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Abstract: Biomedical imaging shows a substantial role in the 

era for diagnosis of cancer. Ultrasound (US) imaging modality is 
widely used in comparison to other modalities for disease 
diagnosis  because it not being or involve in invasive medical 
procedure. US is a real-time imaging modality, economically, 
reliable and not uses harmful radiation during the diagnosis. The 
noise present in US, reduces the visuality and quality of US 
images is called speckle noise. It degrades the fine details of US 
image which causes difficulty in effective feature calculation, 
analysis and edge detection. Speckle noise effects image 
interpretation and causes misdiagnosis due to bed quality of the 
images. Many speckle noise reduction techniques have been 
investigated by various researchers for noise free images. In this 
paper, a detailed overview about different despeckling filters is 
presented with different evaluation parameters. This study will 
help the researchers to select efficient despeckling technique for 
preprocessing of US images. 
 

Keywords : despeckling, denoising techniques, Ultrasound, 
evaluation parameter.  

I. INTRODUCTION 

Medical imaging is the fastest growing field in the world 
wide. It is the fundamental tools for analyzing, visualizing and 
diagnosing the biomedical imaging of the patients. 
Biomedical imaging established a data base using internal 
images of the body to identified abnormalities that are used 
for patients and information obtained from images that the 
radiologist or technologist analyzed the disease for 
effectiveness medical treatment. Ultrasound imaging is 
widely used as compare to other modalities due to its various 
features i.e real-time, economically reliable and   harmless 
radiations[1]. Speckle noise is introduces during image 
acquisition process due to interference [2][3]. The accuracy 
of diagnosis decreases due to availability of speckle noise[3]. 
Despeckling is used to improves the smoothness of the US 
images but sometimes smaller objects may be detached during 
filtering process. Despeckling become a challenging job to 
reduce noise in the ultrasound images where various 
despeckling filtering or algorithms have been developed from 
various researchers for enhancing image quality, 
segmentation and classification of medical ultrasound 
diagnosis problem. Despeckling filtering provides better 
edges and preserve diagnosis information in from of 
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visualization of the images. Hence, despeckling filtering 
becomes a major challenge to remove speckle noise without 
degrading the image quality [4]. 

II.  NOISE MODEL 

In the ultrasound images, a granular pattern is present 
called as speckle [5]. Speckle noise removes the small grey 
level information from the image which is objectionable. It is 
multiplicative in nature and corrupts the important diagnosis 
information and thus makes problematic to the radiologists 
for correct interpretation and diagnosing   effectively. 

Mathematically speckle noise[6] is expressed as in eqn. (1)  
E(p, t) = O (p, t) * S (p, t) + A(p, t)        (1) 

Where E(p, t) is corrupted image due to noise, O(p, t) is the 
original image, S(p, t) is multiplicative noise   and A(p, t) 
represents additive noise. If the effect of additive type  noise is 
ignored then speckle noise model may be represented as[6] in 
eqn. (2) 

E (p, t) = O(p, t) * S (p, t)        (2) 
Speckle noise is directly depends to the grey level in any 

area so that they are statistically independent. 

III. DESPECKLING FILTERS 

There are various type of noise that appears in ultrasound 
images due to different factors such as image capturing, image 
acquisitions, compressing images, transforming images etc. 
Speckle noise removal algorithms are proposed by various 
researchers called as despeckling filtering for good visual 
interpretation of the images whereas some filters are good in 
smoothing capabilities and noise reduction so that selection of 
the best despeckling filtering becomes a challenging task 
[7][8]. The despeckling filtering are classified in three 
categories as Local statistics based or linear filters, non-linear 
iteration filters and special type despeckling techniques. 

A. Local Statistics Based or Linear Filters 

The output of local statistics based despeckling filters are 
used local statistics mean and variance. Local statistics are 
computed by weighted average value over different kernel 
size of window varying from 3 to 15 
The general form of linear based fitter[10] is given in eqn. (3) 

       (3) 

Where   denotes local mean value,  represent denoised 

pixel value image,  is the noisy pixel value image,  (i, j) 

represents the co-ordinates of pixels and  is windowing 

factor.  
In local statistics or linear category the filters are: Lee [9], Lee 
Sigma [10], Kaun [11], Frost [12], Local Statistics Minimum 
Speckle Index [13],  
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[14], LSMV [14], Wiener [13]–[15], Mean or Average [13]. 

