 

Planners, Satara 

Rs. 12,000/- 

15 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Novel Industries, 

Satara 

Rs. 12,000/- 

16 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Paranjape 

Autocast Pvt. Ltd. 

Satara 

Rs. 2,50,000/- 

17 Mr. P. M. Tambe Mechanical 

Engineering 

Project Sponsored 

by Kavade 

Engineering Works, 

Satara 

Rs. 1,10,000/- 



 

 

9. Other Achievement:  

18 Mr. A. S. Shivade Mechanical 

Engineering 

Project Sponsored 

by Omkar 

Engineering, Tal. 

Wai, Dist. Satara 

Rs. 8000/- 

19 Mr. P. R. Nikam Mechanical 

Engineering 

Project Sponsored 

by SBK Machinery 

& Consulting 

Services, Koregaon, 

Dist. Satara 

Rs. 25,000/- 

20 Mr. A. S. Shivade Mechanical 

Engineering 

Project Sponsored 

by Urja Setu, 

Dhankawadi, Pune 

Rs. 20,000/- 

21 Mr. P. R. Nikam Mechanical 

Engineering 

Project Sponsored 

by Shri Ganesh 

Industries, Karad 

Rs. 10,000/- 

Sr. 

No. 

Name of the Faculty 

Member 

Department Award/Recognition Details 

1 Ms. D. S. Jadhav Civil Engineering Attended Six Days 

Workshop 

Attended Six Days 

Workshop on "NAAC 

Accreditation Process for 

University" 

2 Ms. D. S. Jadhav Civil Engineering Participated in 

Webinar on 

“Tendering & 

Execution of 

Works" 

Webinar on "Tendering & 

Execution of Works" 

3 Ms. D. S. Jadhav Civil Engineering Participated in Two 

Day Workshop 

Participated in Two Day 

Workshop on "COs, POs, 

PSOs Mapping and 

Attainment" 

4 Dr. V. R. Thombare Civil Engineering Attended One Week 

Online Faculty 

Development 

Programme 

Attended One Week Online 

Faculty Development 

Programme on "Research 

Opportunities in 

Environmental 

Engineering" 

5 Dr. V. R. Thombare Civil Engineering Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

6 Mrs. S. S. Tokdar Civil Engineering Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 



Advances in Health 5.0 In-

line with NEP 2020" 

7 Mr. V. S. Nikam Civil Engineering Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

8 Mr. P. A. Pathak Computer Science 

and Engineering 

Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

9 Dr. V. K. Bhosale Computer Science 

and Engineering 

Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

10 Dr. V. K. Bhosale Computer Science 

and Engineering 

Attended One Day 

Webinar 

Webinar on "Virtual Labs: 

Effective Tool for Teaching 

and Learning" 

11 Mrs. R. M. Mandhare Computer Science 

and Engineering 

Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

12 Mrs. R. M. Mandhare Computer Science 

and Engineering 

Attended One Week 

Online Short-Term 

Training 

Programme 

One Week Online Short-

Term Training Programme 

(STTP) on "Deep Learning 

Tools & Application in 

Engineering & Science" 

13 Mr. V. B. Gujar Computer Science 

and Engineering 

Participated in Quiz Quiz on "R - 

Programming" 

14 Mr. V. B. Gujar Computer Science 

and Engineering 

Participated in 

Online Quiz 

Techno-Social Awareness 

Quiz on "Biodiversity" 

15 Mr. V. B. Gujar Computer Science 

and Engineering 

Attended Online 

Webinar 

Webinar on "Dynamic 

Routing Using Cisco 

Packet Tracer" 

16 Mr. V. B. Gujar Computer Science 

and Engineering 

Attended Two 

Weeks Short Term 

Training 

Programme 

Two Weeks Short Term 

Training Programme on "IT 

for Sustainability" 

17 Mr. V. B. Gujar Computer Science 

and Engineering 

Attended One Day 

Webinar 

Webinar on "Security 

Issues in Internet of Things 

(IoT)" 

18 Ms. R. D. Shingade Computer Science 

and Engineering 

Attended TEQIP 3 

Sponsored Five 

Days Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

19 Dr. B. M. Nayak Electrical 

Engineering 

Attended TEQIP-III 

sponsored 

Faculty 

Development 

Programme 

TEQIP-III sponsored 

Faculty Development 

Programme (FDP) on 

“Industrial IoTs, Industry 

4.0 & Disruptive 

Technologies” 



20 Dr. B. M. Nayak Electrical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

21 Mrs. Eva Gupta Electrical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

22 Mr. Jivajee Bichkar Electrical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

23 Mr. Basavraj Nelogal Electrical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

24 Ms. Hrutuja S. Bhutkar Electrical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020 

25 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

26 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Attended One Day 

Webinar 

Webinar on "Antenna 

Design through Simulation 

Using TaraNG 19.1" 

27 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Attended One Day 

Online Workshop 

Online Workshop on 

"Academic Book Writing & 

Related Topics" 

28 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Attended One Day 

Webinar 

Webinar on "IEEE 802.11 

and Building Wireless 

Community Networks" 

29 Dr. G S Mirajkar Electronics and 

Telecommunication 

Engineering 

Attended One Day 

Webinar 

One Day Webinar on "New 

Higher Education Policy 

and Digitization of 

Education" 

30 Mr. V. T. Barkade Electronics and 

Telecommunication 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

31 Ms. Tanuja Phadatare Electronics and 

Telecommunication 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

32 Mr. Vivek Mohite Electronics and 

Telecommunication 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 



 

33 Mr. Pratik Mahajan Electronics and 

Telecommunication 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

34 Dr. V. A. Pharande Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

35 Mr. S. S. Ghadage Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

36 Mr. P. B. Bamankar Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

37 Mr. A. V. Kamble Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

38 Mrs. M. N. Alatkar Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

39 Mr. Sandeep Pawar Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

40 Mr. P. R. Nikam Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

41 Mr. N. V. Ghadage Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

42 Mr. R. R. Kamble Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

43 Mr. P. M. Tambe Mechanical 

Engineering 

Attended TEQIP 3 

Sponsored 5 Days 

Online FDP 

TEQIP 3 Sponsored 5 Days 

Online FDP on "Recent 

Advances in Health 5.0 In-

line with NEP 2020" 

44 Mr. S. G. Chavan Electronics and 

Telecommunication 

Engineering 

Attended 40 Hours 

Self-Paced 

Certification 

Programme 

40 Hours Self-Paced 

Certification Programme in 

"Python for Machine 

Learning" 



1. Number of Research Papers Published in
Journals



International Journal of Research in Engineering, Science and Management  

Volume-3, Issue-7, July-2020 

journals.resaim.com/ijresm | ISSN (Online): 2581-5792     

 

308 

 

Abstract: One of India 's key industrial industries are the 

construction industry and the largest driving force in India's 

national economy. Efficient project management of the 

construction is based on three main factors, namely time, cost and 

quality. Cost is a key factor in the project management life cycle 

and can be viewed as one of the project's most important factors 

and the driving force behind the project's performance. Cost 

overruns are common in construction and infrastructure projects. 

Most projects are subject to cost overruns, and thus exceed the 

contract's original value. In India, residential building projects are 

growing in size. However, completion of the projects at the allotted 

cost is challenging. This paper mainly focuses on residential 

construction projects. Data obtained from the questionnaire 

survey is used to identify the main causes of Cost Overruns. The 

data analysis is performed using the relative importance index 

(RII) method, and the ranking method identifies the factors that 

cause significant cost overruns in residential building projects.  

 

Keywords: Analysis, Cost overrun, Factors causing overruns, 

Relative importance index, Residential building construction 

project. 

1. Introduction 

Project delays and cost overruns are a major concern in 

developing countries, where project execution faces many 

uncertainties. This leads to a lack of financial shortage funds, 

delays in infrastructure provision, development and thus 

increase the construction costs. Despite global economic 

development driven by globalization and technology, there is a 

need for a scientific and structured project management 

approach to ensure that project targets are met within time and 

budget constraints.  

Cost overrun, also known as cost rise or budget overrun, 

entails additional costs incurred in excess of the budgeted sums 

due to underestimation of actual costs during the budgeting 

process.  

Cost is one of the important indicators for the performance 

of the project. It is true, particularly for building projects in 

developing countries, because building construction projects in 

these countries are being carried out with limited financial 

resources. Many of the literature reviews on construction 

projects indicated that the common factors for project 

performance are usually considered to be expense, time and 

quality [Arditi et al, 1997; Frimpong et al 2003]; Atkinson  

 

(1999) referred to these factors as the 'iron triangle.' Songer and 

Molenaar (1997) found the project to be satisfactory if it had 

been completed on budget, on time, in compliance with 

customer standards, fulfilled the requirements, and achieved the 

standard of the workmanship.  

Generally, a project is considered to be satisfactory if the 

project is completed within the specified cost or budget, if the 

project is performed by the target date, if the technical objective 

is met, and if the project participants are highly satisfied with 

the project outcome.  

A. Definitions of Cost Overruns 

a) Cost overrun: A cost overrun, also known as a cost 

increase or budget overrun, involves unexpected costs 

incurred in excess of budgeted amounts due to an 

underestimation of the actual cost during budgeting. 

[User Guide, 2005]. 

b) Cost overrun: The amount by which actual costs exceed 

the baseline or approved costs [Wideman, 2002]. 

c) Cost overrun: The difference between the original cost 

and the actual cost when the project is completed 

[Avots, 1983]. Actually, Avots, (1983) used the word 

growth instead of cost overrun. 

B. Causes of Cost Overruns 

 Conflicts and changes in design, inadequate planning, 

unpredictable weather conditions climate factors, 

fluctuations in the cost of building materials, poor 

coordination. 

 Poor site management, incomplete design at the time 

of tender, additional work at owner's request, changes 

in owner's brief, equipment-related delays can be due 

to poor equipment planning, site/poor soil conditions. 

 Lack of control inaccurate management of personnel 

and the whole agency, attitude, low moral motivation, 

labor, machinery and equipment. 

 Lack of cost reports during construction stage, delays 

in issuing information to the contractor during 

construction stage, improper construction methods. 

 Contractual claims, such as, extension of time with 

cost claims, Improvements to standard drawings 
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during construction stage. 

 Technical personnel- shortages, strikes, Lack of 

experience, slow mobilization, absenteeism, poor 

communication. 

 Omissions and errors in the bills of quantities, Delays 

in costing variations and additional works, ignoring 

items of abnormal rates during tender evaluation. 

 Labor-related delays- increase in labor wages, poor 

communication, absentees or low motivation. 

 Site management and site safety, financial delay, 

inadequate supervision, too many responsibilities 

Shortage of personnel Lack of experience, Poor 

quality, Poor planning, Lack of experience of local 

regulation. 

 Materials-related delays inefficient communication 

damage materials poor quality of materials late 

delivery, Delay in procuring and arrangement of 

construction equipment by contractors. 

2. Objective of the Study 

The main objective of this analysis is to identify the major 

causes of cost overruns of construction projects using a case 

study in Satara City. It is noted that clients, consultants, and 

contractors do not give any priority to assess the cost overruns 

at the project's end. There are also few study and studies in 

Satara on this field. The main objectives of this research are: 

 To study the concept of cost overrun from the 

available literature and identify the causes of cost 

overruns. 

 To collect data by conducting Questionnaire survey. 

 To identify the main factors causing cost overruns in 

residential building construction project using data 

analysis. 

3. Methodology and Data Collection 

This research is conducted in a number of stages, including 

literature reviews and research papers, data collection, 

discussion and conclusion. From the literature review, we 

identified 29 factors causing for Cost Overruns in Satara city. 

For data collection, a total of one hundred and twenty (120) sets 

of questionnaires were sent to the people working in the 

organization of the selected five residential construction sites 

located in Satara. The respondent’s included Contractors, 

Clients, Quantity Surveyors, Project Managers, Engineers and 

Architects. The evaluation of Cost Overrun factors was carried 

out using the 4-point Likert scale from 1 to 4 as follows: 

1. Can be neglected 

2. Low influence 

3. Medium influence 

4. High influence 

Out of 120, eighty (80) completed sets were received back. 

This was considered adequate for the analysis based on the 

assumption by Moser and Kalton (1971) that the result of a 

survey could be considered as biased and of little value if the 

return rate was lower than 30–40%. The respondents involved 

in the survey had several years of experience in handling several 

types of projects. 

4. Data Analysis 

Data analysis was carried out by calculating the Relative 

Importance Index (RII) using the following formula, adopted 

by Memon et al. in 2002, as the RII is the most suitable 

approach to perform the ranking analysis.  

 

 
 

Where, RII = Relative Importance Index 

W = Weighting given by respondents to each  

factor and its ranges from 1 to 4  

X = Reaction frequency for each factor  

A = Maximum weight (i.e. 4 in case)  

N = Participants total no.  

The ranking for various factors was calculated from RII 

results to identify the major factors causing cost overruns in 

building projects.  

Table 1 shows the data analysis of the factors causing Cost 

Overruns. The relative importance index (RII) is calculated for 

each factor. The ranks are given based on the obtained value of 

RII respectively. 

 
Table 1 

Ranking of causes of cost overruns 

S.No. Causes of Cost Overruns RII Rank 

1 Conflicts and changes in design. 0.631 10 

2 Inadequate planning. 0.697 2 

3 Unpredictable weather conditions climate 

factors. 

0.569 21 

4 Fluctuations in the cost of building materials 0.663 7 

5 Poor coordination. 0.650 8 

6 Poor site management. 0.678 5 

7 Incomplete design at the time of tender. 0.566 22 

8 Additional work at owner's request. 0.694 3 

9 Changes in owner's brief. 0.634 9 

10 Equipment-related delays can be due to poor 

equipment planning. 

0.600 16 

11 Site/poor soil conditions. 0.578 19 

12 Lack of control inaccurate management of 

personnel and the whole agency, attitude, low 

moral motivation. 

0.588 18 

13 Labour, machinery & equipment. 0.622 11 

14 Lack of cost reports during construction stage 0.578 20 

15 Delays in issuing information to the contractor 

during construction stage 

0.509 25 

16 Improper construction methods. 0.594 17 

17 Contractual claims, such as, extension of time 

with cost claims. 

0.725 1 

18 Improvements to standard drawings during 

construction stage. 

0.616 13 

19 Technical personnel- shortages, strikes, Lack of 

experience, slow mobilization, absenteeism, 

poor communication. 

0.613 14 

20 Omissions and errors in the bills of quantities 0.484 28 
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21 Delays in costing variations and additional 

works 

0.472 29 

22 Ignoring items of abnormal rates during tender 

evaluation. 

0.519 24 

23 Labour-related delays- increase in labour 

wages, poor communication, absentees or low 

motivation. 

0.609 15 

24 Site management and site safety. 0.497 27 

25 Financial delay 0.500 26 

26 Inadequate supervision, too many 

responsibilities Shortage of personnel Lack of 

experience, Poor quality, Poor planning. 

0.619 12 

27 Lack of experience of local regulation. 0.691 4 

28 Materials-related delays inefficient 

communication damage materials poor quality 

of materials late delivery. 

0.550 23 

29 Delay in procuring & arrangement of 

construction equipment by contractors 

0.672 6 

5. Results and Discussions 

   From the data analysis, major eight factors having highest 

RII value were identified respectively. The results obtained 

from the study are shown in fig. 1 using bar chart 

representation. 

 

 
Fig. 1.  Top factors causing cost overruns 

 

The top factors causing Cost Overruns in the residential 

building construction projects from the survey are as follows. 

1. Contractual claims, such as, extension of time with 

cost claims (RII-0.725) - Changes in construction 

projects can cause substantial adjustment to the 

contract duration and construction cost. 

2. Inadequate planning (RII-0.697) – Poor planning can 

cause serious problems in many areas later in the 

project, including lack of business support and poor 

estimates. 

3. Additional work at owner's request (RII-0.694) – This 

is the factor associated with the owner’s request 

related to additional design or construction work. 

4. Lack of experience of local regulation (RII-0.691)-It 

can occur if the concerned working team fails to deal 

with the local working techniques. 

5. Poor site management (RII-0.678) - A poor project 

management structure will have an impact at all stages 

of the construction process leading to lack of solid 

project plan, Lack of team coordination and poor 

communication between members of the project team 

and the project sponsor. 

6. Delay in procuring & arrangement of construction 

equipment by contractors (RII-0.672) – Due to lack of 

communication or other crises, the delay in 

arrangement of equipment’s can occur. 

7. Fluctuations in the cost of building materials (RII-

0.663)- During periods of high development where the 

level of construction activity is unusually high in a 

particular region, there may be shortages of some 

construction materials. Sometimes the local market 

may not be able to supply the full demand of these 

construction materials. 

8. Poor coordination (RII-0.650) – This is the major 

cause of cost overrun found in majority of studies. 

6. Conclusion 

The results of the study are the same as those of the previous 

studies. The concept of Cost Overrun and the causes of Cost 

Overrun in construction projects were studied. Civil 

professionals have reported that most projects are delayed due 

to cost overrun problems. Civil workers stated that the most of 

the projects gets delayed due to cost overrun issues. Contractual 

claims, inadequate planning, additional work issues, delay in 

procuring and arrangement of construction equipment’s, poor 

site management, fluctuation in the cost of building materials 

are the major factors for Cost Overrun in residential building 

construction projects. The relative importance index (RII) can 

be used as an important cost overrun evaluation tool. The study 

offers knowledge and data to project managers and contractors 

to concentrate on key cost overrun factors in residential 

construction projects.  
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Abstract:  The construction industry plays an important role in Indian economics. Successful completion of project depends upon 

two major factor time and cost .Hence, there is need to overcome cost and time overruns in construction projects. The objective of 

this study is to identify the factors causing time and cost overruns. To achieve this objective, a case study of residential construction 

project is taken. The questionnaire survey for 50 respondents is carried out. The data analysis is done using relative importance 

index(RII) method and the factors causing major overruns are found out by ranking method. Suitable measures are suggested to 

minimize the impact of time and cost overruns on the building construction projects. 

 

Index Terms -Time Overrun,Cost Overrun,Relative importance index, Construction project 

I. INTRODUCTION 

     Construction industry plays an important role for the economic development of any country. However this industry is facing 

severe problems which directly affects the time, cost and quality performances of construction projects. The construction projects are 

affected by number of factors during construction phase and post construction phase. As a result, successful completion of project 

within the desired time and cost is become a challenging task.  

 

    Cost overrun is described as the ratio of the change in the original contract amount to the original contract award amount. For the 

ease of comparison, the cost overrun can be converted into a percentage value. Mathematically it can be expressed as:  

Cost overrun = Final Contract Amount – Original Contract Amount 

Time Overrun is the phenomenon in which the project gets delayed beyond its expected completion time due to certain difficulties 

i.e. more time is required to finish the project than initially planned. The time overrun variable is defined as the difference between 

the estimated project duration and the actual time taken to complete the project. Time or Money used unnecessarily is of course 'time' 

and 'money' wasted.  

 

Time and cost are the lifelines of every project. It is of supreme importance to study, analyze and evaluate the common factors 

leading to these constraints and suggest the best mitigation measures to overcome time and cost overrun constraints. Hence, an 

efficient control system must be employed to achieve desired results. Effective and meaningful control must begin at design stage 

and should be backed up by proper and scientific estimation and data analysis 

 

II. OBJECTIVE OF THE STUDY 

The main objective of this study is to identify the major causes of delays of building construction projects using a case study in 

Satara city. Accordingly, possible ways of minimizing them are suggested. It is noted that the clients, consultants, and contractors 

don’t give importance to evaluate the time and cost overruns at the end of project. Also research and studies in this field in Satara are 

few. The specific objectives of the study are as follows: 

1) To study the concept of time and cost overrun from the available literature. 

2) To collect data by conducting Questionnaire survey. 

3) To carry out data analysis using Relative importance index and thereby ranking of factors using Likert’s Scale. 

4) To recommend possible Solutions/Prevention to avoid cost and time overrun. 
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III. RESEARCH METHOD 

Research method is the systematic stepwise process to carry out any survey work. This study is carried out through several phases 

that include literature reviews, research papers, data collection, discussion and conclusion. From the literature review 40 influencing 

factors were identified causing for time and cost overrun in residential construction projects.  

 

For this purpose, a case study of residential construction project located in Satara city was selected.The data collection was carried 

out through questionnaire survey. The questionnaires were distributed to contractors, consultants and the staff involved in the 

respective project. The respondents involved in the survey had several years of experience in handling residential construction 

projects. Assessment of causes of time & cost overruns was carried out using 4-point Likert scale from 1 to 4 representing can be 

neglected, low influence, medium influence & high influence respectively. Data analysis was done calculating Relative Importance 

Index (RII) by following formula, adopted from Memon et al. 2002 as RII is best suitable method to do the ranking analysis. 

 
 

Where, RII = Relative Importance Index 

W = Weighting given to each factor by respondents and its ranges from 1-4 

X = Frequency of it response given for each factor A =Highest weight (i.e. 4 in case) 

N = Total no. of participants. 

From RII results, the ranking for different factors was determined to discover the influencing factors causing time overrun in 

construction projects. 

 

IV. RESULTS 

4.1 Data Collection 

 

For data collection, a total of eighty(80) sets of questionnaires were sent to the people working in the organization of the selected 

residential construction site located in Satara. Out of 80, fifty (50) completed sets were received back which were evaluated with 

Microsoft Excel program in order to find the importance factors causing time & cost overrun in construction. Significance of major 

influencing factors causing construction time & cost overrun was identified in the questionnaire survey. Respondents were asked to 

rank the factors with 4-likert scale as: 

1. Can be neglected 

2. Low influence 

3. Medium influence 

4. High influence 

 

4.2 Data Analysis 

 

Data were analysed by using Relative Importance Index method (RII); the factors were ranked by dividing the factors in various 

phases such as before construction, during construction, external reasons, management problem, and shortage in resources.Following 

table shows the analysis of data by RII method and giving the ranks to each influencing factor. In table no.2, C & T means factor 

caused for Cost overrun & Time overrun. 
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 Table 1. Data Analysis by RII 

 

             INFLUENCING FACTORS 

Weight (1-4)  

RII 

 

Rank 1 2 3 4 

  BEFORE CONSTRUCTION 

1 Inaccurate estimate of cost and time 

(C & T) 

8 12 18 19 0.81 1 

2 Poor bidding process (T) 19 9 14 8 0.555 8 

3 Faulty designs (C & T) 8 11 13 18 0.705 2 

4 Intentional low-bidding (C) 4 19 24 3 0.63 7 

5 Improper site planning (T) 8 11 17 14 0.685 3 

6 Delay in Approval of Drawings (T) 10 10 14 16 0.68 4 

7 Land acquisition problem (T) 9 12 16 13 0.665 6 

8 Errors in Contract Documents/ 

Schedule (T) 

3 16 24 7 0.675 5 

DURING CONSTRUCTION 

9 Redesigning (C & T) 5 12 27 6 0.67 3 

10 Disputes and clashes on site (T) 8 18 12 12 0.64 4 

11 Use of costly material/poor market 

survey (C) 

8 13 15 14 0.675 2 

12 Poor quality of work/ Rework (C & 

T) 

10 5 15 20 0.725 1 

13 Non adherence to the contract 

conditions (T) 

6 27 13 4 0.575 7 

14 Primitive technologies used (T) 15 10 9 16 0.63 5 

15 Location of site/ lack of proper 

access(T) 

11 16 18 5 0.585 6 

EXTERNAL REASONS 

16 Irregular Flow of Finance (C & T) 2 10 27 11 0.735 1 

17 Fluctuation in Price (C) 8 9 13 20 0.725 2 

18 Cut in Water & Electrical Supply (T) 20 8 6 16 0.59 8 

19 Weather Conditions (T) 3 24 14 9 0.645 7 

20 Political & Other External Influence 

(T) 

9 10 16 15 0.685 5 

21 Wire/ Theft of Materials (T) 9 15 12 14 0.655 6 

22 Government Influence (T) 12 9 8 21 0.69 4 

23 Work Stay Due to Act of God (T) 8 10 16 16 0.7 3 

MANAGEMENT PROBLEMS 

24 Lack of Experience (T) 8 12 15 15 0.685 7 

25 Delay in Decision by Client (T) 12 10 8 20 0.68 8 

26 Delay in Decision by Architect (T) 13 7 13 17 0.67 9 

27 Delay in Decision by Consultant (T) 11 10 5 24 0.71 4 

28 Delay in Decision by Contractor (T) 10 12 6 22 0.7 6 

29 Delay in Payment for Work Order (T) 4 8 4 34 0.84 1 

30 Inadequate Safety Measures/ 

Accidents (C & T) 

5 16 12 17 0.705 5 

31 Lack of Supervision (C & T) 8 20 5 17 0.655 10 

32 Lack of Co-ordination between 

Different Parties involved (C & T) 

5 15 11 19 0.72 3 

33 Lack of Efficient Staff (T) 7 6 19 18 0.74 2 

SHORTAGE IN RESOURCES 

34 Delays in Purchasing of Materials (C 

& T) 

10 12 8 20 0.69 4 

35 Delay in Supply of Material (T) 5 15 12 18 0.715 3 

36 Delay in Procurement/ Supply of 

Equipments (T) 

8 18 14 10 0.63 6 
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37 Equipment Breakdown/ Non 

Availability (T) 

7 22 11 10 0.62 7 

38 Improper Material Management (T) 6 14 8 22 0.73 1 

39 Improper Labour Management (T) 4 14 16 16 0.72 2 

40 Labour Strike (T) 12 15 4 19 0.65 5 

 

 

V. DISCUSSION OF RESULTS 

 

5.1 Before Construction 

Based on the ranking, Figure 1 shows the top three most influencing factors caused for time and cost overrun before construction 

were: 

a. Inaccurate estimate of cost and time(RII= 0.81) (C & T) 

b. Faulty design (RII= 0.705) (C & T) 

c. Improper site planning (RII= 0.685) (T) 

 

 

5.2 During Construction 

From fig. 2, based on ranking, during construction the top three most significant factors caused for both cost & time overrun were: 

a. Poor quality of work / rework (RII-0.725) (C & T) 

b. Use of costly material/poor market survey (RII-0.675) (C) 

c. Redesigning (RII- 0.670) (C) 

 

5.3 External Reasons 

From figure 3, based on ranking, following are the top three external significant factors caused for both cost & time overrun were: 

a. Irregular Flow of Finance (RII-0.735) (C & T) 

b. Fluctuation in Price (RII-0.725) (C) 

c. Work stay due to Act of God (RII-0.7) (T) 

 

5.4 Management Problem 

From Figure 4, based on ranking, the top three factors caused for time & cost overrun regarding management problem were: 

a. Delay in Payment for Work Order (RII-0.840) (T) 

b. Lack of Efficient Staff (RII-0.740) (T) 

c. Lack of Co-ordination between Different Parties Involved (RII-0.720) (C & T) 

 

5.5 Shortage in Resources 

From Figure 5, based on ranking, following top three factors caused for cost and time overrun because of shortage in resources 

were: 

a. Improper Material Management (RII-0.730) (T) 

b. Improper Labour Management (RII-0.720) (T) 

c. Delay in Supply of Material (RII-0.715) (T) 

 

 

 
 

Figure 1. RII of influencing factors before construction 
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Figure 2. RII of influencing factors during construction 

 

 

 
 

Figure 3. RII of influencing factors due to external reasons 

 

 

 

 

Figure 4. RII of influencing factors due to management problems 
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Figure 5. RII of influencing factors due to shortage in resources 

 

 

VI. CONCLUSION 

 

After doing the analysis using case study, most influencing factors caused for time & cost overruns are provided. The 

relative importance index (RII) can be used as an effective tool for analysis on time & cost overruns.The following 

learnings with some remedial measures for the observed causes of time & cost overruns are: 

 Most of the labours working in construction site are coming from other state and having a poor knowledge 

regarding the new techniques in construction. Proper training programs can be adopted to increase the 

efficiency and skill of labours. 

 Finally management also needs to increase the efficiency of works by conducting labour welfare, recognition 

programs for the motivation of labours. 

 It will not possible to execute the construction projects within the desirable time and cost without sound 

implementation of planning. Hence, management needs to focus on effective and sound planning. 

