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Abstract- In recent years, handwritten document recognition is the most challenging research area in the field 

of digital image processing and pattern recognition.  Different filtering procedures are used for noise 

reduction to improve the visual quality and understandability of images. The main objective of this paper is 

to remove various noises from handwritten document.  In  this  paper  we  have  undertaken  four  types  of 

noises  and  applied  on  a  particular  image.  The  filtering  of these  noises  is  done  using four  different 

types  of filters  and a comparative  study  is  performed  using  five  different  types  of filter quality 

measures. 

Keywords: Image noise, filters, Mean Square Error, PSNR. 

I.    INTRODUCTION 

Image   noise   is   a   random   variation   of   brightness   in images.  Images are affected by noises such as 

salt-and- pepper noise, Gaussian noise, Speckle noise, Poisson noise, etc.  In  this  work,  in  order  to  remove  

noises,  four  different filtering  algorithms   are  used  and  their  performances  are assessed  using  five  filter  

quality  measures.  Histograms of the   noisy   images   are   also   found   out.   The   shape   of   the histogram   of   

an   image   indicates   the   type   of   the   noise present in the mage. The  organization  of  the  paper  is  as  

follows:  section  II describes  the  types  of  noises  which  are  processed  by  the mentioned  filters,  section  III  

describes  the  types  of  filters used,   section   IV   describes   the   experimental   results   and discussions    

followed    by    section    V    highlighting    the conclusion.  
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II. TYPES OF NOISE  

Salt-and-Pepper Noise 

Salt-and-Pepper noise is sometimes called as Impulse noise or spike noise or fat -tailed distributed noise 

[1]. This type   of   noise   may   appear   in   digital   images   because   of channel    decoder    damages,    dyeing   

down   of   signal    in communication links and video sensor’s noises [3].  Salt- and-Pepper  noise  causes  white  

and  black  points  to  appear in digital  gray scale  images  which are chaotically scattered along image area (Refer 

to Figure 1). 

 

The   PDF   of   (bipolar)   impulse   noise   is   given   by   the Equation 1. 

𝑃(𝑧) =  
𝑃𝑎 , 𝑓𝑜𝑟 𝑧 = 𝑎
𝑃𝑏 , 𝑓𝑜𝑟 𝑧 = 𝑏
0, 𝑜𝑡𝑒𝑟𝑤𝑖𝑠𝑒

                         (1) 

 

If 𝑏 > 𝑎 , gray level b will appear as a light dot in the image. Conversely, level a will appear like a dark dot. If a 𝑃𝑎  

or𝑃𝑏  is zero, the impulse noise is called uni-polar [1]  

 

 
Figure 1: Image with Salt-and-Pepper Noise and the corresponding histogram 

 
Gaussian Noise  

Gaussian noise is also called amplifier noise or random variation impulsive noise. The standard model of 

amplifier noise is additive, independent at each pixel and independent of the signal intensity, caused by John-

Nyquist noise (thermal noise). It is a type of statistical noise where the amplitude of the noise follows that of a 

Gaussian distribution. Gaussian Noise occurs as the probability density function of the normal distribution (Refer to 

Figure 2).  
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Figure 2: Image with Gaussian Noise & the corresponding histogram 

As the name indicates, this type of noise has a Gaussian distribution, which has a bell shaped probability distribution 

function given by the Equation 2, 

𝐹(𝑔) =
1

 2𝜋𝜎
𝑒−(𝑔−𝑚 )2 2𝜎2                                 (2) 

 

Where, g represents the gray level, m is the mean or average value of g, and σ is the standard deviation of the noise 

[1]. 

Speckle Noise 

Speckle noise is a granular noise that increases the mean gray level of a local area in an image. This type of 

noise makes it difficult for image recognition and interpretation (Refer to Figure 3). In this noise type, the sample 

mean and variance of a single pixel is proportional to that of the mean and variance of the local area that is centred 

on that pixel. It is a deterministic, random and consists of an interference pattern [2]. 

  

Figure 3: Image with Speckle Noise and the corresponding histogram 

Poisson Noise 

Statistical Quantum Fluctuations induce a prominent noise type in the lighter parts of an image 

from an image sensor (Refer to Figure 4). This noise is called photon shot noise or Poisson noise. The 

noises at different pixels are independent of each other. Poisson noise follows a Poisson distribution. The 

images which are obtained from radiography are mostly the ones that satisfy a Poisson distribution. 
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Figure 4: Image with Poisson Noise and the corresponding histogram 

 

III. IMAGE DE-NOISING ALGORITHMS 

In image processing, two broad categories of filters are available, namely, smoothing filters and sharpening 

filters. Smoothing filters are used to suppress the high frequencies in the image, i.e. smoothing the image, and 

sharpening filters are used to suppress the low frequencies in the image, i.e. enhancing or detecting edges in the 

image. Image restoration and enhancement approaches fall into two broad categories - spatial domain and frequency 

domain (based on modifying the Fourier transforms of an image). Noise removal is easier in the spatial domain as 

compared to the frequency domain, as the spatial domain noise removal requires very less processing time. One of 

the most important requirements of noise removal algorithms is that they should provide satisfactory amount of 

noise removal and also help preserve the edges. For the stated conditions to be satisfied there are two types of filters 

with their significant advantages and disadvantages. The two types of filters are the linear and non-linear filters. The 

linear filters have the advantage of faster processing but the disadvantage of not preserving edges. Conversely the 

non-linear filters have the advantage of preserving edges and the disadvantage of slower processing [2]. In this 

work, the following filters are considered for performance evaluation. 

