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Abstract— Plant and tree populations must be preserved and supported in order to mitigate the growing issues
brought about by food and water scarcity brought on by population increase and climate change. The occurrence
of plant diseases is a major issue in agriculture as it severely reduces agricultural output. In order to overcome
this difficulty, scientists are investigating novel approaches that make use of sensors and imaging to collect data
on plant health in order to detect diseases early on. The goal of this project is to create a "Smart Plant Health
Care System' that combines embedded technologies such as Arduino, Raspberry Pi, and Jetson Nano for
pesticide remediation controlled by Arduino and image-based illness diagnosis. More specifically, convolutional
neural networks (CNNs) are implemented for real-time illness diagnosis using the processing capacity and
adaptability of the Raspberry Pi.
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INTRODUCTION

The international's ongoing problems with food and water shortage are caused by the developing population of
the planet and the upcoming hazard of climate trade. Future concerns are raised by way of this condition in view
that it is able to result in a deepening of the difficulty. Maintaining and developing our plant and tree populations
is vital to solving this hassle on account that they are crucial in reducing environmental degradation and food
scarcity. Researchers are working hard to resolve those urgent issues in a way that is both low-budget and efficient.
The occurrence of plant illnesses is a primary challenge in agriculture on account that it is able to negatively impact
plant boom, flowering, and in the long run agricultural manufacturing. Numerous plant additives, which include as
roots, leaves, stems, seeds, and very last product, is probably impacted by these disorders. In an attempt to fight
this endeavor, scientists are investigating ways to acquire records of the situation of plant life with the aid of
combining sensors and photographs. After then, this information can be tested to find early indicators of disorder
epidemics. Many variables, inclusive of insufficient farming strategies, declining soil high-quality, erratic climate
styles, and unfavorable weather situations, might be linked to the reasons of plant diseases. High agricultural yield
capability is faded via the truth that farmers in lots of elements of the world keep using conventional farming
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practices and that soil high-quality is deteriorating. The introduction and alertness of precision agriculture
technology is not shifting fast sufficient, notwithstanding the reality that it presents methods to modify variances
in crop and soil conditions. With an emphasis on disease identity and control, this effort tries to uncover gaps in the
frame of statistics and approach referring to plant health. It additionally covers methods for developing truthful and
financially feasible plant fitness monitoring systems that might be capable of promptly and appropriately figuring
out risky ailments. These systems are nice and clean to use for agricultural professionals because they with regularly
consist of numerous sensors and subsystems, including photographs, and are imaginative and prescient.

Approach-associated strategies are categorized inside the paintings into three number one groups: (i) sickness
categorization, (ii) disease severity quantification, and (iii) disorder detection. Using pathogen kinds as a number
one classification criterion, this categorization streamlines our know-how of illnesses and the great ways to treat
them. Research on the software of the embedded era, consisting of Arduino, and Jetson Nano, to plant disorder
monitoring is increasing. These gadgets provide beneficial, effective platforms for the use of system learning and
photo-processing techniques in agricultural environments.

The Implementation of CNNs: By using large amounts of data and powerful machine learning algorithms,
medical practitioners can accurately diagnose diseases and devise effective treatment plans. Disease classification
is a crucial step in medical diagnosis and treatment. Deep learning techniques have proven to be effective in the
classification of diseases. The process of disease classification involves the identification of the features or
characteristics that are representative of the disease in question. In the context of medical diagnosis, a deep learning
approach involves training a neural network using large amounts of data on various diseases to develop an algorithm
that can distinguish between them. This technique has been used to develop a more accurate and efficient method
of disease classification in the medical field. The proposed model is trained on a dataset consisting of four types of
retinal diseases, namely cataract, diabetic retinopathy, glaucoma and normal. The aim is to assess the performance
of the model in accurately classifying the different types of retinal diseases.

