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ABSTRACT 

Rice is widely cultivated economical crop in the world. 

During cultivation the earliest and accurate diagnosis 

of the rice plant diseases able to reduce the damage, 

resulting environment protection and better return. In 

the work, an automated system has been developed to 

classify the four types of paddy diseases which the 

bacterial leaf blight ,the leaf brown spot, the leaf blast 

and leaf streak diseases caused by the bacterial and 

fungal diseases. This system involves image 

acquisition, preprocessing, leaf checking, feature 

extraction and classification. Principal Component 

Analysis (PCA), Color Grid based Moment and Gray 

Level Co-occurrence matrix (GLCM) are used for 

extracting the statistical, color and texture features like 

mean, standard deviation, contrast, correlation, energy 

and entropy of image. Finally, it is classified based on 

the diseases using Support Vector Machine (SVM). 

The system has performance with 72.7% for original 

grayscale conversion and 90% for modified grayscale 

conversion.  

Keywords: Gray Level Co-occurrence matrix, 

Grayscale Conversion, Paddy Diseased leaf, 

Principal Component Analysis, Support Vector 
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1. INTRODUCTION 

In an agriculture field, paddy is one of the major staple 

foods in the Asian countries like Myanmar, China, 

India, Indonesia, and Bangladesh etc. Rice is an 

important crop worldwide and over half of the world 

population relies on it for food. Many people in the 

world including Myanmar eat rice as staple food. 

However, there are many factors that make paddy rice 

production become slow and less productive. One of 

the main factors is paddy disease. But paddy disease 

likes a Blast, Bacterial Leaf Blight, Brown spot and 

Rice Streak stops the growth of the paddy. If the 

diseases are not detected at an early possible stage then 

there is a decrease in the production of paddy.  

Most of paddy farmers may not correctly recognize 

types of paddy disease since they determine types of 

paddy disease manually. Paddy farmer also have to 

spend a lot of time to detect the type of disease. If 

paddy farmers cannot detect types of paddy disease in 

early stage, they can have loss of rice production. It 

also takes a time as the paddy farmers manually check 

the disease since the paddy field is in wide area. The 

symptoms of disease are difficult to identify by naked 

eye of farmers. The system can be supported to 

classify the paddy diseases in early stage. Besides, it 

can also be assisted paddy farmers detect the diseases 

faster.  

Paddy Disease Classification System is one of the very 

beneficial systems. It can help the paddy farmer detect 

the disease faster. Moreover, delay in disease detection 

implicates some plants fail to produce yield which can 

easily be treated if the disease are detected earlier. It is 

hard for paddy farmers to recognize paddy diseases as 

most farmers lack the expertise know-how knowledge 

on paddy diseases. In addition, all paddy plants may 

not have same diseases. If the affected paddy plant is 

not cured rapidly, decrease of paddy production is the 

crucial concerns. Therefore this system is used to solve 

these problems by developing an integrated method in 

recognizing paddy diseases at their early stages and 

give recommendations on how to solve.  This study 

aims to develop an automated system to detect and 

classify the paddy diseases by using image processing 

technique.  

This paper is organized as follows: related works 
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of the system are described in section two. In 

section three, system design is explained. In 

section four, image preprocessing stage is 

presented. In section five and six, leaf checking 

and feature extraction stages are presented. 

In section seven, diseased classification is presented. In 

section eight, the experimental results are expressed. 

Finally, in section nine, the paper has been concluded. 

2. RELATED WORK 

Crop management is one of the most important aspects 

in farming. It refers to the different processes 

connected towards the effective development and 

harvesting of crops. It is vital to ensure the plants 

health in order to produce yield. Rate of crop illness is 

one of the real faced problems by farmers. Therefore, 

maintaining healthy crops without being diseases is the 

highest objective. According to the International Rice 

Research Institute, there are over 99 paddy defects in 

different ranges from paddy diseases, pests and many 

more. The followings are the related works in the 

paddy leaf diseases classification system. 

