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Abstract— Digital images plays very significant role in day-

to-day activities along with the areas of research and 

technology. But the main drawback of digital images is that 

noise added during their transmission. De-Noising of images 

can be carried out by several techniques. But before that we 

have to learn about the concept of denoising. Denoising is 

very leading affair in the field of image processing. Image 

denoising is the process of recuperating the primary image 

from an observation that has been depraved by various 

noises.  In this paper several techniques are suggested for 

image de-noising and individual techniques is capable in 

removing noise with edge preservation and less 

computational complexity is presented. Many smoothing 

filters have been introduced vary from simple mean to more 

complex filtering Such as bilateral filtering. These filters 

aim at smoothing the image to eliminate some form of noise.  

The proposed method is an optimum solution for these 

requirements. The performance of the algorithm is tested 

and compared with standard mean filter, median filter, 

weighted median filter, gaussian filter, bilateral filter and 

recently proposed filter. Experimental results show the 

remarkable performance of the proposed filtering technique 

compared to the other classic techniques in terms of both 

subjective and objective evaluations. 
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I. INTRODUCTION 

In this paper, Linear and Non-linear filters are used for 

image smoothing or to distillate the noise from the image. 

Image Smoothing is often used to decrease noise within an 

image or to yield a less pixelated image. Smoothing is also 

usually based on a single value describing the image, such 

as the average value of the image or the middle (median) 

value. Smoothing, also called blurring, is a easy and 

commonly used image processing operation. A number of 

techniques are servicable and the prime options can depend 

on the image and how it will be used. 

A. Linear Filters 

Linear filters process time-varying input signals to yield 

output signals, servile to the constraint of linearity. These 

results from systems calmed solely of components (or 

digital algorithms) classified as having a linear reaction.  

1) Mean Filter 

Mean filtering is a easy, automatic and not difficult to     

implement method of smoothing images, i.e. decreasing the 

amount of intensity modification between one pixel and the 

next. It is often used to decrease noise from the  images.The 

mean filter is a simple sliding-window spatial filter that 

shifts the center value in the window with the average 

(mean) of all the pixel values in the window.  

B. Nonlinear filters 

Nonlinear filters have slightly different behavior compared 

to linear filters. For nonlinear filters, the filter output or 

response of the filter does not follow the principles defined 

earlier, specially scaling and shift invariance. Moreover, a 

nonlinear filter can produce results that varies in a non-

intuitive manner.  

1) Median Filter 

The median filter is a nonlinear digital filtering technique, 

often used to remove noise. Such noise reduction is a typical 

pre-processing step to improve the results of later processing 

(for example, edge detection on an image). Median filtering 

is very widely used in digital image processing because, 

under certain conditions, it preserves edges while removing 

noise 

2) Gaussian filter 

Gaussian filtering is used to blur images and remove noise 

and detail. In one dimension, the Gaussian function is: 

 
 Where σ is the standard deviation of the 

distribution  

 The distribution is distribution assumed to have a 

mean of 0. 

Shown graphically, we see the familiar bell shaped 

Gaussian distribution. 

 
Fig. 1: Gaussian Filter 

The Gaussian filter is a non-uniform low pass filter. 

Gaussian filtering is used to remove noise and fine details. It 

is not specifically effective at removing salt and pepper 

noise. Gaussian filtering is more effective at smoothing 

images. It has its support in the human visual perception 

system. It has been found that neurons compose a similar 

filter when processing visual images. The halftone image at 

left has been smoothed with a Gaussian filter and is 

displayed to the right. 

3) Bilateral Filter 

A bilateral filter is a non-linear, edge-preserving and noise-

reducing smoothing filter for images. The intensity value at 

each pixel in an image is shifted by a weighted average of 

intensity values from neighboring pixels. This weight can be 

based on a Gaussian distribution. Essentially, the weights 

depend not only on Euclidean distance of pixels, but also on 

the radiometric differences (e.g. range differences, such as 

color intensity, depth distance, etc.). This preserves sharp 

http://en.wikipedia.org/wiki/Digital_filter
http://en.wikipedia.org/wiki/Signal_noise
http://en.wikipedia.org/wiki/Edge_detection
http://en.wikipedia.org/wiki/Image_processing
http://en.wikipedia.org/wiki/Noise_reduction
http://en.wikipedia.org/wiki/Noise_reduction
http://en.wikipedia.org/wiki/Smoothing
http://en.wikipedia.org/wiki/Digital_image_processing
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edges by consistently looping through each pixel and 

adjusting weights to the adjacent pixels accordingly. 

