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Abstract: Agriculture not only supplies food but is also a source of income for a vast population of
the world. Paddy plants usually produce a brown-coloured husk on the top and their seed, after
de-husking and processing, yields edible rice which is a major cereal food crop and staple food, and
therefore, becomes the cornerstone of the food security for half the world’s people. However, with the
increase in climate change and global warming, the quality and its production are highly degraded
by the common diseases posed in rice plants due to bacteria and fungi (such as sheath rot, leaf blast,
leaf smut, brown spot, and bacterial blight). Therefore, to accurately identify these diseases at an
early stage, recently, recognition and classification of crop diseases is in burning demand. Hence, the
present work proposes an automatic system in the form of a smartphone application (E-crop doctor)
to detect diseases from paddy leaves which can also suggest pesticides to farmers. The application
also has a chatbot named “docCrop” which provides 24 x 7 support to the farmers. The efficiency of
the two most popular object detection algorithms (YOLOV3 tiny and YOLOvV4 tiny) for smartphone
applications was analysed for the detection of three diseases—brown spot, leaf blast, and hispa. The
results reveal that YOLOV4 tiny achieved a mAP of 97.36% which is significantly higher by a margin
of 17.59% than YOLOV3 tiny. Hence, YOLOV4 tiny is deployed for the development of the mobile
application for use.

Keywords: agriculture; deep learning; object detection; paddy diseases; YOLO model

1. Introduction

Agriculture is considered one of the most important industries in the world. It not only
provides food for humans but also is considered one of the major sources of income for most
developing countries, such as India. It contributes to 14% of India’s total Gross Domestic
Product (GDP) and, provides employment to approximately 54.6% of the population,
directly or indirectly [1]. Amongst agricultural yields, rice has been considered the staple
food for more than half of the global population. Rice is obtained as a seed of the grass
varieties usually known as Oryza sativa and Oryza glaberrima which are fibrous root plants
with a common height of 6 feet. Technically, the seeds covered with a brown-coloured husk
on the top of the fibrous root plant in the form of separate stalks is called a paddy plant.
The paddy is then harvested, de-husked and processed to yield edible rice. Sometimes,
paddy fields are interchangeable with rice fields. In many developing and poor countries,
people belong to the poor or very poor class and therefore, to fulfil their daily calorie
needs, they directly depend on rice because of its high carbohydrate content and favourable
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conditions for paddy cultivation [2]. The Food and Agricultural Policy Research Institute
(FAPRI) has projected an overall increase in the demand for global milled rice by 26% in
the next 25 years, and hence rice is said to be the cornerstone of food security for half the
world’s people.

Generally, farmers tend to use pesticides and insecticides to increase their crop yield;
however, the addition of excessive pesticides and insecticides affects the biodiversity of
the earth which leads to problems such as global warming and climate change [3]. Further,
the unpredictable threat of climate change and global warming drastically affects the air
temperature, precipitation, evapotranspiration, and water temperature and hence, infects
the paddy crop growth. Furthermore, these changes invite many diseases (such as sheath
rot, leaf blast, leaf smut, brown spot, and bacterial blight) due to bacterial and fungi attacks,
which damage the paddy leaves [4]. According to the International Rice Research Institute
(IRRI), the farmers lose 37% of their rice harvest to pests and diseases. Further, depending
on the production condition, these losses can range from 24% to 41% [5]. As a result,
the rice-growing regions are significantly decreased and ultimately, the number of rice
farmers is dwindling. Due to the rapid growth in the global population and the shrinking
population of rice farmers, one of the cheapest staple food is at stake. Therefore, it is
important to diagnose these diseases by early and accurate identification of the symptoms
before the plant becomes damaged and hence, useless.

1.1. Background Study

The main diseases generally affecting the paddy crops are brown spot, leaf blast,
hispa, sheath rot, rice tungro, and paddy stemborer. Although the proposed work can be
employed to detect any of these diseases, for demonstration purposes, the present research
work utilises only three diseases (brown spot, leaf blast, and hispa).