Arduino: An important turning factor within the continuously growing field of agricultural technology has been
reached with the creation of Arduino as a basis for creative solutions. This project explores the vital function that
Arduino performs in improving the diagnosis and treatment of plant illnesses, with an emphasis on automating the
strategies worried in pesticide spraying. The open-source electronics platform Arduino is praised for its versatility
and ease of use, which makes it a notable option for a extensive range of agricultural packages. It is also confirmed
that the open-supply electronics platform Arduino is versatile in agricultural products. The bankruptcy focuses on
automating pesticide spraying strategies through the use of disorder detection. Arduino-controlled systems are used
to stimulate cameras, which process the plant photos to find indicators of disorder such as changes in texture and
color.Once pesticides are found, the Arduino system determines the best course of action to take in order to ensure
targeted treatment and reduce waste.Arduino is being used to improve agricultural plant disease diagnosis and
manipulation. These technologies provide effective and realistic answers to the problems associated with illness
detection and focused treatments.

LITERATURE SURVEY

2.1 Overview:

This review of the literature explores a range of agricultural and technological research, all of which offer
insightful information on various aspects of agricultural innovation and disease control. These research look at
things like image retrieval, automation in agriculture, plant disease detection, and machine learning's use in disease
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diagnosis. When taken as a whole, they highlight the importance of technology developments in advancing
agricultural methods, reducing crop diseases, and boosting global food security.

2.2 Survey on Plant leaf disease detection system using image processing techniques

Sachin D. Khirade et al. (2015) emphasize the critical significance of identifying plant diseases as the primary
means to prevent losses in both agricultural yield and quantity. Their research revolves around the examination of
visually observable patterns present on plants, with a particular focus on the essential aspects of health monitoring
and disease detection in the context of sustainable agriculture. The authors emphasize the formidable challenges
associated with manual plant disease monitoring. It demands a substantial amount of labor, expertise in the field of
plant diseases, and extensive processing time. Consequently, the paper advocates the utilization of image processing
techniques as a more efficient and effective means for detecting plant diseases. The process of disease detection
involves several key steps, encompassing image acquisition, image pre-processing, image segmentation, feature
extraction, and classification. The paper provides comprehensive insights into the methods and approaches
employed for the detection of plant diseases using images of plant leaves. Furthermore, it delves into the various
segmentation and feature extraction algorithms commonly utilized in the field of plant disease detection. It not only
emphasizes the adoption of image processing techniques but also details the essential steps involved in disease
detection, shedding light on the segmentation and feature extraction methods employed within this domain.

Ms. Wable A. A et al. (2016) highlight the prevalent trend of automation across various sectors in India, including
agriculture. They emphasize the importance of maintaining appropriate ambient conditions for optimal plant
growth, increased crop yields, and efficient resource utilization. The researchers propose the automation of the data
acquisition process related to soil conditions and various climatic parameters that significantly influence plant
growth. This automation facilitates the collection of information at a high frequency while reducing the need for
manual labor. They achieve this using a robot equipped with a high-quality camera designed for detecting leaf
diseases through a line follower image algorithm. To monitor and control the plant environment effectively, a range
of sensors is deployed, including LM35, humidity, soil fidelity, and light sensors within the plant house. The robot's
camera captures images in JPEG format, which are then transmitted to an ARM controller via Zigbee transmission
technology, even from considerable distances away from the plants. This automated system also encompasses
control actions, such as motor drive control facilitated by Single Pole Double Throw (SPDT) relays. Their work
showcases the use of robotics, sensors, and image analysis for disease detection and control within plant houses.

Neha Chourasia et al. (2018) highlight the significance of image retrieval, which is often overlooked compared
to other forms of information retrieval (IR). Image retrieval has garnered significant interest and research attention
in the field of computer vision over the past few decades.The paper underscores the role of Content-Based Image
Retrieval (CBIR) systems, which are instrumental in automatically indexing, searching, retrieving, and browsing
image databases. Notably, the paper emphasizes the importance of color, shape, and texture features as key
properties in CBIR systems. In this study, the authors delve into a comprehensive classification of CBIR systems.
They outline different techniques and combinations thereof, aimed at enhancing retrieval system performance.
Additionally, the paper explores the impact of various matching techniques on the overall image retrieval process.
It provides a detailed classification of CBIR systems, discusses techniques to improve performance, and evaluates
the influence of matching techniques on the retrieval process.

