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Abstract: - This paper timely and accurate detection of crop diseases is crucial for maintaining crop health and ensuring
optimal yield. This study proposes an innovative framework for detecting potato leaf disease by leveraging an efficient
deep learning model. The framework integrates advanced machine learning techniques to analyze and classify images of
potato leaves, identifying the presence of disease with high precision. The deep learning model employed demonstrates
superior efficiency in capturing intricate patterns and features associated with various stages of potato leaf diseases. The
proposed framework aims to provide a reliable and automated solution for farmers and agricultural practitioners,
enabling them to make prompt and informed decisions to manage and mitigate the impact of diseases on potato crops.
The utilization of cutting-edge technology in agricultural disease detection holds promise for enhancing overall crop
management practices and contributing to global food security.
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I. INTRODUCTION

In In modern agriculture, ensuring the health of crops is
imperative for sustainable food production and global
food security. Potato, being one of the vital staple crops
worldwide, is susceptible to various diseases that can
significantly impact yield and quality. Timely and
accurate detection of diseases in potato plants is crucial
for effective crop management and preventing
widespread damage. This research introduces an
innovative framework designed for the detection of
potato leaf diseases, employing an efficient deep learning
model.

Traditional methods of disease detection in crops often
involve manual inspection, which is labor-intensive and
time-consuming. In contrast, the proposed framework
leverages the power of advanced technology to automate
the detection process. The utilization of a deep learning
model enhances the accuracy and efficiency of
identifying potato leaf diseases, providing a more reliable
and rapid solution for farmers and agricultural
practitioners.

This framework aims to contribute to the optimization of
crop health management by integrating cutting-edge
technology into agriculture. By harnessing the
capabilities of deep learning, it offers a scalable and
adaptable solution that can be applied to various
agricultural settings. The detailed analysis and detection
of potato leaf diseases provided by the framework
empower farmers to take proactive measures, thereby
minimizing crop losses and promoting sustainable
farming practices.

As the agricultural sector continues to face challenges
such as climate change and evolving disease patterns, the
introduction of innovative technologies becomes
paramount. This research addresses the need for a robust
and efficient system for potato leaf disease detection,
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aligning with the broader goals of advancing agricultural
practices and ensuring food security.

Potato late blight

Potato health Potato early blight

Figure 1. Potato Leaf.

Il. PROPOSED METHODOLOGY

Plant diseases can have a significant impact on crop
yield and quality. Early detection and classification of
these diseases are crucial for effective agricultural
management. This research focuses on leveraging deep
learning techniques to automatically classify plant leaf
diseases based on images.

The introduction sets the stage for the research by
highlighting the importance of addressing plant diseases
in agriculture and the necessity for early detection and
classification. It underscores the potential impact of
plant diseases on crop yield and quality, emphasizing the
critical role of effective agricultural management
strategies.

The introduction also outlines the primary focus of the
research, which is to utilize deep learning techniques for
automatically classifying plant leaf diseases using image
data. This sets a clear objective for the study and
indicates the direction in which the research aims to
contribute to the field of agriculture and plant pathology.
should be guided by empirical validation on the
validation dataset.

Algorithm
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Import Libraries:

Import necessary libraries including TensorFlow,
NumPy, Matplotlib, ~ Seaborn,  o0s,  Counter,
confusion_matrix, classification_report.

Set Parameters:
Define parameters such as data directory, batch size,
image height, and width.

Load and Prepare Data:

Use tf. keras. preprocessing.i
mage_dataset_from_directory to load images from the
specified directory.

Split the dataset into training and validation sets.
Define a function plot_distribution to visualize the
distribution of classes in the dataset.

Visualize Data Distribution:

Visualize the distribution of classes in both the training
and validation datasets.

Configure Data Performance:

Cache and prefetch the datasets for
optimization.

Define Model Architecture:

performance

Construct the CNN model using tf. keras. Sequential.
Preprocess the input images using tf.keras.layers.
experimental. preprocessing. Rescaling.

