
PRECISION FARMING: CNN-BASED SYSTEM FOR CROP 

AND WEED CLASSIFICATION AND DENSITY ANALYSIS 
 

अ्ቓाधुनिक खेती % फसल और खरपतवार व्षीकरण एवं घि् मापि के नलए सीएिएि ्ቚणाली  
 

A 

Thesis 

Submitted for the Award of the Ph.D. degree of 

PACIFIC ACADEMY OF HIGHER 

EDUCATION AND RESEARCH UNIVERSITY 
 
 

By 
 
 

TAKMARE SACHIN BALAWANT  

rkdekjs lfpu cGoar 
 

Under the supervision of 

 
 

Dr. MUKESH SHRIMALI                         Dr. RAHUL AMBEKAR 
Professor,                                                                                        Department of Computer Engineering, 

Pacific Academy of Higher                                                                 A. P. Shah Institute of Technology, 

Education & Research University, Udaipur                                                                   Thane, Mumbai 

 

 

                                                                                                             

 

 

 

 

 
 

FACULTY OF ENGINEERING 

DEPARTMENT OF COMPUTER ENGINEERING 

PACIFIC ACADEMY OF HIGHER EDUCATION 

AND RESEARCH UNIVERSITY, UDAIPUR 

2024 



DECLARATION 
 

I, TAKMARE SACHIN BALAWANT S/O SHRI BALAWANT 

TAKMARE resident of Flat no.102, Chestnut building, Cosmos Enclave, 

Ram Mandir Road, Kasarvadavali, Ghodbunder Road, Thane(W), Pin-

400615, hereby declare that the research work incorporated in the present 

thesis entitled “Precision Farming: CNN-Based System for Crop and 

Weed Classification and Density Analysis” (अ�ाधुिनक खेती % फसल और 

खरपतवार वग�करण एवं घन� मापन के िलए सीएनएन �णाली) is my original work. 

This work (in part or in full) has not been submitted to any University for 

the award or a Degree or a Diploma. I have properly acknowledged the 

material collected from secondary sources wherever required.  

I solely own the responsibility for the originality of the entire content. 

 

 

Signature of the Candidate 

 

 

Date: 

  



FACULTY OF ENGINEERING 

PACIFIC ACADEMY OF HIGHER EDUCATION AND 

RESEARCH UNIVERSITY, UDAIPUR 
 

Dr. MUKESH SHRIMALI 
Professor 

CERTIFICATE 

 It gives me immense pleasure in certifying that the thesis “Precision 

Farming: CNN-Based System for Crop and Weed Classification and 

Density Analysis” (अ�ाधुिनक खेती % फसल और खरपतवार वग�करण एवं घन� 

मापन के िलए सीएनएन �णाली)  and submitted by TAKMARE SACHIN 

BALAWANT is based on the research work carried out under my 

guidance. He / she have completed the following requirements as per 

Ph.D. regulations of the University;  

(i) Course work as per the University rules.    

(ii)  Residential requirements of the University.    

(iii) Regularly presented Half Yearly Progress Report as prescribed by 

the University.    

(iv)  Published / accepted minimum of two research paper in a refereed 

research journal.   

I recommend the submission of thesis as prescribed/notified by the 

University.   

Date:                  Name and Designation of Supervisor 

                                                                      

 

 

 

 Dr. MUKESH SHRIMALI 
                                                                                          Professor, 

Pacific Academy of Higher Education 

  & Research University, Udaipur 



CERTIFICATE 
 

 It gives me immense pleasure in certifying that the thesis “Precision 

Farming: CNN-Based System for Crop and Weed Classification and 

Density Analysis” (अ�ाधुिनक खेती % फसल और खरपतवार वग�करण एवं घन� 

मापन के िलए सीएनएन �णाली) and submitted by TAKMARE SACHIN 

BALAWANT is based on the research work carried out under my 

guidance. He / she have completed the following requirements as per 

Ph.D. regulations of the University;  

(i) Course work as per the University rules.    

(ii)  Residential requirements of the University.    

(iii) Regularly presented Half Yearly Progress Report as prescribed by 

the University.    

(iv)  Published / accepted minimum of two research paper in a refereed 

research journal.   

I recommend the submission of thesis as prescribed/notified by the 

University.   