1.1.1. Brown Spot

Brown spot, as illustrated in Figure 1a, is a paddy disease caused mainly due to fungi.
It infects many parts of plants such as leaves, leaf sheath, glumes, and spikelets. The most
easily visible symptom is the presence of big brown spots on the paddy leaves [6]. This
disease is common in regions of high humidity and moderate (16 to 36 degrees Celsius)
temperatures. Non-flooded and nutrient-deficient soil promotes the growth of this disease.
The different identification marks for different stages of this disease are as follows:

e  Seedlings have yellow-brown lesions that may destroy primary and secondary leaves.
e  Lesions can be seen on the leaves, which are originally dark brown or purple-brown
in colour, during the tillering stage.

Figure 1. Paddy diseases: (a) brown spot, (b) leaf blast, (c) hispa.

1.1.2. Leaf Blast

Leaf blast, as represented in Figure 1b, is also a fungal disease that can affect all of
the parts of rice which are above the ground such as the leaf, collar, node, neck parts,
etc. [6]. It is usually seen in areas with low soil moisture, places with long-time rainfall,
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and comparatively cooler temperatures. The places with high day—night temperature
fluctuations cause cooler temperatures and dew formation. Therefore, these places are
more prone to leaf blast. The different identification marks for different stages of this
disease are as follows:

e  White to grey lesions appears initially, they are accompanied by dark green borders.
e Lesions on the leaves that are older are oval or spindle-shaped, with grey centres and
reddish-brown edges.

1.1.3. Hispa

Hispa, as demonstrated in Figure 1c, is a paddy disease in which the upper epidermis
of the leaf is affected, leaving the bottom epidermis unaffected [6]. This disease is prominent
in areas with heavy rains and minimum day-night temperature differences for several
days. The different identification marks for different stages of this disease are as follows:

e  Presence of irregular white patches. These patches are translucent and are parallel to
the leaf veins.
e  Whitish and membranous leaves.

Although all these diseases have visual symptoms, they share similar kinds of visual
appearances which makes it extremely difficult to correctly identify the disease by the
naked eye, even for an expert. Therefore, it becomes necessary to have an automatic system
that can accurately identify and distinguish the diseases by visual inspection. This work
can be easily performed by the object detection model developed in the proposed work.

1.2. Related Work

Early and accurate assessment of plant disease has become a pivotal pillar in precision
agriculture. It not only helps in reducing the unnecessary wastage of resources but is also
capable of providing healthier crop production and mitigating the adverse effects of climate
change. However, generally, arboriculturists are not easily and economically available
and, even if available the diagnosis depends upon their expertise. On the contrary, the
Machine Learning (ML) and Deep Learning (DL) techniques have proven their dominance
in complex object detection tasks by identifying the inherited hidden patterns [7]. Therefore,
being motivated by this, various existing reported literature utilizes ML and DL techniques
for the automatic identification and classification of numerous plant diseases.

Rajmohan et al. [8] have effectively classified the paddy crop disease by employing
Convolution Neural Networks (CNN) [9] and Support Vector Machine (SVM) [10] for
feature extraction and classification, respectively. The paddy plant diseases as well as the
affected region have been successfully identified by incorporating Naive Bayes [11] and
SVM algorithms [12]. Furthermore, SVM has been employed to develop a paddy disease
classification framework after background removal and segmentation [13]. Further, the
unhealthy leaves have been distinguished and then successfully classified into different
classes [14]. Moreover, four object detection models—Faster R-CNN [15], Retina Net [16],
YOLOVS3 [17], and mask R-CNN [18]—have been compared for the development of LINE
BOT to efficiently identify the diseases [19]. In [20], 10-fold cross-validation has been
employed to develop CNN based model. Recently, the Jaya Optimization Algorithm (JOA)
has been employed to optimize the DL models for this task [21]. Furthermore, the Residual
Neural Network (ReNN) and small CNN architecture have been proposed to develop
the rice disease classification models [22,23]. A detailed comparison of these models is
illustrated in Table 1.

Although the earlier works have achieved promising detection accuracy for the clas-
sification of paddy diseases, still there is an adequate chance of false detection which
may lead to ill-treatment of the crop. Furthermore, most of them do not have chatbots
which may make suggestions to the farmers regarding disease control and those deployed
employ remote servers for testing of images. Consequently, they require ample time for the
prediction of paddy disease and therefore, are unsuitable for real-time applications.
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Table 1. Comparative study of reported rice disease detection models.

