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Abstract

Potatoes are one of the most extensively consumed foods item, ranking as the 3rd largest staple food consumed throughout the
world. Also, the demand for potato is expanding dramatically in the market, particularly due to the worldwide Coronavirus
pandemic. However, potato diseases are the major cause of loss in the quality and quantity of the yield. Potato leaf blight is one of
the most damaging global plant diseases because it impairs the productivity and quality of potato crop and badly impacts both
individual farmers and the agricultural economy. Inappropriate classification and late diagnosis of the disease's type will severely
impair the state of the potato plant. This study describes an architecture developed for potato leaf blight classification. This design
depends on Deep Convolutional Neural Network (CNN). The methodology also takes use of Data Augmentation. The training dataset
is visibly separated into three categories, namely, healthy leaves, early blight leaves and late blight leaves. The number of photos in
the collection is 3000. The proposed design achieved an overall mean testing accuracy of 98%. The testing accuracy of the proposed
approach was compared with that of comparable works, and the proposed architecture achieved improved accuracy compared to
the related works.
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. INTRODUCTION

Agriculture is an essential sector in countries like India as
the economies of these countries are directly or indirectly
dependent on agriculture. Using information technology,
smart agricultural methods such as automation, precision
farming, and eco-friendly farming are urgently needed.
Management of crop disease is an important part of Smart
Agriculture. Food safety and its nutrition improvement
are some of the significant challenges faced by the
agricultural sector every year. The presence of pests and
diseases of potato plants during the growth period has
reduced the quality and quantity of agricultural products.
Early disease detection aids damage control and reduces

the possibility of crop loss. Potato pests and diseases can
lead to an early harvest where the harvest is done when the
potatoes are still small, and crop failure is caused by
spoilage of potato plants before harvest. These problems
are mostly caused by the late identification of diseases in
potato plants and errors in disease diagnosis.

Plants and agricultural lands are persecuted by
diseases. Microorganisms, genetic disorders, and
infectious agents such as bacteria, fungi, and viruses are
the prime factors of these diseases. The scientific names
of Late Blight and Early Blight are Phytophthora
Infestans and Alternaria Solani respectively, which are
significantly responsible for yield losses in potato plant.
Preventing these diseases and reducing financial and
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Fig. 1. Images of infected leaves from the dataset used for the project

productional losses is dependent on the early detection of
the disease. So, detection and diagnosis of these fungal
diseases on such vital crop can possibly increase its yield
and farmers can make some profit.

Deep Learning approach focuses on successful
classification of healthy leaves and infected leaves. This
architecture is based on CNN model. The entire model is
built using CNN having several layers. An app is built
using React Native which has the model loaded in it. The
farmers have to capture the picture of the potato leaf and
the model will classify the image as healthy, early blight,
and late blight along with percentage of confidence. An
app-based approach is very convenient as farmers can
easily diagnose the disease at an early stage and save the
crop from disease.

Il. LITERATURE SURVERY

In [1] the authors of the paper went for the Deep Learning
approach. The architecture used in their study is VGG16
which is a pre-trained CNN model and various other
architectures such as GoogleNet and ResNet50 which
have various accuracies. Their research revolves around
classification of two types of potato diseases using these
pre-trained models. The models have an accuracy of
95%-97%.

The research article released by Monzurul Islam and
Khan Wahid in [2] is a mix of machine learning and image
processing for diagnosis of plant leaf disease. The
segmentation approach and application of support vector
machine exhibits disease categorization of images with

an accuracy of 95%. With the support vector machine we
extract the features, detect, and diagnose the disease.

Igbal and Hassan in [3] used an image segmentation
approach. In the paper image segmentation is done over
450 photos of healthy and sick potato leaf in the dataset.
They made use of seven classifiers method for
classification of the leaves. Among them only Random
Forest classifier gave the greatest accuracy of 97%.

In [4] the researchers proposed approach
decorrelation. Stretching is employed to increase the
color differences in the input images. Fuzzy c-means
clustering segments disease-affected area, then adds
backdrop with the same color characteristics to the
photos. Their proposed approach obtains an accuracy of
93% for 27 photos.

The approach presented by Khalifa et al. in [5]
depends on 14 layers, comprising two major
convolutional layers for feature extraction with variable

Fig. 2. Sample images of potato leaf (a) Late Blight
affected (b) Early Blight affected (c) Healthy
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Fig. 3. Flow diagram of the system

convolution window sizes followed by two fully
connected layers for classification. In this method, data
augmentation process were utilised to expand the amount
of data set from 1,722 images to 9,822 images. The
proposed approach yields an accuracy of 98%. 6
performance metrics were utilised in this research to
assure the correctness of the results acquired.