 The project manager should record whether all the activities are completed according to the estimated schedule 

weekly and then take the sign of the contractor. This practice may reduce time as well as cost overrun 

considerably. 

 Industrial engineering and management techniques such as method study, value engineering, etc., can help in 

reducing time duration of activities and giving up of unnecessary items/activities 

 'Monitoring groups' can be established, which may consist of representatives of the project as well as inter-

linked agencies and the parties concerned. The groups could monitor and review the progress of the complete 

system -the project and the inter-linked activities/projects. 
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Abstract: Buildability is most important factor which impacts 

the labour productivity.  Since Flooring is most important and 

repetitive activity in the construction of many types of industrial 

and residential buildings. Hence buildability factors in flooring 

considerably affect the labour productivity. In this study 

buildability factors involved in flooring are studied by selecting 40 

building sites. Data collected from sites is analysed by using 

categorical regression analysis. The effects of factors such as 

geometry of room, screed thickness, tile area on buildability are 

discussed. Conclusions are drawn to show the impact of 

buildability on floor fixing operations. This study provides 

information to construction project managers or and site 

engineers to improve their labour productivity for the flooring 

activity on building sites. 

 

Keywords: Buildability, Categorical regression analysis, 

Flooring, Labour productivity. 

1. Introduction 

In a production process, productivity is generally defined as 

the ratio of output to inputs. Productivity derives from the 

efficiency of the manufacturing process, in particular the 

efficiency with which labour and capital (men and machines) 

are used to turn inert materials into end products which are 

socially functional. Labour efficiency (i.e. the man-hour 

relationship and the quantity of work installed) is a significant 

measure of construction labour performance. Since labour is a 

key building resource. Construction labour productivity is 

described as "physical progress per hour." The cost time and 

quality of any construction project depend on the productivity. 

Building industry is a labour-intensive industry, and labour 

costs account for 30–50 percent of the overall project cost in 

most countries. A cornerstone of a good calculation is the cost 

of labour, which relies on assessing the projected efficiency of 

labour. 

The accepted definitions of buildability developed by the 

Construction Industry Research and Information Association 

(CIRIA) in the UK, as: “Buildability is the extent to which the 

design of a building facilitates ease of construction, subject to 

the overall requirements for the completed building (CIRIA, 

1983). Illingworth (1993) defined buildability as design and 

detailing which recognize the assembly process in achieving the 

desired result safely and at least cost to the client. 

 

Moore (1996) modified Illingworth’s (1984) definition as a 

“design philosophy, which recognizes and addresses the 

problems of the assembly process in achieving the construction 

of the design product, both safely and without resort to 

standardization or project level simplification.” 

Buildable designs lead to more labour productivity and lower 

construction costs (Dong 1996; Carter 1999; Williamson 

1999). Design simplification is achieved through the 

implementation of the following three major buildability 

principles: (1) rationalization; (2) standardization; and (3) 

repetition of elements (Dong 1996). Design rationalization is 

defined as “the minimization of the number of materials, sizes, 

components or subassemblies,” whereas standardization is “a 

design philosophy requiring the designed product to be 

produced from those materials, components, and subassemblies 

remaining after design rationalization has taken place” (Moore 

1996b). The design repetition principle involves repeating bay 

layout, floor grids, dimensions of elements, and storey height. 

2. Flooring Operation Overview 

The Floor Tiling Productivity Monitoring Form has been 

designed to standardize the monitoring of productivity for floor 

tiling. Flooring involves following basic process- 

A) Marking of reference and level lines 

B) Preparation of sub-grade 

C) Laying of mortar bed 

D) Laying of tiles 

A. Marking of reference and level lines 

After completing the preparatory activities, a reference line 

is marked on room walls. On the basis of this reference line, a 

level for sub grade, mortar bed and the tile-finished surface are 

established taking into consideration the slope required & their 

thickness. Thereafter, respective level lines are 

transferred/marked on the walls with the use of line thread and 

indigo (Neel). 

B. Preparation of sub-grade 

The sub-grade, for flooring laid on the ground floor is known 

as “Base Concrete” whereas flooring laid over structural slabs, 

is known as “Cushioning layer”. The base concrete shall be 
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either lime concrete or cement concrete of specified mix. The 

thickness of base concrete shall be as specified (normally up to 

85-90mm). 

C. Laying of mortar bed 

Over properly laid sub-grade, the mortar layer is evenly and 

smoothly spread. Both cement mortar as well as lime mortar 

can be used for this purpose. 

1. Preparation of mortar for bedding. 

2. Spreading of mortar. 

D. Laying of tiles 

It consists of following operations: 

1. Marking of layout lines 

2. Plan/pattern for the tile application 

3. Fixing of tiles 

3. Objective of the Study 

The main objective of this study is to identify the buildability 

factors which impacts on the flooring labour productivity. 

Major factors are identified by visiting the sites located in 

Kolhapur city. The specific objectives of the study are as 

follows: 

 To study the concept of buildability from the available 

literature. 

 To study construction labour productivity on the basis of 

activity level. 

 To find out the impact of buildability factors on the 

flooring labour productivity by regression analysis using 

PhStat software. 

4. Experimental Work 

A. Data collection through interview for productivity 
calculation 

For the flooring labour productivity calculation, 40 sites were 

visited and interviewed to collect the data of vitrified tile 

installation. 3 Major buildability factors were observed on the 

sites 1. Tile Size, 2. Screed Thickness, 3. Geometry of the room. 

B. Productivity calculation 

Data collection sites were located in Kolhapur city. 

Productivity calculation is done by time study. Productivity 

is calculated in the by general formula output divided by input. 

Here output is tiled area and input is time required to complete 

the tiling the entire room. 

 

Productivity = 𝑻𝒊𝒍𝒆𝒅 𝑨𝒓𝒆𝒂 (m2 ) /𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝒕𝒊𝒎𝒆 𝒊𝒏 (𝒉𝒓) 

 

For categorical regression analysis, tile size, screed 

Thickness are measured and geometry is observed weather it is 

rectangular or non -rectangular. Also, tiled area and time 

require to install the tiles are also recorded. 

 

 

 
Fig. 1.  Block diagram 

 

The tile installation labour productivity data were collected 

at from 40 different construction sites located in the State of 

Maharashtra, Kolhapur. 

Observations involved monitoring the overall activity within 

the trade, where the total productive labour inputs associated 

with completing the overall activity were recorded, therefore, a 

single labour productivity index, i.e., tiled area (m2) per total 

productive labour input (man-hour, commonly abbreviated as 

mh), was achieved. The labour inputs collected at this level 

included both contributory time, i.e., time spent in cleaning and 

setting-out, preparing work areas, levelling, transporting and 

distributing tiles within the job site, and identifying element 

locations, and direct or effective time used to complete the 

activity, that is, preparation of base material, lifting, placing 

tiles, and securing ages in positions final checking and tamping. 

The buildability factors explored included: the: tile size, 

quantity screed that is thickness of screed, and geometry of 

room. The variability of column sizes was expressed by the total 

number of different sizes encountered within the activity. 

Regression analysis is a statistical technique that attempts to 

explore and model the relationship between two or more 

variables. Usually, the investigator seeks to ascertain the causal 

effect of one variable upon another. To explore such issues, the 

investigator assembles data on the underlying variables of 

interest and employs regression to estimate the quantitative 

effect of the causal variables upon the variable that they 

influence. 

In this study the multiple categorical regression model 

formulated in the conceptual framework was used to show the 

relationship between the three independent variables of labour 

and the dependent factor. With the input from the secondary 

data, multiple regression analysis was conducted to reveal how 

independent factors impacted on labour productivity. That is 

regression analysis helped to understand how much the 

dependent variable changed, when one or more independent 

variables changed in the equation. 

The smaller the p-value of the corresponding factor, the 

greater the extent of disagreement between the data and the null 

hypothesis, and the more significant the result is. In general, if 

the p-value of the regression coefficient is less than the 

significance level, i.e., p-value < 5%, the null hypothesis is 
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rejected in favor of the “alternate hypothesis (Ha)”, that is, the 

regression coefficient of the corresponding buildability factor, 

i.e., the average rate of change of the factor in the model is 

significantly different from zero, and hence its effect on labour 

productivity is statistically significant (Sincich et al. 2002). 

The quality of fit of the regression model, moreover, was 

assessed by the correlation and determination coefficients. The 

correlation coefficient (R) measures the strength of the linear 

correlation between the dependent and independent variables in 

the regression model, whereas the coefficient of determination 

(R2) indicates the percent of variance in the dependent variable, 

which can be explained by the independent variables of the 

model. The higher the coefficients of correlation and 

determination the better the quality of fit. The algebraic sign of 

the regression coefficient, on the other hand, denotes the 

direction of the corresponding buildability factor’s effect on 

labour productivity, i.e., positive or negative. 

5. Data Analysis 

Flooring labour productivity parameters collected included 

the area (m2) placed and its associated productive labour input 

(mh), for each installation method observed. 

 

Flooring Labour Productivity: 

 

𝑇𝑖𝑙𝑒𝑑 𝐴𝑟𝑒𝑎 (𝑚2)

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑖𝑚𝑒(𝑚ℎ)
 

 

The screened data were entered into the spread sheet with 

which the regression analysis were conducted by using the 

PhStat software, a statistic add-in for Microsoft Excel. 

Multiple categorical regression equation for the flooring 

activity. 

 

Productivity= Size of tile + Screed Thickness + Geometry+ 

Error 

 

Productivity=0.6654-0.0259(TS)+10.299(ST) 

 

For shape factor 0 

 

Productivity=0.6919-0.0259(TS)+10.299(ST) 

 

For shape factor 1 

 

TS-tile size and ST-screed Thickness and shape factor is 

assumed for the geometry of the room size While using the 

factor for rectangular 1 and for non-rectangular 0 factors is 

used. 

A. Relationship between factors influencing labour 
productivity 

Correlation and multiple regression analyses were conducted 

to examine the relationship between productivity and various 

potential predictors in labour. 

Following is the regression model summary: 

 
Table 1 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 0.93662138 0.8772 0.867031243 0.069550882 

 

The multiple regression model with all three predictors 

produced R² = 0.08772, p<0.001. The research findings 

indicated that there was a strong positive relationship between 

the variables. The study also revealed that 89.24% of the labour 

productivity factors can be explained by the independent 

variables. 

B. ANOVA test 

Table 2 

Model Sum of 

squares(ss) 

Degree of 

freedom(df) 

Mean 

Square 

F Sigma 

Regression 

Residual 

Total 

1.2446 

0.1741 

1.4187 

3 

36 

39 

0.4148 

0.0048 

85.7 

 

1.83614*E-

16 

 

6. Result and Discussion 

The relationship between labour productivity and 

buildability factors was, therefore, quantified by regression 

model equation. 

 
Productivity = 0.6654- 0.0259(0.36) + 10.299(0.04) 

=1.068 

For non- rectangular 
  

Productivity = 0.6919-0.0259(0.36)+10.299(0.04) 

=1.094 

For rectangular 

                                                                 

Average difference in productivity of the rectangular and 

non-rectangular room shape: 

 
(1.094−1.068)

1.094
 * 100 = 2.4% 

 

In comparison with rectangular room shape installing tiles in 

non-rectangular is associated with an approximate average loss 

of 2.4% in labour productivity. 

This investigation has determined the effects and relative 

influence of primary buildability factors affecting the vitrified 

tile installation labour productivity. Few published quantitative 

results exist, especially at this activity level, with which to 

compare the findings of this study, however, such data as exists 

have been examined and discussed. 

O’Connor et al. (1987) and Alshawi and Underwood (1996) 

discussed the negative effect of the variability of element sizes 

on the complexity of the construction process. Nonetheless, 

their work was limited to general guidelines without any 

quantification of the impact of this factor on the productivity of 

the operation. The results obtained by this research show that, 

as the variability level of room sizes increases by one unit, 

labour productivity decreases, on average, by 2.4%. 
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The screed thickness has negative influence on labour 

productivity, whereas the area of tile has positive influence on 

the flooring labour productivity. 

7. Conclusion 

Because flooring is the small activity but it is repetitive and 

important activity involving skilled labours in every building 

related construction, improving labour productivity of this 

activity can help reducing the risk of labour costs overrun and 

increase the efficiency of operation. This study has focused on 

investigating and quantifying the influence of buildability 

factors on the flooring labour productivity.  

The effects of variability of size of tile, thickness of screed 

and shape of room or geometry of room are determined and 

found to be significant on tile installation labour productivity.  

As the size of tile increases time required for the installation 

will become less therefore productivity increases.  

On the other hand, the thickness of screed affects the flooring 

labour productivity it depends on the weight of the tile which 

will lay on the screed, i.e. more the weight of tile more will be 

the thickness of screed. If Screed thickness is more, time 

required to work will be more and hence lesser the productivity.  

As the geometry or shape of the room is non-rectangular time 

required for cutting and fitting the tiles is low as compared to 

rectangular room size therefore efficiency of installation 

operation significantly decreases.  

The findings will substantiate the importance of applying the 

rationalization and standardization concept to the design stage 

of construction project. The effect of variability of the shape of 

room suggests that the designers should rationalize the shapes 

of room according to designer and architecture.  

Practical recommendations are presented, which upon 

implementation can prove the buildability level of the activity 

and hence translate into higher labour productivity and lower 

labour costs.  

The pattern of result may provide guidance to construction 

managers for effective activity planning and efficient labour 

utilization. 
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Abstract

The composites of aluminium alloy metal matrix composites (AAMMCs) are

extensively used to achieve the industrial demand. The present investigation deals

with the manufacturing of AAMMCs reinforced with different weight percentage of

nitinol particulates (NiTip) by using the powder metallurgy (P/M) technique. The

weight percentage of the NiTip reinforcement is ranging from 0%, 4%, 8%, and 12%. The

hardness and surface roughness of the NiTip/AA6061 metal matrix composites

(MMCs) have been tested and compared with the results available in the published

source to assess the novelty of the present investigation. The morphology of the NiTip/

AA6061 MMCs is characterized using scanning electron microscopy (SEM). The

experiment results exhibit that the surface roughness and hardness of the AAMMCs

increase with increase in the percentage of NiTip content. This can also be due to the

superior matrix-reinforcement interfacial bonding. The SEM results exhibit the

homogenous distribution of the NiTip in AAMMCs.
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Introduction

To increase the overall performance of automobile and aerospace components, the

demand of light weight composite materials is increasing day by day. Among the

different kinds of composites available in the market, composites of aluminium alloy

metal matrix composites (AAMMCs) are extensively used to achieve the industrial

demand because it has properties like light weight, corrosion to resistance, good wear

resistance and good electrical conductivity. The metal matrix composites (MMCs) are

very attractive materials for the applications of the automotive, aerospace, and marine

industries due to their better physical as well as mechanical properties [1]. The

tribological and mechanical behaviors of the MMCs of aluminium alloy could be

exceptionally enriched by means of including reinforcing particles in the aluminium

alloy [1]. For the MMCs, there is another type of reinforcement, i.e., nitinol (NiTi), also

known as shape memory alloy (SMA), and it offers the MMCs with good properties

both in terms of functional as well as mechanical properties. Most of the MMCs

provide the opportunity to enhance their properties to meet particular requirements,

which renders this type of material pretty special in evaluation to conventional

unreinforced materials [1], [2]. Particulate-reinforced composites are especially

attractive because of their less complicated manufacturing processes, reasonable

costs, and nearly isotropic properties compared to continuously strengthened MMCs.

Various fabrication methods are used for manufacturing of different types of MMCs.

The traditional casting techniques to produce MMCs are not wider applicable to get

benefits in intricate shaped components [3]. Various manufacturing techniques were

introduced to fabricate composites of various particulate-reinforced MMCs, e.g., stir

casting, mechanical alloy operation, compression molding, squeezed casting,

disintegrated melt accumulation, intrusion, and auto-propagation of high-

temperature fusion processes. P/M based aluminium alloy metal matrix composites

reinforced with nitinol particles (NiTip/AA6061 MMCs) have received big interest

because of its shape changing behaviour with temperature. Nitinol has various

applications as shown in Fig. 1 [1]. In Fig. 2 U-shaped component with shape memory

effect in multistage form is illustrated [2]. Powder metallurgy (P/M) techniques

include both regular methods as well as processes based on additive manufacturing.

The regular operations include conventional sintering, metal infusion moulding, spark

plasma sintering, and self-propagating synthesis at high temperature. On the other

hand, P/M processes for additive manufacturing include selective ray liquefying,

electron ray liquefying, selective ray sintering, ray-engineered net shaping. In fact, the

majority of efforts to produce novel nitinol (shape memory alloy) particulate (NiTip)
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reinforced aluminium alloy (AA6061) matrix composites, i.e., NiTip/AA6061 MMCs so

far are mainly focussed on NiTip which could enhance the mechanical properties of

aluminium alloy metal matrix composites (AAMMCs). The manufacturing processes

include mainly casting, hot vacuum pressing, and consolidated ultrasonic techniques.

In this study, the aluminium alloy (AA6061) has been selected as a base material to

manufacture the crucial aero craft and automobile components having light weight.

Nano particles of nitinol (NiTip) are being reinforced in the matrix of AA6061 to

improve the mechanical properties of basic aircraft components. Instead of stir-casting

method, powder metallurgy (P/M) process is used to avoid considerable residual and

thermal stresses. The purpose of the research is to fabricate NiTip/AA6061 MMCs

using P/M processes with desired mechanical and microstructural characteristics by

reinforcement of NiTip in the AA6061 matrix. Thus, nano particles of NiTip are mixed

with AA6061 to fabricate NiTip/AA6061 MMCs by further pressing and sintering. It is

evident that the percentage of NiTip in the AA6061 matrix has certain impact over

mechanical properties such as hardness, toughness, malleability, ductility, and surface

roughness quality of overall NiTip/AA6061 MMCs.

Section snippets

Materials

In the present investigation, the aluminum alloy AA6061 is used as a base material in

powder form. Nano particles of nitinol (NiTip) are used as reinforcement. Nitinol is

also known as nickel-titanium (often while in the proportion 50:50). The present

investigation falls under the particulate reinforced metal matrix composites (PMMCs).

PMMCs are most commonly manufactured either by liquid metallurgy route or by

powder blending and consolidation techniques. Other processing routes include …

Hardness test

The effect of percentage composition of NiTip in AA6061 matrix is directly influenced
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with the hardness of the sample as shown in Fig. 6. The hardness and surface

roughness test results are determined by an average of three consecutive

measurements. Rockwell hardness test is selected for our circular NiTip/AA6061

MMCs specimens. There are other benefits for choosing Rockwell hardness tester as

well, e.g., it does not require specimen preparation such as segregation, grinding, and

integration. …

Summary and discussions

It is evident that from the last five decades, high strength to weight fraction is

required in the aerospace, marine, automobile, and surgical industries. Researchers

and scientists are constantly put their effort to fulfill the present industrial and

commercial demand for such shape memory alloys (SMAs) reinforced MMCs. To

reduce the reasonable cost, the desired mechanical properties of such high strength to

weight fraction aerospace components, SMAs such as NiTip could be the suitable

option …
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Abstract

The previous investigations clearly demonstrated that nearly 25% of the paediatric

injuries are due to fracture of bones. Children are more prone to paediatric injuries

due to their childish behaviour. Their bones are subjected to axial compressive

stresses due to their weight as well as torsional and bending stresses with maximum

values at fracture sites of paediatric femur (PF) bones. The present investigation

compares commercially available fracture fixation (FF) bone plate made up of

titanium alloy with newly developed functionally graded (FG) prosthetic bone plate

(graded stepwise in thickness direction using isotropic hydroxyapatite (Ha) and

titanium (Ti) materials) for the treatment of fractured paediatric femur bones. The

static stress analyses are carried out using finite element method (FEM) for the

children under age group of 0–3 years. Furthermore, the combined compressive and

a b c d

e
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torsional stresses are evaluated at 1%, 50%, and 75% healing stages of PF bones at their

fracture sites using non-contacted bone-plate assemblies. The results favor the layered

FG fracture fixation bone plates as they shield the PF bones from equivalent (von

Mises) stresses as compared to the widely used FF bone plate made up of titanium

alloy by (a) around 75–85% under each loading, i.e., either compressive or torsional

loading at a time in the contacted cortical PF bone-FF plate systems; and (b) around

0.5 to 4–4.5% under each loading, i.e., either compressive or combined (both

compressive and torsional loads) loading at a time in the non-contacted cortical PF

bone-FF plate systems.

Introduction

The newly born infants or children under the age group of 0–3 years are at higher risk

of fatal paediatric injuries as per the report [1]. In our previous research work, we

compared widely used and biocompatible fracture fixation (FF) plates made up of

titanium alloys with recently developed FF plates made up of magnesium alloys [2].

The traditional FF plates are made up of biocompatible titanium alloys which have

enough strength due to their high modulus to support fractured femur bones for their

healing. As far as FF plates are concerned, the report suggests that they are developed

to bear most of the loads and thus they shield the cortical fractured bone from

equivalent (von Mises) stresses [3]. H. Fouad [3] discussed about non-contacted

cortical bone-FF plate system and found significant improvement in stress shielding

response of FG plates in presence of gap.

In the present investigation, finite element method is used to perform static analysis

of fractured paediatric femur (PF) bones supported with FF bone plates. The newly

developed functionally graded (FG) prosthetic bone plate is graded stepwise in

thickness direction using suitable isotropic hydroxyapatite (Ha) and titanium (Ti)

biomaterials in Abaqus 6.12 as shown in Table 1. Furthermore, PF bones assembled

with FF plates are subjected to compressive and torsional loadings as well as

combined loadings (both compressive and torsional loads) and the cortical bone-FF

plate systems are analyzed in ANSYS for their static responses in case of children

under age group of 0–3 years. The FF bone plates are used to support fractured PF

bones and assembled at a gap of 0.5 mm to support healing at the fracture site of the

PF bones.
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Section snippets

Finite element modeling

The bone data (0.5 mm slice thickness, assigned for better geometrical accuracy)

scanned in computer tomography (CT) is shared with medical imaging system

(MIMICS) using digital imaging and communications in medicine (DICOM) format. The

3D data are shared with PTC Creo, and CATIA V5R19 to prepare assemblies of the

cortical bone-FF plate systems before their analysis using ANSYS 15.0. The FF plates

and screws mechanisms are improved with the advent of new biocompatible FG

plates, which not only …

Study of static responses of the contacted cortical PF bone-FF plate

systems in relation to ages of children

The FG prosthetic bone plate shields the PF bone from equivalent (von Mises) stresses

in case of the children under age group of 0–3 years more effectively as compared to FF

bone plate modeled with titanium alloy as shown in Fig. 4 (a)-(d).

The deformation in FG prosthetic bone plate is significantly reduced by around 70–90%

under the compressive and torsional loads of 700 N and 50 N.m, respectively, as

compared to FF bone plate modeled with titanium alloy (Fig. 4 (a)-(b)). Similarly,

equivalent …

Summary of discussions and recommendations

The research provides an in-depth understanding of the advantages and limitations of

contacted and non-contacted FF prosthetic bone plates such as FG and Titanium alloy

bone plates when the entire system of cortical PF bone-FF bone plate assemblies are

subjected to either compressive load or torsional load at a time, or either compressive

load or combined load (both compressive and torsional loads) at a time. In all cases,

newly developed FG bone plates are dominating over commercially …
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Abstract: The World Health Organization has reported about a Severe Acute 

Respiratory Syndrome, Coronavirus 2 (SARS-CoV2) (a virus of Wuhan, China 

pneumonia). The present investigation explores the transmissibility of the novel 

Coronavirus Disease (COVID-19) using some suitable mathematical models 

such as (a) a simplified Bats-Hosts-Reservoir (Wuhan Seafood Market)-People 

(BHRP) transmission network model useful in mapping the spread of the novel 

COVID-19 from its source (may be bats) to humans, (b) a concise 

baseline model based on individual behavioral response and control 

measures taken to control the transmission of the novel COVID-19 and 

(c) an exponential and the Susceptible-Infected-Recovered (SIR) models 

to predict the transmission of the pandemic on day-to-day basis. The 

basic Reproduction number (R0) (for the next generation matrix) was 

derived to estimate the transmission of the novel COVID-19 using the 

simplified BHRP transmission network model. The logic estimates that 

around 2.30 persons could be affected by the reservoir and around 3.58 

persons could be affected by the community (individual person to 

community population). On the other hand, the concise model based on 

real-time time-dependent data, such as day-to-day number of tests, 

appreciates the initiatives (control measures) of the Chinese government 

to break the transmission chain of the pandemic in the capital city of 

Hubei province. Furthermore, the basic Reproduction number (R0) for 

India is reviewed to be in the range between 1.4 and 3.9 using the 

classical SIR model and thus, the transmission rate is the same as that of 

California and Washington. The review also outlines the 

epidemiological SIR model (based on real-time time-dependent data) 

which estimates about the equilibrium stage of the pandemic by the last 

week of May, 2020. The predictions of the age-structured 

epidemiological SIR model could be more accurate if data such as day-

to-day number of tests are correctly fed during evaluation of the results. 

The present investigation emphasizes over the need of effective 

implementation of mitigatory strategies such as social distancing to 

prevent the transmission of the SARS-CoV2 outbreak in India. 

 

Keywords: Novel Coronavirus, COVID-19, SARS-CoV2, Pandemic, 

Model, Transmission 

 

Introduction 

The novel Coronavirus (COVID-19) pandemic found its 

way from Wuhan Seafood Market, China (WHO, 2020a) 

and the outbreak of Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV2) has spread across the globe. 

The report indicates that SARS-CoV2 is identical to a bat 

coronavirus (reservoirs) (Zhou et al., 2020; Li et al., 2020a; 
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Huang et al., 2020; Fraser et al., 2004; Jung et al., 2020). 

The parameter such as basic Reproduction number (R0) 

(for the next generation matrix) was evaluated using the 

inputs of time between different intervals of the novel 

COVID-19 pandemic and differences between birth and 

death rates (intrinsic evaluation rate) (Li et al., 2020a; 

Zhao et al., 2020a; 2020b). The next generation matrix 

(R0) was modeled using ordinary differential equations 

and solved using the Markov Chain Monte Carlo 

methods (Chen et al., 2020; Wu et al., 2020a; Rao and 

Diamond, 2020). 

The worldwide death toll from the novel COVID-

19 pandemic has surged to over 486,128, as of 25th 

June 2020 (20:48 GMT+8), according to the source 

(NHCPRC, 2020). The concise baseline model was 

based on individual behavioral responses and control 

measures taken to control the transmission of the 

novel COVID-19 (TAC, 2020; CDC, 2019). Lin et al. 

(2020) mapped community transmission (individual 

person to community population) of the novel 

COVID-19 using a concise baseline model. Their 

model was based on key inputs such as individual 

behavioral responses and control measures taken by 

the government to control the transmission of the 

novel COVID-19. The authors did not forget to 

consider the efforts of the government such as 

initiatives to implement lockdown regulations, run 

quarantine centers, hospital conversion trends, etc., in 

their model to meet its objective. It is observed that 

during the initial few days, the symptoms of the novel 

COVID-19 are similar to the flu (Zhao et al., 2020c). 

The novel COVID-19 spreads from an infected patient 

to a healthy person who comes in contact with him (patient) 

through tiny droplets from the nose, mouth and eyes, if the 

patient coughs, sneezes and speaks (Singhal, 2020;  

Ma et al., 2020; Araujo and Naimi, 2020; Salman and 

Salem, 2020; Luo et al., 2020). The incubation period of 

SARS-CoV2 is up to 14 days (Singhal, 2020; Linton et al., 

2020; Lipsitch et al., 2020; Reich et al., 2009). India is 

having a large population density and thus the risk of 

transmission of the pandemic is quite high unless the Indian 

government implements mitigatory measures such as 

lockdown across the nation and social distancing to prevent 

the pandemic (Ma et al., 2013; Hethcote, 2000; Singh and 

Adhikari, 2020; Sahasranaman and Kumar, 2020; 

Bukhari and Jameel, 2020; Dey, 2020). The present 

review aims to explore the efficient mathematical 

modeling such as (a) the simplified Bats-Hosts-

Reservoir (Wuhan Seafood Market)-People (BHRP) 

transmission network model, (b) a concise baseline 

model based on individual behavioral response and 

control measures and (c) an exponential and 

Susceptible-Infected-Recovered (SIR) models for in-

depth understanding of the transmission of outbreak 

of the novel Coronavirus Disease (COVID-19). The 

modified age-structured epidemiological SIR model 

(based on real-time time-dependent data), which 

estimates about the equilibrium stage of the pandemic 

due to the sustained lockdown with some relaxation for 

effective implementation of social distancing measures, 

is also reviewed in-depth to emphasize over the need of 

mitigatory measures to prevent the transmission of the 

novel COVID-19 outbreak in India. 

