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Abstract - Agriculture remains one of the most important
sectors supporting global food security and rural livelihoods.
However, crop productivity is significantly affected by pests
and plant diseases, which lead to major economic losses for
farmers each year. According to recent agricultural studies,
approximately 20—40% of global crop production is lost
annually due to pests and plant diseases if proper monitoring
and timely treatment are not implemented. Traditional methods
of identifying plant diseases rely heavily on manual inspection
performed by farmers or agricultural experts, which can be
time-consuming, labor-intensive, and sometimes inaccurate
when early symptoms are difficult to observe with the naked
eye. Therefore, there is an increasing need for intelligent
technological solutions that can assist farmers in detecting plant
health issues at an early stage and taking appropriate preventive
actions.

Recent advancements in Artificial Intelligence (AI), Machine
Learning (ML), and computer vision technologies have
opened new opportunities for developing automated crop
monitoring systems capable of identifying pests and diseases
with high accuracy. Deep learning models, particularly
Convolutional Neural Networks (CNNs), have demonstrated
remarkable performance in image recognition tasks and are
widely used for plant disease classification from leaf images
[1]. These models can learn complex visual patterns such as leaf
discoloration, spots, texture variations, and structural damage
that are typically associated with plant infections.

This paper presents AGROVISION, an intelligent Al-based
pest and disease detection system designed to support smart
Keywords: Artificial Intelligence, Smart Agriculture, Pest
Detection, Plant Disease Detection, Deep Learning, Computer
Vision, Precision Farming.

1. Introduction

Agriculture plays a fundamental role in ensuring global food
security and economic stability, particularly in developing
countries where a large portion of the population depends on
farming as a primary livelihood. Despite technological
advancements in modern agriculture, crop productivity
continues to be threatened by various pests and plant diseases.
According to global agricultural reports, pests and diseases are
responsible for approximately 20-40% loss of crop
production every year, causing significant economic damage
and threatening food supply chains [1].

Traditionally, farmers identify plant diseases and pest
infestations through manual inspection of crops. This method
relies heavily on the experience and knowledge of agricultural

agriculture and precision farming. The proposed system
analyzes plant images captured through mobile devices or
digital cameras and automatically identifies the presence of
pests or diseases using deep learning techniques. The
architecture of AGROVISION consists of several functional
stages including image acquisition, preprocessing, feature
extraction, and disease classification. During preprocessing,
image enhancement and noise reduction techniques are applied
to improve the quality of input images. Feature extraction is
then performed using deep learning models such as ResNet
and MobileNet, which are capable of capturing detailed
spatial features from plant leaf images [2].

After feature extraction, the classification module predicts the
type of pest or disease affecting the crop and provides suitable
recommendations for treatment or pest management. The
system can also be integrated with cloud-based databases and
mobile applications, allowing farmers to access diagnostic
results in real time. Studies have shown that Al-driven
agricultural monitoring systems significantly improve early
disease detection and reduce crop losses by enabling timely
intervention [3].

The proposed AGROVISION system contributes to the
development of smart agricultural ecosystems, where
intelligent technologies assist farmers in maintaining crop
health, optimizing pesticide usage, and increasing overall
agricultural productivity. Future enhancements may include
integration with IoT-based field sensors, drone-based crop
monitoring systems, and multilingual mobile interfaces to
further improve accessibility and real-time agricultural decision
making.

experts. However, manual disease detection has several
limitations such as delayed diagnosis, inaccurate identification,
and difficulty in monitoring large agricultural fields. In many
rural areas, farmers also lack immediate access to agricultural
specialists, which further increases the risk of crop damage.
Recent advancements in Artificial Intelligence (AI) and
Machine Learning (ML) have opened new possibilities for
automated agricultural monitoring systems. Deep learning
techniques, particularly Convolutional Neural Networks
(CNNs), have demonstrated excellent performance in image
classification and object detection tasks [2]. These technologies
enable computers to identify complex patterns and visual
features from images, making them suitable for plant disease
detection using leaf images.