Add Conv2D layers with ReLU activation followed by
MaxPooling layers.

Flatten the output and add Dense layers with RelLU
activation.

Include a Dropout layer to prevent over fitting.

Add the output layer with soft max activation for multi-
class classification.

Compile the Model:

Compile the model using appropriate optimizer, loss
function, and metrics.

Use 'adam' optimizer, 'sparse_categorical_crossentropy’
loss, and 'accuracy' metric.

Define Callbacks:

Set up an early stopping callback based on validation
accuracy to prevent overfitting.
Train the Model:

Fit the model to the training data using model.fit.
Provide validation data and specify the number of
epochs.

Include the early stopping callback during training.

Plot Training History:

Plot the training and validation accuracy and loss over
epochs.
Evaluate the Model:
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Evaluate the trained model on the validation dataset
using model.evaluate.

Calculate validation accuracy and loss.

Generate Predictions:

Generate predictions on the validation dataset.

Compute confusion matrix and classification report to
analyze model performance.

Visualize Results:

Visualize the confusion matrix using Seaborn heatmap.
Display the classification report showing precision,
recall, and F1-score for each class.

1. Input Layer: The input layer takes the raw
pixel values of an image.

2. Convolutional Layers: These layers apply
convolutional operations to detect features like
edges, textures, or patterns in the image.

The general equation for a convolutional operation is:

fh
m=0

fw
Xi +m,j+n.Wm,n
n=0

+ b

Where:
= Z;; isthe output at position (i, j).

*  Xiimj+n IStheinput value at position
(i+m, j+n)

= Wy, isthe weight at position (m, n).

= b isthe bias term.

3. Activation Function: Usually, a non-linear
activation function like ReLU (Rectified Linear
Unit) is applied to introduce non-linearity.

4. Pooling Layers: These layers down-sample the
spatial dimensions of the image, reducing
computational complexity and controlling over
fitting.

5. Flatten Layer: This layer converts the 2D
array resulting from the previous layers into a
1D array.

6. Fully Connected Layers: These layers connect
every neuron in one layer to every neuron in the
next layer. The equation for a fully connected
layer is similar to that of a traditional neural
network.
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Y = f (U= wi-x;. +D)

Where:
e Yisthe output.
e w; are the weights.
e X;are the inputs.
e b isthe bias term.
o fisthe activation function.

7. Output Layer: The output layer produces the
final result, often using a softmax activation
function for multi-class classification

1. RESULT

Stock The result of potato leaf classification involves the
categorization of potato plant leaves based on various
characteristics such as shape, size, color, and any visible
signs of diseases or pests. This classification is typically
conducted through the use of image recognition
technology or manual observation by experts in the field.
By accurately classifying potato leaves, researchers,
farmers, and agricultural professionals can gain valuable
insights into the health and condition of the plants. This
information is crucial for identifying potential diseases
or pests early on, allowing for timely intervention and
the implementation of appropriate agricultural practices
to ensure the optimal growth and yield of potato crops.
Ultimately, the result of potato leaf classification
contributes to improved crop management and helps in
making informed decisions to enhance overall
agricultural productivity.
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Figure 2: Initial page
Paste url http://127.0.0.1:5000 any browser. Show GUI
of project.
Open any web browser installed on your computer (e.g.,
Google Chrome, Firefox, Safari).
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In the address bar of the web browser,
http://127.0.0.1:5000 and press Enter.

The browser should then display the GUI (Graphical
User Interface) of project hosted at that address.
Depending on your project, it might be a web
application, a dashboard, or some other form of
interactive interface.

type
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Figure 3: Select choose file option and select potato leaf
for disease prediction.

have a system with a "Choose File" option for disease

prediction of potato leaves, and you select a file

containing an image of a healthy potato leaf.
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Figure 4: According to image it give prediction healthy
leaf.

