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Abstract: 

An Echocardiography images are used to investigate the cardiovascular status of the heart. Echocardiography uses standard two-

dimensional, three-dimensional and   Doppler u ltrasound to create images of the heart. Echocardiography is routinely used in the 

medical d iagnosis and follow-up of patients for any suspected or known heart diseases. It is one of the most widely used diagnostic 

tests in cardiology. It can provide a lot of helpful information, including the size and shape of the heart (internal chamber size 

quantification), pumping capacity, and status of atrioventricular valves, status of Semilunar valves and the location & extent  of any 

tissue damage.  But because of noise present in an echocardiography images, the quality of the images degrades. So it becomes 

difficult to perform the analysis of such echocardiograph. Hence it is very necessary to enhance the low quality echocardiography 

image to get superior reports. For that purpose algorithms have developed using histogram equalization. It is simple and effective 

technique .The brightness of the Echocardiography image is preserved to avoid the generation of non-existing artifacts in the output 

image.  These algorithms give very high quality & superior echocardiography images. The quality is improved in terms of brightness, 
contrast & resolution. The resolution enhancement is measured in terms of Peak Signal-To-Noise Ratio (PSNR) And Mean Square 

Error (MSE).  

 

Keywords:  Global h istogram equalizat ion (GHE), Local histogram equalization (LHE), Adaptive histogram equalizat ion (AHE), 

Mean square Error (MSE) & peak signal-to-noise ratio (PSNR). 

 

I.  INTRODUCTION 

 

Echocardiography has become one of the most commonly used 

cardiac diagnostic techniques, applicable to the assessment of a 

wide variety of disorders of the heart. The digital techniques 

(both computer and electronics) have been increasingly applied 

to Echocardiography. The acquired Echocardiography image is 

blurred with noise and having low contrast. Echocardiography 

Image enhancement is most essential and appealing area           

of digital image processing. Basically, the idea behind 

enhancement technique is to bring out details Echocardiography 

image that are hidden, or merely to highlight certain features of 

interest of Echocardiography image. The basic idea of 

Histogram equalizat ion (HE) method is to re-map the gray levels 

of an image. HE tends to introduce some annoying artifacts and 

unnatural over enhancement. To overcome these problems in the 

enhancement of echocardiography image different brightness 

preserving techniques are used. 

 
1.1 Echocardiography Image  

 

Enhancement: 

 

 Echocardiography Image enhancement is a process that focuses 

on pre processing  of  Echocardiography image in  order to get 

clear and rich in contrast  image for specific application. The 

word 'specific ' has significance. It gives a clue that the results of 

such an operation are highly application dependent.               

Image enhancement of echocardiography images is in frequency 

and spatial domains. In the frequency domain techniques, 

Fourier Transforms of the image are considered while in spatial 

domain techniques total number of pixels in the image are 

considered. There are number o f enhancement techniques exist 

in the spatial domain. i.e . Histogram processing, enhancement 

using arithmetic and logical operations and filters.  

 
1.2. Histogram Equalization: 

 

The Histogram Equalizat ion (HE) spreads out intensity values 

along the total range of values in order to achieve higher contrast 

in Echocardiography image. It is effective and high performance 

technique for contrast enhancement, 
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Figure.1. Blurred Echocardiography image & its histogram 

before Equalization  

 

II. IMPLEMENTATION 
 

The GHE, LHE, intensity adjust and Adaptive histogram 

Equalization techniques are implemented using MATLAB 

platform. The details are d iscussed below: 

 
2.1 Global Histogram Equalization (HE) Method: 

 

The Histogram of dig ital image I = {I(i, j)}, with L discrete 

intensity levels denoted by {I0, I1, ... ... ..., IL–1}, is defined as: 

 

 

         
Figure.2. The enhanced Echocardiography image & its 

histogram after the Eqalization operation 

 

         
 

 

Where Ik is the k th intensity value and nk is the number of pixels 

in the image with intensity rk . For an M × N image, a normalized 

histogram known as Probability Density Function (PDF) is 

defined by: 

         
  

  
 

 

  For k= 0,1,……………………l-1           

 

Although GHE successfully increases the contrast in the image, 

this method does not put any constrain in preserving the mean 

brightness.                                                             

 

2.2 Local Histogram Equalization (LHE) Technique: 

 

The GHE method of HE takes the global information of 

Echocardiography image into account and cannot adapt to local 

light condition so local enhancement is used to perform b lock-

overlapped histogram equalization in LHE technique.  

 

 Algorithm for the same LHE technique is given as 

 

1) Copy the image matrix and pad it with zeros on all sides.  

 

2) Then define square or rectangular neighborhood (mask or 

window) of size say M × N and move the center from pixel 

to pixel. 

 

3) For each neighborhood, calculate histogram of the points in 

the neighborhood. 

