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ABSTRACT 

 Ultrasound imaging is one of the imaging techniques that commonly used in the 

medical imaging beside X-ray, MRI and CT scan. It is a technique that provides Non-

invasive, non-destructive and also low cost for imaging. However, ultrasound imaging will 

afford images with a speckle Noise which make the images unclear and this is a failure of 

Ultrasound images. Therefore, to enhance the ultrasound images of bone fracture, a study was 

carried out and it involved contrast enhancement of the image using filtering techniques such 

as Average, Median, Gaussian and Wiener filters for the speckle reduction. The level of 

improvement obtained through these four filtering techniques is discussed in this paper. 

Amongst the three techniques, the Wiener filtering is a better technique in reducing the 

speckle without eliminating the image edges. It was found through visual inspection and 

histogram analysis. 

 

KEYWORDS: Average filter, Contrast Enhancement, Gaussian filter, Histogram 

equalization, Median filter, Ultrasound imaging, Wiener filter.  

 

1INTRODUCTION 

 Ultrasound imaging is well-developed and plays a distinctive role in industrial or 

medical field. In the medical field, it’s been used for a diagnosis and treatment because it is a 

non invasive, nonradioactive, real-time and inexpensive imaging modality [1]. Ultrasound 

imaging used to visualize and examine a part of human anatomy in clinical studies [2]. 

However, the occurrence of speckle is a problem in ultrasound. Speckle is the artifact caused 

by the interference of energy from randomly distributed scattering [3]. Speckle noise contains 

high grey level intensity through visual inspection [4]. 

 

II. LITERATURE REVIEW 

Yanchun et al. [5] proposed an algorithm for image de-noising based on Average filter with 

maximization and minimization for the smoothness of the region, unidirectional Median filter 
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for edge region and Median filter for the indefinite region. It was discovered that when the 

image is corrupted by both Gaussian and impulse noise, neither Average filter nor Median 

filter algorithm will obtain a result good enough to filter the noise because of their algorithm. 

The image is divided into different regions using neighbourhood contrast intensity and 

employ different methods to de-noise the pixels in different regions. This is not only to 

maintain the characteristic that the Average filter algorithm has a better de-noising effect on 

Gaussian noise, but take into account that Median filter algorithm can better preserve the 

details Wiener filters are extensively used for inverse problems. The finest restored signal 

using wiener filter is obtained by averaging the original signal with noise [6]. F. Jin et al. [7] 

Have used an adaptive weighted averaging approach was used to estimate the second-order 

statistics required by the Wiener filter. From the experiment, it shows that the result from 

Wiener filter has improved the peak-to-peak signal noise to ratio (PSNR) by about 1dB. It has 

also improved the annoying boundary noise significantly. 

  
1. Mean filter or average filter or low pass filter 

1.1 Brief description 

Mean filtering is a simple, intuitive and easy to implement method of smoothing images, i.e. 

reducing the amount of intensity variation between one pixel and the next. It is often used to 

reduce noise in images. 

1.2 Operation of mean filter:   

The idea of mean filtering is simply to replace each pixel value in an image with the mean 

(‘average’) value of its neighbors, including itself. This has the effect of eliminating pixel 

values which are unrepresentative of their surroundings. Mean filtering is usually thought of 

as a convolution filter. Like other convolutions it is based around a kernel, which represents 

the shape and size of the neighborhood to be sampled when calculating the mean. Often a 3x3 

square mask is used, as shown in fig.1, although larger mask (e.g.5x5 squares) can be used 

for Smoothing. (Note that a small mask can be applied more than once in order to produce a 

similar but not identical effect as a single pass with a large kernel.) 

    

    3x3 spatial mask =1/9     

 

 

Figure: 3x3 averaging mask often used in mean filtering 

 

1 1 1

1 1 1

1 1 1
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  Similarly, then 5x5 averaging mask= 1/25     

                                                                                            

  

 

 Figure: 5x5 averaging mask used in mean filtering 

 
Computing the straightforward convolution of an image with this kernel carries out the mean 

filtering process. 

1.3 The Limitation of averaging filtering is given below: 

1.3.1 Averaging operation leads to the blurring of an image. Blurring affects feature 

localization. 

1.3.2 If the averaging operation is applied to an image corrupted by impulse noise then the 

impulse noises is attenuated and diffuse but not removed. 

1.3.3 A single pixel, with a very unrepresentative value can affect the mean value of all the 

pixel in its neighbourhood significantly. 

