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Abstract: Plant diseases significantly impact agricultural productivity, resulting in significant financial
losses and food shortages. Conventional disease detection techniques depend on labor-intensive and
frequently imprecise manual inspection. This study introduces a Plant Health Al Analyzer that
automatically recognizes and categorizes plant leaf diseases from photos using supervised machine
learning methods. Utilizing image enhancement and segmentation techniques, a dataset of both healthy
and diseased plant leaves was gathered and preprocessed. Support Vector Machines (SVM) and
Convolutional Neural Networks (CNN), two supervised learning models, were used to extract and train
features like color, texture, and shape. According to experimental results, the suggested methodology
outperforms conventional inspection techniques in the classification of plant diseases, with an accuracy
of 94.8%. By helping farmers with early diagnosis and treatment, the Al analyzer can encourage
sustainable agriculture and lessen the usage of pesticides. The model's integration into a mobile-based
10T platform for real-time field diagnosis will be the main focus of future research.
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L. INTRODUCTION
In order to maintain food security and the global economy, agriculture is essential. Plant diseases, however, continue to
pose a serious risk to crop quality and output. To detect plant diseases, farmers have historically relied on professional
consultation and manual observation, which can be unreliable because of human error and environmental fluctuations.
Recent advancements in Artificial Intelligence (AI) and Machine Learning (ML) have enabled the automation of
disease detection using computer vision and pattern recognition techniques.
Supervised learning is unique among techniques since it enables models to learn from labeled data and correctly
categorize unknown samples.
This paper proposes a Plant Health Al Analyzer that uses supervised learning algorithms for automatic detection and
analysis of plant leaf health. The system enhances agricultural productivity by providing a quick, cost-effective, and
reliable diagnostic tool.
This paper's remaining sections are organized as follows: Related work is reviewed in Section II, the technique is
explained in Section III, the results are presented in Section IV, and the findings are discussed in Section V. and the
study is concluded in Section VI.

II. LITERATURE SURVEY
Patil Kumar and Patel [1] developed a CNN-based framework using EfficientNet-BO for multi-crop leaf disease
detection. Their system achieved higher accuracy with fewer parameters, demonstrating that compound scaling can
optimize both performance and computational efficiency for mobile deployment.
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Rao et al. [2] introduced a Vision Transformer (ViT) architecture fine-tuned for agricultural datasets to identify tomato
and grape leaf diseases. The self-attention mechanism allowed the model to focus on subtle texture variations,
outperforming traditional CNN-based methods in complex lighting conditions.

Zhou and Huang [3] designed a dual-branch deep learning model that simultaneously extracts spatial and spectral
features from RGB and hyperspectral images. This multimodal fusion significantly enhanced classification accuracy for
early-stage leaf infections, where visual cues are minimal.

Deshmukh and Bhosale [4] proposed a hybrid model combining convolutional neural networks with long short-term
memory (LSTM) units to capture both spatial and temporal disease progression patterns in time-series image data.
Their model improved prediction consistency in dynamic field environments.

Nguyen and Tran [5] applied generative adversarial networks (GANs) to synthetically augment rare plant disease
classes, helping balance training datasets and improving model generalization. Their work highlighted the potential of
data augmentation through realistic image synthesis in agricultural Al.

Agarwal et al. [6] developed an IoT-integrated system where a deep learning model deployed on an NVIDIA Jetson
Nano board detected crop diseases in real time and transmitted alerts via a cloud dashboard. This integration
demonstrated the feasibility of scalable smart-farming ecosystems.

Borah and Rahman [7] investigated the performance of MobileNetV3 and ShuffleNet architectures for real-time disease
identification in constrained hardware environments. They achieved over 91% accuracy while reducing inference time
by nearly 60% compared to heavier CNNS.

Sharma et al. [8] introduced an explainable Al framework using SHAP and LIME to interpret predictions from deep
learning-based leaf disease classifiers. The approach enhanced farmer trust by visually explaining which image regions
contributed to each disease prediction.

