LEAF DISEASE DETECTION AND RECOMMENDATION OF
PESTICIDES USING DEEP LEARNING APPROACH

Thesis submitted to Bharathiar University for the award of the Degree of

DOCTOR OF PHILOSOPHY IN COMPUTER SCIENCE

Submitted by
M. JAITHOON BIBI

Under the Guidance and Supervision of
Dr. S. KARPAGAVALLI

Associate Professor and Head
Department of Computer Science
PSGR Krishnammal College for Women
Coimbatore — 641 004, Tamil Nadu, India

CELEBRATING WOMEN
SINCE 1963

DEPARTMENT OF COMPUTER SCIENCE
PSGR KRISHNAMMAL COLLEGE FOR WOMEN

An Autonomous Institution, Affiliated to Bharathiar University
Accredited with 'A++' Grade by NAAC, An ISO 9001:2015 Certified Institution
COIMBATORE - 641 004 TAMIL NADU, INDIA

NOVEMBER 2023



Certgﬁcate







Declaration




DECLARATION

[ M. JAFTHOON BIBL, hereby declare that the thesis, entitled “LEAF DISEASE
DETECTION AND RECOMMENDATION OF PESTH IDES USING DEEF
LEARNING APPROACH" submitted to the Bharathiar Uiniversity, in partial fulfilimem
of the reguirements for the sward of the DEGREE OF DOCTOR OF PHILOSOPHY
IN COMPUTER SCIENCE, I8 a record of orlginal and independent rescarch work done
by me during the period July 2019 1o November 2023, under the Supervision and
Culdance of DR (MRS) S, KARPAGAVALLI, MLCA., MLPHIL., PHI,, Asociale
Professor & Head, Department of Computer Science at PSGR. Krishnarmimal College for
Women Colnshatore, and it has not formed the baais for the award of any Degree Inplorma

Associateship / Fellowship or other similar title 1o any candidate in any Universily

Place: € olmbatore s
(rt/f_- ke
Date: (4. 1V 2004 Signatuck of the Candidate




Certificate of Genuineness of the
Publication




CERTIFICATE OF GENUINENESS OF THE PUBLICATION

This is o cerufy the the PhD candidste Mrs. M. JAITHOON BIBL, working
onder oy supenisson has published a resesnch article m the referred:

L. Contemporary lisues in Business and Government with Volume 27, No. §,
PP 720 10 719 pant and Year of Publication 2021, Published by Web of Science
Indeved Jouwrnal

Linguistica Antverpieasia with Volume 2021, No_ 3, PP - 013 1o 025 pan and
Year of Publication 2001, Published by Scopus Indexed Journal

L]

dobd

Turkish Online Journal of Qualitative Inguiry with Volume 12, No 3, PP - 1904
to 2921 part and Year of Publication 2021, Published by Scopus Indeued Journal

4 Indian Journal of Natural Sciences with Volume 13, No. 71, PP - 40712 10 40722
part and Year of Publicanon 2022, Published by Web of Science Indexed Journal

S International Information and Engineering Technology Association (IIETA)
with Volume 28 No. 1, PP - 113 to 140 part and Year of Pubbcabon 2023,
Published by Scopus Indeved Journal

The conterst of the publication incorporstes part of the result presented i her thesis.

ﬂ'l-{ih,’ri “MH.U:F'_AHN b

ey N

i - ] BT
C ountersigned PICE s it i e
i -+ - G55 O0E
A/ /e g
Head of the Principal
Do (irs ) S CARPAGEVALL) s s, sy ——
A P PG ISHNARRAL (OLLIGEFOR WOSEN
Pl Rt s g (odepe b e— m‘m“

Fyslamet [seeSafs 4] O




Certificate of Plagiarism Check,




LI FESRUNTT LI6DE @ 60EHS IPEID
BHARATHIAR UNIVERSITY

COIMBATORE - 641 046, TAMILNADU, INDIA
| State University | Accredited With A++ Grade - 3.63 CGPA by NAAC | 15th Rank among Indian Universities by MoE-NIRF|

CERTIFICATE OF PLAGIARISM CHECK

f = -
1 | Name of the Research Scholar M. TATTHoonl BT 8T

2 | Course of study M.Phil.,/Ph'ﬁ‘

LEAF DIsease DETEcTioN AND
RE(OMMENDATIon OF PESTICIDES
Uswty DEEP LEARNING APPROACH

3 | Title of the Thesis / Dissertation

4 | Name of the Supervisor Dy. 8. KARPALDVA )L T

5 | Department / Institution/ Research Centre DEPARTMENT O F (oMPUTER SCIENE,
PS4R KRISHNAMMAL COLLEGE FOR
WOMEN , COIMBATIRE — b)) 00

6 | % of Similarity of content Identified O ’ /
7 | Acceptable Maximum Limit 10 %

