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ABSTRACT 

 

 This paper is about detection of species and disease of plants by using their leaf which 

is an important morphological feature of a plant. This paper gives the information of a 

system which will detect species and disease of plants. Species of plant will be detected by 

using features such as Size, Shape and Vein structure of the plant. The disease will be 

detected as some basic types such as viral, fungal or bacterial by using texture, shape and 

color of the leaf. The system is automated which will use image processing and BPNN or 

PNN classifiers of artificial neural networks (ANN). Image processing is used for 

processing the leaf image and ANN for pattern recognition. 
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INTRODUCTION 

In today’s world all systems are automated since technology is growing day by day. 

So, people are always searching the easiest technique for any real world problem. Now 

talking about topic, so species detection; in real world there are about thousands of species 

and its not feasible for a human being to remember these many types of species or even to 

note down on a paper. A botanist or a student studying in that field has to remember the 

information about the plant but it’s not possible to remember so much of information which 

implies that there is a need of such system which acts like a field guide and provides a 

correct and precise information [2][5]. 

Also, if we look towards the agricultural sector, we can observe that there is a loss in 

millions across the whole world only due to a delay in finding out the plant disease. Here 

also there is a similar situation where the person working or studying in agricultural sector, 

it is impossible for him or her to remember the types of disease the plant has. There are 

about more that 10 to 12 types of disease for a one particular plant [1][5]. Hence, there are 

many types of systems and algorithm which separately finds out the species and disease of 

a plant on basis of leaf. [3][4]. 
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Species can be detected using the morphological features of leaf such as its shape, size 

vein structure as shown in the figure 1.a. And disease can be detected as some basic types such 

as viral, fungal or bacterial by using texture, shape and color of the leaf as shown in figure 1.b. 

The feature set of the both (i.e. species and disease detection) will be different and pattern 

matching will be done by ANN (using BPNN and Feed Forward NN). 

 

 

 

  

 

 

 

 

              

 

 

Fig 1: (a) Species of plant.                                         (b) Types of disease. 

 

 

METHODS USED FOR DETECTION 

A. Artificial Neural Network : 

Here the species and disease prediction problem is tackled with the help of artificial 

neural network. An ANN is a mathematical representation of the human brain or neural 

architecture, which represents its “learning” and “generalization” abilities. It’s a system in 

which neurons are interconnected and consists of 3 parts they are: Input Layer, Hidden Layers 

and Output Layer as shown in figure below [8]. 

 

Fig 1: Basic Artificial Neural Network Structure. 

One of the first and simplest neural networks is feed forward neural network; where 

there is a unidirectional flow of information i.e. it contains no cycles or loops and moves 

forward. Types of Feed Forward-NN: 

1. Single-Layer Perception. 

2. Multi-Layer Perception. 

 In multi-layer perception, output from each neuron is either hidden or becomes an input 

which is distributed to every other neuron in next layer. So, it is a fully connected network. The 
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number of hidden layers may vary. In multi-layer networks the most popular learning method 

used is Back-Propagation. In this method comparison of output is done with some predefined 

correct value to compute an appropriate value of some predefined function. The computed 

value of error function is then fed back through the network. Using this algorithm, it updates 

the weights of each connection between neuron with the intension of reducing the function 

[6][8]. This process is repeated until a small value of error function is achieved. At that instance 

we can say that the network has learned certain function. Here an important role in accuracy is 

played by hidden layers in the network. A neural network should have no particular law for 

calculating the number of hidden layers [6][8].  

 The empirically-derived rule-of the most commonly relied is the optimal size of the 

hidden layer is usually between the sizes of the output layers. In Figure 3 the BPNN has 3 

layers in which all nodes in input layer are connected to each node in the hidden layer and all 

nodes in hidden layer are connected to each node in next layer (Hidden or output). All the 

connections between nodes have the direction and no nodes from the similar layer are 

connected [8]. Each connection has some weight and this weight is updated using the BPNN 

algorithm in the training (learning) phase. To choose the number of training samples is very 

important. According to Mirza Cilimkovic [8], BPNN algorithm has four steps: 

1. Feed-forward computation. 

2. Back propagation to the output layer. 

3. Back propagation to the hidden layer. 

4. Weight updates. 

 
Fig 2: Back Propagation Neural Network Structure. 

The algorithm is stopped when the value of the error function has become sufficiently 

small. This is very rough and basic formula for BP algorithm. There are some variations 

proposed by other scientist. But Rojas [9] definition seems to be quite accurate and easy to 

follow. The last step, weight updates happens throughout the algorithm. Another multilayer 

feed forward-NN is PNN Probabilistic Neural Network; it maps any input pattern to a number 

of classifications. General function approximate can be applied or forced on the PNN. It is an 

implementation of a statistical algorithm called kernel discriminant analysis in which some 

operation is provided to the multilayer feed forward network which is organized in four layers 

[2]: 

1. Input Layer: Here the input is acquired. 

2. Pattern Layer: Here there is a one pattern node for each training example. And 

the PNN uses linear operation instead of sigmoid operation as used in BPNN. 