 

 

 

Date:            Name and Designation of Co-Supervisor 

                                                                      

 

 

 

 

Dr. RAHUL AMBEKAR 
                             Department of Computer Engineering,  

A. P. Shah Institute of Technology, 

Thane, Mumbai, 



COPYRIGHT 
I, TAKMARE SACHIN BALAWANT, hereby declare that the Pacific 

Academy of Higher Education and Research University, Udaipur, 

Rajasthan, shall have the rights to preserve, use and disseminate this 

dissertation entitled “Precision Farming: CNN-Based System for Crop 

and Weed Classification and Density Analysis” (अ�ाधुिनक खेती % फसल 

और खरपतवार वग�करण एवं घन� मापन के िलए सीएनएन �णाली) in print or in 

electronic format for the academic research. 

 

 

 

Date: 

 

 

                                                                              Signature of Candidate 

 

 

Place:  

 



 

ACKNOWLEDGEMENT 

First and foremost, I would like to express my heartfelt gratitude to my beloved 

parents, whose unwavering support and encouragement have been the foundation of 

my success. I am deeply grateful to my father and mother for their constant love and 

guidance. To my wife, whose patience, understanding, and support have been my 

greatest strength, thank you for standing by me through all the challenges. To my 

children, Shivay and Saharsha, your smiles and love have been my source of 

inspiration and motivation. 

Many people have helped me with this work, and I am thankful to each one of them. I 

especially want to thank Prof. Hemant Kothari, Dean of P.G. Studies at Pacific 

Academy of Higher Education and Research University, Udaipur, Rajasthan. 

I am very grateful to my guide, Dr. Mukesh Shrimali, from Pacific Polytechnic 

College, Pacific University, Udaipur. His support, guidance, and motivation have 

been invaluable throughout my research. His knowledge and expertise have greatly 

shaped this work, and his encouragement helped me overcome many challenges. 

I also want to thank my co-guide, Dr. Rahul K. Ambekar, from the Department of 

Computer Engineering at A. P. Shah Institute of Technology, Thane, Mumbai. His 

helpful suggestions, feedback, and cooperation have greatly improved the quality of 

this research. 

Additionally, I would like to express my appreciation to the supporting staff and non-

teaching staff of the university. Their assistance and support have been essential in 

completing this research. 



 

To all those who have contributed to this work, directly or indirectly, your support has 

been invaluable, and I am deeply thankful. 

I am very grateful to Dr. Surya Prakash Vaishnav, Assistant Professor, PAHER 

University and friend for his valuable suggestions and encouragement throughout the 

period of my research.  

The final one, my distinctive thanks to Nav Nimantran Thesis Printing & Binding, 

Udaipur, Admin Team Mrs. Kusum and Mr. Hemant Sharma for their role in 

shaping this research, creative design work and bringing out this document 

meticulously, neatly and timely. 

 

 

 

 

 

 

 

 

 

DATE: -                                                TAKMARE SACHIN BALAWANT 

 

 

 

 

 



 

 

 

 

 

 

DEDICATED TO 

MY FAMILY, FRIENDS 

AND WELL-WISHERS 
 

 



 

 
PREFACE  

PREFACE 

This thesis presents a comprehensive study on the development of a CNN-based 

system for precision farming, specifically aimed at the classification of crops and 

weeds and the analysis of their density. Traditional farming practices often rely on 

manual methods for managing resources such as pesticides and fertilizers, leading to 

inefficiencies and environmental harm. The increasing global population and the 

emergence of herbicide-resistant weeds necessitate innovative solutions for 

sustainable agriculture. 

Utilizing advancements in machine learning and computer vision, particularly 

Convolutional Neural Networks (CNNs), this research introduces an automated 

system capable of accurately identifying crop and weed species from image data. The 

system facilitates data-driven decisions for optimal fertilizer and pesticide application, 

thereby enhancing resource efficiency and reducing environmental impact. 

The methodology involves data collection from various sources, preprocessing, and 

the development of multiple CNN models. The performance of these models is 

evaluated based on accuracy, precision, recall, and F1 score. The study's findings 

demonstrate the effectiveness of the proposed system in improving agricultural 

productivity and sustainability. 

This research contributes to the field by providing a robust framework for precision 

farming, highlighting the practical implications of integrating advanced technologies 

in agriculture. Future research directions and potential improvements to the system 

are also discussed, aiming to further enhance the accuracy and applicability of the 

proposed approach. 
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