S. No. Author(s) Model Accuracy (%)
1. Rajmohan et al. [8] CNN + SVM 87.50
2. Gayathri Devi et al. [12] SVM 98.63
3. Prajapati et al. [13] SVM 73.33
4. Bhattacharya et al. [14] CNN 78.44
5. Temniranrat et al. [19] YOLOv3 89.10
6. Lu etal. [20] CNN 95.48
7. Ramesh et al. [21] JOA + CNN 94.25
8. Patidar et al. [22] ReNN 95.38
9. Rahman et al. [23] CNN 93.30

To effectively handle these issues, researchers across the globe have developed many
mobile applications such as Pestoz [24] and Plantix [25] which can be downloaded from
Google Play Store. In these applications, the user can take a photo of the diseased plant
which is then sent to the diagnosis system. The diagnosing system uses Artificial In-
telligence (Al) to process and return the results. The Plantix application supports the
identification of pests and plant diseases on over 30 plants. However, these applications do
not put emphasis on the current stage of the detected disease and provide general solutions
leading to increased recovery time and sometimes, ill-treatment.

1.3. Research Contribution

Under the umbrella of the above-mentioned issues, this work proposes a DL-based
mobile application for the detection of paddy diseases. The main reason for making this
problem a detection problem is that the leaf may be affected by more than one disease.
Therefore, a detection algorithm can give predictions about multiple diseases the plant
is suffering from, with the affected area and their type which can enable the farmer to
cure their paddy of multiple diseases at a time. The current work employs the two fastest
versions of YOLO (YOLOV3 tiny [26] and YOLOvV4 tiny [27]) for the development of a
DL-based object detection framework. The developed models have been compared against
each other to endorse their efficacy and after that, the foremost model has been used for
the development of the proposed mobile application.

The proposed mobile application also supports a 24 x 7 chatbot to help farmers with
the medicines and pesticides for their diseased crops. The chatbot also helps with the
prevention of the disease by assisting farmers on a daily basis. It can answer queries
ranging from basic preventive tips to suggesting specific pesticides depending on the
infection stage of the detected disease. With this mobile application, farmers living in
remote areas having fewer facilities are provided with tools; these tools can increase their
production by monitoring and improving the health of their paddy crop.

Conclusively, the objective is to improve the existing accuracies while making sure
that the user gets a proper solution according to the stage of infection. To achieve this goal,
this research work makes the following key contributions:

o  Developed a mobile application (E-crop doctor) that uses a deep learning-based object
detection method to detect diseases in paddy plants and suggests prominent ways to
cure them.

e  Developed a user-friendly chatbot (docCrop) to help and assist the farmers 24 x 7.

The rest of this work is laid out as follows: Section 2 describes the dataset being devel-
oped for this study. Section 3 presents the proposed methodology with the development
process of a smartphone application. The experimental results are provided in Section 4.
Finally, Section 5 concludes the current work with concluding remarks.
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2. Dataset
2.1. Image Acquisition

For the present research work, images (in jpeg format) of diseased paddy crops have
been collected by employing web mining techniques using keywords such as life blast,
brown spot and hispa. The images that have been collected are of two types and could be
categorized as

e  On-field images
e Laboratory images

The on-field images are directly taken by farmers, botanists or tourists from the farms
where these crops are grown whereas, the laboratory images are the images captured in
the plants’ unnatural environment, i.e., in labs where the diseases of the plants are being
studied. Samples of these images are represented in Figure 2a,b, respectively.

(b)

Figure 2. Collected images: (a) on-field, (b) laboratory.

2.2. Data Augmentation and Pre-Processing

The DL algorithms are data-hungry and hence, there is a need of augmenting them.
Image data augmentation is a technique for artificially increasing the size of a training
dataset by modifying existing images slightly according to specific parameters [28]. More
data can be used to improve the results of the models based on neural networks. This
improves the model’s ability to generalize well and fit on images they have not seen yet.