The bilateral filter is defined as 

 
Where the normalization term 

 
Ensures that the filter preserves image energy and 

 is the filtered image; 

 is the original input image to be filtered; 

 are the coordinates of the current pixel to be 

filtered; 

 is the window centered in ; 

 is the range kernel for smoothing differences in 

intensities. This function can be a Gaussian 

function; 

 is the spatial kernel for smoothing differences in 

coordinates. This function can be a Gaussian 

function; 

4) Weighted Median filter 

Weighted median filters have the robustness and edge 

preserving capability of the classical median filter and sound 

like linear FIR filters in certain properties. Additionally, 

WM filters match to the broad class of nonlinear filters 

called stack filters. This enables the use of the tools grown 

for the rearmost class in distinguish and analyzing the 

behavior and properties of WM filters e.g. noise attenuation 

capability. The fact that WM filters are the threshold 

functions allows the use neural network training methods to 

obtain adaptive WM filters. We trace the development of the 

theory of WM filter from its beginnings in the median filter 

to the recently developed theory of optimal weighted 

median filtering. Applications discussed include: idempotent 

weighted median filters for speech processing, adaptive 

weighted median and optimal weighted median filter for 

image and image restoration, weighted medians as robust 

predictors in DPCM coding and Quincunx coding and 

weighted median filters in scan rate conversions in normal 

TV and HDTV systems. 

WM filter is a same as median filter , Only 

difference is the mask is not empty. It will having some 

weight (or values) & averaged. The steps to perform 

weighted median filtering are as follows. 

1) Assume a 3x3 weighted mask 

2) Place the mask at the left hand corner. 

3) After convolution (multiplication). Arrange the 9 

pixels in ascending or descending order 

4) Choose the median from these nine values 

5) Place this median at the center. 

6) Move the mask throughout the image 

II. LITERATURE SURVEY 

[5] Sukhwinder Singh et.al  presented an adaptive window 

based salt & pepper noise removal filter.  In this filter, 

ROAD statistics is introduced to quickly identify the noisy 

pixels i.e. to process impulse pixels and edge pixels 

differently. Usually Conventional median filtering nearing 

excute the median operation to each pixel thoroughly i.e. 

without considering whether it is uncorrupted or corrupted. 

Hence, even uncorrupted pixels are filtered, and this causes 

image quality degradation. A better solution to overcome 

this problem is to implement an impulse-noise detection 

mechanism prior to filtering; hence, only those pixels 

identified as “corrupted” would undergo the filtering 

process, while those identified as “uncorrupted” would 

remain intact. 

From the experiment it was clear that Rank-

Ordered Absolute Differences (ROAD) statistic detect the 

presence of impulse noise in corrupted image because it 

works in both domains i.e. geometric domain and intensity 

domain. At the end, to check the filtering performance of the 

proposed filter; various tests were conducted by taking 

various salt & pepper noise corrupted gray scale images as 

test images. It is observed from quantitative analysis in 

terms MAE and IEF that the proposed filter performed 

better than other standard filters at all noise densities. 

[9] Ruikang Yang et.al  presented, two fast 

algorithms are developed to compute a set of parameters, 

called Mi’s, of weighted median filters for integer weights 

and real weights, respectively. The Mi’s, which characterize 

the statistical properties of weighted median filters and are 

the critical parameters in designing optimal weighted 

median filters, are defined as the cardinality of the positive 

subsets of weighted median filters. The first algorithm, 

which is for integer weights, is about four times faster than 

the existing algorithm. The second algorithm, which applies 

for real weights, reduces the computational complexity 

significantly for many applications where the symmetric 

weight structures are assumed. Applications of these new 

algorithms include design of optimal weighted filters, 

computations of the output distributions, the output 

moments, and the rank selection probabilities, and 

evaluation of noise attenuation for weighted median filters. 

[4] Dr.G.Padmavathi et.al presented different  

image filtering algorithms are practiced on images to 

eliminate the different types of noise that are either exist in 

the image during catching or introduced in to the image 

during transmission. Submarine images when catched 

usually have Gaussian noise, speckle noise and salt and 

pepper noise. In this work, five distinct image filtering 

algorithms are distinguished for the three distinct noise 

types. The performances of the filters are differentiate using 

the Peak Signal to Noise Ratio (PSNR) and Mean Square 

Error (MSE). The altered spatial median filter (MSMF) 

gives required results in terms of the above two parameters 

for the three different noise types. Forty submarine images 

are taken for implementation. 

