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Abstract— Any deprivation caused by the image signal can be 

thought of as a noise. When an image signal is routed through a 

wireless or wired medium, it experiences deterioration because of 

channel characteristics. By knowing the type of noise that 

interfered in the signal, we can use the pertinent filtering 

techniques to remove the image's noise. Restoration of the image 

signal corrupted by noise is essential for better communication. 

This paper provides digital image handling techniques in 

MATLAB to restore the corrupted image. In this paper, different 

filtering methods have been discussed in the presence of two 

separate noise models that distort images. Four different filtering 

techniques, Mean/Average filtering, Median filtering, Adaptive 

median filtering, and Image Averaging, have been chosen against 

selected noise models. At the end of the paper we will compare 

which filtering technique works best for removing a particular 

noise. 

Index Terms—adaptive filtering, noise model, wiener 

filter, image averaging. 

I. INTRODUCTION  

Image restoration and the quality enhancement is of great 

importance in image processing analysis these days. Much 

research is dedicated to improving image quality and noise 

models that effect image. First, a detailed study of a noise model 

should be carried out to understand the image degradation factor 

to rectify any image. i.e. how different noises distort an image 

and their visual and graphical effects on an image described in 

[1]. In today's world, all communication has turned into digital 

communication, which involves converting signals from 

analogue to digital and vice versa.  Signals are transmitted over 

very long ranges using a wired or wireless medium. In the 

process of transferring images electronically, it is expected that 

the image will be degraded. This electrical noise's behaviour will 

distort the image, and it depends on the noise model that is 

causing the disturbance. Characteristics of different types of 

noises are studied in this paper. This classification has made the 

study of noise very easy.   

The noise models discussed in this paper are the "salt & 

pepper" noise model and the "Gaussian' noise model presented 

in [2] and [3]. While noise models are being discussed, different 

filtering techniques used to filter them are also discussed in the 

paper. These different techniques are termed "image filters ". 

Every filter uses a different approach or technique to recover the 

image from the noise added to it. Out of all filtering techniques, 

some techniques have better results than others, depending on 

the type of noise, as stated in [4]. A filter giving good results on 

a particular noise model does not need to give same result for 

another noise model. It depends on the nature of noise, as 

illustrated in [4] and [5], which will be discussed further in the 

paper: section II, II. A and II.B discusses the noise models while 

section III, III.A, III.B, III.C and III.D discusses the filtering 

techniques used and section IV, IV. A and IV.B presents the 

results of our analysis. Section V concludes our paper. 

II. NOISE MODELS 

Usually, noise is considered as any undesirable change in the 

original signal. Similarly, in digital images, any distortion or 

undesired change in image is considered noise [6] and [7]. Noise 

in an image can be viewed as black white dots on an image, 

blurred image, blurred or dull edges, unclear image, and dark 

backgrounds. 

This noise can be removed or filtered using different 

techniques. The goal is always to get the best result in minimum 

time and processing. To remove the noise from any image, we 

first have to study its characteristics, source, and the best way of 

cancelling or avoiding situations causing noise addition. 
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Different noise models affect the image in such ways that are 

different from one another, but one thing is common that they all 

intend to distort the image described in [8]. We have chosen two 

widespread types of noise models, i.e. 'Salt and Pepper noise' 

and' Gaussian noise' for our paper, discussed in section II.A and 

II.B. 

II.A Salt & Pepper Noise Model 

Also known as impulse valued or shot noise, Salt & pepper 

noise changes pixel's values to a maximum or minimum possible 

value between 255 and 0, respectively. Salt & Pepper noise does 

not contaminate the whole picture or each pixel; it only changes 

some pixel's value. Its effect on an image is in black and white 

dots scattered all over the picture, as shown in figure 1 taken 

from [9]. Some common sources of this noise are the failure of 

memory cells, the malfunctioning of the camera's sensor cells, 

and transmission in digitizing the image. 

The probability density function (PDF) of (Bipolar) impulse 

noise is given by equation 1 from [9]. 