B. Non-linear Iterative Filters 

    During the image acquisition the real time estimation 
problem occurs in non-linear filtering and to avoid this 
problem using non-linear iterative filters. Under this category 
the filters are Shock [13], Bilateral[16]  Median[17][18], 
Hymedian [13], [14], Maximum Homogeneity [13][14], 
Homomorphic, Geometric [13], SRAD ( Speckle 
Reduction)[13], Anisotropic Diffusion [13], DPAD (Detail 
Preserving) [13], CA [13], [14], Linear Scaling  [13], [14], 
Linear Scaling And Sorting) [13], [14], Riplet Transform 
filter [34]. 

C. Special Type Despeckling Techniques 

Under this category different filters are used as fuzzy based, 
Transformed Based, Multiscale, Non-Local mean (NLM), 
Total Variation (TV) and hybrid filters. 
      Medi           adequately removes the speckle noise 
present in images while edges information are not 
well-preserved [18], [19]. Fuzzy filter used to remove impulse 
noise. Fuzzy filters used as Triangulation Median [20], [21], 
Triangulation Moving Average[20], [21], Asymmetrical 
Triangulation Median [20], Asymmetrical Triangulation 
Moving Average [20], [21]. 
     Filtering in frequency domain is straight forward 
compared to spatial domain when denoising the images. 
Hence noise can be easily identified in frequency domain. 
Some transformed based categories are Fourier transformed 
based filtering [22], Wavelet transformed based filtering and 
Diffusion filtering. In Fourier filtering there are some filters 
used as Ideal, Homomorphic Ideal, Butterworth, 
Homomorphic Butterworth [22] as Fourier operation. 

 
Table- I: Special type algorithms 

S. 
No. 

Authors Techniques Significance 

1 Iman Elyasi 
et.al (2016) 
[37]  

TV and modified 
bayes shrink 
algorithm 

Remove speckle 
noise from US 
images. 

2 Andreia 
Seixas Leal 
et.al (2019) 
[38] 

Daubechies, 
Symmlet, Coiflet 
and Biorthogonal 
families 

Remove speckle 
noise from US 
images. 

3 Puu-An Juang 
et.al (2007) 
[39] 

Utilizes wiener filter 
with pseudo-inverse 
technique 

Used to cut the 
speckle noise. 

4 Mark P. 
Wachowiak 
et.al (2000) 
[40] 

Different Neural 
Networks  used  

To classify the  noise  
in ultrasound  
images. 

5 Jing Tian et.al 
(2010) [41] 

Ant colony 
optimization called 
Ant Shrink 

Used to classify the 
wavelet coefficients 
and further used for 
image denoising. 

Multiscale filter noise reduction methods used for reduction 
of multiplicative and additive noise with texture preservation. 
These types of filters depend on the changing the original 
image into diverse scales. Numerous filters included in this 
category are MPT (Multiscale Product Thresholding)[23], 
M-band Ridgelet [22], Inter Orthonormal Wavelet 
Thresholding[23], [24], Block shrink filter [25], Bayes shrink 
filter [26], ProbShrink [22], Generalized Likelihood 
Estimation Method[22], NSS (Neigh Shrink Sure) [25]. 
    Total variation filters are used to preserve the texture 
features. It preserves the sharpness of the images. This 
technique published by Rudin et al. [27]. Under this category 

the different filters are Total Variation [27], Adaptive Total 
Variation [28], Ad p  v  fid    y To    V      o  [28], Rudin, 
Osher, and Fatmi [22]. 
    There are many filters that are combine to create a hybrid 
filter. The combination formed by using geometric filter with 
wiener filter, fuzzy filter with wiener filter etc. [19], 
[20][29-34]. 
    Non-local mean filters used for the areas around each pixel 
in the US image and to generate the metric for the filter 
operation. These filters search the window, and also 
calculates the value of smoothing parameters. Under this the 
filters are Bayesian Optimized Non-Local Means[35], 
Probabilistic Patch [36]. 
   Some other exiting techniques used to reduce the speckle 
noise are as discussed in table I. 

