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   Abstract - MRI images are used for viewing the brain images.  

These images are subject to low contrast.  Improving the contrast 

helps the physicians in diagnosing the disease and treatment 

planning.  A wavelet based two stage adaptive histogram 

equalization method is used to improve the contrast of the poor 

quality MRI images [1],[2].  The low quality image is split into 

sixteen sub-images of equal size and Stationary Wavelet 

Transform (SWT) is applied to each sub-image until level two 

using biorthogonal spline wavelet.  Then the two-stage adaptive 

histogram equalization (TSAHE) is applied to each sub image, 

where the first stage of two stage adaptive histogram equalization 

is applied on the horizontal, vertical and diagonal coefficients of 

each sub image.  Then inverse wavelet transform is applied on 

these coefficients of each sub image.  Then each sub image is 

merged to form the partially enhanced image.   Then second 

stage of the two stage adaptive histogram equalization is applied 

on the merged partially enhanced image.  The quality of the 

resulting image is compared with the quality of the image 

obtained by other enhancement methods using various metrics 

like entropy, AMBE (Absolute Mean Brightness Error). 
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I INTRODUCTION 

   Magnetic Resonance Imaging (MRI) is a medical imaging 

technique that produces images of brain and other internal 

organs that are clearer than any other imaging modalities.  

Hence, it is superior to other imaging modalities.  These 

images are subject to noise, low contrast that could deteriorate 

the quality and visibility of the image.  These images have to 

be enhanced, so that it becomes easier for the physicians to 

view the organ and identify the disease, if any.  The need for 

image enhancement is usually, to improve the contrast of the 

image for better visibility.  Histogram Equalization (HE) is the 

most popular approach for improving the contrast [3], [4], [5].  

Under some instances, HE may produce images of poor 

quality than the original image, since the histogram of the 

enhanced image may become uniform.  Large peaks can also 

be caused by non ROI (Region of Interest) areas.  Hence, 

histogram equalization may lead to unwanted noises [5], [7],      

[8].  Hence, an Adaptive Histogram Equalization (AHE) 

method is used which divides an image into small regions 

called tiles and then the mapping function for each tile is used 

to improve the contrast [6].  It operates on each tile rather than 

on the entire image.  Contrast of each tile is enhanced, so that 

the histogram of the output image approximately matches the 

uniform distribution.  The neighboring tiles are combined 

using bilinear interpolation in order to eliminate the artificial 

boundaries.  The disadvantage of AHE is, its slow speed and 

the histogram spikes.  The variation of this method, called 

Contrast Limited Adaptive Histogram Equalization, CLAHE 

[1], overcomes the over enhancement and noise amplification 

by clipping spikes and improves computation speed.   

II PROPOSED METHOD FOR ENHANCEMENT 

The proposed method, divides the given image I(x,y) 

into sixteen sub-images of equal size, B(x,y) of size m x n.  

For each B(x,y), a level two biorthogonal spline wavelet 

transform is used.  Approximation coefficients and detailed 

coefficients are obtained for each B(x,y).  Level two horizontal 

and vertical coefficients of each B(x,y), say 
HW (x,y) and 

VW (x,y) are used for processing as follows: 
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where, ψ refers to the wavelet function and ϕ  refers to the 

scaling function.  Here the Adaptive Histogram Equalization 

(AHE) method is applied in two stages, called the Two Stage 

Adaptive Histogram Equalization (TSAHE), where the first 

stage is applied on the horizontal, vertical and diagonal 

coefficients.  

Let (x,y) be a pixel of intensity i from the image, 

I(x,y). Here the histograms are generated at the rectangular 

grid of points.  By interpolating the mappings of the four 

nearest grid points, the mappings at each pixel is generated.  

Now at each grid point in a window, the histogram is 

computed.  Suppose H00, H10, H01, H11 represent the histogram 

modification mappings generated at four neighboring grid 

points, the mapping for each pixel (x,y) is computed by a 

bilinear interpolation of the mappings generated by the four 

nearest grid points as given by  

M = (1 –a )(1-b)H00 + a(1-b)H10 + (1-a)bH01 + abH11,  

where 

a = 
01
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After applying the adaptive histogram equalization, 

the inverse wavelet transform is obtained by using the 

approximation coefficient and the detailed coefficients in each 

B(x,y).  All the blocks, B(x,y) are now merged.  Then the 

adaptive histogram equalization is applied again to obtain the 

enhanced image.   

 

 

 

 

 

 

III. WORK FLOW DIAGRAM 
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IV RESULTS AND DISCUSSION 

The proposed method was tried using different 

images and the quality of the images was measured and 

compared with the methods like Histogram Equalization, 

Adaptive Histogram Equalization.  The quality of the output 

image is measured with different metrics like entropy, AMBE 

(Absolute Mean Brightness Error).  The samples of two 

different images are given below along with the quality 

measurements. 

 

 

 

V CONCLUSION 

 In this work, we have proposed an efficient wavelet 

based method using two stage Adaptive Histogram 

Equalization for contrast enhancement.  This method has 

given us a better contrast enhancement between the image and 

its background and between the soft tissues of the brain.  This 

method can be used for enhancement of any MRI images. 
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a. Original Image b. HE 

  

c. AHE d. Proposed Method 

Image 2: 

 

 
a. Original Image b. HE 

  
c. AHE d. Proposed Method 

Ima

ge 
Metric 

Input 

Image 
HE AHE 

Proposed 

Method 

Imag

e 1 

Entropy 3.3280 2.7521 3.8434 4.3145 

AMBE - 163.7100 16.1418 29.5043 

Imag

e 2 

Entropy 5.3105 4.5786 6.1543 6.6344 

AMBE - 102.3651 28.1578 49.9764 
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