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Abstract: When a plant is growing, it is vulnerable to many diseases. One of the trickiest
issues in agriculture is the early detection of plant diseases. The diseases must be detected
early otherwise, they may negatively impact the overall production, lowering the farmers'
profits. Many researchers have presented various cutting-edge frameworks relying on
Neural Networks to address this issue. However, the majorities of these processes either
have limited prediction performance or use massive amounts of input variables. In this
system, a hybrid approach of Long Short Term memory (LSTM) and Convolution Neural
Network (CNN) is used to predict and classify different types of plant leaf diseases
automatically. With just 9,825 training parameters, the suggested system achieves 98.65%
testing accuracy and 99.23% training accuracy. When comparison to other methods
described in the literature, the proposed hybrid model calls for fewer training parameters.
As a result, the time required for training this model for detecting the plant diseases
automatically and the time needed to diagnose the plant disease using the trained mode both
can decrease significantly. It helps to farmer to diagnose various diseases easily at an initial
stage, so that they can go for different treatments and some preventive measures.

Keywords: Neural Networks, Long Short Term memory, Convolution Neural Network,
LSTM, CNN.

Introduction

The backbone of our Indian economy is agriculture. Agriculture accounts for 10% of total
GDP, with India accounting for 16%. In India, the agricultural sector either directly or
indirectly supports nearly 70% of the population. Therefore, the production of high-quality,
disease-free crops are crucial for the development of the nation's economy. Similar to
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humans, different ripening stages or growth stages of plants are identified to different
diseases. As a result, the overall production of crops and consequently the farmer's net profit
are negatively impacted. The initial diagnosis of plant viruses is required to address this
problem. Plant disease is manually detected by either farmers or agricultural scientists. But
doing this requires a lot of effort and time.

In order to address this issue, several researchers in the world presented variety of cutting-
edge processes for instantaneous disease detection in plants using various Learning
techniques [1]. These cutting-edge systems employ a wide range of training variables. As a
result, the training and prognostication times of these processes are extremely long, or they
necessitate the use of a machine with greater computational power. Figure-1 shows the
images of various plant leaf diseases. This study attempts to decrease the number of features
used for prognostication using the LSTM network while maintaining classification
performance of detecting plant diseases. This, in turn, substantially reduces the number of
input variables, resulting in a reduction in training and detection accuracy.

The neuron architecture in the human brain serves as inspiration for deep learning
techniques. These methods use Artificial Neural Network and their discrepancies, i.e.
Convolutional neural network and Recurrent Neural Networks, to find hidden frameworks
in the data. Compared to machine learning techniques, deep-learning methods have two
major advantages [2]. To begin with, they do so automatically, doing away with the
requirement for a completely seperate feature extraction module. Second, processing large
datasets with numerous dimensions takes less time when using Deep Learning techniques.
Deep Learning methods are consequently suggested. Due to their efficiency with image data,
DL techniques like CNN and LSTM are frequently used in applications involving computer
vision.

Figure-1: Various types of plant leaf diseases
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These two methods uses convolution operations for extracting diverse temporal and
features from various image data. CNN used to assign input-images to the appropriate class,
whereas LSTM reduce dimensionality of images efficiently [4]. Here suggests a novel-hybrid
approach for fully automated plant disease prediction based on LSTM and CNN with very
few training images, in contrast to other cutting edge systems that really are currently
available in the field. Although there are many methods for automatically detecting plant
diseases in the literary works, as far as we know, no scientific work has still proposed a
combination type of LSTM with CNN [10]. The number of features can be minimized using
LSTM in the proposed works; there is a decrease in feature methods training [11]. This paper
is structured in this way as follows, section-2 discus about literature review. The proposed
methods and working procedures are explained in section-3. Implementation and results-
discussion in section-5. Conclusion is at the last session of this paper.

2. Related works

In 2016, He et al., created a mobile application that allows farmers to upload leaf images to
quickly identify diseases in banana plants, where pictures are taken with the help their
smartphones [3]. With 99% confidence, InceptionV3 algorithm used in the mobile
application to predict diseases. According to the ResNet paper, their model performed best
among other is ResNet152, which utilise 60 million training parameters to artificially
increase the dataset for their research, they likewise utilized data augmentation [12].

According to their paper, the model of VGG-19 surpassed the InceptionV3 where 97%
accuracy in training and 94% accuracy in testing. In 2015, according to Simonyan and
Zisserman et al., discussed their good working method, VGG-19, used 150 millions of training
parameters. It achieves greater accuracy comparatively [2]. In 2018, Ferentinos et al, used
different modern CNN-architectures, including AlexNet, AlexNetOWTBn, GoogLeNet [8].
Plant diseases were identified using the Plant Village dataset and VGG [6].

In 2016, based on the VGG-Net article, he found that VGG significantly outperform other Cnn
models with a precision of 99% utilising 140 millions of trainable parameters were
discussed by Himani [9]. Zaki et al. investigated the efficacy of the AlexNet and GoogLeNet
CNN frameworks for identifying diseases in plants using the Plant-Village dataset [5]. They
carried out 58 different experiments using 85 different working methodologies. The transfer
learning technique i.e. GoogLeNet significantly outperform the competitive performance
with an accuracy of 99.3%. GoogLeNet used ~ 8 millions of training parameters, according
to Feng et al,, in 2015 [7].

