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Abstract

Rice is a popular food crop in Asian countries, and its yield is very susceptible to diseases. There are many
reasons that cause diseases on rice, the most common can be mentioned bacteria and viruses. Early detection
of foliar diseases can help prevent the spread of disease and provide timely solutions, deep learning algorithms
can do this quickly and get relatively good results. In this article, we propose an approach to identify rice leaf
diseases using CNN (Convolutional Neural Network) methods. YOLOV5 algorithms is applied to detect diseases
via analyzing the classified images. We apply the proposed approach for the dataset including 4141 images
from many sources on the internet such as Kaggle, Google, Mendeley. Experimental results show the desired
performances of the proposed approach.

Keywords: Rice leaf diseases; deep learning; artificial Intelligence; bacterial blight; blast leaf; YOLOVS.

Tém tat

Lua la loai cay lwong thue phd bién & cac nwéc chau A va nang suét cla lGa rat dé bi anh hwéng béi cac loai
bénh. C6 nhiéu nguyén nhan gay bénh trén lta, phd bién nhat c6 thé ké dén vi khuan va vi rat. Viéc phat hién
s&m bénh trén la gilp ngan chan sw lay lan ctia bénh va dwa ra giai phap x& ly kip thi, cac thuat toan hoc sau
c6 thé thuwe hién viéc nay mot cach nhanh chéng va thu dwoc két qua twong dbi tét. Trong bai bao nay, ching toi
dé xuat moét phwong phap xac dinh bénh 14 IGa béng phwong phap CNN (Convolutional Neural Network). Thuat
toan YOLOv5 dwoc ap dung dé phat hién bénh théng qua phan tich cac hinh anh dwoc phan loai. Ching téi
ap dung phwong phap dé xuét cho tap dir liéu gdm 4141 anh tir nhiéu ngudn trén internet nhw Kaggle, Google,
Mendeley. Két qua thwe nghiém cho thay hiéu suat mong muédn cia phwong phap dé xuét.

Tir khéa: Bénh trén cdy laa; hoc séu; tri tué nhan tao; bénh bac 14 do vi khuén; bénh dao 6n; YOLOVS.

1. INTRODUCTION often detected manually by farmers. Thus, this requires
farmers to check their fields frequently. Daily checking
is a costly task, prone to human error, causing damage
to rice plants and many other factors. Developing
an Al model can help to lessen the above damages.
Moreover, this model can be applied with hardware in

the future and run in reality.

Nearly one in three people in the world (2.37 billion)
did not have access to adequate food in 2020 - that's
an increase of almost 320 million people in just one
year [1]. Agriculture is one of the most important parts
of food industry. One of the main factors affecting

agricultural production is diseases on plants. i ) ] ] )
Vietnam is one of the biggest rice exporters in the

Rice is an important crop in agriculture. Diseases can
significantly reduce its yield and quality. This can lead
to a great threat to food supplies all over the world. The
key to a successful disease control is a correct and
early diagnosis of diseases. Currently, rice diseases are

Reviewer: 1. Ass.Prof.Dr. Pham Van Truong
2. Dr. Do Van Dinh

world, just after India and Thailand. It accounts for
7.8% of global rice trade. Vietnamese rice is now sold
in 28 countries and territories around the world, mainly
in Asia and Europe [2].

Deep Learning also called as Neural Networks is a
subset of Machine Learning that imitates the working of
human brain in processing data and creating patterns
in decision making. Using deep learning help the

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 2 (81) 2023 | 19
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farmers improve their checking time, especially in large
rice field. It is applied in all aspects of life, especially
in agriculture. Some scientific research on disease
identification on some kinds of plants applying the deep
learning also has some advantages. For example, CNN
methods are used in tomato leaf to classify and detect
disease [3], [4]; YOLOV3 is used in tomato leaf [5]. In
study [6], authors made a comparison between the
CNN models DenseNet-121, ResNet-50, ResNeXt-50,
SE-ResNet-50 and ResNeSt-50 and then combined
these models to give the results. YOLOV5 is used
in rice leaf [7], [8]. In this research, we use YOLOv5
method to detect two most common rice leaf diseases
in Vietnam: Bacterial blight and leaf blast. YOLOVS is
one of the most well-known CNN models that have a
real-life application, high accuracy and fast speed.

