Journal of Student Research Exploration Vol. 2, No. 1, January 2024, pp. 22-33

: 7 Journal of Student Research Exploration
SHM PUBLISHER

SURYA HIJAU MANFAAT

https://shmpublisher.com/index.php/josre
P-ISSN xxXxX-XXXX | €-ISSN XXXX-XXXX

Detection and prediction of rice plant diseases using
convolutional neural network (CNN) method

Reyhan Dzaki Sheva', Halimah Salsabila?, Kusuma Ratna Pratiwi3
1.2Department of Computer Science, Universitas Negeri Semarang, Indonesia
3Faculty of Animal and Agricultural Sciences, Universitas Dipoengoro

Article Info ABSTRACT

Article history: Rice is a basic staple food in many Asian countries and is
generally irreplaceable. Rice accounts for almost half of Asia
food expenditure. Rice is too a crop that is prone to plant
disease. It can appear and cause a decline in the quality of
rice. However, constant monitoring of the rice fields can
prevent the infection of the disease. Therefore, detection and
prediction of rice plant diseases is one of the topics that will
Keywords: be discussed in this research. The purpose of this research is
to help farmers to quickly pinpoint the disease of rice plants
and take care of it properly. The methods used in this paper
is researching and redesigning the previous attempt to
hopefully make it better and more accurate, We will be using
Convolutional Neural Network (CNN) models VGG16 as our
algorithm. The results are that our proposed method has
more accuracy than previous research using a similar dataset.
The novelty of this paper is the increased accuracy of rice
plant disease detection.
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1. Introduction

Rice, wheat, and maize are three of the main crops that are widely consumed
around the world. The more popular choice of main crops to consume in low- and
lower-middle-income countries is rice. In many Asian countries, rice is a basic
staple food and is generally irreplaceable [1]. For people of all financial
backgrounds in Asia, rice was considered an important basic food. It is the most
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important energy source and essential to the food security of many people around
the world.

Plant diseases are one of the reasons for declining quantity and quality of
agricultural produce. A decline in either side could have a direct impact on the
country's overall crop production and could cause severe damage to the food
supply [2]. More often than not, diseases can occur in any crop and at any moment.
One crop that is prone to disease is rice. As explained earlier, rice is one of the most
consumed foodstuffs around the world, especially on the Asian continent. If rice
plants are not properly cared for, various diseases will appear on rice plants that
can cause a decline in quality of crops and rice [3]. However, constant monitoring
could prevent that problem. Therefore, detection and prediction of rice plant
diseases is one of the topics that will be discussed in this research.

There are several similar research that has been conducted on image processing.
The first example is research that has been conducted by Harshadkumar B. P., Jitesh
P. S., and Vipul K. D. [4] about rice plant disease detection and classification using
Support Vector Machine (SVM). They created their own dataset using images from
a rice field in a village called Sherta near Gandhinagar, Gujarat, India. and
experimented with a few image processing techniques until they came up with the
most effective techniques at the time of the research. Another research about this
similar topic is done by Rismiyati and Ardytha Luthfiarta [5] about salak fruit
quality classification using VGG16 transfer learning architecture that is able
differentiate between a bad quality salak and a good quality salak. Another study
that was related to the topic is about automatic classification and detection of leaf
diseases using software solutions that have enabled faster and more accurate
solutions and it was conducted by H. Al-Hiary with other writers [6]. Another
research has been conducted by Santanu Phadikar and others about using feature
selection and rule generation techniques as a rice diseases classification utilizing
Rough Set Theory (RST) [7]. Another study that was related to the topic is about
using AlexNet as a rice leaf disease detection technique and it is written by Md.
Mafiul Hasan Matin, Amina Khatun, with other writers [8]. Another research about
this similar topic is done by Halil Durmud, Ece Olcay Giinet, Miirvet Korco and it’ s
about tomato leaf disease detection by using deep learning techniques such as
AlexNet and SqueezeNet [9]. Another study that was related to the topic is about
using deep neural networks to automatically detect UAV images of tobacco plants
and it was conducted by Zhun Fan with other writers [10]. Another similar research
was conducted by Zhenzhen Song with other writers and it’ s about the VGG16
method to detect kiwifruit in field images [11]. Another research has been
conducted by Zhong Qu with other writers and it talks about using the VGG16
network model to detect cracks in concrete pavement [12]. Another study that has
been conducted on this topic is about batik image classification using VGG16 based
on random forest, and it was conducted by D. M. S. Arsa and A. A. N. H. Susila [13].
The main research that will be used as a reference will be discussed below.
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The rice plant disease recognition system can be built using the Support Vector
Machine (SVM), Local Binary Pattern (LBP), Convolutional Neural Network (CNN),
and other algorithms. This research has previously been conducted by
Harshadkumar and others using the Support Vector Machine (SVM) algorithm. By
using their own dataset, they get an accuracy of 93.33% on the training dataset and
an accuracy of 73.33% on the test dataset. The dataset they use is available on
Kaggle, therefore the author will be using the same dataset with a different
algorithm method.

