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Disease Detection in coffee plants using convolutional Neural Network









ABSTRACT
Rust is a severe disease affecting many productive coffee regions. It is caused by pathogenic fungi that attack the underside of coffee leaves and it is characterized by the presence of yellow-orange and powdery points. If not treated, rust can cause a drop in coffee production of up to 45%. In this sense, this paper presents a contribution to the problem of rust identification that doesn’t use “handcrafted” features, i.e., features extracted according to rules established by human programmers. Instead, we propose to train a Convolutional Neural Network (CNN) to learn to identify rust infection. We evaluated our CNN in a set of images provided by an expert and comparison results show that our approach is able to to detect the infection with a high precision, as corroborated by the high Dice coefficient obtained.










CHAPTER-1
INTRODUCTION

Agriculture is one of the most significant occupations around the world. It plays a major role because food is a basic need for  every living  being on this planet. Therefore, increasing the quality of agricultural products has become necessary. Proper management of these crops right from an early stage is important. There are a lot of stages in a plant lifecycle. It includes   soil   preparation,   seeding,   adding   manure   and fertilizers,  irrigation  processes,  disease  detection  if  any, usage of pesticides and harvesting of crops. Generally, it is estimated that different types of pests such as insects, weeds, nematodes, animals and diseases cause crop yield  losses  of  about  20-40%.  More  precisely,  some  data states that crop diseases cause average yield losses of 42% for the most significant food crops. Leaf Spot Diseases make the     tress     and     the     shrubs     weak     by     interrupting photosynthesis, the process by which plants create early [2]. So,  it  is  necessary  to  predict  disease  at  an  early  stage.    At times, crop diseases destroy the entire crop production. Due to this reason, the farmers need to find out all they can about the crop diseases at an early stage so they can manage them properly.  The  rising interest  for  nourishment  and  food products by the current population, the agricultural methods have  taken  a  broad  way  of  using  fertilizers  for  growth purposes. Food is essential to our body healthy but due to the use of an excessive amount of fertilizers, not only plants but even humans are affected. [4]This  paper  focuses  on  detecting  leaf  diseases  at  an  early stage, thereby decreasing the chances of the destruction of the whole plant. Traditional methods of detecting a disease include  manual  examining  of a  leaf  and  predicting  the disease. But a farmer cannot determine the exact disease by this  technique.  Therefore,  knowing  the  accurate  disease image processing techniques can be utilized to recognize the disease of the plant leaf. These are modern techniques that make use of new technologies that give accurate result.
Many people in India are farmers and depend on agricultural production.There are several diseases which are going to affect the production  of    crops.  The  disease  results  in  irregular  shaped  black  patches  which  appear  over  the  leaf  surface  or  early  grown fruits. Also, the fungus may occur under damp situations in these patches. These patches start in small shape but soon they cover the entire area of the fruit or leaf and finally result in rotten leaves or rotten fruits. It is necessary to detect and control such types of diseases in a specific time period which is at their initial state. So it is important to destroy such diseases before it will affect on some basic operation of plant body such as photosynthesis, transpiration, pollination, fertilization, germination etc. These diseases created due to the pathogens such as fungi, bacteria and viruses. For that farmers require continuous monitor the plant body which is  time  consuming  process.  There  is  a  need  of  some  method  to  detect  diseases  on  the  plant  in  early  stages.  The  detection  and classification of leaf disease accurately is the key to prevent the agriculture loss. For this purpose, neural network is used. Neural network provides list of methods and classifiers to detect plant diseases. This paper includes neural network in image processing, major types of neural networks, neural network models, plant diseases and literature review of plant diseases using artificial neural network.







CONVOLUTIONAL NEURAL NETWORK
Convolutional Neural Networks (CNN) are one of four categories of deep learning methods, along with restricted Boltzman machines (RBM), autoencoders, and sparse coding. The main characteristic in CNN is the existence of convolutionallayers that act as receptive fields in the neurons, being its main application the processing of visual information [12]. Along with convolutional layers, CNNs also present pooling and fully connected layers [10], [13]. These three layers are what defined the main structure of any CNN and they are briefly described as follows. The convolutional layer is responsible for applying a convolution operation to the input data. This operation acts as receptive field and emulates the response of an individual neuron to visual stimuli. The spatial extent of the receptive filter is specified by a filter size, usually tiling regions of size 3  3 or 5 5. Most CNNs apply an activation function after the convolutional layer. REctified Linear Unit (ReLU), f(M) = max(0;M) is preferable in comparison to other common activation functions (e.g., sigmoid and hyperbolic tangent) as it leads to much faster training in very deep architectures . The pooling layer usually follows a convolution layer. This layer is responsible for reducing the size of the feature maps according to some criteria. A pooling of size 2 2 reduces the information of the region composed by 4 pixels to a single value by choosing either the maximum pixel (max-pooling) or the average pixel (average-pooling) of the region. Max-pooling is usually preferred as it presents faster convergence and better generalization for most cases . The fully connected layer is placed as the last layers of the CNN. It is responsible for converting 2D features maps into a 1D feature vector, which will be the input of the last layer of the CNN, usually a softmax classifier. The softmax layer has N neurons, where N is the number of classes in the data set. The output of each neuron yi is the probability of the input image to belong to class i . The fully-connected layers contain about 90% of the total parameters (weights) of a CNN and are responsible for most of the computational cost of training.
a. Convolutional layer
 CNN takes its name from the convolution layer. In this layer, a mathematical operations are performed to detect the feature map of the input image. In Image processing, convolution is closely similar to another process called correlation. Correlation is the process of shifting a filter mask over the image and computing the sum of products at each location. Convolution differs a little as it uses an inverted filter. The input image is reduced to a minorsize using a ﬁlter. The ﬁlter ismoved step by step starting from the upper left corner of the image. At each step, the values in the image are multiplied by the values of theﬁlter and the result is summed.The output of convolution layer will go to an activation process depending on the type of activation selected for the application The activation function provides a relationship between the input and output layers. Non-linear learning of the model occurs through the activation function. Several activation functions, such as linear, sigmoid, hyperbolictangent, exist, but the nonlinear ReLU (Rectiﬁed Linear Unit) activation function is usually used in CNN.



