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[bookmark: _s17w27j4szq5]ABSTRACT
Plant leaf  diseases   affect the  growth of plants and also sometimes it can even lead to the death of a plant.  Diseased plants  also affect the total agricultural production of the country.  Identification and detection  of diseased plants is a crucial factor in agricultural production and also in the earning of farmers.The best way to identify these  plant diseases is by human naked eyes but it is a time consuming process so to overcome these challenges we use different  Deep Learning techniques  . At present time , machine based plant leaf diseases detection equipment has been applied in agriculture farms and has almost replaced the traditional naked eye identification system.
In recent times the use of deep learning models has increased ,these  deep learning models nowadays are used to solve daily  problems. Some of the important uses of these models are face Recognition,disease detection,  traffic detection , expression recognition ,etc.
To develop these deep learning model it requires large number of dataset(in millions) then these raw dataset is trained , the training time for these models  are quite high .In this research work I tried to reduce training time by reducing the size of dataset from millions to  few thousand without compromising with my model accuracy.
[bookmark: _p7wss3adh5jg]
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[bookmark: _sc92tj7x8k56]1.Introduction
India is also known as agriculture land.India has evolved from food deficient country to surplus food country. Current status of food grain production  in India is around three times that of buffer stock norms. In the early nineteen sixties  India was an import dependent nation , few major steps (the green revolution in the 1960s ,intensive use of inputs and technological advancement)taken by India have made India a global agricultural powerhouse. Although the share of agriculture has been declining in overall gross value added (GVA) of India, it continues to grow in absolute terms and employs almost 41.49 % of total employment in 2020( World Bank collection of development indicators).Therefore disease free  grain  production is essential for the growth of the country's economy.Timely and accurate diagnosis of plant diseases is important for high agriculture production as diseased plants can directly  affect income of farmers . Traditionally these detection of plant disease is done manually by farmers  but it can take several weeks to cover  acres of land , therefore to save crucial time of farmers Nowadays technology is used to detect plant diseases. Also  they can provide us promising results   .Today a number of models presented by researchers to detect diseased plants using deep learning algorithms such as Convolutional Neural Networks ,Recurrent Neural Networks,etc.  
[bookmark: _eztxm7ahryip]
[bookmark: _gyygubw2fhq1]2.Related Work
In this section we will discuss the ideas of other researchers across the globe who have  explored different  Deep Learning and Image Processing techniques to automate plant leaf  disease detection. Some of the techniques are present in this  paper that is used for automatic plant leaf  disease detection. M Afonso et al.- 2019 proposed a non destructive method which was  based on ResNet -18 to identify blackleg disease of potato plants . Sanga et al.- 2020 proposed a disease detection model for banana plants with five different CNN architectures. These architectures were VGG-16, ResNet-152, ResNet-50, ResNet-18, and InceptionV3. In their model they found that ResNet-152 outperformed others with an accuracy of 99.2%.B. Jiang et al. -2018 proposed a model  to detect tomato diseases and pests, for Maize using Super-Pixel  and GLCM for feature extraction and SVM for classification. Yunong Tian et al-2019 proposed a model to detect an apple  during different growth stages in orchards using YOLO-V3 network processed by the DenseNet method. Alina Forster et al.-2019 used a hyperspectral microscope to capture hyperspectral images of barley leaves, and then used CycleGAN to forecast the spread of disease symptoms on barley plants.
G Zhou et al.-2016 proposed a method for detecting rapid rice disease based on fuzzy c-means and k-means and Faster R-CNN.
Mohanty et al. analyzed -2016 designed a system using AlexNet and GoogLeNet CNN architectures' for plant leaf disease detection using the PlantVillage dataset. They performed sixty different experiments with the help of sixty different configurations. They found that GoogLeNet with transfer learning outperformed  with an accuracy of 99.30%. The number of training parameters was around seven million.Pardede et al.- 2018  designed a system for automatic disease detection for corn and potato plants with CAE and SVM classifiers . They have taken images of corn and potato plants from the PlantVillage dataset. They achieved 80.42% and 87.01% accuracy respectively .Wan-jie Liang et al.-2019  proposed a rice blast disease detection method using the concept of deep learning.In there model they compared four different types of recognition method (CNN,CNN+SVM,LBPH+SVM,Haar-WT+SVM) they found that CNN outperformed others with an accuracy of 95.83%.My approach is based on recent work by Punam Bedi et.al -2021 which showed for the first time by reducing dimensionality of images we can reduce the size of dataset from millions to few thousands.