This research attempts to test the Machine Learning and Image Processing
concepts to figure out the solution of rice disease detection and prediction, more
specifically using Convolutional Neural Network (CNN) using the same dataset that
the main reference paper used. Convolutional Neural Network (CNN) is the most
widely used feature extraction network in various studies for the task of detecting
and classifying plant diseases [14]. For the rice disease dataset, the most recurrent
diseases that infected rice plants are bacterial leaf blight, brown spot, and leaf
smut. Each disease has format characteristics such as different shapes, sizes, and
colours. Sometimes farmers become confused and cannot make the right decision
to deal with the disease. Photographing infected leaves and collecting data and
details about the disease is one of the solutions to avoid yield loss due to the
infection. Therefore, image processing can be used to help detect diseases more
accurately and in less time [15]. The essence of this research is to provide a solution
for automatic recognition of rice diseases using these images. The author tries to
address the problem in this research.

2. Method

The design of the research method that will be carried out in this research is shown
in Figure 1.
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Figure 1. Diagram of the research method

First, the researcher will conduct a literature study. This is necessary so that
researchers understand the problem to be studied and what needs to be done to
achieve the desired solution in this research. Then the researcher will formulate a
problem, where the problem that will be discussed by the researcher is about
detecting and predicting diseases in rice plants. This is a particularly relevant issue
as Indonesia is one of the world's largest rice producers [16]. Indonesia is also the
world's largest rice consumer. Due to the unpredictable weather, many rice plants
are susceptible to disease. Another problem is that determining disease on rice
leaves by human senses often takes time because the quality is often unstable [17].
Therefore, the care and maintenance of rice plants is something that is very well
considered, so that rice plants can produce decent and quality rice. After that, the
researcher will generate a purpose for this paper. The purpose of this research is to
hopefully produce a precise and accurate rice plant disease detection and
prediction system, so that farmers can be helped with their work and could take
early action to protect their crops [18].

The next step is to gather a dataset to use in this research. The dataset that will be
used in this research is the Rice Leaf Diseases Dataset obtained from Kaggle [19].
This dataset contains a total of 120 images of rice leaves infected with diseases in
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JPG extension format. The images are classified into three classes according to the
type of disease, namely bacterial leaf blight, brown spot, and leaf smut. Images of
the three types of disease can be seen in Figure 2. There are forty images in each
class. The images have various sizes with all of them being RGB types of images.
Some images have their background removed while others are kept intact. The
author will separate the folder into a training folder and a test folder. Details of the
dataset obtained can be seen in table 1.

Table 1. Division of the rice leaf diseases dataset

Division
No. Type of data
Total Each Classes
1 All Dataset 120 Images 40 Images
2 Training Dataset 105 Images 35 Images
3 Test Dataset 15 Images 5 Images
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Figure 2. Preview of the content of the rice leaf diseases dataset

The next step is designing and modifying the system. The following is a system
design that will be built in the form of a flowchart in Figure 3.
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Figure 3. Flowchart of the system design

Preprocessing is done by resizing the image. The image size is changed to
224x224x3 pixels. The image is not converted to grayscale image because color
features are important features in this recognition. After that, the image is split up
into 87.5% training data and 12.5% testing data. The rice plant disease dataset is
used as input. The data was then subjected to a preprocessing process. After that,
the data was divided into 87.5% training data and 12.5% testing data. The training
data was then trained using VGG16 with the Tensorflow library and Keras API.
TensorFlow is an open-source machine learning software library developed by
Google that enables you to deploy computations on CPUs or GPUs using graphs
flow data [20], while Keras APl is a high-level neural network API originally written
and available in Python that works on TensorFlow [21]. In this process, there are
several parameters used, namely epoch and batch size. Epoch determines the
number of iterations that must be performed on the data set, while batch size
determines the amount of data that is trained in one iteration. The final model
results are then evaluated using testing. The evaluation results are in the form of
training accuracy value and validation accuracy of the evaluated model observed
for each research scenario.

