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Abstract - This paper presents an approach of using image processing techniques for early detection of plant leaf diseases. 
Disease in crops cause significant reduction in quality of the agricultural product. It is difficult for farmer to identify 
symptoms of disease by naked eye. In this process image processing techniques are used to capture digital image by camera 
and applied to ostu’s and k-means algorithms. Segmentation of image by ostu’s gives less accuracy than k-means and 
extracting the features from segmented classes i.e shape and color features.   Finally classification is performed using 
Support Vector Machine (SVM). Thus image processing techniques are used for detecting diseases on leaves early and 
accurately. 
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I. Introduction  
 
Agriculture is one of the most supreme sources for 
human living as it provides requisite food for human 
alive and consumption and also plays a major role in 
the economy of the country. But diseases in crops 
cause outstanding reduction in quality of the 
agricultural product. Nowadays farmers are facing 
many pivotal problems for getting better yield 
because of high speed changes in climate and 
unexpected level of insects. In order to get better 
yield there is a need to reduce the level of pest insect.  
 
When any of such a condition occurs then farmers 
should be conscious of about the pest, then only they 
can take correct action and control the situation. If 
farmers does not have correct awareness, then 
misidentification of any pests leads to wastage of 
work and money and this may lead to serious 
problems to crops. Otherwise they may proceed 
towards any agricultural experts who will give them 
suggestion concerning detection of diseases and 
increase of crop efficiency. But getting information 
from experts may take more time. 

 
1.1 Diseases on Leaves of Rice and Cotton 
The common diseases on the cotton leaves are 
categories as,  
a) Bacterial diseases: e.g. Bacterial Blight, Crown 
Gall, Lint Degradation.  
b) Fungal diseases: e.g. Anthracnose, Areolate 
mildew, Powdery Mildew, Foliar, Alternaria. 
c) Viral diseases: e.g. Anthocyanosis, Mosaic, 
Psylosis, Terminal stunt. 
 
In the above diseases it is very difficult to identify 
alternaria and foliar diseases. 
 

     
Fig 1:  Alternaria Leaf Spot    Fig 2: Foliar Leaf Spot 
 

Alternaria Leaf Spot arises due to potassium 
deficiency. Leaf shows brown necrotic spots. Lesions 
and concentric rings are seen on the leaves. Neorotic 
tissues turn a sooty black color due to prolific 
sporulation by the fungus. Treatment of Pseudomonas 
fluorescens Pf-1 10g/kg seed and foliar spray @ 0.2% 
on 30, 60 and 90 DAG. 
 
Foliar Leaf Spot forms lesions on cotyledons, leaves, 
stems, and bolls. Lesions on the cotyledons and 
leaves approach 2 mm (<0.1) in diameter are white to 
light brown and circular in shape. 
 
The diseases on the rice leaves are categories as,  
a) Bacterial diseases: e.g. Bacterial Blight, Sheath 
brown Rot, Grain rot.  
b) Fungal diseases: e.g. Brown Spot, Downy 
Mildew, Narrow Brown Leaf Spot. 

 
 

Fig 3. Narrow Brown Leaf Spot      Fig 4. Brown Leaf Spot 
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Narrow brown leaf spot of rice prompt by the fungus 
Cercospora janseana which varies in severity from 
year to year and is more severe as rice plants 
approach full growth. Symptoms include short, linear, 
brown lesions found most commonly on leaf blades. 
Symptoms also occur on leaf sheaths, pedicels and 
glumes. Leaf lesions are 2 millimeters to 10 
millimeters long and about 1 millimeter wide. 
 
Brown leaf spot Round to oval, dark-brown lesions 
with yellow or gold halo; as lesions enlarge, they 
remain round, with center area necrotic, gray and the 
lesion margin reddish-brown to dark brown.  
 
1.2 Disease Recognition System 
Cotton and rice are major empire in agriculture. 
Diseases on those plants decreases the productivity of 
production. Thus image processing technique is used 
for detecting diseases on leaves early and accurately. 

 
Fig 5: Disease Recognition System Block Diagram 

 
Image Acquisition: For capturing the details of 
leaves patterns, an acquisition system should have a 
minimum resolution of 512 X 512 pixels in frame. 
Image Segmentation: For detection of internal and 
external boundaries of the leaves, use K-mean 
clustering and ostu’s algorithm technique. 
Feature Extraction: In this, Color feature variance is 
used for matching the train image features to database 
images. 
Classification: Finally recognition is performed 
using support vector machine to recognize the 
diseases. 
 
II. IMAGE SEGMENTATION 
 
Image segmentation plays a notable role in machine 
vision. It extracting meaningful information false in 
the image. Image segmentation can be defined as the 
classification of all the pixels in an image into 
different clusters that exhibit similar features. 
Different groups must not intersect each other and 
adjacent groups must be heterogeneous. The groups 
are called segments. 
 