b. Pooling layer
Pooling layers are used to greatly scale down the size of the representation to reduce the number of parameters in the network, and also to control over-fitting[8]. Pooling layer reduces the parameters of the feature , i.e., length and width is reduced but not the depth. This reduces the number of divisons and weights, reduces the training time and also reduces the cost of processing. This also deals with overfitting.Overfitting is a scenario where the model achieves 100% or 99% on the training set but on an average of 50% on the test information. This can be dealt by introducing dropout layers where a random set of activations are dropped out by setting the value to 0. Dropout is a function that enhances generalization by learning many different representations of patterns.
Fully-connected layer
The fully-connected layer is a same to the way that neurons are arranged in a traditional neural network.Hence, each node in a fully-connected layer is directly connected to every node in the previous and in the next layer[9].This layer identifies very big level features that highly correlate to an object or class.. Many of the models uses two fully connected layers. Output of fully connected layer is a 1D vector generated by flattening the output. Flattening is a technique of arranging 3D volume into a 1D vector.The major setback of a fully-connected layer, is that it includes a lot of parameters that need diificult processing in training examples. Therefore, we try to eradicate the number of nodes and connections. The eliminated nodes and connection can be completed by using the dropout technique First we have to collect the input image of leaves infected with some disease for testing . Acquired images can in different format such as different in dimensions or they have some impurities in the image so we need to perform pre-processing in next step to remove the impurities and reshaping the image, also we need to perform the pre-processing such as Image reshaping ,resizing . We cannot compare the image directly with the dataset as images are stored in matrix number, hence we need to convert them to an array for further comparison . A dataset we used had many images of different plant species. The Datasets which we collected are used to train the CNN model so that it can identify the test image and the disease it has or not.CNN has different layers that are Dense, Dropout, Activation, Flatten,Convolution1D,MaxPooling1D,Convolution2D,MaxPooling2D,Convolution3D, MaxPooling3D using these layers the cnn model can be trained. After the model is trained successfully the software can identify the disease if the plant species contained . After successful training and pre-processing ,comparison of the test image and trained model is done to predict the disease. In that comparison if the leaf is infected from some disease then it shows the name of that disease and if leaf is not infected then it shows that the leaf is healthy.
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Sample images from coffee leaf dataset

The coffee plant disease dataset
Some of the images in the coffee disease dataset are downloaded from trusted internet sources. But these are small in number to train any model due to that we captured additional images by ourselves on coffee farms of Ethiopia using mobile devices.  We did not incur any conditions when capturing the images. Then the images are labeled by researchers at coffee research institute of Jimma University.  This way a total of 562images were collected.  
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But collecting additional data was not possible due to the seasonal nature of the diseases and we could not find archived data in research institutes in the country.  We can see from Fig.  4.1, the images are representative of the ones present in the natural environment.












CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM


Coffee farmers or growers have difficulty in classifying nutritional deficiencies in coffee plants. Proper detection of these nutritional deficiencies could help them in giving proper intervention to plants.


2.1.1 DRAWBACKS OF EXISTING SYSTEM 

· Coffee growers or farmers should have enough knowledge to these symptoms so that   they   could   perform   the   correct   interventions  

· Identification of nutritional deficiencies  is done    manually    by    the    coffee    growers    or    experts.











2.2. PROPOSED SYSTEM

The proposed approach in classifying and identifying the nutritional deficiencies in coffee plants. The images of coffee leave were taken using two (2) Logitech cameras. The leave should be place inside the prototype and should be seen in the display. Once the images are captured it will be saved in a SD card as storage. During the image processing, the images is converted from RGB to grayscale. The resize image in grayscale is converted into vector input. Once the images are in vector format, tensor flow will be used in the Convolutional Neural Network (CNN). The CNN algorithm will classify and detect the input images. The LCD will be used to display the detected nutritional deficiency in the leaves. It will be the basis for the recommended fertilizer in the plant.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· CNN has a high accuracy in detecting  and classifying the  nutritional deficiencies  in coffee plants.


· The prototype was evaluated, and results shows that it is an effective alternative for classifying and detecting the nutritional deficiencies in coffee plants.





CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT



CHAPTER 5
CONCLUSION 
CONCLUSION

The study  proposed  a  model  for  classifying  and  detecting nutritional deficiencies in coffee plants using image processing and    Convolutional    Neural    Network (CNN).    Nutritional deficiencies  in  Boron,  Calcium,  Iron,  Nitrogen,  Phosphorus, Potassium, Magnesium and  Zinc  were  correctly  classified using   the   proposed   algorithm.   Based   on   the   result   of evaluation,  CNN  provide  a  high  level  of  accuracy  in  terms  of detecting  and  classifying  the  nutritional  deficiencies  in  coffee plants.  High accuracy  for  classification can  be obtained using numerous  numbers  of  images.  The  level  of  detection  and classification  could  also  be  acquired  depending  the  size  of leaves, the higher threshold value for smaller leaves.
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