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Abstract- In agriculture, research of automatic leaf disease 

detection is an essential research topic as it may prove 

benefits in monitoring large fields of crops, and thus 

automatically detects symptoms of disease as soon as they 

appear on leaves of the plant. As a first step in leaf disease 

detection, the image may have to undergo prepossessing. In 

the preprocessing step, the image is enhanced for the better 

machine vision or human vision and hence helps in accurate 

analysis. The most commonly used image enhancement 

techniques is the histogram based enhancement such as 

histogram equalization and histogram specification. In this 

paper, histogram based enhancement techniques proposed 

which is modification of the traditional histogram 

equalization. In this method, we consider the fact that it is not 

necessary to apply the same transformation function to all the 

pixels, unlike in the tradition histogram equalization. The 

pixels with lower intensity need a different transformation 

and the brighter pixels need a different transformation. The 

output images are subjected to subjective and objective 

quality analysis.  It is observed that the proposed method 

results are better than the Global Histogram Equalization 

(GHE) and Contrast Limited Adaptive Histogram 

Equalization (CLAHE). 
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Diseased Leaf, Entropy 
 

I. INTRODUCTION 

In India, most of the agriculture is done in small piece of 

land and the property ownersare completely responsibility 

for the crop. For such farmers the identification of plant 

disease is only through experience. If the farmer is unaware 

of some of the symptoms of a disease, the crops are under 

risk and to reach an expert to seek help is far more 

expensive for a remote farmer [2]. Technological assistance 

to such independent farmers would be of great help to 

identify and seek remedial measures to prevent disease 

spreading, hence yield lose.    

Image Processing helps to extract useful information from 

the botanical images captured in the visible spectrum[15]. 

Hence, there is immense need in using advanced image 

processing techniques for technology-assisted agriculture 

[4][ 6][ 1]. 

In agriculture, research of automatic leaf disease detection 

is essential topic as it may prove benefits in monitoring 

large or small fields of crops, and thus automatically detect 

symptoms of disease as soon as they appear on plant 

leaves. Fungi, bacteria and viruses cause most leaf 

diseases, which has visible symptoms shown on the surface 

of the leaf. Many a times the symptoms on leaves maynot 

be identifiable due to lack of clarity in the input image. 

This could be due to noise in the image, improper or no 

illumination [10][11]. Noise may be induced in the image 

during acquisition, transmission or storage in the 

database.Thus the most important and foremost step in 

analysis of the leaf texture is the enhancement of the image 

such that it is more suitable for analysis by the user[5]. In 

this paper, a solution to the problem due to illumination is 

proposed.Histogram processing is one commonly used 

spatial domain image preprocessing technique [18]. 

 

II. GLOBAL HISTOGRAM EQUALIZATION 

(GHE) 

GHE is one of the very well known techniques to enhance 

contrast of the image. This enhancement technique works 

towards distribution of equal number of pixels to all the 

grey levels[14]. The global histogram equalization on this 

process enhances the pixel values to a level that reaches 

saturation[17]. This leads to over enhancement of some 

part of the image as a result the next level processing of the 

image, by human or computer vision is adversely affected.  

 

The description of the general procedure of GHE is below: 

  Considering the input image as two dimensional matrix 

and (i,j) denotes the position ith row and jth column in the 

image of size MxN  and  X(𝑖, 𝑗) denotes the gray-level of a 

pixel at (𝑖, 𝑗). The total number of pixels in the image is 

N*M and the image intensity is digitized into 𝐿gray levels 

that are [𝑋0, 𝑋1, . . . ,−1], generally L=256. Let 𝑛𝑘 represent 

the number of times the intensity 𝑋𝑘 appears in the input 

image X, then the Probability Density Function (PDF),(𝑋𝑘) 

for the level 𝑋𝑘is defined as 
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𝑃 (X𝑘) =𝑛𝑘/𝑁*M, 𝑘 = 0, 1, . . . , − 1.    - - - - - - (1) 

 

The computational function of Cumulative Density 

Function (CDF) for the histogram is 

 

C(X) = ∑ P(Xj)
𝑘

𝑗=0
 .   - - - - - - (2) 

 

GHE maps the input image into the entire dynamic 

range,(𝑋0, 𝑋𝐿−1), by using the CDF as a transform function. 

The transform function (𝑋) based on the CDF is defined as  

 
𝑓 (𝑋i) = 𝑋0+ (𝑋𝐿−1−𝑋0) C(𝑋i)                             - - - - - - (3) 

 

Most of the histogram based enhancement techniques apply 

the same principle with changes in the transformation 

function. 
 