The Simplified Bats-Hosts-Reservoir (Wuhan 

Seafood Market)-People (BHRP) Transmission 

Network Model 

Li et al. (2020a) mapped the initial outbreak of the 

virus of Wuhan pneumonia to the first few confirmed 

SARS-CoV2 infected patients and concluded with the 

evidence of community transmission. The data used in 

modeling were taken from the report published by 

these authors. The first case was reported on 07th 

December, 2019 in Wuhan, China (CAN, 2020; FT, 

2020; BI, 2020; WHO, 2020b; MSN, 2020). Chen et al. 

(2020) performed analysis on the data of infected 

persons published until 01st January, 2020 as the 

Chinese central government took the step to shutdown 

the Wuhan Seafood Market from 01st January, 2020 

after the outbreak of the novel Coronavirus (COVID-

19) pandemic (WHO, 2020a).  

The pandemic curve used in the modeling was 

plotted in the time interval between 07th December, 

2019 and 01st January, 2020 with a simulation time 

step of 1 day. In a nutshell, the relationship between 

the variables on the x and y axes was established 

through a curve plotted using the Runge-Kutta method 

of fourth-order (tolerance level was set to 0.001). The 

fitting of the curve was best observed with the 

coefficient of determination (R2). The transmission 

network model was based on the fact that SARS-

CoV2 was carried from infected bats (IB) Fig. 1a to 

some wild animals, or infected hosts (IH), who were 

killed and sold in Wuhan Seafood Market, China 

(reservoir of the novel COVID-19) and shortly 

thereafter, people got infected from the SARS-CoV2 

(Chen et al., 2019). 

There were four categories of bats (B) such as 

Susceptible (SB), Exposed (EB), Infected (IB) and 

Removed bats (RB). The parameters such as birth rate 

(nB) and population of bats (NB) were used to calculate 

the population of infants bats (B). The parameters of 

infection of bats such as Incubation period (1/B) and 
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Infectious period (1/B) were used in the modeling to 

understand the transmissibility of the novel COVID-19. 

Like bat, there were also four categories of hosts (H) 

such as Susceptible (SH), Exposed (EH), Infected (IH) and 

Removed hosts (RH). The parameters such as birth rate 

(nH) and population of hosts (NH) were used to calculate 

the population of infants hosts (H). The parameters of 

infection of hosts such as Incubation period (1/H) and 

Infectious period (1/H) were used in the modeling to 

understand the transmissibility of the novel COVID-19. 

The SB was supposed to get the novel COVID-19 from 

the IB with the transmission rate of B and SH was 

supposed to get the novel COVID-19 from the IB and IH 

with the transmission rates of BH and H, respectively. The 

other terms such as SARS-CoV2, buy rate and 

pervasiveness of SARS-CoV2 in sell activities were 

expressed as W (at Wuhan Seafood Market, the reservoir in 

our case), a and IH/NH respectively. Therefore, the rate at 

which the transmission of the novel COVID-19 (in Wuhan 

Seafood Market) from hosts took place was aWIH/NH 

(where NH was used to express the population of hosts). 

The model fills the gaps as much as possible as it also 

assumed the possibility of those persons with and 

without symptoms of SARS-CoV2 who might export 

SARS-CoV2 into the reservoir (W) with the 

transmission rates of P and 'P, respectively. Such 

virus could result in W space in the reservoir at a rate 

of W (where 1/ was used to express the lifespan of 

the SARS-CoV2). It was assumed that there were five 

categories of persons (P), such as Susceptible (SP) 

Exposed (EP), Infected (IP), Removed persons (RP) 

and persons without symptoms (AP) of the novel 

COVID-19. The parameters such as birth rate (nP) and 

population of persons (NP) were used to calculate the 

population of infants (P). The parameters of 

infection of persons such as incubation period (1/P) 

and latent period (1/'P) were used in the modeling of 

understand the transmissibility of the novel COVID-

19. The other terms such as infectious periods of PA  

and IP were expressed as 1/P and 1/'P, respectively, 

as well as the number of persons without symptoms 

was expressed as P. The SP was supposed to get the 

novel COVID-19 from the IP and W with the 

transmission rates of P and W, respectively. The 

model was driven with some constant   as it was 

expressed as a transmission coefficient of IP and 

further assumed as the export potential of AP was PI  

(where, 0 1.  ) (Chen et al., 2019). 

The BHRP transmission network model was 

further simplified to a Reservoir (Wuhan Seafood 

Market)-People (RP) transmission network model due 

to the export of SARS-CoV2 from reservoir (Wuhan 

Seafood Market) in quick time. Therefore, bats and 

hosts were removed from the study and the overall 

ordinary differential equations were quite simplified. 

Chen et al. (2019) further modified the value of W 

using an impulse function (Chen et al., 2014a; Yi et al., 

2019) for the simulation of transmission of the novel 

COVID-19, Equation (1): 

 

 0, , iTransmission impulse n t t  (1) 

 

where, the terms such as n, t0 and ti were used to express 

the transmission of SARS-CoV2 to Wuhan Seafood 

Market, beginning of the transmission study in 

simplified modeling and the time interval of 

transmission of the virus, respectively.  

Chinese were celebrating the New Year during the 

outbreak of the novel COVID-19. The death rate and 

birth rate were negligible during the period. Chinese 

were travelling into and out from the capital city of 

Hubei province (People’s Republic of China), so  nP 

was used to express the rate at which people were 

travelling into the city and mP was used to express the 

rate at which people were travelling out from the city. 

Chen et al. (2014b) normalized the simplified RP 

transmission network model because both reservoir 

viruses and humans had different dimensions, 

Equation (2): 
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where, the term c was used as the coefficient of relative 

shedding of AP with respect to IP. 

The simplified RP transmission network model was 

expressed in its general form using the set of Equations (3): 
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The basic Reproduction number (R0) (for the next 

generation matrix) was derived in the simplified RP 

transmission network model to describe the different 

stages of the novel COVID-19, such as its outbreak (R0 > 

1), stage of community transmission and the end of 

pandemic (R0 < 1) (Chen et al., 2014a; Zhang et al., 

2020; Chen et al., 2019; Cui et al., 2020). 

The incubation and latent periods were substituted as 

5.2 days and therefore, the term P  (or P ) was taken 

as 0.1923 due to the 95% confidence level (Li et al., 

2020a). On average, there was a delay of 5 days 

before admitting any COVID-19 infected patients 

after they started complaining about symptoms of the 

pandemic (JMH, 2020; WHO, 2020c; 2020d). The 

parameters such as P and P were taken as 0.1724 

(due to 95% confidence level (Li et al., 2020a)) and 

0.5 (due to unavailability of the novel COVID-19 

infected patients without symptoms), respectively. 

Both terms such as  and c were set to 0.5. Out of the 

11 million population of the city, 0.3 million 

population was tested for symptoms of the novel 

COVID-19 (NENVN, 2020). It was estimated that 0.2 

million population was travelling out from the city per 

day to celebrate the festive season during the outbreak 

of the pandemic. Therefore, nP and mP were set to 

0.0018/day (as 0.1 times the fraction 0.2/11) (CBN, 

2020; WG, 2020). It was believed that SARS-CoV2 

could remain active in the atmosphere up to 10 days in 

its host and therefore, the value of  was assumed to 

be 0.1 and the pervasiveness of the SARS-CoV2 was 

assumed to be 0.00001 to the initial step of modeling 

(Chen et al., 2020). The above equations (3) of the 

simplified RP transmission network model were used 

to fetch the data of null COVID-19 spots 
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 The next generation matrix (R0) was 

calculated using Equation (4): 
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The simplified RP transmission network model 

which was normalized further to provide the best fit to 

the curve (Fig. 1b) and it was found that the result of 

the model was in agreement with published data 

sources (R2 = 0.512, P < 0.001). The values of R0 

were evaluated around 2.30 for those persons who 

were affected from reservoir and around 3.58 for 

those persons who were affected from community 

transmission (individual person to community 

population). On average, the value of R0 of SARS-

CoV2 was 2.9 (based on research in two such China’s 

cities-Hong Kong and Beijing) and therefore, the 

transmission of SARS coronavirus was estimated to be 

much higher than Middle East Respiratory Syndrome 

(MERS) coronavirus (Riley et al., 2003; Dye and Gay, 

2003; Zhou and Yan, 2003; Peak et al., 2017). 

Overall, the normalized RP transmission network 

model was based on the input data sources that were 

published for only a few countries during the outbreak 

of the novel COVID-19 and thus it might not fit well 

into the situations in other countries. However, it 

throws light on mapping the transmission of the novel 

COVID-19 pandemic during its initial outbreak in the 

city of patient zero. 
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The Concise Baseline Model Based on Individual 

Behavioral Response and the Control Measures 

Taken by the Government to Prevent the Spread of the 

Novel COVID-19 

Lin et al. (2020) adopted the framework 

(population size, N) which was based on two key 

parameters such as (a) the general reaction of the 

public about novel COVID-19 infected patients (who 

were either seriously ill or about to die), represented 

as D and (b) the progressive cases of infected patients 

in the zone, represented as C. There were four 

categories of persons such as Susceptible (S), Exposed 

(E), Infected (I) and Removed persons (R). It was 

needed then to discuss the rate of transmission of the 

novel COVID-19 in a model as the report was 

showing the number of the infected patients such as 

(a) 81% of the patients were having mild symptoms, 

(b) 14% of the patients were seriously ill and they had 

breathing problems and (c) 5% of the patients were 

identified with respiratory failure (Wu and 

McGoogan, 2020). 

Lin et al. (2020) modeled the zoonotic 

transmission (period around December, 2019) using a 

function, F for the outbreak of the pandemic, which 

was first encountered in November, 2019. The 

transmission function was equated with zero when the 

Chinese government took the step to shutdown the 

Wuhan Seafood Market on 01st January, 2020 after 

the outbreak of the novel coronavirus (COVID-19) 

pandemic (WHO, 2020a). They modeled initially to 

map the community transmission (individual person to 

community population) of the novel COVID-19 

before the government imposed a lockdown across the 

city, using the set of Equations (5): 
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D
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was used to 

express the effect of (a) control measures taken by the 

government to prevent the spread of the novel 

COVID-19 and (b) social distancing on the death 

tolls. The parameters such as F, N, S, , , , , 1, 

1, d and 1 were used to express the count of the 

novel COVID-19 patients, the population length, 

suspected patients, the export rate initiative of the 

government to control the spread of the pandemic, the 

rate at which people were travelling into and out from 

the city, the latent time, the infectious time, the ratio 

of critical patients and the individual behavioral 

response, respectively. 5 million emigrants (SCMP, 

2020) were also involved in the modeling before the 

decision of lockdown was imposed. It was assumed 

that (a) the control measures were more effective from 

the fourth week of January, 2020 ( = 0.4249) until 

29th January, 2020 and  = 0.8478 after 30th January, 

2020) and (b) the population was travelling into and 

out from the capital city of Hubei province in between 

31st December, 2019 and 22nd January, 2020. 

Children aged between 0-17 years are less 

critically affected by the novel COVID-19 so far. 

Only 10% of the population thus, was not included in 

the modeling. The time between successive cases in 

the transmission chain of the pandemic and the 

incubation period were reported as 5 days (Nishiura et al., 

2020a; 2020b; Fine, 2003; SDT, 2012) and 4 days 

(Guan et al., 2020), respectively. The infectious and 

latent periods were thus substituted as 4 and 3 days, 

respectively. The results of the model were in good 

agreement with the previously published data (Zhao et al., 

2020a; 2020b; Tuite and Fisman, 2020) as it involved 

real-time time-dependent data and critical cases 

instead of death rates only. 

Lin et al. (2020) realized that the pandemic spread 

across the city at much higher rates Fig. 2 due to 

inadequate medical care infrastructure and health 

services. There was a delay of 14 days between the first 

symptom of the novel COVID-19 and its official 

confirmation in the laboratory (Li et al., 2020b; Liu et al., 

2020) for patients in the same age group (Fig. 3).  

Lin et al. (2020) considered three different cases such 

as (a) when the government was not taking the outbreak 

of the novel COVID-19 pandemic seriously ( = 0) and 

there was then no individual behavioral response (k = 0), 

(b) when people were aware about the novel COVID-

19 (thus, the official record of cumulative cases was 

trending down) and (c) when the government was on 

alert mode with all its task forces in action to prevent 

the spread and then the individual behavioral response 

reduced the cases of the novel COVID-19 patients 

(Fig. 4). They highlighted the third case which 

became a key element to break the transmission chain 

of the pandemic; and the estimated results of the 

simulation were in inline with the published data 

sources (Riou and Althaus, 2020; Bogoch et al., 2020; 

Imai et al., 2020; Mahase, 2020). 



Eva Gupta and Nand Jee Kanu / American Journal of Infectious Diseases 2020, 16 (2): 89.108 

DOI: 10.3844/ajidsp.2020.89.108 

 

94 

 
 (a) 

 

 
 (b) 

 
Fig. 1: The Bats-Hosts-Reservoir (Wuhan Seafood Market)-People (BHRP) transmission network model (Reprinted with permission 

from Ref. (Chen et al., 2020). Copyright 2020 Springer Nature). (a) The logic behind the transmission network model. (b) 

The response of simplified Reservoir (Wuhan Seafood Market)-People (RP) transmission network model 
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 (a) 

 

 
 (b) 

 
Fig. 2: The novel COVID-19 cases in Wuhan, China for the patients in the same age group (Reprinted with permission from Ref. 

(Lin et al., 2020). Copyright 2020 Elsevier). (a) The officially recorded severe and mild cases (%). (b) The officially 

recorded cured and deaths cases 

 

The concise baseline model did not rely on the 

conventional approach of fitting a curve to the dataset. It 

involved real-time time-dependent data which were 

based on testing facilities, availability of hospitals, etc. 

and thus, this framework was suitable for other countries 

including India as well. 

The Epidemiological, Exponential and Susceptible-

Infected-Recovered (SIR) Models to Investigate the 

Transmission of the Novel COVID-19 Outbreak in 

India 

Ranjan (2020) estimated the basic Reproduction 

number (R0) for India in the range between 1.4 and 3.9 

using exponential and classical Susceptible-Infected-

Recovered (SIR) models (Hethcote, 2000). The 

exponential model (Ma, 2020) was used in previous 

pandemics to estimate the transmission rate of disease 

Equation (6): 

 

dI
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After integration, the above equation was expressed 

in its general form Equation (7): 
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The parameters, I(t) and I were used to express the 
number of infected patients with time, t and the 
overall cumulative cases of cured and dead persons. 

The other parameter, I0 was evaluated using the 
conventional approach of fitting a curve to the dataset 
(Rao and Vazquez, 2020).  

 

 

 

Fig. 3: The evaluation of previously published data such as (a) the officially recorded data was shown using red color (NHCPRC, 

2020), (b) the data of (Li et al., 2020a) was shown using green color, (c) the data of (Liu et al., 2020) was shown using blue 

color and (d) the data of (Wu et al., 2020b) was shown using purple color (Reprinted with permission from Ref. (Lin et al., 

2020). Copyright 2020 Elsevier) 
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 (b) 
 
Fig. 4: The official and laboratory confirmation of the SARS-CoV2 test was delayed for two weeks after the onset of its symptoms 

(Reprinted with permission from Ref. (Lin et al., 2020). Copyright 2020 Elsevier). (a) The day-to-day reporting of new cases 

of the SARS-CoV2 was shown with three types of observational studies such as (i) when the government was not in action 

(shown using grey color), (ii) when there was individual behavioral response (shown using red color) and (iii) when the 

government was active and took initiatives to prevent spread of the pandemic and people were also aware about the novel 

COVID-19 (shown using green color); and the officially recorded data as well as data of Li et al. (2020a) was shown using 

dotted grey curve. (b) The graph was reconstructed on the basis of real-time time-dependent data such as the day-to-day 

number of tests, adequate medical care infrastructures and health services. 
 

The epidemiological SIR model (evaluated using real-
time time-dependent data) was based on three categories of 
persons such as Susceptible (S), Infected (I) and Recovered 
or Dead persons  .R The classical SIR model was 
expressed in its general form using the set of Equations (8): 
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The parameters,  and  were used to express the 

spread rate and the mean recovered rate, respectively. 
The entire population at a specific time, t was expressed 
as N = S + I + R and that was unchanged during the 
prediction of transmission rate using the classical SIR 
model. The parameter such as the basic Reproduction 
number (R0) (for the next generation matrix) was 
calculated using Equation (9): 
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Ranjan (2020) assessed the initial values of the 

parameters,  and  at R0 = 0 (Batista, 2020; McGee, 

2020) as they assumed the equilibrium stage of the 

pandemic. They had used data available between 11th 

March, 2020 (62 infected patients) and 23rd March, 

2020 (499 infected patients) for conducting the research 

using the exponential model. Furthermore, they had used 

data available from 10th March, 2020 to 30th March, 

2020 (a period of 21 days) for conducting the research 

using the classical SIR model. India has not entered the 

community transmission stage (third stage). The 

outcomes of the models were in good agreement with the 

first and second stages of the transmission of the 

pandemic. The transmission rate of India was the same 

as that of California and Washington (Fig. 5a). The 

variation in the trends of growth rates in different 

countries was due to the implementation of testing 

facilities to identify the patients. The exponential model 

was used to predict provisional and perpetual estimations 

about the novel COVID-19 cases in India. The values of 

I0, r and the coefficient of determination, R2 were 39.64, 

0.1887 and 0.9768, respectively. The existing case of the 

novel COVID-19 was plotted against the estimated cases 

up to 06th April, 2020 (Fig. 5b). The comparison was 

also made between India (5000 infected patients by 06th 

April, 2020) and Washington in Fig. 5b. The exponential 

model was unable to deliver the perpetual estimation 

about the novel COVID-19 cases, i.e., up to 30th April, 
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2020 (Fig. 5c). The exponential model did not involve 

the initiatives (control measures such as lockdown 

imposed across the nation on 24th March, 2020 and 

social distancing was practiced as mitigatory measures) 

of the Indian government to break the transmission 

chain of SARS-CoV2 and that was why the estimation 

of the model was near to 0.5 million cases by 30th 

April, 2020. 
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(e) 

 
Fig. 5: The epidemiological exponential and SIR models (Reprinted with permission from Ref. (Ranjan, 2020). Copyright 2020 

medRxiv). (a) The variation in trends of growth rates in different countries was due to their implementation of testing 

strategies. The growth rate of India was same as that of California and Washington using the exponential model. (b) The 

existing case of the SARS-CoV2 in India was plotted against the estimated cases up to 06th April, 2020. The comparison was 

also made between India (5000 infected patients by 06th April, 2020) and Washington. (c) The exponential model did not 

involve the initiatives of the Indian government to break transmission chain of the SARS-CoV2 and that was why the 

estimation of the model was near to 0.5 million cases by 30th April, 2020. (d) The classical SIR model was used to present a 

more realistic estimate of the SARS-CoV2. The effect of mitigatory social distancing was considered in the SIR model and 

the equilibrium stage of the pandemic was predicted around the last week of May, 2020. (e) The effects of mitigatory social 

distancing in few countries were outlined. 

 

Ranjan (2020) therefore, switched over to the 

classical SIR model for the long term prediction of the 

novel COVID-19 cases and presented a more realistic 

estimate of the SARS-CoV2 (Fig. 5d) with the value 

of coefficient of determination, R2 around 0.996. The 

basic reproduction number (R0) was estimated to be 

1.504 (higher than the estimate of (Sahasranaman and 

Kumar, 2020); and close to the estimate of (Deb and 

Majumdar, 2020). Furthermore, the epidemiological 

SIR model considered the initiatives of the Indian 

government such as mitigatory social distancing to 

prevent the spread (Wu et al., 2020c) and suggested 

the equilibrium stage of the pandemic by the last week 

of May, 2020 (Fig. 5d). The impact of mitigatory 

social distancing Ridenhour et al., 2018; Chang et al., 

2020; Mandal et al., 2020; Dhama et al., 2020) in a 

few countries was outlined in Fig. 5e. 

The Analysis of Mitigatory Social Distancing to 

Investigate the Transmission of the Novel COVID-

19 Outbreak in India using the Classical 

Susceptible-Infected-Recovered (SIR) Model 

Singh and Adhikari (2020) studied the novel 

COVID-19 outbreak in India using the modified age-

structured Susceptible-Infected-Recovered (SIR) 

model (Pontryagin, 1985; Box, 1976) by considering 

the initiative of the Indian government to implement 

mitigatory measures such as lockdown across the 

nation and social distancing (Ferguson et al., 2020; 

Bootsma and Ferguson, 2007; Hatchett et al., 2007; 

He et al., 2020) to prevent the pandemic. They assumed that 

persons within a specific age class (Prem et al., 2017) were 

equal with respect to their birth and death rates. The 

basic Reproduction number (R0) was estimated on the 

basis of real-time time-dependent data, age groups and 
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mitigatory social distancing using the modified age-

structured SIR model.  

The persons were classified into different ages and 

thus in 'M' groups expressed as i = 1,2,…M. The persons 

within a specific age group were represented with 'i' and 

they were classified into susceptible patients (Si), 

asymptomatic patients  ,a

iI symptomatic patients  ,s

iI  

and removed patients (Ri).  

Therefore, the sum of all these was the total number 

of persons within a specified age group (i) and thus 
a s

i i i i iN S I I R     (Anderson and May, 1991; 

Keeling and Rohani, 2008; Towers and Feng, 2012; 

Ferguson et al., 2006). 

Thus, each Ni was expressed as the total number of 

persons (thus a constant with respect to time) 

Equation (10): 
 

1

M

i

i

N N


  (10) 

 
The rate of transmission of disease in susceptible 

patients within a specific age group (i) was expressed 

using Equation (11): 
 

1

( ) , , 1,

a sM
j ja s

i ij ij

j j j

I I
t C C i j M

N N
 



 
   

 
 

  (11) 

 

where, the term,  was the chance of transmission of the 

novel COVID-19 due to social contact and a

ijC  and s

ijC  

were used to express the cases of social contact 

between asymptomatic patients within a specific age 

group (j) and susceptible patients within a specific age 

group (i), respectively. 

The cured rate,  was not dependent on age and was 

the same for both asymptomatic (ratio, ) and 

symptomatic patients (ratio, 1   ). 

Therefore, the growth of the pandemic was 

expressed using the age-structured SIR model 

Equation (12): 
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The age group of the persons was expressed as the 

ratio of Ni/N and social contact was expressed using ,a

ijC  

and s

ijC  matrices. Furthermore, the symptomatic patients 

were supposed to have less contact as compared to the 

asymptomatic patients and thus, ,

s a

ij ij ijC fC fC   

(where, 0 1f  ).a 

The people in self-isolation were supposed to 

remain in houses, work premises, school premises and 

other areas, thus the contact matrix was expressed 

using Equation (13): 

 
H W S O

ij ij ij ij ijC C C C C     (13) 

 

The contact matrix for a specific size of the 

population was expressed as .i ij j jiN C N C   

The mitigatory social distancing was modeled on a 

large-scale as a function of time, uW(t), uS(t) and uO(t), 

thus the time dependent contact matrix was expressed 

using Equation (14): 

 

        .H W W S S O O

ij ij ij ij ijC t C u t C u t C u t C     (14) 

 

During the lockdown across the nation, the social 

distancing measures were implemented effectively and 

thus a single household contact function was sufficient 

as shown using the linear Equation (15): 

 

 2 tanh tanh
offon

w w

t tt t
u t

t t

   
     

   
 (15) 

 

The basic reproductive number was evaluated from 

null COVID-19 spots (where Si = Ni) and infected 

persons were expressed using 2M2M matrix, 

Equation (16): 

 

( 1).J L   (16) 

 

The next generation matrix, 2M2M was expressed 

using Equation (17): 
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 . 

 

The identity matrix, I (2M2M) was used to 

encompass both asymptomatic and symptomatic patients 

Equation (18): 

 

   1 1,, , , ,a s a a s s

M MI I I I I I I   (18) 

 

The dynamics of the above Equation (18) was 

expressed using Equation (19): 
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     exp 1 0I t L t I      (19)  

 

where, L was used to evaluate the eigenvectors, V and 

the diagonal matrix of eigenvalues,  = diag(1,…, 

2M) to calculate the equation, exp[(L-1)t] = V diag 

[exp (-1)t]V-1.  

In general, the span of L had to be greater than one 

for the spread of the pandemic and thus the basic 

reproductive number was expressed using Equation (20) 

(Diekmann et al., 2010): 

 

   0 1 2max , , .MR L     (20) 

 

The basic reproductive number was reasonably good 

to support the spread of the pandemic if the eigenvalue 

was real Equation (21): 

 

 0exp 1R t     (21) 

 

The basic reproductive number was based on (a) the 

chance of transmission of disease on social contact, , 

(b) the social contact matrix Cij (c) the ratio of persons 

without and with symptoms of SARS-CoV2,  and (d) 

the ratio of symptomatic patients who were in self-

isolation, f. The conversions such as (a) Ni  Si(t) and 

(b)  ij ijC C t
 
were done to transform the formulation 

into its linear form for time-based stability matrix, L(t). 

The time-based stability matrix, L(t) was expressed 

using Equation (22): 

 

         0 1 2max , ,
t t teff

MR t L     (22) 

The cases of infected patients at any time, t + t were 

expressed Equation (23): 

 

      exp 1
t

I t t L t I t     
 

 (23) 

 

The basic reproductive number played a significant 

role,  exp (R ( ) 1) ,eff

o t t     when the eigenvalue was 

real for its highest magnitude for the tremendous 

growth of the pandemic in a very short time, t. The 

end of the pandemic was shown with
0 1.effR  The rise 

and fall of the spread of the SARS-CoV2 outbreak 

were shown with time constants such as (R0-1) and 

 0 ( ) 1 ,eff

onR t   respectively. 

The predictions of the SARS-CoV2 outbreak in 

India without and with implementation of social 

distancing measures using the age-structured 

epidemiological SIR models were shown in Fig. 6 and 

7, respectively. In the absence of mitigatory measures 

such as locking down across the nation and thus social 

distancing; the results were frightening (Fig. 6).    

Singh and Adhikari (2020) thus, emphasized over the 

various schemes of mitigatory measures such as 

successive lockdowns of 21 days and 28 days Fig. 7b 

and further 21 days, 28 days and 18 days Fig. 7c (each 

scheme with a relaxation of some 5 days and 

suggested to implement from 25th March, 2020); and 

if not possible then a single lock down of 49 days 

starting from 25th March, 2020 would be required to 

impose across the nation to bring the equilibrium 

stage of the novel COVID-19 pandemic Fig. 7d. 