Data augmentation is also required because it is not possible to collect every type
of image data. For a model to perform well, it needs to have trained data distribution
similar to the test data distribution which can be performed using data augmentation. The
parameters that were used for data augmentation and pre-processing are listed in Table 2.
Further, for more clarity, the sample images after data augmentation and pre-processing
are illustrated in Figure 3 after utilizing the mentioned parameters in Table 2.

Table 2. Data augmentation and pre-processing.

Parameter Amount

Auto Orientation Applied

Resizing 416 x 416

Blur Upto1px

Exposure change Between —15% and 15%
Rotation +15 degree

Brightness Between —28% to 28%
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(d) (e)

Figure 3. Sample images after data augmentation steps: (a) resized, (b) brightness, (c) rotation,

(d) exposure change (negative), (e) exposure change (positive).

e Auto Orientation: This pre-processing step was used to make all the images orient
in perfect vertical orientation because YOLOV3 tiny has an orientation adaptation
problem [29].

e  Resizing: Resizing is performed to make all images compatible for training YOLO
models; this is included in pre-processing steps.

e  Blur: Blurring was used to pixelate the images because in real-life situations the
farmers might not have cameras with the capabilities to capture in high definition.

e Exposure change: Exposure changes were made keeping in mind the real-life conditions
where the weather might be sunny, cloudy or the time of capturing the image might
be early in the morning or in the late evening hours.

e  Rotation: This was conducted to remove any constraints in maintaining orientation
while capturing the image.

2.3. Image Dataset

The primary focus of the current work is on the accurate detection of three diseases—
leaf blast, brown spot, and hispa as presented in Section 1.1. Therefore, the image dataset
consists of 3 different classes. For labelling these images, Labellmg [30] (running on python
version 3.6 on windows 10) was used and the text files compatible with YOLO architecture
were generated. These files included the label of the class and the coordinates of the
bounding boxes that were marked on the image, i.e., the ground truth values. There are
many cases in which a single image consists of multiple instances of a particular disease.
Therefore, even if the dataset contains a smaller number of images, there are ample numbers
of instances of each class (disease) for the model to learn correctly.

The dataset consists of 762 images and while preparing the dataset, caution was
taken to avoid the problems of the unbalanced dataset. The prepared dataset was disease-
wise divided into the ratio of 90:5:5 by employing the random split technique. Therefore,
the brown spot disease has 248, 13, and 14 images for training, testing, and validation,
respectively. The dataset has 206, 11, and 12 images for hispa disease whereas, the leaf
blast disease has 232, 13, and 13 images for training, testing, and validation, respectively.
For better clarity of the dataset, the number of images along with the number of instances
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with training, validation, and test images for each class is tabulated in Table 3 whereas, the
distribution of the number of images and instances per class is illustrated in Figure 4.

Table 3. Dataset distribution.

Name of Total Number  Total Number  Training Validation
. Test Images
Disease of Instances of Images Images Images
Brown spot 919 275 248 13 14
Hispa 894 229 206 11 12
Leaf blast 623 258 232 13 13
Total 2436 762 686 37 39
1000 —

Il Number of instances
B Number of images

800 —

600 —

400 —

200 —

Brown spot Hispa Leaf Blast

Name of disease
Figure 4. Number of images and instances per class.

3. Methodology

The proposed solution is divided into two parts, firstly identifying the best models for
the detection of the diseases and then deploying it on the mobile application consisting of
an easy-to-use interface and chatbot for help.

3.1. Rice Disease Detection Using Deep Learning Models

After collecting the dataset consisting of three classes (brown spot, leaf blast, and
hispa), data annotation has been conducted to produce the ground truth values. Then data
augmentation and pre-processing techniques have been applied to train the model with
90% (686), 5% (37), and 5% (39) images for training, validation, and testing, respectively.
Further, though YOLOv3 and YOLOvV4 provide very good detection accuracy, they cannot
be deployed on mobiles with low computational power because of their large network
size. Therefore, in the present investigation, their tiny versions have been employed for
the development of the mobile-based rice disease detection model. The training dataset
is fed to both YOLOV3 tiny and YOLOV4 tiny architectures separately. The training was
performed for 6000 epochs and the time taken for training each model was about 3 h on
Google Colab (Tesla T4). The whole methodology is illustrated in Figure 5.

