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Abstract: The major mode of transmission in the modern 

age is visual information in the form of digital images. The 

image which we received needs processing before it can be 

used in any application. Different types of noise models like 

additive, multiplicative can corrupt the digital image. 

Multiplicative noise occur in various imaging systems 

because of random variation in pixel values. The denoising is 

important because in order to get good results from image 

analysis , the area of interest in digital images must be clear, 

sharp and free from noise. In this paper we will compare the 

number of denoising filters for multiplicative noise that has 

been developed like wiener filter, lee filter and thresholding 

based filtering techniques. The future trends in the field of 

denoising will also be discussed.    
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1. INTRODUCTION 

Image denoising is the most important step in the image 

processing for getting good results of image analysis. The 

digital image can be corrupted with noise during 

acquisition, retrieval, storage and during the transmission. 

Noise which occurs in digital images can be classified as, 

salt and pepper noise, additive white Gaussian noise, and 

speckle noise [1]. The noise removing in these digital 

images remains one of the major difficulties in the study of 

medical imaging because they could mask and can cause 

blurring of important subtle features in the images. So 

that’s why image de-noising still remains a challenge for 

researchers. The main properties of a good image de-

noising model are that it will remove noise while 

preserving edges. The multiplicative noise that is also 

known as speckle noise mainly occurs in various imaging 

systems due random variations of the pixel values. It can 

be defined as the multiplication of random values with the 

pixel values. Mathematically multiplicative noise is 

modeled as: 

              Multiplicative Noise= I*(1+N) 

Where ‘I’ is the original image matrix and ‘N’ is the noise, 

which is the normal distribution with mean equal to zero. 
Wiener filtering comes under the non-coherent type of 

denoising method, which is mainly used as a restoration 

technique for all type of noisy images[2]. But this filter do 

not give good result in terms of various quality 

performance measuring statistical parameters such as 

Structural Similarity Index Measure (SSIM), Mean-Square-

Error (MSE), Signal-to-Noise Ratio (SNR) and Peak-Signal-

to-Noise Ratio (PSNR) between original and restored 

image[3]. Curvelet Transform is a higher version of image 

representation at fine scales, and it is developed from 

Wavelet as multi-scale representation. Curvelet transform 

based algorithms are widely used for image denoising.  

2. MULTIPLICATIVE NOISE 

The multiplicative noise that is also ,known as speckle 

noise, occurs in images obtained by coherent imaging 

systems like Laser, ultrasound, SAR and Optical. The 

coherent imaging in simple terms is lensless imaging. 

Speckle noise in image is serious issue, causing difficulties 

for image representation [4]. It is caused by coherent 

processing of backscattered signals from multiple 

distributed targets. Speckle noise is a multiplicative noise 

which occurs in the coherent imaging, while other noises 

are additive noise. Speckle is caused by interference 

between coherent waves that, backscattered by natural 

surfaces, arrive out of phase at the sensor [5]. Speckle can 

be described as random multiplicative noise. The source of 

this noise is a form of multiplicative noise in which the 

intensity values of the pixels in the image are multiplied by 

random values. This type of noise is an inherent property 

of medical ultrasound imaging. and because of this noise 
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the image resolution and contrast become reduced, which 

effects the diagnostic value of this imaging modality. So, 

speckle noise reduction is an essential preprocessing step, 

whenever ultrasound imaging is used for medical imaging 

[6]. The probability distribution function for speckle noise 

is given by gamma distribution, 
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Where z represents the gray level and variance is a2α. The 

probability density function of Salt and Pepper noise is 

graphically represented in figure-3 
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Figure-1 Probability density function of speckle noise                 

It arises from random variations in the strength of the 

backscattered waves from objects and is seen mostly in 

RADAR and Ultrasound imaging. 

 

3. IMAGES UNDER 

MULTIPLICATIVE NOISE 

3.1   Synthetic Aperture Radar Imaging (SAR) 

Speckle is significant in Synthetic Aperture Radar (SAR) 
and Ultrasound imaging. Range measurement and 
resolution are achieved in SAR in the same manner as 
most other radars: Range is determined by precisely 
measuring the time from transmission of a pulse to 
receiving from a target in the wave length range 1mm to 
1m of electromagnetic spectrum[7]. The simplest SAR 
range resolution is determined by the transmitted pulse 
width, i.e. narrow pulses yield fine range resolution. A 
narrow synthetic beam width resulting from the relatively 
long synthetic aperture, yields finer resolution than the 
resolution possible from a smaller physical antenna[8]. 
Targets ahead of the aircraft produce a positive Doppler 
offset, targets behind the aircraft produce a negative 
offset. The target’s doppler frequency determines its 
azimuth position. While this section attempts to provide 

an intuitive understanding, SARs are not as simple as 
described above. Transmitting short pulses to provide 
range resolution is generally not practical. The application 
of SAR imaging is increased day by day due to the 
development of new technologies and innovative ideas[9]. 
 

