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Abstract
Noise present in the image hides necessary details. It compromises 
with level of quality of image. So, we need to remove the noise 
from images. Noise removal is one of the pre-processing tasks in 
several image processing techniques. Many researchers work on 
different types of filters used to remove different types of noises 
from images. There are some traditional filters, some filters derived 
from traditional filters and some filters are new innovations. In 
this paper, we make a survey on various denoising filters and 
conclude which works better among all.
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I. Introduction
Digital image processing is the manipulation of the numeric data 
of the digital image for enhancing it to make it suitable for the 
further processing according to the specific application needs. 
Today, Image Processing systems are very popular due to easy 
availability of powerful computers, large size memory devices, 
graphics software etc. By doing image processing, corrupted 
pictures can be enhanced, medical images clarified, and satellite 
photographs improved. Image Processing is a technique to enhance 
raw images received from cameras/sensors placed on satellites, 
space and aircrafts or pictures taken in normal day-to-day life for 
various applications. A digital image is an array of real numbers 
represented by a finite number of bits. Basic operation of image 
processing can be shown with the help of fig. 1.

Fig. 1: Basic Operation

While acquiring the image from the source like sensor, digital 
camera etc. there may occur some disturbances. These are called 
as noise. Disturbances may occur due to bad weather conditions 
or some other interference while capturing the image. The net 
effect is a corrupted image that needs to be pre-processed to 
reduce or eliminate the noise. Although noise gives an image a 
generally undesirable appearance, the most significant factor is 
that noise can cover and reduce the visibility of certain features 
within the image. The loss of visibility is especially significant 
for low-contrast objects. In addition, sometimes images are not 
of good quality, due to both hardware and software inadequacies. 
So, they have to be enhanced and improved before other analysis 
can be performed on them. Before processing the image we have 
to remove the unwanted data from it, it means we have to remove 
the noise from the image. There are different types of noises each 
having different statistical properties [1].

Fig. 2: Noisy and Denoised Picture

Various techniques are used to remove noise from image to enhance 
them. Some of the techniques are directly applied on the image 
data and some use the transformations like wavelet or frequency. 
In this paper, we study various traditional and derived filters.

II. Survey of Techniques Available for Denoising
While classifying the various denoising filters, we classify the 
filters in 2 broad categories. These are traditional filters and fuzzy 
based filters, shown in fig. 3.

A. Traditional Filters
These include filters which are traditionally used to remove noise 
from images. We further divide traditional filters into two classes: 
- Spatial domain and transform domain.

1. Spatial Domain
In spatial domain various filters like mean filter [1], median filter, 
all work directly on the input image. It means they directly work 
on the pixels of original image. Out of various spatial based filters, 
wiener filter [2], gives best performance in case of Gaussian, 
Poisson and speckle noise. For impulse noise, median filter [4], 
outperforms all other filters. Various enhanced median filters like 
weighted median filter [5] are also used for this purpose.

2. Transform Domain
It is needed when it is necessary to analyze the signal. Here, we 
transform the given signal to another domain and do the denoising 
procedure there and afterwards inverse of transformation is done 
in order to get final output. There are several transforms available 
like the Fourier transform, Hilbert transform, wavelet transform, 
etc. The Fourier transform is probably the most popular transform. 
Among different Fourier transforms [1] fast Fourier Transform 
(FFT) is considered the best. However the Fourier transform does 
not give high performance in case of image denoising. Wavelet 
transform is better for this purpose [3]. Wavelet transform further 
provide different methods for removing noise from image which 
includes thresholding, non- orthogonal wavelet transform and 
coefficient model. 

B. Fuzzy Based Filters
Fuzzy based filters are those filters which include concept of fuzzy 
logic in their filtering procedure. Fuzzy based filters can also be 
further classified into two categories: fuzzy classical and fully 
fuzzy.
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1. Fuzzy Classical Filters
Fuzzy classical filters include the filters which extend the traditional 
filters using fuzzy logic. There are plenty of fuzzy traditional filters 
on which many researchers have worked. We here mention only 
some of them. Popular fuzzy classical filters are:

Fuzzy Median Filter (FMF) [8]• 
Fuzzy Impulse noise Detection and Reduction Method • 
(FIDRM) [6]
Fuzzy Random Impulse Noise Reduction method (FRINR) • 
[7]
Fuzzy Weighted Mean (FWM) [9]• 
Adaptive Weighted Fuzzy Mean (AWFM) [10]• 

In fuzzy median filter [8], and fuzzy weighted mean filter [9], 
fuzzy logic is added to enhance the traditional median and mean 
filters. Fuzzy Impulse noise Detection and Reduction Method [6] 
and Fuzzy random impulse noise reduction method [7], is two 
step methods. In first step, noisy pixels are detected from the input 
image and after detection procedure, noise is removed from the 
detected pixels, this forms second step. The fuzzy logic is used 
in detection step by forming the fuzzy rules to decide whether 
the pixel is corrupted with noise or not. In filtering procedure, 
traditional filters like mean filter, median filter, weighted mean 
filter etc. are extended using fuzzy logic.