8 | Software Use Drillbit

9 | Date of verification [©/1)/2028

Report on plagiarism check, items with % of similarity is attached

Signature of t\h? Supervisor Signz@;\f;:;esearcher

Dr. (Mrs.) S. KkARPAGHREAM wica wpn, ohi,
AssoCi tePn sr“‘H 2ad
of Camy Science,

o

Head of the Department

(Seal
or. (Mrs.) KAnPAGI\‘ ALU MCA.M Phil,, PD,
e Pro ir & 1-»‘;3,:l
Cepartment of

\\a,.(b PSGR Krishnammal

Peelameduy, Coimbatore - bl UL

\
Pn werﬂtrtl}s;ana J'B‘U) Director i/c
Center for Research & Evaluation (BU)
Arlgnar Anna entral Library (Seal)
Bharathiar Univers:ty

Coimbalore - fe! 46




Bharathiar University

Certificate of Plagiarism Check for Thesis

Author Name

Course of Study

Name of Guide

Department

Acceptable Maximum Limit

Submitted By
Paper Title

Similarity
Paper ID

Submission Date

Jaithoon Bibi. M

Ph.b

Dr. S. Karpagavalli
Computer Science

10%
buaacl.urkund@gmail.com

Leaf Disease Detection and Recommendation of
Pesticides Using Deep Learning Approach

1%
1096447

2023-11-10 10:16:21

‘{\t\?rb

University Librarian
University Librarian
Arignar Anna Central Library

Bharathiar University,

Coimbatore - 641 046.

* This report has been generated by DrillBit Anti-Plagiarism Software




Acknowledgement




ACKNOWLEDGEMENT

First and foremost, I thank the God Almighty for giving me the strength, knowledge,
ability, opportunity to undertake this research work and to persevere and complete it
successfully.

I extend my thanks to Dr. (Mrs.) R. Nandini, Chairperson, PSGR Krishnammal
College for Women, Coimbatore for having given me the opportunity to undertake this
research work in this esteemed institution.

I express my whole hearted thanks to Dr. (Mrs.) N. Yesodha Devi, Secretary, PSGR
Krishnammal College for Women, Coimbatore for her continuous motivation and
encouragement.

My heartfelt thanks to Dr. (Mrs.) P. Meena, Principal, PSGR Krishnammal College
for Women, Coimbatore for her kind support and for all the resources provided.

My sincere thanks to Dr. (Mrs.) ML.S. Vijaya, (Retd.) Associate Professor and Head,
Department of Computer Science, PSGR Krishnammal College for Women, Coimbatore, for
her endless support, timely suggestions and motivation gave me enough confidence in
completing my research work productively.

My heartfelt thanks to my research supervisor Dr. (Mrs.) S. Karpagavalli, Associate
Professor and Head, Department of Computer Science, PSGR Krishnammal College for
Women, Coimbatore for her sustained interest and advice that have contributed to a great
extent to the completion of this work. I am thankful for her appropriate guidance, insightful
suggestions and support in the completion of this research work.

My sincere thanks to the faculty members of Department of Computer Science
(UG) for their co-operation and support. I wish to thank my friend and research colleague Mrs.
A. Kalaivani for her timely help and words of encouragement during the course of study.

I would like to express my heartfelt gratitude to my parents, husband, children and
family members for their support in successful completion of research work. I express my
heartfelt gratitude to all the teachers and my friends for their cooperation for offering
valuable suggestions. Finally, I would like to thank all those people who have supported
me for the successful completion of my research work.

M. JAITHOON BIBI



List of Tables




TABLE
NO.

1.1

2.1

22

23

24
3.1
32
4.1
4.2
4.3

44

4.5

4.6

4.7

4.8

5.1

52

LIST OF TABLES

TITLE

Standard Leaf Disease Image Datasets for Leaf Disease

Classification

Comparison of Leaf Disease Detection Models based on

Machine Learning

Comparison of Leaf Disease Detection Models based on Deep

Learning

Comparison of Pest Detection Model based on Artificial

Intelligence

Comparison of Pesticide Recommendation Systems
Confusion Matrix

System Configuration

Design of ShuffleNetV2 Classifier

Design of DenseNet121 Classifier

Layout of MobileNetV2 Classifier
Hyperparameters for PDATFGAN

Training Parameters for Different Pre-trained DCNN
Classifiers

Comparison of Proposed PDATFGAN Model using
ShuffleNetV2

Comparison of Proposed PDATFGAN Model using
DenseNet12

Comparison of Proposed PDATFGAN Model using
MobileNetV2

Parameters for PDATFEGAN

Comparison of Proposed PDATFEGAN Model using
ShuffleNetV2

PAGE
NO.

