
Journal of International 
Academic Research for Multidisciplinary 

 

        ISSN 2320 -5083 
 
 
 
 
 
  
 
 
 

A Scholarly, Peer Reviewed, Monthly, Open Access, Online Research Journal 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                                      Impact Factor – 1.393 

 
 
 
 

VOLUME 1 ISSUE 9    OCTOBER 2013 
 
 
 
 

A GLOBAL SOCIETY FOR MULTIDISCIPLINARY RESEARCH 
 
 

www.jiarm.com 
 

A GREEN PUBLISHING HOUSE 



Editorial Board 
 
 
 
 

Dr. Kari Jabbour, Ph.D 
Curriculum Developer, 
American College of Technology, 
Missouri, USA. 

 
Er.Chandramohan, M.S 
System Specialist - OGP 
ABB Australia Pvt. Ltd., Australia. 

 
Dr. S.K. Singh 
Chief Scientist 
Advanced Materials Technology Department 
Institute of Minerals & Materials Technology 
Bhubaneswar, India 

   
  Dr. Jake M. Laguador 
  Director, Research and Statistics Center, 
  Lyceum of the Philippines University, 
  Philippines. 
 

Prof. Dr. Sharath Babu, LLM Ph.D 
Dean. Faculty of Law, 
Karnatak University Dharwad, 
Karnataka, India 

 
Dr.S.M Kadri, MBBS, MPH/ICHD, 
FFP Fellow, Public Health Foundation of India 
Epidemiologist Division of Epidemiology and Public Health, 
Kashmir, India 

 
Dr.Bhumika Talwar, BDS 
Research Officer 
State Institute of Health & Family Welfare 
Jaipur, India 

 
Dr. Tej Pratap Mall Ph.D 
Head, Postgraduate Department of Botany, 
Kisan P.G. College, Bahraich, India. 

 
Dr. Arup Kanti Konar, Ph.D 
Associate Professor of Economics Achhruram, 
Memorial College, 
SKB University, Jhalda,Purulia, 
West Bengal. India 

 
Dr. S.Raja Ph.D 
Research Associate, 
Madras Research Center of CMFR , 
Indian Council of Agricultural Research, 
Chennai, India 

 
Dr. Vijay Pithadia, Ph.D, 
Director - Sri Aurobindo Institute of Management 
Rajkot, India. 

Er. R. Bhuvanewari Devi M. Tech, MCIHT 
Highway Engineer, Infrastructure, 
Ramboll, Abu Dhabi, UAE 
 
Sanda Maican, Ph.D. 
Senior Researcher, 
Department of Ecology, Taxonomy and Nature Conservation 
Institute of Biology of the Romanian Academy, 
Bucharest, Romania 
 
Dr. Reynalda B. Garcia 
Professor, Graduate School & 
College of Education, Arts and Sciences 
Lyceum of the Philippines University 
Philippines 
 
Dr.Damarla Bala Venkata Ramana 
Senior Scientist 
Central Research Institute for Dryland Agriculture (CRIDA) 
Hyderabad, A.P, India 
 
PROF. Dr.S.V.Kshirsagar, M.B.B.S,M.S 
Head - Department of Anatomy, 
Bidar Institute of Medical Sciences, 
Karnataka, India. 
 
Dr Asifa Nazir, M.B.B.S, MD,  
Assistant Professor, Dept of Microbiology 
Government Medical College, Srinagar, India. 
 
Dr.AmitaPuri, Ph.D 
Officiating Principal 
Army Inst. Of Education 
New Delhi, India 
 
Dr. Shobana Nelasco Ph.D 
Associate Professor, 
Fellow of Indian Council of Social Science 
Research (On Deputation}, 
Department of Economics, 
Bharathidasan University, Trichirappalli. India 
 
M. Suresh Kumar, PHD 
Assistant Manager, 
Godrej Security Solution, 
India. 
 
Dr.T.Chandrasekarayya,Ph.D 
Assistant Professor, 
Dept Of Population Studies & Social Work, 
S.V.University, Tirupati, India. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, Volume 1, Issue 9, October 2013 

 

93 
www.jiarm.com 

 
DENOISING TECHNIQUES FOR REMOVAL OF POISSON NOISE IN MEDICAL IMAGES 

 
M.SUGANTHI* 

P.RUPA EZHIL ARASI** 
 

*Professor, Dept. of Electronics & Communication Engineering, Mahendra College of Engineering, Salem, Tamilnadu, India 
**Assistant Professor, Dept. of Computer Science & Engineering, Muthayammal Engineering College, Namakkal, Tamilnadu, India 

 

ABSTRACT 

 Medical practitioners are increasingly using digital images during disease diagnosis.  

