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Abstract Rice is a major crop and the increased
production is pertinent to ensure our food security. Modern
techniques and advancements are required in agriculture to
enable us to improve productivity and
environment-friendliness as well as improve their farming
conditions. Automatic disease detection techniques can
help in identifying the various rice plant diseases. In
agriculture, image processing is commonly used to obtain
valuable information about crops. Images are often
considered a source of information and data. Machine
learning (ML) is a promising modern technique for image
processing, and it has been successfully used in various
areas such as agriculture. This paper aims to study the
various research efforts that are focused on this technology
in the field of agriculture. One particular class of ML that is
commonly used in this work is convolutional neural
networks. Here convolutional neural networks (CNNs)
have been developed over the support vector machine
(SVM) techniques to identify rice diseases (Brown spot)
and measure their accuracy. Their potential applications
include the development of screening tools and solutions
for agricultural production. This paper presents an
overview and research outcomes using SVM and CNN
techniques in the study of agricultural problems. This study
includes a dataset of 1488 healthy leaves and 523 brown
spot leaf data samples. The research outcomes are based on
studies and development using SVM and CNN. ML

techniques give 82% accuracy using the SVM
classification method, while the CNN method gives 95%
accuracy.

Keywords ML, SVM, CNN, Precision Agriculture
and Brown Spot Rice Disease

1. Introduction

Rice or paddy is a vital food for people in India to ensure
our food security. Agriculture has a significant role in the
development of humans. It is known that crop rotation is
one of the most important practices in the world. There are
two major agricultural seasons in India, which are known
as the Kharif and the Rabi. The Kharif season runs from
April to September and the Rabi season runs from October
to March. It needs to be cultivated to maintain its
sustainable growth. The emergence of precision agriculture
has allowed for the introduction of new technologies that
can improve farm output and minimize the environmental
impact of farming. This process is referred to as smart
farming. The management of an agricultural ecosystem is
complex, and it requires continuous monitoring and
analysis to improve its quality. Every year, around 10% of
the world's crop production is lost due to disease.
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Sometimes it may get extended up to 30% of disease losses.

This is very important for us to understand the various
principles of plant disease management. It will also help
farmers to minimize the losses caused by these diseases.

Various image processing techniques can be used to
classify rice disease. There are ML methods to classify the
disease including SVM and CNN methods, which could be
utilized to analyze the data and provide a better
understanding of the various factors that affect the
production of crops.

In ML, using SVM techniques includes image
acquisition, image enhancement, restoration, and image
compression. Most of the time, these are focused on
extracting specific information from an image. The first
step in the process is image acquisition. This step involves
collecting the necessary materials for analysis. After that,
the data is then segmented into smaller pieces that can be
compared and analyzed by a computer. Another class of
ML is called convolutional neural networks, which are
defined as deep neural networks, and feedback ANNs.
CNNs are commonly used in agriculture and are known to
perform well in various image-related problems.

This paper discusses and reviews the SVM and CNN
techniques in the areas of agricultural production,
classification, and disease detection. The same data set
were used for the support vector machine and convolution
neural network to have compared the results.

The importance of this study lies in the fact that India is a
developing Agro-based economy with a high ratio of crop
damage. The paper deals with the analysis of rice crop
disease identification, the study will directly influence
self-sufficiency in Rice crop production. The use of SVM
& CNN allows results derived to be of a higher accuracy
level. The author feels that it can be a major step in the
early identification of the diseases, which not only allows
scope for preventive action but also curtails its spread.

2. Literature Review

This study aims to review the existing methods to
identify and classify rice plant diseases. It also reviews the
models that are used in these projects and their accuracy.
This section covers the various steps involved in SVM and
CNN to identify and classify the disease. This work aims to
provide a comprehensive analysis of the various sub-sets of
ML models and techniques used in image analysis.

2.1. SVM Approach

Image processing is a process utilized for extracting and
processing information from various sources. This field is
focused on the collection, processing, and classification of
images. Its goal is to improve the interpretation and
representation of human data. This is performed in three
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steps as shown in Figure 1, low-level, mid-level and
high-level. At the low level, it involves capturing the image,
noise reduction, and image enhancement. The second step
involves segmentation and feature extraction. At the
high-end, it performs an image classification function.

