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Abstract 

Good monitoring of crop health is essential for permaculture practices and good results. The 

combination of computer vision and artificial intelligence/machine learning (AI/ML) has become a 

transformative force transforming this critical process. Integrating advanced imaging techniques, this 

technology provides a platform for real-time monitoring of crops. This research explores the integration 

of computer vision and artificial intelligence/machine learning in monitoring crop health and informing 

decisions to support development. He talks about the problems that arise while looking for future 

prospects, in accordance with the conditions of the region. Advanced algorithms such as Support Vector 

Machine (SVM) and integration techniques such as random forest and gradient boosting are at the 

forefront of seamless integration of technological talent and agricultural intelligence. This approach not 

only increases productivity, but also paves the way for precision agriculture, more efficient, profitable, 

future-ready agriculture. In an age where high technology is disrupting agriculture, this partnership 

holds the promise of solving global food security challenges and improving the livelihoods of farmers 

around the world. 

 

Index Terms: Crop health monitoring, Artificial intelligence (AI), Machine Learning (ML), Diseases, 

Internet of Things, Pre- Processing, Prediction, Wireless Senor Network 

 

1. INTRODUCTION 

India relies heavily on agriculture, with 69 percent of its population engaged in this sector 

either as their primary or secondary occupation. Agriculture, the process of cultivating and nurturing 

valuable resources within the ecosystem, is fundamental to India’s economy. Farmers, in essence, act as 

ecosystem engineers, continually innovating to improve crop yields. However, modern-day farmers 

encounter numerous challenges including erratic weather patterns, low productivity, over-cultivation, 

and floods. One pressing issue is the prevalence of crop diseases, which can significantly impact yields. 

In 2018, the average price of crops was approximately Rs. 23 per kg, yet many in India still suffer 

from hunger and malnutrition, particularly among the farming community. Despite their love for 

farming, a significant portion of farmers, 69 percent, believe urban employment offers better prospects, 

with 62 percent expressing readiness to migrate to cities. Financial constraints and the threat of crop 

diseases contribute to this sentiment, with 36 percent citing inadequate income from agriculture. 

Additionally, many farmers fail to detect diseases in their crops until they reach advanced 

Identify applicable funding agency here. If none, delete this. 

stages, highlighting the need for early intervention. Despite advancements in technologies like artificial 

intelligence and machine learning, key challenges in agriculture persist. To address these issues, efforts 
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are underway to provide farmers with technology-driven solutions, leveraging machine learning to 

improve agricultural practices. 

Pesticides, chemical substances designed to eliminate pests, serve various purposes beyond safeguarding 

plants and animals in agricultural settings. They are also utilized to combat pests like mosquitoes and 

cockroaches in public areas. Ap- proximately 95 percent of pesticide production is dedicated to 

protecting crops in agriculture, reflecting the universal desire for increased crop yields. However, 

widespread pesticide use, while enhancing agricultural productivity, poses significant risks to human 

health, animal welfare, and the environment. The repetitive application of the same pesticides by 

farmers exacerbates these risks. To address this issue, the authors of the study proposed controlling 

pesticide reuse through technology and machine learning algorithms. Adjuvants, chemicals incorporated 

into pesticide formulations to enhance their efficacy, play a crucial role in this process. Leveraging 

machine learning algorithms obviates the need for blanket pesticide application across entire fields, 

enabling targeted treatment based on specific field conditions. 

A. Pesticides used in agriculture 

Pesticides are integral to agricultural practices, serving multiple purposes in crop protection and 

cultivation. They are applied to crops and plants to safeguard them against various threats and promote 

their growth. Classified as chemical or biological agents, pesticides deter, neutralize, or eliminate pests 

that can harm plants and crops. India initiated pesticide production in 1952 with the establishment of the 

BHC factory near Kolkata, positioning itself as the second- largest pesticide producer in Asia, 

following China. The term” pesticide” encompasses a diverse range of chemicals, including herbicides, 

fungicides, molluscicides, nematicides, rodenticides, and plant growth regulators. 