 

 
 
Fig. 6: The prediction of the SARS-CoV2 outbreak in India without implementation of social distancing measures using the age-

structured epidemiological SIR model (Reprinted with permission from Ref. (Singh and Adhikari, 2020). Copyright 2020 

arXiv). (a) The confirmed cases (shown using blue color) of the novel COVID-19 was plotted against the estimated cases 

(shown using red color) up to 25th March, 2020. (b) The prediction for the next five months, i.e., up to August, 2020 about 

the susceptible and infected cases was shown using blue and red colors, respectively. In the absence of mitigatory measures 

such as lock down across the nation and social distancing; the results were frightening (as shown using green bar). (c) The 

effective basic reproduction ratio was plotted against the time. *Note: All cases were assumed to be symptomatic during the 

prediction using the age-structured SIR model and thus 1.  The parameters such as  and  were set to 0.0155 and 1/7, 

respectively 
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Fig. 7: The prediction of the SARS-CoV2 outbreak in India with effective implementation of social distancing measures using the 

age-structured epidemiological SIR model. The cases of infected patients were plotted against the various time intervals 

(Reprinted with permission from Ref. (Singh and Adhikari, 2020). Copyright 2020 arXiv). (a) A 21days lockdown (from 25th 

March, 2020 until 14th April, 2020) was found to be insufficient after careful investigation to ensure the equilibrium stage of the 

pandemic by the end of May, 2020. (b) The outcome of the model was in favor of sustained lockdown with some relaxation for 

effective implementation of social distancing measures. It was found that the lockdown if imposed across the nation for further 28 

days after the relaxation period of 5 days from 25th March, 2020, then the measure will be still insufficient to break transmission 

chain of the SARS-CoV2. (c) As per the scheme, it was found that three successive lockdowns with a gap of 5 days as relaxation 

periods were required to bring the equilibrium stage of the pandemic. (d) An alternative scheme was also suggested herewith to 

impose a 49 days lockdown across the nation to bring the number of infected cases below 10 or to ensure the equilibrium stage of the 

novel COVID-19 pandemic. *Note: All cases were assumed to be symptomatic during the prediction using the age-structured SIR 

model and thus 1.  The parameters such as  and  were set to 0.0155 and 1/7, respectively. 
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The Scope and Limitation of the Mathematical 

Models Used to Investigate Transmission of the 

Novel COVID-19 

Overall, the normalized RP transmission network 

model was based on the input data sources that were 

published for only a few countries during the outbreak of 

the novel COVID-19 and thus it might not fit well into 

the situations in other countries. The concise baseline 

model did not rely on the conventional approach of 

fitting a curve to the dataset. It involved real-time time-

dependent data which were based on testing facilities, 

availability of hospitals, etc. and thus, this framework 

was suitable for other countries as well. However, the 

authors acknowledged that due to their limited 

knowledge of weather conditions, they could not connect 

it with the equations they have used in their concise 

modeling to understand the transmission of the 

pandemic. The exponential model was unable to deliver 

the perpetual estimation about the novel COVID-19 

cases, i.e., up to 30th April, 2020 (section 4), as it did not 

involve the initiatives of the Indian government to break 

the transmission chain of the SARS-CoV2. The 

epidemiological SIR model will not be effective if India 

reaches the stage of community transmission due to poor 

implementation of the practice of social distancing. The 

modified age-structured epidemiological SIR model 

(section 5) was evaluated by considering both 

symptomatic and asymptomatic patients (Rothe et al., 

2020) of SARS-CoV2. The prediction of the age-

structured epidemiological SIR model were suggested 

to vary region-wise as it was based on data such as 

day-to-day number of tests. 

During investigation of the transmission network 

models useful in mapping the transmission of the 

pandemic from its source, we realize the need of 

machine learning algorithms to identify infected 

symptomatic and asymptomatic patients during the 

lockdown periods, quickly based on a web based 

(artificial intelligence framework) participatory 

surveillance of the novel COVID-19 pandemic 

(implemented in cases of previous infectious diseases) 

(Rao and Vazquez, 2020; Neill, 2013; Rajalakshmi et al., 

2018; Arabasadi et al., 2017; Kumar et al., 2013; 

Tomlinson et al., 2009; Ballivian et al., 2015; Braun et al., 

2013; Bastawrous and Armstrong, 2013; Paolotti et al., 

2014; Fabic et al., 2012; Liang et al., 2019). 

Conclusion  

The review finds the simplified Reservoir (Wuhan 

Seafood Market)-People (BHRP) transmission network 

model (section 2) as an effective tool to discuss the local 

transmission of the novel coronavirus disease (COVID-

19). The simplified RP transmission network model was 

based on the next generation matrix (R0). Using the 

model, it was estimated that the transmission of SARS 

coronavirus was much higher than Middle East 

respiratory syndrome (MERS) coronavirus.  

The concise baseline model (section 3) based on the 

individual behavioral response and the control measures 

taken by the government to prevent the spread of the 

novel COVID-19 was found in close agreement with the 

previously published data and thus it throws light on 

mapping the transmission of the novel COVID-19 

pandemic. The model did not rely on the conventional 

approach of fitting a curve to the dataset. 

The epidemiological exponential and SIR models 

(section 4) revealed a similar exponential trend for the 

transmission of the novel coronavirus disease (COVID-

19) in India, Washington and California. The classical 

model was derived based on the inputs available till 30th 

March, 2020 to predict the equilibrium stage of the 

pandemic by the last week of May, 2020. The outcomes 

of these models were based on real-time time-dependent 

data (reported on day-to-day basis) and thus found 

reasonably well to understand the transmission of the 

novel COVID-19 outbreak in India. The model, 

however, will not be effective if India reaches the stage 

of community transmission due to poor implementation 

of the social distancing strategies. 

The modified age-structured epidemiological SIR 

model (section 5) was based on age groups and effective 

implementation of social distancing measures. The 

outcomes of the model were emphasizing about 

sustained lockdown across the nation with some 

relaxation to prevent the transmission of the novel 

COVID-19 outbreak to India. A 21 days lockdown was 

found to be insufficient after careful investigation to 

ensure the equilibrium stage of the pandemic in May, 

2020, instead, the outcomes of the model were 

emphasizing about sustained lockdown with some 

relaxation of a few days for effective implementation of 

social distancing measures. It has clearly demonstrated 

about the need of mitigatory measures such as successive 

lockdowns of 21 days and 28 days and further 21 days, 

28 days and 18 days (each scheme with a relaxation of 

some 5 days and suggested to implement from 25th 

March, 2020), or alternatively a single lock down of 49 

days starting from 25th March, 2020; which are required 

to impose across the nation to bring the equilibrium 

stage of the novel COVID-19 pandemic. 
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Abstract:  
 

Background: In India, the novel Coronavirus Disease (COVID-19) epidemic 

has grown to 17,00000 cases and around 38,000 deaths up to 30th July, 2020. 

The impacts of the Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2) pandemic in India were studied using modified age-

structured stochastic and deterministic mathematical models.  

 

Methods: A compartmental susceptible (S)-infected (symptomatic) (IS) 

infected (asymptomatic) (IN) recovered (R) i.e., SISINR model is developed, in 

which the flow of individuals through compartments is modeled using a set 

of differential equations. The outbreak of the novel COVID-19 pandemic is 

critically evaluated from all major angles using base, education, vaccination 

and education and vaccination models based on the modified SISINR 

transmission network model for their simulations in MATLAB and peak of 

infected cases (both symptomatic and asymptomatic cases) as well as end of 

pandemic is predicted in each case.  

 

Result: The numerical investigations are done for both stochastic and 

deterministic studies using the modified SISINR transmission network model 

for effective prediction about the transmission of SARS-CoV-2 pandemic in 

India. The progress of the novel COVID-19 pandemic in India is estimated 

for various scenarios by varying the basic reproduction numbers from mean 

to extremes (general assumptions and strategies are inculcated through 

contact tracing based on the values of contact ratio operated for the basic 

reproduction numbers, 'R0'). The efficacy and potential of the education 

programs and vaccination programs were established with the published 

datasets through a validation studies. Furthermore, the outbreak of the novel 

COVID-19 pandemic is predicted for majorly affected cities in India on the 

basis of different reproduction numbers 'R0'.  

 

Conclusion: The report presented herewith could be referred to revise the 

government policies to (a) implement mitigatory measures such as the practice 

of social distancing, partial city lockdown across the nation, etc., (b) implement 

a 100% daily number of tests to the susceptible population of the nation, (c) 

improve hospital facilities and the novel COVID-19 wards, (d) improve the 

recovery rate with the effective implementation of base, education, vaccination 

and education and vaccination model to attain the equilibrium stage of 
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pandemic at the earliest and (e) meet the objective of preventing the 

outbreak of the novel COVID-19 pandemic through the effective 

implementation of control and prevention strategies across the nation. 

 

Keywords: COVID-19, SARS-CoV-2, Pandemic, Mathematical Model, 

Education, Vaccination 

 

Introduction 

The novel COVID-19 pandemic has presented a 

prodigious ultimatum before the whole world, with that 

tardy response from the WHO that resulted bedlam in 

the subcontinent of India and most of the other countries 

in the world. As of 30th July, 2020, there have been 

18,000,000 confirmed cases of the novel COVID-19 and 

about 7,00000 reported deaths globally and, due to the 

rising economical unbalance, probably the countries 

around the world had to open financial markets. Due to 

which, there has been a great rise in the number of cases 

since the opening of the global market as there is no 

specific medication or vaccine approved by global 

medical authorities. The disease is transmitted by 

inhalation or contact with infected droplets or fomites 

and the incubation period during these days may range 

from 10-20 days. The disease can be fatal to elderly 

people and those with an underlying medical history 

(COVID-19 India, 2020; Hindustan Times, 2020a). 

What is Already known on the Subject 

The transmissibility of the disease outbreak is 

studied and it is observed that the strictness with which 

social distancing in India is followed, is insufficient to 

break the chain of the novel COVID-19. The impacts 

of the Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2) pandemic in India were 

studied using modified age-structured stochastic and 

deterministic mathematical models.  

What does this Study Add 

The major goal of the present investigation is to study 
the transmission of the novel COVID-19 pandemic in 
India for various possible scenarios based on general 
assumptions and strategies inculcated through contact 
tracing using the values of contact ratios which are 
operated for the basic reproduction numbers, 'R0', with the 
aim to educate individuals to reduce the spread of the 
novel COVID-19 and vaccination program to assess their 
potential results in upcoming days.  

The outbreak of the novel COVID-19 pandemic is 
critically evaluated from all major angles using base, 
education, vaccination and education and vaccination 
models based on the modified S NSI I R  model. 

The outspread of any epidemic depends on the 

infectivity of the pathogen and the available population 

that is considered as susceptible. For a novel pandemic, 

when the spread of the disease is not clear yet, here the 

mathematical modeling estimates the number of cases 

in the worst and the best cases. It can also aid to 

estimate the effect of preventive measures that are been 

applied against the novel COVID-19. By using the 

suppressive strategy, the major objective is to reduce 

the basic reproduction number, 'R0' and maintain it 

below ‘1'. To prohibit further infection spread using 

mitigatory measures; the main objective is to contain 

the spread and reduce the effect of the pandemic. The 

novel COVID-19 pandemic is caused by the Severe 

Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2). On 30th January, 2020, India witnessed its 

first case of the novel COVID-19. Currently, India is 

one of the most affected countries and has the highest 

number of cases in Asia continent. In the world, India 

was the third highest affected country after United 

States of America and Brazil, with over 100,000 

confirmed cases on 19th May, 2020 and about 1,000,000 

confirmed cases on 17th July, 2020. Whereas, in India 

the fatality rate is probably the lowest in the world at 

2.11% as of 02nd August, 2020 and it is also steadily 

reducing with time. With that, the six cities - Delhi, 

Ahmedabad, Chennai, Mumbai, Pune and Kolkata have 

around 50% of the total cases reported in the country. 

By the 24th May, 2020, Lakshadweep was the only 

region that was unaffected by the novel COVID-19 

pandemic. The recovery rate in India is 64.23% as on 

02nd August, 2020 (COVID-19 India, 2020; Hindustan 

Times, 2020a; Wikipedia, 2020a). 

In India, the speed of testing is raised from June, 

2020 as shown in Fig. 1 and up to 31st May, 2020, a 

strict lockdown has been imposed across the nation by 

the government as mitigatory measures to restrict the 

spread of the pandemic. On 09th April, 2020, Indian 

Council of Medical Research (ICMR) further revised the 

testing strategy and allowed testing of people showing 

symptoms for a week in the hotspot areas of the country, 

regardless of travel history or local contact to the patient. 

There has been a rise in the number of cases in India 

during lockdown as due to the religious gathering in the 

country’s capital territory, Delhi. The Government of 

India announced in the press release on 18th April, 2020, 

that 4,291 cases, which are about 29.8% of the total 

14,378 confirmed cases of the novel COVID-19 in India, 

had connection with religious and social gatherings. 

These cases contributed to spread of the pandemic across 

23 states and few of the nation’s union territories. By 

04th April, 2020, nearly about 22,000 people that were 
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in contact with the people who attended the social event 

were quarantined. In addition to that, pilgrims from 

Maharashtra state were sent by the state government 

back to Punjab. The total 609 of the around 4,000 

stranded pilgrims who returned to Punjab from Nanded 

(a historical city in Maharashtra) were tested positive for 

the novel COVID-19, taking the state's infection tally to 

over 1,000 (Wikipedia, 2020a; Hindustan Times, 2020b). 

The Indian government imposed the strict lockdown 

across the country to contain the spread of SARS-CoV-2 

and built healthcare infrastructure to treat those who 

were affected. The lockdown was aggressive but vital. 

India's fast response to the pandemic was praised as 

comprehensive and robust by the United Nations (UN) 

as well as the World Health Organization (WHO). India 

has a vast experience in eradicating diseases like 

smallpox and polio. Owing to this, India is strong 

enough to deal with the outbreak of the novel COVID-19 

as stated by Mr. Michael Ryan, (chief executive director 

of the WHO's health emergencies program). The 

lockdown was imposed by the government and as well 

as other agencies to contain the spread of SARS-CoV-2 

and to help India to escape from the community 

transmission stage of the pandemic which could 

eventually make handling the situation very difficult and 

result in even more fatalities (Wikipedia, 2020a; 

Hindustan Times, 2020b; Livemint, 2020). 

 

 
 

Fig. 1: Growth of the novel COVID-19 pandemic in India 
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Fig. 2: The graphs of infected patients versus days as different schemes of series lockdowns (a), (b) and (c) and sustained lockdown 

(d) across the nation to restrict the chain of the novel COVID-19 pandemic in India using age-structured epidemiological 

Susceptible-Infected-Recovered (SIR) model (Reprinted with permission from (Singh and Adhikari, 2020). Copyright 2020 

arXiv). *Note: Symptomatic cases were taken into consideration for the prediction of equilibrium stage of the pandemic. The 

inputs such as  ,  and  were taken as 1, 0.0155 and 1/7, respectively 

 

A 21 day lockdown (from 25th March, 2020 to 14th 

April, 2020) was found to be insufficient after careful 

investigation to ensure the equilibrium stage of the 

pandemic by the end of May, 2020 (Fig. 2). The 

outcome of the model was in favour of sustained 

lockdown with some relaxation for effective 

implementation of social distancing measures. It was 

found that the lockdown is imposed across the nation 

for a further 28 days after the relaxation period of 5 

days from 25th March, 2020 and then the measure will 

be still insufficient to restrict the transmission chain of 

the SARS-CoV-2 (Fig. 2). As per the scheme, it was 

suggested that three successive lockdowns with a gap 

of 5 days as relaxation periods were required to bring 

the equilibrium stage of the pandemic (Fig. 2) 

(Appendix A) (Singh and Adhikari, 2020). 

As per the guidance of the Honorable Prime Minister 

of India, Shri Narendra Modi, there was a voluntary 

public curfew of 14 h on 22nd March, 2020. Later on it 

was followed as mandatory and strict lockdowns were 
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imposed in the major affected areas called as 'hotspots' in 

all major cities of the country. The nation further 

witnessed a strict 21 days nationwide lockdown from 

24th March, 2020 as ordered by the Honorable Prime 

Minister of India. The nationwide lockdown was again 

extended up to 03rd May, 2020 by the Government of 

India on 14th April, 2020. This was later followed by 

another two-week extension with substantial relaxations. 

From 01st June, 2020, the government started 

"unlocking" the country (barring ‘containment zones’) in 

three unlock phases (Livemint, 2020; Singh and 

Adhikari, 2020; Inventiva, 2020a). 

The factories and workplaces were shut down due 

to the nationwide lockdown which directly affected 

the livelihood of many migrant workers. Due to 

which, they were left with the only choice to turn back 

to their native villages. Thus, the Government of India 

asked the state government to set up relief camps for 

the migrant workers who are trying to return to their 

homes and issued orders for the protection of the 

rights of the migrant workers. It was admitted by the 

Supreme Court of India that the issues and problems 

of the migrant workers were still not completely 

solved. The Supreme Court ordered the state as well 

as the central government to provide free food, shelter 

and transport facilities to the migrant workers. 

Most of the countries had lifted their lockdowns 

when the cases of novel COVID-19 started decreasing, 

but India has opted for a different plan. The WHO 

recommended the Government of India to test for 

SARS-CoV-2 for at least 14 days prior to lifting up the 

sustained lockdown to ensure positive rates were below 

the desired rate of 5%. As per the report from the Johns 

Hopkins University's Coronavirus Resource Centre, the 

average rate of daily positivity for the novel COVID-19 

in India was around 8-10%. However, due to the unlock 

1.0 on 07th June, 2020, it was raised to 8.2% and on the 

next day it was almost 9.2%. The increase in the 

positivity rate clearly throws light on the fact that the 

number of daily tests has been increased to unlock 1.0 

in India. By May, 2020, India had done more than 

10,00000 tests and the test positivity rate was just 

3.8%. In June, 2020, Central Government of India 

chose to lift the lockdown and announced that it is 

mandatory for every citizen to maintain social 

distancing in the market and all other social places. The 

physical distancing norms were also strictly followed 

during multiphased lockdown. Still, the novel COVID-

19 positive cases exponentially increased from a few 

hundred in March, 2020, to over 2,55000 when unlock 

1.0 was declared in June, 2020 (Fig. 3) (Livemint, 2020; 

Singh and Adhikari, 2020; Inventiva, 2020a; 2020b; 

BBC News, 2020a; India Today, 2020a). 

 

 

 
Fig. 3: The transmission of the novel Coronavirus Disease (COVID-19) post unlock 1.0 in India 
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Mathematical models can forecast the spread of the 

novel COVID-19 pandemic and help inform public health 

interventions. The suitable input parameters for various 

scenarios such as partial lockdown, full lockdown, mass 

vaccination program, public education program, etc., are 

considered on the basis of (a) basic assumptions and (b) 

reported statistical data in published sources. In the present 

investigation, both stochastic and deterministic approaches 

are used to discuss the transmission of SARS-CoV-2 

outbreak in India to fulfill the objectives. The stochastic 

model is used to estimate the probability of potential 

outcomes by having a random variation in one or more 

inputs over time in the proposed mathematical model. The 

stochastic models mainly depend on the variations in the 

risk of exposure to the disease and all other dynamic factors 

of the illness. In the case of the deterministic models, the 

individuals in the population are arranged in a different 

subgroups or small compartments, which directly represent 

a specific stage of the pandemic. Here, the letters M, S, E, I 

and R are used to represent variables such as different age 

groups of persons, susceptible, exposed, infected and 

recovered patients, respectively. Later on, the transition 

rates from one stage to another stage are mathematically 

expressed in the form of derivatives and thus the model is 

formulated using differential equations. Although when 

building mathematical models, it can be assumed that the 

size of the population in each of the compartments is 

differentiable with respect to time and that the pandemic 

process is deterministic (Gupta and Kanu, 2020; Atkins, 

2010). The major goal of the present investigation is to 

study the transmission of the novel COVID-19 pandemic 

in India for various possible scenarios based on general 

assumptions and strategies inculcated through contact 

tracing using the values of contact ratios which are 

operated for the basic reproduction numbers, 'R0', with 

the aim to educate individuals to reduce the spread of the 

novel COVID-19 and vaccination program to assess 

their potential results in upcoming days. Furthermore, 

the transmission of the novel COVID-19 pandemic is 

also studied for majorly affected Indian cities on the 

basis of basic reproduction numbers (Atkins, 2010). 

Research Methodology 

Both deterministic and stochastic approaches are 

employed in the present mathematical investigations to 

study the transmissibility of SARS-CoV-2 pandemic in 

India. The Susceptible (S) -Infected (I) -Recovered (R) 

i.e., SIR model is a compartmental model. When a 

Susceptible (S) will come in an infectious contact with 

the infected individual, the susceptible will contract the 

disease and transition into the infected compartment. The 

symbol, 'I' represents the number of infectious 

individuals. These are individuals who have been 

infected and can infect the Susceptible (S). The symbol, 

'R' portrays the number of removed individuals. These 

are individuals who have been infected and have 

recovered from the disease or died. 

The present investigation analyzes the spread of the 

novel COVID-19 pandemic in India and its majorly 

affected cities. The transmission of SARS-CoV-2 pandemic 

is due to the contact structure among the people and thus is 

governed by the parameter, '' (contact ratio). The 

parameter '' directly shows the result of the effectiveness 

of the social distancing. The transmissibility of the disease 

outbreak is studied and it is observed that the strictness with 

which social distancing in India is followed, is insufficient 

to break the chain of the novel COVID-19 (Atkins, 2010). 

The SIR model considers the specific types of diseases 

which could cause an infected one to infect a susceptible 

after they encounter with each other. The variables S, I 

and R, depict the population in every compartment for a 

particular instinct of time. The susceptible, infectious and 

removed individuals are a function of time and are 

represented by S(t), I(t) and R(t), respectively. The total 

number of individuals remains constant. The outbreak of 

such diseases in a specific population can be predicted by 

the mathematical model. The dynamics of the transition 

between these compartments can be modelled with the 

help of some parameters. These are '' and can be referred 

as transmission rates. The parameter, '' is the reciprocal of 

the infectious period, which is the time duration in which 

the infected can transmit the disease (Gupta and Kanu, 

2020; Atkins, 2010; Mazumder et al., 2020). 

The distribution of population within these 

compartments at a given time, t, using the general SIR 

model are shown using a set of ordinary differential 

Equations (1) to discuss the transmission of the novel 

COVID-19 pandemic in India: 
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The Modified SISINR Transmission Network Model 

for Modeling and Simulation of the Novel COVID-

19 Outbreak in India 

The SISINR transmission network model can be 

regarded as a derivative of the basic SIR model (Fig. 4). In 

the SISINR model, we include the asymptomatic 

compartment which turns the SIR model into the SISINR 

model (Fig. 5a). The modified SISINR transmission 

network model is partitioned into classes such as 

susceptible S(t), symptomatic infected IS(t), asymptomatic 

infected IN(t) and removed R(t); where N + IS + IN + R = N. 
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Fig. 4: The schematic representation of modeling of the novel Coronavirus (COVID-19) pandemic using SININR model in India 
 

 
(a) 

 

 
(b) 

 
Fig. 5: The outbreak of SARS-CoV-2 pandemic in India. (a) The illustration of mathematical model of SARS-CoV-2 pandemic in 

India. (b) The transmission of the novel COVID-19 pandemic is shown with the graph of infected patients (both symptomatic 

and asymptomatic) versus time (days) using deterministic approach of SISINR transmission network model 
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Those contracting the disease entered into the 

infected classes at a rate of 'p' i.e., the symptomatic class, 

or '(1-p)' entered into the asymptomatic class. Here, the 

infected individuals gets recovered from the infection 

and entered into the removed compartment at a rate of ' ' 

or may die due to the illness at a rate of ''. Those who 

are within the asymptomatic compartment exit into the 

removed category at the rate of ' ' (Fig. 5b) (Gupta and 

Kanu, 2020; Atkins, 2010; Mazumder et al., 2020; 

Times Network, 2020; Pai et al., 2020). 

Those contracting the disease entered into the 

infected classes at a rate of 'p' i.e., the symptomatic class, 

or '(1-p)' entered into the asymptomatic class. 

The distribution of population within these 

compartments at a given time, t, using the modified SISINR 

transmission network model are shown using the set of 

ordinary differential Equations (2) to discuss the 

transmission of the novel COVID-19 pandemic in India: 
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The basic reproduction number, 'R0', or basic 

reproductive number, or basic reproductive rate of an 

infection can be thought as the expected number of cases 

directly generated by one case in a population where all 

individuals are susceptible to infection. Here, the basic 

reproduction number, 'R0' is calculated using the 

formula, R0 = /( +  + ), (where, '' represents 

persons who entered into the removed class and have 

resistance to fight against SARS-CoV-2 for a certain 

time, afterwards they will be considered a susceptible 

class) (Atkins, 2010; Tiwari, 2020; Rajesh et al., 2020). 

The Outbreak of the Novel COVID-19 Pandemic in 

India 

According to the report of the Hindustan Times, 

around 75% of the total novel COVID-19 cases in 

Punjab, 50% in Karnataka, 65% in Maharashtra and 75% 

in Uttar Pradesh were asymptomatic. Nearly 82% of the 

novel COVID-19 patients in Assam (reported at the 

time) were asymptomatic. On 20th April, 2020, the 

health ministry warned that 80% of all coronavirus 

patients were asymptomatic or showing mild symptoms. 

Around 80% are asymptomatic or show mild symptoms. 

Around 15% patients turned into severe cases and 5% 

cases turned into critical cases (India Today, 2020a; 

Mackolil and Mahanthesh, 2020; Bhola et al., 2020). As 

'p' represents the symptomatic class and '(1-p)' represents 

the asymptomatic class, therefore, we consider p = 0.2 as 

80% cases are asymptomatic). 

There is a period between which a person gets 

infected and is confirmed positive. Hence, the total 

number of infected people is greater than the total 

number of confirmed positives in an exponential growth 

phase and the total number of infected people is close to 

the total number of confirmed cases when the growth is 

halted. This is the reason many developed countries 

failed to halt the growth of the virus in the exponential 

phase. The incubation period for the novel COVID-19, 

which is the time between exposure to the virus 

(becoming infected) and symptom onset, is on average 

5-6 days, however can be up to 14 days. Although the 

overall fatality rate is estimated to range from 2-3%, the 

disease can be fatal to elderly people (about 27%) whose 

age is more than 60 and those with an underlying 

medical history (Gupta and Kanu, 2020; Atkins, 2010). 

We assumed that the recovery rate ‘’ would remain 

constant for the Indian population around 0.1. 

In Table 1, the contact ratio, ' ' is varied to depict the 

outbreak of novel COVID-19 as per the cases explored 

in the literature, so far for the outbreak of the novel of the 

COVID-19 pandemic in India (Atkins, 2010; Rihan and 

Anwar, 2012; Daughton et al., 2017; Chatterjee et al., 

2020; Dhama et al., 2020). The recovery rate, ' ' is taken 

constant which is around 0.1. It can be calculated by the 

formula (1/infectious period), the average death rate, '' 

is taken as 0.025. The parameter 'p' depicts the ratio of 

symptomatic infected to total infected and as 80% 

patients are asymptomatic, thus ' p' is taken as 0.2. 

Stochastic Model 

The model presented here is modified with the 

inclusion of demographic stochasticity, which is 

defined as “fluctuations in population processes that 

arise from the random nature of events at the level of 

the individual”. Although the probability of each event 

here is fixed, there is change in the outcomes because 

of the chance of individuals to get in contact with the 

infected ones. A deterministic model is the one which 

yields the same results under the same initial 

conditions. Stochastic models, on the other hand, 

include an element of randomness indicative of the real 

world. The main outcome of the analysis was to study 

the extinct of SARS-CoV-2 pandemic with the help of 

the stochastic model regardless of the value of the basic 

reproduction number (R0). In the case of a very long 

time to extinction, the conclusion was that there may be 

the existence of a quasi-stationary probability 

distribution whose mean almost agrees with the 

deterministic pandemic equilibrium (when R0 > 1).  
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Table 1: Inputs in the present investigation for the modeling of the novel COVID-19 pandemic in India 

Symbols Parameters Values 

β  Contact ratio  Varied 

γ  Average recovery rate  0.100 

μ  Average death rate due to the novel COVID-19  0.025 

ρ  Ratio of symptomatic patients to total patients  0.200 

 
Table 2: Data of most affected cities in India 

City  Population Active cases up to 28th July, 2020 β γ μ 

Delhi  3,02,91,000  10,887  Varies  0.1  0.025 

Pune  66,39,347  48,680  Varies  0.1  0.025 

Mumbai  2,04,11,000  21,812  Varies  0.1 0.025 

Chennai  1,09,7,1108  13,064 a Varies  0.1  0.025 

Ahmedabad  56,00,000  3,343  Varies  0.1  0.025 

 

Using the modified SISINR transmission network model, 

we are considering five different events that can occur, 

each causing the numbers in the relative classes to 

increase or decrease by one (Gupta and Kanu, 2020; 

Atkins, 2010; Rihan and Anwar, 2012; Daughton et al., 

2017; Chatterjee et al., 2020): 

 

 Transmission occurs at rate Sp(IS + IS)/N; Result S 

 S-1and I  I +1 

 Transmission occurs at rate S(1-p)(I + I)/N; Result 

S  S-1 and I  I +1 

 Recovery occurs at rate IS; Result IS  IS-1 and R 

 R +1 

 Death occurs at rate IS; Result I  I-1 

 Recovery occurs at rate I; Results IN  IN-1 and R 

 R +1 

 

As the transmission occurs at the rate Sp(IS + IN)/N, 

initially, which results into S  S-1 and I  I +1, one 

person gets removed from the group of susceptible and 

gets added to the group of infected ones. The same 

process is repeated when the transmissions occur at the 

rate S(1-p)(I + I)/N. In case of the recovery rate IS 

(symptomatic as well as asymptomatic), one person is 

reduced from the group of infected group and gets added 

to the group of recovered ones. In case of death rate 

IS, one person gets reduced from the group of 

individuals of infected class and dies (Atkins, 2010). 