Veena Krishnan G et al. (2019) introduce an innovative automated system designed to assess the health of plant
leaves and identify whether they are affected by diseases. Plant diseases have a detrimental impact on the normal
growth, yield, and quality of agricultural products, making early detection crucial. The paper focuses on developing
a computer vision-based automatic system for diagnosing diseases in plant leaves. This approach employs computer
vision techniques, beginning with leaf segmentation using K-means clustering and the extraction of features from
the diseased areas of the leaves. Textural descriptors are generated using the Gray Level Co-occurrence Matrix
(GLCM). Moreover, color moments are extracted from both diseased and healthy leaf images, resulting in feature
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values. For classification purposes, Convolutional Neural Networks (CNN) and Bidirectional Recurrent Neural
Networks (BRNN) are employed. Leaves classified as having diseases are displayed on an Android app through
Bluetooth connectivity. Additionally, the system includes a centrifugal motor pump mechanism for the automated
spraying of pesticides onto detected unhealthy leaves. This system combines various image processing and machine
learning techniques, enhancing disease detection and contributing to improved agricultural outcomes.

In the study conducted by D. Rama Prabha et. al. in 2019, the agricultural sector in India is recognized as facing
a significant crisis. One of the primary contributing factors to this crisis is the limited technological advancement
in the farming sector. A mere 34% of cultivated land is adequately irrigated, and the traditional methods of irrigation
are highly inefficient, resulting in water wastage and associated issues such as waterlogging and topsoil erosion.
Additionally, the delayed identification of plant diseases further exacerbates the problem, often leading to partial
or complete crop losses. The core objective of this paper is to address these agricultural challenges by designing a
model capable of efficiently irrigating crops, thereby reducing energy, labor, and water consumption. The proposed
system is also equipped to identify potential plant diseases by analyzing symptoms exhibited on the leaves. The
aim is to create a feasible and cost-effective model that can be readily implemented. To achieve this, HC-05 modules
were utilized to establish a wireless network. This system not only monitors soil moisture levels and motor status
but also employs a microcontroller board based on ATmega328. Moreover, the system aids in disease detection by
employing the K-means segmentation algorithm within the MATLAB software for leaf analysis. By implementing
this system, it becomes possible to provide support for optimal plant growth, increase crop yields, and reduce the
need for frequent visits to the fields. This, in turn, allows farmers to divert their focus towards other essential
agricultural activities.

Aditya Sinha et al. (2019) address the mounting pressure on agricultural productivity due to the ever expanding
global population. Various diseases significantly impact crop yields, making effective disease control crucial for
bolstering food production.The study emphasizes the importance of early disease detection and severity
quantification, which have garnered considerable attention from researchers. It provides a comprehensive overview
of prevalent techniques and methodologies used for disease detection, quantification, and classification. The goal
is to assess the potential for improvement in these approaches. The research pays special attention to identifying
critical gaps within existing disease detection methods and proposes enhancements aimed at early disease
prediction. It acknowledges that plant diseases can manifest in various plant parts, such as roots, stems, flowers,
and leaves, and that these manifestations present unique challenges for researchers.

This study builds upon previous research conducted by JGA Barbedo in 2013, recognizing the significant
advances and numerous new techniques that have emerged since then. A noteworthy contribution of the authors is
their innovative approach to classifying and categorizing existing techniques based on the types of pathogens
involved. This research sheds light on the imperative need for improved disease control in agriculture, offering
insights into evolving techniques and methodologies for early disease detection and management, and presenting a
novel classification system based on pathogen types.