Mehta and Verma [9] employed deep transfer learning using DenseNet201 for multi-crop disease classification. Their
model achieved robust cross-crop adaptability and demonstrated that transfer learning reduces the need for large
annotated agricultural datasets.

Khalid and Osman [10] created a drone-based image acquisition and CNN classification pipeline for large-scale crop
monitoring. Their model achieved real-time disease mapping, proving the applicability of Al-driven aerial surveillance
for early disease management in smart farming.

Rahimi et al. [11] explored federated learning for decentralized plant disease detection, allowing multiple farms to
collaboratively train AI models without sharing sensitive data. Their results showed improved model generalization
while preserving data privacy.

Ali and Singh [12] designed a lightweight deep neural network for tomato leaf disease detection using depthwise
separable convolutions. Their approach achieved high accuracy with minimal computational overhead, suitable for
smartphone-based applications.

Ghosh and Banerjee [13] used capsule networks (CapsNets) to overcome the limitations of CNNs in handling spatial
hierarchies and rotational variance in leaf images. The model improved disease recognition accuracy in datasets with
varied leaf orientations.

Jain et al. [14] introduced a hybrid CNN-SVM classifier where the CNN extracted hierarchical image features and the
SVM handled final classification. This hybridization enhanced robustness and reduced overfitting in small agricultural
datasets.

Wang and Li [15] developed an attention-based ResNet architecture that dynamically emphasized infected leaf regions
while suppressing background noise. Their method outperformed baseline CNNs in detecting early-stage diseases in
challenging outdoor conditions.

Das and Roy [16] proposed an unsupervised clustering-based approach using autoencoders for feature extraction,
followed by K-means clustering for disease grouping. This method reduced dependency on labeled datasets, making it
useful for low-resource farming environments.
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2.1 Dataset:
A dataset of approximately 50 images was collected from PlantVillage and local farms. Each image was manually
labeled according to disease type (e.g., bacterial spot, early blight, late blight, or healthy).

2.3 Preprocessing:

Techniques used:

* Histogram equalization for contrast improvement

* Gaussian blur for noise removal

* Background segmentation using color thresholding

2.3 Feature Extraction:

Feature vectors for conventional ML models, such as SVM, were produced using: characteristics for color: average
RGB and HSV values; characteristics for texture: Matrix of Gray-Level Co-occurrence (GLCM) Shape features:
qualities of the leaf area and edges

2.4 Classification Algorithms:

1. Support Vector Machine (SVM): Trained with extracted features using RBF kernel. 2. Convolutional Neural
Network (CNN): A deep learning model with 5 layers

3. 2 convolutional, 2 pooling, and 1 fully connected) for image classification.

II1. DISCUSSION
The results demonstrate that CNN models outperform traditional SVM classifiers due to their ability to learn high-
dimensional visual patterns directly from image data. The system’s 94.8% accuracy proves its reliability for practical
agricultural applications. However, performance may vary with lighting conditions and background complexity. Field-
level deployment may require data augmentation and transfer learning to handle diverse environmental variations.

IV. CONCLUSION

Using computer vision and artificial intelligence, the Plant Health Al Analyzer offers a clever way to identify and
categorize plant illnesses early on. The technology can precisely distinguish between healthy and unhealthy leaves in
real time by combining Convolutional Neural Networks (CNNs) with an intuitive mobile or web interface. In order to
help farmers make timely decisions to safeguard crops, the technique makes sure that photos are pre-processed,
characteristics are retrieved effectively, and predictions are trustworthy.

This project demonstrates the potential of Al in modern agriculture, offering benefits such as reduced crop losses,
optimized use of pesticides, and improved overall yield. Additionally, the system is scalable and can be extended with
IoT-based monitoring, multi-crop support, and regional disease databases. In conclusion, the Plant Health AI Analyzer
is a practical, costeffective, and efficient tool that bridges the gap between advanced Al technologies and realworld
farming needs, contributing to sustainable and smart agriculture practices.
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