The parameters of the configuration files for both the models are listed in Table 4
which indicates that the maximum number of batches was set to 6000 whereas steps to 4300
(80% of batches) and 5400 (90% of batches). The configuration file was modified according
to the input dataset and therefore, the number of filters has been computed as 24 ({number
of classes + 5} x 3). Additionally, pre-trained weights of YOLOV3 tiny (yolov3-tiny.conv.15)
and YOLOV4 tiny (yolov4-tiny.conv.29) trained on the COCO dataset were used as the base
weights, which were further trained for the development of rice disease detection model.
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Paddy images
dataset

Trained model

Image annotation

YOLO Training

Y

Disease detection

Annotated
dataset

Image
augmenteation
and
pre-processing

D

Figure 5. Process flow diagram of rice disease detection model.

Table 4. CFG parameters.

o

Parameter YOLOV3 Tiny YOLOvV4 Tiny
Width 416 416

Height 416 416

Batch 64 64
Subdivisions 16 24

Channels 3 3

Momentum 0.9 0.9

Decay 0.0005 0.0005
Learning rate 0.001 0.00261
Maximum number of batches 6000 6000

Policy steps steps

Steps 4800, 5400 4800, 5400
Scale 0.1,0.1 0.1,0.1
Classes 3 3

Filters 4+1+3)x3=24 4+1+3)x3=24

3.2. Development of Mobile Application (E-Crop Doctor) with the Chatbot (docCrop)

The best model from the above step was deployed on a mobile application created
using android studio. The model obtained above was first converted to a pb model and then
to a TensorFlow lite version of it. TensorFlow lite is a less heavy version of the TensorFlow
framework, especially developed to enable an on-device machine learning interface. It
has decent performance and less binary file size, hence suitable for mobile applications.
Since the model is deployed locally on the device, therefore, there is no need for network
coverage while detection which is a common issue in most villages.

The farmers need to install the application on their devices to get started. They can
directly point the camera towards the affected area of the leaf to get predictions about
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’ Mobile

application

-

the disease the plant may be suffering from. Once in the frame, the algorithm detects
the disease in real-time and informs the farmer about it. They can then see the detailed
analysis report about the particular disease and check out the ways to cure it. They can
clarify doubts regarding the stage of infection of the disease, the treatment procedure, and
quantity of the medicine required, etc., through the chatbot 24 x 7. This reduces the visits
to the plant doctor and also reduces the treatment cost of the crops for the farmer. The
process flow of the mobile application (E-crop doctor) is presented in Figure 6.

Diseases
oY . | Brownspot
. > models o
r Detection of detect diseases H‘SI;a
] i Leaf Blast
g diseases
)
LI Preventive measures
v t
5 Chatbot | e —— and tips
Query about
particular diseases

Figure 6. Process flow of the E-crop doctor.

The chatbot (docCrop) was built using 3rd party API, Kommunicate [31]. The chatbot
was trained to answer a certain set of queries solving most of the common problems as
well as problems specific to the rice diseases. Firstly, the chatbot asks the farmer whether
they want to know about general preventive tips or ask a query about a particular disease
prediction. To make the conversation easier, certain options related to the farmer’s query
are suggested by the chatbot at each step to better understand the problem and provide
specific solutions. Figure 7 illustrates some examples of how the chatbot responds to
queries. The mobile application is developed in such a way that the farmers can use it
seamlessly without any difficulty.

16:36 4 &

o5 9 Doc_Crop

online

I Dac to help you with your paddyl
Select the category in which you want help.

( Preventive measures & ps )

(o1
Do you know the exact name of the disease
ar pest infecting your paddy?

nation pull off Stems or (@]
tillers and cut open for larvae and pupae ta
confirm stem borer damage

For clear confirm
ertilizer calculator if you want to
e exact amount needed for your

e e S S TR
( Ves iknow the disease/pest of my plant | Choose the week to know the
e recommended quantity of fertilizer-

idea about the exact disease.

