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ABSTRACT 
In recent medical diagnosis and treatment, extraction of information from digital images of human organs plays vital role. Image 

segmentation is one of the important stages in medical image processing. Image segmentation is the technique used to isolate a 

digital image into manifold segments. The objective of segmentation is to simplify and modify the representation of an image into 

smaller object which is more meaningful and easier to analyze. For this the input medical image should be free from noise and 

good quality. The quality improvement and noise level reduction in a digital image can be accomplished by preprocessing 

techniques. Pre-processing intends to implement filters to diminish unwanted information and improve the image data which is 

helpful and important for further processing. This paper aims to propose a relative investigation on diverse filtering methods used 

in preprocessing to eliminate noise from a MRI brain image. This performance results of various filters like low pass, high pass, 

Gaussian, median, adaptive median and Wiener filters are practically verified with MATLAB, with various types of noises like, salt 

and pepper noise, Gaussian noise, speckle noise and Poisson noise. The mean square error are peak signal to noise ratio 

determined in this paper and with a comparative analysis was done between various filtering techniques. A visual comparison was 

also done with the help of MATLAB coding on the medical filtered image for various filtering techniques and various noises. This 

paper brings to close information that in region based image segmentation the median and adaptive median filters plays 

significant role. And for edge based segmentation the high pass filter has better performance. Finally this paper proposed en 

effective image filtering method for noise level reduction in preprocessing stage. 

 

KEYWORDS:  Preprocessing, Filters, Mean square error, Peak signal to noise ratio, Median filter, Gaussian filter, Wiener 

filter, Low pass filter. 
 

INTRODUCTION 
 

In modern science and real time applications image segmentation is an important process. Image 
segmentation is a powerful tool which extracts meaningful information from a digital image for further analysis 
and decision making [1]. Image segmentation is the segregation of an image into sub regions or groups, which 
correspond to different objects or parts of objects [2]. There are several imaging methodologies are present now 
a day to capture the human organs as digital images like, X-ray, Computer tomography, Magneto resonance 
imaging, mammography and Positron emission tomography etc. The captured images should be segmented in to 
some meaningful regions and analyzed to diagnose diseases. Diagnosis and treatment for a particular disease is 
highly depends on the accuracy of the segmentation results only [3]. Hence precision is highly important in 
image segmentation. High precision results in image processing can be obtained only when proper 
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preprocessing technique is adopted [4]. Noise removal in image segmentation is one of the important processes 
in preprocessing [5]. Image denoising has been discussed by various researchers in diverse applications like 
medical electronics, crop disease detection, face recognition, finger print recognition, traffic control systems, 
video surveillance, machines vision, content based image retrieval, computer vision and satellite image 
segmentation[25]. Noise removal is significant to image enhancement for digital image acquisition. Most of the 
existing image have a any one of the specific noise like Salt and pepper, Gaussian, Poisson and speckle noise 
However, the kind and intensity of the noise generated by digital cameras cannot be predicted since it depends 
on the aperture, speed of shutter, flash on /off and brand of camera. In medical images it depends on the type of 
scanning method and machine accuracy. The key points to be considered to choose a denoising algorithm is 
given below [6].  

1. The perceptually flat regions should be accurately smooth. Complete noise has to be removed from these 
regions. 

2. Image boundaries should be retained. Boundary should not be blurred or sharpened. 
3. Texture detail should not be lost. 
4. The global contrast should be preserved.  
5. No artifacts should appear in the denoised image.  
In general mean filter or averaging filter is a basic filter can be utilized to remove many types of noises. But 

it introduced blurring effects in proportion to window size [13]. Hence it is an essential task to choose proper 
filtering method in preprocessing to remove noises. This paper proposes a practically verified comparative 
analysis for two tasks. One is the comparative analysis on the performance of ideal low pass filter, Gaussian low 
pass filter, high pass filter, median filter, adaptive median filter and wiener filter in MRI brain medical image. 
Second task is to study the effect of various noises like salt and pepper, Gaussian, Speckle and Poisson noises. 
 