27



For this kind of task, various CNN-based models have been developed, such as
AlexNet, VGGNet, GoogleNet, and others [22]. The algorithm that will be used in
this research is Convolutional Neural Network (CNN) with the VGG16 architecture
model. VGG16 is a CNN model that uses convolutional layers with small (3x3)
convolutional filter specifications. It aims to significantly increase the depth of
existing CNN architectures, which typically have 16 or 19 layers [23]. VGG16 was
proposed by K. Simonyan and his friend at the Oxford University in their work on
deep convolutional networks for large-scale image recognition [24]. This model
consists of 16 hidden layers which contain thirteen convolutional layers, two fully
connected layers and one classifier layer. The kernel size of all convolutional layers
is 3x3. The main difference between each convolutional layer is the number of
filters in each layer. The first two convolutional layers have a total of 64 filters.
Layers 3 and 4 have a total of 128 kernels. Similarly, the other convolutional layers
have different numbers of filters which are 256 and 512. The maximum 2x2 Max
Pooling occurs after a particular convolutional layer. The output of the last
assembly is combined with the fully connected layers and finally with the classifier
to determine the image class. For a clearer Architecture of VGG16, see Figure 4.
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Figure 4. Architecture of VGG16 [25]

3. Results and Discussion

The system model was executed through Google Colab, which took approximately
5-10 minutes. The dataset used is Rice Leaf Disease Dataset which consists of 120
images divided into 3 classes, namely Bacterial leaf blight, Brown spot, and Leaf
smut. Which can be seen in Figures a, b, and c.
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(c)
Figure 5. An example of bacterial leaf blight (a), brown spot (b), and leaf smut (c)

The tests were conducted by utilizing several parameters, namely batch size of 32
and epoch of 100. The tested model is Convolutional Neural Network (CNN) with
VGG16 model, then compared with Support Vector Machine (SVM) architecture
model from research conducted by Harshadkumar B. P. and others. The result
obtained when testing the built system is the accuracy of the model used. The
accuracy results of each model can be seen in table 2.

Table 2. Training and test accuracy and loss of each model

Training Test
No. Model
Accuracy Loss Accuracy Loss
1 SVM Model 0.9333 - 0.7333 -
2 Proposed VGGI6 4 5000 00456 0.9333 0.1040
Model

The results obtained from one of the fitting models performed on the training
dataset obtained accuracy of approximately ~1.0000 and on the test dataset
obtained accuracy of 0.9333.

The author argues that the reason for obtaining these results is the presence of
Image Augmentation. This is a technique that could be used to increase the size of
the training dataset artificially. It creates images that were modified within the
dataset. With this, CNN models could be trained on more data that can result in
more skilled models, and this technique could generate a variety of images that
can enhance the model's ability to transfer what it has learned to new images.
Figure 6 displays the accuracy graph and figure 7 displays the loss of the training
dataset and testing dataset.
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Figure 7. Graph of training and testing loss

For comparison, the author uses a journal written by Harshadkumar B. P., Jitesh P.
Shah. and Vipul K. D. entitled "Detection and Classification of Rice Plant Diseases”.
In the journal, researchers used K-Means Clustering and Support Vector Machine
(SVM). Table 3 shows a comparison of the results of previous research with this
research.

Table 3. Training and test accuracy of each model

Accuracy
No. Research Dataset Model —
Training Test
1 Harshadkumar B.
P., Jitesh P. S., and . SVM Model  93.33% 73.33%
. Rice Leaf
Vipul K. D. Diseases
2 This research Dataset Proposed
VGG16 ~100% 93.33%

Model
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The results obtained by the previous journal are 93.33% accuracy in the training
dataset and 73.33% accuracy in the test dataset. While in this research, the author
managed to get an accuracy of ~100% in the training dataset and 93.33% in the test
dataset, although the accuracy in the training dataset is not completely consistent,
the author is quite satisfied with this result. In addition, the predictions produced
are quite satisfactory because the results obtained are in accordance with the
available datasets.

4. Conclusion

Based on the results of the research conducted, CNN and VGG16 algorithms
provide more accurate results of disease detection and prediction in rice plants
compared to K-Means Clustering and SVM algorithms. This can be seen from the
greater accuracy value in the CNN and VGG16 algorithms. In previous research
using the K-Means Clustering and SVM algorithms, 93.33% accuracy was obtained
in the training dataset and 73.33% accuracy in the test dataset. While in this
research, the author managed to get an accuracy of ~100% in the training dataset
and 93.33% in the test dataset. This shows that CNN and VGG16 algorithms are able
to provide more accurate results compared to previous algorithms. Thus, CNN
models VGG16 algorithms can be used as an option in detecting and predicting
diseases in rice plants, so as to facilitate the work of farmers in caring for rice
plants. The evaluation that the author can provide is to use a dataset that is larger
in size and contains more images, to better understand how good the performance
of this algorithm is. In addition, the algorithm may be researched more deeply so
that it can produce consistent and high accuracy in a short time too, because there
are some differences in accuracy from some of the test results conducted.
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