[7] K. Vasanth et.al  presented the new algorithm 

significantly that  eliminates different noises and yield 

improved image quality as compared to standard median 

filter (SMF), Centre weighted median filter (CWF)and 

threshold decomposition filter (TDF).The designed 

algorithm (PA) is tested on different images depraved by all 

two noises and is fix to produce improved results in terms of 

the qualitative and quantitative measures of the image for 

noise densities up to 30% noise level for impulse noise, 

mean zero and 0.9% variance of Gaussian noise. The filter 

works well for speckle noise up to 0.8% variance. 

From the comprehensive experiments, conducted 

for different noise types for different images for different 

median filters, we observe that, the highest PSNR (dB) and 



Performance Analysis of Image Smoothing Filters 

 (IJSRD/Vol. 3/Issue 05/2015/172) 

 

 All rights reserved by www.ijsrd.com 732 

IEF is not obtained for PA for different images and for 

different noise type. However, on global basis, i.e., in an 

average sense, PA provides good performance for low 

density impulse noise up to 20%, zero mean 0.9% variance 

Gaussian noise removal. When correlated to their class of 

decomposition filters such as TDF in specific, the PA shows 

improved performance for Salt & Pepper noise removal up 

to 30% and cut down smaller proportion of zero mean 0.9% 

variance Gaussian noise. The designed filter also shows 

better noise removal up to 0.8% speckle noise. In our 

method, time complexity of Threshold Decomposition is 

eliminated by considering the pixel intensity itself as 

threshold. Hence, the proposed algorithm shows superior 

performance with fewer complexities. The designed 

algorithm has better average computation time such that it’s 

twice faster in comparison to TDF and exhibits optimum 

computation speed when compared with other filters. 

[3] Aditya Goyal et.al presented an algorithms that 

have the ability of preserving details, such as gradient 

weighting filtering, self-adaptive median filtering, robust 

smoothing and edge preserving filtering. Appropriate choice 

of such techniques is greatly influenced by the imaging 

modality, task at hand and viewing conditions. This paper 

will provide an overview of underlying concepts, along with 

algorithms commonly used for image smoothing. Image 

smoothing is a key technology of image enhancement, 

which can remove noise in images. So, it is a necessary 

functional module in various image-processing software. 

Excellent smoothing algorithm can both remove various 

noises and preserve details. This paper analyzed some image 

smoothing algorithms.  

Image smoothing algorithms offer a wide variety of 

approaches for modifying images to achieve visually 

acceptable images. The choice of such techniques is a 

function of the specific task, image content, observer 

characteristics, and viewing conditions. There are two major 

shortcomings of Gaussian smoothing, it shrinks shapes and 

dislocates boundaries when moving from finer to coarser 

scales, blurs important image features. Bilateral filter 

produces staircase effect, bilateral filter tends to remove 

texture, create flat intensity regions and new contours. The 

robust smoothing filtering only can remove salt and pepper 

noise with lower density. Nonlinear diffusion filtering 

approach smooth‟s regions of low brightness gradient while 

regions of high gradients are not smoothed. These 

anisotropic diffusion approaches are contrast-driven and 

smooth globally salient but low contrast image features. The 

guided filter has a fast and non-approximate linear-time 

algorithm, whose computational complexity is independent 

of the filtering kernel size. As a locally based operator, the 

guided filter is not directly applicable for sparse inputs like 

strokes. It also shares a common limitation of other explicit 

filter - it may have halos near some edges. Although we did 

not discuss the computational cost of image smoothing 

algorithms in this article it may play a critical role in 

choosing an algorithm for real-time applications. Despite the 

effectiveness of each of these methods when applied 

separately, in practice one has to devise a combination of 

such methods to achieve more effective image smoothing. 

We believe that the simplicity and efficiency of the guided 

filter still make it beneficial for image smoothing. 

[6]  Er. Saman Singh et.al presented the method in 

their paper that evaluates the  performance of NLM and 

NLEM image denoising techniques. It has been found that 

the most of the previous denoising techniques like gaussian 

filtering, bilateral filtering may remove some details from 

the image. So a non local method known as non-local means 

solve this problem by preserving those details. the second 

method is named as Non local euclidean median. This 

method improves the performance of NLM at high noise 

level. Denoising performance of a noisy image improved by 

replacing the mean by the euclidean median and this new 

denoising algorithm the non-local euclidean medians 

(NLEM).  The search for efficient Image denoising is one of 

the most essential challenges in the ground of image 

processing. In image denoising original image is estimated 

by removing noise from a noisy version of the image. Many 

algorithms have been proposed for removal of noise from 

the digital images. the image denoising methods are divided 

into two types: local and non-local. The methods that only 

use the spatial redundancy in local neighbourhoods are 

known as Local methods. The method that estimate pixel 

intensity from the complete image and shows the occurrence 

of similar patterns and features in an image are referred as 

Non-Local. This technique [3] estimates a noise-free pixel 

value as a weighted average of all other neighbourhood 

pixels in the image with similar neighbourhood. 