Histogram equalization method aims at flattening the 

histogram by which it achieves image enhancement.But, 

these methods change the mean brightness of the image 

and also introduces artifacts by over enhancement of image 

most of times this would result in the change in the amount 

of information content in the image. 

 

 Hence,the proposed algorithm treats the brighter pixels 

and darker pixels in a  

different way during the transformation unlike the GHE 

where every pixel undergoes the same transformation. The 

enhanced images are subjected to quality metrics, which 

could be objective or subjective evaluation, based on 

whether the enhanced image is used by computer vision or 

by human respectively. Most of the automatic image 

enhancement techniques do not score the same in 

subjective analyses since the definition of “good” image of 

each individual is different. Hence, we introduce an 

algorithm, which allows the human to control the amount 

of enhancement required on the input images. 
 

III. LITERATURE REVIEW 
 

The authors of [12] paper has proposed the muiltipeak 

based histogram equalization where the each detected peak 

is processed separately to preserve the brightness but still 

enhance the image. This method helped prevent the 

brightness saturation due to global equalization. 

 

The authors in [9] paper have worked on the generalization 

of multi-peak GHE approach where new pixel value 

depends not only on intensities u(x, y), but also on the local 

information v(x, y) of each pixel where (x,y) is the pixel 

coordinates in the image.  

 

The paper[21],  presents a review of various commonly 

used histogram based enhancement techniques proposed 

for gray scale static images. These enhancement techniques 

majorly differ in the way the histogram is divided for 

processing.   
 

The basic idea of the authors of paper [19] is, computing 

mean value of multiple peaks in the input image’s 

histogram and the input image histogram is segmented into 

two sub histograms based on this multipeak mean. Then, 

the two sub histograms were modified separately by 

computing the optimal contrast enhancement using swarm 

intelligence. This method enhanced the input image in a 

better way than the existing contemporary histogram 

enhancement methods. In paper [22], a variation of AHE 

has been proposed by the author Sanparith Marukatat. His 

method uses the local parametric values for enhancement 

which reduces computation intensity. The proposed 

technique called Local Intensity Distribution Equalization 

(LIDE) takes parametric cumulative distribution function 

into account, which is computed, in a window around each 

pixel to enhance local detail in the window. A data 

structure called integral image was used for faster 

calculation. 
 

IV. PROPOSED METHOD 
 

In this paper, we describe the enhancement method that 

enhances higher valued pixels and lower valued pixels in 

different scales. The main aim of the experiment is to 

enhance the image such that enhancement of the darker and 

the lighter pixels are controlled separately in a way that the 

over enhancement of the brighter pixels and suppression of 

the darker pixels are as per the requirements of user. This is 

done by dividing the histogram of the original image into 

two based on the mean of the multipeaks in the original 

histogram. All the  

pixels histogram less than the mean of the peaks will fall 

into the lower sub histogram and the other pixels fall into 

the higher sub histogram.Two contrast control parameters, 

𝜶and 𝜷 helps to control the amount of enhancement 

required.𝜶controls the modification of the lower sub 

histogram and 𝜷 controls the upper sub histogram. 

Then,these two modified sub histograms are combined to 

get the final enhanced image.A similar work, proposed by 

Babu et al[19], uses the swarm intelligence technique to 

give values to the contrast control parameters 

automatically. Since the definition of “good” enhancement 

is subjective to the user of the image, the proposed method 

does not implement automation of the control parameters. 

For the convenience of the user, we provide the contrast 

control parameters to be manually selected. 

 

A.  Formula 

Our proposed method generates the modified histogram 

HmU, for upper sub-histogramsuch that it is inclined 

towards the global histogram of upper sub-histogram 𝑢𝑖𝑈 

for enhancement, but still maintaining the input image 

brightness 𝐻𝑖𝑈.  The parameters 𝜶and 𝜷controls the 

inclination of modified histogram towards the original 

upper sub-histogram and the inclination towards the 

equalized histogram.  

 

 

𝐻𝑚𝑈 =
𝐻𝑖𝑈+𝛽𝑢

1
+ 𝛽                       - - - - (4) 

 

𝐻𝑚𝑈 =
1

(1+𝛽)𝑈
+

𝛽

(1+𝛽)𝑢𝑖𝑈
             - - - - (5) 
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B. Contrast Control Parameter 

The value of the contrast control parameters, 𝜶 and 𝜷, is in 

the range from 0.0 to 1.0. For low value of these 

parameters, the transformation function is saturated which 

would result in over enhancement of the image. Large 

values of the parameter, towards 1.0, generate 

transformation, which preserves the naturalness of the 

image with increased image quality. The various changes 

in the levels of contrast enhancement can be achieved by 

changing the values of these parameters. 

