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P(x)=1/(c\2m)*e"* /26> For —% to
+ o0

Where: P(x) is the Gaussian distribution noise ritage; u and s is the mean and standard deviation
respectively.

Salt-and-pepper Noise

Salt-and-pepper noise is also called as Fat-tailriduted or impulsive noise or spike noise. An g@a
containing salt-and-pepper noise will have darlefsixn bright regions and bright pixels in darkiceg. Salt
and pepper noise is predominantly found in digimhsmission and storage. It can be described as:

I =(1-e)S()+eN()(2)

S (1) represents the amount of dark pixels in lriglgions, N (t) represents bright pixels in daggions and
I(t) represents the overall salt-and-pepper noisthé given image and e={0,1},with a probability Fhere is a
clear 50% probability of the occurrence of eithirck or white pixels within the image giving rise $alt and
pepper noise. To simulate the effects of some efpitoblems listed above, the toolbox provides theaise
function, which you can use #ad various types of noise to an image. The examplehis section use this
function.

V. IMAGE FILTERING ALGORITHMS

In image processing, filters are mainly used topsegs either the high frequencies in the image, i.e
smoothing the image, or the low frequencies, inaacing or detecting edges in the image. Imageran
and enhancement techniques are described in bettsghtial domain and frequency domain, i.e. Fourier
transforms. Noise removal is easier in the spatigthain as compared to the frequency domain asphtab
domain noise removal requires very less procedsing. Spatial processing is classified into pointl anask
processing. Point processing involves the transdition of individual pixels independently of othdxgls in
the image. These simple operations are typicalgdus correct for defects in image acquisition ienet, for
example to compensate for under/over exposed im&gethe other hand, in mask processing, the piitél its
neighborhood of pixels in a square or circle maskiavolved in generating the pixel at (x, y) caoates in the
enhanced image. It is a more costly operation i@ple point processing, but more powerful. Theliappon
of a mask to an input image produces an output émdidhe same size as the input. One of the mgsbritant
requirements of noise removal algorithms is thaytbhould provide satisfactory amount of noise nemhand
also help preserve the edges. For the stated camglito be satisfied there are two types of filteith their
significant advantages and disadvantages. Theypestof filters are the linear and non-linear fgteThe linear
filters have the advantage of faster processinghmitisadvantage of not preserving edges. Conlyefsenon-
linear filters have the advantage of preservingesdind the disadvantage of slower processing. [2]

Median Filter

It is important to perform noise removal duringreiyprocessing on an image or on a signal. Ondef
methods to perform this noise reduction is by penfog neighborhood averaging. The neighborhoodamiag
can suppress isolated out-of-range noise, butitteeeffect is that it also blurs sudden change$ siscsharp
edges. The median filter is an effective method ¢tlaa suppress isolated noise without blurring slegiges. In
Median Filtering, all the pixel values are firstrteal into numerical order and then replaced with thiddle
pixel value.[4] [6]

Let y represent a pixel location and w represemtighborhood centered around location (m, n) inirtiege,
then the working of median filter is given by y [mj=median{x[ i ,j],( i, j) belongs to w} Since épixel
y[m ,n] represents the location of the pixel y ,nta represents the x and y co-ordinates of y. p¥esents the
neighborhood pixels surrounding the pixel positr{m, n).( i, j) belongs to the same neighborhoedtered
around (m, n).Thus the median method will take tiedian of all the pixels within the range of ( j),
represented by X[i,j]. [2]

—
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Median Filter

Fig. 13 Result by Median Filter

Wiener Filter

The inverse filtering is a restoration techniquedeconvolution, i.e., when the image is blurredabiknown
low pass filter, it is possible to recover the iradwy inverse filtering or generalized inverse filhg. However,
inverse filtering is very sensitive to additive i The approach of reducing degradation at a aitoa/s us to
develop a restoration algorithm for each type dajrddation and simply combine them. The Wiener rfitig
executes an optimal trade-off between inverserifiiteand noise smoothing. It removes the additioise and
inverts the blurring simultaneously.