2.1     Ostu’s Thresholding Method 
In image processing, Otsu's method automatically 
performs  thresholding or the reduction of a gray 
level image to a binary image. The algorithm assumes 
that the image contains two classes of pixels 
following bi-modal histogram (foreground pixels and 
background pixels), it then calculates the optimum 
threshold separating the two classes so that their 
combined spread (intra-class variance) is minimal, or 
equivalently (because the sum of pair wise squared 
distances is constant), so that their inter-class 
variance is maximal. 

2.1.1 Steps for Ostu’s Algorithm 
1. Capture the image by camera. 
2. Convert that captured RGB image to gray scale. 
3. Calculate probability of occurrence of pixels. 
4. Sum all the occurrences and multiply with each pixel. 
5. Chooses the threshold to minimize the intra class 

variance of the thresholded black and white pixels. 
 

 
Fig 6:  Segmented Results for Cotton Leaves 

 

   
Fig 7:  Segmented Results for Rice Leaves 

 
2.2     K-means Clustering 
K-means algorithm is a heuristic method. In this each 
cluster is represented by the centre of the cluster and 
the algorithm converges to stable centriods of 
clusters. K-means algorithm is the simplest 
partitioning method for clustering analysis and widely 
used in data mining applications.  

 
2.2.1    Steps for K-means Algorithm 

1. The image is partitioned into K clusters and the 
pixels(data points)are randomly assigned to the 
clusters resulting in clusters that have roughly the 
same number of data points. 

2. For each data point: 
 Calculate the distance from the data point to each 

cluster. 
  
 If the data point is closest to its own cluster, leave it 

where it is. If the data point is not closest to its own 
cluster, move it into the closest cluster. 

3.  
4. Repeat the above steps until a complete pass through 

all the data points results in no data point moving 
from one cluster to another. At this point the clusters 
are stable and the clustering process ends. 

5.  
6. The choice of initial partition can greatly affect the 

final clusters that result, in terms of inter-cluster and 
intra-cluster distances and cohesion. 
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Fig 8:  Segmented Results for Cotton Leaves 

 

  
Fig 9:  Segmented Results for Rice Leaves 

 
2.3 Segmented Accuracy and Segmented Accuracy 
by Disease Spots 
 
Segmented accuracy is ratio of difference between 
Total Infected Region(TIR)- manual and Segmented 
Region(SR) -from algorithm to total infected region. 

  
Segmented accuracy= (TIR-SR)/TIR 

 
Segmented accuracy by disease spots is ratio of Total 
Number of Diseased Spots Detected by Algorithm-
TNDSDA to Total Number of Disease Spots-TNDS. 
Segmented accuracy by disease spots = 

(TNDSDA/ TNDS)*100 
 

 
Table.1 Segmented Accuracy for K-means Algorithm by      

disease spots 

 
Table.2  Segmented Accuracy for Ostu’s Algorithm by      

disease spots 
 
 

 
Table.3  Segmented Accuracy for K-means Algorithm 

 

 
Table.4  Segmented Accuracy for Ostu’s Algorithm 

III. Feature Extraction 
 
Feature extraction is related to reduction in 
dimensionality. In  machine learning and image 
processing, feature extraction starts from an initial set 
of measured data and features are  intended to be 
informative and non-redundant. When the input 
data is too large, processing that redundant data will 
take more time, then it can be transformed into a non-
redundant feature set. This process is called feature 
selection. The selected features contain the relevant 
information from the input data, so that by using this 
reduced representation desired task can be performed 
without the need of complete initial data. 
 
3.1  Color Models 
RGB: Red, green, and blue can be combined in 
various proportions to obtain any color in the visible 
spectrum. Levels of R, G, and B can each range from 
0 to 100 percent of full intensity. Each level is 
represented by the range of decimal numbers from 0 
to 255, equivalent to the range of binary numbers 
from 00000000 to 11111111, or hexadecimal 00 to 
FF. The total number of available colors is 256 x 256 
x 256, or 16,777,216 possible colors. 
YCBCR: The YCbCr color space is widely used for 
digital video. In this format, luminance information is 
stored as a single component (Y), and chrominance 
information is stored as two color-difference 
components (Cb and Cr). Cb represents the difference 
between the blue component and a reference value. Cr 
represents the difference between the red component 
and a reference value. 
Y: Luminance; Cb: Chrominance-Blue; and Cr: 
Chrominance-Red are the components. Luminance is 
very similar to the grayscale version of the original 
image. Cb is strong in case of parts of the image 
containing the sky (blue), both Cb and Cr are weak in 
case of a color like green, and Cr is strong in places of 
occurrence of reddish colors. 
LAB:A Lab color space is a color-opponent space 
with dimension L for lightness and a and b for the 
color-opponent dimensions, based on nonlinearly 
compressed (e.g. CIE XYZ ) coordinates. The 
terminology originates from the three dimensions of 
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the Hunter 1948 color space, which are L, a, 
and b. However, Lab is now more often used as an 
informal abbreviation for the L-a-b representation of 
the CIE 1976 color space. The difference between the 
original Hunter and CIE color coordinates is that the 
CIE coordinates are based on a cube root 
transformation of the color data, while the Hunter 
coordinates are based on a square root transformation 
 