1.1. Bacterial blight disease
a. Definition

Bacterial blight is caused by a bacterium: Xanthomonas
oryzae pv. oryzae. It causes seedling wilting and
yellowing and drying of leaves [9].

b. How to identify

Check for wilting and yellowing of leaves or wilting of
seedlings (also called kresek).

Figure 1. Bacterial Blight disease

Check for lesions:

- On older plants, lesions often develop as soggy
to yellow-orange stripes on the leaf blade or tip or
mechanically damaged parts of the leaf. Lesions have
wavy margins and progress toward the base of the leaf.

- On young lesions, a white, dewdrop-like bacterial
exudate can be observed in the early morning. The
bacterial exudate then dries up and becomes small,
pale-yellow granules underneath the leaves.

- Old lesions turn yellow to grayish white with black dots
due to the growth of saprophytic fungi. On severely
diseased leaves, lesions may extend to the leaf sheath.

1.2. Blast leaf disease
a. Definition

Rice blast is caused by the fungus Magnaporthe
oryzae. It can affect all aboveground parts of the rice
plant. leaves, necks, nodes, necks, flower parts and
sometimes sheaths [10].

b. How to identify
Check leaves and collar for disease marks:

- Symptoms initially appear as white to bluish-gray
spots or spots, with a dark green border.

- Older leaf lesions are elliptical or spindle-shaped and
have a white to gray center with a‘red to brown border
Or necrosis.

- Some varieties are rhombic; wide in the middle and
pointed at the ends.

- The lesions can enlarge and link together, growing
close together, killing the whole leaf.

Blast lesions can often be confused with Brown Spot
lesions. Leaf blast lesions are usually elongated and
pointed at each end, while brown spot lesions tend to
be rounder, brown and have a yellow halo surrounding
the spot.

Figure 2. Blast leaf disease

2. PROPOSED METHOD

2.1. Overview

In this research, we use YOLOv5 to detect two
diseases of rice leaf: Bacterial blight and blast leaf from
the picture we have collected from the various source
on the internet.

2.2. Data preparation

In this article, pictures of rice leaves were found and
collected throughout the internet because rice season
has yet to come. The pictures were taken from existed
datasets and from various websites. The dataset
includes picture of two diseases: bacterial blight and
leaf blast, these are the two common types of diseases
in Viet Nam. The pictures from the dataset contain one
or more than one rice leaf that have disease.

20 Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, S6 2 (81) 2023



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

This dataset is divided into three parts, train set,
validation and test set. The validation set contains
images like in the train set but have been fixed to not
overlap with the existed image inside the train set. The
test set includes pictures that do not have any relation
with the picture in the train and the validation set.
Pictures are label on the website Makesense.ai to draw
the bounding box to the object. The output labels are
taken in the YOLO format are TXT type files.

Dataset

Y

YOLOv5

Y Y

Bacterial blight Blast leaf

Figure 3. Proposed method

Data augmentation is applied to avoid the risk of
the dataset being overfit. Data augmentation helps
increase the variety of images from the original
images without the need of new dataset. Rotation (90
degrees, 180 degrees, 270 degrees), flip (horizontal,
vertical), are the augmentation methods were used.
The final dataset includes 3930 images for the training
set, 102 images for the validation test, 109 images for
the test set.

2.3. YOLOvV5

YOLOV5 is an improved model from YOLOv4 uses on
Pytorch. This fifth version have the same structure as
the fourth version but lighter and faster. The structure
of this version has three main parts: Backbone, Neck,
Head.
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Figure 4. YOLOv5 model

a. Backbone
- CSP Darknet

The backbone of YOLOv5 is implies with CSP
DarkNet53 pretrained through ImageNet. The model
itself is an improved version of DenseNet which
helps prevent the risk of vanishing gradient. The main
purpose of the backbone is for feature extraction.