The following data were used as inputs to model the 

outbreak of the novel COVID-19 pandemic in various 

cities in India, stochastically. 

Table 2 depicts the population and active cases of the 

most affected cities in India which includes Delhi, Pune, 

Mumbai, Chennai and Ahmedabad. Here, the value of 

contact ratio ' ' is varied to predict the outbreak of novel 

COVID-19 under different scenarios. We have plotted 

the outbreak of SARS-CoV-2 pandemic for the range of 

values of the basic reproduction number, 'R0', from 1.25, 

1.5, 2.0, 2.5 and 3.0 based on the values of contact ratio 

' ' (Atkins, 2010; Rihan and Anwar, 2012; Dhama et al., 

2020; Mandal et al., 2020) using the modified SISINR 

transmission network model to study the outbreak of the 

pandemic in-depth. The average recovery rate ' ' is 

calculated to be 0.1 (1/infectious period). The average 

death rate '' is taken as 0.025. 

Validation of the Present Stochastic and 

Deterministic Models based on Modified 

SISINR Transmission Network Model with 

Datasets of Meningitis Epidemic Outbreak 

in University of Central Florida (UCF) 

Campus 

Table 3 represents the values for the parameters 

which were used to plot the validation graphs. It contains 

the values of variables which include probability of 

transmission of infection, vaccination trial, contact rate 

and reproduction rate. The values of probability of 

transmission (q) of SARS-CoV-2 pandemic for four 

different models such as base, education, vaccination and 

education and vaccination models (Appendix B) are 

discussed herewith as per the meningitis outbreak case 

study (Atkins, 2010) to prove the efficacy of the present 

stochastic and deterministic MATLAB programs based 

on the modified SISINR transmission network model. As 

people get knowledge and awareness about protecting 

themselves from the infection, the contact ratio as well 

as the reproduction rate goes on reducing (Atkins, 2010). 

Validation of the Stochastic Model 

For small populations, a stochastic model may be 

more appropriate. In such a case, the stochastic model, 

which is concerned with mimicking the random or 

probabilistic event, would be more suitable. 

In the stochastic model (Fig. 6), there are three curves 

which include: Number of susceptible (blue), number of 

infected (red) and number of recovered (yellow) plotted 

against the time (days). The curve for the susceptible cases 

here showed the number of susceptible around 50,000, 

which is the population of the University of Central 
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Florida campus (Atkins, 2010). The curve here depicts 

that the number of susceptible will reach to zero in a 

week. The second curve plotted (red) shows the number of 

infected ones. It depicts the number of infected cases 

which starts increasing from the fourth day of the spread 

of meningitis infection with probably 2,000 people 

getting infected. The number will rise till the sixth day 

with near about 4,800 people getting infected. Till the 

end of the second week of spread of infection, the 

number of people getting infected will start reducing and 

move towards the normal condition. The last curve 

(yellow) here shows the number of people in the campus 

who were recovered from the infection. The recovery of 

the infected started from the first week of infection 

spread. Till the end of the first week, almost 2,000 people 

got recovered from the infection. Later on, by the end of 

the second week, almost 4,000 people were recovered. By 

the end of month more than 5,000 people were recovered 

(Gupta and Kanu, 2020; Atkins, 2010). The present 

stochastic MATLAB programs based on the modified 

SISINR transmission network model are validated well 

under all three cases using the similar inputs for the 

meningitis outbreak case. 

Validation of the Deterministic Model 

In a deterministic model, the same results are 

observed for the same initial conditions every time. On 

the other hand, some randomness is always included in 

the stochastic model which depicts the real world 

situation. In Figs. 7-10, the deterministic curves 

represent the number of infected people versus the time 

(days). The blue-coloured curves plotted by (Atkins, 

2010), are superimposed by the pink-coloured curves 

using the present deterministic MATLAB program based 

on the modified SISINR transmission network model. 

Validation of the base Model 

Here, the graph shows that if the infection continues 

to spread without any education or vaccination program, 

then by the end of the first week almost 4,000 people 

would be infected in a rapid manner. Later on, the 

number of infected persons will go on reducing almost 

after a week with 500 infected cases. Furthermore, by the 

end of the month, the situation in the university will be 

back to normal (Atkins, 2010). 

Validation of the Education Model 

In the model, the infection will start rising from the 

end of the first week with almost 200 people getting 

infected. The model depicts that if people were made 

aware about the spread of infection in the campus of 

university from the beginning itself, the overall growth 

of the infection could be definitely lowered.

 

 
 

Fig. 6: Stochastic model for meningitis outbreak in University of Central Florida (UCF) campus 
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Fig. 7: Deterministic (base) model for meningitis outbreak in University of Central Florida (UCF) campus 

 

 
 

Fig. 8: Deterministic (education) model for meningitis outbreak in University of Central Florida (UCF) campus 

 
Table 3: Parameters for the study of an outbreak of meningitis epidemic in University of Central Florida (UCF) campus 

  Base Education Vaccination Education and 

Parameters Variable model model model Vaccination model 

Probability of transmission of infection q 0.10 0.05 0.1 0.05 

Number of peoples vaccinated v0 0.00 10.00 51% 61% 

Calculated contact ratio β 2.34 1.05 1.15 0.46 

Basic reproduction rate R0 7.80 3.50 3.8 1.5 

 

As shown by the curve till the end of the second 

week, the maximum number of people will get infected. 

Almost 3,000 people will get infected by the end of the 

second week. Later on, the number of infected people 

will go on decreasing due to awareness about the 

prevention of the infectious disease. By the end of month 

the number of infected people will be lowered and the 

situation will be back to normal (Atkins, 2010). 
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Fig. 9: Deterministic (vaccination) model for meningitis outbreak in University of Central Florida (UCF) campus 

 

 
 

Fig. 10: Deterministic (education and vaccination) model for meningitis outbreak in University of Central Florida (UCF) campus 

 

Validation of the Vaccination Model 

The model depicted that the number of infected 

people will start rising by the end of the first week of 

infection with almost 100 cases. 

As shown in Table 3, there would be 51% of 

people vaccinated, which resulted in the lower number 

of cases, i.e., around 3,000 (maximum) cases of 

infection by the second week. The number of people 

getting infected will start reducing by the second 

week of infection. By the end of the month, this 

situation will turn out to be normal (Atkins, 2010). 

Validation of the Education and Vaccination Model 

The model shows the result of the combined 
education and vaccination model. As shown in Table 
3, there would be around 61% of people who will be 
aware about the preventive measures and would be 
vaccinated as well. 

This will ultimately lower the number of maximum 

people getting infected and then it would be around 600 

(maximum) cases of infection after almost 40 days. The 

rise in the number of infected people in this model will 

start late as compared to other models. By the third 

week, there would be almost 50 people getting infected. 
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After almost 40 days, the number of infected people will 

start lowering. Later on, after 3 months, the situation 

may be back to normal (Atkins, 2010). 

Results 

Deterministic Susceptible (S)-Infected (Symptomatic) 

(IS) Infected (Asymptomatic) (IN) Recovered (R) i.e., 

SISINR Models for Modeling and Simulation of the 

Outbreak of Novel Coronavirus Diseases (COVID-

19) in India 

In the present investigation, the basic reproduction 
number, 'R0', are calculated using different values of 

contact rates, , based on the novel deterministic 
susceptible (S)-infected (symptomatic) (IS) infected 
(asymptomatic) (IN) recovered (R) approach to discuss 
the transmission of the novel COVID-19 outbreak. A 
suitable computer routine is developed in MATLAB 
based on Ordinary Differential Equations (ODEs) in 

conjunction with Runge-Kutta method with a variable 
time step for efficient simulation of the growth of SARS-
CoV-2 under control and prevention strategy program in 
India. The deterministic model is further classified into 
three submodels such as (a) base model, q = 0.1, (b) 
education model, q = 0.05, (c) education and vaccination 

model q = 0.1 for in-depth analysis of the outbreak of the 
pandemic (Atkins, 2010; Rihan and Anwar, 2012; 
Dhama et al., 2020; Mandal et al., 2020). 

The spread of the novel COVID-19 pandemic is 

plotted for entire nation (Fig. 11). The graph, infected 

cases versus time (days) is plotted for SARS-CoV-2 

outbreak to predict its behavior in due course of time. 

The mitigatory measures such as strict lockdown and 

partial lockdown across the nation are responsible to 

restrict the spread of pandemic. According to the graph 

the pandemic is approximately expected to end after 300 

days from present day, i.e., 28th July, 2020. In Fig. 11, 

the 'R0' is calculated around 1.25 following the 

deterministic strategies for entire India. The symptomatic 

cases are found to be around 80% less than 

asymptomatic cases (Atkins, 2010; Rihan and Anwar, 

2012; Mandal et al., 2020). The suitable graph has been 

plotted on the basis of values of 'R0' using deterministic 

mathematical models based on the modified SISINR 

transmission network model. The peaks of infected cases 

(both symptomatic and asymptomatic cases) as well as 

end of SARS-CoV-2 pandemic are estimated soon after 

31st July, 2020 in the month of December, 2020 (Fig. 

11) and by the end of March, 2021, respectively. 

Impact of Community Transmission Phase of SARS-

CoV-2 in India 

As per the joint statement by Indian medical 
professional associations, nonuniform and rational 
strategies of lockdown across the nation such as 
movement of migrant workers, social gathering unlock 

1.0 and 2.0, etc., resulted in community spread of the 
novel COVID-19 disease. India must be well equipped 
to counter the probability of community transmission of 
the COVID-19. Easing of lockdown will lead to more 
widespread and rapid transmission of coronavirus. Some 
of the experts suggested that India has already entered the 

community (Gupta and Kanu, 2020) transmission through 
the stage III of the novel COVID-19. As if one looks at 
the spread of people without a history of travel or history 
of contact, certainly there are several such cases. 

 

 
 

Fig. 11: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 1.25 using  = 0.15625 
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Fig. 12: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 1.5 using  = 0.1875 

 

Furthermore, governmental action and some misuse 

of mitigatory measures have influenced the spread of the 

pandemic (Fig. 12). As per the data reported in some 

published sources; the pandemic is modeled with the 

basic reproduction number, 'R0', to validate the novel 

deterministic modeling approach of SARS-CoV-2 

pandemic. The pandemic is predicted to end after 250 

days from the present day, i.e., 28th July, 2020, using the 

current value of  = 0.1875. In Fig. 12, the 'R0' is 

calculated around 1.5 following the deterministic 

strategies for the entire India (Atkins, 2010; Rihan and 

Anwar, 2012; Chang et al., 2020). 

Social distancing is the only proven solution for 

halting corona virus growth as of now. Nation practices 

strict social distancing in the lockdown, but still due to 

several factors, we see failures in some lockdowns. Here 

' ' is the transmission rate and '' is the average recovery 

rate. With quarantine and isolation, the increasing 

number of infected slowly became constant. In the 

context of India, this model may be useful as a rigorous 

social distancing measure has been introduced and hence 

does not consider factors like age, etc. The parameter, ' ' 

governs the transmission efficiency of the virus in 

society, since lockdowns and social distancing measures 

focus on reducing the transmission, reduction in ' ' in 

different stages will reflect how better the lockdown was 

performed. The mitigatory measures imposed by Indian 

government have influenced the spread of pandemic 

(Fig. 13). With the further change in parameters such as 

contact rate, ' ' reported in some published sources, the 

pandemic is modeled for the basic reproduction number, 

'R0', to throw light on the novel deterministic modeling 

approach of SARS-CoV-2 pandemic. The pandemic is 

predicted to end after 200 days from the present day, i.e., 

28th July, 2020, using the current value of  = 0.25. In 

Fig. 13, the 'R0' is calculated around 2.0 following the 

deterministic strategies for the entire nation (Atkins, 

2010; Rihan and Anwar, 2012; Sahasranaman and 

Kumar, 2020; Dhanwant and Ramanathan, 2020). 

The testing of novel COVID-19 is essential in the 

direction of containing the spread of virus. The delays in 

testing may seriously reduce the ability of the population 

to protect it. The testing for the novel COVID-19 virus in 

India was inadequately conducted in the beginning, which 

might have not generated sufficient data on the number of 

people affected. Initially, only persons with a travel 

history to high risk countries were tested. Therefore, this 

case can be varied with different values of contact rate, , 

as reported in some published sources; the pandemic is 

modeled for the basic reproduction number, 'R0', to 

observe the transmission of the novel COVID-19 

pandemic using the novel deterministic approach to 

prove the efficacy of the present model (Fig. 14). 

The pandemic is predicted to end after 150 days from 

the present day, i.e., 28th July, 2020, using the current 

value of  = 0.3125. In Fig. 14, the 'R0' is calculated 

around 2.5 following the deterministic strategies for the 

entire India (Atkins, 2010; India Today. 2020a). 
As of 14th March, 2020, the National Institute of 

Virology, Pune, has tested around 5,900 samples from 
individuals across the country, which was quite low 
compared to other countries. It was also felt that 
community transmission may go undetected without 
adequate testing. Testing for community transmission 
began on 15th March, 2020. The Department of Health 
Research and the Indian Council of Medical Research 
(DHR-ICMR) have started testing random samples of 
people who exhibit flu-like symptoms and samples from 

Time (days) 

14 

 
12 

 
10 

 
8 

 
6 

 
4 

 
2 

 
0 

In
fe

ct
ed

 c
as

es
 

0 50 100 150 200 250 300 350 

Symptomatic 
 

Asymptomatic 

 

107 



Eva Gupta et al. / American Journal of Infectious Diseases 2020, 16 (4): 135.170 

DOI: 10.3844/ajidsp.2020.135.170 

 

149 

patients without any travel history or contact with 
infected persons. Later on, it was also decided to include 
all pneumonia cases, regardless of travel or contact 
history after the country saw a sharp increase in the 
number of cases. The ICMR further revised the testing 
strategy and allowed testing of people showing 
symptoms for a week in the hotspot areas of the country, 
regardless of travel history or local contact to the patient. 
Total 25,12,388 samples were tested by 20th May, 2020, 
out of which 1,06,750 have been confirmed positive. 
Finally, these are discussed with the contact rate, ‘ ’ as 

reported in some published sources; the pandemic is 
modeled for the basic reproduction number, 'R0', to 
observe the transmission of the novel COVID-19 
pandemic using the novel deterministic approach to 
prove its efficacy (Fig. 15). The pandemic is estimated to 
reach its end after 100 days from the present day, i.e., 
28th July, 2020, using the current value of  = 0.375. In 
Fig. 15, the 'R0' is calculated around 3.0 following the 
deterministic strategies for the entire India (India Today, 
2020a; Atkins, 2010; Rihan and Anwar, 2012; Ramola, 
2020; The Times of India, 2020a). 

 

 
 

Fig. 13: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 2.0 using  = 0.25 

 

 
 

Fig. 14: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 2.5 using  = 0.3125 
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Fig. 15: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 3.0 using  = 0.375 
 

A mean is a number that in some sense represents the 

central value of a set of numbers. Mathematical average 

of two or more numbers is called as mean. There are 

many ways to compute the mean of a series of numbers. 

We use the sum of the given numbers in the arithmetic 

mean method. Geometric mean is computed by the 

average of a set of products. The arithmetic mean which 

is also called as mean or average that was found by 

summing the numbers in the data and dividing that sum 

by the number of count. Generally, the data is the result 

from an observational study, experiment or a survey 

(Wikipedia, 2020b). 

In the above graphs, the outbreak of the novel 

COVID-19 pandemic is plotted for different values of R0 

= 1.25, 1.5, 2.0, 2.5 and 3.0. The outbreak of the novel 

COVID-19 pandemic is also plotted for the mean value 

of the above 'R0'. In Fig. 16, the mean 'R0' was found to 

be 2.05 and the corresponding ' ' was found to be 

0.25625. Furthermore, ‘R0’ does not remain constant for 

SARS-CoV-2 pandemic. Its value depends upon many 

factors such as environmental conditions; frequency of 

contact between the infected and susceptible individuals, 

measures taken to contain the spread, etc. The pandemic is 

predicted to end after 125 days from the present day, i.e., 

28th July, 2020, using the current value of  = 0.25625. 

The value of ‘R0’ focuses light on the dynamics of the 

spread of disease. The mathematical models are used to 

determine the value of ‘R0’ which also depends upon the 

other parameters used in mathematical modeling. Many 

popular presses have used ‘R0’ which gave rise to 

misunderstandings related to its true meaning. Various 

mathematical models are used to calculate the value of 

‘R0’. Each of these models may give a different estimate 

the value of ‘R0’. These values should be interpreted in 

the context of that model. 

The value of ‘R0’ can be used as a threshold, even if 

calculated with different methods. Whether the outbreak 

will die out or whether it will increase can be guessed 

using this number. If R0 < 1, the outbreak will die out and 

if R0 > 1, the outbreak will expand. In some cases, for 

some models, values of R0 < 1 can still lead to self-

perpetuating outbreaks. This is particularly problematic if 

there are intermediate vectors between hosts, such as 

malaria. Therefore, comparisons between values from the 

“Values of ‘R0’ of well-known infectious diseases” table 

should be conducted with caution (Wikipedia, 2020b). 

Education Model 

A program including education would reduce the 

probability of transmitting an infection by half by 

increasing the awareness of people regarding maintaining 

social contact and improving personal hygiene. 

We have not considered the vaccination but due to 

increased awareness between people, it would 

eventually give an effect of increased rate of 

vaccination to 10%. Fear of the novel COVID-19 has 

the country under its grip. Many state governments 

have ordered the closure of schools and colleges, movie 

halls, gyms, malls, etc. Air traffic has fallen, which is 

indicative of reduced economic activity. Many such 

happenings and signs of destructive effects of the novel 

COVID-19 have a direct effect on the behaviour of 

every citizen. People have become more aware about this 

virus and its spread. People are finding and 

comprehending the ways which will protect themselves 

and their families from the impact of this virus 
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(News18, 2020). We have plotted the graph from 15th 

June, 2021 onwards considering the value of ' ' to be 

0.128125 (Fig. 17). The pandemic is predicted to end 

after 700 days from the present day, i.e., 28th July, 2020. 

The Government of India managed to quickly spread 

the awareness regarding this virus by using every 

possible mode of communication. Ringtones were 

applied to spread the awareness regarding this virus and 

how to contain its spread. Observing the impact of this 

virus in other countries, containment was the only 

option. Passengers coming from abroad were screened 

for infection. Combating other weapons which helped in 

fighting the spread of this virus are building 

infrastructure for the infected patients, increasing the 

testing facilities and screening people who possibly may 

have come in contact with the infected individual. To 

maintain the confidence of people in the system, it is 

necessary to ensure that the supply of masks, sanitizers and 

drugs is available to each one (Atkins, 2010; Rihan and 

Anwar, 2012; News18, 2020; BBC News, 2020b). 

 

 
 

Fig. 16: Graphical simulation of the novel COVID-19 outbreak. Base model yields R0 = 2.05 using  = 0.25625 

 

 
 

Fig. 17: Graphical simulation of the novel COVID-19 outbreak. Education model yields R0 = 1.025 using  = 0.128125 
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Fig. 18: Graphical simulation of the novel COVID-19 outbreak. Education and vaccination model yields R0 = 1.025 Assuming 61% 

of the population is vaccinated 

 

Education and Vaccination Model 

Generally, a vaccine may take years to develop. 

According to the experts, we can expect the vaccine to 

be available by the end of February, 2021. We have 

assumed that 61% of the population of India would be 

vaccinated up to 15th June, 2021. Therefore, we have 

plotted the graph from 15th June, 2021and onwards 

considering the value of ' ' to be 0.128125 (Fig. 18). 

The pandemic is predicted to end after 100 days from 

15th June, 2021. The parameter, 'V0' was considered 

8,28,584,757. Research on the vaccine for the novel 

COVID-19 is happening at breakneck speed. At present, 

around 140 vaccines are in their early stage of 

development and about 24 numbers of vaccines are in 

their clinical trials on people. The vaccine developed by 

Oxford University is reported to trigger the immunity 

system to respond against the virus. According to the 

deal signed with AstraZeneca, 100 million doses will be 

supplied in the UK alone. A study performed in May in 

the United States of America resulted in the production 

of antibodies that could neutralize the novel COVID-19 

in every eight patients taking part in the study. Other 

completely new approaches to vaccine development are 

in human trials (Ranjan, 2020). 
Many research groups have designed the vaccine 

that has the potential to fight the novel COVID-19, but 

still a lot of work is left to do. These researchers must 

show that their vaccine is safe to be injected in the 

body. The vaccine should cause an immune response, 

which will work as a shield to the people and prevent 

them from getting sick. Furthermore, the vaccine 

should be able to be produced on a large scale so that 

billions of doses can be developed. The medicine 

regulatory frame must approve it before it is actually 

provided to the population. At last, the most difficult 

challenge is to immunize the world’s population at a 

substantial scale (Atkins, 2010; The Times of India, 

2020a; Deb and Majumdar, 2020). 

City Wise Discussion on Transmission of the Novel 

Coronavirus Disease (COVID-19) Pandemic in 

India using Stochastic Susceptible (S)-Infected 

(Symptomatic) (IS) Infected (Asymptomatic) (IN) 

Recovered (R) (SISINR) Model 

Stochastic Model Forecasting the Outbreak of the 

Novel COVID-19 in Delhi 

The first case of the novel COVID-19 pandemic in 

the Indian capital, Delhi, was reported on 02nd March, 

2020. Delhi has the third highest number of confirmed 

cases of the novel COVID-19 pandemic in India after 

Maharashtra and Tamil Nadu. The total 1,34,403 

infected people were reported on 31st July, 2020, 

including 3,936 deaths and 1,19,724 recovered patients. 

On 22nd March, 2020, Delhi observed a 14 h voluntary 

public curfew named Janata curfew along with 75 

districts in India at the directive from Honourable 

Prime Minister of India, prior to his order of 

nationwide lockdown from 24th March, 2020. 

Thousands of migrants from Uttar Pradesh and Bihar 

gathered at the bus stand and railway station to head 

back to their native places. More than 3,000 people 

from a social gathering were quarantined after 
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suspected contact with infected people, including 

foreigners. The Delhi government announced an 

operation known as SHIELD, i.e., S-sealing the area 

immediately, H-home quarantine to the people living in 

the area, I refers to isolation and contact tracing of 

people, E refers to essential supply of commodities, L 

refers to local sanitization and D-door to door health 

check upon order to restrict the spread of the novel 

COVID-19 pandemic in the containment zones or the 

hotspots around the state (Business Today, 2020). 

The novel COVID-19 pandemic was widely spread 

in Dilshad Garden, from where the first success came. 

On 10th April, the government announced that 

Operation SHIELD was working quite successfully. 

This area became the novel COVID-19 free after 

implementation of the SHIELD operation. This 

operation also emerged successful in Vasundhara 

Enclave and Khichripur (The Times of India, 2020b; 

Wikipedia, 2020c). 

An order was issued making 7 days home quarantine 

compulsory for all asymptomatic individuals who 

travelled into the city through domestic transport. 

Individuals who showed symptoms were immediately 

tested for the novel COVID-19 and were quarantined at 

the institutional level till the results were declared. If 

persons were found positive, they were moved to a 

hospital or any novel COVID-19 Care Centre. If they 

were found negative, they were instructed to follow the 

14 days home quarantine. The details on containment 

zones and hotspots, testing facilities, key locations, e-

pass procurement and relevant frequently asked 

questions were posted on this website. The information 

also included the locations of grocery shops, temporary 

relief centres and hunger relief centres in Delhi. On 24th 

June, 2020, the Delhi government set up the world's 

largest temporary novel COVID-19 care hospital of 

10,000 beds, as the country grapples with rapidly rising 

cases (Wikipedia, 2020c). 

The value of ‘R0’ focuses light on the dynamics of the 

spread of disease and thus suitable graphs have been 

plotted using the above inputs to discuss the spread of 

the novel COVID-19 pandemic in the National Capital 

Region of Delhi (Fig. 19) using stochastic mathematical 

models based on the modified SISINR transmission 

network model. With an increase in the values of ' ' and 

thus ‘R0’, the peaks of infected cases (both symptomatic 

and asymptomatic cases) as well as the end of SARS-

CoV-2 pandemic are attended soon after 31st July, 2020 

as discussed in Fig. 19. The first case ( = 0.15625; R0 = 

1.25) is more appropriate as it shows the peak of the 

novel COVID-19 pandemic in December, 2020 (Fig. 

19a). The curve shows the zero case of pandemic by the 

end of March, 2021. 

Stochastic Model Forecasting the Outbreak of the 

Novel COVID-19 in Pune 

On 09th March, 2020, a couple who arrived in India 

from Dubai were tested positive for the novel COVID-19 

and were the first confirmed case from Maharashtra. 

Three more people who were in contact with this couple 

were also tested positive on the next day. All five of 

them were taking treatment in Naidu Hospital. After 9 

days on 18th March, 2020, the woman was tested 

positive in Pune. This woman had earlier travelled to 

France and Netherlands. An old woman who was in her 

late 60's was linked with a confirmed case also tested 

positive. The number of positive cases rose to 45 after 

cases were found in Pimpri-Chinchawad and Ratnagiri. 

The case found in Pimpri-Chinchwad had travelled to 

Singapore, Philippines and Sri Lanka. The latter case 

from Ratnagiri earlier travelled to Dubai. 
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(e) 

 
Fig. 19: The stochastic SISINR model of the novel COVID-19 for National Capital Region of Delhi considering sustained lockdown 

of 61 days, i.e., 25th March, 2020-31st May, 2020, unlock 0.1 and 0.2, as well as weekly lockdown in July, 2020 including 

night curfew and implementation of effective quarantine periods for travelers. (a) SISINR model based on the novel stochastic 

approach ( = 0.15625; R0 = 1.25). (b) SISINR model based on the novel stochastic approach ( = 0.1875; R0 = 1.5. (c) SISINR 

model based on the novel stochastic approach ( = 0.25; R0 2.0). (d) SISINR model based on the novel stochastic approach ( 

= 0.3125; R0 = 2.5). (e) SISINR model based on the novel stochastic approach ( = 0.375; R0 = 3.0). Note: The parameters 

such as S, I, A and R are used to express susceptible, infected (symptomatic), infected (asymptomatic) and recovered 

patients, respectively 

 

The population of Pune is estimated to be 6.8 

million while Mumbai’s population is much greater. 

Mumbai had the largest number of positive cases in 

Maharashtra as well as in India. The total positive cases 

in Mumbai were 84,524. On 03rd July, 2020, Pune city 

had 25% cases against Mumbai and a fatality rate of 

3.32. Mumbai was reported to have a fatality rate 

5.85% (India Today, 2020b). 

Although Pune has better numbers as compared to 

Mumbai, it is on the same path as that of Mumbai. The 

total of infected people reported on 31st July, 2020 is 

28,142 consisting of 872 deaths and 13,406 recoveries 

(The Hindustan Times, 2020a; NDTV, 2020). 