The author proposed a new histogram based concept of 

detecting damaged paddy leaf. From histogram 

extracted the difference between the intensity among 

the original paddy leaf and the diseases affected paddy 

leaf [1]. The system included three paddy leaf diseases 

- Blast: Pyricularia grisea (P. oryzae), Bacterial Leaf 

Blight: Xanthomonas oryzae pv. Oryzae, Rice tungro 

disease: Rice tungro virus (RTSV, RTBV). As more 

number of image samples is produced accordingly, 

three is more scope of identifying the various errors 

during the simulation. At first, an image of a paddy 

leaf is captured, and then processed for enhancement. 

Later, the image is converted from RGB color image to 

gray image and then extracted to a histogram using 

MATLAB functions. The resultants of images are 

given as input to identify disease from classification of 

diseases and grading the diseases. 

Dr.C.Kumar Charliepaul et al. [2] identified the 

diseases of rice plant leaf by extracting features from 

the infected regions of the rice plant leaf images. Fermi 

energy based segmentation method used to segment 

the infected region from its background region. 

Symptoms of the diseases are characterized using 

features like color and statistical of the infected portion 

and extracted feature used for identifying diseases. 

Color features are determined by calculating mean and 

standard deviation of the infected and background 

pixels as well as change of color of the infected region 

in comparison with the background in three different 

color planes, Red (R), Green (G) and Blue (B). 

Statistical of the infected region is a major symptom to 

predict the diseases. When the plant infected by 

diseases having the symptoms of statisticals like oval, 

circular and irregular spot. DRSLE (Distance 

Regularized Level Set Evolution) algorithm used for 

identifying desired statistical of the infected region. 

Rough Set theory reduced the complexity of the 

system and minimized loss of information by selecting 

core features. Finally using features matching 

predicted diseases of rice plant leaf images and 

provided superior result compare to traditional method. 

Amit Kumar Singh et al. [3] identified the mostly 

occurring disease in rice plant namely Leaf blast using 

Support Vector Machine classifier (SVM).  The 

images were taken from International Rice Research 

Institute (IRRI) database. Segmentation is carried out 

using K-mean clustering algorithm to acquire the 

infected portion of leaf.  The texture feature vectors 

which were extracted from the segmented images were 

given as an input to the classifier. The SVM is able to 

classify the disease more accurately compared to the 

other classifiers and neural network.  

Suman T et al. [4] presented the classification of paddy 

leaf diseases using shape and color features. This 

system, normal and diseased leaves are classified by 

using histogram plot and suitable preprocessing 

technique. For the diseased leaf, statistical and color 

features are extracted and the combined features of 

color and statistical are used for the classification of 

bacterial leaf blight, brown spot, narrow brown spot 

and rice blast diseases using SVM classifier.  

K. Jagan Mohan et al. [5] identified and classified the 

various paddy plant diseases affecting the cultivation 

of paddy namely brown spot disease, leaf blast disease 

and bacterial blight disease. This work can be divided 

into two parts namely, paddy plant disease detection 

and recognition of paddy plant diseases. In disease 

detection, the disease affected portion of the paddy 

plant is first identified using Haar-like features and 

AdaBoost classifier. The detection accuracy rate is 

found to be 83.33%. In disease recognition, the paddy 

plant disease type is recognized using Scale Invariant 

Feature Transform (SIFT) feature and classifiers 

namely k-Nearest Neighbor (k-NN) and Support 

Vector Machine (SVM). By this approach one can 

detect the disease at an early stage and thus can take 

necessary steps in time to minimize the loss of 
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production. The disease recognition accuracy rate is 

91.10% using SVM and 93.33% using k-NN. 

R.P. Narmadha et al. [6] identified disease symptoms 

in paddy leaf using image processing. Acquisition of 

image is an early stage of system, after that various 

processing techniques are performed as RGB images 

are converted into gray image during preprocessing. 

Various techniques like histogram equalization and 

control management are used to enhance the contrast 

of the image. K-means FCM, PCA, PSO and MPSO 

are the techniques used for processing. Image depicts 

one or more features in the assumption for 

classification algorithm. SVM, ANN and fuzzy 

classification are the different types of classification 

features. Features like texture feature, structure feature 

and geometric feature are the different types of feature 

extraction. 