3.2 Shape Measurements 
 
Area: The actual number of pixels in the region. It is a 
scalar. 
 
Bounding Box: The smallest rectangle containing the 
region, a 1-by Q*2 vector, where Q is the number of 
image dimensions are corner and width. corner 
specifies the upper-left corner of the bounding box. 
width specifies the width of the bounding box along 
each dimension. 
 
ConvexArea: Scalar that specifies the number of 
pixels in convex image. This property is supported 
only for 2-D input label matrices. 
 
Filled Area:Scalar specifying  the no. of on pixels in 
the filled image. 
FilledImage:Binary image of the same size as the 
bounding box of the region. The on pixels correspond 
to the region, with all holes filled in. 
Image:Binary image of the same size as the bounding 
box of the region. The on pixels correspond to the 
region and all other pixels are off. 
 
MajorAxisLength:Scalar specifying the length (in 
pixels) of the major axis of the ellipse that has the 
same normalized second center moments as the 
region. This property is supported only for 2-D input 
label matrices. 
MinorAxisLength:Scalar specifying the length (in 
pixels) of the minor axis of the ellipse that has the 
same normalized second center moments as the 
region. This property is supported only for 2-D input 
label matrices. 
PixelIdxList:p-element  vector containing the linear 
indices of the pixels in the region. 
PixelList:p-by-Q matrix specifying the location of 
pixels in the region. Each row of the matrix has the 
form [x  y  z…..] and specifies the co-ordinates of one 
of the pixel in the region. 
 
IV. FEATURE CLASSIFICATION 
 
Classification methods always include a segmentation 
step, which is normally followed by the extraction of 
number of features that will feed some kind of 
classifier. The methods presented in the following are 
grouped according to the kind of classification 
strategy employed. 
 

4.1 Support Vector Machine 
Some binary classification problems do not have a 
simple hyperplane as a useful separating criterion. 
For those problems, there is a variant of the 
mathematical approach that retains nearly all the 
simplicity of an SVM separating hyperplane. 
 
This approach uses these results from the theory of 
reproducing kernels: 
 
There is a class of functions K(x,y) with the 
following property. There is a linear space S and a 
function ⱷ mapping x to S such that  

 
K(x,y)=<ⱷ(x),ⱷ(y)> 

 
Dot product take place in the space S 
 
This class of function includes: 

  
 Polynomial kernel: For some positive 

integer d, k(x,y)=(1+<x,y>)d. 
 Gaussian (Radial-Basis Function) kernel: 

For some positive number σ, k(x,y)=exp(-
<(x-y),(x-y)>/(2σ2)). 

 Multilayer perceptron(neural network): 
For positive number p1 and a negative 
number p2, k(x,y)= tanh(p1<x,y>+p2) 

 
Properties of kernel function: 
1. The function k(x,xi) is symmetric about the center 
point xi,that is 
 k(x,xi)= k(xi,x)  for all xi 
  
2. The total volume under the surface of the function 
k(x,xi) is constant. 
 
Classification is performed using support vector 
machine and accuracy, sensitivity, specificity of 
diseased images is shown in below. 

 

 
Table.5 Accuracy,Sensitivity and Specificity of Brown Spot 

 

 
Table.6 Accuracy,Sensitivity and Specificity of Narrow Brown 

Spot 
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Table.7 Accuracy,Sensitivity and Specificity of Foliar Leaves 

 

 
Table.8 Accuracy,Sensitivity and Specificity of Alternaria     

Leaves 
 
CONCLUSION 
 
The main objective is to study the diseases on cotton 
and rice leaves by using the image processing toolbox 
and also the diagnosis by using MATLAB helps us to 
suggest necessary remedy for diseases that arises on 
the leaf of plant. We know that perception of the 
human eye is not such stronger and they cannot differ 
minute variation in the infected part of image.It is 
because that minute variation pattern of color can be 
a different disease present on the leaf of cotton and 
rice. MATLAB software can exactly differentiate the 
variation of color present on these leaves and 
depending upon that variation the further compare 
with database stored image features related to the 
color. 
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