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Abstract-Most of the diseases on the leaves of plants seriously
affect crop yield; thus, their early detection is very necessary for
sustainable agriculture. This paper, therefore, proposes an
automated system for identifying and classifying leaf diseases
by integrating conventional image-processing techniques with a
CNN. The developed system enhances leaf images by removing
noise, applying color-space transformations, segmenting, and
adjusting contrast to enhance disease-specific patterns such as
discoloration, variations in texture, and visible lesions. These
refined features are subsequently analyzed by a CNN that will
correctly identify the disease category. In addition to diagnosis,
the system also proposes preventive suggestions based on the
identified class of the disease.
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1.INTRODUCTION

Early detection of plant diseases is very important for crop
health and agricultural productivity. The current practice of
manual inspection has several drawbacks regarding time
consumption and consistency. Consequently, the demand for
automated solutions has triggered this work on effective plant
disease detection by applying image preprocessing techniques
coupled with CNN-based classification.

2.RELATED WORK

Previous approaches used hand-crafted color features, such as
color histograms and texture metrics. Deep learning, more
precisely CNNs, improves the accuracy of detecting diseases by
learning features from raw images directly. In addition, the
segmentation techniques enhance detection by segregating the
leaf from the background. Several works also combine CNNs
with segmentation to isolate leaf regions before classification,
reducing background noise and improving per-disease
localization. Other hybrid strategies fuse CNN feature extractors
with classical classifiers or ensemble multiple CNNs to boost
accuracy and stability across species and disease stages.

3.METHODOLOGY
3.1 System Architecture
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Fig 3.1: System architecture

The system proposed is designed to process leaf images, extract
disease-relevant features, classify the condition, and recommend
preventive actions. The workflow includes the following steps:
* Image Acquisition: This step deals with acquiring the leaf
images, either from various datasets or field environments.
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* Preprocessing: Noise filtering is performed by using Gaussian
Blur, resizing of the image, enhancing contrast, conversion of
the color space from RGB to HSV, and image segmentation for
background removal.

* Feature Extraction: CNN layers automatically learn patterns
describing lesion shapes, and texture
irregularities.

* Classification: the SoftMax layer predicts the disease class.

* Preventive Measure Module: It maps the predicted disease to
a curated database of preventive steps.

color wvariations,

3.2 Image Processing Techniques
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Fig 3.2: S Preprocessing and Image Enhancement Flow
A. Preprocessing

Image preprocessing ensures that the visual information the
classifier gets is clean and meaningful. Noise reduction is
normally done by applying either Gaussian or median filters,
while the conversion to HSV enhances the infected area for
better visibility. Segmentation techniques, such as K-means
clustering, will isolate the leaf from its background, while
histogram equalization modifies the variation in lighting. These
enhanced images help the CNN learn patterns related to leaf
discoloration, fungal patches, or lesion boundaries more
effectively.

B. Feature Enhancement and Segmentation

Color thresholding in HSV space or clustering algorithms
segment leaf regions. This step effectively removes soil, sky,
and background shadows, which could distract the CNN during

feature learning. Enhanced features contribute to the model
learning the disease-specific symptoms:

¢ Yellowing and browning

e Black spots and circular lesions

e Powdery fungal layers

e Mosaic patterns and curling

3.3 CNN Architecture
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Fig 3.3: CNN Architecture Diagram (Simplified)

The CNN architecture consists of several convolution layers for
feature extraction, ReLU activation for nonlinear learning,
pooling layers to reduce dimensionality, and fully connected
layers for decision-making. The final SoftMax layer gives the
probability distribution for each disease class, enabling
appropriate classification.
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3.4 System Workflow
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Fig 3.4: System Workflow

The process begins with capturing a leaf image, which is then
preprocessed to enhance clarity. The CNN analyzes the
processed image to detect disease symptoms and classify them.
Based on the detected disease, the system retrieves preventive
suggestions such as suitable fertilizers, organic treatments, and
field management practices. The workflow supports continuous
monitoring and immediate decision-making by users.

4. IMPLEMENTATION
e Programming Language: Python
e Libraries: TensorFlow/Keras, OpenCV, NumPy,
Matplotlib, Pandas
e Framework: Flask for interfacing
e Environment: Google colab/VS code
e Dataset: Manually collected leaf images and publicly
available plant leaf datasets
Python, OpenCV, and TensorFlow/Keras were used to build the
detection model. The dataset includes multiple disease classes.
A user interface allows leaf image uploads and displays
predictions along with preventive suggestions. The pipeline
converts raw leaf images into clean, enhanced inputs suitable for
CNN classification. The system automatically handles errors
such as blurry images or empty uploads through exception
handling. The CNN is trained using thousands of processed
images across multiple disease categories. Techniques such as
augmentation, early stopping, and dropout help improve model
accuracy and prevent overfitting.
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Fig 4.1: Implementation Diagram of the Plant Leaf Disease
Detection System Using Image Processing and CNN

This implementation diagram shows the end-to-end system
workflow, beginning with image capture and preprocessing to
enhance leaf quality. The CNN performs hierarchical feature
extraction and classification, after which the system retrieves
preventive measures from a stored database. The user interface
displays both the detected disease and recommended actions,
enabling farmers or system users to make immediate decisions.
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5. Result and Discussion

The findings from this leaf disease detection method show that
mixing image analysis tools with a CNN classifier boosts how
well it spots typical crop issues. Instead of just stacking steps,
better cleaning, isolating regions, and pulling key details helped
reduce distractions while sharpening signs of illness - helping
the network focus on what matters. During tests, the tuned model
scored high marks, telling apart sickness types even when leaves
looked different due to light shifts or surface changes. This
shows CNNs can handle messy, real-world plant visuals without
falling apart. It is also clear that results hinge on having sharp,
varied photos - the richer the set, the sturdier the learning.
Farmers get helpful tips to stop problems before they spread,
making the tool more useful when issues are spotted early. The
whole setup works well, grows easily, fits different users,
catches trouble fast - giving smart farming a real boost.

I

L1 OISEASRE BETECTION RESULTS

LEAF DISEASE DETECTION ANALYTICS

6. CONCLUSIONS

This research presents a deep-learning-based system for the
automated detection of plant leaf diseases using CNN and
image-processing techniques. The proposed approach provides
an efficient, accurate, and user-friendly solution for farmers and
agricultural  institutions. By  integrating  preventive
recommendations, the system extends beyond identification to
support informed decision-making. Future work may involve
incorporating multi-disease detection, smartphone deployment,
IoT integration, and larger datasets to improve scalability and
reliability.
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