3. METHODOLOGY 

Paddy Diseased Leaf Classification System consists of 

five stages. These are the followings: 

• Image Acquisition 

• Preprocessing 

• Leaf Checking 

• Feature Extraction 

• Diseases Classification 

3.1 Image Acquisition 

The images of normal and diseased leaf acquire by 

using digital camera with a white background. Images 

are taken with a white background in order to avoid the 

reflections while capturing the images. The input 

image is set to the same size which is 64 64 pixels. 

The sample images of disease leaf are shown in Figure 

3. 

   

 
    (a)                     (b)                  (c)                  (d) 

Fig 1: Sample Images of Diseased leaf (a) Bacterial 

Leaf Blight (b) Brown Spot (c) Leaf Blast (d) Leaf 

Streak 

3.2 Preprocessing 

Image preprocessing is the name for operations on 

images where it can be used to improve the image data 

that removes the background noise and also suppress 

the undesired distortion. Through various image pre-

processing steps, image features for processing and 

analysis are enhanced and smoothed the image. Some 

filter operations which intensify or reduce certain 

image details enable an easier or faster evaluation. The 

preprocessing steps involved in this paper are 

represented in Figure 2. 

 
Fig 2: Block Diagram of Preprocessing Steps 

3.2.1 Color Conversion 

The colorful pictures contain thousands of bits 

information. When the colorful pictures are processed 

directly, the execution speed of processing system will 

decrease. Therefore, colorful information of the 

located plate pictures should be processed to obtain 

grayscale pictures. A grayscale image measures light 

intensity only. Typical color images are represented as 

red, green and blue or RGB images. In order to 

improve image processing speed, input RGB image is 

converted to gray-level image. From the 24 bits color 

value of each pixel (x, y), R and G component are 

interpolated with scalar values and the B component is 

subtracted with resultant value and multiplied with a 

value. The resultant image, the healthy part and 

diseased part can be identified because the diseased 

part appears darker than the other part of the leaf. The 

8-bits gray value is calculated using the formula in 

equation (1) by depending on [8]. 

Gray(x,y)=2 x ((0.75 x R + 0.25 x G)- B)                       

(1) 

A grayscale image or gray scale digital image is an 

image in which the value of each pixel is a single 

sample, that is, it carries only intensity information. 

Images of this sort, also known as black and white, are 

composed exclusively of shades of gray, varying from 

black at the weakest intensity to white at the strongest.  

The range of pixel values is from 0 to 255. The result 

of the converted color model is shown in Figure 3. 

Image 

Acquisition 

Color 

Conversion 

Median Filter 

Binarization 
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       (a)                       (b) 

Fig 3: Color Conversion Image (a) RGB Image and 

(b) Gray Image 

3.2.2 Median Filter 

Median filter is nonlinear in nature and it is a 

smoothening filter. Median filter is applied to remove 

unnecessary spots. As a result, a noise free grayscale 

image is produced. It replaces the value of the center 

pixel, by the median of the gray levels in the image 

area enclosed by the filter. In order to perform median 

filtering, first window is moved and all the pixels 

enclosed by the window are sorted. After then median 

is computed and this value is assigned to center pixel. 

Median filtering operation is shown in Figure 4. The 

process of median filtering for noise removing is 

shown in Figure 5. 

 

Fig 4: Kernel Showing the Median Filtering 

Operation [4] 

     
                   (a)                      (b) 

Fig 5: Comparison of Original Noisy Image and the 

Median Filtered Image (a) Image with salt and 

pepper noise (b) Image after median filtered 

3.2.3 Binarization 

Conversion from grayscale image to the binary image 

is performed to reduce the storage space. The 

conversion is simply done by setting output image to 0 

if the intensity value less than threshold level and 

setting to 1 if greater than the threshold level [4]. 










TI1,

TI0,
f(x)                                                                 

(2) 

, where I = intensity 

            T = threshold 

        f(x) = resultant image 

Therefore, the resultant image is binarized by applying 

the thresholding. The result of binarized image is 

shown in Figure 6. 

    
        (a)                    (b)   

Fig 6: Result of Binarized Image (a) Filter Image 

and (b) Binarization 

3.3 Leaf Checking 

For an uninfected leaf the distribution of color is nearly 

uniform while for the diseased leaf the distribution of 

the color is not uniform because the pixel values of the 

diseased leaves varies widely and differs from the 

normal intensity value of pixels. In order to distinguish 

between the uninfected and diseased leaves a 

histogram approach has been used. 