Certain plant pathogens can cause diseases that are
major and minor. Rice plant diseases are often referred to
as Blast, Brown spot, Sheath Blight, and False smut. It is
important to first identify these disease symptoms. They
can be easily identified using image processing techniques.
To find out about disease based on symptoms and their
classification of disease. Hiary [1] gives a software
solution that uses k-mean clustering techniques to identify
the infected object and can then classify the disease. It can
do so using an automatic classification system known as
ANN. A map-based machine learning system can be used
to classify images of rice disease. The system was able to
identify its features through spot detection and boundary
detection [2]. In this paper, the author suggests a machine
learning system that can automatically classify diseases
based on their features [3]. This method is mainly used to
identify diseases in fruits and plants; it shows that Otsu
thresholding is used to classify diseases directly on
MATLAB 2010[4]. In this study, an automated technique
can identify tomato leaf diseases by using an image to
minimize the effects of vein growth. The technique can be
performed by changing the image's color to prevent disease
spots [5]. To reduce the size of the data set and increase
processing speed, it can be performed by capturing images
of plants or fruits using a digital camera. The K-Means
Clustering technique is used to perform various tasks, such
as image enhancement and color contrast adjustment. It
was developed using a combination of SVM and color
coherence [6]. Little leaf disease is a type of plant disease
that can cause serious illness to the trees. This disease can
be easily detected using image segmentation and
soft-computing techniques. Detected symptoms of plant
diseases are found as little leaf diseases. It can also be
utilized for detecting the diseases of brinjal [7]. In addition,
Islam [8] presented a method that can be used to diagnose
various plant diseases using over 300 images.

The goal of the system is to identify regions of interest
that contain disease symptoms. Where Gray Level
Co-occurrence Matrix (GLCM) is used for feature
extraction and the SVM is used for classification. To
discuss the fruit disease, the data were collected from
various diseases that affect the fruit of pomegranates. The
main diseases identified were a bacterial blight, leaf spot,
and fruit rot. The k-Means clustering is used to segment the
data. The Artificial neural network (ANN) algorithm is
applied to the segmented data to classify the disease. For
testing, the data was collected in the ratio of 70:30 [9].
Table 1 shows the summary of earlier work done using
various techniques in the image processing approach.
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Figure 1. Image Processing Approach
Table 1. Summary of related work using image processing technique approach
S.No. Author Domain Drawbacks Techniques used
P ft luti fi . . .
. ropose - software 50 utlor.ls ror Setting the threshold valueisa | K—means clustering Otsu
1. Hiary et.al(2011) automatic detection and classification . . ’
. difficult task. thresholding algorithm
of plant leaf diseases.
Identify leaf blast and brown spot,
. boundary detection, and spot detection . zooming algorithm to
2 Phadikar et al. (2008) of infected parts of plant Classification SOM Model is complex classify
of rice disease images.
Classification of apple disease based on | The mo@el is slightly comp.lex K-means clustering
3. Dubey et al.(2015) features such as color, texture, and | due to its feature extraction )
shape method Multi-class SVM
Classify disease directly on MATLAB
4 Singh et al. (2017) 2010a to class'lfy disease on Banana, Difficult to set a threshold Otsu thresholding
beans, Jackfruits, lemon, mango, and value
potato.
Detect disease in tomato leaf, by the
s. | Budihaletal 2015) | U5¢ Of the automatic technique 10 | g i o ihrochold is difficule | OSY threshold can be
minimize the effect of the presence of applied
vein
6. Bhange et al.(2015) SVM handles the' both linear and | Difficult to identify kernel K-Means Clustering
nonlinear relationships parameter
7. Singh et al.(2017) detect brinjal little leaf disease Reduce span of time 1mage Segn'lentatlon' and
soft computing techniques
3 Monzurul Islam et Detect blight and late blight disease on Dataset is comparatively less Masking and multiclass
’ al.(2017) the potato plant P Y SVM
Ide':ntify the diseases. like Bacterial ' . K-means clustering
9. Dhakate et al. (2015) Blight, Fruit Spot, Fruit Rot, and Leaf | Accuracy slightly lies down
Spot on the pomegranate. GLCM ANN
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2.2. Convolution Neural Network Approach

Deep Learning is a modern approach to learning from
large data sets. It is similar to ANN but with a deeper
neural network structure. This technology allows for better
learning capabilities by capturing the complexity of the
task under study. It can then train a model that can perform
better classification. The main reason why CNN has been
used in agriculture is due to its growing popularity and a
number of research projects that utilize it. Also, it is
considered to be the most widely used technique in the
field of image analysis. Table 2 shows the summary of the
reviewed article which uses CNN. This study proposed a
method that combines deep learning and ML to improve
the efficiency of identifying maize leaf diseases. The two
models, GoogleNet and Cifar10 respectively, can be used
to obtain images of the leaf. The two models performed
well in terms of their accuracy when it comes to identifying
maize leaf diseases. The GoogleNet model achieved top
accuracy of 98.9%, while the Cifar10 model performed at
an average accuracy of 98.8% [10].