Muhammad Amir Nawaz et al. (2020) present the concept of Internet of Things (IoT) innovation and its role in
agricultural disease and pest control. Their research encompasses a comprehensive system designed for monitoring
agricultural diseases and insect infestations. This system includes gathering data on diseases and insect pests
through sensor nodes, data processing, and mining. The proposed loT-based disease and pest control system
comprises three levels and three interconnected systems. It offers a novel approach to accessing vital agricultural
information for farms. The paper also focuses on the development of an automated system for determining whether
a plant is healthy or infected. The researchers emphasize the significant impact of plant diseases on agricultural
productivity, including plant growth, yield, and product quality. As a solution, they work on establishing an
automated system capable of detecting the presence of diseases in plants. This automated disease detection system
relies on various sensors, including those for temperature, humidity, and color. These sensors assess variations in
plant leaf health conditions, and the collected data is analyzed to identify the presence of plant diseases.
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In essence, Muhammad Amir Na waz et al.'s (2020) research introduces the application of loT innovation in the
context of agricultural disease and pest control. Their work involves the development of an advanced automated
system for plant disease detection through sensor data, addressing the critical issue of disease management in
agriculture.

Hareem Kibriya et al. (2021) highlight the significant impact of various diseases on both the quality and quantity
of crops, with a specific focus on tomato cultivation. Tomatoes are a valuable crop vulnerable to several diseases
that can substantially affect production. In their study, the researchers utilize two Convolutional Neural Network
(CNN) based models, GoogLeNet and VGG16, for the classification of tomato leaf diseases. The main objective
of their work is to develop an effective solution for the early detection of tomato leaf diseases, leveraging deep
learning techniques. The study's results reveal impressive accuracy rates, with VGG16 achieving 98% accuracy
and GooglLeNet outperforming with an accuracy of 99.23% when tested on a dataset comprising 10,735 leaf images
from the Plant Village dataset. This research has the potential for practical implementation in tomato fields, offering
a means to detect diseases early and mitigate potential production losses.

In the study by Dr. Shankaragowda B B et al. (2022), the primary focus is on India's agricultural landscape, a
nation renowned for its diverse crop cultivation. With approximately half of the country's population depending on
agriculture for their livelihoods, crop diseases pose a substantial threat to farmers' well-being. To combat this
pressing challenge, the researchers have introduced a robotic solution designed to detect leaf diseases in crops. This
advanced robot utilizes a blend of image processing and machine learning techniques. Beyond disease
identification, the robot plays a crucial role in monitoring field conditions, including crop quality assessment.
Moreover, it possesses the capability to precisely administer the required amount of pesticides, optimizing
agricultural yields. The core of the robot's functionality lies in its utilization of an advanced processor called
YOLOVS, seamlessly integrated with a machine learning model. This machine learning model undergoes training
to execute various tasks related to disease detection, encompassing feature extraction, segmentation, and
classification — all pivotal components of image processing. This research by Dr. Shankaragowda B B et al.
highlights how state-of-the-art technologies, such as image processing and machine learning, can be effectively
harnessed to mitigate the adverse effects of crop diseases, elevate crop quality, and contribute to the overall success
of agriculture in India.

Manjunatha Badiger et al. (2022) emphasized the critical role of agricultural production in bolstering the
economy. Leaf diseases pose a significant challenge for nations worldwide, especially with the surging food demand
driven by population growth. Similarly, skin disorders afflict both humans and animals, typically stemming from
infections or germs. Detecting and diagnosing these leaf and skin diseases promptly and accurately are crucial to
prevent their spread. To address this issue, image processing techniques come into play. These techniques leverage
mathematical equations and transformations to identify diseases effectively. When it comes to the human eye, it
perceives images in the form of RGB colors, allowing us to extract valuable features from them. However,
computers perceive images in a mathematical format, representing them as numerical arrays or matrices.
Consequently, various transformations are applied to these numerical representations to extract specific image
details. Prior to transformation, the image typically undergoes various mathematical operations, including feature
adjustments.In this paper, the researchers employed the K-Means Clustering and Support Vector Machine
algorithms within the MATLAB environment. These algorithms facilitated the detection and differentiation of
various types of leaf and skin diseases. This technological approach holds promise in aiding the agricultural and
medical sectors by enhancing disease identification and management.

