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Abstract: Potato, a crucial global food crop, faces
substantial economic losses from tuber diseases,
impacting both farmers and food security. Timely
detection and management are vital for minimizing
losses and enhancing crop Yyields. Conventional
detection methods, reliant on visual inspection by
experts, prove time-consuming, subjective, and error-
prone. The adoption of deep learning for image-based
potato tuber disease detection presents notable
advantages. Its non-invasive nature ensures potatoes
remain undamaged during inspection, while delivering
objective and consistent results mitigates diagnostic
variability. Deep learning models, particularly
Convolutional Neural Networks (CNN), process vast
amounts of data swiftly and accurately, enabling analysis
across regions and seasons. This study employs a CNN
trained on a diverse dataset of labeled potato tuber
images. The approach, based on high-quality images
from various sources, empowers the network to discern
disease-relevant features. In summary, integrating deep
learning into image-based potato tuber disease detection
holds great promise for advancing diagnostic accuracy
and efficiency in agriculture.

1. INTRODUCTION

Diseases found in agricultural crops is a major
threat that cause production and economic. In India 70% of
population depend on agriculture and contributes 17% towards
the GDP.Farmers experience great difficulties in switching
from one disease control policy to another. The naked eye
observation of experts is the traditional approach, this method
can be time consuming, expensive and inaccurate.The crop
losses can be minimized by applying pesticides or its
equivalent to combat the effect of specific pathogens, if
diseases are correctly diagnosed and identified early.
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2. PROBLEM STATEMENT

Potato, a fundamental global food crop,
confronts substantial economic losses due to tuber diseases,
posing challenges to both farmers and global food security.
Swift and accurate detection, coupled with effective
management strategies, is crucial for minimizing losses and
improving crop yields. Traditional detection methods, relying
on visual inspection by experts, are time-consuming,
subjective, and prone to errors. The integration of deep
learning, particularly Convolutional Neural Networks (CNN),
for image-based potato tuber disease detection offers
significant advantages. This project aims to leverage the
capabilities of deep learning, specifically CNNs, to enhance
the efficiency and accuracy of image-based potato tuber
disease detection.

3. PROPOSED SYSTEM

Potato leaf diseases are predicted using a deep learning
technique, specifically Convolutional Neural Networks
(CNNs). CNNs are neural networks with multiple layers,
including convolutional and fully connected layers. One of the
main advantages of CNNs is their ability to automatically
extract features from images during the learning process,
which simplifies the classification task. Unlike traditional
image classification algorithms, CNNs require relatively little
pre-processing since they learn to optimize filters or
convolutional kernels on their own, eliminating the need for

hand-engineering.
3.1 Convolutional Neural Network

A specific type of neural network, known as a
convolutional neural network (CNN), is designed to process
data arranged in a grid-like structure. In the case of visual data,
such as digital images, the information is represented in a
binary format, with pixels arranged in a grid pattern. Each
pixel contains values that determine its brightness and color.
Convolutional neural networks, a type of deep learning
classification system, are adept at taking images as input,
identifying important features within the image, and
determining the significance of various objects present.
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3.2 Potato Leaf Disease Dataset

This dataset consists of 1210 photos depicting
various types of potato leaf diseases. The photos are
categorized into three classes based on the type of sickness:
Early Blight, Late Blight, and Healthy. Please refer to Figure
1 for an illustration.

3.3 Image Segmentation

A photograph is composed of a multitude of pixels. Picture
segmentation is a technique used to group pixels with similar
characteristics. Image segmentation involves filtering or
categorizing a database of images into distinct segments,
regions, or subsets based on specific features or attributes.
Through image segmentation, each object in the image is
assigned a detailed pixel mask, allowing for a more
comprehensive understanding of the objects present in the
picture.

Figure -1: Sample Dataset
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3.4 Feature Extraction

Feature extraction is the process of converting raw data into
numerical representations that can be effectively processed
while retaining essential information from the original dataset.
This method typically yields superior results compared to
directly feeding the raw data into a learning algorithm.