(Noihav i)
R / e
(2 waeks before seedling )
Yes i know the diseass/pa: S ——
plant

1 i
(1 week before seadiing | [ 4 weeks later |
A S /

(o}
Select the disease or pest affecting you
plant { Detected by the APP)

i ™
( Know more about reprodustive stage of s )

Figure 7. Sample chats.
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3.3. Evaluation Metrics

For comparing the performances of the selected models, various metrics, in particular,
precision (P), recall (R), F1 score, AP, mAP, and Ioll, are used [32-34]. These metrics are
mathematically represented by Equations (1)-(6).

tp
P = (1)
fp+tp
tp
pr— 2
frn+tp @
2PR
F1 score = PIR 3)
1
AP = /0 p(r)dr 4)
1 N
mAP = N l; AP, (5)

Tol — Areaof over.lap
Area of union

(6)

where, tp = Number of True Positives, i.e., number of objects detected correctly; f p = Number
of False Positives, i.e., number of detected items that could not correlate to the ground truth
objects; fn = Number of False Negatives, i.e., number of ground truth objects that could
not be detected.

4. Experimental Results

The training was performed for 6000 epochs on the developed dataset as mentioned
in Section 3.1. The above-stated metrics (i.e., AP of each class, P, R, etc.) are recorded after
every 1000 epochs and the results are illustrated in Table 4. The results are summarized
in such a way so as to compare YOLOv3 tiny and YOLOv4 tiny models at each step. It
is observed that up to 2000 epochs, the mAP% of YOLOV3 tiny is better than YOLOv4
tiny, but soon after YOLOv4 tiny performs better. This may be because of the smaller
network size of YOLOV3 tiny as compared with YOLOv4 tiny which enables YOLOV3 tiny
to learn quickly whereas YOLOV4 tiny learns accurately. At last better scores for all the
metrics were obtained for the YOLOv4 tiny model as mentioned in Table 5. This reveals
that the best mAP percentage of 95.38% was achieved by the YOLOv4 tiny model on the
validation set. In contrast, only 85.43% was achieved for YOLOV3 tiny, i.e., a margin of
11.65% is obtained between the two models. The P and R scores for YOLOv4 tiny were
evaluated as 0.88 and 0.89, respectively, whereas, for YOLOV3 tiny, the scores are 0.77 and
0.79, respectively. Therefore, YOLOv4 tiny outperforms YOLOv3 tiny by a margin of 14.28%
and 12.66% for both P and R, respectively. The F1 score for YOLOV3 tiny and YOLOv4 tiny
was computed as 0.74 and 0.89, respectively. Therefore, YOLOv4 tiny outperforms YOLOv3
tiny by a margin of 20.27%. In terms of IoU also, YOLOv4 tiny endorses its dominance over
YOLOVS3 tiny by a promising margin of 20.29%. Further, the average loss function values
for YOLOV3 tiny and YOLOv4 tiny were 1.41 and 0.55, respectively (6000 iterations). The
variations in loss values and mAP (%) are presented in Figure 8.
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Table 5. Simulation results of training.

Classes AP (%) AP Ioll
Model Version Iterations  Brown Leaf mo P R F1 Score ‘Z Loss
Hispa (%) (%)
Spot Blast
YOLOV3 tiny 1000 23.6 55.90 56.67 45.73 0.66 0.25 0.36 44.75 2.87
YOLOvV4 tiny 7.6 27.48 57.37 30.82 0.39 0.10 0.16 27.13 1.84
YOLOV3 tiny 2000 37.52 66.20 50.00 51.25 0.68 041 0.51 45.63 2.05
YOLOV4 tiny 41.38 60.74 49.36 50.50 0.59 0.49 0.54 40.34 1.35
YOLOV3 tiny 3000 35.99 81.90 91.67 69.98 0.74 0.47 0.57 58.22 1.84
YOLOV4 tiny 58.11 85.38 99.10 81.60 0.71 0.65 0.68 50.09 1.05
YOLOV3 tiny 4000 60.63 82.41 99.20 81.01 0.65 0.74 0.69 45.19 1.63
YOLOvV4 tiny 70.39 84.39 99.30 84.93 0.77 0.71 0.74 54.74 0.75
YOLOV3 tiny 5000 62.16 90.30 99.10 84.16 0.73 0.79 0.76 52.28 1.55
YOLOV4 tiny 82.49 92.97 99.30 91.82 0.81 0.85 0.83 59.86 0.58
YOLOV3 tiny 6000 67.28 89.02 99.20 85.43 0.77 0.72 0.74 55.11 141
YOLOV4 tiny 97.20 98.45 99.48 95.38 0.88 0.89 0.89 66.29 0.55
mAPZ .
85.4%
C:0.0%
Loss
18.C
85786%\/\86§7m
W g8:83% /
16.0—— 817817 I~
/ \/ \
77%
/]
T4%
PP annr 727
67%
2.4 63%
1 57% \/
10.0— 50%
; 49%\ \/
8.0 ; / \f
L} 33%
6.0 3 /
26%
4.0 /
167
%0 107]%w""-s
AN A A ittt A
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Figure 8. Variations in loss function value and mAP percent vs. iteration count for (a) YOLOv3 tiny
and (b) YOLOv4 tiny.