The use of Al in agriculture has gained significant attention due
to its ability to support precision farming, where crop
conditions are continuously monitored using intelligent
systems. Al-based pest detection systems can analyze plant
images captured through smartphones, drones, or field cameras
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and automatically identify symptoms of diseases or pest
infestations [3].

This paper proposes AGROVISION, an Al-powered pest and
disease detection system designed to assist farmers in
identifying plant health issues at an early stage. The system
utilizes deep learning models to analyze plant leaf images and
classify them into healthy or diseased categories. The objective
of the proposed system is to provide an accessible and reliable
technological solution that can improve crop monitoring,
reduce pesticide misuse, and increase agricultural productivity.

2. Body of Paper

2.1Literature Review

Several research studies have explored the application of
artificial intelligence and image processing techniques for plant
disease detection.

In one study, Mohanty et al. developed a deep learning-based
model using Convolutional Neural Networks to identify plant
diseases from leaf images. Their research demonstrated that
CNN models could achieve classification accuracy of over 99%
when trained on large plant disease datasets such as
PlantVillage [4].

Similarly, Ferentinos investigated the use of deep learning
models for detecting plant diseases across multiple crop
species. The study used architectures such as AlexNet and
GoogleNet, achieving high accuracy in identifying plant
diseases from digital images [5].

Another research conducted by Rahman et al. proposed a pest
detection system using computer vision techniques combined
with deep learning models. Their system successfully identified
common agricultural pests and provided early warnings for
farmers to prevent crop damage

[6].

Liu et al. developed a system using Faster R-CNN for
detecting insect pests in agricultural fields. The system
demonstrated the ability to detect small insects under complex
environmental conditions such as varying lighting and
background noise [7].

In recent years, researchers have also explored the integration
of AI with IoT technologies for smart agriculture. loT-based
monitoring systems collect environmental data such as
temperature, humidity, and soil moisture, which can be
combined with image analysis to improve disease prediction
accuracy [8].

Although these studies demonstrate promising results, many
existing systems require large computational resources or lack
accessibility for small-scale farmers. Therefore, there is a need
for a cost-effective and easy-to-use Al system that can be
deployed using mobile devices.

3. Proposed System Architecture

The proposed AGROVISION system is designed to
automatically detect plant pests and diseases using deep
learning techniques and image analysis.

The architecture of the system consists of several functional
modules that work together to analyze plant images and
generate disease predictions.

Main Components

1. Image Acquisition Module
2. Image Preprocessing Module
3. Feature Extraction Module
4. Deep Learning Classification Model
5. Recommendation and Alert System
6. Farmer User Interface

System Workflow

1. The farmer captures a plant leaf image using a
smartphone or camera.

2. The captured image is uploaded to the AGROVISION
system.

3. The system performs preprocessing operations such as
resizing, noise removal, and image normalization.

4. A deep learning model extracts important visual
features from the image.

5. The classification module identifies the pest or disease
affecting the plant.

6. The system provides recommendations for treatment
or pest control measures.

Architecture Flow:
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4. Methodology

The methodology used in the AGROVISION system follows a
structured approach consisting of multiple stages of image
processing and deep learning analysis.

4.1 Data Collection

The dataset consists of plant leaf images collected from
agricultural datasets such as PlantVillage and other open
agricultural image repositories. The dataset contains images of
both healthy and diseased plants covering various crops such as
tomato, potato, and maize.

4.2 Image Pre-processing

Preprocessing is performed to improve the quality of images
before feeding them into the deep learning model. The
following operations are applied:

* Image resizing
*  Noise removal
. Contrast enhancement
¢ Normalization

These steps ensure that the model receives consistent input data
and improves classification accuracy.
4.3 Feature Extraction

Feature extraction is performed using deep learning
architectures such as ResNet50 or MobileNet. These models
automatically learn complex visual features such as:

»  Leaf texture patterns

*  Color variations

*  Disease spots and lesions
*  Pest presence indicators

Deep learning models are particularly effective because they
can identify patterns that are difficult for humans to observe
manually.