31

50

60

74

84

95

98

124

125

127

129

129

130

132

134

145

146



TABLE
NO.

53

54

6.1

6.2

7.1

7.2

7.3

7.4

8.1

8.2

TITLE

Comparison of Proposed PDATFEGAN Model using
DenseNetl21

Comparison of Proposed PDATFEGAN Model using
MobileNetV2

Classified Leaf Diseases and Related Pests

Comparison of Proposed MFL-DCNN Model

RSF-based Decision Input Variables for Weather and Soil

Attributes

Types of Pesticides Used for Different Leaf Diseases.
Rules of RSF System for Pesticide Recommendation
Comparison of Proposed MFL-DCNN-RSF Model
Results of PDATFGAN and PDATFEGAN Models

Results of PDATFEGAN-MFL-DCNN and
PDATFEGAN-MFL-DCNN-RSF Models

PAGE
NO.

148

150

168

169

181

183

185

187

190

193



List of Figures




FIGURE
NO.

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

3.1

LIST OF FIGURES

TITLE

Exterior Leaf Parts

Plant Disease Triangle
Classifications of Plant Diseases
Different Kinds of Biotic Plant Diseases
Leaf Spot Disease

Leaf Rust Disease

Leaf Late Blight Disease

Leaf Early Blight Disease

Leaf Powdery Mildew Disease
Leaf Downy Mildew Disease
Bacterial Leaf Spot Disease
Bacterial Leaf Blight Disease
Bacterial Wilt Disease

Leaf Mosaic Virus Disease
Leaf Yellow Dwarf Disease
Leaf Curl Virus Disease

Pest Control Strategies

Fundamental steps in Leaf Disease Detection

Types of Al Applications in Agriculture

Layered Structure of DCNN for Leaf Disease Detection
Example of Transfer Learning in Agriculture

Block Diagram of Proposed Research Methodology

PAGE
NO.

10
10
11
11
12
12
13
13
14
14
15
15
19
25
34
37
38

89



FIGURE
NO.

3.2

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

TITLE

Input Samples for Various Leaf Infections images.
Architecture of the GAN Training Procedure
Architecture of Generator and Discriminator Network
Generator Network in DATFGAN

Discriminator Network in DATFGAN

Topology Fusion

Channel Attention

Texture Attention

Structure of G in PDATFGAN

Structure of D in PDATFGAN

Architecture of AlexNet

Architecture of VGG16

Architecture of InceptionV3

Architecture of ResNet101

Architecture of ResNeXt50

Structure of ShuffleNetV2 Classifier

Structure of DenseNet121 Classifier

Structure of MobileNetV2 Classifier

Block Diagram of Proposed Model of PDATFGAN
Result of proposed PDATFGAN model using ShuffleNetV2

Accuracy Comparison of PDATFGAN model using
ShuffleNetV2

Result of proposed PDATFGAN Model using DenseNet121

PAGE
NO.

94

105

106

109

111

113

114

116

117

120

121

121

122

123

124

125

126

128

130

131

132

132



FIGURE
NO.

4.22

4.23

4.24

5.1

5.2

53

54

5.5

5.6

5.7

5.8

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

TITLE

Accuracy Comparison of PDATFGAN Model using
DenseNetl21

Result of proposed PDATFGAN Model using MobileNetV?2

Accuracy Comparison of PDATFGAN Model using
MobileNetV2

Structure of Positional-aware Evolutionary GAN Model
Block Diagram of Proposed Model of PDATFEGAN
Result of proposed PDATFEGAN Model using ShuffleNetV2

Accuracy Comparison of PDATFEGAN Model using
ShuffleNetV2

Result of proposed PDATFEGAN Model using DenseNet121

Accuracy Comparison of PDATFEGAN Model using
DenseNet121

Result of proposed PDATFEGAN Model using MobileNetV2

Accuracy Comparison of PDATFEGAN Model using
MobileNetV2

Different Pests that affect Plants
Plant Pest Insects

Aphids

Spider Mites

Mealy Bugs

Whiteflies

Scale Insects

Soil Insects

Ants

PAGE
NO.

133

134

135

140

144

146

147

148

149

150

151

155

156

157

157

158

158

159

160

160



FIGURE
NO.

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

7.1

7.2

7.3

7.4

8.1

8.2

8.3

8.4

TITLE

Thrips

Earwigs

Caterpillars

Grasshoppers

Structure of MFL Ensemble DCNN Classifier
Block Diagram of Proposed MFL-DCNN Model
Result of Proposed MFL-DCNN Model

Accuracy Comparison of MFL-DCNN Model
Structure of RSF based Decision Support System
Block Diagram of Proposed MFL-DCNN-RSF Model
Results of Proposed MFL-DCNN-RSF Model
Accuracy Comparison of MFL-DCNN-RSF Model

Performance Analysis of PDATFGAN and PDATFEGAN
Models

Accuracy Analysis of PDATFGAN and PDATFEGAN Models

Performance Analysis of PDATFEGAN-MFL-DCNN and
PDATFEGAN-MFL-DCNN-RSF Models

Accuracy Analysis of PDATFEGAN-MFL-DCNN and
PDATFEGAN-MFL-DCNN-RSF Models

PAGE
NO.