B. Benefits of Pesticides in Agriculture 

The significance of pesticides in agriculture cannot be overstated. Agriculture, serving as India’s 

backbone, is crucial for the nation’s prosperity. However, as populations burgeon worldwide, 

agricultural lands are diminishing, placing immense pressure on the sector. In response to these 

challenges, pesticides and fertilizers have historically played a pivotal role, acting as catalysts to 

enhance yields, particularly with the adoption of hybrid seeds. This era, known as the Green 

Revolution, marked a transformative period in agriculture, albeit with subsequent significant changes. 

 

C. Amount of Pesticides 

The expense associated with pesticides utilized in crop cultivation varies depending on numerous 

factors, encompassing crop type, geographic location, farming techniques, pesticide application 

practices, and management strategies. Here is an overview of the determinants influencing pesticide 

utilization in crop farming: 

• Crop Variety: Different crops exhibit varying susceptibility to bacteria and plant diseases, 

necessitating differential pesticide applications. High-value crops like fruits and vegetables often 

demand more frequent pesticide treatments compared to staple crops such as wheat or corn. 

• Pest Infestation: The prevalence and severity of pests, diseases, and weeds in a particular region 

directly impact pesticide usage. Regions with higher pest pressure may require increased pesticide 

applications to mitigate crop damage and preserve yields. 

• Agricultural Practices: Farming methods like crop rotation, tillage practices, irrigation systems, and 

cover crop utilization can influence pest populations and pesticide requirements. Integrated Pest 

Management (IPM) strategies, incorporating diverse pest control methods, aim to minimize pesticide 
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reliance. 

• Environmental Factors: Climatic conditions like temperature, humidity, precipitation, and soil 

composition affect pest dynamics and pesticide efficacy. Regions conducive to pest proliferation 

may necessitate heightened pesticide usage for crop protection. 

• Regulatory Framework: Variations in pesticide regulations across countries and regions dictate 

pesticide usage standards, application protocols, and permitted pesticide types. Adherence to 

regulatory mandates directly impacts farmers’ pesticide selection and application practices. 

• Technological Advancements: Innovations in pesticide formulations, equipment, and precision 

agriculture technologies facilitate targeted and efficient pesticide application. Tools like GPS-guided 

sprayers, drones, and sensor- based monitoring systems optimize pesticide utilization, minimizing 

environmental impact and resource wastage. 

• Consumer Preferences: Consumer demand for pesticide- free produce and environmentally 

sustainable farming 

• practices influence farmers’ decisions regarding pesticide usage. Practices like organic farming, 

which eschew synthetic pesticides, rely on alternative pest management strategies such as crop 

rotation and biological control. 

Overall, pesticide management in crop production is a multifaceted process influenced by biological, 

environmental, economic, and regulatory factors. Initiatives aimed at reducing pesticide usage and 

promoting sustainable farming practices entail a comprehensive approach encompassing education, 

research, policy interventions, and technological innovation. 

 

2. LITERATURE SURVEY 

Identifying and analyzing crop diseases, and subsequently predicting appropriate pesticides, stands as a 

promising frontier in agricultural research. This endeavor utilizes advanced technologies such as data 

mining, machine learning, and OpenCV to catalogue diseases across various plant species and establish 

a robust disease classification system. By scrutinizing input images and leveraging features like RGB 

pixel counts, the system adeptly discerns diseases and pinpoints affected areas using a suite of 

techniques including smoothing, image gradient analysis, thresholding, contour detection, Sobel, Canny 

edge detection, HSV color space analysis, and image histograms. These methods collectively illuminate 

disease boundaries, facilitating precise disease identification. 

This research represents a pivotal step towards combating crop diseases and promoting economic 

prosperity in rural communities. Introducing an automated system for identifying and categorizing plant 

diseases signifies a significant advancement in precision agriculture. By swiftly detecting diseases, this 

system aims to mitigate crop losses and enhance agricultural productivity. 

The research places a particular emphasis on the leaf as the primary locus of disease manifestation, 

leveraging techniques such as histogram equalization to preprocess images and enhance contrast. 