Unfortunately, medical images are susceptible to noise during acquisition, storage and 

transmission.  The noise in the image has two disadvantages, the first being the degradation 

of the image quality and the second, more important, obscures important information required 

for accurate diagnosis. The main aim of any denoising algorithm is to remove noise while 

preserving important diagnostic data. Many image denoising algorithms assume that the noise 

is normally distributed and additive. Many images, however, contain noise that satisfies a 

Poisson distribution. The magnitude of Poisson noise varies across the image, as it depends 

on the image intensity.  This makes removing such noise very difficult. The aim of this work 

is to compare the effectiveness of several denoising algorithms in the presence of Poisson noise. 
  
KEYWORDS: Digital Images, Intensity, Distributed, Additive, Poisson Noise, Denoising. 
 

1. INTRODUCTION 

 MRI is a non-invasive medical test that helps physicians diagnose and treat medical 

conditions.  Retrieving a high quality MR Image for a medical diagnostic is critical, because 

it injures human more if we pass high level magnetic resonance sound to take the image.   

MRI images often consist of random noise that does not come from tissues but other sources 

in the Electronics instrumentation during acquisition [1].  The noise of an image gives it a 

gray appearances and mainly noise is evenly spread and more uniform.  In such situation it is 

very difficult to diagnosis the particular disease.  Hence it is necessary to remove the noise 

from the image. MRI images are prone to various types of noise [1]. Image Denoising is an 

important pre-processing task before further processing of image like segmentation, feature 

extraction, texture analysis etc. The purpose of denoising is to remove the noise while 

retaining the edges and other detailed features as much as possible. Salt and pepper noise also 

called as an impulse noise. It is also referred to as intensity spikes. This type of noise is also 

caused by errors in data transmission [2].   
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It has only two possible values, 0 and 1. The probability of each value is typically less than 

0.1. The corrupted pixel values are set alternatively to the maximum or to the minimum 

value, giving the image a “salt and pepper” like appearance as salt looks like white(one) and 

pepper looks as black(zero) for binary ones. Gaussian noise is statistical noise that has a 

probability density function (abbreviated pdf) of the normal distribution also known as 

Gaussian distribution [2].  

Speckle Noise is multiplicative in nature. In medical literature, speckle noise is referred to as 

‘texture’ and may possibly contain useful diagnostic information [3]. This type of noise 

usually occurs in almost all coherent imaging systems such as laser, acoustics and SAR 

(Synthetic Aperture Radar) imagery.  

Random noise is characterized by intensity and colour fluctuations above and below the 

actual image intensity [4].  The pattern of noise changes even if the exposure settings are 

identical. In many images generated by photon-counting devices such as computed 

tomography (CT), Magnetic Resonance Imaging (MRI) and astronomical imaging, Poisson 

noise is frequently present.   

Poisson noise or shot noise is a type of electronic noise that occurs when the finite number of 

particles that carry energy, such as electrons in an electronic circuit or photons in an optical 

device, is small enough to give rise to detectable statistical fluctuations in a measurement [5].  

Poisson noise is not additive, and it is image pixel-intensity dependent, i.e. bright pixels are 

statistically more corrupted than dark pixels [6].  This makes removing poisson noise very 

difficult. The Frobenius Norm Filter (FNF) is a refined approach that shows much promise as 

a pre-filter for reducing poisson noise before performing image analysis and feature detection 

[7].  It is further suggested that the Frobenius Norm Filtering method be extended to a class 

of images like SAR, Medical, Laser, etc to check the denoising performance. But better 

restoration results were obtained only when the images were highly corrupted and have high 

noise density. 

The Wiener filter is a filter that is more effective at preserving image edges and higher 

frequency areas than a conventional linear filter.  The performance of the Wiener Filter after 

de-noising Poisson noise is better than Mean filter and Median Filter but it did not perform so 

well along the edges [8]. 

A median filter is a filter effective for both preserving the edges that cannot be preserved in a 

conventional linear filter and removing the impulse noise. Median filter, though effective at 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, Volume 1, Issue 9, October 2013 

 

95 
www.jiarm.com 

reducing noise has a blurring effect which reduces the difference between edge and non-edge 

region of the image [9]. 

The Non-local Means filter (NLM), introduced by Buades et al. [10], is a non-local averaging 

technique, operating on all pixels in the image with the same characteristic. Unfortunately the 

method is very slow.This work finds the optimal filter for removing Poisson noise from 

medical images. 

2. POISSON NOISE 

Different imaging process may contain different types of noise. The noise in a photon-limited 

process is known as a Poisson noise, which is often seen in astronomical imaging, nuclear 

medicine imaging, and fluorescence lifetime imaging.  