 

4)  Then obtain histogram equalizat ion and map gray level of 

pixel centered in neighborhood. New pixel values and 

previous histogram should be used to calculate next 

histogram.  

 

5) Finally locally enhanced image is obtained. By changing 

the window matrix size i.e. the values of M and N; the 

histogram equalizat ion can be enhanced.  

 

However, LHE demands high computational cost and sometimes 

causes over enhancement in some portion of the 

Echocardiography image. Moreover, this technique has the 

problem of enhancing the noises in the input image along with 

the image features. 

 

2.3 Echocardiography Image Enhancement Using Intensity 

Adjustment: 

 

Image enhancement techniques are used to improve an image, 

where "improve" is sometimes defined objectively (e.g., increase 

the S/N ratio), and sometimes subjectively (e.g., make certain 

features easier to see by modifying the intensities). Intensity 

adjustment is an image enhancement technique that maps an   

Echocardiography image intensity values to a new range.       

The echocardiography image shown in fig. 1 is a low-contrast 

image .with its histogram. It is also noticed that the histogram of 

the image has all the values gather in the center of the range. 
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Figure.3. The original Echocardiography image showing 

Aortic stenosis 

 

 
 

Figure.4. The Enhanced Echocardiography image after 

Intensity adjustment 

 
2.4. Adaptive  Histogram Equalization (AHE) Method:  

 

The Adaptive Histogram Equalization is an extension to 

Histogram Equalizat ion technique. It enhances the contrast of 

image by transforming the values in the intensity of the image. 

In this operations are performed on small data regions (tiles), 

instead of on the entire image. The contrast of each small data is 

enhanced, so that the histogram of the output region 

approximately matches the particular histogram.  Then, the 

neighboring tiles are combined using bilinear interpolation so 

that the artificially induced boundaries are eliminated. The 

contrast, especially in homogeneous areas, can be limited in 

order to avoid amplifying the noise which might be present in 

the image. 

 
Figure .5.  Flowchart for AHE method 

 

III. RES ULTS: 

 

The technique has been tested on several Echocardiography 

images. In order to show the superiority of the proposed method 

over the conventional and state-of art techniques from visual 

point of view. The result shows Echocardiography images with 

improved brightness, contrast and resolution. The enhancement 

is done using different Histogram equalization techniques.  

 
Figure.6. the Enhanced Echocardiography image after 

Adaptive Histogram Equalization showing Aortic stenosis 

 

 
 

 Figure.7. Original Echocardiography image  

 

Original 
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 Figure.8.Enhanced Echocardiography image using AHE 

 

IV. PERFORMANCE ANALYS IS: 

 

 PEAK- SIGNAL- TO –NOIS E RATIO (PSNR) : 

 

The analysis is done in the form of Peak- Signal- to –noise ratio 

(PSNR) & Mean Square error (MSE). The visual comparison of   

input and output echocardiography image conveys the 

superiority of the proposed technique. The quantitative 

comparisons are also performed which confirms the superiority 

of the proposed technique. Peak signal-to-noise ratio (PSNR) 

and  mean square error (MSE) have been implemented in order 

to obtain some quantitative results for comparison. PSNR can be 

calculated as  

          

       
    

   
 

                                                      

 
Figure. 9.  Histogram of Echocardiography image before & 

after  the equalization. 

 

 MEAN SQUARE ERROR (MS E): 

             

 The simplest of image quality measures, is Mean Square Error 

(MSE). The large value of MSE means that image is poor 

quality. 

 

   

 
 

  
            

 

   

 

   

           

 

  Where I (i, j) denotes sample of input image and Iˆ(i, j) denotes 

the samples of enhanced image. M and N are number of pixels in 

row and column direct ions, respectively. Its value range is of [0, 

]. The table 1. Shows the performance values using different 

techniques. 

 

Table1.  MS E & PSNR values using different Histogram 

Equalization techniques. 

 

Method of image 

enhancement  

PSNR 

Value 

MSE Value  

1) LHE   24.74  8.79 

2) GHE   25.90  6.50 

3) Intensity 

Adjust 

  26.07 2.56 

4) AHE   29.38 0.37 

  

V. CONCLUS ION: 

                

In the proposed technique, an effective and high performance 

algorithm is developed to enhance echocardiography   images by 

using different   histogram equalizat ion techniques . Adaptive 

Histogram equalizat ion is powerful method for image 

enhancement and it will increase the contrast, brightness as well 

as resolution of an image. The enhanced Echocardiography 

image will provide the full dynamic range of histogram. 

However, histogram equalization process tries to merge the 

neighboring gray levels jo intly in o rder to force the consistency 

of number of p ixels in each appeared gray levels.                   

However the algorithm with some modification with additional 

features can be used to enhance all kinds of Medical images . 
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