Derme Biock

Densa Loyer | D Lapes 2 Tere Luper &

Tinnskion Lige

Figure 5. DenseNet

Fartial Dumss Block
| Dennalbager 3

Different from DenseNet, CSPDarkNet separates
the original input into 2 parts. The first going through
a Dense block just like in DenseNet. Meanwhile, the
second part going directly into the transition layer and
then get concatenated with the first part. CSPDarkNet
has erased the downside of DenseNet which is
complicated and hard to train.

b. Neck

In Neck different parts of features maps from backbone
are collected.

- SPPF

One of the most noteworthy disadvantages of a CNN
network (CSPDarkNet is also included) is that it must
be a fixed size input image which means if the input
has different size other than the fixed one, the network
will fail to work.

Two main part of a CNN network is the Convolution
layer and the fully connected layer.

The Convolution layer can take any size of input, but
it will have various size of output, but fully connected
layer can only take a fixed size input. This is when SPP
comes to help because it can take in various sizes of
input and output a fixed output.
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With improved SPPF, it uses a Maxpooling layer
on three different sizes of the features map. The
input feature maps will stay the same and then be
concatenated with three different sizes of feature maps
that have been Maxpooling. In result, this will improve
the speed of the model.

‘ Input

L

Conv

I

Max Pooling ——> Concat ]—» Conv
~ l ’ - y i S

Max Pooling

.

Max Pooling

Figure 7. SPPF structure
- PANet

Path Aggregation Network or PANet using encoder
and decoder architecture. First, the feature map from
the SPPF is fed up into a bottom-up pathway and get
up-sampling, after this it will be concatenate with the
features map from the backbone of the model. After
that a number of layers is added to the structure to
increase the quality of feature maps, the feature maps
in this part are also be concatenated with the feature
maps from the previous bottom-up pathway.

c. Head

The head of YOLOVS5 is reused from YOLOvV3, instead
of applied the detection on just one size of the image,
it will detect the objects on three different sizes of the
images, this will help the model detect small objects
much better.

3. RESULT AND DISCUSSION

In this . article, evaluation metrics are used were
Precision, Recall, F1, mAP50.

N TP
Precision = m (1)
Recall = L (2)
(TP + FN)

B 2 * Precision * Recall

(©)

F, =
1™ (Precision + Recall)

k=n-1

AP = Z [R(k) — R(k — 1)] * P(k) )
k=0

N

1
mAP = Nz AP, (5)

i=1

P and R are Precision and Recall. TP (True Positive) is
the number of correct detection of leaves that contain
diseases. FP (False Positive) is the number leaves
that contain diseases but diagnosed as healthy leaf.
FN (False Negative) is the number of leaves that are
healthy but diagnosed as leaf that contains diseases.
The number of loU threshold is n. AP is the average
precision and is the average precision of class i. N is
the number of classes.

There is total 109 images in the test set, including 213
leaves that contain diseases, contains 120 Bacterial
Blight leaves and 93 leaf blast.

The result was determined after 100 training epochs
and YOLOv5 and showed in the below table:

Table 1. Result of the method

YOLOvS Precision | Recall| F1 | mAP@50
Bacterial Blight 89.9 66.6 |76.5| 754
Leaf Blast 79 771 | 78 81.6
All 84.39 711 | 771 78.5

blight 0.75

- ———— = L
LI? .l ™ D7
UIIHII‘L V.7

prem————

— T

blight 0.69

Figure 8. Bacterial Blight Detection

Figure 9. Leaf Blast Detection
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4. CONCLUSION AND FUTURE WORK

The paper presents a purposed method using the
CNN (convolutional neural network) model. The
YOLOVS model in this article has archived 75.4% in
bacterial blight; 81.6% in leaf blast and 78.5% overall.
Meanwhile, YOLOvV3 in article [9] has blight recall is
29.6 and blight precision is 100%. Although the result
in article [9] has the higher precision but it has much
lower recall data of bacterial blight. YOLOVS5 in article
[8] has 0.58 mAP in bacterial blight and 0.809 mAP in
blast. Both of these data are lower than what we have
achieved. This is possible because we have better
datasets and better labels. These are very positive
initial results in the application of artificial intelligence
in smart agriculture. This leads to a faster and low-cost
solution for the farmer while obtain a high identification
accuracy. In the future, we combine classification model
and YOLOv5 model for better diseases detection in
rice leaf.
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