Deep learning technology is used to train a neural
network to identify various types of pests and diseases. The
model is trained most accurately for identifying three types
of pests: brown leaf spot, red mite damage, and green mite
damage. It also performed well in identifying the types of
cassava mosaic disease and brown streak disease [11].
Another deep convolutional neural network (DCNN) was
proposed to treat cucumber diseases. It was able to perform
better than usual methods, such as random forest and SVM.
The network was able to classify the symptoms of the
diseases in images captured from field conditions. To
decrease the likelihood of overfitting, data augmentation

techniques were used to expand the datasets containing the
images of the diseases. The DCNN was able to achieve an
accuracy of 93.4% [12]. In addition, the study published
demonstrated the use of deep learning to automate the
detection of plant diseases. They used a large dataset of
images to train and classify various crop species and
diseases. The study achieved an accuracy of over 99% [13].
A new approach for developing a plant disease recognition
model used deep convolution networks to classify different
plant diseases. Berkley Vision and Learning Centre used a
deep learning framework to train the model. The results of
the study showed that the model was able to achieve a
precision of 96.3% [14].

Fuentes [15] presents a deep-learning approach to
detecting diseases. It involves three main families of
detectors: a faster region-based convolution neural
network, a full convolution network, and a single shot
multibox detector. They train and test end-to-end systems
on a large database for tomato diseases and pests. In the
experimental results, our proposed system was able to
identify nine different types of pests and diseases.

The contributions can be starkly seen in the data
interpretation section. The study has resulted in larger
accuracy being derived by the use of the CNN technique
[16]. The present literature gap was profound by the author
in this aspect and the results derived also validate the
superiority of CNN over SVM, which is a novice concept
in the field of Precision agriculture. The studies have
abundant data on the various techniques of crop
identification but the accuracy levels derived in this study
are very encouraging and far more reliable. The validation
discussion in the conclusion supports the same statistically.

Table 2. Summary of the related work using CNN
S.No. Author Work Demerits Technique
i i AlexNet,GoogleNet
1 Zhang et al. (2018) Training from scratch Takes too much time to train the &
model Overfeat, VGG
2 Ramcharan et al.(2017) Transfer Learning Accuracy lies down Inception v3
3 Juncheng Ma et Transfer Learning Takes much time to validate the AlexNet
al.(2018) Training from Scratch model GoogLeNet
4 Mohanty et al. (2016) Transfer Learning It takes time to get the image CafeNet
5 Sladojevic et al. (2016) Transfer Learning Difficult to {mplement due to Deep meta architectures
complex architecture
.. MatConv Net architecture from
6 Fuentes et al. (2017) Training from Scratch Accuracy reduces MATLAB
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3. Methodology

The goal of this work was to create a random sample
data set for machine learning (ML), consisting of both the
healthy and the unhealthy samples from Kaggle of Plant
Village [17]. The data set consists of 1488 healthy leaves
and 523 brown spot leaf samples.

ML method revealed that image processing can be done
in different ways: first, through an SVM and then, through
a CNN.

An image projection is a type of computer program that
projects a 3D image from a 2D scene into a 3D view. It's
used for various applications, such as image analysis and
manipulation. The goal of image processing is to improve
the quality of an image by capturing the full
electromagnetic spectrum.

3.1. SVM Classification Approach

This approach is started by Image acquisition, image
pre-processing, image segmentation, feature extraction,
and classification of disease shown in Figure 2.

3.1.1. Image Acquisition

Acquire the real-time images from the camera, for
proper visibility and easy analysis of images. Here the
white background is created because most of the leaf's
colors vary from Red to green for exact segmentation.

3.1.2. Image Pre-processing

To enhance the data, image preprocessing involves
removing the low-frequency background noise, removing
reflections, and varying the intensity of the particles in the
image. It also involves cropping the images to highlight the
region of interest. After converting the input image, the
resulting image is placed on a white background. This
results in significant differences between the grey values of
the captured image and the background.

3.1.3. Image Segmentation

Segmentation is a step in the capture of an image that
involves separating the various parts of the image into
multiple sections. The goal is to simplify and make the
representation of the image more meaningful.

