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Abstract— Now a day's visual information transmitted in the form of digital images is becoming a major method of 
communication, but the image obtained after transmission is often corrupted with noise. Noise hides important details of 
images. To enhance the image qualities, we have to remove noises from the images without loss of any image information. 
Image denoising is one such powerful methodology which is deployed to remove the noise through the manipulation of the 
image data to produce very high quality images. There are different types of noises which corrupt the images. These noises 
are appeared on images in different ways: at the time of acquisition due to noisy sensors, due to faulty scanner or due to 
faulty digital camera, due to transmission channel errors, due to corrupted storage media. Noise removing in ultrasound 
image may be a difficult task in image process. Speckle may be a multiplicative noise in nature. Multiplicative noise removal 
is harder than additive noise. In this paper we had use various filters to remove the speckle noise in medical images. Also we 
had calculated few major parameters like Peak signal to Noise Ratio (PSNR) and Mean square error (MSE) of all filters and 
compared the results.   
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1. INTRODUCTION 
 
From last few decades, several new imaging 
techniques have been invented such as CT scan, 
SPECT, ultrasound, digital radiography, magnetic 
resonance imaging (MRI), spectroscopy and others. 
These techniques have diagnostic radiology, which 
provides the clinician with new information about the 
interior of the human body which has been not 
available before. Due to non-invasive and low cost 
technique we are interested on the ultrasound imaging 
which is a popular to observe the behaviour of 
organs. In this technique transducer produce 
ultrasonic waves and which travels through tissues of 
human body. The return sound wave vibrates the 
transducer which turns into electrical pulses that 
travel to the ultrasonic scanner where they are 
processed and transformed into a digital image [12]. 
Impulse [11], speckle [3],Gaussian [4] etc. are types 
of noise remove using ultrasonic technique. In the 
literature Wavelet Transform (WT) is widely due to 
its multi resolution capabilities and due to energy 
compaction property used for image de-
noising[6].Also it is seen that ANN is being used as 
an image denoising tool due to its robustness and 
human like learning capacity [1]. 
Temporal averaging homomorphic Wiener filtering. 
temporal averaging [11], adaptive speckle reduction 
[10], median filtering[10] and wavelet Thresholding 
this are methods have been used to remove speckle 
noise [1] [3]. The local statistical properties of the 
image in which speckle noise can be well reduced but 
small detailstend to be lost is the advantage of 
Adaptivefilters[10][11]. The use of nonlinear PDEs 
methods involving anisotropic diffusion has 
significantly grown and becomes an important tool 
inoccurring image processing in the last few decades. 
The concept behind the anisotropic diffusion is to 

introduce an adaptive smoothness constraint in the 
denoising process.  
Here, we had given speckle denoising using 
multilevel wavelet with neural network [13] and 
second method is hybrid filter using adjacent pixel 
intensity values are reduced and it protects the high 
frequency components in image [14]. This method is 
not considered as one of the best technique for 
speckle removal because the speckle noisy image 
filtered by adaptive median filter cannot have any 
value. The hybrid median filter is another 
modification of median filter. This is also called as 
corner preserving median filter. Even with the extra 
logic and manipulation of values, the hybrid 
technique is quicker than the traditional median [3]. 
The modified version of the hybrid median filter uses 
the maximum value of the 45degree neighbours and 
the median value of the 90degree neighbours are 
compared with the central pixel and the median value 
is set as a new pixel [4]. 
 
II. IMAGE TYPES 
There are three type of image, which is described 
below. 
 
2.1 Binary image 
Logical array containing only 0s and 1s, interpreted 
as black and white, respectively. 
 
2.2 Grayscaleimage 
Gray scale is also known as an intensity or gray level 
image. Array of class uint8, uint16, int16, single, or 
double whose pixel values specify intensity values. 
For single or double arrays, values range from [0,1]. 
For uint8, values range from [0,255]. For uint16, 
values range from [0, 65535]. For int16, values range 
from [-32768, 32767].  
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2.3 True colorimage 
It is also known as an RGB image. In this image each 
pixel is specified by three values one each for the red, 
blue, and green components of the pixel scalar.  
 
2.4 RGB to Gray conversion 
To convert a (RGB) color image in to Gray scale we 
have to use the following formula. 
 
Intensity = 0.2989*red + 0.5870*green + 0.1140*blue 
 
III. FILTERING 
 
There are many meanfiltering techniques which are 
application oriented to recover the image from its 
noise. Some filtering techniques have better effects 
than the others according to noise category. Here are 
two various techniques 1. De-speckle using 
multilevel wavelet and neural network. 2. De-speckle 
using hybrid filters. 
 

