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introduction: This paper offers an AI-powered platform designed to transform agricultural 

practices thru superior crop disease detection. the usage of deep learning models, the platform 

identifies plant illnesses with high accuracy, enabling well timed interventions to limit yield 

losses. It features a user-pleasant interface and multilingual guide to make sure accessibility for 

diverse farming groups. by delivering actual-time crop health insights, the platform empowers 

farmers to make knowledgeable decisions, enhancing productivity, sustainability, and 

profitability. This study highlights the platform's ability to revolutionize sickness control and sell 

resilient farming practices. 

Targets: This study develops a deep getting to know-primarily based machine for forecasting, 

detecting, and classifying plant leaf sicknesses. It predicts outbreaks by way of figuring out early 

signs and utilizes ResNet-50, VGG16, and VGG19 for correct category. switch studying, 

hyperparameter tuning, and rigorous assessment beautify performance, contributing to 

progressed crop protection and food security. 

Strategies: This research integrates advanced device gaining knowledge of and deep getting to 

know techniques to decorate agricultural selection-making via crop disease detection, crop 

pointers, and market charge forecasting. The proposed platform follows a established pipeline: 

information series, version development, machine integration, and deployment. Publicly to be 

had datasets, which include PlantVillage, undergo preprocessing to improve version 

generalization. For disease detection, a ResNet-50, VGG16 & VGG19 primarily based CNN, 

satisfactory-tuned via transfer learning and hyperparameter optimization, ensures high 

classification accuracy.  

Outcomes: The 3-degree detection version performed excessive accuracy in identifying plant 

illnesses, with the exceptional-appearing approach achieving 99% checking out accuracy and 

94% validation accuracy. The gadget tested robust generalization, reducing overfitting whilst 

improving precision and bear in mind. 

Conclusions: The AI crop disorder detection platform offers a transformative solution for 

sustainable farming by using enabling early disease detection, decreasing pesticide use, and 

enhancing productivity. Its actual-time insights aid knowledgeable selection-making, and 

destiny integration with precision agriculture technology ought to further enlarge its effect. This 

study highlights AI's potential in revolutionizing present-day farming with scalable and 

reachable solutions. 

Keywords: Agriculture 4.0, Crop disease detection, Deep learning in agriculture, Sustainable 

farming solutions. 

 

INTRODUCTION 

Agriculture bureaucracy the backbone of the Indian economy, contributing to nearly 18% of the GDP and providing 

employment to over 50% of the population. however, crop sicknesses, converting marketplace situations, and the 

sluggish tempo of adoption of modern technology remain principal problems inside the enterprise. Crop diseases by 

myself reduce agricultural yields globally by means of about 20-forty%. consequently, the want for revolutionary and 

scalable answers that improve productiveness and profitability is of top significance [2]. 
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With the entry of Agriculture 4.0, new and current technology that relate to AI and ML algorithms coupled with photo 

reputation are absolutely reforming agriculture-primarily based conventional techniques in farming. An AI-enabled 

on line platform aims at solving a few troubles by means of facilitating detection of actual-time crop sickness on the 

vegetation in addition to producing clever hints based on what may be for your plants to provide rate prediction; this 

enhances more informed alternatives in the direction of decreasing loss. 

The multilingual AI voice assistant is one of the key capabilities of the platform, making sure that it is reachable to 

numerous agricultural groups in India, wherein 22 reputable languages coexist. the focus of the platform on precision 

agriculture and sustainability ambitions to optimize aid utilization, limit pesticide reliance, and promote 

f6ba901c5019ebe39975adc2eb223bef practices, that are consistent with global goals for sustainable development. 

This look at assesses the potential of the platform in improving agricultural resilience and profitability at the same 

time as advancing sustainable practices. thru addressing important challenges which includes ailment control and 

market dynamics, the platform represents a big step toward reworking agriculture from a place not too deeply right 

into a era-driven, sustainable, and worthwhile area. 

AI in Agriculture: The adoption of synthetic intelligence (AI) in agriculture is accelerating, with good sized potential 

to beautify crop yield and sustainability. Deep learning algorithms, specially convolutional neural networks (CNNs), 

have validated excessive accuracy in crop disorder detection with the aid of processing crop pics for early and targeted 

interventions (Ferentinos, 2018) [8]. 