Histogram is used in order to distinguish between the 

uninfected and infected leaves. Histogram represents 

the probability of occurrences of different gray levels 

in the image. The high probability of a particular gray 

level corresponds to a peak in the histogram [4]. The 

histogram of a digital image with L total possible 

intensity levels in the [0, L − 1] is defined as equation 

(3). 

 1,......,1,0)(  Lk
n

k
n

k
rP ,                                 

(3) 

, where P = Probability of occurrence of gray level kr , 

           kr  = intensity level in the original raw image, 

        kn = number of pixels in the image and 

             n = total number of pixels. 

If healthy leaf intensity value is lie in only one value, 

the peak is one and the result will be displayed as 

healthy leaf. If diseased leaf pixel intensity spread in 

all intensities, the peak is greater than one and hence it 

is displayed as unhealthy leaf. The results of histogram 

image are shown in Figure 7. 
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(a) 

 
(b) 

Fig 7: Probability Occurrence of Different Gray 

Level (a) Histogram of Healthy Image and (b) 

Histogram of Diseased Leaf  

3.4 Feature Extraction 

A good classification scheme relies on feature 

extraction stage. Feature extraction is reducing the 

amount of data in the image to be classified or 

extracting the specific characteristics of the input data. 

The three types of feature extraction are shown in 

Figure 8. 

 
Fig 8. Three Types of Feature Extraction 

3.4.1 Statistical Feature Extraction 

PCA is used for statistical feature extraction. PCA 

transforms correlated variables into uncorrelated 

variables retaining maximum amount of variations. 

This helps to operate on data and make predictions. 

Each image is converted into vector and stored as 

columns of matrix P x N. Mathematically principal 

components are obtained by subtracting mean from 

each column [3]. The resultant matrix is given by B in 

equation (4). 

B = [ NXXXX ˆ.,.........ˆ,ˆ,ˆ
321 ]                   

(4) 

Then the covariance matrix S is obtained by using 

equation (5). 

BB
N

S
T

1

1


           

(5) 

Thus the dimension of the feature vector reduces to 

P×P. The eigenvalues and eigenvectors are calculated 

using P
T
SP = D, where D is the diagonal matrix with 

eigenvalues. And P is a matrix of eigenvectors. Eigen 

vectors are arranged according to the descending 

values of the eigenvalues. The weight matrix W is 

determined as W = PB
T 

and this weight matrix is used 

as features for classification. 

3.4.2 Color Feature Extraction 

The color features compute for a given image using 

following steps 

• RGB image converted into HSV color spaces 

• Uniformly divide the image into 3x3 blocks 

• Mean color (H/S/V) compute for each block 

3.4.2.1 Mean 

Mean value is derived for the further calculation. P (i,j) 

indicates pixel intensities of the grayscale image P. M 

and N are the size of the image P [3]. Mean is 

calculated by using equation (6). 

Mean  


N

i ix
N 1

1
                                                      

(6) 

3.4.2.2 Variance 

Variance has the capability of measuring the variability 

as the intensity level get changes at the edges of the 

images by large value variance can be used to sharpen 

the edges [3]. Its variance (H/S/V) computes using 

equation (7). 

Variance  


N

i
xix

N 1

2

)(
1

    

(7) 

3.4.2.3 Standard Deviation 

Standard Deviation is a measure that is used to 

quantify the amount of variation of a set data values. A 

low standard deviation indicates that the data points 

tend to be close to the mean (also called the expected 

value) of the set, while a high standard deviation 

indicates that the data points are spread out over a 

wider range of values [3] The standard deviation can 

be derived by the following equation (8) 

Feature Extraction 

Statistical 

Feature 

Extraction 

Color 

Feature 

Extraction 

Texture 

Feature 

Extraction 
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Standard Deviation  


N

i
xix

N 1

2

)(
1

   

(8) 

3.4.2.4 Skewness 

Skewness is a measure of symmetry, or more 

precisely, the lack of symmetry. A distribution, or data 

set, is symmetric if it looks the same to the left and 

right of the centre point. The equation of skewness is 

as followed [3]. 