In this paper two denoising techniques are 

discussed in this paper. These two techniques have been 

designed and implemented in MATLAB using image 

processing toolbox. Different kind of the images has been 

taken for experimental purpose. This study shows the 

improvement of the NLEM algorithm over the NLM at high 

noise level. At noise level 20 NLM perform better result and 

at noise level 80 NLEM perform better. From this we 

conclude that out of these denoising techniques NLM 

perform well for low level noise and NLEM perform well 

for high level noise. NLEM (non-local Euclidean means) 

improves the performance of NLM in the vicinity of edges 

by using the concept of Euclidean median. But the main 

limitation of NLM and NLEM is that NLM work only for 

low noise level and NLEM works only for large noise level 

therefore both are not suitable for every kind of noise level.. 

Also both techniques does not focus on preserving the 

edges. To overcome the shortcomings of the available 

techniques in near future we will modify the existing 

method with a new one that work for every level of noise. 

we can alsol use the concept of image gradients as a post 

processing operation to preserve the edges in an efficient 

manner. 

[2] Behrooz Ghandeharian et.al presented a new 

switch median filter for suppression of impulsive noise in 

image. The proposed filter is Modified Adaptive Center 

Weighted Median (MACWM) filter with an adjustable 

central weight obtained by partitioning the observation 

vector space. Dominant points of the proposed approach are 

partitioning of observation vector space using clustering 

method, training procedure using LMS algorithm then 

freezing weights in each block are applied to test image. The 

proposed method includes fuzzy clustering part for 

clustering the observed vector of each pixel into one of M 

mutually exclusive blocks. In the training phase, Least Mean 

Square (LMS) algorithm use to train center weight in each 
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block then obtained weights used in testing phase. The 

extensive experimental results included in the paper have 

demonstrated that the proposed MACWM filter shows better 

performance in the impulse noise reduction over standard 

images relative the median (MED) filter, the switching 

scheme I (SWM-I) filter, the signal dependent rank order 

mean (SD-ROM) filter, the tri-state median (TSM) filter, the 

fast peer group filter (FPGF), the fuzzy median (FM) filter, 

the PFM filter and the adaptive center weighted median 

(ACWM) filter. 

[8] Krishnan Kutty et.al proposed a robust 

algorithm for estimation of noise standard deviation from 

images. Noise estimation from images that inherently 

contains very fine details or which have textured regions is 

still a challenging task. This paper attempts to estimate noise 

content from images corrupted by Gaussian and Speckle 

noise. The noise estimation technique proposed here is 

based on deriving a generic transfer function. This transfer 

function attempts to map the median value of the local noise 

standard deviation that is calculated on overlapping sub-

images of the noisy image to the overall noise deviation in 

the image. The results obtained show that the proposed 

algorithm performs well for different types of images and 

over a large range of noise deviation. Comparison with other 

known standard techniques in literature is also presented in 

the paper, which confirms that proposed method provides 

better noise estimation. The approach has been proven to 

work on images affected by speckle noise as well. 

The proposed algorithm can also be used to 

quantify noise content of an image and hence can be used as 

metric to compare performance of different noise removal 

algorithm. Owing to the repetitive nature of windowing and 

calculating local standard deviation thereof, this method can 

be further exploited for parallelization and hardware 

implementation as well. 

[1] V.R.Vijaykumar et.al  describes a new fast 

algorithm to restore high Gaussian noise corrupted digital 

images. The proposed algorithm is simple and fast non 

linear algorithm to remove Gaussian noise and the edges are 

better preserved with less computational complexity and this 

aspect makes it easy to implement in hardware. Commonly 

existing noise removal methods initially estimates the 

amount of noise corruption from the noise corrupted image. 

In the second stage, the center pixel is replaced by the mean 

value of the some of the surrounding pixels based on a 

threshold value. Noise removing with edge preservation and 

computational complexity are two conflicting parameters. 

So basic noise removal techniques takes a lot of time to 

remove the noise 

 The performance of the new filter is tested for 

various noise corrupted gray scale and colour images. The 

restoration results of the proposed filter  is compared with 

standard methods and recently proposed methods. The 

proposed algorithm removes Gaussian noise with edge 

preservation for low to high Gaussian noise corrupted 

images. Experimental results show that the proposed  

algorithm has less MAE and higher PSNR than mean filter, 

wiener filter, alpha trimmed filter, K means algorithm, 

bilateral filter and recently proposed trilateral filter 
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