 2. Median filter 

2.1 Brief description 

The median filter is normally used to reduce noise in an image, somewhat like the mean filter. 

However, it often does a better job than the mean filter of preserving useful detail in the image. 

2.2 Median filter operation 

Like the mean filter, the median filters consider each pixel in the image in turn and looks at 

its nearby neighbors to decide whether or not it is representative of its surroundings. Instead 

of simply replacing the pixel value with the mean of neighboring pixel values, it replace it 

with the median of those values. The median is calculated by first sorting all the pixel values 

from the surrounding  neighborhood into numerical order and then replacing the pixel being 

considered with the middle pixel value.(if the neighborhood under consideration contains an 

even number of pixels, the average of the two middle pixel values is used.) figure 2 illustrates 

an example calculation. 

 

 

 

 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 
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123 125 126 130 140 

122 124 126 127 135 

118 120 150 125 134 

119 115 119 123 133 

111 116 110 120 130 

 
 
Neighborhood values:115,119,120,123,124,125,126,127,150  Median value: 124 

Fig.2. Calculating the median value of a pixel neighborhood. As can be seen, the central pixel 

value of 150 is rather unrepresentative of the surrounding pixels and is replaced with the 

median value: 124. A 3x3 square neighborhood is used here ---- Large neighborhoods will 

produce more severe smoothing. 

 

3. Gaussian Low Pass Filter 

The Inverse Fourier Transform of the Gaussian low pass filter also is Gaussian. In terms of 

current interest, this also means that a spatial Gaussian filter.  

Gaussian filtering is used to blur images and remove noise and detail. In one dimension, the 

Gaussian function is: 

                                            G(x)  

Where σ is the standard deviation of the distribution. The distribution is assumed to have a 

mean of 0.Standard Deviation 

The Standard deviation of the Gaussian function plays an important role in its behaviour. The 

values located between +/- σ account for 68% of the set, while two standard deviations from 

the mean account for 95%, and three standard deviations account for 99.7%. 

This is very important when designing a Gaussian kernel of fixed length. 

The Gaussian function is used in numerous research areas: 

– It defines a probability distribution for noise or data. 

– It is a smoothing operator. 

– It is used in mathematics. 

The Gaussian function has important properties which are verified with Respect to its 

integral. In probabilistic terms, it describes 100% of the possible values of any given space 

when varying from negative to positive values Gauss function is never equal to zero. The 

Gaussian filters works by using the 2D distribution as a point-spread function. This is 
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achieved by convolving the 2D Gaussian distribution function with the image .We need to 

produce a discrete approximation to the Gaussian function. This theoretically requires an 

infinitely large convolution kernel, as the Gaussian distribution is non-zero everywhere. 

Fortunately the distribution has approached very close to zero at about three standard 

deviations from the mean. 99% of the distribution falls within 3 standard deviations. This 

means we can normally limit the kernel size to contain only values within three standard 

deviation of the mean. The Gaussian filter is a non-uniform low pass filter. The kernel 

coefficients diminish with increasing distance from the kernel’s centre. Central pixels have a 

higher weighting than those on the periphery. Larger values of σ produce a wider peak 

(greater blurring).Kernel size must increase with increasing σ to maintain the Gaussian nature 

of the filter. Gaussian kernel coefficients depend on the value of σ. At the edge of the mask, 

coefficients must be close to 0.The kernel is rotationally symmetric with no directional bias 

.Gaussian kernel is separable, which allows fast computation. Gaussian filters might not 

preserve image brightness 

  

4. Wiener filter 

 Wiener filters are a class of optimum linear filters which involve linear estimation of a 

desired signal sequence from another related sequence the wiener filter solves the signal 

estimation problem for stationary signals. The filter was introduced by Norbert wiener in the 

1940’s. A major contribution was the use of a statistical model for the estimated signal (the 

Bayesian approach).The filter is optimal in the sense of the MMSE. As we shall see, the 

Kaman filter solves the corresponding filtering problem in great Generality, for no stationary 

signals. 

4.1 Wiener filter description 

The goal of the wiener filter is to filter out noise that has corrupted a signal. It is based on a 

statistical approach. Typical filters are designed for a desired frequency response. However, 

the design of the wiener filter takes a different approach. one is assumed to have knowledge 

of the spectral properties of the original signal and the noise , and one seeks the linear time 

invariant filter whose output would come as close to the original signal as possible. Wiener 

filters are characterized by the following. 

1. Assumption: signal and (additive) noise are stationary linear stochastic processes with 

spectral characteristics 

Or know autocorrelation and cross-correlation. 
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2. Requirement: the filter must be physically realizable/causal. 