 

𝑝(𝑧) = {

𝑝𝑎                   𝑓𝑜𝑟     𝑧=𝑎

𝑝𝑏                  𝑓𝑜𝑟     𝑧=𝑏

0          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
              

A bright dot in the image appears when grey-level 'b' is 

greater than grey-level 'a'. Otherwise, grey-level 'a' appears like 

a shady dot. Impulse noise is also called unipolar when either pa 

or pb is zero. The impulse noise values bear a resemblance to salt 

and pepper granules that are arbitrarily distributed over the 

image when in any case, the probability is zero or approximately 

equal. That is the reason why impulse noise is also called Salt 

and Pepper noise. 

 

 
Figure 1: Salt and Pepper noise 

II.B           GAUSSIAN NOISE MODEL 

Gaussian noise is also known as electrical noise, as it arises 

due to electronic components. This noise is additive because it 

disturbs all the pixel value of an image, unlike Salt & pepper 

noise, which changes only a few pixel values, as shown in [10] 

and [11]. This noise is additive, i.e. the corrupt pixel is the sum 

of the pixel's true or actual value and a random Gaussian noise 

distribution in an image. 

Gaussian noise follows a normal distribution, also known as 

Gaussian distribution, as shown in equation 2 from [9], so its 

PDF also follows these distributions. This noise usually disturbs 

grey values; that is why its elimination involves the analysis of 

grey value histogram. 

 

    𝑝(𝑧) =
1

√2𝜋𝜎
𝑒−(𝑧−𝜇)2 2𝜎2⁄                                                                    

 

Where z = grey value, σ= standard deviation and µ= mean. 

Gaussian noise model gives the best approximate values for real-

life scenarios. Approximately 70% of the grey level values will 

be in the range (µ-σ ) and (µ+σ), and about 95% will be in the 

range (µ-2σ )and (µ+2σ). The PDF of Gaussian noise is shown 

in fig 2 taken from [9]. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       Figure 2: PDF of Gaussian noise 

 

Some common sources of Gaussian noise are during acquisition 

because of sensor noise caused by poor illumination and/or high 

temperature during transmission, i.e. from electronic 

components. Usually, this noise is evenly distributed over the 

frequency domain. Normally, images contain low-frequency 

information, so they can be removed using low pass filters. 

III. NOISE FILTERING 

Removal of the noises mentioned above is an important task. 

Noise cannot be eliminated, but it can be removed to a maximum 

level using different techniques. Here in this paper, we have used 

different techniques, i.e. (Mean filter, Median filter, Adaptive 

Median/Weiner filter, Image Averaging filter) on above 

mentioned two types of noises and evaluated which filter works 

best for the particular type of noise based on MSE (Mean Square 

Error). Mean filter is discussed in section III.A, Median filter in 

section III.B, Adaptive median/Weiner filter in section III.C and 

Image Averaging filter in section III.D. 
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III.A             MEAN FILTER / MEAN AVERAGING TECHNIQUE 

Mean filter is also known as an averaging filter or mean 

average filter. It is a low pass linear filter. A mean average filter 

is a window that slides over the noisy image, and one by one, 

computes a new value for the middle pixel, which is the average 

of all the pixels in the window. Generally, a 3x3 size of the 

window is taken, but we can also take larger windows like 5x5 

or 7x7. 

A drawback of this filter is that while reducing the noise, it 

also decreases the image quality, as stated in [12], i.e. image 

details are lost.  As we increase the window size, much noise is 

removed, but image quality also diminishes, as discussed in [13]. 

Since it is a low pass filter, and low pass filters are poor at 

preserving edges. 

The results obtained by using a large window can also be 

obtained by increasing the filter of smaller window size 

computations. A 3x3 size window is taken in table 1 from [4], 

and the result of the mean averaging filter is computed. 

 

 
Average= round(1+4+0+2+2+4+1+0+1)/9 =    2 

 

 

 

 

 

 

 

                        Table 1: Mean Averaging Filter 

III.B   MEDIAN FILTER 

Median filters are low pass non-linear filters that are a bit 

complex compared to mean filters but are better in preserving 

edges. They also work in a manner somewhat similar to mean 

filters; median filters also have a window that slides over the 

image matrix. Median filters sort the window in ascending order 

and replace the current pixel value with the ordered window's 

median value. Like in mean filters, the window size can also be 

varied in median filters, e.g. 3x3, 5x5, 7x7etc. 