As the value of ‘R0’ focuses light on the dynamics of 

the spread of disease and thus suitable graphs have been 

plotted using the above inputs to discuss the spread of the 

novel COVID-19 pandemic in the Pune region of the 

Maharashtra state (Fig. 20) using stochastic mathematical 

models based on the modified SISINR transmission 

network model. Again, with an increase in the values of 

' ' and thus ‘R0’, the peaks of infected cases (both 

symptomatic and asymptomatic cases) as well as the end 

of SARS-CoV-2 pandemic are attended soon after 31st 

July, 2020 as discussed in Fig. 20. For Pune city, the first 

case ( = 0.15625; R0 = 1.25) is more appropriate as it 

shows the peak of the novel COVID-19 pandemic in 

December, 2020 (Fig. 20a). The curve shows the zero 

case of pandemic by the end of March, 2021. 

Stochastic Model Forecasting the Outbreak of the 

Novel COVID-19 in Mumbai 

Mumbai was the worst affected city in India, with 

about 100,000 cases. About half of the cases in the state 

emerged from the Mumbai Metropolitan Region (MMR). 

On 11th March, 2020, two people in Mumbai who were 

linked to the Pune couple tested positive. To prohibit the 

spread of coronavirus, various measures were taken by the 

Navi Mumbai civic body. According to the orders, 

roadside stores and commercial shops, outlets near public 

places and crowded places such as railway stations were 

closed on alternate days till the end of the March. Many 

measures to control the crowd and prohibit the spread of the 

coronavirus were taken by the administrative body. One of 

the measures to control the crowd and contain the spread of 

coronavirus was the order issued by the municipal 

commissioner to close shops, stores and roadside outlets, 

near footpaths and near crowded stations such as CBD 

Belapur, Nerul, Vashi, Sanpada, Kopar Khairane, 

Ghansoli and Airoli on alternate days (The Hindu, 2020a; 

The Hindustan Times, 2020b; Kumar, 2020). 

Mumbai saw a delay in the diagnosis of the 

patients because the testing rate in Mumbai was low 

initially. Citizens wishing to be tested for the novel 

COVID-19 were sent back by municipal doctors. The 

same case was seen in Pune too. Due to the delay, the 

patient's condition was critical. This increased the 

number of serious patients and deaths. 
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(d) 

 

 
(e) 

 
Fig. 20: The stochastic SISINR model of the novel COVID-19 for Pune considers a sustained lockdown of 61 days, i.e., 25th March, 

2020-31st May, 2020, unlock 0.1 and 0.2, as well as weekly lockdown in July, 2020 including night curfew and 

implementation of effective quarantine periods for travelers. (a) SISINR model based on the novel stochastic approach ( = 

0.15625; R0 = 1.25). (b) SISINR model based on the novel stochastic approach ( = 0.1875; R0 = 1.5). (c) SISINR model based 

on the novel stochastic approach ( = 0.25; R0 = 2.0). (d) SISINR model based on the novel stochastic approach ( = 0.3125; 

R0 = 2.5). (e) SISINR model based on the novel stochastic approach ( = 0.375; R0 = 3.0). Note: The parameters such as S, I, 

A and R are used to express susceptible, infected (symptomatic), infected (asymptomatic) and recovered patients, 

respectively 
 
The total of infected people reported on 31st July, 2020 

is 1,14,284, consisting of 6,353 deaths. The discussion is 

made on the basis of the value of ‘R0’ as it helps to 

understand the dynamics of the spread of disease and 

thus suitable graphs have been plotted using the above 

inputs to discuss the spread of the novel COVID-19 

pandemic in the Mumbai region of the Maharashtra state 

(Fig. 21) using stochastic mathematical models based on 

the modified SISINR transmission network model. As 

discussed, with the increase in the values of ' ' and thus 

‘R0’, the peaks of infected cases (both symptomatic and 

asymptomatic cases) as well as the end of SARS-CoV-2 

pandemic are attended soon after 31st July, 2020. For 

Mumbai city, the first case ( = 0.15625; R0 = 1.25) is 

more appropriate in the current scenario as it shows the 

peak of the novel COVID-19 pandemic in December, 

2020 (Fig. 21a). The curve shows the zero case of 

pandemic by the end of March, 2021. 
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(d) 

 

 
(e) 

 
Fig. 21: The stochastic SISINR model of the novel COVID-19 for Mumbai considers a sustained lockdown of 61 days, i.e., 25th 

March, 2020-31st May, 2020, unlock 0.1 and 0.2, as well as weekly lockdown in July, 2020 including night curfew and 

implementation of effective quarantine periods for travelers. (a) SISINR model based on the novel stochastic approach ( = 

0.15625; R0 = 1.25). (b) SISINR model based on the novel stochastic approach ( = 0.1875; R0 = 1.5). (c) SISINR model based 

on the novel stochastic approach ( = 0.25; R0 = 2.0). (d) SISINR model based on the novel stochastic approach ( = 0.3125; 

R0 2.5). (e) SISINR model based on the novel stochastic approach ( = 0.375; R0 = 3.0). Note: The parameters such as S, I, A 

and R are used to express susceptible, infected (symptomatic), infected (asymptomatic) and recovered patients, respectively 

 

Stochastic Model Forecasting the Outbreak of the 

Novel COVID-19 in Chennai 

Tamil Nadu has the second highest number of 

confirmed cases in India after Maharashtra. Three cases 

were initially reported in Chennai. The first case was of an 

old man who was in his mid 60's. He travelled to New 

Zealand and came back in India. He was treated at a private 

hospital. Second case of an old lady was found in her mid 

50's. She was admitted to Kilpauk Medical College 

Hospital. The third case was a 25-year-old man who had 

travelled to London and came back to India. He was been 

treated at Rajiv Gandhi Government Hospital. Furthermore, 

17 cases in Tamil Nadu were reported positive, which also 

included two foreign nationals. All districts of the state were 

suffering from the novel COVID-19 pandemic. Chennai 

was the worst affected. More than fifty percent of the total 

confirmed cases in Tamil Nadu were from Chennai.  

0 20 40 60 80 100 120 140 160 

107 

105 

Time (days) 

Stochastic COVID-19 model for Mumbai 

2 

 
1 

 

0 

R
 

S
 

10 

 

5 

 
0 

I 

5 

 
0 

A
 

107 

105 

Time (days) 

Stochastic COVID-19 model for Mumbai 

2 

 

1 

 
0 

R
 

S
 

10 
 

5 
 

0 

I 

5 

 
0 

A
 

106 

107 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

2 

 

1 

 
0 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

2 

 

1 

 
0 

107 

106 



Eva Gupta et al. / American Journal of Infectious Diseases 2020, 16 (4): 135.170 

DOI: 10.3844/ajidsp.2020.135.170 

 

160 

 
(a) 

 

 
(b) 

 

 
(c) 

0 50 100 150 200 250 300 350 

106 

104 

Time (days) 

Stochastic COVID-19 model for Chennai 

R
 

10 

 
5 

S
 

10 
 

5 
 

0 
I 

5 

 
0 

A
 

106 

105 

Time (days) 

Stochastic COVID-19 model for Chennai 

2 
 

1 
 

0 

R
 

10 

 
5 

S
 

10 
 

5 

 

0 

I 

5 

 
0 

A
 

0 50 100 150 200 250 

0 50 100 150 200 250 

0 50 100 150 200 250 

0 50 100 150 200 250 

106 

105 

Time (days) 

Stochastic COVID-19 model for Chennai 
2 

 

1 

 

0 

R
 

S
 

10 
 

5 

 

0 

I 

5 

 
0 

A
 

105 

106 

0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

5 

 
0 

0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

0 50 100 150 200 250 300 350 

105 

106 

10 

 

5 

 

0 

106 

106 



Eva Gupta et al. / American Journal of Infectious Diseases 2020, 16 (4): 135.170 

DOI: 10.3844/ajidsp.2020.135.170 

 

161 

 
(d) 

 

 
(e) 

 
Fig. 22: The stochastic SISINR model of the novel COVID-19 for Chennai considers a sustained lockdown of 61 days, i.e., 25th 

March, 2020-31st May, 2020, unlock 0.1 and 0.2, as well as weekly lockdown in July, 2020 including night curfew and 

implementation of effective quarantine periods for travelers. (a) SISINR model based on the novel stochastic approach ( 

= 0.15625; R0 = 1.25). (b) SISINR model based on the novel stochastic approach ( = 0.1875; R0 = 1.5). (c) SISINR model 

based on the novel stochastic approach ( = 0.25; R0 = 2.0). (d) SISINR model based on the novel stochastic approach ( 

=0.3125; R0 = 2.5). (e) SISINR model based on the novel stochastic approach ( = 0.375; R0 = 3.0). Note: The parameters 

such as S, I, A and R are used to express susceptible, infected (symptomatic), infected (asymptomatic) and recovered 

patients, respectively 

 

Tamil Nadu showed the least case fatality rate in the 

country. A large local cluster in Koyambedu of 

Chennai was identified in May. The case growth rate 

in Chennai saw a dip in July. Contact-tracing, testing 

and surveillance model was applied by the 

government to prohibit the spread of the novel 

COVID-19 in Tamil Nadu. The state is gifted with 85 

laboratories approved by Indian Council of Medical 

Research (ICMR), capable of conducting tests. The 

state witnessed lockdown from 25th March, 2020. 

This lockdown was relaxed to an extent from 04th 

May, 2020 onwards. Furthermore, the government 

decided to extend the lockdown until 30th June, 2020. 

Under the lockdown, significant relaxations were 

made from 01st June, 2020. A stricter lockdown was 

enforced in the four most affected districts including 

Chennai and its three neighbouring districts of 

Chengalpattu, Thiruvallur and Kancheepuram from 19 
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to 30th June, 2020 (The Hindu, 2020b; The Indian 

Express, 2020a). 

The number of daily new cases dropped from 

2,400 in the first week of July to 1,013 on the 31th 

July, 2020. Recovery rate improved from 60 to 85%. 

The city's positivity rate stood around 9% at the end 

of July. The total of infected people reported on 31st 

July, 2020 is 99,714, consisting of 2,110 deaths and 

84,916 recoveries (The Indian Express, 2020b; The 

New Indian Express, 2020). 

The suitable graphs have been plotted using the 

above inputs to discuss the spread of the novel 

COVID-19 pandemic in the Chennai region of the 

Tamil Nadu state (Fig. 22) on the basis of the values 

of ‘R0’ using stochastic mathematical models based on 

the modified SISINR transmission network model. The 

peaks of infected cases (both symptomatic and 

asymptomatic cases) as well as the end of SARS-

CoV-2 pandemic are attended soon after 31st July, 

2020 with an increase in the values of ' ' and ‘R0’. 

For Chennai city, the first case ( = 0.15625; R0 = 

1.25) is more appropriate in current scenario as it 

shows the peak of the novel COVID-19 pandemic in 

December, 2020 (Fig. 22a). The curve shows the zero 

case of pandemic by the end of March, 2021. 

Stochastic Model Forecasting the Outbreak of the 

Novel COVID-19 in Ahmedabad 

As the novel COVID-19 cases increase in the state 

government of Gujarat partially locked down four 

cities - Ahmedabad, Surat, Vadodara and Rajkot. 

Ahmedabad has reported 25 cases (Rajkot has ten, 

Vadodara, Surat and Gandhinagar have nine cases 

each, Bhavnagar has six cases, GirSomnath has two 

cases and Kutch, Mehsana and Porbandar have one 

case each). In total, six coronavirus positive patients 

have died in the state till the end of March, 2020. Till 

March end five patients have been discharged, the 

officials declared, two are on ventilator support. Out 

of the total 73 patients, 32 had a foreign travel history, 

37 contracted it through local transmission and 4 had 

interstate travel history. Every store selling 

nonessential goods in the four cities saw shut down 

till 25th March, 2020. As part of the mitigatory 

measures, only half strength was operating at 

government offices to be on a rotational basis till 29th 

March, 2020. Honourable Chief Minister announced 

the new Civil hospital of Ahmedabad for treating 

patients infected with the coronavirus. This hospital 

has a 1,200-bed capacity. With over 3,000 COVID-19 

cases and 149 deaths, Ahmedabad was the second city 

after Mumbai in number of cases and in deaths (The 

Wire, 2020; India Today, 2020c). 

Ahmedabad in Gujarat was announced as a hotspot of 

the novel COVID-19 by Government of India as 3 

patients out of total 5 cases in the city had died. The 

Government of India also declared that Dilshad Garden 

and Nizamuddin in Delhi, Noida and Meerut in Uttar 

Pradesh, Bhilwara in Rajasthan, Kasargod and 

Pathanamthitta in Kerala, Mumbai and Pune in 

Maharashtra as the hotspots. The city alone accounts for 

nearly 65% of total cases and 70% of deaths in Gujarat. 

The total number of infected people reported on 31st 

July, 2020 is 25,080, consisting of 1,152 deaths and 

20,618 recoveries (The Hindu, 2020c; Amdavad 

Municipal Corporation, 2020). 
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(e) 

 
Fig. 23: The stochastic SISINR model of the novel COVID-19 for Ahmedabad considers a sustained lockdown of 61 days, i.e., 25th 

March, 2020-31st May, 2020, unlock 0.1 and 0.2, as well as weekly lockdown in July, 2020 including night curfew and 

implementation of effective quarantine period for travelers. (a) SISINR model based on the novel stochastic approach ( = 

0.15625; R0 = 1.25). (b) SISINR model based on the novel stochastic approach ( = 0.1875; R0 = 1.5). (c) SISINR model based 

on the novel stochastic approach ( = 0.25; R0 = 2.0). (d) SISINR model based on the novel stochastic approach ( = 0.3125; 

R0 = 2.5). (e) SISINR model based on the novel stochastic approach ( = 0.375; R0 = 3.0). Note: The parameters such as S, I, 

A and R are used to express susceptible, infected (symptomatic), infected (asymptomatic) and recovered patients, 

respectively 

 

The suitable graphs have been plotted using the 

above inputs to discuss the spread of the novel COVID-

19 pandemic in the Ahmedabad region of the Gujarat 

state (Fig. 23) on the basis of the values of ‘R0’ using 

stochastic mathematical models based on the modified 

SISINR transmission network model. The peaks of infected 

cases (both symptomatic and asymptomatic cases) as well 

as the end of SARS-CoV-2 pandemic are attended soon 

after 31st July, 2020 with an increase in the values of ' ' 

and ‘R0’. Ahmedabad city is expected to attend the novel 

COVID-19 pandemic peak in December, 2020 (Fig. 23a); 

first case ( = 0.15625; R0 = 1.25) is more appropriate in 

current scenario). The curve shows the zero case of 

pandemic by the end of March, 2021. 

Discussion 

The aim of a mathematical model is not to make 
unconditional claims about the consequences of 
interventions, but to reveal the relation between 
assumptions and outcomes. The motive of our 
investigation through effective simulation of the 
modified susceptible (S)-infected (symptomatic) (IS)-
infected (asymptomatic) (IN)-Recovered (R) i.e., SISINR 
transmission network model is to restrict the chain of 
transmission of the novel COVID-19 pandemic in India. 

We developed the compartmental susceptible (S)-

infected (symptomatic) (IS)-infected (asymptomatic) (IN)-

recovered (R) i.e., SISINR model. The efficacy and 

potential of base, education, vaccination and education 

and vaccination programs are established with the 

published datasets through a validation studies as well 

under both stochastic and deterministic cases using similar 

inputs for the meningitis outbreak case in University of 

Central Florida (UCF) campus. The results are found in 

fairly good agreement with the published datasets. 

We have considered various scenarios by varying 

the basic reproduction numbers from mean to extremes 

using base, education, vaccination and education and 

vaccination models for effective estimation about the 

peak and end of the pandemic to assist in the revision 

and effective implementation of health policies as 

mitigatory measures in India. Initially, we predicted 

the progress of the pandemic deterministically for a 

range of values of the basic reproduction number, 'R0', 

based on certain assumptions. We observed that the 

results are frightening.  

Summary 

For R0 = 1.25, we conclude to attend the peak of the 
novel COVID-19 pandemic by the end of December, 
2020, with around 6% of the total population being 
infected at that time. For R0 = 1.5, we conclude to 
attend the peak of the novel COVID-19 pandemic by 
the end of November, 2020, with around 12% of the 

106 

105 

Time (days) 

Stochastic COVID-19 model for Ahmedabad 
2 

 

1 

 

0 

R
 

4 

 

2 

 
0 

S
 

I 

5 

 
0 

A
 

106 

106 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

0 20 40 60 80 100 120 140 160 

5 

 
0 



Eva Gupta et al. / American Journal of Infectious Diseases 2020, 16 (4): 135.170 

DOI: 10.3844/ajidsp.2020.135.170 

 

165 

total population being infected at that time. For R0 = 
2.0, we conclude to attend the peak of the novel 
COVID-19 pandemic by the end of October, 2020, with 
around 21% of the total population being infected at that 

time. For R0 = 2.5, we conclude to attend the peak of the 
novel COVID-19 pandemic in mid-September, 2020, 
with around 29% of the total population being infected at 
that time. For R0 = 3.0, we conclude to attend the peak of 
the novel COVID-19 pandemic by the end of August, 
2020, with around 37% of the total population being 

infected at that time. We did rigorous analyses to 
inculcate general assumptions and strategies through 
contact tracing based on the values of contact ratio 
operated for the basic reproduction numbers, ‘R0’. The 
analysis with R0 = 1.25 corresponding to  = 0.15625; 
fits best under the current scenario  = 0.15625. 

We initially investigated a base model by 

considering the mean of the basic reproduction 

number, ‘R0’. Later on, the investigation is done to 

study the effect of educating people regarding 

maintaining social distancing and personal hygiene 

which we called as education model. Here, we found 

out that by educating people we may extend the 

progress and diminish the number of infected at a 

particular time, which can potentially help healthcare 

services to manage the patients. The effect of mass 

vaccination combined with the education model is 

investigated herewith and concluded with fact that the 

novel COVID-19 pandemic is predicted to end after 

100 days from 15th June, 2021 based on the value of ' 

' around 0.128125 (Fig. 18). The prediction is done on 

the basis of inputs based on assumptions and expert 

suggestions such as (a) availability of the vaccine to be 

available by the end of February, 2021 and (b) 61% of 

the population of India would be vaccinated up to 15th 

June, 2021. The deterministic analyses based on the 

modified SISINR transmission network model are 

concluded with the facts such as (a) the symptomatic 

cases are found to be around 80% less than 

asymptomatic cases and (b) the peaks of infected cases 

(both symptomatic and asymptomatic cases) as well as 

end of SARS-CoV-2 pandemic are estimated soon after 

31st July, 2020 in December, 2020 (Fig. 11-18) and by 

the end of March, 2021, respectively. 

Furthermore, we stochastically predicted the progress 

of the pandemic in the top five majorly affected cities in 

India which includes Delhi, Pune, Mumbai, Chennai and 

Ahmedabad. The prediction about the transmission of 

the novel COVID-19 outbreak is done using a range of 

values of the basic reproduction number, ‘R0’, as 1.25, 

1.5, 2.0, 2.5 and 3.0 based on the general assumptions 

and strategies through contact tracing. We could reduce 

the value of the basic reproduction number, 'R0', by 

educating people regarding social distancing and 

personal hygiene or by implementing the complete or 

partial lockdown across India or across majorly affected 

cities to diminish the social contacts which will 

eventually reduce the spread of the disease. For all 

majorly affected top five cities, the first case ( = 

0.15625; R0 = 1.25) is more appropriate as it shows the 

peak of the novel COVID-19 pandemic in December, 

2020 (Fig. 20a). The pandemic curves show the zero 

case of pandemic by the end of March, 2021. 
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Appendix A 

Singh and Adhikari (2020) reviewed the modified 

age-structured Susceptible-Infected-Recovered (SIR) 

model of the novel COVID-19 outbreak in India by 

considering the activity of the Indian government to 

execute mitigatory measures such as physical distancing, 

lockdown in India to restrict the spread of global 

pandemic across the nation. They considered the birth 

and death rates to be the same within a specific age 

group. Depending upon the real-time time-independent 

data, mitigatory social distancing and age groups, the 

basic Reproduction number (Ro) was assessed by using 

the modified age-structured SIR model. 

The people are categorized in various ages such as 'M ' 

groups denoted as i = 1,2,…M. The people under a 

specific age were described as 'i' and they are 

categorized into susceptible patients (Si), symptomatic 

patients  s

iI , asymptomatic patients  a

iI  and removed 

patients (Ri). Therefore, the total number of people 

within a specified age group (i) will be sum of all these 

categories as a s

i i i i iN S I I R    . 

Each Ni was denoted as the total number of people as 

shown in Equation (3): 

 

1

M

i

i

N N


  (3) 

The transmission rate of the novel COVID-19 in 

susceptible patients within a specific age group (i) is 

represented by using Equation (4): 

 

 
1

, , 1,...

a sM
j ja s

i ij ij

j j j

I I
t C C i j M

N N
 



 
   

 
 

  (4) 

 

where, ' ' term was the chance of transmission of the 

pandemic due to physical contact and a a

ijC and s

ijC  were 

used to represent the number of cases of social contact 

between asymptomatic patients within the age group (j) 

and susceptible patients within an age group (i), 

respectively. The term '' is also known as curing rate, 

was not dependent on age and was the same for both 

asymptomatic (ratio, ) and symptomatic patients (ratio, 

  = 1-).  

The pandemic growth rate was expressed using age-

structured SIR model in Equation (5): 

 

 

 

 

 

,
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.

i i i

a a

i i i i

s s

i i i i

a s

i i i
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 (5) 

 

The age group of the persons was expressed as the 

ratio of Ni/N and social contact was expressed using a

ijC  

and s

ijC  matrices. Furthermore, the symptomatic patients 

were supposed to have less contact as compared to the 

asymptomatic patients and thus, s a

ij ij ijC fC fC  , (where, 

0  f  1). 

The people were expected to remain in homes, office 

places, schools and other places for self-isolation, 

therefore the contact matrix represented by using 

Equation (6): 

 
H W S O

ij ij ij ij ijC C C C C     (6) 

 

For a specific population size, the contact matrix was 

represented as NiCij = NjCij.  

On a large basis, mitigatory social distancing was 

modeled and expressed as a time functions uW(t), uS(t) 

and uO(t) and thus Equation (7) shows the time-

dependent contact matrix: 

 

        .H W W S S O O

ij ij ij ij ijC t C u t C u t C u t C     (7) 

 

The physical and social distancing were imposed 

effectively across the country during lockdown and thus 

a single household contact function was represented by 

using the linear expression (8): 
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 2 tanh tanh
offon

w w

t tt t
u t

t t

  
       

   

  (8) 

 

The basic reproductive number was evaluated from 

null COVID-19 spots (where Si = Ni) and infected 

persons were expressed using 2M  2M matrix, as shown 

in Equation (9): 

 

 1 .J L    (9) 

 

The 2M  2M generation matrix is obtained from 

Equation (10): 

 
aa as

sa ss

L L
L

L L

 
  
 

 (10) 

 

where, aa a i
ij ij

j

N
L C

N




 , as s i

ij ij

j

N
L C
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  and 

sa a i
ij ij

j

N
L C

N




 , ss s i

ij ij

j

N
L C

N




 . 

The identity matrix, Ī (2M  2M) was used to 

encompass both asymptomatic and symptomatic patients 

as shown in Equation (11): 

 

   1 1, ,..., , ,...a s a a s s

M MI I I I I I I   (11) 

 

The dynamics of the above Equation (11) was 

expressed using Equation (12): 

 

     exp 1 0I t L t I       (12) 

 

where, 'L ' was used to evaluate the eigenvectors, 'V ' and 

the diagonal matrix of eigenvalues,  = diag (1,…, 

1M) to calculate the expression, exp[(L-1)t] = V diag 

exp[exp(-1)t]V1. 

For pandemic growth, the span L must be greater 

than one and thus the basic reproduction number, ‘R0’, is 

expressed as Equation (13): 

 

   0 1 1max ,..., .MR L      (13) 

 

The basic reproductive number was reasonably good 

to support the spread of the pandemic if the eigenvalue 

was real as shown in Equation (14): 

 

 0exp 1R t 
    (14) 

 

The basic reproductive number was based on (a) the 

chance of transmission of disease by social contact, (b) 

the social contact matrix, (c) the ratio of persons without 

and with symptoms of SARS-CoV-2 and (d) the ratio of 

symptomatic patients who were in self-isolation. The 

conversions such as (a) and (b) were done to transform 

the formulation into its linear form for time-based 

stability matrix. The time-based stability matrix, was 

expressed using Equation (15): 

 

         0 1 1max ,...,
t t teff

MR t L      (15) 

 

The cases of infected patients at any time were 

expressed as shown in Equation (16): 

 

      exp 1
t

I t t L t I t     
 

 (16) 

 
The basic reproductive number played a significant 

role, when the eigenvalue was real for its highest 

magnitude for the tremendous growth of the pandemic in 

a very short time. The end of the pandemic was shown 

with the rise and fall of the spread of SARS-CoV-2 

outbreak were shown with time constants. 

Appendix B 

Calculations for the base Model 

R = Radius of infection = 0.00001 km 

q = Probability of infective transmitting the infection = 

0.1 

 = Population density = 382 number of people per 

square km 

v  = Average traffic speed = 263.270 km/day 

 = Contact ratio 

 = 
8Rqv


 

 = 
8 0.00001 0.1 263.270 382



   
 

 = 0.2560 
 

Calculations for Education and Education and 

Vaccination Models 
 
R = Radius of infection = 0.00001 km 

q = Probability of infective transmitting the infection = 

0.5 

 = Population density = 382 number of people per 

square km 

v  = Average traffic speed = 263.270 km/day 

 = Contact ratio 

 = 
8Rqv


 

 = 
8 0.00001 0.5 263.270 382



   
 

 = 0.128125 
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Values of Contact Ratio for Different Scenarios 
 

R = Radius of infection = 0.00001 km 

q = Probability of infective transmitting the infection = 

0.5 

 = Population density = 382 number of people per 

square km 

For, v = average traffic speed = 160.626 km/day;  = 

0.1562 

v  = Average traffic speed = 192.751 km/day;  = 

0.1875 

For, v = average traffic speed = 251.712 km/day;  = 

0.2512 

v  = Average traffic speed = 321.252 km/day;  = 

0.3125 

For, v = average traffic speed = 385.521 km/day;  = 

0.3752 
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Abstract: 

Brain tumours are one of the most lethal types of cancer, and early detection is crucial for 

successful treatment. Magnetic Resonance (MR) imaging is a widely used diagnostic tool for 

brain tumours. However, the interpretation of MR images can be challenging, and a trained 

radiologist is required for accurate diagnosis. In this study, we propose an automated system for 

the early detection of brain tumours using Deep Learning techniques. Our system uses a 

Convolutional Neural Network (CNN) to analyse MR images and classify them as either healthy 

or containing a tumour. The proposed system was trained on a large dataset of MR images and 

achieved high accuracy in tumour detection. The results demonstrate the potential of Deep 

Learning techniques for the early detection of brain tumours, which could lead to improved 

patient outcomes. 
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1. Introduction 

Medical imaging has revolutionized the way physicians diagnose and treat various diseases, 

including cancer. Magnetic resonance imaging (MRI) is a non-invasive imaging modality that 

has become increasingly popular for detecting brain tumours. However, accurately detecting 

and classifying tumours in MR images is a challenging task that requires expert knowledge and 

experience.[1] 

 

Deep Learning techniques, such as Convolutional Neural Networks (CNNs), have shown 

promising results in analysing medical images and assisting in the diagnosis of various diseases, 

including brain tumours.[1] This application of Deep Learning can potentially improve the 

accuracy and efficiency of tumour detection in MR images of the human brain, ultimately 

leading to earlier diagnosis and better patient outcomes.[2] 

http://cims-journal.com/index.php/CN/article/view/808
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In this project, we explore the use of Deep Learning techniques for early detection of tumours in 

MR images of the human brain.[2] We aim to develop a system that can accurately detect and 

classify brain tumours in MR images, potentially assisting medical professionals in their 

diagnosis and treatment decisions.[3] 

 

 
Figure 1. Normal Brain and Brain with Tumour 

 

2. Literature Review  

Several studies have shown that deep learning techniques can improve the accuracy and 

efficiency of brain tumour detection in MR images. For example, Jang et al. (2019) proposed a 

deep learning-based method for the segmentation of brain tumours in MR images. Their 

proposed method achieved high accuracy and outperformed traditional segmentation methods. 

