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Abstract 

 

Communication in the modern age has been done via Visual information which is being transmitted in the form of digital images. The 

transmitted image often contains noise and need to be preprocessed before applied in algorithms. Image provides some useful structural 

and functional information about the brain after involving into a simple and non-invasive procedure. Various functional modalities like 

CT, SPECT and MRI detects some changes in normal metabolism and in flow of blood. If the original image is noisy or has any 

structural changes, it becomes difficult to identify the required features from the original image and hence preprocessing becomes an 

essential step. An experimental methodology has been done which compares and classify the various denoising filters.  
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1. Introduction 

Image and noise 

Digital images have emerged as the key input value in our day to 

day applications and also in fields of research and technology. 

Noise modeling gets affected via transmission medias, 

quantization and radiation [1]. The process of acquiring a data gets 

varied depending on the environment and its applications. Hence 

with the large production of images and videos in poor conditions, 

image enhancement has become an essential step in the process. 

Additive random noise can be found in images and can be 

modeled as a gaussian noise. Speckle noise [2] can be found in 

Ultrasound images and MRI images can have Rician noise [3]. 

The major focus is on filtering techniques for natural images and 

its comparisons. An ultrasound image can have speckle noise and 

it will be correlated as multiplicative noise. Fine details of an 

image get degraded and contrast resolution will be limited and 

hence it becomes difficult to detect in images [4]. Linear and Non-

Linear models are generally used for removing noise form images. 

Linear models remove noise quickly but edges preservation will 

not be efficient, Whereas Non linear models can preserve edges in 

a better way [5].   

Performance evaluation criteria 

A filter reduces noise and enhances detail that was blurred [6].  

For removing noise in digital images, spatial filtering is found to 

be an important enhancement technique. It operates on small 

neighborhood pixels and implemented as convolution masks [7]. 

Spatial filters use mean filter as a method for denoising, 

particularly Gaussian noise. Convolution process provides the 

average values based on the kernel [8]. Neighboring pixel values 

are calculated and fit into the center pixel location in averaging 

filter. Various filtering methods were used to remove unwanted 

noise in images and to estimate the unknown signals. Image 

denoising has found to be the essential pre-processing step for 

analyzing an image. The performance of all the filtering 

techniques and quality of images was evaluated using the 

following three different quantitative measures. 

1. PSNR  

2. SNR 

3. MSE  

Signal and noise ratio 

Peak signal-to-noise ratio (PSNR) defines the ratio between the 

power of a signal to the power of noise that affects the fidelity of 

its representation.  

 
The mean square error will be the bias square value added with 

variance value.  

 

2. Classification of denoising filters 

Spatial filtering  

Spatial filters can be used to remove noise from an image and 

further classified into linear and non-linear filters. Spatial filters 

can be applied in both static and dynamic images [9].  

Non-Linear filters 

Edge values will be preserved and found to be efficient than linear 

filters. Noise levels get reduced without blurring the images which 
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makes the design to be difficult. Without explicit identification 

noise can be removed in Non-linear filters. Various non-linear 

filters like Rank selection, Weighted and relaxed Median was also 

used [10]. 

Linear filters  

Linear filters blur the edges and other pixel details. Each pixel 

gets replaced with a linear combination of its neighbor pixels 

using convolution kernel. Convolution in Linear filtering of a 

signal can be expressed as.  

y(t)= (ℎ 𝑟 . 𝑥 𝑡 − 𝑟 𝑑𝑟) 

Wiener  

Wiener filter is the linear filter which is used for images which 

gets degraded by additive noise [11]. If the signal is found to be 

smooth, then wiener filtering can be used. Spatial smoothing can 

be used for wiener filter and wavelet denoising was also used [12]. 

Fig.1 shows the original image and filtered image using Wiener 

Filter. 

 
Fig. 1: Output image of wiener filter 

Gaussian 

Each pixel will be a sum of true pixel value and a random 

Gaussian value evenly distributed over the signal. Fig.2 Shows the 

original image and filtered image using Gaussian Filter. 

 
Fig. 2: Output image of gaussian filter 

Mean filter (Average filter) 

It is a type of spatial filtering operation which replaces the centre 

value by the average values of its nearest pixels including itself. 

Average filter removes even small variations by performing 

smoothing on an image. It uses a convolution filter around a 

kernel representing the shape and size of the neighborhood to be 

sampled when calculating the mean [13]. Fig.3 Shows the original 

image and filtered image using Mean Filter. 

 
Fig. 3: Output image of mean filter 

Median filter 

It is a type of non-linear filter technique used to remove noise. The 

random valued impulse noise can be removed by median filter 

where the value of corrupted pixel will be replaced by median 

value of corresponding window. The median is calculated by pixel 

sorting and then replaced with the middle pixel value. It is found 

to be less effective for those images affected with gaussian noise 

[13,14]. Fig.4 Shows the original image and filtered image using 

Median Filter. 

 
Fig. 4: Output image of median filter 

3. Results and discussion 

Brain MRI images has been taken as the input and various filters 

has been applied calculating PSNR, SNR and MSE values. 

Various figures showing the output images obtained for Wiener, 

Gaussian ,Mean and Median Filters has been shown in Fig 1,2,3,4 

respectively. Table 1 shows the performance values (PSNR, SNR, 

and MSE) obtained by applying Wiener filter.  Similarly, 

performance measures are calculated by applying other filters and 

its PSNR value comparison is shown in Fig 5. SNR and MSE 

shows an approximate equal range of values for all filters.  

      

 

Table 1: Performance Values obtained for Wiener Filter 
 

Image PSNR SNR MSE 

1 38.17 15.88 37.89 

2 38.41 12.95 57.35 

3 31.77 14.31 48.48 

4 36.52 15.89 40.91 

5 41.83 14.75 46.48 

6 32.48 13.13 56.23 

7 30.43 13.53 53.65 

8 51.66 14.85 36.86 

9 51.5 13.42 40.95 

10 36.91 12.81 58.34 

11 39.03 13.88 42.27 

12 30.5 11.39 68.69 

13 32.82 11.9 64.73 

14 35.39 12.92 57.1 

15 31.12 10.51 75.98 

PSNR - Peak Signal to Noise Ratio 

SNR - Signal to Noise Ratio 

MSE - Mean Square Error 
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Fig. 5: Graph showing the PSNR values for various filters 

 

4. Conclusion 

Understanding the finer details in image has found to be the 

essential step in image processing in all domains. Hence an image 

should be preprocessed before applied in algorithmic evaluations. 

Each pixel holds some data and while removing noise from such 

images, data should not get distracted. Various filters have been 

applied for Brain MRI Images and the performance was measured 

using the PSNR, SNR and MSE values. In this paper filters were 

applied for all input MRI images and values were compared and 

shown in charts which will help us to use the denoised image for 

further processing.   
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