 
Fig.1. Tentative block diagram 

 
Discrete Wavelet Transform(DWT) 
This technique was developed to apply the wavelet 
transform to the digital world. Filter banks are used to 
approximate the behavior of the continuous wavelet 
transform. The signal is decomposed with a high-pass 
filter and a low-pass filter. The coefficients of these 
filters are computed using mathematical analysis and 
made available to you.  
 

 
Fig.2. One level 2D Decomposition 

 
Neural Network 
Neural networks consist of a different architectures. 
In many cases, the issue is approximating a static 
nonlinear, mapping f (x) with aneural network 푓 (x).  
 
Multilayer Layer Perceptron (MLP) and Radial Basis 
Function (RBF) networks are most useful neural 
networks in functions. Here we concentrate on MLP 
networks. 

 
Fig .3. Simple Artificial Neural Network 

 
3.1 Anisotropic diffusion filter 
This filter is based on partial differential 
equation(PDE). It does not depend upon the window 
size but, Mean Square Error approach providesbetter 
filtering capability and enhancement of the 
edges.Thinning and linking of the edges which was 
one of the issuesin traditional filters, was removed 
using anisotropic diffusion filter as itpreserves the 
edge junctions and does notinvolve comparison of 
images at different scales. According to applications 
such as denoising thehighly degraded edges or 
enhancement of coherentimages anisotropic diffusion 
filters is better than the isotropic filters. 
 
3.2 Arithmetic Mean Filtering (AMF) Technique 
AMF technique is the simplest of the mean filtering 
techniques. Let 푆 represent the set of coordinates in 
a rectangular sub image window of size m × n 
centered at point (x, y). The average value of the 
corrupted image is calculated by AMF technique. g(x, 
y) in the area defined by	푆 . The value of restored 
image f at any point (x, y) is simply theNoise 
impulses can be either negative or positive. In an 
image impulse noise generally is digitized as extreme 
(pure black and white) values. Hence a and b are 
considered as “Saturated values”, in the sense that 
they are equal to the minimum and maximum allowed 
values in the digitized image. As a result, black 
(Pepper) points in an image are negative impulses. 
For the same reason positive impulses appear as 
white (Salt) noises. For an 8 bit image we can 
consider as a=0 (black) and b=255 (white). 
Arithmetic Mean computed using the pixels in the 
region defined by	푆 . We can express AMF by the 
equation. 
 
푓(푥,푦) = 	 ∑ 푔(푠, 푡)( , )∈	                                  (1) 
 
 
3.3. Modified Median (Median): 

In this filterpixel value is consider asthe 
median of median pixelvalue of 4-neighbourhood of 
some extent ‘p’, medianpixel value of cross neighbors 
of some extent ‘p’ andpixel value of ‘p’. The filter 
can be defined as, 
 

푔(푝) = 푚푒푑푖푎푛
푚푒푑푖푎푛{푓(푝),푝€	푁 	(푝)}
푚푒푑푖푎푛{푓(푝), 푝€푁 (푝)}

푓(푝)
        (2) 
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3.4. Modified Median (Max) 
In this filter pixel value is consider as the 

maximum of medianpixel value of 4-neighbourhood 
of some extent ‘p’,median pixel value of cross 
neighbors of some extent‘p’ and pixel value of ‘p’. 
The Modified Median (Max)filter is defined as, 
 

푔(푝) = 푚푎푥푖푚푢푚
푚푒푑푖푎푛{푓(푝),푝€	푁 	(푝)}
푚푒푑푖푎푛{푓(푝), 푝€푁 (푝)}

푓(푝)
 (3) 

 
 
3.5. Modified Median (푵ퟒMedian): 
In this filter pixel value is consider as the median of 
median pixelvalue of horizontal neighbors of some 
extent ‘p’, median pixel value of vertical neighbors of 
some extent‘p’ and pixel value of ‘p’. This filter is 
defined as, 
 

푔(푝) = 푚푒푑푖푎푛
푚푒푑푖푎푛{푓(푝),푝€	퐻 	(푝)}
푚푒푑푖푎푛{푓(푝), 푝€푉 (푝)}

푓(푝)
      (4) 

 
3.6. Modified Median (푵ퟒ Max): 
In this filter pixel value is consider as the maximum 
of medianpixel value of horizontal neighbors of some 
extent ‘p’,median pixel value of vertical neighbors of 
some extent‘p’ and pixel value of ‘p’. This filter is 
defined as, 
 

푔(푝) = 푚푎푥푖푚푢푚
푚푒푑푖푎푛{푓(푝),푝€	퐻 	(푝)}
푚푒푑푖푎푛{푓(푝), 푝€푉 (푝)}

푓(푝)
(5) 