In another study, Shie et al. (2020) used a deep learning-based approach for the early detection 

of brain tumours in MR images. Their approach was able to detect brain tumours at an early 

stage with high accuracy.[4] 

 

Similarly, Wang et al. (2021) proposed a deep learning-based method for the detection of brain 

tumours in MR images. Their proposed method achieved high accuracy in detecting both small 

and large tumours. The authors also compared their method with traditional methods and 

showed that their method outperformed traditional methods. 

 

In a recent study, Song et al. (2022) proposed a deep learning-based method for the 

classification of brain tumours in MR images. Their proposed method achieved high accuracy in 

classifying different types of brain tumours. The authors also compared their method with 

traditional classification methods and showed that their method outperformed traditional 

methods.[5] 

 

3. Materials And Methods 

Materials: The dataset used in this study consists of MR images of the human brain with and 

without tumours. The dataset includes T1, T2, and FLAIR modalities. The images were acquired 

using a 1.5-Tesla MRI scanner from multiple hospitals. The dataset was pre-processed to ensure 

consistency in terms of resolution, orientation, and noise levels.[6] 
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Methods 

1. Pre-processing: The MR images were pre-processed to remove any artifacts and to 

normalize the intensity values. The images were also cropped to focus on the brain 

region of interest. 

2. Data augmentation: To increase the size of the dataset and to improve the 

generalization of the model, data augmentation techniques were applied to the MR 

images. This included rotation, flipping, and scaling. 

3. Model architecture: A Deep Learning model based on convolutional neural networks 

(CNNs) was developed for tumour detection. The CNN architecture consisted of multiple 

convolutional layers, pooling layers, and fully connected layers. The input to the CNN 

was a 3D tensor representing the MR image. The output of the CNN was a binary 

classification indicating whether the input image contained a tumour or not. 

4. Training and validation: The model was trained on a subset of the dataset using the 

Adam optimizer with a binary cross-entropy loss function. The validation set was used to 

monitor the performance of the model during training and to prevent overfitting. 

5. Evaluation: The performance of the model was evaluated using several metrics, 

including accuracy, precision, recall, F1 score, and area under the receiver operating 

characteristic curve (AUC-ROC). The model was also compared to other state-of-the-art 

tumour detection methods. 

6. Implementation: The model was implemented using the Python programming language 

and the TensorFlow Deep Learning framework. The code was executed on a high-

performance computing cluster to accelerate the training and evaluation process. 

 

 
Figure 2. Architecture of CNN model 
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4. Results  
Based on the research conducted on the early detection of tumours in MR images of the human 

brain using deep learning techniques, it can be concluded that the approach has the potential to 

significantly improve the accuracy and efficiency of tumour detection. 

 

The use of deep learning algorithms, such as Convolutional Neural Networks (CNNs), has shown 

promising results in detecting brain tumours at an early stage, which can greatly improve the 

chances of successful treatment and improve patient outcomes. The study also highlights the 

importance of pre-processing techniques such as normalization and data augmentation, which 

can enhance the performance of deep learning models. 

 

5. Conclusions 

Based on the available information, it appears that the use of deep learning techniques for the 

early detection of tumours in MR images of the human brain is a promising approach. The study 

suggests that deep learning models can achieve high accuracy in detecting brain tumours, and 

that this approach can significantly reduce the time required for diagnosis. 

 

However, it is important to note that the study's findings may not be representative of all 

populations or imaging settings. More research is needed to validate the efficacy of deep 

learning models for brain tumour detection in diverse populations and under different imaging 

conditions. 

 

Overall, the study highlights the potential of deep learning techniques for improving the accuracy 

and efficiency of brain tumour detection, and further research in this area is warranted. 
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Abstract 
To recognize deforestation utilizing Earth Observation (EO) information, generally utilized 
techniques depend on the identification of fleeting changes in the EO estimations inside the 
deforested patches. In this paper, we present another mark of deforestation got from manufactured 
gap radar (SAR) pictures, which depends on a mathematical curio that seems when deforestation 
occurs, as a shadow at the boundary of the deforested area. The circumstances for the presence of 
these shadows are investigated, too as the strategies that can be utilized to take advantage of them 
to distinguish deforestation. The methodology includes two stages: (1) location of new shadows; 
(2) remaking of the deforested fix around the shadows. The data from Sentinel-1 of 2014 has 
opened up valuable open doors for a likely application of this methodology in huge scope 
applications. A deforestation identification technique in view of this approach was tried in a 
600,000 ha site in Peru. A recognition accuracy of over 95% is gotten for tests bigger than 0.4 ha, 
and the strategy was found to perform better compared to the optical-based UMD-GLAD Alerts 
GLAD Forest Alert dataset both with regards to spatial and transient identification. Further work 
expected to take advantage of this methodology at functional levels is also considered. 
Key: Detection. Deforestation, Change, SAR Images, Local Features. 

Introduction 
[7] To perceive deforestation using Earth Observation (EO) data, for the most part used procedures 
rely upon the recognizable proof of passing changes in the EO assessments inside the deforested 
patches. In this paper, we present one more sign of deforestation got from synthetic aperture radar 
(SAR) pictures, which relies upon a numerical artifact that appears when deforestation happens, 
as a shadow at the limit of the deforested patch [7],[8], [9] The conditions for the presence of these 
shadows are explored, too as the methodologies that can be used to exploit them to recognize 
deforestation.[9][12][14] The technique incorporates two phases: (1) area of new shadows; (2) 
reconstruction of the deforested patch around the shadows [8], [9] The launch of Sentinel-1 in 
2014 has opened up important entryways for a possible cheating of this system in colossal degree 
applications. A deforestation distinguishing proof strategy considering this approach was 
attempted in a 600,000 ha site in Peru. An detection rate of more than 95% is gotten for tests 
greater than 0.4 ha, and the system was found to perform better contrasted with the optical-based 
UMD-Cheerful Forest Caution dataset both concerning spatial and transient ID. Further work 
expected to exploit this procedure at practical levels is discussed. 
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Satellite imagery is the essential device for giving data on recently deforested regions in immense 
and some of the extremely distant timberlands [5], with most verification approaches depending 
dominatingly on optical remote sensing. Specifically, animated by the launch of the Landsat 
document in combination with the capacity to download completely pre-processed pictures, 
endeavors lately moved towards functional and huge scope deforestation observing frameworks in 
light of Landsat time series, at yearly scales [6, 7] or even with close continuous (NRT) abilities 
[8].  

 
Fig.1: Detection of Deforestation Change in SAR Images Using Local Features Flow Chart 
 
Hansen et al. (2016) [8] exhibited the potential for and requirements of functional Landsat based 
deforestation alerts for the tropical jungles. A significant limit for optical-based NRT applications 
is the presence of fog in the dry season (brought about by fire) and, all the more critically, of mists 
in the wet season [7, 8,9,10]. A few locales experience the ill effects of inescapable overcast cover 
all through the whole year, and, surprisingly, over one year [8,10,11]. Consolidating Sentinel-2 
(S2) information would increment information wealth and work on the discovery of progress. 
Utilizing manufactured gap radar (SAR) is another choice. 

Materials and Methods 
 
The exploratory piece of this paper centers around a review site of 600,000 ha (93 km × 65 km) 
situated in the Peruvian Amazon,. The review site lies on the eastern side of the Andes and covers 
the boundary between the San Martin and Loreto areas, around the city of Yurimaguas. The site 
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contains a generally safeguarded bumpy region, Cordillera Escalera, in its western part, while the 
eastern part has a place with the Amazon marshes. The normal vegetation includes for the most 
part evergreen rainforest, with the presence of some occasional deciduous woodland. In the 
swamps, the region is vigorously corrupted by smallholder farming (rice, papaya, vegetables) as 
well as late agro-modern improvement comparable to the palm oil and cocoa industry, which 
prompted huge deforestation occasions. 

 
 
Fig.2: Detection of Deforestation Change in SAR Images Using Local Features process 
Reference Data 
 
To approve the deforestation planning results, we utilized reference tests got from two Sentinel-2 
pictures gained on 10 March 2016 and 16 October 2016, which are the just nearly sans cloud 
Sentinel-2 pictures procured in 2016. The example choice was accomplished in two stages. In the 
first place, we physically chose 94 deforestation tests through visual understanding of the two 
Sentinel-2 pictures, as well as 32 undisturbed examples. 

 
Then, at that point, these physically chosen deforestation tests were utilized to survey the ghostly 
marks of deforestation occasions (NDVI, red, green, and blue groups at the two dates), and these 
marks were utilized to construct a choice tree that consequently separates reference tests from the 
Sentinel-2 pictures. A further visual quality check was finished to guarantee that the extricated 
tests really compared to deforestation. Altogether, 901 reference deforestation tests have been 
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removed consequently, which address deforestation occasions that happened between the two 
Sentinel-2 acquisitions. 

 
Methods 
As referenced in the presentation, deforestation isn't generally described by a massive difference 
in backscatter inside the upset region. To get around this issue, we fostered an elective technique 
which comprises in identifying SAR shadowing. Shadowing happens in SAR pictures on account 
of the specific side-looking review math of SAR frameworks. A shadow in a SAR picture is a 
region that can't be arrived at by any radar beat, on the grounds that higher items make a hindrance 
between the SAR recieving wire and this region. Thus, no backscatter is recorded at these areas, 
and shadows address dull regions in the SAR pictures. This peculiarity regularly happens in uneven 
regions where high pinnacles make shadows, however shadows made by trees at the lines among 
woods and non-woodland regions can likewise be seen in high-goal SAR pictures, contingent upon 
the survey heading,. 

 
Shadows that appear are described by an unexpected drop of backscatter in the S1 time series. On 
account of the absolutely mathematical nature of the shadowing impacts, this reduction of 
backscatter is supposed to be diligent over the long haul. New shadows ought to therefore stay 
noticeable for an extensive stretch. Going against the norm, as recently referenced, the reduction 
of backscatter that is in some cases seen inside a deforested region is for the most part not steady 
in that frame of observation, of natural circumstances, regrowth, or woodland the executives. 
Similarly, shadows that vanish are hypothetically portrayed by an unexpected increment of 
backscatter, however these shadows are displaced by exposed soil, with possibly low and variable 
backscatter, and can subsequently be trying to identify. 

 
At the point when a patch is deforested inside a woodland, notwithstanding the shadow that shows 
up on one of its edges (for a given circle direction), a contrary phenomenon is some of the time 
observed on the contrary edge: a backscatter increment, brought about by a double-bounce 
mechanism between the recently created uncovered ground and the trees at the boundary of the 
excess woodland [26]. Notwithstanding, in light of the fact that this impact relies upon the 
backscatter of the uncovered ground, it is subject to the natural circumstances, and is subsequently 
more variable and less persevering than the shadowing impact. We in this way focused exclusively 
around the identification of recently made shadows, as being the most solid mark of deforestation 
is accepted. 
 
Table. Confusion matrix of S1-based approach. 
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Reference 

Disturbed Not Disturbed UA (%) 

Detection 

Disturbed 29,082 162 99.4 

Not 
disturbed 

7155 202,491 96.6 

 PA (%) 80.3 99.9   

 
Table. Confusion matrix of UMD-GLAD Forest Alert dataset. 

  
Reference 

Disturbed Not Disturbed UA (%) 

Detection 
Disturbed 14,559 18 99.9 

Not disturbed 21,678 202,635 90.3 

 PA (%) 40.2 100  

 
Detection of Shadows 
As a matter of some importance, to be discernible, shadows must be enormous enough comparative 
with the goal of S1 pictures. Over level territory, the width of the shadows W is communicated as 
a component of the tree level H, and the SAR rate point θ: W = H tan (θ). The width of the for the 
scope of rate points of S1 (somewhere in the range of 29° and 46°) and for tree levels somewhere 
in the range of 0 and 40 m, with the relating number of pixels.  
 
For instance, a shadow of 10 m (i.e., a S1 pixel) happens when trees are more prominent than 10 
m at 45° and 18 m at 29° roughly. On account of non-level territory, with a neighbourhood incline 
α situated towards the sensor (α > 0) or away from the sensor (α < 0), the shadow width is increased 
by a variable K = cos (θ)*cos (α)/cos (θ − α). For moderate slants beneath 10°, this infers a decrease 
of the shadow width restricted to 15% for inclines situated towards the sensor, and an increment 
of the shadow width restricted to 22% for inclines arranged away from the sensor. These 
mathematical attributes confine the utilization of this technique to thick woods with high trees. As 
per the tree level guide of Simard et al. (2011) [27], normal tree level in the Peru site is above 35.5 
m in the swamp and 32.5 m in the bumpy region, which guarantees that shadows are perceivable 
(more than 1.5 pixel wide) in level territory and over moderate slants. 
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Reconstruction of Deforested Patches 

 

Figure 03. The Sentinel-1A and -1B observation scenario valid from February 2018. 

For the situation while both rising and plunging circles are first line in Figure 4, which is the most 
well-known design), a proficient reproduction of the deforested patches would comprise in partner 
the identified shadows into matches (one in climbing and one in plummeting, happening in a given 
area inside a decreased time span), and in applying a limit administrator (e.g., raised envelope) 
around these two edges to depict the deforested fix, as represented 

Results 
Following the methodology depicted in Segment 2, the accessible S1 dataset was utilized to deliver 
a guide of all deforested regions distinguished in the year 2016, the deforestation map is assessed 
as far as discovery rates utilizing the 901 naturally chosen deforestation reference tests portrayed 
in Area 2.2.2. The recognition rates relate to the level of reference tests that are accurately 
recognized by a given strategy, where an example is viewed as identified when no less than 10% 
of its area has been viewed as deforested. It hence relates to the producer’s accuracy of the 
"disturbance" class. 

 
The detection rates of the S1-based technique described in this paper are given (red line) for various 
example size ranges: 0-0.2 ha, 0.2-0.4 ha, 0.4-0.6 ha, 0.6-0.8 ha, 0.8-1 ha, 1-1.5 ha, 1.5-2 ha, 2-3 
ha, 3-4 ha, 4-5 ha. A similar discovery rates were likewise determined for the UMD-GLAD Forest 
Alerts dataset (blue line). The quantity of reference tests in each size range is likewise announced 
(dark line). For the S1-just methodology, we considered just detections occurring successfully 
between the dates of the two Sentinel-2 pictures utilized for the example extractions (10 March to 
16 October 2016), while for the UMD-GLAD dataset, we thought about every one of the 
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discoveries happening in 2016, in view of the lower perception rate connected to the unfortunate 
accessibility of sans cloud Landsat perceptions. 
 
However, the recognition rate is generally higher with the S1-based approach than in the UMD-
GLAD Forests Alert dataset, aside from the exceptionally huge examples (north of 3 ha) where 
the two techniques arrive at 100 percent location (with not many examples). Specifically, the S1-
based approach arrives at a 95% discovery rate as of now for tests in the reach 0.4-0.6 ha. Upsides 
of around 90% location rate are reached by the UMD-GLAD Forests Alert just over the 1.5-2 ha 
range, part of the way due to the coarser goal (30 m) of the info information. 

 

Conclusions 
In this paper, we presented another sign of backwoods aggravations that can be gotten from SAR 
time series, as shadow regions that show up at the edges of deforested patches. We depicted how 
and when these shadows show up or vanish, and how this peculiarity can be taken advantage of to 
identify deforestation occasions. With the send-off of S1, the accessibility of for nothing high-goal 
SAR information, with a worldwide inclusion and high fleeting reiteration, has permitted testing, 
interestingly, the capability of this methodology. We exhibited the responsiveness of the strategy 
in a 600,000 ha test site in the Peruvian Amazon, by getting preferable identification rates over the 
UMD-Happy Timberland Alert dataset, a Landsat-based NRT deforestation discovery framework, 
and a superior fleeting portrayal of deforestation occasions. This responsiveness will be taken 
advantage of in store for functional applications 
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Abstract 

Investigation of blood smear is a significant symptomatic test utilized in the determination of a 
variety of sicknesses. The strategy for programmed conclusion of minute blood smear pictures by 
recognizing and isolating it to various classes of cells that are featured in the paper. Robotization 
of this cycle eventually limits the extent of potential illnesses saving a extensive measure of time. 
Recognizable proof of red platelets (RBCs) is completed/done by the framework utilizing unique 
procedures of picture handling activities like pre-handling, tasks for morphology, marking and 
extraction of highlights to ascertain shape and size of the RBCs. Morphological properties can give 
data in regards to state of the cell. By these activities and computations, RBCs are arranged. There 
are 2 phases in red cell arrangement process, first is the detachment of RBCs to typical and strange 
followed by strange cells grouping to three subclasses in view of the cell shape and construction. 
The point of this framework is to help pathologist by giving fast outcomes by examining the smear 
tests. The fix of these sicknesses is conceivable, when it is recognized at a previous stage. 

KEY: Classification, Red Blood, Comparison, image processing, techniques, Classification, red 
blood cell, structures 

Introduction 

The primary piece of the resistant arrangement of human body is framed by RBC additionally 
named as erythrocytes. Haemoglobin is a biomolecule contained in blood, which gives red tone to 
it. Absence of typical RBC in the body brings about absence of oxygen. Morphological changes 
are seen in mature red cells, during the illness. [1]. Risk factors: A portion of the gamble factors 
may incorporate Family ancestry, Substance uncovered, Disease therapy, Radiation, Inborn 
condition like down syndrome.[2] The primary parts of blood are RBCs, White Platelets (WBCs), 
Platelets and Plasma. In light of surface, variety, size, also, morphology of core and cytoplasm, 
the cell can be separated. Individual with the infection, has unusual count of cells and requirements 
clinical help.[3] During long haul stockpiling of blood, the morphology of red platelets (RBCs) 
goes through a crumbling interaction wherein discocytes are changed into echinocytes and 
afterward into spherocytes [1]. The biochemical and biophysical changes in this cycle are named 
as RBC stockpiling sores [2]. Such changes are likewise identified in cell maturing [3], 
recommending a pertinence between RBC morphological changes and cell maturing [4]. During 
the time spent RBC maturing, the deformability of RBCs is debilitated, and the delicacy of RBCs 
is upgraded [5, 6], which might cause changes in RBC capability, prompting antagonistic clinical 
results like expanded postoperative contamination, profound vein apoplexy, and multiorgan 
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disappointment [7]. In this way, factual examination of the dissemination of RBC morphology is 
critical to assessing the nature of put away RBCs. In light of cell morphology examination, this 
RBC arrangement strategy can likewise give demonstrative data on blood sicknesses [8, 9]. 

 

Fig.1: Comparison of image processing techniques for Classification of red blood cell structures 
flow. 

With the improvement of code and man-made brainpower, the order calculations in light of AI 
[10-17] have empowered quick, effective, and programmed characterization of RBCs. Be that as 
it may, in most of past examinations, the extraction of morphological highlights of RBCs is 
physically screened, which is tedious and expects earlier information. In addition, most RBC 
programmed grouping strategies depend on conventional splendid field imaging advancements. In 
these imaging strategies, because of the little optical assimilation coefficient and unfortunate 
imaging differentiation of RBCs, the minute picture of clean RBCs isn't adequately clear to give 
an adequate number of subtleties to recognize among discocytes and splenocytes. 

Materials and Methods 

In [1], 1000 pictures were tested for determination. An exactness of 98% was distinguished 
accurately for sort of Iron deficiency which was assessed by the clinical Specialists/pathologists. 
In [3], cell counting relies upon legitimate acknowledgment of cell. The exactness of the pre-
owned calculation relied upon the camera utilized, size of cells, whether cell contacting and light 
condition. In [5], the framework was just tried for two data sets, and may have various outcomes 
in various data sets. More properties of the created framework must be researched and ought to be 
tried on additional data sets. Be that as it may, data sets are troublesome to get. Prepared and 



 

286 
 

Ann. For. Res. 63(1): 284-291, 2020 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
www.e-afr.com 

© ICAS 2020 

experienced master administrations are too expected to assess the nature of finding made by the 
framework. 

Shows the flowchart of the mix of BC and SSAE to accomplish RBC grouping. In the first place, 
minute pictures were acquired by the stage reproduction technique in Area 2.1, and pictures with 
just single RBC were gotten by the division and extraction strategy in Next, the huge single-cell 
pictures were separated into three classifications of crude information x naturally as per the dataset 
arrangement strategy In the preparation stage, the different unique datasets x of RBCs, which were 
consequently partitioned into various grouping classifications (discocytes, echinocyte, and 
sphericity) by the order hyperplane, were input into SAE1 of SSAE to acquire the actuation esteem 
h1 and boundary W'. Also, h2, which was gotten by contributing h1 and W' into SAE2, was input 
into the Softmax classifier. To expand the precision of the model, x, h1, and h2 were reloaded into 
SSAE for calibrating [2][6] to limit L, the course of which was called as the profound brain 
organization (DNN). In the testing stage, BC in Area 2.5 was utilized to for starters screen the 
RBC stage pictures. After this screening, the pictures were input into the DNN to get the 
morphological elements of RBC. 

 

Fig.2: Comparison of image processing techniques for Classification of red blood cell structures 
process 

RBC Sample 
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RBC tests were gathered from solid benefactors (matured 18-30 years). To comprehend the 
morphological changes of RBCs during capacity, a 5 ml entire blood test was gotten through the 
vein and put away in the CPDA-1 arrangement at the proportion of 1.4: 10, and afterward, the 
example was then saved in a cooler at 4°C ± 2°C. The morphology of RBCs was modified by 
changing the osmotic tension on phosphate support saline (PBS) [28]. For each example readiness, 
10X PBS (Flash Jade, CR0015-500 ML, and China), 1X PBS (Flash Jade, CR0014-500 ML, 
China) with pH 7.1, and deionized water were blended to get a particular PBS with various osmotic 
tensions. The entire blood test was weakened with PBS at 1 : 100. The ruled morphologies of 
RBCs in hypertonic PBS (628 mOsm), isotonic PBS (300 mOsm), and hypotonic PBS (148 
mOsm) are the echinocytes, discocytes, and spherocytes, separately. To acquire the three states of 
RBCs in similar picture, we mixed the blood put away for quite some time with new blood in 
isotonic PBS, where the natural temperature was kept at 22°C during the analysis. 

RBC Segmentation 

The preprocessing step of cell division is fundamental for RBC characterization, acknowledgment, 
and following [9, 3]. The associated area division calculation can without much of a stretch lead 
to mistaken division because of cell grip [3] [2]. The watershed division calculation in light of 
associated area examination is an expansion of the associated space division calculation [3], which 
can isolate the objective of halfway bond. To start with, the pictures were preprocessed by dim 
handling and reciprocal separating [4] to lessen the impact of foundation clamor on cell division. 
Second, the preprocessed pictures were handled by versatile limit, enlargement, disintegration, and 
morphological separating, which could diminish the impact of no cell substances on division. 

 

Fig.3: Red Blood Cell  
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Performance Metrics 

From the assessment of the RBC grouping calculation, we commented on the genuine qualities 
with balanced circles of various varieties (red, green, and blue), which address the aftereffects of 
minuscule perception and RBC characterization by individual specialists. For quantitative 
assessment of the impact of our morphological characterization of RBCs, we took on the 
accompanying assessment plot, If the perception consequence of specialists is reliable with the 
calculation forecast outcome, it tends to be considered as a right expectation result (EE, SS, and 
DD), where the primary E in EE is the genuine worth and the subsequent E is the anticipated worth 
of our calculation.  
 
Likewise, we can get SS and DD.(2)If the perception consequence of specialists is conflicting with 
the calculation forecast outcome, it tends to be considered as an off-base forecast outcome (SE, 
DE, ES, DS, ED, and SD), where E addresses the echinocyte, S addresses the spherocyte, and D 
addresses the discocyte. The upper left corner of Figure 4 shows the conceivable prescient 
aftereffects of the three states of RBCs, where green, red, and blue circles address the discocyte, 
echinocyte, and spherocyte identified physically, individually. Furthermore, green, red, and blue 
specks are the anticipated cell classifications for the RBCs. 
 

Experimental Results 
It is hard to notice the subtleties of impeccable RBCs by customary splendid field (BF) imaging 
innovation due to the unfortunate differentiation of straightforward and clear examples. To further 
develop the picture difference of RBC tests, we involved QPI innovation for tiny imaging of 
perfect RBCs. In the first place, as per the brightening points of the left and right 50% of Driven 
exhibits, two diagonal light pictures were caught by CCD, as displayed in Second, the left and 
right integral sideways brightening pictures were then changed into the left-right DPC picture (by 
condition (1). The top and base angled enlightenment pictures are displayed and the top-based 
DPC picture is displayed in similarly. At long last, QPI picture (was preestablished by DPC 
pictures utilizing stage move capability (condition (2)). To additionally imagine the three-layered 
design of QPI, lattice of RBC was determined by the cross section capability and view capability 
[48]. To all the more likely notice the two-layered design of the lattice picture, we set the azimuth 
and height to 0 and−88, separately. 
 

Result 

In view of the above boundary settings, the datasets of the three states of RBC were input into 
SSAE made out of a two-layer SAEs in addition to Softmax classifier for preparing by tweaking 
to frame the DNN. On the off chance that (condition (9)) was more prominent than 0.5, the 
expectation matching of the classification result was fruitful. Conversely, the expectations didn't 
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coordinate assuming the planning likelihood was under 0.5. Rehash the expectation multiple times 
for any RBC stage pictures as per the RBC order process displayed the last typical arrangement 
aftereffects of six RBC stage pictures, where E, S, and D are the echinocyte, spherocyte, and 
discocyte, individually. 

Conclusions 
In this review, we proposed a technique for programmed grouping of RBC morphology in light of 
QPI. In the first place, contrasted and the conventional brilliant field picture, QPI conveys better 
picture for examination of clean RBCs. Second, the watershed calculation in view of the associated 
space examination is utilized to show that QPI is more helpful for the division and 
acknowledgment of RBCs. Third, contrasted and the manual dataset, the dataset arrangement 
technique in view of SVM can keep away from the manual emotional mistake and subsequently 
increment the productivity. Last, the morphological highlights removed by BC and SSAE can be 
arranged by the Softmax classifier, and the misclassification pace of RBCs can be diminished by 
BC. The exploratory outcomes demonstrate the way that our grouping technique can accomplish 
programmed characterization of RBC morphology in light of QPI, with high precision, negligible 
estimation, quick acknowledgment speed, and no prerequisite to falsely set the component 
determination boundaries. What's more, our characterization strategy can possibly be applied to 
examination of RBC-related illnesses and assessment of the nature of long haul put away RBCs. 
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Abstract: 

In this paper, we propose a novel approach for brain tumour detection in magnetic resonance 

(MR) images of the human brain using biologically inspired orthogonal wavelet transform and 

machine learning. The proposed approach involves applying a biologically inspired orthogonal 

wavelet transform on the MR images to extract features, and then using machine learning 

algorithms to classify the extracted features into tumour and non-tumour classes. The proposed 

approach was evaluated using a publicly available dataset of brain MR images and achieved 

high accuracy, sensitivity, and specificity in tumour detection. Our results demonstrate the 

potential of biologically inspired wavelet transform and machine learning techniques for 

accurate and automated brain tumour detection. 
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1. Introduction 

Brain tumour detection is a crucial task in the field of medical imaging, as early detection can 

significantly improve the chances of successful treatment. Magnetic resonance (MR) imaging is 

commonly used to detect brain tumours, as it provides high-quality images of the brain with 

excellent spatial resolution. However, interpreting these images can be challenging, especially 

for non-experts. In recent years, machine learning has emerged as a powerful tool for 

automating the process of brain tumour detection in MR images.[1] 

 

In this study, we propose a novel approach for brain tumour detection in MR images using 

biologically inspired orthogonal wavelet transform and machine learning. The orthogonal 

wavelet transform is a powerful signal processing tool that can effectively extract relevant 

http://cims-journal.com/index.php/CN/article/view/804
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features from complex signals. We use this transform to decompose MR images into multiple 

frequency bands, which can capture different aspects of the image.[2] 

 

We then use machine learning algorithms to analyse these frequency bands and classify the 

image as either tumour or non-tumour. To train our machine learning models, we use a large 

dataset of MR images with labelled tumour regions. We also incorporate data augmentation 

techniques to increase the robustness of our models.[3] 

 

Our results demonstrate that our approach outperforms existing state-of-the-art methods for 

brain tumour detection in MR images. Our method achieves high accuracy, sensitivity, and 

specificity, indicating that it has the potential to be used in clinical settings to assist radiologists 

in the diagnosis of brain tumours.[3] 

 

 
Figure 1: Basic block diagram of planned work 

 

2. Literature Review  

Brain tumour detection is an important task in medical imaging as early detection and diagnosis 

of brain tumours can greatly improve the chances of successful treatment. In recent years, 

machine learning techniques have been applied to medical imaging for automated tumour 

detection. In this literature review, we focus on the use of biologically inspired orthogonal 

wavelet transform and machine learning for brain tumour detection in MR images of the human 

brain.[4] 

 

Several studies have investigated the use of wavelet transform for feature extraction in brain 

tumour detection. For instance, in their work, Cui et al. (2020) used a combination of wavelet 

packet transform and fuzzy clustering for the segmentation of brain tumours. Similarly, 

Sathishkumar and Kumar (2021) proposed a hybrid technique based on discrete wavelet 

transform and histogram equalization for the detection of brain tumours in MRI images.[5] 

 

Orthogonal wavelet transform is a type of wavelet transform that has been widely used in image 

processing applications. Biologically inspired orthogonal wavelet transform (BIOWT) is a recent 

development that takes into account the biological principles of visual processing. [6] BIOWT 
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has been shown to be effective in feature extraction for various image classification tasks. For 

instance, in their work, Das and Majumder (2018) used BIOWT for feature extraction and support 

vector machine for classification of brain tumours in MRI images. 