3.5 Architecture
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4. RESULTS

4.1 Training and Validation datasets

We analyzed a dataset comprising 1210 RGB photos
depicting three common disorders: Early Blight, Healthy, and
Late Blight. To prevent overfitting the model, it is
recommended to use validation data when selecting the
optimal hyperparameters.

4.2 Model Summary

A Convolutional Neural Network (CNN) model is
constructed using various layers including Flatten, Dense,
Convolution, Pooling, and Dropout layers. Additionally,
techniques such as data augmentation, image resizing, and
pixel scaling are employed. Please refer to Figure 2 for details.
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Actual: Early Blight, Actual: Early Blight,

Model: "sequential 2" Predicted: Early Blight. Predicted: Early Blight.
Conﬁenze: 99.92% Confidence: 99.86%
Layer (type) Output Shape Param # .
sequential (Sequential) (32, 256, 256, 3) 2]
conv2d (Conw2D) (32, 254, 254, 32) 896
max_pooling2d (MaxPooling2D (32, 127, 127, 32) 2]
) Prfc;:ﬁtd“:at:l:“ﬂgl?;ﬁ Predict e:;:;{ﬁy.
conVZd_l (ConVZD) (32, 125, 125, 54) 18496 Confidence: 77.97% Confidence: 100.0%
max_pooling2d_1 (MaxPooling (32, 62, 62, 64) 2]
D)
conv2d_2 (Conv2D) (32, 60, 68, 64) 36928
max_pooling2d_2 (MaxPooling (32, 38, 38, 64) 2]
D)
Actual; Early Blight, Actual: Healthy, Actual: Late Blight,
conv2d_3 (Conv2D) (32, 28, 28, 64) 36928 P Sy Aok Confgance: 5395 il
max_pooling2d_3 (MaxPooling (32, 14, 14, 64) 2]
0)
conv2d_4 (Conv2D) (32, 12, 12, 64) 36928
max_pooling2d_4 (MaxPooling (32, 6, 6, 64) 2]
2D)
conv2d_5 (Conv2D) (32, 4, 4, 64) 36928
max_pooling2d 5 (MaxPooling (32, 2, 2, 64) ) Figure -3: Sample Outcomes
2D)
S (et e 0 Figure -3 refers to some of the predictions made using our
CNN model
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Figure -2: Model Summary s
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The CNN model is trained for the initial 50 epochs. After
observing no further improvements in both training and ¢
validation accuracy, epoch 50 is determined to be the
optimally optimized point. Figure 3 displays the predictions 04
generated by our model. Additionally, Figure 4 illustrates the 0561
Training and Validation Accuracies as well as Losses,
resulting in an overall accuracy of 98.12%.
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Figure -4: Graphs
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precision recall fil-score  support

5] 1.00 9.98 9.99 53

1 8.91 1.00@ 9.95 52

2 8.98 8.91 8.94 55

accuracy 9.96 160
macro avg 8.9 8.96 9.9%6 160
weighted avg 8.96 9.96 9.96 160

Figure -5: Classification report

5. CONCLUSION

In conclusion, employing deep learning for the
image-based identification of potato leaf diseases presents a
promising approach to enhance the precision and effectiveness
of disease diagnosis in agriculture. It facilitates early disease
detection, enabling farmers to apply appropriate treatments
and minimize crop loss. Convolutional Neural Networks
(CNNs) excel at analyzing spatial patterns in images, allowing
for the automatic detection of complex disease-related
features. Through the utilization of large-scale datasets and
advanced CNN architectures, researchers have achieved
remarkable accuracy in distinguishing and classifying various
potato leaf diseases. While challenges such as dataset
availability and computing power persist, ongoing research
and collaboration in this field hold the potential to significantly
enhance crop management, thereby increasing potato crop
productivity and sustainability.
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