 

The algorithm of the proposed work is described below: 

Input: An image of size MxN in the gray-level range 

X[0−1], contrast control parameters 𝜶 and 𝜷. 

Output: The contrast enhanced image 

 

BEGIN 

Step 1. Divide the input image histogram into two sub 

histogram (lower and upper sub-histogram of the object) 

based on multi-peak mean value. 

Step 2. Generate the input histograms 𝐻𝑖𝐿and 𝐻𝑖𝑈for 

lower and upper sub-histogram separately. 

Step 3. Generate an equalized histogram 𝑢𝑖𝐿for lower sub- 

histogram and 𝑢𝑖𝑈forupper sub- histogram image 

Step 4. Select values of the contrast enhancement 

parameters 𝜶 and 𝜷 for lower and upper sub- histogram 

Step 5. Compute the modified histogram 𝐻𝑚𝐿for lower sub 

histogram and  for upper sub-histogram image  

Step 6. Combine the two modified sub-histograms into a 

single histogram and display the final contrast enhanced 

image 

 

END 

The above described algorithm has been implemented in 

MATLAB. MATLAB provides special tools for 

performing experiments on image processing algorithms 

[15]. 

 

C. Results 

Jowar plant leaf images were capture from the field and 

modified for the experiment. The image obtained is show 

in figure 1. These images were given as input for the 

implement algorithm with varying 𝜶 and 𝜷   values. The 

output images obtained are show in figure 1. The main 

purpose of the experiment was to generate output images 

that would be rich in information content and still be 

pleasing for the user. Hence, the output images were 

subjected to quality analysis where in the entropy of the 

images were calculated for comparison of our output 

images with the global Histogram Equalization (GHE) and 

Contrast Limited Adaptive Histogram 

Equalization(CLAHE) methods. Because of its simplicity 

in computation and effective contrast enhancement, GHE is 

one of the common methods for image enhancement [13]. 

And Contrast Limited Adaptive Histogram Equalization 

(CLAHE) is one of the most successful adaptive histogram 

equalization specially effective in biomedical image 

analysis and underwater image procssing[18]. Hence we 

choose GHE and CLAHE for comparing the result of our 

method[16].  

Entropy is the measure of average information contents of 

the image[8][20]. The higher value of Entropy, towards 8, 

shows the richness of theinformation in the output 

image[20]. Theentropy, E, is defined as 

 

E = P(k)*log P(k)- - - - (6) 

 

Where, P(k) is the Probability Density Function of the kth 

gray level. 

 

V.  CONCLUSION 

The results show that the proposed work enhances the 

images better than the global histogram equalization in 

increasing the information content and the output image 

looks better to the user as the enhancement level is 

controlled, by the contrast parameters. The image selected 

is dark, more transformation is required for the lower sub 

histogram than upper sub histogram, from equation (4) and 

(5), low values of control parameters will give over 

enhancement or saturation and high values will yield in 

preserving naturalness. 

 

Hence the optimal value of the parameters 𝜶 and 𝜷 for the 

selected image were observed to be 0 and 1 respectively. 

The work can be enhanced by applying a new 

transformation function for the mean of multi peaks 

histogram partitioned image enhancement technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜶  𝜷  Proposed method  

0  1  7.7949  

0  0.75  7.7947  

0  0.5  7.7931  

0  0.25  7.7886  

0  0  7.7713  

1  0  6.8616  

0.75  0  7.2530  

0.5  0  7.2530  

0.25  0  7.4975  

0.25  0.75  7.5019  

0.5  0.5  7.2564  

0.75  0.25  7.0454  

Table 1. Result of Entropy measure for proposed methods 

for different values of 𝜶  and 𝜷  

Input Image  GHE  CLAHE  

4.5706  4.4829  5.6535  

Table 2. Result of Entropy measure for Input image,  GHE 

and CLAHE  
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RESULTS   

   

Original leaf image Enhanced by global histogram 

equalization 

 

 

Enhanced by CLAHE 

   
Histogram of Original leaf image Histogram of  the leaf enhanced by 

global histogram equalization 

Histogram of  the leaf enhanced by 

CLAHE 

 

 

 
 

 

 
 

 

 

𝜶=0 𝜷
 

=0                                   𝜶=0    𝜷
 

=0.25                               𝜶=0.5     𝜷
 

=0
 

Output of the proposed method for varying values of 𝜶and 𝜷 

 

   
𝜶=0 𝜷 =0                                   𝜶=0    𝜷 =0.25                               𝜶=0.5     𝜷 =0 

Output histogram of the proposed method for varying values of φ1

 

and φ2

 

Figure 1. Input and out images of Jowar leaf
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