161

161

162

163

166

167

170

170

178

183

187

188

191

192

193

194



List of Abbreviations




ADALINE

ANFIS

APGWO

ABC

Al

ANN

ARIMA

BPNN

BRBFNN

CMPA

CSA

CCD

CAM

CBN

CNN

CRN

DCNN

DICNN

DATAGAN

EM

LIST OF ABBREVIATIONS

Adaptive Linear neuron

Adaptive Neuro Fuzzy Inference System
Adaptive Particle-Grey Wolf

Artificial Bee Colony

Artificial Intelligence

Artificial Neural Network

Auto-Regressive Integrated Moving Average
Back-Propagation Neural Network

Bacterial foraging optimizer-based Radial Basis Function Neural

Network

Central Moment Pooling Attention
Channel-Spatial Attention

Charge-Coupled Device

Classification Activation Map

Conditional Batch Normalization
Convolutional Neural Network

Convolutional Rebalancing Network

Deep Convolutional Neural Network

Dense Inception Convolutional Neural Network

Dual-Attention and Topology-Fusion with Generative Adversarial

Network

Expectation Maximization



FRCNN

FCN

FCOS

FC

GIOU

GAN

GIS

GPDCNN

GLCM

GDP

HSV

HOG

RSF

Inceptionnet

IPM

INIBAP

IRRI

IoT

IoU

JSD

KNN

KL

Faster Region-based Convolutional Neural Network
Fully Convolutional Network

Fully Convolutional One-Stage

Fully-Connected

Generalized Intersection Over Union

Generative Adversarial Network

Geographic Information Systems

Global Pooling Dilated Convolutional Neural Network
Grey Level Co-occurrence Matrix
Gross-Domestic-Product

Hue, Saturation and Value

Histogram of Oriented Gradients

Hybrid Rough Set with intuitionistic Fuzzy approximation space
Inception Network

Integrated Pest Management

International Network for the Improvement of Banana and Plantain
International Rice Research Institution
Internet-of-Things

Intersection Over Union

Jensen-Shannon Divergence

K-Nearest Neighbor

Kullback-Leibler



LWNet
LBP
M-SVM

MFL

MFL-DCNN

MCNN
MLP
MS-ALN
NST
NSGA

NE

OSSL
Prelu
PD?SE-Net

PVD

PDATFEGAN

PDATFGAN

PSSM
Ph

PANs

Light Weight Network

Local Binary Pattern

Multi-class Support Vector Machine
Multi-dimensional Feature Learning

Multi-dimensional Feature Learning-based Deep Convolutional

Neural Network

Multilayer Convolutional Neural Network
Multi-Layer Perceptron

Multi-Scale Attention Learning Network
Neural Style Transfer

Non-dominated Sorting Genetic Algorithm
Nutrient Expert

Online Semi-Supervised Learning
Parametric relu

Plant Disease Diagnosis and Severity Estimation Network
Plantvillage Dataset

Positional-aware Dual-Attention and Topology-Fusion with

Evolutionary Generative Adversarial Network

Positional-aware Dual-Attention and Topology-Fusion with

Generative Adversarial Network
Position-Sensitive Score Map
Potential of Hydrogen

Principal Adversarial Networks



PCA
QUEFTS
RF
ReLu
RGB
RPN
R-FCN
ROI

RH
ResNet
ReSPP
RestoreNet
BPH
RS

SS
SLIC
SSD
SGD
SRGAN
SVM
SwinTr

t-SNE

Principal Component Analysis

Quantitative Evaluation of Fertility of Tropical Soils
Rain Fall

Rectified Linear Unit

Red, Green and Blue

Region Proposal Network

Region-based Fully Convolutional Network
Region-Of-Interest

Relative Humidity

Residual Network

Residual Spatial Pyramid Pooling
Restoration Network

Rice Brown Plant Hopper

Rough Set

Sandstorm or Sunset

Simple Linear Iterative Cluster

Single Shot Multibox Detector

Stochastic Gradient Descent
Super-Resolution Generative Adversarial Network
Support Vector Machine

Swin Transformer

T-distributed Stochastic Neighbor Embedding



ToLeD

TPF

UAN

VGG

Wconcat

WS

YOLO

Tomato Leaf disease Detection
Transition Probability Function
Unmanned Aerial Vehicle
Visual Geometry Group
Weight Concat

Wind Speed

You Only Look Once