	Author and Year
	CNN Architecture
	Number of Images
	 Accuracy

	Fujita, E. et al. -2016
	Customized
	14840
	82.32%

	Wang, G. et al.- 2017
	VGG 16 ,VGG 19 ,Inception V3, Residual Network (ResNet) 50
	2086
	90.4%

	Khandelwal, I. et al. -2018
	Inception V3 , ResNet 50
	86,198 
	99.37%

	DeChant, C. et al. —2017  
	Customized
	1796
	 96.70%


	Brahimi, M. et al. —2017
	AlexNet ,GoogleNet
	14,828
	99.18%

	Brahimi, M. et al. 2018
	AlexNet ,DenseNet 169 ,Inception V3 ,ResNet 34, SqueezeNet 1.1 ,VGG 13
	54,323 
	99.76%

	Lu, Y. et al. -2017
	AlexNet 
	500
	95.48%

	Kawasaki, Y. et al.—2015 
	Customized 
	800
	94.90%


Tabel 1-Summary of techniques and comparison between studies for classification plant diseases.

[bookmark: _kflspkfika21]3. Material and methods
This section discusses the material and methods which are used to design the model. In this section we will understand the basics of Data Science , Deep learning  , convolutional neural networks(CNN )and Convolutional Autoencoder( CAE), which is helpful to understand the proposed work. 
[bookmark: _cy1j9d3xf3qd]3.1 What Is Data Science ?
Data science is the branch of science  that deals with bulk volumes of data by using modern tools and techniques. It uses different machine learning techniques to find  patterns which can lead to some useful  information, which later can be used to make important decisions.
Today Data science is an important  part of many organizations, the large amounts of data that are produced, are converted into meaningful information. Its popularity is growing day by day , and industries and companies have realized its importance and started implementing data science techniques to grow their business and increase customer satisfaction.

[bookmark: _jmavvf51l8iu]3.2 Deep learning 
The concept of Deep Learning  originated from a paper published in Science by Hinton et al. in 2006.
It is “a machine learning technique that teaches the computers to do what comes naturally to humans”.
Deep Learning is a subfield of Machine Learning, which is a subfield of Artificial Intelligence. Artificial Intelligence(AI ) refers to techniques that help computers or robots to  behave like  human behavior and think like a human intelligent brain. Machine Learning represents a set of algorithms trained on data that make all of this possible.
Deep Learning techniques are preferred over the Machine Learning techniques because deep learning techniques reduce the amount of processing time . Also extraction  of different useful features from raw data are done automatically.Deep learning uses a multi-layered structure of algorithms called neural networks which enables us to perform many tasks, such as regression, classification,clustering ,regression ,etc.

[bookmark: _m253sggjzwkr]3.3 CNN- Convolutional Neural Networks
In 1995, Yann LeCun and Yoshua Bengio introduced the concept of convolutional neural networks.“A simple CNN is a sequence of layers, and every layer of a CNN transforms one volume of activations to another through a differentiable function.” Convolutional neural networks are mainly used in face recognition, handwriting translation and other image and video processing tasks.
Basic layer of CNN is shown in fig -3
It consists of mainly 3 sequences of layers.
· Convolutional Layer -It is a major building block of CNN. It consists of a set of learnable filters .Every filter is small in size , but extends through the full depth of the input volume (fig 1).

















Input layer
Convolutional layer
Pooling layer
Fully connected layer

Output layer

                                      fig -1-CNN architecture
·  Pooling Layer- This layer helps in reducing  the amount of parameters(as shown in fig -2). It  extracts a specific value (max operation value) from a given set of values, which reduces the size of the output matrix. Pooling Layer play an important role  in controlling the overfitting.

· [image: ]
                                                                             fig 2- general polling
· FullyConnected Layer- Fully Connected  layer(FC) is  the last layer of the CNN architecture before the output layer(as shown in fig -2,-3). In Fully Connected  layer  neurons have full connections to all activations in the previous layer. It connects neurons in one layer to neurons in another layer.