The AP of each class varying with respect to the number of epochs for both the models
are shown graphically in Figure 9. At the end of the training, the AP% for brown spot, leaf
blast, and hispa were obtained as 97.20%, 99.48%, and 98.45%, respectively, with YOLOv4
tiny, whereas, 67.28%, 99.20%, and 89.02%, respectively, with YOLOV3 tiny.

Further, the performance of developed models was evaluated on unseen test datasets
and tabulated in Table 6 which reveals that YOLOv4 tiny outperforms YOLOv3 tiny with a
remarkable margin of 17.59%, 19.44%, 25.71%, 17.57%, and 23.48% for mAP, P, R, F1 score,
and IoU, respectively. Additionally, the YOLOV4 tiny achieves the class wise AP of 96.20%,
97.78%, and 98.36% for brown spot, hispa, and leaf blast, respectively. These values were
computed as 47.14%, 15.98%, and 0.19% higher than YOLOV3 tiny, respectively.
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Figure 9. AP% of each class vs. number of iterations: (a) brown spot, (b) leaf blast, (c) hispa.

Table 6. Performance evaluation on test set.

Classes AP (%)
Model Version ° mf:l p P R F1 Score I‘ZU
Brown Spot Hispa Leaf Blast (%) (%)
YOLOVS3 tiny 65.38 84.31 98.17 82.79 0.72 0.70 0.74 53.28
YOLOV4 tiny 96.20 97.78 98.36 97.36 0.86 0.88 0.87 65.79

Additionally, the detection capability of the developed models on sample test images
is illustrated in Figure 10. As seen YOLOvV3 tiny and YOLOv4 tiny were able to predict
correct disease detection in almost every test image, however, the areas identified by them
vary. YOLOv4 tiny was able to detect all the affected areas correctly but YOLOv3 tiny
missed some of the diseases.

The developed models were also compared on the basis of the prediction probability
and required prediction time as mentioned in Table 7. It was witnessed that the prediction
probability for each bounding box for both models differs by a large margin. Generally,
YOLOvV4 tiny achieved a very high prediction probability, however, in some cases (first
brown spot and first leaf blast in test images 1 and 2, respectively) YOLOv3 tiny dominates.
Although YOLOvV4 tiny outperforms YOLOvV3 tiny in all the evaluation matrices and
provides enthusiastic detection accuracies for test images 1-4 (Figure 10), however, it is
unable to detect all the infected parts of the paddy leaf as depicted in test image 5 (Figure 10).
This may be because of the overcrowded background and very small size of the infected
area. Nevertheless, the surety in predictions given by YOLOvV4 tiny was far better than
YOLOV3 tiny. Furthermore, the time taken for processing each image is higher for YOLOv4
tiny (approximately 5 ms) than YOLOV3 tiny (approximately 3ms) which may be because of
the deeper network of YOLOvV4 tiny than YOLOV3 tiny. However, in the present work, the
primary focus is devoted to giving more accurate results rather than faster results. Hence,
YOLOv4 tiny is deployed for the development of the E-crop doctor.
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3
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Figure 10. Experimental results obtained from models after being applied to various test images:
(a) original image, (b) YOLOVS3 tiny, (c) YOLOV4 tiny.
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Table 7. Quantitative comparison of the experimental results on the test set.
_ Prediction Probability (in %) (frfeﬁlﬁﬂg:cfﬂi)
Test Image Dlsea}se
Detections YOLOV3 YOLOv4 YOLOV3 YOLOvV4
Tiny Tiny Tiny Tiny
Brown spot 59 45
Brown spot 42 85
1 Brown spot 26 46 2.856 5.158
Brown spot 63 93
Brown spot NA 85
Leaf blast 41 39
2 Leaf blast 68 99 2.928 5.167
Leaf blast NA 97
3 Hispa 59 97 2915 5.166
Leaf blast 55 86
Brown spot 36 96
4 Brown spot 98 99 2.885 5.216
Leaf blast 74 89
Leaf blast 97 99
5 Hispa NA 57 2.894 5.138