3. Performance criterion: minimum mean –square error (MMSE). 

4.2 Wiener filter operation  

Frequency filtering is based on the Fourier transform. The operator usually takes an image 

and a filter function in the Fourier domain. This image is then multiplied with the filter 

function in a pixel by pixel Fashion: 

                                       G(x) =F (k, l) H (k, l) 

Where f (k, l) is the input image in the Fourier domain, h (k, l) the filter function and g (k, l) 

is the filtered image. To obtain the resulting image in the spatial domain, g (k, l) has to be 

retransformed using the inverse Fourier transform.       

III. METHODS AND MATERIALS 

1. Image Acquisition 

Image acquisition is the important part to ensure the acquired ultrasound image has a good 

quality. The quality of the ultrasound images depends on the types of probe and how it is 

positioned, the experience of the examiner and the features of the ultrasound scanner itself. 

The compressed ultrasound images were obtained from [11] and used in this study. 

2. Filters 

Fig. 1 shows the process flow for the filtering process. The four filtering techniques were 

examined and compared to determine which one would be able to reduce speckle noise, and 

also able to enhance ultrasound images. Average, Median, Gaussian and Wiener filtering 

techniques were studied. The filtering was implemented using MATLAB V7.5 [13].In the 

first step, the original ultrasound image is improved using contrast enhancement. Thereafter, 

the four filtering techniques are applied separately and the output image is generated. From 

the output images, the differences of images are analysed based on the histogram analysis and 

visual inspection. 
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Figure1. Process flow of the filtering process 

 
IV. RESULTS AND DISCUSSION 

The image enhancement of knee Fracture is shown in Fig. 2.  

A. Knee fracture: 

 

              
                   a                                       b                                                  c 
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 k   l    m   n 
 
Fig.2. Filtering technique of Knee fracture ultra sound image. (a) The original image of Knee 

fracture and (b) is the histogram of original image.(c) Speckle Noisy image (d) Histogram of 

speckle noisy image (e)is the image after applying contrast enhancement technique and (f) is 

its histogram. Then, (g) is the image after applying Average filtering technique and (h) is its 

histogram (i) is the image after applying median filter and (j) is its histogram (k) is the image 

after applying Gaussian filtering technique and (l) is its histogram (m) is the image after 

applying wiener filter technique and (n)is its histogram. The results in Fig. 2, shows that the 

images were blurred after applying the Median, Gaussian, Average and Wiener filtering 

techniques. The blurring in Median filtering reduces the speckle noise while keeping the 

image edges. However, the resulting blurring in Average filtering is different from Median 

filtering. In the Average filtering, the speckle noise and the image edges were reduced. By 

using Wiener filtering, the speckle is reduced but the image edges are intact. Also, the images 

are sharper compared with Median, Gaussian and Average filtering. Although speckle is 

reduced well and structures are enhanced using Wiener filter, however, some details are lost 

and some are over-enhanced. An analysis of the Histogram of the images after applying the 

three filtering techniques shows that the Median filtering was able increase the intensity value 

at a certain point in the image, whilst, the Average filtering was able to the increase the value 

of pixels but the intensity value was decreased. The Wiener filtering showed a similar trend 

of the Average filtering. However, the intensity values of Wiener filtering are higher than that 

of Average filtering and this resulted in making the images sharper. Table A, from fig.2, we 

have to add speckle noise to the Original image and see the result from the different filtering 

techniques. We have to add Gaussian noise and speckle noise to the Original image and see 

the result from the different filtering technique. 
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Table A, from fig.2.   

 
V. CONCLUSION 

The paper discussed the investigation of speckle and Gaussian noise reduction using four 

different filtering techniques i.e Median, Average, Gaussian and Wiener in ultrasound 

images. It was found that amongst the four techniques, the Wiener filtering is a better 

technique in reducing the speckle and Gaussian without eliminating the image edges. The 

results as shown from table A in figure. 2, Wiener filter of the MSE value very small 

comparative other filters and PSNR value is high comparative another filters. Work is 

continuing in identifying and using other suitable techniques such as wavelets that can reduce 

speckle considerably. 
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S.NO. 

 
Filters 

 
MSE(Mean Square error) 

 
PSNR(Peak-to-Peak signal noise 
ratio) 

1 Average filter 1.3772 46.7409 
2 Median  filter 0.0251 64.1339 
3 Gaussian  filter 0.0414 61.9659 

4 Wiener filter 1.0681℮-004 87.8446 