The work published by Rashid et al. in [6] focuses on
creating a Multi-level Deep Learning model. Some of the
present models cannot detect crop species and
agricultural disease. At the very first stage of their
procedure, potato leaves from the potato plant are
extracted using YOLOv5, which is an image
segmentation technique. Then at the following layer deep
learning techniques using convolution neural network
were created for detection of early blight and late blight in
potato leaves. The collection contained a total of 4,068
photos taken in various areas. Their proposed approach
attained an accuracy 0f98.75%.

lIl. DATA SET

The dataset is taken from freely available “Plant Village”
(www.plantvillage.org), an image database. It contains
54,306 photos of sick and healthy plant leaves of 14
distinct crop types.

We analyzed only 3,000 images which are divided
into 3 class labels:

1) Late Blight potato leaf
2) Early Blight potato leaf
3) Healthy potato leaf

IV. METHODOLOGY

A. Architecture

The flow diagram of the system is given in Fig. 3.

B. Data Pre-Processing

First, we augment the given data to increase the quantity
of data. Data augmentation is a process of slightly
modifying the original copies of the images of the dataset.
It includes geometrics and colour specific transformation
like flipping, resizing, and cropping. Data augmentation
is used to prevent models from overfitting. The images
are flipped horizontally and vertically. The colour,
contrast, and lighting of the images can be changed. We
just expand the size of our dataset by doing these
modifications. After that we create a batch size of 32
images with 3 channels and 50 epochs.

C. Model Building

After data pre-processing, the next step is building the
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model for making classifications. The model is built
using Convolution Neural Network (CNN) which is a
popular Neural Network for solving image classification
problems. We create the CNN model using Max Pooling
and Conv2D layer. “Relu” is used as an activation
function inside the hidden layers.

D. Validation

Our dataset is divided into training, testing, and
validation. We fit our model over the training data and
find the results, and based on it, the accuracy scores are
computed.

E. Mobile Application

After model creation the next step is to deploy our trained
model to Google Cloud Functions. We have also created a
React Native mobile application. The mobile application

will call the function using http and will serve the request.
The mobile application is very handy as the farmers must
just click the picture of the potato leaf and diagnose
whether the plant is infected or it is healthy. The Ul of the
app is very simple and it is very easy to use. The user has
to just upload the picture of the leaf or he can click a
picture of the plant by using his mobile camera. The app
calls the function and gives the output whether the leaf
has late blight or early blight along with the confidence.

V. RESULTS AND DISCUSSION

In our experimental study, a dataset of 3000 images of
potato plant leaves were collected and trained against our
model. Our dataset consists of 1000 images of early
blight, 1000 images of late blight and remaining 1000
images were healthy plant leaves images. In our

Fig. 4. Train-test accuracy and loss visualization
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Fig. 5. Results of the model
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Fig. 6. The Ul of the application Fig. 7. Model predicting outcome
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Fig. 8. Early Blight Detection Fig. 9. Late Blight Detection
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Fig. 10. Confusion matrix of the dataset

Fig. 11. Classification report of the dataset

experiment, the dataset has been split into training,
testing, and validation dataset. The training data
comprises of 80% of images of the total dataset, 10% is
used for testing, and the remaining is used for validation.
At 80-20% train test split, the model shows an accuracy of
98%, which is the best accuracy as compared to
accuracies in other papers. VGG16, a pre-trained model
performs worst in terms of accuracies. Here, in this paper
means the correct classification of the infected area of the
leaf.

Also, a confusion matrix is used to for evaluating the
performance of the model which we have created. It
summarizes and visualizes the performance of the model.

In Fig. 10, we can observe the matrix having been
predicted and the true labels.

Classification Report measures the quality of the
predictions from the given CNN model. The report shows
the main classification metrics precision, recall and F'1
score on a per-class basis.

VI. CONCLUSION

Crop diseases are a widespread hazard to food security
across the globe. However, with Artificial Intelligence
and powerful deep learning techniques detection and
categorization of illness lowers these threats and
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eliminates them at a very early stage. In this research, we
have employed the concept of Neural Networks and have
constructed a model to classify situations in potato
leaves. The proposed architecture consists of 14 layers:
numerous convolution layers for feature extraction using
“ReLu” as an activation function coupled with Max
Pooling layer followed by a Flatten layer and a Dense
layer containing “softmax” activation function.
Augmentation procedures were also employed to boost
the value of the dataset. The model attained an overall
mean testing accuracy of 99%. Finally, the results were
compared with other similar efforts in this sector. Our
methodology also involves designing an application
which can help farmers in diagnosing plant diseases at an
early stage and boosting productivity. Our methodology
will give an attainable, timesaving and methodical way of
illness classification.

VIl. FUTURE SCOPE

In the future we want to extend our research to detection
of multiple potato leaf diseases, enhance the “Plant
Village” dataset, develop an loT-based real-time
monitoring system.
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