Skewness =

   

  

N
i xix

N
i xix

1
2

)(
2
3

1 )(
2

                   

(9) 

3.4.3 Texture Feature Extraction 

Texture analysis is used gray-level co-occurrence 

matrix (GLCM). GLCM is formulated to obtain 

statistical texture features. Five texture features 

including contrast, entropy, energy, correlation and 

homogeneity are extracted from GLCM. 

3.4.3.1 Contrast 

Contrast defined in equation 9 signifies the intensity 

variation of the reference pixel with the neighborhood 

pixel. Large contrast reflects the large intensity value 

[7]. 

Contrast = ),(),( 2 jiCji mji                              

(10) 

3.4.3.2 Entropy 

Entropy measures the complexity or disorder of an 

image. It takes the low values for smooth images. 

Entropy can be calculated by using the following 

equation [7]. 

Entropy = ),(log),( 2 jiCjiC mmji              

(11) 

3.4.3.3 Energy 

Energy value returns the sum of squared elements. 

Energy is 1 for a constant image. The property Energy 

is also known as uniformity, uniformity of energy, and 

angular second moment. Energy can be calculated by 

using the following equation [7]. 

Energy =
2),( jiCmji                                          

(12)  

Correlation: Correlation is a feature which determines 

to what extent the gray level values are linearly 

dependent in the dedicated co-occurrence matrix [7]. 

),())((

x

1
 on Corrrelati jimCyjxiji

y




 (

13) 

3.4.3.4 Homogeneity  

Homogeneity is the asses of closeness of the element 

distribution in the GLCM with the diagonal of GLCM, 

as defined in equation (14). As the name suggests 

increase in contrast leads to decrease in homogeneity 

[7]. 

Homogeneity = ),(

1

1

)(
2

ji
i j mC

ji
 



            

(14) 

Before we use SVM to train the classifier, we first 

need to combine the statistical, color and texture 

features for classification. 

Table 1 expresses the extracted statistical, color and 

texture features of each leaf blight, brown spot, leaf 

blast and leaf streak. 

Table 1.Extracted Color and Texture Features 

Feature

s 

Diseased Paddy Leaf 

Leaf 

Blight 

Brown 

spot 

Leaf 

Blast 

Leaf 

Streak 

Mean 
16.676

6 
2.4425 8.3392 21.2033 

Varianc

e 

1.6691

e+03 

284.41

59 

1.5050e

+03 

1.7117e+

03 

Standar

d 

Deviati

on 

42.608

9 

17.216

9 

39.093

8 
43.6052 

Skewne

ss 

(minus) 

2.4353 7.4908 4.7580 1.7934 

Contrast 0.5962 0.1540 0.2004 0.7820 

Entropy 1.7206 0.3332 0.5690 2.2567 

Energy 0.5932 0.9285 0.8155 0.4965 

Correlat

ion 
0.8047 0.5063 0.9433 0.7772 

Homog

eneity 
0.9265 0.9824 0.9805 0.9022 
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3.5 Diseased Classification 

Image classification is one of classical problems of 

concern in image processing. The goal of image 

classification is to predict the categories of the input 

image using its features. There are various approaches 

for solving this problem such as k nearest neighbor 

(KNN), Adaptive boost (Adaboost), Artificial Neural 

Network (NN), Support Vector Machine (SVM). 

The binary classifier which makes use of the hyper-

plane which is also called as the decision boundary 

between two of the classes is called as Support Vector 

machine (SVM). Some of the problems of pattern 

recognition like texture classification make use of 

SVM. Mapping of nonlinear input data to the linear 

data provides good classification in high dimensional 

space in SVM. The marginal distance is maximized 

between different classes by SVM. Different kernels 

are used to divide the classes. SVM is basically binary 

classifier which determines the hyper plane in dividing 

two classes. The boundary is maximized between the 

hyper plane and the two classes. The samples that are 

nearest to the margin will be selected in determining 

the hyper planes are called as support vectors. Using 

the labeled training vectors, SVM optimizer finds a 

separating hyper plane that maximizes the margin of 

separation between these two classes and it is shown in 

Figure 9. 