Disease

Classification

Feature

Extraction

Disease

Segmentation

Image

Preprocessing

Image

Acquisition

Figure 2. Image Processing SVM Approach
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3.1.4. Feature Extraction

A feature extraction method is used to reduce the overall
size of an image by efficiently representing interesting
parts of it as a compact feature vector. This is useful when
large image sizes are required to be retrieved and matched
quickly. The method is performed by taking into account
the Gray level co-occurrence matrix (GLCM) [18].

3.1.5. Classification of Image

The SVM Classification method is used for classifying
the image consisting of a database that contains predefined
patterns that compare with the detected object to classify it
into the proper category [19]. Classification will be
executed based on spectral-defined features such as density,
texture, etc. Here we classify the dataset of 2011 images,
where 1488 healthy leaves were selected while 523 brown
spot diseased leaves were selected. This classification
method gives a good result.

3.2. CNN Approach

CNN is a class of deep feed-forward ANNs that have
been successfully used in computer vision applications. A
CNN was proposed to be trained to perform image
classification from a dataset. This work is part of the
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open-source Tensor Flow library, which provides a
framework for numerical computation. It can be deployed
on multiple hardware platforms. Convolutional neural
networks are artificial neural networks that are inspired by
the connectivity patterns of individual neurons in the visual
cortex. The various regions of neurons that are connected
to the visual field are also partially overlapping. This
allows a neuron to respond to a stimulus in its receptive
field in a mathematically equivalent manner.

Here from Figure 3, it can be derived that how this
convolution looks like, there is an input image that goes
through different layers which we called the convolution
layer. Initially, we select a portion of the image passed to
the convolution layer and apply a set of filters. This
activated data again moves to the pooling layer. This
process moves in continuation convolution-pooling to get
the activation function to get more and more information
for the given input images. At the last end of the network,
there is a layer known as fully connected to classify the
images. If we talk about the application of convolution, so
it's found everywhere such as in image processing and
pattern recognition or we say wherever the camera is used,
CNN is applicable.

The discussion on SVM & CNN above is mentioned
based on the Algorithm, which is explained in Figure 4.

Input image Convolution

Convolution

Layer > l

Layer

Pooling

Figure 3. Convolution neural networks Architecture
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SVM
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image or normalization of
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Disease Classification
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dimensional feature space Z using non-linear
mapping of selective features.

~

Figure 4. Brown spot rice crop disease classification Algorithm

The computation time is an important aspect for the
above mentioned Brown spot rice crop disease
classification Algorithm. Computation time for Feature
Extraction will be based on the dataset under condition and
software used. The delays in data retrival in real-time
model will also be an important aspect governing overall
computation time. It is also dependent on the Image
quality/pixel and a higher pixel image will take more time
to process.

4. Result and Discussion

The classification model for the SVM and CNN model
was built on the data collected, which contained thousands

of images. Some of these data sets came from well-known
sources. Selection of the data set which involves healthy
data sets as well as an unhealthy dataset (brown spot). The
Data set was taken from the Kaggle of Plant Village dataset.
This includes 1488 healthy leaves as well as 523 brown
spot leaf data samples.