In the research conducted by Anupama Mishra et al. (2022), the focus is on the profound influence of plant
diseases on the growth and development of specific plant species, underscoring the critical need for early detection.
The study delves into the application of various Machine Learning (ML) models for the identification and
classification of plant diseases, highlighting the substantial potential for enhancing accuracy in this field. To identify
and categorize the indicators of plant diseases, the researchers leverage a wide array of developed and modified
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ML architectures. These models are utilized in conjunction with various visualization techniques, further
augmenting the capabilities of disease detection and classification. Additionally, the study incorporates a range of
performance indicators, which are instrumental in evaluating the effectiveness of these ML structures and
methodologies. This research emphasizes the pivotal role of early plant disease detection and the use of ML models
in achieving this goal. The study showcases the versatility of ML architectures and visualization techniques in
enhancing disease identification and highlights the importance of performance indicators for assessing the
effectiveness of these methods.

In the study by A. O. Santhosh and colleagues (2023), agriculture emerges as a major contributor to our country's
economic growth. However, alongside high yields, it also brings the challenge of crop diseases, which can
significantly hamper food production. Consequently, the identification of these diseases assumes a pivotal role in
agriculture. Detecting various plant diseases represents a key approach to mitigate losses in both crop yield quality
and quantity. The investigation of plant diseases involves the examination of visually observable patterns on plant
leaves. To facilitate disease identification, researchers employ image processing techniques. This comprehensive
process encompasses several fundamental steps within image processing, including image acquisition, image pre-
processing, image segmentation, feature extraction, and classification. The primary objective of this research
project is to develop an automated system using algorithms to analyze the visually observable patterns on plant
leaves and subsequently detect and classify diseases. The study focuses on specific crops, including tomatoes,
potatoes, and chili peppers, aiming to identify their respective plant diseases accurately. Beyond disease detection,
the system is designed to offer recommendations for suitable pesticides to treat the identified plant diseases.
Moreover, it incorporates on-board pesticide containers that can dispense the recommended pesticide based on the
specific disease detected, enabling automated pesticide application.

This research underscores the critical role of image processing techniques and automation in addressing the
challenges posed by plant diseases in agriculture. By implementing such technology driven solutions, this work
seeks to enhance agricultural productivity, preserve crop health, and contribute to overall food security.

2.3 Research Gap and Limitations:

1. Integration of Multiple Technologies: The surveyed studies emphasize the integration of technologies such as
image processing, machine learning, and IoT for disease detection and agricultural management. However, there is
a need for research that explores the seamless integration of these technologies into a holistic smart plant health
care system. The development of a comprehensive framework that incorporates all these elements can be a
significant research gap.

2. Crop and Disease Specificity: Many of the surveyed studies focus on specific crops and diseases. To build a
versatile plant health care system, future research should address the challenge of extending the system's
applicability to a broader range of crops and diseases. A system capable of detecting and managing various crop
diseases is essential for comprehensive agriculture

3. Real-Time Monitoring: While some studies touch upon real-time monitoring of plant health, there is a research
gap in the development of systems that provide continuous, real-time monitoring and alerting. Such a system could
enable timely interventions, reducing crop losses significantly.

4. Pesticide Remediation: The title suggests a focus on pesticide remediation, but the surveyed studies do not
extensively discuss this aspect. A research opportunity lies in developing methods and technologies for precise and
automated pesticide application based on disease detection. Moreover, exploring environmentally friendly pesticide
remediation techniques can be a research avenue.

5. Scalability and Affordability: The scalability and affordability of the proposed systems are often not addressed
in the surveyed studies. A significant research limitation is the lack of consideration for small-scale or resource-
constrained farmers who may not have access to high-end technologies. Research should explore ways to make
these systems accessible and cost-effective for a broader range of users.
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6. Validation and Field Testing: Most of the surveyed studies present concepts and prototypes, but there is a lack
of extensive validation and field testing. Future research should focus on rigorous testing of these systems under
real-world agricultural conditions to assess their effectiveness, reliability, and practicality.

7. Data Security and Privacy: With the integration of [oT and data-driven technologies, data security and privacy
become critical concerns. Future research should address the development of robust data security measures to
protect sensitive agricultural data from unauthorized access and potential cyber threats.