[image: ]
                     fig 3 -The basic layers of CNN.
Reference of image3 -https://medium.com/@himadrisankarchatterjee/a-basic-introduction-to-convolutional-neural-network-8e39019b27c4
[bookmark: _1gp8j76a9en6]3.4 CAE - Convolutional Autoencoder
Autoencoders are neural networks used in unsupervised learning, in order to perform data compressing(fig -4). The input is compressed in a latent-space representation and we try to reconstruct the input from this representation. Convolutional Neural Networks are very successful in image recognition. The shared parameters make the CNNs scale to high-dimensional problems and outperforms fully-connected neural networks.
Here, Convolutional Auto-encoders use the scaling abilities of convolutional layers in order to perform dimensionality reduction.
The success of the CAE will be tested as follows:
· By the representation learning capabilities of your model. In particular, autoencoders are known to be able to learn quite informative features in their latent space (embeddings) that can later be used for downstream tasks. We will use the representations in order to do image classification.
· By the autoencoders' reconstruction error. We will need to achieve a low enough error in order to reconstruct the images of the dataset with relatively high fidelity. We will look at the model's training loss curve, reconstruction error on the test set and some reconstructed images in the respective cells.

There are  many interesting applications of autoencoders , such as data compression, visualization, etc. But researchers observed that autoencoders could be used as a way to “pretrain” neural networks. 








flatten
FC
Conv 1
Conv 2
Conv 3
DeConv 2
DeConv 3
Reshape
 h
DeConv 1

                                                          fig -4- Convolutional Autoencoder
[bookmark: _c6xylwnv92u6]3.4.1 How Data compression is performed via autoencoders ?
Suppose that I would like to write a program to send some data from my smartphone to the cloud. Since I want to limit my network usage, I will optimize every bit of data that I am going to send. The data is a collection of data points, each has two dimensions. A sample of my data look like the following: 
[image: ]
                                                                                          Fig 5 data points
Here, the red crosses (in fig 5) are my data points, the horizontal axis is the value of the first dimension and the vertical axis is the value of the second dimension. Upon visualization, I notice that the value of the second dimension is approximately twice as much as that of the first dimension. Given this observation, we can send only the first dimension of every data point to the cloud. Then at the cloud, we can compute the value of the second dimension by doubling the value of the first dimension. This requires some computation, and the compression is lossy, but it reduces the network traffic by 50%. And since network traffic is what I try to optimize, this idea seems reasonable. So far this method is achieved via visualization, but the bigger question is can we do this more systematically for high-dimensional data? More formally, suppose we have a set of data points {, , ..., } where each data point has many dimensions. The question becomes whether there is a general way to map them to another set of data points {, , ..., }, where z’s have lower dimensionality than x’s and z’s can faithfully reconstruct x’s. 
To answer this, notice that in the above process of sending data from my smartphone to the cloud has three steps:
 1. Encoding: in my smartphone, map my data  to compressed data  .
 2. Sending: send   to the cloud. 
3. Decoding: in the cloud, map from my compressed data   back to , which approximates the original data. To map data back and forth more systematically, I propose that z and  are functions of their inputs, in the following manner: 
                 = W1 + b1  
                = W2 + b2
If  is a two-dimensional vector, it may be possible to visualize the data to find W1, b1 and W2, b2 analytically as the experiment above suggested. Most often, it is difficult to find those matrices using visualization, so we will have to rely on gradient descent. As our goal is to have   to approximate   , we can set up the following objective function, which is the sum of squared differences between    and    : 
S(W1, b1, W2, b2) = 
                                  =

 which can be minimized using stochastic gradient descent. This particular architecture is also known as a linear autoencoder, which is shown in the following network architecture(in fig 6)
[image: ]
                                                     fig 6 architecture of linear autoencoder
 In the above figure, we are trying to map data from 4 dimensions to 2 dimensions using a neural network with one hidden layer. The activation function of the hidden layer is linear and hence the name linear autoencoder
 Autoencoders belong to a class of learning algorithms known as unsupervised learning. Unlike supervised algorithms, unsupervised learning algorithms do not need labeled information for the data. In other words,our data only have x’s but do not have y’.