3. Summation Layer: It simply adds output given by pattern units which 

corresponds to training pattern category. 

4. Output Layer: Here the calculated results are extracted and shown as output. 
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Fig 3: Structure of PNN (Probabilistic Neural Network). 

 

B. According to Sanjay B. Dhaygude [1] following is the algorithm to detect the disease: 

The step-by-step procedure of the reviewed system: 

1. RGB image acquisition. 

2. Convert the input image from RGB to HSV format. 

3. Masking the green-pixels. 

4. Removal of masked green pixels. 

5. Segment the components. 

6. Obtain the useful segments. 

7. Computing the features using color-co-occurrence methodology. 

a. Texture features. 

b. Contrast. 

c. Energy. 

d. Homogeneity. 

e. Correlation. 

8. Evaluation of texture statistics. 

9. Compute the disease of leaf. 

Color Transformation Structure: Firstly, the colored (RGB) image of leaf is acquired. 

Then that image is converted into Hue Saturation Value (HSV) color space representation. Hue 

is a color attribute which describes base color as observed by an observer. Saturation refers to 

the amount of whiteness added to hue or can be the relative purity of image and Value means 

light’s amplitude. 

Masking and Removing green pixels: Setting the pixel value in an image to zero or some 

other background value is known as masking. Mostly green colored pixels are identified in this 

step. Since green colored pixels mostly represent the healthy areas of leaf and don’t add any 

valuable weight to disease identification. 

Segmentation: The diseased portion of the leaf is extracted by using the above steps. 

Then segmentation of infected region is done into a number of patches of equal size. In this 

approach patch size can be of 16x16, 24x24 or 32x32. 
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Obtaining Useful Segments: Useful segments are extracted in this step. To prevent the 

loss of significant information the correct size of patch is chosen. The patches which are having 

more than fifty percent of the information are taken into account for the further analysis. 

Color co-occurrence Method: In statistical texture analysis, texture features are 

computed from the statistical distribution of observed combinations of intensities at specified 

positions relative to each other in the image. 

Texture Features: Properties of Spatial Gray-level Dependence Matrices (SGDM) like 

Contrast, Energy, Local homogeneity, and correlation are computed for the Hue content of the 

image as given in following Equations. 

Contrast: Returns a measure of the intensity contrast between a pixel and its neighbor 

over the whole image. Range = [0 (size (SGDM, 1)-1) ^2] Contrast is 0 for a constant image. 

contrast =  ∑ (i, j)2C(i, j)

N-1

i,j = 0

 

Energy: Returns the sum of squared elements in the SGDM Range = [0 1]. Energy is 1 

for a constant image. 

𝐸𝑛𝑒𝑟𝑔𝑦 = ∑ 𝐶(𝑖, 𝑗)2

𝑁−1

𝑖,𝑗=0

 

Homogeneity: Returns a value that measures the closeness of the distribution of 

elements in the SGDM to the SGDM diagonal. Range = [0 1] Homogeneity is 1 for a diagonal 

SGDM. 

𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦 =  ∑
𝐶(𝑖, 𝑗)

(1 + (𝑖 − 𝑗)2)

𝑁−1

𝑖,𝑗=0

 

Correlation: Returns a measure of how correlated a pixel is to its neighbor over the 

whole image Range = [-1 1] Correlation is 1 or -1 for a perfectly positively or negatively 

correlated image. 

𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 =  ∑ ∑
{𝑖x𝑗}x P(i, j) − {µ𝑥 − µ𝑦}

𝜎𝑥x𝜎𝑦

𝐺−1

𝑗=0

𝐺−1

𝑖=0

 

C. According to Guo-Shiang Lin et al there is a species detection algorithm in which plant 

species is detected using leaf’s shape and size parameter [6]. The algorithm is shown below: 

1. First the synchronization symbol is searched. To find size of leaf precisely the 

synchronization mask is designed to trigger image acquisition unit. 

2. The labeled component is extracted from input image. 

3. That labeled component is binarized using adaptive thresholding. The adaptive 
thresholding is an iterative method. 
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4. The steps in iterative thresholding is shown below: 

a. An initial value selected for the threshold Tth. 

b. The image is segmented by using Tth to obtain two regions, R1 and R2. 

c. Calculate the mean value of each region. 

d. Compute the new threshold. 

e. Repeat the steps (b)-(d) until the threshold Tth converges. 

5. Label each object and then measure its size. 

6. Compute species of leaf. 

D. Image Enhancement: 

For image enhancement the equalization of histogram is used. In equalization 

histogram, cumulative difference is calculated using the Gaussian Blur and original histogram 

values. Equalization histogram gives us the sharp image, an improved intensity, and also an 

improved interpretability, visibility and quality of the image. Equalized histogram method 

generates the uniform histogram of image.  

CONCLUSION 

 This paper is based on two systems i.e. species detection and disease detection, in which 

some of them are using the BPNN and PNN classifiers of ANN for pattern recognition. Since 

both neural networks have their pros and cons; though PNN is inherently parallel in structure 

and also simpler than BPNN but it demands for a large amount of memory and it requires 

representative training set. BPNN is faster on the networks[9].  
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