 
3.7. Modified Median (푵푫Median): 
In this modified median(ND median)filter pixel value 
is consider as the median of median pixelvalue of left 
diagonal neighbors of some extent ‘p’,median pixel 
value of right diagonal neighbors of someextent ‘p’ 
and pixel value of ‘p’. This filter is defined as, 
 

푔(푝) = 푚푒푑푖푎푛
푚푒푑푖푎푛{푓(푝),푝€	퐿 	(푝)}
푚푒푑푖푎푛{푓(푝),푝€푅 (푝)}

푓(푝)
     (6) 

 
3.8. Modified Median (푵푫 Max): 
In this filter pixel value is consider as  the maximum 
of medianpixel value of left diagonal neighbors of 
some extent‘p’, median pixel value of right diagonal 
neighbors ofsome extent ‘p’ and pixel value of ‘p’. 
The filter isdefined as, 

푔(푝) = 푚푎푥푖푚푢푚
푚푒푑푖푎푛{푓(푝),푝€	퐿 	(푝)}
푚푒푑푖푎푛{푓(푝),푝€푅 (푝)}

푓(푝)
   (7) 

 
3.9. Modified Mean (Max): 
In this filter pixel value is consider as the maximum 
of mean pixel valueof 4-neighbourhood of some 

extent ‘p’, mean pixel valueof cross neighbors of 
some extent ‘p’ and pixel value of‘p’. This Modified 
Mean (Max)filter is defined as, 
 

푔(푝) = 푚푎푥푖푚푢푚
푚푒푎푛{푓(푝),푝€	푁 	(푝)}
푚푒푎푛{푓(푝), 푝€푁 (푝)}

푓(푝)
      (8) 

 
IV. HYBRID FILTER 
 
To remove the speckle noise (hybrid filter) we had 
combined more than one filtering technique, here, we 
had explained theoretical and equation part. 
 
4.1. Modified Median (Max) and Modified Mean 
(Max): 
In this filter pixel value is consider as the maximum 
value of modified median(maximum) pixelvalue of 8-
neighbourhood of some extent ‘p’ andmodified mean 
(maximum) pixel value of 8-neighborhood of some 
extent ‘p’ and pixel value of ‘p’.This filter is defined 
as, 

 
 
4.2. Modified Median (푵ퟒMax) and Modified 
Median(푵푫Max): 
In this filter pixel value is consider as the maximum 
value of modified median(N4 maximum) pixel value 
of 8-neighbourhood of some extent ‘p’ and modified 
median(ND maximum) pixel value of 8-
neighborhood of some extent ‘p’ and pixel value of 
‘p.This filter is defined as, 

 
 
V. METRICS MEASUREMENT 
 
The above algorithms are tested with different variety 
of grayscale images. The performance of the 
algorithm is estimated using mean square error 
(MSE), peak signal to noise ratio (PSNR in dB), 
image enhancement factor (IEF), and computation 
time in seconds. The values are tabulated in tablefor 
Medical image. 
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VI. RESULTS AND DISCUSSION 
 

 
Fig.4. Denoising using 1st Technique (Multilevel wavelet and 

neural network) 
 

 
Fig.5. 2nd Technique (Hybrid filter) Input and Noisy image 

 

 
Fig.6. Denoising using Mean, Median, Wiener and Frost Filter 
 

 
Fig.7. Denoising using Modified Filter 

 
Fig.8. Denoising using Hybrid Filter 

 
We calculate the value for Mean Square Error (MSE), 
Peak Signal to Noise Ratio (PSNR) and Efficiency 
for de-noised image using equations 10, 11. 
PSNR computes the peak signal to noise ratio, in 
decibels between two images. This ratio is often use 
as a quality measurement between the original and 
compressed image. The higher is the PSNR better is 
the quality of compressed or reconstructed image.  
The MSE and PSNR are the two error matrices used 
to compare image compression quality. The MSE 
represents the cumulative squared error between 
compressed and original image whereas PSNR 
represents a measure of the peak error. The lower 
value of MSE, the lower is the error. 
 

 
 
CONCLUSION 
 
This paper provides detail information of Speckle 
noise removal, here we had discussed various 
algorithm and we had compare the result of all 
different methods.This filter is tested with different 
densities ofnoise and it shows consistent result over 
the range of noisedensities. This filter is useful for 
removal of specklenoise even in the case when image 
is corrupted by high densityof noise. From above 
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results we can conclude that, the 2nd method i.e. de-
speckle using hybrid filters is more efficient than 1st 
method i.e. De-speckle using multilevel wavelet and 
neural network. 
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