The Wiener filtering is optimal in terms of the mesguare error. In other words, it minimizes therail
mean square error in the process of inverse figeand noise smoothing. The Wiener filtering isireedr
estimation of the original image. The approachased on a stochastic framework. The orthogonatityciple
implies that the Wiener filter in Fourier domaimdae expressed as follows:

R NAT A
ML) S R S S+ 8, T

Where Sxx(f1,f2),8n(f1,f2) are respectively power spectra of the ordgiimage and the additive noise, and
is the blurring filter. It is easy to see that Wener filter has two separate part, an inverderfilg part and a
noise smoothing part. It not only performs the dembution by inverse filtering (high pass filteringut also
removes the noise with a compression operation gass filtering).

Wiener Filter

Fig. 14 Result by Wiener Filter

Average Filter

Mean filtering is a simple, intuitive and easy toplement method of smoothing images, and to retluee
amount of intensity variation between one pixel #mel next. Average filtering replaces each pixéu@an an
image with the mean value of its neighbors, inaigditself. The simplest procedure would be to daleuthe
mask for all the pixels in the image. For all theefs in the image which fall under this mask, il vibe
considered as the new pixel. This has the effeeliofinating pixel values which are unrepresentat¥ their
surroundings. Average filter is also consideretda convolution filter or a mean filter.[2]
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Average Filter

Laplacian Filter

Detecting edges within an image can be done bylapkacian filter. It denotes areas where the iritgns
changes rapidly, hence producing an image withhalledges. The Laplacian is often applied to argérthat
has first been smoothed with something approxirgatinGaussian smoothing filter, in order to reduse i
sensitivity to noise. The operator normally takesirgyle gray level image as input and producestemajrey
level image as output. As radius of interest on ithage is increased, this method will prove to beren
computationally expensive.[2]

Prewitt Filter

The Prewitt filter operator is used in image praieg particularly within edge detection algorithrRsewitt
filter is a discrete differentiation operator cortipg an approximation of the gradient of the imagensity
function.

Filtered Image

Fig. 16 Result by Prewitt Filter
At each point in the image, the result of the Pteaperator is either the corresponding gradiestareor the
norm of this vector.[5] The Prewitt operator is é&on convolving the image with a small, separaaiel
integer valued filter in horizontal and verticalrefition and is therefore relatively inexpensiveténms of
computations. On the other hand, the gradient agopedion which it produces is relatively crude,particular
for high frequency variations in the image. The kiog of Prewitt filter consists of computing theotanean
square root of two 3 cross 3 matrices. [2]

VI. RESULT AND DISCUSSION

A number of simulations and experiments have beewlected using Matlab R2010a version for evaluation
of the filters on two different types of noise.drder to do this, we have collected 15samplesehtdndwritten
Devnagari documents.

To test the accuracy of the Filtering algorithmelplv stated steps are followed:

a) First an uncorrupted handwritten Devnagari dainmage is taken as input

b) Next the document image is converted to rgb2grege.

c) Different noises are added to the handwrittevriagari document image artificially with 10% noise
density.

d) The filtering algorithms are applied for recanstion of handwritten Devnagari document images.
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f) To test the performance of the filters for vauwyinoise density, Gaussian noise with differentavere is
applied on the binary document image. [2]

VIL. CONCLUSION

In this paper five filtering algorithms were applien Salt & Pepper noise which would be developed i
Devnagari handwritten document during image capidweing transmission or that would have develoged
to the progression of time leading to blurring gwebr contrast of the written letters. Seven imaggqomance
techniques were chosen to evaluate the filtersitbareint noise levels. From the experimental resiilis seen
that median, average and wiener filters perforntebetompared to Laplacian and Prewitt. It is albsesved
that median filter is better in removing salt amgper noise.
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