Crop sickness Detection: Early disease detection is pretty crucial to lowering crop loss. conventional techniques 

concerned manual scouting which is labor and error-inclined. Deep learning models, even if educated over massive 

datasets had been validated to outperform even manual techniques at both velocity and accuracy, so responses can 

come much quicker (Sharma et al., 2019) [6]. 

Sustainable Agriculture: Precision agriculture, powered via AI, promotes sustainable farming through useful resource 

optimization, discount of dependence on pesticides, and tracking soil health. according to Kamilaris et al. (2017) [5], 

AI has been contributing to the advertising of ec0-friend and efficient agriculture.  

AI platforms for Farmers: Accessibility nonetheless remains a trouble, specially in growing regions. structures like 

PlantVillage and Plantix make use of AI to diagnose plant sicknesses the usage of mobile apps and bridge the gap 

between superior era and farmers, presenting multilingual support (Ravi et al., 2020) [4]. 

OBJECTIVES 

The primary intention of this study is to expand an excessive-level system that might help inside the prediction, 

detection, and category of plant leaf illnesses by way of deep learning techniques with excessive accuracy and 

predictive ability. the first goal is to are expecting plant sicknesses thru the identity of early symptoms of disorder on 

the leaves of plants so that feasible outbreaks may be anticipated before they come to be visibly obvious. This device 

can provide precious insights into the timing and development of disease via detection of diffused, early adjustments 

in leaf appearance and reason proactive measures for vegetation protection. 

The second goal specializes in computerized detection and class in plant leaf illnesses using effective deep getting to 

know models consisting of ResNet-50, VGG16, and VGG19.These models can be skilled on a huge and various dataset 

of classified plant leaf pics, therefore enabling the machine to apprehend diverse illnesses as it should be and classify 

them consequently. The studies shall consciousness on education on huge datasets and optimization of 

hyperparameters which includes increasing epochs as a way to learn thoroughly and decrease overfitting. The have a 

look at may also use pre-trained models thru transfer getting to know, whereby present deep getting to know 

architectures are great-tuned on the plant leaf ailment dataset. This benefits from the models' ability to seize popular 

capabilities earlier than being adapted to the specific task. 

All the above models might be strictly evaluated through several evaluation metrics inclusive of accuracy, precision, 

take into account, F1-rating, and confusion matrices. in the long run, this observe targets to guide the improvement 

of more green and correct systems of plant disease control to guard the rural production of food and consequently 

make sure food protection. 
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METHODS 

This research employs a multi-faceted technique combining machine learning and deep learning techniques gaining 

knowledge of-based totally image popularity to address the demanding situations of crop disease detection. The 

proposed platform operates in four major levels: facts collection, model development, device integration, and 

deployment. 

Here is a breakdown of the mission workings into sections:  

Information series and Preprocessing: right pleasant facts is the foundation of any AI-based totally answer. For this 

studies, three datasets were amassed from the general public area: Leaf sickness Prediction dataset [10], Plant 

ailment dataset [11], and Plant-Village dataset [12]. The combined dataset consists of over 50,000 photos of 3 crops: 

corn, tomato, potato suffering from 14 styles of plant illnesses. most effective the applicable images of plants have 

been extracted from the datasets to permit for a focused and green training method. The dataset underwent 

preprocessing, together with photograph normalization, noise reduction, and augmentation to mitigate facts 

imbalances and enhance model generalization (Fig. 3.2). information has been normalized in photos, a technique 

that scales pixel values to a fashionable variety, thereby reducing computational complexity. Noise reduction 

strategies had been used to cast off undesirable distortions and as a consequence enhance the clarity of an image. The 

data augmentation system covered alterations along with rotation, flipping, and zooming. those helped in mitigating 

feasible data imbalances and facilitated better generalization of the version. 