4.4 Model Training

The dataset is divided into training and testing sets to evaluate
model performance. During training, the CNN model learns to
distinguish between healthy and infected plants by minimizing
classification error using optimization algorithms such as
Adam optimizer.

4.5 Disease Classification

After training, the model predicts the class of new input images.
The output can include:

*  Healthy leaf
*  Pest infestation
*  Specific plant disease type

The predicted results are then displayed to the user through the
application interface.

5. Experimental Results:

The performance of the proposed AGROVISION AIPowered
Pest and Disease Detection System was evaluated using
standard machine learning performance metrics. The
experimental analysis was conducted using a dataset of plant
leaf images consisting of both healthy and diseased samples.
The dataset was divided into training (80%) and testing
(20%) subsets to evaluate model accuracy and generalization
capability.

To assess the performance of the proposed system, multiple
deep learning models were compared, including CNN,
MobileNet, ResNet50, EfficientNet, and VGG16. The
evaluation was performed using standard metrics such as
Accuracy, Precision, Recall, and F1-Score.

5.1 Evaluation Metrics

The following mathematical equations were used to calculate
the classification performance.

Accuracy

Accuracy= TPHIN

TP+TN+FP+EN
Precision

Precision= ™

TP+FP

Recall
Recall=

— ™ 1pipN

F1 Score

F1= 2 x Precision x Recall

Precision+Recall Where:

e TP = True Positive
* TN =True Negative
*  FP =False Positive
*  FN=False Negative

5.2 Comparative Performance Analysis

Table 1 shows the comparison of different deep learning models
used for pest and disease detection.
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Table 1

Performance Comparison of Deep Learning Models

Model Accuracy | Precision | Recall F1
(%) (%) (%) Score
(%)
CNN 92.4 91.1 90.5 90.8
MobileNet | 94.2 93.6 92.8 93.2
ResNet50 96.1 95.4 94.9 95.1
EfficientNet | 95.3 94.7 94.2 94.4
VGG16 93.5 92.6 92.0 923

From the results, ResNet50 achieved the highest accuracy of
96.1%, demonstrating its superior ability to extract deep image
features for plant disease detection.
5.3 Confusion Matrix Analysis

Table 2 shows the confusion matrix for the proposed system.
Table 2

Confusion Matrix

Actual / Predicted Healthy Diseased
Healthy 480 20
Diseased 15 485
Using this matrix:
TP = 485
TN = 480
FP = 20
FN=15
Accuracy Calculation
Accuracy= TPHIN

TP+TN+FP+FN

B3 +4E0

Accuracy= 45+ 4no+20415

365
Accuracy= 1nan = 96.5%
5.5 Graphical Representation
Graph 1 — Accuracy Comparison
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6. Advantages of the Proposed System

The AGROVISION system provides several benefits for
modern agriculture:

*  Early detection of plant diseases
*  Reduction in crop loss

»  Efficient pest monitoring

*  Reduced pesticide misuse

*  Support for precision agriculture
*  Real-time disease diagnosis

7. Conclusion

In this paper, an Al-powered pest and disease detection system
called AGROVISION was proposed to support smart
agricultural practices. The system utilizes deep learning and
computer vision techniques to analyze plant images and identify
diseases at an early stage. Experimental analysis demonstrates
that deep learning-based models achieve high accuracy in
detecting plant diseases and pest infestations.

The proposed system has the potential to assist farmers in
improving crop management and reducing agricultural losses.
Future work may include integrating drone-based crop
monitoring, IoT sensors, and cloud-based agricultural
analytics to enhance real-time crop health monitoring.
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