Literature Review: 

Image segmentation, preprocessing and filtering techniques are open to wide range of research and day to 
day new approach and algorithms are emerging from various researchers. Pranali Turkhade and Prof. U.W. Hore 
(2016) proposed a new modified decision based asymmetric and Symmetric trimmed median filter for removal 
of these different noises by using median filter, Adaptive median filter, and Decision based Adaptive median 
filter. In this paper noise removal of salt and pepper noise for various noises density level was discussed [5]. 
Md. Shahnawaz Shaikh et al (2016). stated that the cutoff frequency plays very important role in image 
denoising using frequency domain filters. In their research they have given a clear view about the effects of 
various values of cutoff frequency on the image filtering with low pass and high pass filters [8]. Shukla, (2016) 
introduced a hybrid median and bilateral filter to remove salt and pepper noise with variable noise variance 
level. It was practically proved that this hybrid combination yields high PSNR for digital image filtering 
techniques [9]. Sakthivel, (2016) suggested that the median filter is suitable for major image segmentation 
techniques since it generally smoothes the image from noise [1]. Aqsa Rashid (2016) concludes that median 
filter is one of the best filters in salt and pepper noise removal [7]. Rati Sharma, (2016) also used the median 
filter in his analysis for noise removal in preprocessing for image segmentation [10]. Deepa and Sumithra 
(2016) proved that in preprocessing stage the white noise is eliminated by using Median, Wiener and Wavelet 
transform. Kanmani Pappa and.Vijayaraj (2016) are stated in denoising PSNR is can be used as a performance 
measure after noise removal and specified that PSNR should be high for good image segmentation. [23] Anusha 
and Bhavani, (2016) proposed that preprocessing is an important operation which is used to improve the quality 
and appearance of an input image. [24] Elamathi et.al. (2016) Used the statistical parameters such as mean, 
standard deviation, skewness and kurtosis for differentiate filtering methods. [26] Akila et.al. (2016) 
Implemented a DWT-SWT based filtering and stated that this filter will preserve edges clearly after noise 
removal. [27]  
 
Filters: 

In order to achieve noise reduction, decimation, interpolation, image enhancement and resampling filtering 
techniques are adopted in image segmentation [11].  It is a mathematical and logical approach which eliminates 
and/or changes some pixels with respect to specific criteria. Selection of filter depends on the type of noise to be 
removed and nature of an image. Generally noise in digital image can be removed using filters while keeping 
the details of image conserved is a necessary part of image processing [10]. 

 
1. Low pass filter: 

Low pass filtering is otherwise known as blurring & smoothing filter is employed to remove spatial noise 
from a digital image. In image acquisition during analog to digital conversion spatial noise is introduced. 
Signals which are having frequency lesser than the cutoff frequency, are allowed by an ideal low pass filter. 
There is no transition region in ideal filter. An ideal low-pass filter can be realized mathematically by 
multiplying a signal by the rectangular function in the frequency domain or convolution with its impulse 
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response in the time domain. Practically a low pass filter determines the mean value of surrounding pixels with 
respect to the corresponding pixel. The original value of the pixel is replaced by the obtained average value. 
This process is repeated for every pixel in the image. The example of Kernel used for simple low pass filters is  

 
In this kernel pixel values from the neighborhood are summed without being weighted, and the sum is 

divided by the number of pixels in the neighborhood. Even a practical approximation to an ideal low pass filter 
has large spatial support. To design low-pass filters some sort of moving window operator is used. The operator 
usually affects one pixel of the image at a time, changing its value by some function. All the pixels in the digital 
image are modified by moving the operator over the entire range of pixels. Butter worth low pass filter is a 
modified version of ideal low pass filter in which there exists transition region at cut off frequency. Due the 
presence of transition region the conversion error will occurs in digital image filtering.  

 
2. Gaussian high pass filter: 

A high pass filter fails to isolate high frequency component. In the Gaussian high pass filter the concept of 
filtering and low pass remains the same, but only the transition becomes smoother. The operator used for 
Gaussian filter is otherwise called as convolution operator which eliminates noise and reduces the intensity of a 
digital image. The Gaussian filter is a two dimensional convolution operator which isolates noise from an 
image. A kernel with the shape of Gaussian distribution function is used in this process.   The Gaussian function 
is shown in equation (1). 