 
 
Figure-2 Synthetic Aperture Radar Imaging              

The areas, where this imaging technique used are given as: 
 Navigation and Guidance 
 Treaty Verification and Nonproliferation 
 Interferometry 
 Foliage and Ground Penetration 
 Reconnaissance, Surveillance and Targeting 
 Change Detection 
 Environmental Monitoring 

  

3.2 Ultrasound Imaging 

It is a medical imaging technique that uses high frequency 
sound waves and their echoes[10]. The technique is 
similar to the echolocation used by bats, whales and 
dolphins, as well as SONAR used by submarines. In  
ultrasound,the following events happen: 
 The ultrasound machine transmits high-frequency (1 

to 5 megahertz) sound pulses into the human body 
using a probe. 

 The sound waves travel into the body and hit a 
boundary between tissues (e.g. between fluid and soft 
tissue, soft tissue and bone). Echoes are produced at 
any tissue interface where a change in acoustical 
impedance occurs[11]. The intensity of the returning 
echo, that is the energy returned to the transducer, is 
determined by the magnitude of the change in the 
acoustical impedance at the echoing interface, the 
characteristics of the intervening tissue, and the 
normality (perpendicularity) of the interface to the 
transducer. 

 Hence some of the sound waves get reflected back to 
the probe, while some travel on further until they 
reach another boundary and get reflected. 

 The reflected waves are picked up by the probe and 
relayed to the machine. 

 The machine calculates the distance from the probe to 
the tissue or organ (boundaries) using the speed of 
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sound in tissue (1,540 m/s) and the time of the each 
echo’s return (usually on the order of millionths of a 
second). 

 The machine displays the distances and intensities of 
the echoes on the screen, forming a two dimensional 

image. 
        
Ultrasound imaging being inexpensive, nonradioactive, 

real-time and noninvasive, is most widely used in medical 

field. To achieve the best possible diagnosis it is important 

that medical images be sharp, clear and free of noise and 

artifacts[12]. However occurrence of  speckle is a problem 

with ultrasound imaging. Speckle is the artifact caused by 

interference of energy from randomly distributed 

scattering [13]. Denoising of ultrasound images however 

still remains a challenge because noise removal causes 

blurring of the ultrasound images[14]. Sometimes 

physicians prefer to use original noisy images rather than 

filtered ones because of loss of important features while 

denoising. Ultrasound is more faster, cheaper and safer 

than X-rays or other radiographic techniques[15].  

 

Figure-3 Ultrasound Imaging              

Here some applications of ultrasound in medical imaging 

system is describe below: 

 Cardiology 

 Urology 

 Obstetrics and Gynecology 

In addition to these areas, there is a growing use for 
ultrasound as a rapid imaging tool for diagnosis in 
emergency rooms. 
 

4. IMAGE DENOISING METHODS 

Filter has very important role in image de-noising process. 

Using filter technique, in order to decide particular value 

of pixel in output image the neighbor pixels also 

participate. The values in filter are known as coefficient 

rather than pixels. The filter which we use for denoising is 

also called as mask. There are two basic approaches to 

image de-noising, spatial domain filtering methods and 

transform domain filtering methods [16].  

4.1 Wiener Filter 

The wiener filter is a spatial domain filter and it generally 
used for suppression of additive noise. 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’s main purpose is to 
reduce the amount of noise present in a image by 
comparison with an estimation of the desired noiseless 
image [17]. Wiener filter can be applied in two ways (a) 
spatial domain by using mean squared method (b) fourier 
transform method. Wiener filter in fourier domain can be 
used for deblurring and denoising whereas in spatial 
domain wiener filter cannot be used for deblurring. 
Wiener filter is based on the least-squared principle, i.e. 
the this filter minimizes the mean-squared error (MSE) 
between the actual output and the desired output. Image 
statistics usually vary from one region to another region 
even within the same image[18]. Thus, both global 
statistics (mean, variance, etc. of the whole image) and 
local statistics (mean, variance, etc. of a small region or 
sub-image) are important. Wiener filtering is based on 
both the global statistics and local statistics and is given as 
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Where ),(ˆ yxF  denotes restored image, σf
2 is the local 

variance and σn
2 is the noise variance [17]. In statistical 

theory, Wiener filtering is a great land mark. Thus, it is 

accepted as a benchmark in 1-D and 2-D signal processing. 

