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Abstract— The goal of image enhancement technique is to 

improve a characteristics or quality of an image, such that the 

resulting image is better than the original image. Image 

filtering before image enhancement is always the root process 

in many medical image processing applications. It is aimed at 

reducing noise in images. Common enhancement technique 

like Histogram Equalization has been used including the 

various frequency domain filters such as Gaussian filter, High 

boost filter, Laplacian filter, Lee filter, Kaun filter, High pass 

kernel filter, Low pass kernel filter and Median filter. The 

technique applied was assessed by measuring the image 

quality by calculating the MSE and PSNR of the image and 

applying the enhancement technique to the output images. In 

conclusion, for ultrasound liver image, median filtering 

seems to be the best option in enhancing the image compared 

to the other filters. Experimental results show that the method 

can effectively improve vision quality of image and assist 

doctor in clinical diagnosis. 
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I. INTRODUCTION 

Ultrasound imaging has enjoyed widespread use for 

diagnostics in almost every branch of medicine, owing to its 

real-time capability, low cost, and avoidance of ionizing 

radiation reliable, safe and widely available. It has also been 

growing in popularity for guiding interventional procedures 

because it enables continuous and simultaneous visualization 

of tissue and the surgical instrument during the procedure. 

 The ultrasound devices acquire high quality, real-

time images but are corrupted with speckle noise. Speckle 

noise is caused by random interference between coherent 

backscattered waves. Speckle noise degrades the quality of 

the images for identifying the edges, patterns in images. 

Speckle noise produces artificial edges, echoes the patterns in 

the images and etc., this hinders the diagnosis of disease. 

 Image processing modifies pictures to improve them 

(enhancement, restoration), extract information (analysis, 

recognition), and change their structure (composition, image 

editing). Images can be processed by optical, photographic, 

and electronic means, but image processing using digital 

computers is the most common method because digital 

methods are fast, flexible, and precise. 

 The B-ultrasonic detection is wildly used for 

diagnosis of abdominal visceral disease in clinic research as 

it’s nondramatic. Because ultrasound images have some 

characteristics such as wide dynamic range, abundant details 

and low contrast, the images need enhanced processing to 

assist doctor's clinic diagnosis. The paper puts forward a 

method of liver ultrasound image enhancement based on 

frequency domain filters. The method can efficiently enhance 

images details, compress image's dynamic range and improve 

visual quality. Further it can meet the requirements of doctor's 

clinic diagnosis and increase diagnosis rate. 

II. IMAGE ENHANCEMENT 

Image enhancement is important issue in Image processing. 

It improves the quality (clarity) of images for human viewing. 

Removing blurring and noise, increasing contrast, and 

revealing details are examples of enhancement operations. 

The aim of image enhancement is to improve the 

interpretability or perception of information in images for 

human viewers, or to provide `better' input for other 

automated image processing techniques. Image enhancement 

techniques can be divided into two broad categories: 

1) Spatial domain methods, which operate directly on 

pixels, and 

2) Frequency domain methods, which operate on the 

Fourier transform of an image. 

 Unfortunately, there is no general theory for 

determining what ‘good’ image enhancement is when it 

comes to human perception. If it looks good, it is good! 

However, when image enhancement techniques are used as 

pre-processing tools for other image processing techniques, 

then quantitative measures can determine which techniques 

are most appropriate. 

III. IMAGE ENHANCEMENT IN FREQUENCY DOMAIN 

Image enhancement in the frequency domain is 

straightforward. We simply compute the Fourier transform of 

the image to be enhanced, multiply the result by a filter (rather 

than convolve in the spatial domain), and take the inverse 

transform to produce the enhanced image. The idea of 

blurring an image by reducing its high frequency components 

or sharpening an image by increasing the magnitude of its 

high frequency components is intuitively easy to understand. 

 
Fig. 1: Basic Steps in Frequency Domain Filtering 

 There are few basic steps in frequency domain 

filtering. Figure 1 shows the block diagram of the filtering 

steps in frequency domain. The preprocessing stage might 
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encompass procedures such as determining image size, 

obtaining the padding parameters and generating the filter. 