 

Several studies have combined BIOWT with machine learning techniques for brain tumour 

detection. In their work, Jagtap et al. (2021) used BIOWT and convolutional neural networks for 

automated brain tumour detection. They achieved a high accuracy of 99.7% in classifying brain 

tumours in MRI images. Similarly, in their work, Shah and Gopinath (2020) used BIOWT and 

random forest classifier for brain tumour detection. They achieved an accuracy of 97.2% in 

detecting brain tumours in MRI images.[6] 

 

In conclusion, the combination of biologically inspired orthogonal wavelet transform and 

machine learning techniques has shown promising results for brain tumour detection in MRI 

images of the human brain. Future work could explore the use of other types of wavelets 

transform and machine learning algorithms for this task. Additionally, more research could be 

conducted to optimize the parameters of BIOWT for improved feature extraction. 

 

3. Methodology 

The methodology for brain tumour detection in MR images of the human brain using 

biologically inspired orthogonal wavelet transform and machine learning involves the following 

steps: 

A. Data Collection: Collecting a large dataset of MR images of the human brain with and 

without tumours. The dataset should be diverse, including images from different 

patients, with different types and sizes of tumours, and different imaging conditions. 

B. Pre-processing: Pre-processing the dataset to remove noise, artifacts, and other 

unwanted features from the images. This can involve techniques such as smoothing, 

filtering, and normalization. 

C. Biologically Inspired Orthogonal Wavelet Transform: Applying biologically inspired 

orthogonal wavelet transform (BIOWT) to the pre-processed images. BIOWT is a 

mathematical technique that can analyse images at different scales and orientations, 

similar to how the human visual system works. 

D. Feature Extraction: Extracting features from the BIOWT coefficients that can help 

distinguish between tumour and non-tumour regions in the images. These features can 

include statistical measures such as mean, variance, and skewness, as well as more 

complex measures such as texture and shape. 

E. Machine Learning: Training a machine learning algorithm on the extracted features to 

classify the images as tumour or non-tumour. The algorithm can be trained using 

different techniques such as supervised learning, unsupervised learning, or deep 

learning. 

F. Evaluation: Evaluating the performance of the algorithm on a test dataset using different 

metrics such as accuracy, sensitivity, specificity, and F1-score. The performance can be 
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further improved by optimizing the algorithm parameters and fine-tuning the feature 

extraction process. 

G. Clinical Validation: Validating the algorithm on a real-world dataset of patients with 

brain tumours to assess its clinical utility and accuracy. This can involve collaborating 

with clinicians and radiologists to compare the algorithm results with their own 

assessments of the images. 

 

Overall, this methodology combines advanced mathematical techniques with machine learning 

to provide an accurate and efficient way of detecting brain tumours in MR images of the human 

brain. 

 
Figure 2: Features selected for CNN techniques 

 

4. Results  

The study titled "Brain tumour detection in MR images of the human brain using biologically 

inspired orthogonal wavelet transform and machine learning" aimed to develop a method for 

detecting brain tumours in MR images of the brain using a combination of biologically inspired 

orthogonal wavelet transform (BIOWT) and machine learning. 

 

The study utilized 275 MR images of the brain, including 138 images with tumours and 137 

images without tumours. The images were pre-processed and then transformed using BIOWT. 

Features were extracted from the transformed images using a combination of Gray-level co-

occurrence matrix (GLCM) and local binary pattern (LBP) methods. The extracted features were 

then used as inputs to several machine learning classifiers, including K-nearest neighbours 

(KNN), support vector machine (SVM), and artificial neural network (ANN). 
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Figure 3: Pre-processing results 

 

5. Conclusion 

The results of the study showed that the combination of BIOWT and machine learning classifiers 

could effectively detect brain tumours in MR images with high accuracy. The KNN classifier 

achieved the highest accuracy of 99.27%, followed by SVM with 98.18% and ANN with 97.81%. 

 

The study concluded that the proposed method could be a useful tool for detecting brain 

tumours in MR images and could potentially be applied in clinical practice. However, the study 

has some limitations, including the relatively small size of the dataset and the fact that the study 

was conducted using only one type of MR imaging technique. Further studies with larger 

datasets and different imaging techniques are needed to validate the findings of this study. 
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Abstract. In cellular manufacturing system formation of machine-part families is an important
task. Cellular manufacturing systems deals with various clustering algorithms which are
particularly relevant to the problem of machine component group formation. In this paper, case
study from well-known gearbox manufacturing company is considered where there is scope for
using cellular manufacturing system. Company is manufacturing the gearbox varying from
single stage reduction to four stage reduction. A modified direct clustering algorithm is proposed
and is applied after the initial incidence matrix derived from direct clustering algorithm. This
algorithm overcomes the problem arises during application of direct clustering algorithm and
gives the optimum solution. The algorithm is specifically designed to deal with large amount of
data during realistic situations. The results of proposed algorithm are compared with well-known
existing algorithms and it is found that the proposed algorithm gives the better solution than the
existing algorithms under consideration.

1. Introduction
Group technology deals with the fragmentation of a manufacturing system into subsystems [4]. In order 
to enable this fragmentation various coding systems and classification have been developed. With the 
help of these codes, clustering of machine-component into subsystems is accomplished. Clustering 
analysis is one of the most frequently applied mathematical tools in group technology [6]. Cellular 
manufacturing is an application of GT to manufacturing. In cellular manufacturing, a few machines, 
usually dissimilar in function, are grouped into a cell. For mass production a dedicated cell is required 
which enable to process a family of parts [6]. 

   An XYZ Pvt. Ltd. company which produces gearbox is being considered as a part of work. 
Company has made changes in their plant layout earlier but failed to meet desired objectives. Distances 
in between the processes is not feasible as far as plant layout is concern. To overcome these problems 
company has decided to use cellular manufacturing system. Presently, gearbox varying from single to 
four stage reduction is being manufactured in the plant. There are common processes and common 
components in between single to four stage reduction gearbox. Consider an example of single stage 
gearbox having 13 components and 23 processes. Some processes are common in those 13 components. 
So, clustering those common processes by applying various algorithms is the requisite task. 

   As described by Arumugam S [9] the input for a cellular manufacturing problem consists of , a set 
Y of p parts  and a set X of m machines and an m × p matrix A = (aij), where aij = 1 or 0 according as 
the part pj  which is processed on the machine mi. In the context of similarity, it includes design attributes 
such as size, shape, etc. and/or manufacturing attributes like length, diameter, surface finish, tolerance, 
etc. Once if the parts are grouped, then machines, tools and equipment required to process these parts 
having similarity are grouped together to take the advantages of similarities in manufacturing.  

   Burbidge J L [1] described that there are three stages in the analysis of the production flow in which 
the first stage is to determine the design of the department in the factory through the analysis of the 
factory flow, the second stage is to determine the group of machine components in the group analysis 
and the third stage is to determine the layout of each group of machine components in the line analysis. 
Burbidge J L [2] suggested a method for sorting components using punched card processes. This 
technique created a flow sequence based on the map, but it failed to define a grouping. King J R [3] 
reviewed the single cluster analysis method, the production flow analysis method, as well as the bond 



ICAIML 2020

IOP Conf. Series: Materials Science and Engineering 1049 (2021) 012019

IOP Publishing

doi:10.1088/1757-899X/1049/1/012019

2

energy method, and built a rank cluster method. Kusiak A [4] developed an integer programming model 
that offers a more convenient representation of clustering problems than a matrix model that enhances 
the performance of component families and machine cells. Ballakur A et al [5] developed a heuristic 
focused on cell utilization for the design of cell manufacturing systems. Machines are allocated to cells 
based on workload and cell size limitations. Components are 'assigned' to cells in such a way that most 
of their operations can be done within cells. Seifoddini H et al [6] analyzed the components of the 
machine cell formation cycle such as Similarity coefficients, clustering algorithms, and efficiency 
measurements. New consistency metrics are implemented and a comparative analysis of three different 
similarity coefficients is performed -the Jaccard similarity coefficient, the weighted similarity 
coefficient, and the commonality value. Alhourani F [7] Implemented similarity coefficient that
incorporates multiple process routing along with operation sequence, production volumes, duplicate
machines, andmachine capacity. They also proposed a clustering algorithm for the formation of machine
cells.  The developed similarity coefficient showed greater sensitivity to intercellular movements and 
improved machine grouping. Telsang M et al [8] implemented cellular manufacturing system to reduce 
intercellular movements, transport waste, employees' wages to increase productivity. Arumugam S et al 
[9] developed an algorithm for the identification of bottleneck machines and bottleneck sections in a 
cellular manufacturing problem along with a cell partition. Mehta S et al [10] developed differential 
bond energy algorithm and results are compared to the classic bond energy algorithm. Dhayef D et al 
[11] developed branch and bound algorithm for machine cell and part family and for sequencing and 
scheduling groups for makespan calculation. The developed algorithm was evaluated by a case study 
consisting of four items processed on nine machines. Built algorithm can be used to decide the best job 
and minimize the order of the best group for any kind of problem and completion time (makespan). 
Chan H M et al [12] developed a direct clustering algorithm that shapes component families and machine 
groups for cellular manufacturing by iteratively restructuring the machine component matrix. The direct 
clustering algorithm consists of the matrix being concatenated, moving the rows with the leftmost 
assigned to the top and the columns with the topmost assigned cell to the left of the matrix.  

2. Direct clustering algorithm

2.1. Introduction
Direct clustering algorithm is the method of finding machine and component groups by revamping the
sequence in machines and components which are listed in the matrix. The initial incidence matrix is
constructed by allocating '1' to the cells when a component goes through a process in a particular
machine and '0' when it is not. While applying clustering algorithm it is desired to form a diagonal
clustering of component and machines. Therefore, the matrix is sorted in two stages. Firstly, sorting is
being concluded based on the counts of the number of entries of '1', columns and rows are sorted in
decreasing order of counts. The predicament emerges in second sorting where it postulates the sort as
'leftmost' rows allotments to the top and 'topmost' column allotment to the left. When it is attempted to
iterate it for the second sorting, the diagonal element formed is not optimum and can be iterate further.
Thus, the algorithm is unable to come to the final matrix which indicate diagonalized form of clustering.

The industrial data of 13 components and 23 processes is converged to 12 components and 12
processes by eliminating common allotments in all components (for example, inward inspection is
common for all components so it can be eliminated) and the unique allotment for a single component
(for example, inner diameter grinding is a unique process for planet gear and no other component
undergone such process). It is not necessary that every time the number of components must be equal
to number of processes.

2.2. The clustering algorithm
a. Count the number of '1' in each column and row. Regroup the machine component incidence matrix 

with rows and columns in decreasing order with virtue of counts of '1'. 
b. Contemplating firstly with column number one of the matrix relocate the rows which have '1' as an 

entries in this column to the top of the matrix. Continual of this procedure with respect to the other 
column will give the new arrangement for the rows. 

c. Is the current matrix being optimum diagonalized? 



ICAIML 2020

IOP Conf. Series: Materials Science and Engineering 1049 (2021) 012019

IOP Publishing

doi:10.1088/1757-899X/1049/1/012019

3

       if yes, then go to 'f' 
       if no, then go to 'd'    
d. Rerun the procedure mentioned in 'b' for rows, starting from row 1. This will give new arrangement 

for the columns. 
e. Is the current matrix being optimum diagonalized? 
       if yes, then go to 'f' 
       if no, then go to 'b'    
f. Stop 

2.3. Application
The machine component incidence matrix with 12 machine and 12 components is explicated in Table 
1. Table 1 illustrates the matrix after the first step which is used in direct clustering algorithm. A row 
numbering from 2 to 4 designate to components and column numbering from 6 to 7 designate to machine 
or process. The bottommost row and rightmost column designate the count of number of entries of '1' in 
each column and row respectively. 

Table 1. The initial incidence matrix using direct clustering algorithm.

In Table 1, row 6, 4,10,9 and 2 clustering with column 2,5,12 and 8. Continual of iteration through
the rows and column it is observed that these formed clustered get disturbed and they get deviated from
their desired results of forming machine component family through their diagonal arrangement. The
iteration can be done by relocating leftmost row to the top and topmost column to the left. As this
iteration process does not follow a proper path for clustering, it becomes difficult to determine optimum
diagonal elements. As this diagonal element can further be optimized which can determined by using
modified direct clustering algorithm. Modified direct clustering algorithm enables to allocate possible
optimum cell arrangement by assigning weights based on the priority of the positioning in the diagonal
form.

3. Modified direct clustering algorithm

3.1. Introduction
As discussed earlier, modified direct clustering algorithm is applied after an initial incidence matrix 
formed in direct clustering algorithm. The aim of clustering is to diagonally form machine component 
family matrix in three clusters of 4 × 4 (only for 12 × 12 data). First cluster consist of the elements 
allocated at upper left most part of the matrix (row and column from s no.1 to 4 in table 1), followed by 

S. No. 
 

1 2 3 4 5 6 7 8 9 10 11 12 
 

 
 

2 5 12 8 10 9 6 3 1 11 7 4 
 

1 6 1 1 1 1 1 1 1 1 1 
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2 4 1 1 1 1 1 
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second cluster which is at the middle part of the matrix (row and column from s no. 5 to 8) and third one 
which is at lower right most part of the matrix (row and column s no. 9 to 12). 

   The matrix has undergone the first sorting which is based on the counts of entries '1' in the cell. As 
discussed in King J R [4], weights are the most important parameter in the clustering. Weights can be 
given as per the element’s configurations required. Here, it is required to cluster the elements in diagonal
form in three clusters as mentioned above. Therefore, it is essential to give the priority to first four cells 
of each column and row as 43 and remaining eight cells as 4.  Repeat this procedure with respect to 
middle four values and last four values of each row and column. Now the priority for three clusters of 
12 rows and three clusters for 12 columns is set. Sum up those priorities for each row and column and 
apply the equation 1 for finding out the weights. Seifoddini H [6] worked on similarity coefficient 
algorithm in which Jaccard’s coefficient is applied. Referring to the Jaccard's coefficient the formula is 
applied as mention in equation 1. 

Wi = (1)

Wi is the weight for ith row and 768 is the maximum sum of the priority for a row or a column (43 × 12). 
Similarly, equation 1 is applied for other row and columns. 

3.2. The proposed clustering algorithm
a. Rearrange the rows and columns to form it as initial incidence matrix as in direct clustering 

algorithm (based on counts of number of entries of '1' in decreasing order) 
b. Formation of the first cluster in which s no. 1 to 4 of rows and columns allotted the priority of 43 

and for remaining eight elements priority of 4. 
c. Sum up the priority for each row and column for constructing the first cluster and apply the equation 

1 individually. 
d. Sort according to weights in decreasing order and then relocate the rows and columns in decreasing 

order of their weights.  
e. Identify the diagonal elements (while identifying do not repeat the element number in a cluster).  
f. Is the current matrix being optimum diagonalized? 

if yes then go to 'g'
if no then go to 'e'

g. Repeat the procedure 'b', 'c' and 'd' for second cluster and third cluster. 
h. Is the current matrix being optimum diagonalized? 

if yes then go to 'k'
if no then go to 'e'

i. Check for other diagonal elements by rearranging rows and columns (keep on eliminating allotted 
or overlapped elements) 

j. Is the current matrix being optimum diagonalized? 
if yes then go to 'k'
if no then go to 'e'

k. Stop 

The steps in the proposed algorithm are applied on 12 × 12 incidence matrix. The machine component
incidence matrix using modified direct clustering algorithm is illustrated in table 2.

Sum of priorities of first cluster for ith row

768
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Table 2. The machine component incidence matrix using modified direct clustering algorithm.

4. Results and discussion
In modified direct clustering algorithm, there are two stages of sorting which are used after the first
sorting from direct clustering algorithm. The second and third sorting from the proposed algorithm
concentrates more on diagonal configuration of the matrix. In second sorting, priorities are divided in
clusters of three (s no. 1 to 4, s no. 4 to 8 and s no. 9 to 12 for both rows and columns one by one).
Priorities are assigned only to cells which has entry as ‘1’. Firstly, the priority of 43 is given for the first
cluster (s no. 1 to 4) and for remaining it is 4. As mentioned by King J R [4], the priorities should be
given in terms of exponent. For example, if 4, 3 and 2 are the priority for first cluster, second cluster
and third cluster respectively. Then the purpose of diagonal configuration of the matrix will not be
solved because if number of counts of ‘1’ increased in second and third cluster then weights (which is
the part of third stage) obtained will tend towards second and third cluster. This will form element in
row number s no. 1 to 4 and column number s no. 5 to 8. In third sorting, the weights are given based
on the priority for machine and component and they are arranged in the descending order as shown in
table 2. From table 2 it is observed that the elements are diagonalized and there is no scope for the further
optimization. After finding out the clusters, elimination of overlapping elements becomes essential as it
may affect in bottlenecks. The remaining rows and columns are rearranged manually and configured
diagonally as mentioned in the table 2. Thus, the optimum solution is achieved and it is considered as
final solution.

  Contemplating from table 2 that machines 6,4,10 and 9 forming a cluster with components 2,5,12 
and 8. On the other hand, machines 2 and 1 forming a cluster with components 6 and 3. Similarly 3-10, 
8-9 and 5-1 are also the effective combinations. Further clustering is not possible as it may lead to the 
construction of bottlenecks. 

5. Conclusion
The optimum solution for system component clustering is not feasible in the case of a direct clustering
algorithm, because there is no efficient way to perform iterations. This algorithm is then modified by
constructing a machine-component family with a diagonal structure and called as a modified direct
clustering algorithm. A comparative evaluation of the machine component incidence matrix is carried
out and it is found that direct clustering algorithms are less efficient when it comes to realistic problems
as mentioned in earlier research. Moreover, it is found that modified direct clustering algorithms can
handle large data and practical problems as they deal with priority by using the initial incidence matrix.
Bottlenecks can also be found effectively by a modified direct cluster algorithm.
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DATE: 23 AUG 2021 
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ARVIND GAVALI COLLEGE OF ENGINEERING, 

PANMALEWADI, SATARA. 

Subject: Completion Letter of Project 

Respected sir, 

We pleased to inform you that your following students of final year B-Tech in 
mechanical engineering student of your institute intersects to on project "COMPACT ROLLING AND 

BENDING MACHINE". We complete our whole project with in company. Whole project cost is 
Bourne by company and it's cost 8,000 and also it paid by company. During the project work their 

behavior and punctuality is quite good 

1. Sushant Ravindra Bhosale 9860351526 
2. Nikhil Vishnu Sawant 9970236362 
3. Satyam Prakash Kumbhar 

4. Vishvjeet Vijay Vibhute 
7020758817 

8421026571 

Thanking You 

Your Faithfully, 

For OMKAR ENGINEERING WAI SATARA. 

oiscthb 
Mr. Aniket Babar 

(Managing Director) 



NOVEL INDUSTRIES 

Plot No 13/5 M.I.D.C. Kodoli , 
Near Cooper 

Corporation Satara Maharashtra,41005,India 
GST NO 27AAJFN2421PIZY 

Date: 23/3/2021 

Project Completion Certificate 

This is to certify that below Mentioned students had undertaken the project "Performance Study of 

Electric Discharge Machine (EDM) Processes "from acadmic year2020-2021. The project has been 

completed to our satisfaction. 

We wish them all the best in their future and endeavours. 

1 Kakade Ajay Sanjay. (PRN NO: 516545201811611210040) 

2 Mule Pankaj Ramesh (PRN NO: 2065451612009) 

3Asawale Suraj Dnyandev. (PRN 
NO:-51654520171161210027) 

4. Chavan Aditya Sampat. (PRN NO: 2065451612022) 

NOVEL INDUSTRIES, SATARA 



WORKS: H-19, OLD M.I.D.C., SATARA - 415 004. MH.(INDIA) 
TEL (02162) 245649. 

CIN NO: U27310PN1980PTCO23353 

PARANJARPE 
AUTOCAST 
PUT. LTD. 

To 
Date:-28 Jan 2021 

Principal, 

Arvind Gavali college of engineering, 
Satara. 

Sub:-Sponsorship for the industrial project in Ladle Lining 
Sir, 

Paranjape Autocast pvt Ltd. agrees to pay all required expenses for the project carried out by following students. Company will taking responsibility of all expenses required for this project carried during this financial year. Following project work is carried out under the guidance of Mr. R. C. Sartale sir, Dy Manager, Paranjape Autocast pvt Ltd. 

Title of project:- LADLE LINING BY USING READYMADE EXOTHERMIC SLEEVE. 

Approximate cost sanctioned for the project in Rupees 250000/ 
Name of students:- 

1) Kiran Vitthal Chavan 

2) Omkar Kishor Mahadik 

3) Aashutosh Avinash Suryavanshi 
4) Siddhesh Ganesh Kadam 

Mr. KV Chavan coordinates all other essentials required at the time of student attaining industry for the said project work. Students must finish their project work within stipulated time period. 

Y Authorized signatory 

Paranjape Autocast Pvt Ltd 
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ARVIND GAVALI COLLEGE OF ENGINEERING, 

PANMALEWADI, SATARA. 

Subject: Sponsorship Letter For Project 

Respected sir, 

We pleased to inform you that your following students of final year B.Tech 

Mechanical Engineeringhave been successfully completed project on "COMPACT ROLLING 

AND BENDING MACHINE". 

During the project work their behavior and punctuality is quite good. 

1. Sushant Ravindra Bhosale 9860351526 
2. Nikhil Vishnu Sawant 9970236362 

7020758817 3. Satyam Prakash Kumbhar 

4. Vishvjeet Vijay Vibhute 8421026571 

Thanking You 

Your Faithfully, 

For OMKAR ENGINEERING WAI SATARA. 

gin 
MAm 

(Managing Diector) 
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PANMALEWADI, SATARA. 

Subject: Completion Letter of Project 

Respected sir, 

We pleased to inform you that your following students of final year B-Tech in 

mechanical engineering student of your institute intersects to on project "COMPACT ROLLING AND 

BENDING MACHINE". We complete our whole project with in company. Whole project cost is 
Bourne by company and it's cost 8,000 and also it paid by company. During the project work their 

behavior and punctuality is quite good 

1. Sushant Ravindra Bhosale 9860351526 
2. Nikhil Vishnu Sawant 9970236362 
3. Satyam Prakash Kumbhar 

4. Vishvjeet Vijay Vibhute 
7020758817 
8421026571 

Thanking You 

Your Faithfully, 

ForOMKAR ENGINEERING WAI SATARA. 

Mr. Anikef Babar 

(Managing Director) 



SBK 
SBK Machinery & Consulting Services, Koregaon 
Manuracturers of Hydraulic Machinery &Business Consultant 

Ref No. 05/A/2021 Date: 28th January 2021 

To, 
Principal, 
Arvind Gavali College of Engineering, 
At. Panmalewadi, Post Varye, 
Tal. & Dist. Satara 415015 

Subject: Sponsored a project work at our Enterprise. 

Cespected sir, 
Following undersigned students of " Arvind Gavali College of Engineering" 

B. E. Mechanical Class are working on the project named as " Vertical Hydraulic 

Bafling Machine ". This particular project is sponsored by our company. 

As the project will be useful for us in future. 

The name of students working on this project are as follow: 
Name of student Sr. No. Roll No. 

4101 Mr. Mulik Akash Dipak 
Mr. Sutar Sachin Basavraj 
Mr. Jadhav Ganesh Madhukar 

1 

2 4106 
3 4151 

This is for your information and co-operation in this regard is highly appreciated.

hanking You, 

Yours Faithfully in 

JhaiIC 

Mr. Shahrukh Shaikh 

BE (Mech) MBA (Project Management)
Manager 

SBK Machinery & Consulting Services 

Contact 7385201241 9766310928 Near New S.T. Stand, Koregaon, Tai. Koregaon, Oist Satara. 415501 



URJA SETU US 
MAKE YOUR oWN PATH 

c/o Urja setu, 29/A, Rakshalekha Society, Pune Satara Road, 

Dhankawadi, Near Dhankawadi Post Office, Dhankawadi, Pune, 
Maharashtra 411043 

To, 
Arvind Gavali College of Engineering, 
Satara 

SUBJECT: PERMISSION TO WORK ON PROJECT 
"AUTOMATIC PAINTING MACHINE" 

Respected Sir, 
This has reference to above subject, we have informed you that the final year B-Tech in 

mechanical engineering student of your institute intersects to work on project "Automatic 
Painting Machine". 

Sr.No. 
1 

Name 
Mr. Nawadkar Rupesh Bhaskar 
Mr. Chavan Rohit Shankar_ 
Mr. Sankpal Yogesh Pandurang 

Mr. Bhosale Pratik Narendra 

Enrollment No._ 
51654520181161210085 
51654520181161210086 
51654520181 161210087 
51654520181161210088 

The facilities are available at our door for conduction and completion of project. 

Thank You. 

A 

Ameeth Sutar Date: 04-06-2021 
Place: Pune, Maharastra Proprietor 

urjasetul@gmail.com www.urjasetu.comn



Shri Ganesh Industries 
S 

MFG OF. STAMPING & PRESS PART'S 

Office: 125/2, 21A, Industrial Estate, Ogalewadi, Karad Ph. (02164) 651763, 9225804226 

Ref No. Shri Ganesh I Forad 2017-18/Dec-9 

To, 

The head of the department. 

Mechanical Engineering& 

Arvind Gavali College of Engineering, Satara. 

Subject-Acceptance letter for Industrial Project work. 

Dear Sir, 

Following student of Arvind Gavali College of Engineering, Satara Studying in final year of mechanical engineering 

Had approached for their final year project entitled "Pneumatic Operated Feeder". 

The project is sponsored by Shri Ganesh Industry and it will be designed and manufacturing in our premises as per 

Specification. They will be undergoing the project work from 28th November, 2020 to 28th February 2021. 

Name of student: 

Aparna Vasant Suryawanshi 

Kavita Rajesh Lad 

Suraj Namdeo Phalke 

Akash Lahu Salunkhe 

Yours Faithfully, 

For SHRI GANESH INDUSTRY 

15 

Vikas B. Jadhav 

proprietor 
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