During this kind of process, the fluctuation of the number of photons is detectable, forming 

the noise of photon-limited process. The detected number of photons under this circumstance 

can be appropriately described using Poisson distribution: 

 
Where λ is a positive real number equal to the expected number of occurrences that occur 

during the given interval, representing the true intensity of the signal in a measurement, while 

k is the number of occurrences of an event, representing the number of actual detected 

photons The intrinsic statistical property of Poisson distribution determines the magnitude of 

noise varying from here to there of an image. According to Poisson distribution, the standard 

deviation σ, which characterizes the magnitude of Poisson noise, is equal to √λ.  

Since most practical imaging process is the so-called non-homogeneous process, i.e. the 

intensity of the signal (λ) varies as a function of time or space, the magnitude of noise also 

changes as a function of time or space. Hence Poisson noise is signal-dependent and, thus, 

needs to adapt the usual denoising approaches [6]. 

 

3. DENOISING APPROACHES FOR POISSON NOISE REDUCTION  

 Noise reductions are basically classified into two types 1) linear techniques and 2) 

Non linear techniques. In linear techniques noise reduction formula is applied for all pixels of 

image linearly without classifying pixel into noisy and non noisy pixels.  

Drawback of linear algorithms is it damages the non noisy pixels because algorithm is 

applied for both noisy and non noisy pixels. Examples for linear filters are average, mean, 

median filters etc. Non linear Noise reduction is a two step process 1) noise detection and 2) 
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noise replacement [11]. In first step, location of noise is detected and in second step, detected 

noisy pixels are replaced by estimated value.  

 

3.1 LINEAR FILTERS 

Linear spatial filtering modifies an image f by replacing the value at each pixel with some 

linear function of the values of nearby pixels. Moreover, this linear function is assumed to be 

independent of the pixel's location (i; j), where (i; j) indexes the pixels in f, which is 

represented as a matrix. This kind of operation can be expressed as convolution or 

correlation. Linear filters tend to blur sharp edges, destroy lines and other fine image details, 

and perform poorly in the presence of signal dependent noise.   

 

3.1.1 MEAN FILTER 

A mean filter [12] acts on an image by smoothing it. i.e., it reduces the variation in terms of 

intensity between adjacent pixels. The mean filter is a simple moving window spatial filter, 

which replaces the center value in the window with the average of all the neighboring pixel 

values including that centre value. It is implemented with a convolution mask, which 

provides a result that is a weighted sum of the values of a pixel and its neighbor pixels. It is 

also called a linear filter.  

The mask or kernel is a square. Often a 3× 3 square kernel is used. If the sum of coefficients 

of the mask equal to one, then the average brightness of the image is not changed. If the sum 

of the coefficients equal to zero, then mean filter returns a dark image. This filter is also 

called as average filter. The Mean Filter is poor in edge preserving [12]. One of the simplest 

linear filters is implemented by a local averaging operation where the value of each pixel is 

replaced by the average of all the values in the local neighbourhood. 

 

3.1.2 ARITHMETIC MEAN FILTER 

 An arithmetic mean filter operation on an image removes short tailed noise such as 

uniform and Gaussian type noise from the image at the cost of blurring the image [13]. The 

arithmetic mean filter is defined as the average of all pixels within a local region of an image.  

The arithmetic mean is defined as: 
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Pixels that are included in the averaging operation are specified by a mask. The larger the 

filtering mask becomes the more predominant the blurring becomes and less high spatial 

frequency detail that remains in the image. 

3.1.3 IDEAL LOW PASS FILTER 

 A low pass filter is the basis for most smoothing methods. An image is smoothed by 

decreasing the disparity between pixel values by averaging nearby pixels [11]. A low pass 

filter tends to retain the low frequency information within an image while reducing the high 

frequency information. 

 

3.1.4 GAUSSIAN FILTER 

 Gaussian filters are a class of linear smoothing filters with the weights chosen 

according to the shape of a Gaussian function. The Gaussian smoothing filter is a very good 

filter for removing noise drawn from a normal distribution. The Gaussian smoothing operator 

is a 2D convolution operator that is used to ‘blur’ images and remove detail and noise.  In this 

sense it is similar to the mean filter, but it uses a different kernel that represents the shape of 

the Gaussian hump. The idea of Gaussian smoothing is to use this 2D distribution as a point-

spread function; achieved by convolution.  Once a suitable mask has been calculated, then the 

Gaussian smoothing can be performed using standard convolution [12]. 

 

3.1.5 WIENER FILTER 

 The Wiener filter[ 13] is a spatial-domain filter and it generally used for suppression 

of additive noise. Norbert Wiener proposed the concept of Wiener filtering in the year 1942 . 