 
Fig: 9.The optimal plane of SVM in linearly 

separable condition [4] 

One of the obstacles in the classification process is the 

dispersion of data tending diversely, so it will be 

difficult to be separated linearly. In this case, SVM 

introduces the kernel function, K (xn, xi), which 

transforms the original data space into a new space 

with a higher dimension; this process includes the 

transformation function with dot product in equation 

(15). The aim is the data, which already transformed 

into a higher dimension, can be separated easily [4]. 

Thus the hyperplane function can be written in 

equation (16). 

     inin xxxxK ,                              

(15) 

  bxxKyxf innn

N

ni   ,)( 1                          

(16) 

, where xn is support vector data, αn is langrage 

multiplier and yn is the label of membership class (+1,-

1) with n = 1, 2, 3, . . . , N. The SVM algorithm has 

five kernel function, i.e., linear, quadratic, radial basis 

function (RBF), sigmoid and polynomial. Among 

them, the system is used polynomial kernel function. 

Each kernel function has a particular parameter that 

must be optimized to obtain the best result.  

4. DESIGN AND IMPLEMENTATION 

There have collected about 143 data samples, which 

are composed of forty images of bacterial leaf blight, 

thirty-eight images of brown spot diseases, thirty-five 

images of bacterial leaf blast, sixteen images of 

bacterial leaf streak and three images of normal leaf. 

For testing the proposed system, forty images are used. 

The proposed prototype is implemented by using 

MATLAB from Math Works, Inc. 

4.1 System Design 

Figure 10 shows the system design of Paddy Diseased 

Leaf Classification System. 

 
Fig: 10. System Design of Paddy Diseased Leaf 

Classification System 
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4.2 System Implementation  

The main cover form of the proposed system will be 

appeared as shown in the Figure 11. To start the 

proposed system, Start button can be clicked and the 

Exit button is clicked to exit from the system. By 

clicking the Start button, Paddy Leaf Classification 

System window is appeared. The system is done step 

by step by using image pro cess ing methods  a s  

sho wn in  the  F igure  12  and  F igure  13 .  

 

Fig: 11. Main Cover Form of the Proposed System 

 

Fig: 12. Normal Leaf Classification by SVM 

 

Fig: 13. Diseased Leaf Classification by SVM 

5. EXPERIMENTAL RESULT 

The accuracy of the classification rate is measured by 

the ratio of number of truly diseased images and the 

total number of images [3], presented in equation (17).  

Accuracy=
images ngfor traini used images no.of

image diseased detected truly no.of
x 

100(17) 

The experimental results of the Paddy Leaf 

Classification System are organized in the following 

table: 

Table 2 Experimental Results 

 

Diseased Paddy Leaf 

Leaf 

Blight 

Brown 

spot 

Leaf 

Blast 

Leaf 

Streak 

Test Diseases 10 10 10 6 

Truly 

Detected 

Diseases 

8 8 9 4 

Classification 

Rate 

(Original) 

80% 80% 90 % 66.7% 

Truly 

Detected 

Diseases 

10 9 8 5 

Classification 

Rate 

(Modified) 

100% 90% 80% 83.3% 

According to the experimental results shown in Table 

2, the overall classification rate is 90% for modified 

color conversion and the overall classification rate is 

72.7% for original color conversion. The average 

processing time takes 1.5 second. The average 

classification rate of the proposed system is achieved 

90%. According to above results, the proposed system 

is achieved good result. 

6. CONCLUSION 

In this paper, paddy leaf classification system is 

proposed to classify paddy diseases including leaf 

blight, brown spot, leaf blast and leaf streak. The 

proposed system was implemented by using Matlab 

programming language. The input images are acquired 

by using Sony digital camera with a white background. 

One hundred and thirty images of each data class are 

considered to test the system. The overall accuracy rate 

of trained images and tested images are 90% achieved 

because of the modified grayscale conversion. By 

using this equation, the diseased part of leaf appears 

darker than other parts of paddy leaf. Miss 

classification may occur due to shadow effect and 

color distortion of aging leaves. But this accuracy is 10 

%. According to the experimental result, the 

performance accuracy of the proposed modified 
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grayscale conversion is better than others. The paddy 

diseases can be detected and classified efficiently using 

statistical, color and texture features based on SVM. 

The system is only applied for four diseases. This 

method could be applied to classification of other crop 

diseases. 
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