The goal of the experiment was to create two sets of
images: one training set and one testing set. The training
set was composed of 1408 images (70%), while the testing
set was composed of 603 images (30%). Randomly
selected sets of features were extracted from images shown
in Table 3. These included textural and color features. We
were then able to perform statistical analysis on these
features using the GLCM.
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Table 3. GLCM Based feature Extraction of Brown Spot rice leaf
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Image
no.\slice F1 F2 F3 F4 F5 Fé6 F7 F8 F9 F10
feature
1 0.0055 0.993513 0.99825 0.188569 4.370196 0.037597 0.468559 18.99842 0.999993 0
2 0 1 1 0.036446 | 1.989946 | 0.007779 | 0.160722 | 3.958518 | 0.999965 0
3 0 1 1 0.093467 | 3.314969 | 0.015091 | 0.301723 | 10.98259 | 0.999986 13
4 0.0055 0.992518 0.99825 0.262081 6.236721 0.032269 | 0.527647 | 38.84163 | 0.999995 | 255
5 0 1 1 0.006056 | 0.847415 | 0.001093 | 0.026053 | 0.718033 | 0.999788 0
6 0 1 1 0.035517 | 1.722605 | 0.007891 | 0.184736 | 2.966338 | 0.999964 0
7 0 1 1 0.020124 | 1.291075 | 0.004566 0.11615 1.666868 | 0.999936 0
8 0.016 0.968384 0.992 0.659377 | 10.05859 | 0.074324 | 0.258868 | 87.14141 | 0.999998 | 192
9 0.02975 | 0.941289 | 0.985792 | 1.374874 | 11.88448 0.20137 1.713737 | 139.9404 | 0.999999 1
10 0 1 1 0.052223 | 2.502976 | 0.016341 | 0.109109 | 6.190796 | 0.999975 0
Table 4. Performance parameters using SVM for healthy leaves & brown spot rice leaves disease
::)";'g‘ayt:s‘e:’rr‘;z: 90 85 80 75 70 65 60 55 50
Precision 0.78 0.70 0.76 0.74 0.78 0.78 0.77 0.75 0.77
Recall 0.81 0.74 0.76 0.75 0.78 0.78 0.79 0.76 0.78
F1-Score 0.77 0.69 0.71 0.68 0.74 0.74 0.74 0.71 0.73
Support 202 302 403 503 604 704 805 905 1006
Accuracy 81.18 73.84 76.17 75.34 78.47 78.40 78.88 76.03 77.63
Table 5. Performance parameters using CNN for healthy leaves & brown spot rice leaves disease
Class Precision Recall F1-score Support
Brown spot 0.85 0.99 0.91 523
Healthy leaves 1.00 0.94 0.97 1488
Macro Avg. 0.92 0.96 0.94 2011
Weighted Avg. 0.96 0.95 0.95 2011
Accuracy 0.95 2011

Author also calculated various numerical indicators such
as standard deviation, energy, and entropy. Some of this
included sensitivity, recall, accuracy, and F1 score shown
in Table 4. This possesses an accuracy of 82%. SVM is
implemented by the use of PYTHON. The SVM used for
the classification was then used to perform the evaluation.
The performance parameters of the model were then
calculated.

The CNN framework trained 2011 rice images to
classify healthy and brown spot rice images in the
ImageNet in two different classes. Here batch size of 32
images with input shape 240x240x3 size of image an
encoder and decoder, the structure of the two components
ensures that the input size of ImageNet is the same as the
output size. The various sections of the decoder and

encoder include a batch normalization function, a rectified
linear unit, and a Convolutional 2D layer. The ReLU is
then used to activate the output of the BN and the
Convolution. Performance parameters are shown in Table
5. This gives the accuracy of 95% using the CNN model.
CNN is implemented by the use of PYTHON.

In Table 6, we have compared Performance measures
using the SVM classification method and CNN techniques
for detecting brown spot rice. It is important to note that the
CNN model for detecting brown spot rice disease gives an
accuracy of 95% in respect of the SVM classification
method who gives only 82% of accuracy.

The graph shown in Figure 5 gives an accuracy analysis
for a given model where all such parameters represent their
values in both models.
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Table 6. Performance comparison model using SVM classification model and CNN model

Class Precision recall F1-score Accuracy
Brown spot using SVM 0.78 0.81 0.77 82%
Brown spot using CNN 0.85 0.99 0.91 95%

120

100

80

60

40

20

Precision recall

Fl-score

B Brown spotusing 5V

B Brown spotusing CHN

Acouracy

Figure 5. Accuracy and other parameter analysis for SVM and CNN model

Here this graph simulates the proposed work and finds
that CNN gives better accuracy than the SVM
classification model.

5. Conclusions

In this study, the feature extraction GLCM method
combined with SVM & is used to develop an automated
system that can identify the brown spot rice diseases with
an accuracy of 81% while using a Convolution neural
network gives an accuracy of 95%. These methods will
allow farmers to save time and effort by providing them
with a more accurate and efficient method for disease
identification.

The disease identification is completed successfully and
not only the identification of the disease is correct but the
accuracy of the system is also very high since it involves
the use of corresponding techniques in cascading manner
and thereby the resultant output gives an accuracy as high
as 95%. The primary findings in the area validate that the
technique used is dependable. This technique can be
replicated for a wide range of other crops, with very few
adjustments/changes in the suggested techniques. The
study on rice crops makes it more crucial to be a major
staple crop in & around the world. We are currently

working on incorporating more diseases into the system.

Future Study

In the future, we will also develop a method that will
automatically estimate the severity of the disease. The
same algorithm can be replicated in the case of many other
staple crops with a very minor change. The use of Intensity
level-based multi-fractal dimension (ILMFD) [20] with
ANN (Artificial Neural Network) [21] can also be done
and a parallel system for disease identification can be
developed.
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