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Abstract: Agricultural countries like India suffer from crop diseases that eventually lead to threatening food security
besides causing huge financial losses to farmers. Most of the time, diseases prevail due to lack of infrastructure and
necessary mechanisms to diagnose plant diseases at the earliest. Rapid identification of plat diseases in agriculture
sector with technology innovations should be made possible. With the proliferation of smart phone technologies,
remote image capturing equipment, computer vision applications and advanced machine learning techniques we are
heading towards precision agriculture. However, there is still lot to be desired. In this paper we proposed a deep
learning based method known as Convolutional Neural Network based Crop Disease Prediction (CNN-CDP). It has
provision for improved feature selection and performance improvement with advanced configurations.
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I. INTRODUCTION

Agriculture plays an important role in the lives of people across the globe. Particularly large population of
India depend on the agriculture. Farmers do have many problems in agriculture due to lack of technological innovations
and use of technology for their agricultural decisions. In this context, the technologies like IoT and precision
agriculture are largely used by agricultural departments and governments to have statistics for strategic decision
making. There is lack of technology usage from the stand point of farmers. Technological innovations are not reaching
farmers. In other words, it is found that farmers still suffer from the lack of support with technologies. However, there
has been a sufficient effort towards precision agriculture that makes use of IoT and data analytics.

Perakiser al. [3] used data science approach with big data analytics in order to achieve precision agriculture.
Serrano et al. [4] proposed IoT based approach with sensors and data analytics towards precision farming. Aziz et al.
[5] used IoT and ML for livestock monitoring in agriculture. Shah et al. [6] proposed a crop advisory system using
data analytics. Keswani et al. [7] used IoT and big data for making an irrigation control scheme in agriculture. Khattab
et al. [8] proposed a cognitive monitoring system for early plant disease forecast. Jung et al. [13] investigated on the
remote sensing and Al for resilience in agricultural production systems. Ojha ef al. [14] studied the need for wireless
sensor networks in agriculture. Lew et al. [15] proposed analytical tools for technology driven agriculture. Kim et al.
[16] proposed IoT based disease prediction system towards smart farming. Mahlein et al. [17] used imaging sensors for
precision agriculture and plant disease detection.From the literature, it is understood that there is great deal of
improvements in technology driven agriculture. However, there is room for data science approach towards precision
agriculture. In this regard, this paper is step forward for improving crop disease prediction automatically. Our
contributions in this paper are as follows.

1.  We proposed a ML framework for prediction of sentiments or opinions from student feedback in the form of
reviews in academic institution.
2. We implemented different ML models along with a strong pre-processing and feature selection for improving
performance.
3. A prototype application is built in order to evaluate the framework with the underlying models.
The remainder of the paper is structured as follows. Section 2 reviews literature on the existing methods used
for student feedback analysis. Section 3 presents the proposed ML based framework. Section 4 presents results of
empirical study. Section 5 concludes the paper and gives directions for future work.
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II. RELATED WORK

This section reviews literature on existing methods on the crop disease detection in agriculture domain using
data science approach. Devi et al. [1] proposed an IoT based methodology for efficient detection and classification of
plant diseases leveraging agricultural applications. Elijah er al. [2] explored the technology driven approaches towards
agriculture and data analytics for improving productivity. Perakis e al. [3] used data science approach with big data
analytics in order to achieve precision agriculture. Serrano et al. [4] proposed IoT based approach with sensors and data
analytics towards precision farming. Aziz et al. [5] used IoT and ML for livestock monitoring in agriculture. Shah et
al. [6] proposed a crop advisory system using data analytics. Keswani ef al. [7] used IoT and big data for making an
irrigation control scheme in agriculture. Khattab et al. [8] proposed a cognitive monitoring system for early plant
disease forecast. Trivedi et al. [9] focused on the enhancement of microbiomes for ensuring sustainable agriculture.
Surender et al. [10] used data science and Al approach for Indian agriculture and carbon footprints. Woodard et al. [11]
used data science and management towards empirical applications with scalability in agriculture. Sharma et al. [12]
focused on the review of literature on sustainable agricultural practices.