Median filters perform better for Salt & pepper noise, as 

discussed in [14] and [15]. By increasing the window's size, the 

noise level is reduced, but high-frequency information is lost. A 

median filter cannot remove the noise efficiently if it is greater 

than 40%. Nevertheless, if we increase the number of 

computations of a filter, we can restore an image even if it has a 

noise of 70%-90%.  The working principle of a 3x3 size window 

of the median filter is shown in Figure 2, taken from [9]. In this 

figure, the image's median pixel value is too large, and the 

neighbouring values are quite small. So, the median filter takes 

the window of 3x3 and averages the pixel values to compute the 

middle pixel's result. 

                           Original Intensities 

3 3 4 

4 87 4 

4 5 5 

 

Sorted Pixel Values: 3,3,4,4,4,4,5,5,87 

                   Median filtered value: 4 

                   Table 2: Median Filter 

III. C ADAPTIVE MEDIAN FILTER 

Adaptive median filter or wiener2 filter is a linear filter 

whose results are based on a statistical approach. This filter uses 

mean and variance in noise removal. This filter smoothes the 

image. Smoothing is less when the variance is large, whereas the 

filter performs better for a small variance value. This filter is 

better at preserving edges and retaining high-frequency elements 

in an image. Its mathematical model is related to the spectral 

property of noise as in the equation. 3 stated in [9]: 

 

𝐺(𝑢, 𝑣) =  
𝐻∗(𝑢,𝑣)

|𝐻(𝑢,𝑣)|2𝑃𝑠(𝑢,𝑣)+𝑃𝑔(𝑢,𝑣)
                

 

The Fourier domain of the Wiener filter is where: 

H*(u, v) = Complex conjugate of degradation function  

Pg (u, v) = Power Spectral Density of Noise  

Ps (u, v) = Power Spectral Density of non-degraded image  

H (u, v) = Degradation function 

 

III.D       Image Averaging Filter 

Image averaging is a technique used for noise removal that 

uses the approach of generating multiple copies of same image 

and taking the average of all the images. Greater the number of 

copies, the better is the result. Taking the average of the multiple 

copies of the same image, produce results very close to the 

original, thus greatly reducing the MSE. In many cases, we have 

seen that some filters giving reasonable value of MSE but do not 

produce very pleasing visual results; however, image averaging 

technique is not one of them. 

 

IV.      Results 

We have applied above mentioned four filters on two 

different types of noises i.e. salt and pepper noise and Gaussian 

noise.  To obtain results, a standard image of Lenna from [9] has 

been chosen against different noise factors for all the filters. 

Original Lenna image is shown in figure 3.  

 

 

                  Figure 3: Original Image of Lenna 
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Visual effects can be seen in the figures plotted against each 

filter, and a table of MSE and Peak signal-to-noise ratio (PSNR) 

is also provided. First, Salt and pepper noise results are discussed 

in the next section, i.e. section IV. A and then the results for 

Gaussian noise are discussed in section IV.B. 

 

IV.A        Salt and pepper noise 

 

Mean filter, median filter, adaptive median filter, and image 

averaging techniques have been applied in figure 3 for salt and 

pepper noise with 10% to 70% of noise factor against the step 

size of 10. A table of M.S.E and PSNR is also obtained and 

presented in Table 3 against each filter. The visual result of noisy 

image is presented in Table 5 for only 10%, 40% and 70 % of 

noise factor. The results suggest that the mean filter does not 

perform effectively on Salt & Pepper noise, visual effect of 

which is shown in Table 5. As we can see in Table 3 that the 

mean square error of mean filter is very high and signal to noise 

ratio is very low. The visual effect of the median filter is shown 

in Table 5, suggesting the filter's better performance but still 

does not provide the desired good results as can be verified from 

Table 3. The visual result of the wiener filter is shown in Table 

5. It has far better results than the previously applied two filters 

when the noise factor is greater than 50%. Table 3 suggest that 

it has very low M.S.E and very high PSNR for the high noise 

factor. The last technique is the averaging image technique, 

which is shown in Table 5. This technique has taken an average 

of 32 images (we can take an average of more images depending 

upon the required results). It can be seen in Table 3 that this 

technique has very good results as compared to other techniques 

applied before. It has the highest PSNR and very low M.S.E, 

which depicts greater efficiency of recovery of the image. From 

the above discussion the averaging image technique has the best 

response to the image restoration. 