The image denoising using wiener filter is shown in 

following flowchart. 
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Figure 4 denoising algorithm using wiener filtering  

 

4.2 Curvelet Transform 

Curvelet transform was introduced by E. J. Candes [19]. On 
theoretical basis they are introduced two methods for 
transformation as given below: 

 Unequispaced FFT transform 
 Wrapping Transform 

Those are differ by spatial grid used for translate Curvelets 
at each scale and angle. However, wrapping algorithm 
provide faster computational technique or take less time 
than USFFT. The idea of the Curvelet transform is first to 
decompose the image into Subband. The discrete Curvelet 
transform is mathematically expressed as: 
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The advantage of using curvelet are, 
 Curvelet approximate line singularity better than 

other transformation. 
 It is an optimal representation with edges. 

The main drawback of the Curvelet transform is 
redundancy factor[20]. It is redundant with a factor equal 
to J+1 for J scales. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 denoising algorithm using curvelet filtering  

 

4.3 Image Thresholding 

Thresholding is one of the most effective technique for 
image segmentation.  It is a non-linear operation that 
converts a binary image from a gray-scale image Where 
the two levels are assigned for pixels that are below or 

above the specified threshold value. In many applications, 
it is useful to separate out the regions of the image 
corresponding to objects and background in which we 
want to analyze[20]. Thresholding often provides an easy 
and convenient way to perform this segmentation on the 
basis of the different intensities or colors in the 
foreground and background regions of an image. 
Different types of thresholding are used for denoising 
image. Threshold can be chosen by manually and 
automatically. It can be categorized into two groups, global 
and local threshold. Global thresholding technique, 
thresholds the complete image with a single threshold 
value and in local thresholding technique, segment the 
image into a number of sub-image and use a different 
threshold value for each sub-image[21]. Global 
thresholding methods are easy to implement and faster 
because it take less computational time. Basic 
thresholding methods which is use for image 
segmentation these are: 

 Hard Thresholding 
 Soft Thresholding 
 Adaptive Thresholding 
 Automatical calculation of threshold value using 

an iterative method 
 Approximate the histogram of the image and 

choose a midpoint value of histogram as the 
threshold value. 

 

5. PERFORMANCE ASSESMENT 

The quality of an image can be examined objectively 
evaluation as well as subjectively. For subjective 
evaluation, the image has to be observed by a human 
expert[23]. But The human visual system cannot do pixel 
by pixel evaluation of given image, So exact quality of 
image is difficult to determine. There are various metrics 
used for objective evaluation of an image [24].  

 Mean square error 

 Root mean square error 

 Mean absolute error 

 Peak signal to noise ratio 

Let the original noise-free image F(m,n) , noisy image 
G(m,n), and the filtered image F’(m,n) be represented 
where m and n represent the discrete spatial coordinates 
of the digital images. Let the image size be M x N i.e m= 
1,2,3………M and n= 1,2,3……..N 

5.1 MEAN SQUARE ERROR: 
For a given image F(m,n), the mean square error of the 
image is given as 
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5.2 ROOT MEAN SQUARE: 
For a given image F(m,n), the mean square error of the 
image is given as 

MSERMSE   

5.3 MEAN ABSOLUTE ERROR: 
For a given image F(m,n), the mean square error of the 
image is given as 
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5.4 PEAK SIGNAL TO NOISE RATIO: 
Peak signal to noise ratio (PSNR) is another important 
image metric. It is defined in logarithmic scale. It is a ratio 
of peak signal power to noise power [23]. Since the MSE 
represents the noise power and the peak signal power, the 
PSNR is defined as: 

)
1

(
10

log*10
MSE

PSNR   

There are some other metrics like, universal quality index 
(UQI) can be used to evaluate the quality of an image now-
a-days. Further, some parameters, e.g. method noise and 
execution time are also used in literature to evaluate the 
filtering performance of a filter.  

6 CONCLUSION: 
 

The multiplicative noise can be found in several images 
like SAR, Ultrasound image. The paper aims at discussing 
some denoising method under multiplicative noise. A 
Curvelet domain based approach alond with different 
thresholding technique and wiener filtering techniques 
has been discussed. The thresholding on Curvelet 
coefficient is determine by an hard and entropy based 
thresholding method discussed. The approaches which 
have been discussed can applied to several standard 
images and performance can be evaluated using statistical 
indices like SSIM, MSE, RMS, PSNR. 
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