8. User Interface and Accessibility: The usability and accessibility of these systems, particularly for users with
varying levels of technical expertise, is not extensively discussed in the surveyed studies. Future research should
emphasize the development of user-friendly interfaces and user training programs.

9. Environmental Impact Assessment: There is a limited discussion on the environmental impact of these
technologies. Research should include assessments of how these systems may affect the environment and explore
ways to minimize any adverse effects.

10. Energy Efficiency: The energy requirements of these systems, especially in remote agricultural areas, are
often overlooked. Future research should focus on energy-efficient designs to ensure sustainable operation.

METHODOLOGY

1.Dataset Collection and Preparation

The ESP32 cam module, mounted on a mobile robot platform, was used to capture high-resolution images of
tomato leaves, both healthy and exhibiting various disease symptoms, in a controlled environment with consistent
lighting. Images were labeled and annotated by plant pathologists, with regions of interest (ROIs) marked for
disease symptoms. The dataset was organized into training, validation, and testing subsets. Data augmentation
techniques such as rotation, flipping, scaling, cropping, and color adjustments were applied to enhance dataset
diversity and improve model generalization. Preprocessing included resizing, normalizing pixel values, and
filtering images to ensure quality.

2. Model Architecture and Training

A ResNet-50 model was employed for image segmentation, with modifications to include a decoder module for
upsampling low-resolution feature maps to high-resolution segmentation masks. Transfer learning was utilized,
initializing the ResNet-50 encoder with pre-trained weights from ImageNet, while the decoder was trained from
scratch. The model was built and trained using the TensorFlow framework on a high-performance hardware setup.
Key hyperparameters included a learning rate of 0.001, batch size of 16, and the Adam optimizer. Loss functions
such as cross-entropy and dice loss were used, along with evaluation metrics like accuracy, precision, recall, and
IoU. Data augmentation was applied during training to improve model robustness.
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Figl.1 ResNet-50 model Architecture

3. Integration and Deployment
The trained segmentation model was integrated with a disease detection module to classify the segmented leaf
regions. The robot platform, equipped with the ESP32 cam module, autonomously navigated plant rows using pre-
defined path planning algorithms. Real-time image acquisition and processing enabled immediate disease detection
and response. The Arduino-based pesticide spraying system targeted diseased plants based on detection results,
optimizing pesticide usage.
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Fig 1.2 Model with ESP cam

4. Field Testing and Evaluation
Field tests were conducted in a controlled greenhouse environment. The system's performance was evaluated

based on disease detection accuracy and the efficiency of pesticide application. Data collected during these trials
was analyzed to validate the system's effectiveness and gather feedback for further improvement.

Experimental Result

Training and Validation

Training and Validation Loss Curves: The training and validation loss curves showed a consistent decrease
over the training epochs, indicating effective learning by the model. The final loss values stabilized,
reflecting minimal overfitting and good generalization.

Accuracy and Performance Metrics: The trained ResNet-50 model achieved a high accuracy of 92% on the
validation set. Additional metrics include a precision of 91%, recall of 90%, and an F1-score of 90.5%,
demonstrating the model's robustness in disease classification.

Qualitative Results: Predicted segmentation masks were visually compared to ground truth annotations,
showcasing the model's ability to accurately identify diseased regions on tomato leaves. The segmentation
masks closely matched the annotated regions, indicating high model precision.

Disease Detection and Classification

Performance Metrics for Classification: The disease detection model achieved an overall accuracy of 90%.
The precision and recall for specific disease classes, such as tomato blight and leaf curl, were 89% and 88%
respectively. The F1-score for these classes was 88.5%.

Confusion Matrix and Misclassification Analysis: The confusion matrix revealed that the model correctly
classified most disease instances, with few misclassifications between similar diseases. Analysis showed
that the model occasionally confused early blight with septoria leaf spot, suggesting areas for further
refinement.
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Fig 1.3 Disease Classification

Robotic Platform and Integration

e ESP32 Cam Module Integration: The ESP32 cam module successfully captured high-resolution images in
real-time, integrated seamlessly with the robot platform. Real-time processing of these images enabled
immediate disease detection and response.

e Navigation and Path Planning: The robot demonstrated effective autonomous navigation through plant rows
using predefined algorithms. Path planning ensured complete coverage of the monitored area, facilitating
thorough disease surveillance.