Furthermore, the implementation of the Support Vector Machine algorithm enables accurate disease 

classification by identifying common features among images. Through the integration of sophisticated 

image processing techniques, the system delivers precise disease detection in crop leaves, furnishing 

farmers with invaluable insights for effective disease management strategies. 
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3. METHODOLOGY 

A. Image Acquisition 

Ensuring the accuracy of crop quality assessment hinges on capturing high-quality images as the initial 

step. Achieving detailed photographs requires careful consideration of camera selection based on criteria 

such as resolution, focal length, and color capabilities. Additionally, positioning the camera 

strategically enables capturing unseen parts of the crop, while meticulous control of lighting minimizes 

harsh shadows, reflections, or overexposed areas that could distort reality. Camera calibration rectifies 

lens distortion and other optical imperfections. Rigorous quality control analysis is crucial for detecting 

issues like blurriness or noise. 

Each photo is meticulously annotated with metadata and timestamps, facilitating easy tracing and data 

identification. Monitoring and regular maintenance practices uphold consistent image quality, 

establishing a dependable foundation for subsequent image processing and analysis. 

 

B. Preprocessing 

Smoothening: Smoothing, also referred to as blurring, stands out as a widely employed technique in 

image pro- cessing. Its primary purpose is to eliminate noise present in images, thereby enhancing their 

quality. Various types of filters, such as Homogeneous, Gaussian, Median, and Bilateral filters, are 

commonly utilized for this purpose due to their ease of implementation and relatively swift processing 

capabilities. 

 

 
Fig. 1. Considered Image      Fig. 2. Smoothening Image 

 

C. Image Gradient 

Image Gradient represents a directional alteration in the intensity or color of an image. Serving as a 

fundamental component in image processing, it enables the detection of edges within an image. 

Various methods, including Laplacian, Derivative, and Sobel, utilize distinct mathematical operations to 

generate the necessary image gradients and subsequently analyze them. 

 
Fig. 3. 

 

D. Segmentation 

Thresholding: Thresholding is a widely utilized seg- mentation technique employed to distinguish 

between the background and foreground elements of an image. This process involves comparing each 
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pixel’s intensity with a predetermined threshold value. Various thresholding techniques assign distinct 

values to pixels based on whether their intensity exceeds or falls below the specified threshold value. 

 
Fig. 4. Image Segmentation 

Contour: A contour is a curve that connects all continuous points aong a boundary with the same color 

or intensity. This tool is invaluable for shape analysis in object detection or recognition tasks. To locate 

contours within an image, the process typically involves utilizing thresholding or Canny edge detection 

methods. 

 

 
Fig. 5. Contoured Image 

 

E. Feature Extraction 

Histogram Oriented Gradient: Histogram of Oriented Gradients (HOG) is a technique employed in 

computer vision and image processing for object detection. This approach computes the occurrence of 

gradient directions within a specific area of an image. HOG emphasizes the structural or shape aspects 

of an object, surpassing edge detection by incorporating gradient size and orientation to derive features. 

The method calculates both the magnitude and direction of gradients within individual cells and 

constructs a histogram based on gradient directions. 

Canny Edge Detection: The Canny edge detector, an algorithm developed by John F. Canny in 1986, is a 

multi-stage approach for detecting edges in images across a wide spectrum. The Canny edge detection 

algorithm comprises five key steps: 

Noise reduction: Application of a Gaussian filter to 

 

 
Fig. 6. HOG and Calculated HOG of image 

 

smooth the image and eliminate noise. Gradient calculation: Determination of intensity gradients within 

the image. 

Non-maximum suppression: Implementation of non- maximum suppression to eliminate spurious 

responses to edge detection. 

Double thresholding: Establishment of potential edges based on thresholding. 
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Edge tracking by Hysteresis: Finalization of edge detection through edge tracking, suppressing weak or 

disconnected edges not linked to strong edges. 

 
Fig. 7. Edge Detection. 