[bookmark: _wxtprh9hbmru]4. Proposed work
In this research work, I have designed  a  model which  detects  plant leaf  diseases automatically. A model for automatic plant leaf disease detection is proposed by many researchers in their respective research papers  based on different machine /deep learning algorithms. In my model I have successfully tried to combine two different deep learning techniques: CAE and CNN.
 In this research paper they follow a few steps to find accurate results for this proposed model. First step , the CAE network has been trained to reduce the dimensionality of the input leaf images. Then the dimensionality reduction of the leaf images has been done such that the important features of the leaf images are not lost. Which has been minimized by applying the upper limit on Re-construction Loss of CAE. After reducing the dimensionality of leaf images, the output of the Encoder Network of CAE,  is used as input to the CNN. With the help of CNN, the input leaf image has been classified as either a diseased leaf or a healthy leaf. the flow-diagram to demonstrate the proposed methodology has been shown in fig.7
The process of designing the proposed hybrid model comprises two steps. The first step is creating a CAE network that reduces the dimensionality of the input leaf images from 256 × 256 to 32 × 32. 
Details of CAE architecture is given in table -2
The CAE network also contains a Decoder Network that is used to reconstruct the original data from the encoded data. The training of the CAE network is done such that the Re-construction Loss is minimized as minimum as possible  . This ensures that the CAE network reduces the dimensionality of the plant leaf images without losing its important features.
 

[image: ]
                                                                      Fig 7. Flow-diagram of proposed method


In this research paper, I used the Normalized Root Mean Squared Error loss function to calculate the Loss between the original plant leaf image and the new  plant leaf images (i.e which were reconstructed after) . The formula to compute Normalized Root Mean Squared Error  is
NRMSE(OL,RL)=                     Eq-1
where OL =original leaf image,
 RL= reconstructed leaf image reconstructed,
 N = total number of Plant leaf images taken into considerationImax=maximum
 pixel intensity Imin = minimum pixel intensity 

	Layer no.
	Type of layer
	Input size
	Activation function
	Number of channels
	size of channels
	Output size
	