The model accurately predicts the leaf as healthy. This
outcome suggests that the model is functioning as
intended, correctly identifying the health status of the
potato leaf based on the features it has learned during
training. This reliability is crucial for effective disease
detection in potato crops, as it enables farmers to
differentiate between healthy and diseased plants
efficiently, facilitating timely interventions and
maintaining crop quality and yield.
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Figure 5:Another Output

It give prediction infected leaf its classification is
late_blight.

The model predicts that an infected potato leaf is
classified as late blight, and you provided an image of an
infected leaf, it indicates that the model is performing as
expected in this instance. The classification aligns with
the input data and suggests that the model is capable of
recognizing late blight in potato leaves based on the
features it has learned during training. This accuracy is
critical for disease detection and management in potato
crops, as it enables farmers to identify and address late
blight infections promptly, helping to mitigate crop
damage and maintain overall yield and quality. The
model's ability to accurately classify infected leaves
underscores its effectiveness as a tool for supporting
agricultural practices and contributes to more sustainable
farming methods by enabling timely interventions and
targeted treatments.

Potato Disease Classifier
Result: Early_blight
Choose File | No file c
Late blight 90"
Healthy (100%
Early blght 100.00%

Figure 6:Another Type of output
It give prediction infected leaf its classification is
Early_blight.
If the model predicts that an infected potato leaf is
classified as Early Blight, and you provided an image of
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an infected leaf, it indicates that the model is making a
classification based on the features it has learned during
training. The accuracy of the classification suggests that
the model has successfully recognized patterns
associated with Early Blight in potato leaves.
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Figure 7: Accuracy
The training accuracy is 97%, the validation accuracy is
96%, and the overall accuracy is 97%, it indicates that
the model is performing quite well across both the
training and validation datasets. The overall accuracy,
which is usually the average of training and validation
accuracy or the accuracy on the test set, provides a
comprehensive view of the model's performance.
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Figure 8: Accuracy result

Precision: Precision measures the accuracy of
positive predictions made by the model. For class 0,
the precision is 0.99, indicating that 99% of the
instances predicted as class O were correct.
Similarly, for class 1 and class 2, the precisions are
0.93 and 0.95, respectively.

Accuracy is the overall correctness of the model
across all classes. In this case, the accuracy is 0.97,
indicating that the model correctly classified 97%
of the instances in the dataset.

Compression Table
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Ref Authors Method Accuracy
No. Name
2023/ | Adesh V. | Deconvolutio | Accuracy Of
[01] Panchal et | nal Networks | 93.5%
al. (DN).
2022/ Rahul Deep learning 98.63%
[02] Sharma et | methods accuracy
al.
2021/ | Lili Li et | SMV 96.25%
[03] al. methods accuracy
2020/[ | Murk Convolution | 95% accuracy
04] Chohan et | Neural
al. Networks
2023/ Poornima | Machine 99.16%
[05] Singh Learning accuracy
Thakur et | Methods
al.
2022/ | Sk Convolution | 76.59%
[06] Mahmudu | Neural accuracy
I Hassan | Network
etal.
2021/ | Jahnavi CNN Method | 94.87%
[07] Kolli et al. accuracy
V. CONCLUSION
Our research introduces an innovative framework
harnessing deep learning for potato leaf disease

detection, showcasing its effectiveness in accurately
identifying and classifying diseases. With high training
and validation accuracies of 97%, the model
demonstrates robust performance across datasets. This
framework contributes to precision agriculture by
offering a practical solution for crop health monitoring,
aiding farmers in informed decision-making for better
sustainability and vyield. While promising, ongoing
efforts to fine-tune parameters, incorporate additional
features, and collaborate with agricultural experts can
further enhance its efficacy, ensuring tailored solutions
for diverse regional conditions and crop varieties. In
conclusion, the integration of advanced deep learning
models represents a significant advancement in
sustainable agriculture, paving the way for improved
crop health management and reduced economic losses.
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