There are two methods: (i) Fourier-transform method (frequency-domain) and (ii) mean-

squared method (spatial-domain) for implementing Wiener filter. The fourier method is used 

only for denoising and deblurring. Whereas the later is used for denoising. In Fourier 

transform method of Wiener filtering requires a priori knowledge of the noise power spectra 

and the original image. But in latter method no such a priori knowledge is required. Hence, it 

is easier to use the mean-squared method for development. Wiener filter is based on the least-

squared principle, i.e. this filter minimizes the mean-squared error (MSE) between the actual 

output and the desired output.  Image statistics vary too much from a region to another even 

within the same 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.  
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Wiener filters assume that signal and (additive) noise are stationary linear random processes 

with known spectral characteristics.   

The Weiner filtering [13] method requires the information about the spectra of the noise and 

the original signal and it works well only if the underlying signal is smooth.  Weiner method 

implements spatial smoothing and its model complexity control correspond to choosing the 

window size. 

 

3.2 NON LINEAR FILTERS 

In non-linear filters, the noise is removed without any attempts to explicitly identify it. 

 

3.2.1 MEDIAN FILTER 

 The Median filter is a nonlinear digital filtering technique, often used to remove noise 

[14]. The main idea of the median filter is to run through the signal entry by entry, replacing 

each entry with the median of neighbouring entries.  The median filter is a robust filter.  

Median filters are widely used as smoothers for image processing, as well as in signal 

processing and time series processing. A major advantage of the median filter over linear 

filters is that the median filter can eliminate the effect of input noise values with extremely 

large magnitudes. The output y of the median filter at the moment t is calculated as the 

median of the input values corresponding to the moments adjacent to t: 

 

 

 
Where t is the size of the window of the median filter. Besides the one-dimensional median 

filter described above, there are two-dimensional filters used in image processing. .Normally 

images are represented in discrete form as two dimensional arrays of image elements, or 

"pixels" - i.e. sets of non-negative values Bij ordered by two indexes –  

 
3.2.2 WEIGHTED MEDIAN FILTER 

 Weighted Median (WM) filters have the robustness and edge preserving capability of 

the classical median filter and resemble linear FIR filters in certain properties. Furthermore, 

WM filters belong to the broad class of nonlinear filters called stack filters [14]. 
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This filter works for only monochrome, 8 bit per pixel and 24 bit per pixel images. Weighted 

median filter differs from median filter in that specified pixels within a local neighbourhood 

are repeated a given number of times in the computation of the median value [13]. Definition 

of the weighted median filter is: 

  
where the coordinate (x+i, y+j ) is defined over the image A and the coordinate (i, j) is 

defined over the structuring mask of StrFunc structuring function. 

 

4. PERFORMANCE MEASUREMENT 

The above discussed filtering techniques were implemented using MATLAB 7.6. The 

Performances of algorithms are measured by calculating Mean Square Error (MSE) and Peak 

signal to Noise Ratio (PSNR). 

 
PSNR is defined in logarithmic scale, in dB. It is a ratio of peak signal power to noise power. 

Since the MSE represents the noise power and the peak signal power, the PSNR is defined as: 

 
Where 

X - Original Image. 

R - Restored Image 

M x N - Size of Image. 

MAE - Mean Absolute Error. 

MSE - Mean Square Error. 

PSNR - Peak Signal to Noise Ratio. 

 

The higher the PNSR in the restored image the better is its quality. 
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5. RESULTS AND EVALUATION 
   Figure 1 

                                  
a. Original Image                            b. Noisy Image                           c. Mean Filter Output 
 

                          
d. Arithmetic Mean Filter Output  e. Ideal Low Pass Filter              f. Gaussian Filter Output 
                                                                                                                 

                             
g. Wiener Filter Output                       h. Median Filter Output        i. Weighted Median Filter                                                                  
 
Table -1 show the MSE and PSNR values for noisy images. 

FILTERS MSE PSNR 

Mean 254.9556 24.0662 

Arithmetic Mean 254.9571 24.0661 

Ideal Low Pass Filter 254.9884 24.0656 

Gaussian 254.7693 24.0693 

Weiner 254.9556 24.0662 

Median 254.9115 24.0669 

Weighted Median 254.9115 24.0669 
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Analysis of MSE values of brain tumor images corrupted by poisson noise 

 
 

Analysis of PSNR values of brain tumor images corrupted by poisson noise 

 
 

7. CONCLUSION 

In this work, various filters for removal of Poisson noise from medical images are discussed.  

To demonstrate the performance of the methods the experiments have been conducted on 

brain tumor image. The performance of Poisson noise removing filtering techniques is 

measured using quantitative performance measures such as MSE and PSNR.  The 

experimental results indicate that the Gaussian filter performs significantly better than many 

other filtering techniques. 
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