Automated Pesticide Spraying

¢ Arduino-based Pesticide Spraying System: The Arduino-controlled spraying mechanism effectively targeted
diseased plants, reducing pesticide usage by 30% compared to traditional blanket spraying methods. The
precision application not only saved costs but also minimized environmental impact.

ADVANTAGES

Precision Agriculture: The developed system can be applied in precision agriculture to precisely detect and
manage plant diseases. It enables targeted pesticide application, reducing the overall usage of chemicals and
minimizing environmental impact.

Crop Health Monitoring: The system can continuously monitor the health of crops by identifying early signs
of diseases on plant leaves. This proactive approach allows farmers to take timely action to prevent disease
outbreaks and crop losses.

Smart Farming Practices: The integration of technology into agriculture promotes smart farming practices,
enhancing overall farm efficiency and resource management. Reduced Production Costs: By optimizing pesticide
usage and minimizing crop losses, the system helps reduce production costs, leading to increased profitability for
farmers. Scalability: The system's modular design allows for easy scalability, making it adaptable to various crop
types and farming environments.

Educational Tools: Agricultural institutions and educational organizations can use the system as an educational
tool to teach students and farmers about modern disease management practices and technology integration in
agriculture.

Early Disease Warning Systems: The system can serve as an early warning system for potential disease
outbreaks in specific regions, allowing for proactive disease control measures and preventing epidemics.
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Reduced Labor Dependency: Automation of disease detection and pesticide spraying reduces the need for
manual labor, making it suitable for large-scale agricultural operations and alleviating the labor shortage issue in
some regions.

Small-Scale Farming: The system's cost-effectiveness and scalability make it accessible to smallscale farmers,
empowering them to efficiently manage disease outbreaks and improve crop yields.

Environmental Sustainability: By optimizing pesticide usage and reducing chemical runoff, the system
promotes environmental sustainability and helps mitigate the adverse effects of pesticide contamination on
ecosystems. Improved Crop Yields: Timely disease detection and targeted remediation result in healthier crops and
higher yields, contributing to increased agricultural productivity and food security.

Data-Driven Insights: The system generates valuable data on disease incidence and severity, enabling farmers
to make informed decisions about crop management and disease control strategies.

Research and Development: Researchers and agricultural scientists can utilize the system to conduct studies on
disease patterns, pesticide efficacy, and crop health trends, leading to advancements in agricultural research.

CONCLUSION

The development of an automated plant health care system leveraging a mobile robot equipped with an imaging
module and automated pesticide spraying mechanism presents a significant advancement in precision agriculture.
The integration of the ESP32 cam module for real-time image acquisition and processing, coupled with a
sophisticated ResNet-50 based segmentation and classification model, allows for accurate detection and
identification of plant diseases. The use of Arduino-based control systems for targeted pesticide application ensures
that pesticides are applied precisely where needed, reducing waste and minimizing environmental impact. The
system's ability to navigate autonomously through agricultural environments further enhances its efficiency and
scalability. Overall, this project demonstrates a comprehensive approach to modernizing plant disease management,
providing a robust solution that can potentially transform traditional agricultural practices.

FUTURE SCOPE

Expanding the system to support a variety of crops and diseases will enhance its applicability and impact across
different agricultural sectors. Improving model accuracy through advanced deep learning architectures, diverse
datasets, and sophisticated data augmentation techniques is essential. Integrating this system with other precision
agriculture technologies, such as soil sensors and irrigation systems, can create a comprehensive crop management
solution. Enhancing real-time processing capabilities through more efficient algorithms and high-performance
hardware will improve system responsiveness. Ensuring scalability for larger operations and user-friendly
deployment will encourage wider adoption among farmers. Additionally, conducting economic analyses and
ensuring regulatory compliance will further solidify the system's value and practicality in modern agriculture.
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