3. Proposed Approach

The proposed work depicts, a detection of diseases in plant automatically is made possible
with a novel hybrid method of LSTM and CNN. This method can identify the plants disease
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with very less time consumption. This technique notifies the area where the disease is
caused whether it is in the bottom of leaf or at the top of leaf etc., by analyzing and processing
the leaf image. The proposed system is divided into three modules, which are classified as
shown in the Figure-2.

Data
preprocessing

Feature Classification based
extraction - an Chiland

using CHMN LSTMA

Obtain class level
accuracy using softmax
activation function

Identify and classify
the plant disease

Figure-2: Workflow of proposed model
3.1 Data preprocessing

The input images are pre-processed to improve the contrast of the image for segmentation
in better way, so that the accuracy classification will get increase. Resizing the image into
256*256 is the first process. Then the RGB image i.e. color images are converted into gray-
scale image using the RGB to grey conversion method. The histogram is then normalized
using the contrast enhancement method to improve image contrast. The intensities would
be better distributed using this technique. The benefit of this technique is that it is simple. A
Histogram function are defined as,

A discrete function of histogram is defined in the equation (1),
H(a =k) = mk (D
Histogram normalization is done in the equation (2)

mk
pla=l)=— ©)

Where,

p (a=k) is histogram normalization function.

mk is intensity (k) in each pixels
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n is a number of an image pixel in total
3.2 Feature extraction using CNN

The main process of feature extraction is dimensionality reduction. Initially the pre-
processed input images are taken, CNN is used to extract the features from the given image,
where a raw data is converted and reduced to more manageable parts, in order to do the
process easily.

Extracted
features
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vee classification
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convolution + pooling layers Fully connected layers

Figure-3: Feature extraction process using CNN

The convolution layer and pooling layer helps to extract the features at first. Then it send to
the max pooling layer, Finally we get an output as the extracted feature of input image as
shown in Figure-3. These layers send the images to fully connected layer as a vector values
which contains lots of hidden layers to process and extracts the features. Finally we got an
output of extracted features for classification from the given input images of plant leafs. From
this output we can easily classify the plant leaf images whether it is affected by diseases or
not.

3.3 Classification using LSTM-CNN

A good architecture can provide more accurate classification results rapidly. Recently,
network types such as recurrent neural network, convolutional neural network, Generative
adversarial networks etc. are being used to obtain good accuracy. Here in this proposed
structure, we create a merging of CNN and LSTM networks, where CNN extract the details
from the images and LSTM serves as a separator to obtain higher accuracy of plant leaf
diseases prediction. Here the Figure-4 shows the good normal leaf and bacterial affected
diseased leaf.
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Figure-4: Classification of normal and diseases leaf

CNN is the most widely used network for feature extraction for detection of plant leaf
diseases. LSTM-CNN is used to produce good accuracy for classifying the diseases. The 20
layers of the network are divided into 13 flexible layers, 6 integration layers, 2 FC layer, 2
LSTM layer, and 2 output layers with a Softmax function. Each convolution block consists of
2 or 3 CNN’s, one layer of integration, and a drop-out layer. Extract features using softmax
function, a flexible layer with 3*3 character size is used. By using a max-pooling layer with
2x2, the input image size is reduced as shown in Figure-3. Finally using the concept of LSTM-
CNN, we get a better accuracy of 99.35% when compared to all other techniques.

4. Results Analysis

The proposed hybrid model of CNN-LSTM used to classify whether the leaf is diseased leaf
or healthy leaf efficiently. The suggested model outperform with other existing models such
as CNN, DC-GAN, C-GAN, ResNet50, UNet,etc.,, The below table shows the comparison of
accuracy obtained from various learning algorithms. By this comparison, CNN-LSTM model
achieves greater accuracy and precisions.

Table-1: Comparison of various models

Models Used Accuracy Precision

CGAN

CNN
ResNet-50
DC-GAN
UNet
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LSTM-CNN 99.3% 98.9%

Here Table-1 shows the comparison of various model based on the classification accuracy.
From these models we conclude that LSTM-CNN achieves better. The performance chart for
this comparison is shown in Figure-5. It shows a clear diagrammatic view of the comparison
with various models proposed.
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Figure-5: Performance graph of various models.

With just 9,825 training parameters, the suggested system achieves 98.65% testing accuracy
and 99.23% training accuracy. In comparison to other methods described in the literature,
the proposed hybrid model calls for fewer training parameters achieves greater accuracy.

5. Conclusion

Plant leaf disease detection at the early stage is more challenging task. A novel hybrid model
of LSTM-CNN classifies the plant-leaf images as healthy leaf and unhealthy leaf effectively.
Initially CNN extract the features and LSTM-CNN combined to classify the image. In order to
get the output rapidly we used a softmax activation function. As a result, the time required
for training this model for detecting the plant diseases automatically and the time needed to
diagnose the plants diseases using trained mode both can decrease significantly. It helps to
farmer to diagnose various diseases easily at an initial stage, so that they can go for different
treatments and some preventive measures. By using this method we achieve an accuracy of
99.3% and precision of 98.9%. In future, the plant leaf images are saved in the cloud in order
to reduce the latency as well as the privacy of the farmers.
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