          (1) 

Where, σ is the standard deviation of the distribution. A graphical representation of the 2D Gaussian 
distribution with mean(0,0) and σ = 1 is shown in figure 1. 

 
 
 
 
 
 
 
 
 
 

Fig. 1: Graphical representation of 2D Gaussian distribution 
 
The algorithm to implement Gaussian filter is described as follows. 
1. Compute window weights according to Gaussian distribution.  
2. Place the window over pixel elements. 
3. Select elements. 
4. Multiply window elements by corresponding window weights. 
5. Sum up the products 
6. Repeat step 2 to 6 for all pixel elements.   
The example of 3x3 Kernel used for simple low pass filters is  

 
3. High pass filter: 

Image can be sharpened with a high pass filter. Fine details in an image are highlighted by high pass filter. 
Operation of high pass filter is similar to low pass filter with different convolution kernel. The pixel with 
uniform intensity remains same after high pass filter operation. When there is variation with intensity the high 
pass filter boost its intensity value. Actually high pass filter degrade the image quality significantly. A model 
convolution kernel is represented as shown below. 
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The center positive element with neighbour negative elements in the kernel is the significant in this filter.  

 
4. Median filter: 

The destructive noise can be effectively eliminated by keeping edges with the help of median filter.  
Almost the characteristics of mean filter replicate in median filter but with improved elimination of salt and 
pepper noise [13]. On the other hand median filter is often used for speckle noise. In median filtering, each 
pixel is replaced by the median of the pixel values in the neighborhood. Without reducing the sharpness of an 
image, median filtering can remove outliers. The size of the window used for filtering is 3-by-3. Speckle 
noise from an ultrasound image can be deleted with this filter without blurring the image.  The algorithm for 
the median filter is given below.[14 ][15]. The algorithm for median filter is described as shown below. 

1. Let the input matrix is of size m x n. 
2. Initialize a matrix of size m+2 x n+2 with all elements are zeros. 
3. Copy the input matrix into the matrix initialized in step 2.  
4. Form a kernel matrix of size 3 x 3 with elements of input matrix. 
5. Find the median element & Place the median element to the output matrix.  
6. Repeat these steps for all the elements of input matrix.  

Median filter smoothes the data while keeping the small and sharp details. In noise removal the role of 
median filter is significant. The edge details are preserved highly than other types of filters. 

 
5. Adaptive median filter: 

The adaptive median filter performs spatial processing to determine which pixels in an image have been 
affected by impulse noise. The adaptive median filter removes noise distortion like excessive thinning or ticking 
of object boundaries. The feature and minute non-impulsive noises are retained by the adaptive median filter. In 
weighted median filter instead of assuming empty window of size 3 x 3, a weighted window (window with 
values) is considered. The sorting is done after convolution process. 
 
6. Wiener Filter: 

Inverse filtering is used in image segmentation to change blurred image into non blurred image. However, 
inverse filtering is very sensitive to additive noise [17]. The most important technique for removal of blur in 
images due to linear motion or unfocussed optics is the Wiener filter. The additive noise can be removed and 
image intensity can be complemented by the wiener filter. The Wiener filtering is optimal in terms of the mean 
square error [11]. In other words, it minimizes the overall mean square error in the process of inverse filtering 
and noise smoothing. The Wiener filtering is a linear estimation of the original image. Wiener filtering could 
reduce noise effectively. With respect to the mean square error value it is an best filter in image restoration.  

 
Noises in  Images: 

The unwanted blurring occurs in an image is called noise [18]. In general the researchers are in need to 
eliminate the noise to improve the image quality. With respect to types of noise different procedure can be 
adopted for noise elimination. Some examples of noise in image segmentation are Gaussian, Salt and pepper, 
Poisson and Speckle noise.  