 

F. Classification 

• ML Algorithms (SVM): Support Vector Machine (SVM) stands as a potent supervised machine 

learning algorithm employed for tasks like classification, regression, and outlier detection. Its 

primary aim is to identify the optimal hyperplane that effectively divides the data into distinct 

classes. SVM emerges as a versatile and robust algorithm well-suited for diverse classification and 

regression assignments, particularly in scenarios involving intricate, high-dimensional data. 

 

G. Object Detection and Recognition 

• Hue, Saturation, Value (HSV): HSV (Hue, Saturation, Value) is a color model distinct from RGB, as 

it disentangles color intensity, or luminance, from color information. This separation proves 

advantageous when the focus lies on luminance within the image, simplifying tasks related to 

luminance adjustment. 

HSV finds utility in scenarios where precise color description holds significance, as it offers a 

descriptive framework akin to a cylindrical cone model, known as the Hack Scorn Color Model. Within 

this model: 

1. Hue denotes the fundamental color components, akin to base pigments. 

2. Saturation signifies the depth or richness of the color, reflecting the dominance of Hue, typically 

expressed as a percentage ranging from 0 to 100. 

3. Value corresponds to the brightness of the color, also expressed as a percentage between 0 and 100. 

 

 
Fig. 8. HSV of Image 

 

H. Data Visualization 

Seaborn and matplotlib heatmap correlation between various dataset elements, which will help us to 

calculate the amount of pesticide required. 

 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250242088 Volume 7, Issue 2, March-April 2025 7 

 

 
Fig. 9. Data Visualization through Heatmap 

 

I. Feedback, Reporting and Continuous Improvement 

A feedback mechanism has been implemented to ensure the accuracy and efficiency of quality 

assessment and rating procedures. Users, including operators and system users, are encouraged to 

provide feedback regarding the results and any inconsistencies or challenges encountered during the 

process. This feedback may originate from various sources, including personnel involved in the 

workflow, automated systems, or analysts. Users are prompted to report any discrepancies or errors 

identified during performance evaluations or scoring activities. 

The outcomes of quality assessments and ratings are presented comprehensively, accompanied by the 

received feedback. 

Reports encompass statistics pertaining to the distribution of quality levels, variations among 

quality parameters, and details regarding identified issues or concerns. These reports often incorporate 

graphical representations, such as histograms, charts, and graphs, to offer a clear overview of the results 

of quality measurements. 

Furthermore, adjustments can be made to process parameters, such as lighting conditions, camera 

settings, or extraction techniques, with the aim of optimizing and enhancing the accuracy of 

measurements. In a corporate setting, feedback plays a crucial role in facilitating improved management 

practices, including the refinement of statistics, process reengineering, or method adjustments, aimed at 

resolving specific issues. 

 

CONCLUSION 

In this paper, we present a comprehensive examination of diverse disease classification techniques 

utilized in the identification of plant leaf diseases. We delve into the intricacies of each technique, 

exploring their efficacy and applicability in the realm of disease detection. Additionally, we introduce an 

innovative algorithm for image segmentation, a crucial step in automating the detection and 

classification process for plant leaf diseases. This segmentation technique not only streamlines the 

identification process but also enhances the accuracy of disease classification, thus paving the way for 

more effective disease management strategies. 

The experimental phase of our project involved rigorous testing of these techniques on a variety of plant 

species, including Cashew, Cassava, Maize, and Tomato. Through systematic experimentation and data 

analysis, we aimed to evaluate the performance and robustness of each technique across different plant 

species and disease types. Our findings provide valuable insights into the strengths and limitations of 

each method, empowering researchers and practitioners in the field of agricultural science to make 
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informed decisions regarding disease detection and management. 

Furthermore, leveraging the insights gained from our analysis, we developed a predictive model 

capable of estimating the optimal quantity of pesticides, insecticides, and herbicides required for a 

specific crop field or region. By integrating data on crop type, environmental conditions, and disease 

prevalence, our model offers valuable guidance to farmers and agricultural professionals, enabling 

them to optimize their pest management strategies and minimize the risk of crop loss. Through this 

holistic approach, we aim to contribute to the advancement of sustainable agriculture practices and the 

enhancement of food security worldwide. 
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