IV. OBJECTIVE ASSESSMENT PARAMETERS 

Suppression of speckle noise done using various filters as 
discussed above. The quality of despeckling filters is judged 
on the basis of various objective assessment parameters. The 
image quality metrics/evaluation depends upon these 
parameters. Table II represents various evaluation parameters 
used in literature. 

Table- II: Assessment parameters 

S. No. Parameters Merits/Uses 

1 SNR- Signal to Noise 
Ratio [1], [13], [23], [19] 

Accepted value of SNR for good 
quality of images is greater than 
20db  

2 PSNR- (Peak Signal  to 
Noise Ratio) [13], [14], 
[19], [22] 

Accepted value of PSNR for 
good quality of images is greater 
than 20db 

3 Contrast to Noise Ratio 
(CNR) [23] 

Quality measurement for medical 
image interpretation 

4 Mean Square Error 
(MSE) [13], [14] 

Accepted value of MSE for good 
quality of images is equal to zero 
or nearly equal to zero. 

5 Root Mean Square Error 
(RMSE) [13], [14], [22] 

Accepted value of RMSE for 
good quality of images is equal to 
zero or nearly equal to zero. 

6 Laplacian Mean Square 
Error (LMSE) [13], [14], 
[22] 

Accepted value of LMSE for 
good quality of images is equal to 
zero or nearly equal to zero. 

7 Average Difference (AD) 
[13], [14], [22] 

Calculates the average difference 
between original images and 
despeckle image. 

8 Maximum Difference 
(MD) [13], [14], [22] 

Calculates the maximum error 
difference between original 
images and despeckle image. 

9 Structural Content (SC) 
[13], [14], [22] 

Range of SC between  
(-1 to 1). 

10 Normalised Average 
Error (NAE) [13], [14], 
[22] 

Used for the prediction of error 
accurately. 

11 Normalised Cross 
Correlation (NK) [13], 
[14], [22] 

Used to measure 
a similarity between the pattern 
and the underlying part of the 
images. 

12 Normalised Error 
Summation [13], [14] 

Used to measure the dissimilarity 
between two images. 

13 Structure Similarity 
Index (SSIM) [13], [14], 
[22], [42] 

Range of SSIM between  
(-1 to 1). 
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14 Mean Structure 
Similarity Index 
(MSSIM) [43] 

It calculates the similarity 
between two images for same 
window size. Range of MSSIM 
between (-1 to 1). 

15 B    M    c (β) [1], [19], 
[44] 

Used for the performance of edge 
preservation is calculated (-1 to 
1). 

16 Image Quality Index 
(IQI) [1], [19], [44] 

Measure the distortion between 
two images 

17 Edge Keeping Index 
(EKI) [34], [45] 

Range of EKI between  
(-1 to 1). 

18 FOM-(Figure of Merit)  
[44] 

Used for edge detection of 
images, ranges between 0 to 1. 
FOM=1, for ideal edge detection. 

19 Correlation Coefficient 
(ρ) [22], [44] 

Used to measure similarity 
between images (original and 
processed of size M × N). 

20 Mixture Distribution 
(MD) [46] 

Used to mix two distribution 
function to reduce the speckle 
noise. 

V. RESULTS 

     In the literature, a lot of despeckling techniques are 
available. In this paper, various despeckling techniques were 
reviewed and categorized under three categories i.e. local 
statistics filters, non-linear iterative filters, and special type 
filters and also elaborated 20 different parameters which have 
been used in literature for the performance evaluation of 
despeckling techniques. All the exiting denoising filters have 
the common aim to eliminate the speckling noise available in 
ultrasound images and to improve visuality of the images. 

VI.  CONCLUSION                              

Every despeckling technique has its own advantages and 
disadvantages. The despeckling technique which is working 
better for liver ultrasound images may not give you better 
results for preprocessing of breast ultrasound images. It 
means that researchers have to take care during the selection 
of despeckling techniques for their work.  This paper will help 
the researchers to get the idea about the various existing 
techniques in this field and motivate them to work further. 
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