 
A. Salt and Pepper Noise: 

A definite quantity of the pixels in the image are either black or white are termed as salt and pepper noise. 
An image hold salt-and-pepper noise will have murky pixels in light regions and light pixels in murky regions. 
The bit errors and transition error causes this type of noise.  This can be eradicated in large part by using murky 
frame division and by interpolating around other pixels [19]. The salt-and-pepper noise is otherwise called as 
shot noise, impulse noise or spike noise.  There are only two different values are possible for example a and b 
and the probability is less approximately 0.2. For 8-bit image the typical value for 255 for salt-noise and pepper 
noise is 0. Due to memory failure fault operations of camera, synchronization errors the salt and pepper noise 
occurs in an image. 

  
B. Gaussian Noise: 

Gaussian noise in digital images occurs at some stage in acquisition. Sometimes noise caused by 
underprivileged illumination and transmission error. This noise has a probability density function of the normal 
distribution [18].  It is also known as Gaussian distribution. It is a major part of the read noise of an image 
sensor that is of the constant level of noise in the dark areas of the image [12]. The noise is independent and it is 
generally additive. Extended amplification is followed for blue color in a color camera than green and red 
channel.  
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C. Speckle Noise: 
Speckle noise is an important factor to be considered while analyzing ultrasound images. Speckle noise is 

an intrinsic attribute in ultrasound imaging. It is observable fact that accompany all articulate imaging 
modalities in which images are produced by interfering echoes of a transmitted waveform that originate from 
heterogeneities of the object to be studied [20]. Generalized model of speckle noise is represented as,  

 
g(m, n) = f(m, n)*u(m, n) + e(m, n)               (2) 

 
Where,   f(m, n) – Image to be observed, u(m, n) – Multiplicative component, e(m, n) – Additive component  

The presence of speckle noise in ultrasound images upset edges and fine specifics which further limits the 
contrast resolution [21]. These aspects will intensification the difficulty in diagnosis. Speckle noise tends to 
obscure and mask diagnostically important details. In the proposed method a comparison investigation was done 
in the preprocessing stage between the Median and Gaussian filter and from the result it is proved that the 
median filter has better characteristics than Gaussian filter in removing speckle noise. Speckle noise is granular 
noises that intrinsically exists in and corrupt the quality of the active medical images.  

 
D. Poisson noise: 

Poisson noise is otherwise called as or shot noise. When confined particles carry energy it introduced as an 
electronic noise. Generally it is small enough to give rise to obvious numerical variations in a measurement [18]. 

 
Proposed Work: 

A practical approach using MATLAB without using built in function is proposed in this paper to analyze 
the performance evaluation of various types of filters on various types of noises. The proposal works on low 
pass, Gaussian low pass, Median, adaptive median and Wiener filter for the preprocessing MRI brain medical 
image.  The performance of high pass filter is also studied in order to compare and distinguish the results from 
other filters. In addition to the investigation on various filter performances the results due to various noises are 
also discussed. For clear illustrative analysis and to observe the variation in the results of filter operation only 
the noises are externally added with the medical images in this paper. Proper performance measures like mean 
square error and peak signal to noise ratio the evaluation was done and the results are tabulated. The frame work 
for the proposed method is shown in figure 2. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Flow chart of proposed method 

 
Performance Measures: 
Peak signal to noise ratio and Mean square error: 

The ratio between possible maximum values and distorting noise is called as peak to signal ratio. Improving 
appearance and clarity of an image is objective in image segmentation. The quality of improvement and 
elimination of image varies one to other with manual observation of the image. Therefore it is essential to 
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determine some numerical methods to analyze various kinds of algorithms. The mathematical representation of 
the PSNR is as follows [18]: 

           (3) 
 
Where, MSE is mean square error.   
      The pixel values of our filtered image to pixel values of noisy image are compared with the help of mean 
square error. The mean of the squares error between the filtered image to noisy image is represented in terms of 
MSE. The error is the amount by which the values of the original image differ from the degraded image [12]. 

         (4) 
       Always the intension is to minimize the MSE which intern maximizes the peak signal to noise ratio. A MSE 
value of zero indicates the images are identical. For an optimum filtering method the results should be with 
higher PSNR and lower MSE.  
 