Fig. 3: Classification of De-noising Filters

2. Fully Fuzzy Filters
Fully fuzzy filters are those Denoising filters which are purely 
based on fuzzy logic and have no connection with traditional 
methods. Various methods that come under this category are:

Dual Step Fuzzy Inference Ruled by Else-action filter  • 
(DSFIRE) [12]
Piecewise Linear Fuzzy Inference Ruled by Else-action Filter • 
(PWLFIRE) [13]

Gaussian noise  reduction filter (GOA)[14]• 
Histogram Adaptive Filter (HAF) [15]• 
Fuzzy Inference Ruled by Else-action filter (FIRE) [11]• 

There are other available filters. We only mention some of the 
popular filters only. FIRE [11], filters are a family of nonlinear 
filters which adopt fuzzy rules to process image data. Dual Step 
FIRE filter [12], adopts fuzzy reasoning at two different levels 
in order to cancel noise pulses without damaging fine image 
structures. DS-FIRE filter is able to largely outperform other 
methods in the literature. All fuzzy based filters use fuzzy rules 
based systems to add fuzzy logic in it.

III. Conclusion
Among all traditional filters wavelet transform is best suited as it 
provides high degree of performance. It has various favourable 
properties like multi resolution and multi scale. It is simple to 
implement when we are using discrete wavelet whereas on the 
other hand due to various limitations in data representation FFT 
is not suitable for removing noise from images.
Among fuzzy based filters, various filters work with specific type 
of noise. For example, the FIDRM and FIRE filters give good 
performance in case of removal of impulse noise but not when 
noise is of Gaussian type. Among all GOA performs better than all 
other filters. In all, we will go in favour of fuzzy based filters. These 
perform best. The quest for universal filter which can remove all 
type of noise is yet there.

References
[1] Rafael Gonzalez, Richard Woods,“Digital Image Processing”. 

Pearson Publications, 2002.
[2] A.K.Jain,“Fundamentals of digital image processing”. 

Prentice-Hall, 1989.
[3] David L., Donoho Iain, M. Johnstone,“Ideal spatial adaption 

via wavelet shrinkage”, Biometrika, Vol. 81, September 
1994, pp 425-455.

[4] N. C. Gallagher Jr., G. W. Wise,“A theoretical analysis 
of the properties of median filters”, IEEE Trans. Acoust., 
Speech, Signal Processing, Vol. ASSP-29, Dec. 1981, pp. 
1136–1141.

[5] R. Yang, L. Yin, M. Gabbouj, J. Astola, Y. Neuvo, “Optimal 
weighted median filter under structural constraints”, IEEE 
Transactions on  Signal Processing, Vol. 43, Mar. 1995, pp. 
591–604. 

[6] Schulte S., Nachtegael M., De Witte V., Van der Weken D., 
Kerre E.E.,“ A Fuzzy Impulse Noise Detection and Reduction 
Method”, IEEE transactions on image processing, Vol. 15, 
No. 5, may 2006, pp. 1153-1162.

[7] Stefan Schulte, Valerie DeWitte, Mike Nachtegael, Dietrich 
Van derWeken, Etienne E. Kerre,“Fuzzy random impulse 
noise reduction method”, Fuzzy Sets and Systems, ESLEVIER 
,2006, pp. 270-283.

[8] Arakawa K.,“Median filter based on fuzzy rules and its 
application to image restoration”, Fuzzy Sets and Systems, 
Vol. 77, 1996, pp. 3-13.

[9] Arakawa K.,“Fuzzy rule-based image processing with 
optimization”, Fuzzy Techniques in Image Processing (Kerre 
E.E. & Nachtegael M., editors), Springer-Verlag, 2000, 
pp.222-247.

[10] Lee C.S., Kuo Y.H., Yu P.T.,“Weighted fuzzy mean filters for 
image processing”,  Fuzzy Sets and Systems, Vol. 89, 1997, 
pp. 157-180.



IJCST Vol. 3, ISSue 1, Jan. - MarCh 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 507

[11] Russo F., Ramponi G.,“A fuzzy filter for images corrupted 
by impulse noise”, IEEE Signal proceedings letters, Vol.3, 
No. 6, 1996, pp. 168-170.

[12] Russo F., Ramponi G.,“Removal of   impulse noise using a 
FIRE filter”, IEEE Proceedings, 1996, pp. 975-978.

[13] Russo F.,“FIRE operators for image processing”, Fuzzy Sets 
and Systems, Vol. 103, 1999, pp. 265-275.

[14] Van De Ville D., Nachtegael M., Van der Weken D., Kerre 
E.E., Philips W., Lemahieu I.,“Noise reduction by fuzzy 
image filtering”, IEEE Transactions on Fuzzy Systems,Vol. 
11, No. 4, 2003, pp. 429-436.

[15] Wang J.H., Chiu H.C.,“HAF: An adaptive fuzzy filter for 
restoring highly corrupted images by histogram estimation”, 
Proc. Natl. Sci. Counc. ROC(A), Vol. 23, No. 5, 1999. pp. 
630-643.

Navjeet Kaur received her graduate degree 
in science in 2008 and masters in IT in 
2010 from Guru Nanak Dev University, 
Amritsar, India. She is pursuing 
M.Tech CSE from Lovely Professional 
University, India. Her research interests 
include image processing, fuzzy logic 
and software engineering. She has 
attended several conferences at national 
and international level.

Shveta Chadda received her graduate 
degree in science in 2008 and masters 
in information technology in 2010 from 
Guru Nanak Dev University, Amritsar, 
India. She is pursuing M.Tech CSE from 
Lovely Professional University, India. 
Her research interests include image 
processing, fuzzy logic and networking. 
She has attended several conferences at 
national and international level.

Rajni Thakur received her graduate 
degree in science in 2008 and masters 
in computer science in 2010 from Guru 
Nanak Dev University, Amritsar, India. 
She is pursuing M.Tech CSE from 
Lovely Professional University, India. 
Her research interests include image 
processing, fuzzy logic and networking. 
She has attended several conferences at 
national and international level.