Jung et al. [13] investigated on the remote sensing and Al for resilience in agricultural production systems.
Ojha et al. [14] studied the need for wireless sensor networks in agriculture. Lew er al. [15] proposed analytical tools
for technology driven agriculture. Kim et al. [16] proposed IoT based disease prediction system towards smart farming.
Mahlein et al. [17] used imaging sensors for precision agriculture and plant disease detection. Morais ef al. [18]
explored precision agriculture practices for data management and productivity in agriculture. Gayathri er al. [19]
proposed an IoT based ensemble classification for automatic crop monitoring. Yang et al. [20] explored state of the art
in visual perception based industry intelligence with prospects and challenges. From the literature, it is understood that
there is great deal of improvements in technology driven agriculture. However, there is room for data science approach
towards precision agriculture. In this regard, this paper is step forward for improving crop disease prediction
automatically.

II1. PROPOSED SYSTEM

Essentially, it is based on a deep learning model as deep learning has potential to improve performance of
computer vision applications. Particularly, the proposed approach is based on the CNN model with specific
configurations presented in Figure 1. It has convolutional and map pooling layers appropriately configured with
empirical study. The convolutional layers act on different number of parameters and meant for learning features in the
input image while max pooling layers reduce feature maps by down sampling.
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Figure 1: Proposed system overview

As presented in Figure 1, it has provision for different operations and CNN based training and classification

for improving prediction performance.

Algorithm: Convolutional Neural Network based Crop Disease Detection (CNN-CDP)
Inputs: Plant village dataset D, no. of epochs e, batch size b
Outputs: Detection results P and evaluation results R

1. Start

2. (T, V) € PreProcess(D)

3. F1 = ApplyConv2D1Layer(T1)

4. F1 = MaxPooling2D1Layer(F)

5. F2 = ApplyConv2D2Layer(T1)

6. F2 =MaxPooling2D2Layer(F)

7. F3 = ApplyConv2D3Layer(T1)

8. F3 =MaxPooling2D3Layer(F)

9. Add Flatten Layer to convert 3D Array to 1D Array.
10. Add Dense Layers with activation function ReLU
11. Add Dropout layer

12. Add Dense Layers activation function ReLU

13. Add Output Layer with Activation function Softmax.
14. F€FinalFeautres(F1, F2, F3)

15. M = TrainModel(F)

16. For each epoch e inn

17.  For each batch b in m

18. Update M

19.  End For

20. End For
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21. M’ = FitModel(M)
22. P = Detect(M’)
23. Print P

24. End For

25. End

Algorithm 1: Proposed algorithm
As presented in Algorithm 1, the algorithm takes PlantVillege dataset and different layers in the model. The
model has different layers configured for performance improvement. The iterative process in the algorithm work
different epochs and the model gets updated from time to time.

IV. EXPERIMENTAL RESULTS

Experimental results are made with a prototype application and observations are made in terms of crop disease
prediction and prediction accuracy. The proposed method is compared with different existing deep learning models.
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Figure 2: Shows training and validation accuracy against number of epochs

As presented in Figure 2, the training and validation accuracies are provided. As the number of epochs is increased the
both training accuracy and validation accuracy are increased gradually.
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Figure 3: Shows training and validation loss against number of epochs

As presented in Figure 3, the training and validation loss are provided. As the number of epochs is increased the both
training loss and validation loss are decreased gradually.
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Figure 4: Shows the results of correct crop disease prediction
As presented in Figure 4, it is evident that the test leaf images given from the PlantVilege dataset are tested and the

disease is predicted correctly.

Lead Disease Prediction Model Accuracy (%)
Logistic regression 91.95
Random forest 92.26
Decision tree classifier 85.54
SVM 91.56
CNN-LDD 94.89
Table 1: Shows performance comparison
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As presented in Table 1, the accuracy of different prediction models is provided and it is observed that each prediction
model has different accuracy levels.

PERFORMANCE COMPARISON

96

94

92
g 91.56 M Logistic regression
= 90
e m Random forest
g 88 . .
£ Decision tree classifier
o
s 86 SVM
e 85.54

84 ' B CNN-LDD

82

80

Accuracy (%)

Figure 5: Shows performance comparison

As presented in Figure 5, the performance among different prediction models is provided. The accuracy is provided for
each model. Each model has different performance in terms of accuracy. The highest performance is provided by the
proposed model CNN-CDP.

V. CONCLUSION AND FUTURE WORK

In this paper we proposed a deep learning based method known as Convolutional Neural Network based Crop Disease
Prediction (CNN-CDP). It has provision for improved feature selection and performance improvement with advanced
configurations. The proposed model is compared with different prediction models. The existing models Logistic
regression, Random forest, Decision tree classifier and SVM. Each model has different performance in terms of
accuracy. The highest performance is provided by the proposed model CNN-CDP. In future, we intend to improve the
proposed system with different pre-trained deep learning models.
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