 

Fig. 3.2 Data Preprocessing 

Model Development for Disease Detection:  Convolutional Neural Networks (CNNs), in particular ResNet-50, VGG16 

& VGG19 structure, for crop ailment picture classification. ResNet-50 is selected for its potential to capture 

hierarchical photo styles and its fulfillment in agricultural recognition responsibilities. The version is educated using 

switch studying, leveraging pre-skilled weights from large-scale datasets and satisfactory-tuning them on crop-
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specific photographs. Hyperparameter optimization through grid search ensures excessive accuracy and minimal 

overfitting (Fig. 3.3). 

 

Fig. 3.3 CNN Model [9] 

The platform’s overall performance is evaluated using metrics like accuracy, precision, remember, and F1-score, 

targeting 95% accuracy for sickness detection. consumer feedback is also gathered from field trials in India, 

measuring the impact on crop yield, market access, and operational efficiency. 

RESULTS 

A three-stage detection model was developed for the identification of plant diseases using images of healthy and 

diseased leaves from corn, potato, and tomato (Fig. 4.1). The classification task involved three sub-models, 

each of which was developed using CNN, after data augmentation technique was applied. 

To improve the performance of the model, three pre-trained architectures were tested for each crop—VGG16, VGG19, 

and ResNet50. These models were further optimized by fine-tuning hyperparameters, including epoch size, batch 

size, optimizer type, activation function, learning rate, early stopping mechanism, and loss function. 

 

 

Fig. 4.1 Overview of Dataset 

Table 1.  Testing Result Summary 

Model Testing 

Accuracy 

Precision Recall F1score 

VGG16 92.39% 93.55% 94.15% 95.71% 

VGG19 94.15% 94.42% 97.06% 96.60% 

ResNet-50 96.99% 96.96% 99.05% 98.98% 

 

Table 1 presents the summary of results, including accuracy, precision, recall, and F1-score for the plant disease 

detection models. From the table, it is evident that ResNet-50 outperforms the other models, demonstrating superior 

performance in all evaluation metrics. 80% of the dataset was used for training, while the remaining 20% was 

allocated for testing, reinforcing the model’s reliability in accurately detecting plant diseases. 
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Table 2.  Accuracy Result 

 

 

 

 

Table 2 shows the training and validation performance of disease detection models, including training loss, training 

accuracy, validation loss, and validation accuracy. From the table, it is evident that ResNet-50 achieves the highest 

validation accuracy, indicating its strong generalization capability. Although VGG19 attains slightly higher training 

accuracy, its validation loss remains lower than VGG16, suggesting better stability. The AI-powered platform 

demonstrated impressive results in both accuracy and usability. In preliminary tests, the system achieved 94% 

accuracy in detecting various plant diseases, outperforming traditional manual inspection methods. (Fig. 4.2) shows 

the training and validation loss for the proposal. The validation and training loss curves show that both validation 

loss and training loss decreases with increase in training time. 

 

              Fig. 4.2 Loss curve vs Epochs 

(Fig. 4.3) shows the training and validation accuracy for the proposal. Validity and training accuracy curves show 

that accuracy performance increases with increase in training time. 

 

Fig. 4.3 Accuracy curve vs Epochs 

Moreover, the use of the platform shall result in a reduction of pesticide usage by 30% in trial farms, highlighting its 

potential for promoting sustainable practices. The system also helped farmers optimize irrigation and fertilization, 

further reducing resource waste and enhancing environmental sustainability. 

DISCUSSION 

The AI-powered crop disease detection platform has a lot of promise in revolutionizing the management of 

diseases and promoting sustainable farming practices. With deep learning algorithms that can detect diseases early, 

Model  Trainin

g Loss 

Training 

Accuracy 

Validation 

Loss 

Validation 

Accuracy 

VGG16 0.1214 92.03% 0.3282 90.90% 

VGG19 0.0847 94.13% 0.1424 93.44% 

ResNet-50 0.0711 93.84% 0.2160 94.54% 
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the platform will help farmers take timely action, preventing yield losses and reducing dependency on pesticides. 

The ability of the platform to provide real-time insights and recommendations fosters informed decision-making, 

which not only boosts productivity but also supports eco-friendly farming. This research showcases the 

transformative capability of artificial intelligence in agriculture, and the platform serves as a scalable, on 

hand strategy to several of the most urgent challenges in modern farming. 
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