The performance of the developed models was validated against other similar reported
works and is presented in Table 8. This analysis reveals that the developed YOLOV3 tiny
model underperforms, whereas, YOLOv4 tiny performs outstandingly. The class wise
accuracy for this model was computed as 0.49%, 8.31%, and 0.79% higher than [12,21,35]
for brown spot, respectively. Similarly compared with the same work, it achieves 2.70%,
0.41%, and 5.99% greater accuracy for leaf blast, respectively. Furthermore, for the hispa
class, the proposed model outclasses [35] by a significant margin of 3.58%. The model
overshadowed [36] by 1.24% for the classification of leaf blast, whereas, it obtained similar
accuracy for brown spot and slightly lesser for hispa. Therefore, the proposed model by
YOLOV4 tiny establishes its dominance and attains the overall accuracy of 98.13% which
was evaluated as 2.77%, 4.11%, 5.18%, and 3.68% higher than [20,21,23,35], respectively.
When also compared with [12], a similar performance (overall accuracy) was obtained.
Moreover, the model gained 3.40% higher values of mAP as compared with [37]. Therefore,
the developed model was found to be most suitable for crop disease detection and hence,
has been deployed for the development of E-crop doctor.

Table 8. Performance comparison with other developed models.

Class Wise Accuracy (%) Overall
5. No. Author(s) Model Brown Spot  Leaf Blast Hispa mAP (%) Accuracy (%)

1. Kiratiratanapruk et al. [37] YOLOv4 X X X 94.16 X

2. Gayathri et al. [12] SVM 98.30 96.70 X X 98.63
3. Luetal. [20] CNN X X X X 95.48
4. Ramesh et al. [21] JOA + CNN 90.57 98.90 X X 94.25
5. Rahman et al. [23] CNN X X X X 93.30
6. Wang et al. [35] NN-BO 98.00 93.70 91.11 X 94.65
7. Bari et al. [36] Faster R-CNN  98.85 98.09 99.17 X X
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Table 8. Cont.

Class Wise Accuracy (%) o) 1
S. No. Author(s) Model ) mAP (%) vera y
Brown Spot Leaf Blast Hispa Accuracy (%)
Proposed * YOLOVS3 tiny 76.34 85.19 93.38 82.79 85.37
Proposed * YOLOV4 tiny 98.78 99.31 94.37 97.36 98.13

NN-BO: Neural Network with Bayesian optimization and ‘x” represents the unavailability of the data. * represents
proposed work

5. Conclusions

After performing a thorough comparative study between the two DL frameworks
(YOLOV3 tiny and YOLOV4 tiny) for object detection via smartphone, it was observed that
YOLOV4 tiny yields more accurate and effective results. With quite a remarkable accuracy
of 98.13%, the model was able to detect the three different diseases precisely. Finally, this
model was deployed on the mobile application in TensorFlow lite format. Therefore, an
automatic system was developed to help the farmers by detecting paddy disease from their
mobile cameras. Further, 24 x 7 support is also being provided to them by the chatbot
made using the Kommunicate API. Although the developed model performs satisfactorily,
its performance is greatly influenced by the quality of the images being fed to the E-crop
doctor. Furthermore, the model’s performance may be affected by various other factors
such as illumination variations. However, considering the exponential development in
the field of smartphones, this will be resolved in the near future. In future, this system
will be extended to detect more paddy diseases and cover other plants so as to develop it
as a platform for all crops. Further, a community of farmers will also be made to discuss
common issues using this application itself. Additionally, regional languages may be
included in the chatbot to make it more user-friendly, in the nearby future.
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