RESULTS AND DISCUSSION 
 
In this paper low pass, Gaussian low pass, high pass, median, adaptive median and wiener filter are 

designed using MATLAB coding to filter out the noise from MRI brain image. Various types of noises are 
introduced manually to illustrate the investigation in detail. Mean square error and peak signal to noise ratio 
are calculated and the comparative results are tabulated in table 1 and 2. The input and output images of the 
relative investigation are shown in figure 3 to 8. 
 
Table 1: PSNR values with respect to various filters and various noises 

 Noise Type LPF Butterworth HPF Median  Adaptive Median Wiener  
Salt & Pepper 
Noise 

21.3354 21.6182 12.5298 21.1825 68.7233 30.8443 

Gaussian Noise 21.4978 21.7839 12.8040 21.4118 69.1988 22.8853 
Speckle Noise 29.4985 29.8306 13.2172 29.8533 69.2369 33.7865 
Poisson Noise 31.5269 31.8967 12.8733 32.3386 69.1816 34.0415 

 

 
 
Fig. 3: Graphical representation of PSNR values of various filters and various noises 
 
Table 2: MSE Values with respect to various filters and various noises 

Noise Type LPF Butterworth HPF Median  Adaptive Median Wiener  
Salt & Pepper 
Noise 

478.1194 447.9795 3631.7000 495.2582 0.0087 53.5371 

Gaussian Noise 460.5702 431.2142 3409.4000 469.7911 0.0078 334.6166 
Speckle Noise 72.9844 67.6116 3100.0000 67.2583 0.0078 27.1910 
Poisson Noise 45.7502 42.0156 3355.4000 37.9505 0.0079 25.6409 
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Fig. 4: Graphical representation of PSNR values of various filters and various noises 

  
Fig. 5: Input and output images of various types of filter for salt and pepper noise 

A) Input image B) Input image with added salt and pepper noise C) Filtered image using Low pass filter 
D) Filtered image using Butterworth low pass filter E) Filtered image using High pass filter F) Filtered image 
using Median filter G) Filtered image using adaptive median filter  H) Filtered image using wiener filter.   

 

  
Fig. 6: Input and output images of various types of filter for Gaussian noise 

A) Input image B) Input image with added Gaussian noise C) Filtered image using Low pass filter D) 
Filtered image using Butterworth low pass filter E) Filtered image using High pass filter F) Filtered image 
using Median filter G) Filtered image using adaptive median filter  H) Filtered image using wiener filter. 
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Fig. 7: Input and output images of various types of filter for Speckle noise 

A) Input image B) Input image with added Speckle noise C) Filtered image using Low pass filter D) 
Filtered image using Butterworth low pass filter E) Filtered image using High pass filter F) Filtered image 
using Median filter G) Filtered image using adaptive median filter  H) Filtered image using wiener filter. 

 

  
Fig. 8: Input and output images of various types of filter for Poison noise 

A) Input image B) Input image with added Poison noise C) Filtered image using Low pass filter D) 
Filtered image using Butterworth low pass filter E) Filtered image using High pass filter F) Filtered image 
using Median filter G) Filtered image using adaptive median filter  H) Filtered image using wiener filter. 
 
Conclusion: 

From the results obtained so far it is proved that in salt and pepper noise removal the median and adaptive 
median filters perform well. The output images, lowest MSE and highest PSNR values states that these filters 
have efficient performance in removing salt and pepper noise. With respect the speckle noise elimination 
Gaussian filter is universally followed and the results indicates the conventional truth. With respect to the 
overall analysis it is proved that the median and adaptive median filter has good characteristics in noise removal. 
The adaptive median filter has highest PSNR values for salt and pepper noise, Gaussian noise, Speckle noise 
and Poisson noise, 68.7233, 69.1988, 69.2369, 69.1816 respectively. The high pass filter also has its application 
in edge detection. In future hybrid combination of filter can be analyzed to examine the improvement in noise 
removal. In this same work an investigation can be made by varying the noise density level. Instead of 
introducing noise manually images with noise in nature can be taken for analysis.     
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