 

Table 3: Different Filter Response for Salt and Pepper noise 

 

 

IV.B    Gaussian Noise 

The results for 10%-70% of noise factor for Gaussian noise are 

obtained in this particular section. Since Gaussian noise is 

multiplicative and spreads all over the image equally, so it has a 

very bad effect on the image. First, we have applied a mean filter 

to the image. The result in Table 4 shows that the mean filter has 

an adequate response to Gaussian noise, which can also be 

verified from Table 6 where the visual effect is presented. Table 

4 presents that the mean filter has high PSNR and low M.S.E 

and does a good job removing Gaussian noise. Next, we have 

applied a median filter of window 3x3 on figure 5, and the visual 

result is shown in Table 6. The result suggests that it does not 

have a very good effect in recovering the image. In the Salt & 

Pepper noise, this filter had considerable effect, but it does not 

perform as desired in Gaussian noise, which can also be verified 

from Table 4. Weiner filter has intermediate filtering results; its 

M.S.E is greater than the mean filter and less than the median 

filter, and PSNR is less than the mean filter and greater than a 

median filter. So, we can say that the median and Wiener filters 

are not the best choice for recovering an image when Gaussian 

noise is present in the image. As discussed in section V, the 

image averaging technique performs best; Table 4 suggests that 

the same is when Gaussian noise is added to the signal. The 

visual result of the image averaging technique on Gaussian noise 

is shown in Table 6. Table 4 shows that the averaging image  

technique has very low M.S.E and very high PSNR. It also has a 

very good visual effect on the image and the results can be 

improved by taking the average of more images.  

 

 

 

 

  

Table 4: Different Filter Response for Gaussian noise 
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no

ise 

Mean Median 
Weiner 

filter 
Averaging 

MSE 
PSN

R 
MSE 

PSN
R 

MSE 
PSN

R 
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E 

PSN
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10 
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5235 

20.
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8 

1.10

E+0

3 

17.
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2712 

18.
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5 
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3 
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20 
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3 
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4 
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E+0

3 
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8 
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3 
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9 
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30 
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86

9 

10.

610
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3.61

E+0

3 

12.

558 
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E+0

3 
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559

4 

0.1

46

3 

8.3

470 

50 

1.72

E+0

3 

15.

778

1 

4.24

E+0

3 

11.
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13
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15.
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E+0
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1 

2.09
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52 
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IV.  Conclusion 

The effect of four selected filtering techniques has been 

studied on a standard image with salt and pepper noise and 

Gaussian noise models in this Paper. The results suggest 

that averaging image filter outperforms the other selected 

techniques quite considerably. The results can be further 

improved by averaging more and more images. Other 

filters show better results for certain types of noises as the 

case with median filter performs better for salt and pepper 

noise but reduces its efficiency when Gaussian noise is 

added in the image, and the noise factor is high. We 

suggest that the averaging image technique is the best 

choice for the above mentioned two types of noise model. 

 

 

 

 

 

 

 

 

 

Table 5: Results of Salt & Pepper Noise 

Filter/Percentage 

of noise 

10% 40% 70% 

Noisy  

Image(Salt and 

Pepper) 

 
 

  

Mean 
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noi

se 

Mean Median Weiner filter Averaging 

MSE PSNR MSE PSNR MSE 
PSN

R 
MSE 

PSN
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2.73E

+02 

23.76
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5 
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0.001
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28.3
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541.5
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47 
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4 
28.92 

529.7

98 

20.88

9 

0.003

9 

24.0

5 

30 
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98 
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51 
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05 

23.47

6 

719.5

9 

19.55

9 

0.007

4 

21.2

9 
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1.20E
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17.32

49 
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5 
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6 

60 
2.02E

+03 
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98 

3.76

E+03 
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1.44

E+03 
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Table 6: Results of Gaussian Noise 

Filter/Percentage 

of noise 

10% 40% 70% 

Noisy  

Image(Gaussian) 

 
 

  

Mean 
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