	1
	Input Layer
	256 × 256 × 3
	· 
	3
	· 
	256 × 256 × 3
	

	2
	Conv 1
	256 × 256 × 3
	ReLu
	8
	3× 3
	256 × 256 × 8
	

	3
	MaxPool 1
	256 × 256 × 8
	·  
	8
	2× 2
	128 × 128 × 8
	

	4
	Conv 2
	128 × 128 × 8
	ReLu
	8
	3× 3
	64 × 64 × 8
	

	5
	MaxPool 2
	128 × 128 × 8
	· 
	8
	2× 2
	64 × 64 × 8
	

	6
	Conv 3
	64 × 64 × 8
	ReLu
	8
	3× 3
	32 × 32 × 8
	

	7
	MaxPool 3
	64 × 64 × 8
	-
	8
	2× 2
	32 × 32 × 8
	

	8
	Bottleneck Layer 
	32 × 32 × 8
	ReLu
	8
	3 × 3
	32 × 32 × 8
	

	9
	Conv 7 
	32 × 32 × 8
	ReLu
	6
	3 × 3
	30 × 30 × 6
	

	10
	MaxPool 4 
	30 × 30 × 6 
	   -
	6
	 2 × 2
	15 × 15 × 6
	

	11
	 Conv 8
	 15 × 15 × 6 
	 ReLu 
	16
	3 × 3 
	13 × 13 × 16
	

	12
	MaxPool  5
	13 × 13 × 16
	   -
	16
	 2 × 2
	4 × 4 × 16
	

	13
	Conv 9
	6 × 6 × 16
	ReLu
	16
	3 × 3
	4 × 4 × 16
	

	14
	MaxPool  6
	4 × 4 × 16 

	· 
	16
	2 × 2
	2 × 2 × 16
	

	15
	Flatten Layer 
	2 × 2 × 16
	· 
	· 
	     -
	64
	

	16
	 Dense 1
	64
	ReLu
	· 
	· 
	32
	

	17
	Dense 2 
	32
	Sigmoid
	· 
	· 
	1
	


                                  Tabel 2-Layer wise details of the model
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Fig 8-Healthy rice leaf image(above 2 image )
[image: ][image: ][image: ]
   Fig 9  Images of  black spot  diseased rice leaf(above 3 images)
[bookmark: _sjhjymnfxg6x]5. Dataset description
The proposed  model has been applied to detect Black Spot disease in rice plants. The leaf images of rice plants have been extracted from the Rice leaf dataset ( https://archive.ics.uci.edu/ml/datasets/Rice+Leaf+Diseases#)  ,some examples of a healthy and a diseased leaf image of a rice plant leaf is shown in Fig. 8.and fig 9
For the training of proposed model I split  the dataset  in 75% as training dataset and 25 % as testing dataset
 . Thus, the training dataset has 642 leaf images, and the testing dataset has 215 leaf images.
[bookmark: _evp65fa6j1h8]6.Result
In this paper I proposed a model which is trained on a few thousand parameters which give  training accuracy 91.4% and testing accuracy 90.1%.This model has also achieved precision of 90.19% ,recall of 90.57% and F1 score of 90.38%.The Normalized Root Mean Squared Error  loss is also calculated as given in equation 1 with help of new plant leaf (i.e after applying cae)and original plant leaf (i.e before applying cae ). The train and test Normalized Root Mean Squared Error loss for new plant leaf images and original plant leaf  are 0.09, 0.079 respectively.The advantage of my proposed model is that it takes less time and low computation power to detect diseased plants . The model  proposed in this research  paper has less accuracy then other proposed models which have millions of  training parameters and requires large computational power and more time for prediction of  diseased leaf.
Some of other model with high accuracy are as follows
Sanga et al. (2020) with Proposed approach of ResNet-152 uses 60 million of  training parameters with testing accuracy 99.2%.Ferentinos (2018) with Proposed approach of VGGNet uses 138 million of  training parameters with testing accuracy 99.5%.Mohameth et al. (2020) with Proposed approach of  ResNet-50 + SVM uses 25 million of  training parameters with testing accuracy 98%.Chohan et al. (2020)  with Proposed approach of VGG-19 uses 143 million of  training parameters with testing accuracy 98%. 
                                    
[image: Points scored]
                                                         Fig-10 proposed model loss


[image: Points scored]
                                            Fig -11  proposed model accuracy




[bookmark: _4tgr0r7s5dhu]7. Summary of various research work
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                                                                            Tabel -3


[bookmark: _iiw73k9z2v9]8. CONCLUSION AND FUTURE DIRECTIONS
In this paper, I  have introduced the basic knowledge of deep learning and presented a review of recent research work  that I have done and implemented on  plant leaf disease detection models using deep learning.  Data is available for training and testing of various   deep learning techniques  and are capable of recognizing leaf diseases with high accuracy . 
The importance of collecting large datasets with high variability, data augmentation, transfer learning, and visualization of CNN activation maps in improving classification accuracy, and the importance of small sample plant leaf disease detection and the importance of hyper-spectral imaging for early detection of plant disease.
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Abstract— Plant leaf diseases  affect the growth of
plants and also sometimes it can even lead to the death of a
plant. Diseased plants also affect the total agricultural
production of the country. Identification and detection of
diseased plants is a crucial factor in agricultural production
and also in the earning of farmers.The best way to identify
these plant diseases is by human naked eyes but it is a
time consuming process so to overcome these challenges
we use different Deep Learning techniques . At present
time , machine based plant leaf diseases detection
equipment has been applied in agriculture farms and has
almost replaced the traditional naked eye identification
system.

In recent times the use of deep learning models has
increased these deep learning models nowadays are used
to solve daily problems. Some of the important uses of
these models are face Recognition.disease detection,
traffic detection , expression recognition ,etc.

To develop these deep learning model it requires large
number of dataset(in millions) then these raw dataset is
trained , the training time for these models are quite high
In this research work 1 tried to reduce training time by
reducing the size of dataset from millions to few thousand
without compromising with my model accuracy
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Current status of food grain production in India is around
three times that of buffer stock norms. In the early nineteen
sixties India was an import dependent nation , few major
steps (the green revolution in the 1960s intensive use of
inputs and technological advancement)taken by India have
made India a global agricultural powerhouse. Although the
share of agriculture has been declining in overall gross
value added (GVA) of India, it continues to grow in
absolute terms and employs almost 41.49 % of total
employment in 2020( World Bank collection of
development indicators). Therefore disease free grain
production is essential for the growth of the country's
economy. Timely and accurate diagnosis of plant diseases
is important for high agriculture production as diseased
plants can directly affect income of farmers . Traditionally
these detection of plant disease is done manually by
farmers but it can take several weeks to cover acres of
land , therefore to save crucial time of farmers Nowadays
technology is used to detect plant diseases. Also they can
provide us promising results . Today a number of models
presented by researchers to detect diseased plants using
deep learning algorithms such as Convolutional Neural
Networks Recurrent Neural Networks etc.

2.Related Work

In this section they will discuss the ideas of other
researchers presented across the globe who have explored
different Deep Learning and Image Processing techniques
to automate plant leaf disease detection. Some of the
techniques are present in this paper that is used for
automatic plant leaf disease detection. M Afonso et al.-
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