Post processing entails computing the real part of the result, 

cropping the image and converting it to certain class for 

storage. 

IV. INTRODUCTION OF FILTERS 

Image after transformation to frequency domain can be 

modified with frequency filters the concept of filtering is 

easier to visualize in the frequency domain. Therefore, 

enhancement of image f (m, n) can be done in the frequency 

domain, based on its DFT F (u, v). 

 Frequency domain filtering includes the following 

techniques. 

1) Gaussian filter 

2) High Boost filter 

3) Laplacian filter 

4) Lee filter 

5) Kaun filter 

6) High pass kernel filter 

7) Low pass kernel filter 

8) Median filter 

V. HISTOGRAM EQUALIZATION 

Histograms are a way of visualizing the predominant 

intensities of an image. As a definition, image histograms are 

a count of the number of pixels that are at a certain intensity. 

When represented as a plot, the x-axis is the intensity value, 

and the y-axis is the number of pixels with that intensity 

value. 

 The idea behind Histogram Equalization is that we 

try to evenly distribute the occurrence of pixel intensities so 

that the entire range of intensities is used more fully. We are 

trying to give each pixel intensity equal opportunity; thus, 

equalization. Especially for images with a wide range of 

values with detail clustered around a few intensities, 

histograms will improve the contrast in the image. 

VI. MEASUREMENT 

The quality of the images will also be measured by the 

traditional distortion measurements such as MSE and PSNR 

between the original images and the output images. 

A. Mean Square Error (MSE) 

The quality of the images will be measured by the traditional 

distortion measurements such as mean square error (MSE) 

between the original images and the output images. The 

mean-squared error (MSE) of the output image is defined as 

MSE =  
∑ ∑ ⎸x(i, j) − x^(i, j)⎸2N

j=1
M
i=1

MN
 

 Where the original image is x(i, j), x^(i, j) is the 

output image, and MN is the size of the image. 

B. Peak Signal-to-Noise Ratio (PSNR) 

The peak signal-to-noise ratio (PSNR) is defined as 

PSNR = 20 log10

2N − 1

√MSE
(dB) 

Where N is the number of bits used in representing the pixel 

of the image. For grayscale image, N is 8. 

VII. RESULTS OF FILTERED IMAGES 

 
Fig.2 (A): Original Image Fig.2 (B): Gaussian Filter 

 
Fig.2(C): High Boost Filter Fig. 2(D): Laplacian Filter 

 
Fig. 2(E): Lee Filter Fig. 2(F): Kaun Filter 

 
Fig. 2(G): High Pass Kernel Fig. 2(H): Low Pass Kernel 

 
Fig. 2(I): Median Filter Fig. 2(J): Histogram Image 

 MSE PSNR(dB) 

Gaussian filter 4.1289 52.3418 

High Boost filter 4.1032 54.2179 
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Laplacian filter 6.7421 48.8296 

Lee filter 6.6292 59.1290 

Kaun filter 7.9665 57.1886 

High pass kernel filter 6.2322 47.4582 

Low pass kernel filter 6.2631 48.8621 

Median filter 0.0027 64.5211 

Histogram Equalization 0.2303 36.3542 

Table I: Results of Parameters 

VIII. CONCLUSION 

In this paper, we proposed a contrast enhancement system for 

image sequences which can enhance contrast with 

suppressing undesired noise amplification based on median 

filtering processing. Based on the results in table 1, by 

measuring the MSE and PSNR, it shows that median filtering 

is the best technique in enhancing the ultrasound kidney 

image compared to other filter techniques. On the other hand, 

in detecting liver edges, histogram equalization is more 

preferred compared to median filtering. For ultrasound liver 

image, if the whole image were taken into consideration (by 

measuring MSE and PSNR), median filtering seems to be the 

best option. If the evaluator is concerning more on the liver 

edges, median filtering and histogram equalization should be 

taken into consideration. . So it affords strength evidence for 

doctor in clinic diagnosis and is convenient for later auto 

classification and identification. 
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