Median filter 

The best-known order-statistics filter is the Median filter, which, as its name implies, replaces the value of 

a pixel by the median of the gray levels in the neighbourhood of that pixel. The expression of Median filter is given 

by the Equation 3. 

𝑓 𝑥, 𝑦 = 𝑚𝑒𝑑𝑖𝑎𝑛 𝑔 𝑠, 𝑡                                  (3) 

Here, represents the set of coordinates in a rectangular sub image area of size, centered at a point , is the 

corrupted image and is the filtered image. The original value of the pixel is included in the computation of 

the median. Median filters are quite popular because, for certain types of random noise, they provide 

excellent noise reduction capabilities, with considerably less blurring than linear smoothing filters of 

similar size. Median filters are particularly effective in the presence of both bipolar and uni-polar impulse 

noise [1]. 

Gaussian Filter 

The Gaussian Filter block filters the input signal using a Gaussian FIR filter. The block expects 

the input signal to be up-sampled, so that the Input samples per symbol parameter is at least 2. Gaussian 

filters are designed to give no overshoot to a step function input while minimizing the rise and fall time. 
This behaviour is closely connected to the fact that the Gaussian filter has the minimum possible group 

delay. Mathematically, a Gaussian filter modifies the input signal by convolution with a Gaussian 

function; this transformation is also known as the Weierstrass transform. 
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Wiener Filter 

The purpose of the wiener filter is to reduce the amount of noise present in the image signal by comparison 

with an estimation of the desired noiseless signal. The Wiener filter is commonly utilized because of its simplicity 

and its speed. It is deemed simple because it uses a system of linear equations to calculate a set of optimal filter 

weights that reduce the noise level of a received signal. It estimates cross-correlation and covariance matrices of 

noisy signals to calculate these weights and provide an accurate Estimate of the undistorted deterministic signal 

under Gaussian noise. The noise statistics are estimated and then used to determine a set of optimal filter weights. 

By then processing a new input signal, containing similar noise characteristics, with the optimal filter weights, the 

signal deterministic component is estimated. This method is optimal when the noise distribution is Gaussian. 

Furthermore, its execution only requires a few computational steps that are very fast to process.  

Average Filter or Mean Filter 

  Mean filtering is a simple and easy to implement method of smoothing images, and to reduce the amount of 

intensity variation between one pixel and the next. The expression of Median filter is given in Equation 4. 

                    (4) 

Here,𝑆𝑥𝑦  represents the set of coordinates in a rectangular sub image area of size  𝑀x𝑁  , centered at a point 

(𝑥, 𝑦) , 𝑔(𝑥, 𝑦) is the corrupted image and 𝑓 (𝑥, 𝑦) is the filtered image [1]. 

IV. RESULTS AND DISCUSSION 

 

Experiments have been performed using Matlab7.5.0 R2007b version for evaluation of the filters on four 

different types of noises. The following are steps for the experiment:  

1) At the first step, at the run time GUI will execute. 

2) Each of the four noise types is added individually to the image. 

3) Four filtering algorithms, mentioned are applied on the corrupted images (Refer to Figure 1 to Figure 4). 

4) In order to check the performance of the filters, the values of the following five filter quality measures are 

calculated.  

Mean Square Error (MSE) Value 

Mean square error is given by the Equation 5. 

                   (5) 

Here, 𝑀x𝑁 is the total number of pixels in the image, g is the corrupted image and f is the filtered image. The lowest 

value of mean square error represents the best filtered image. 

Median filter is found to be the most appropriate filter for salt-and-pepper noise. Weiner filter works well or 

Gaussian noise and Poisson noise. Median filter is also suitable to remove speckle noise (Refer to TABLE I). 

 

Table I: Summary of the Results for the MSE value 

Filter Used Salt-and-Pepper 

Noise 

Gaussian Noise Speckle Noise Poisson Noise 

Median Filter 155.7240 307.3539 194.1122 67.2043 

Mean Filter 2.03e+004 2.03e+004 2.20e+004 2.01e+004 

Gaussian Filter 180.4423 332.1816 217.8238 97.3658 

Wiener Filter 5.0282e-004 1.1467e-004 0.0034 0.0016 

 
Peak Signal to Noise Ratio (PSNR) Value 

The Peak Signal to Noise Ratio (PSNR) is calculated by the Equation 6. 
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PSNR=20𝑙𝑜𝑔10(255/𝑀𝑆𝐸)                    (6) 

For the image quality measures, if the value of the PSNR is very high for an image of a particular noise type then is 

best quality image [2]. PSNR value results in higher values for removal of Gaussian noise, Poisson noise, speckle 

noise and salt-and-pepper noise by using the median filter which is followed by the wiener and Gaussian filter 

(Refer to TABLE II). 

Table II: Summary of the Results for the PSNR value 

Filter Used Salt-and-Pepper 

Noise 

Gaussian Noise Speckle Noise Poisson Noise 

Median Filter 25.2352 27.8564 30.9821 24.5823 

Mean Filter 5.0638 4.2589 5.4575 5.0859 

Gaussian Filter 22.5358 24.3645 28.8025 27.0856 

Wiener Filter 27.48 30.41 24.21 26.30 

 

V. CONCLUSION 

In this paper, four types of filters viz. Median filter, Gaussian filter, Wiener filter and Average filter are 

used for the removal of noises viz. Salt-and-Pepper noise, Gaussian noise, Poisson noise and Speckle 

noise. From the quality measurement values obtained, we found that Median filter is ideal for removal of 

Salt-and-Pepper noise. Wiener Filter produced better results than other three Filters. 
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