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Abstract—In this paper, technique used for historical
document preservation is explored. In this papero&se
estimation technique is applied to know noise siashd
deviation. We first estimate or detect level of smoi
present in noisy images by selecting weak textured
patches in image on the basis of gradient matrid @s
statistical properties, then eliminate that noisgough
non local means(NLM) denoising technique that wsié
estimated noise level as filtering parameter for
eliminating noise from the image. This techniqubkased
on weighted average of the similar pixels in histair
image. Non local means techniques removes noise fro
images without taking care of noise level ,it isna@tory

to take care of noise level for best preservingtddisal
document images.

Keywords— Filter, Historical document, Noise, Noise
removal method, Noise level estimation.

I. INTRODUCTION
Historical documents play a very important role ias
expresses the difference between past and presewtlh
as future t00.So it is important to retrieve thioimation
in order to preserve the Historical document
images.There are many factors which affect the racgu
of text documents. When historical documents are
digitized by Scanning of the documents, they gdhera
contain noise due to use of scanner , printer gedathe
document. Historical documents are different frome t
other documents in terms of foreground and
background,so they are to be treated in differemtsn4]
The noise estimation and the noise removal tecleniqu
[1]proved itself much better as a important part i
enhancing or to make historical documents readHiite
paper has been organized in number of sectionsioB&t
involves basic steps used. In section 3 noise level
estimation is explained. Section 4 having the tketof
noise removal technique .Section 5 deals with thtpud
of the used techniques. and section 6 comprises of
conclusion.

II. STEPS INVOLVED
Steps involved in the preservation of Historicatalment
preservation are as follows in fig 1:
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Fig 1: Block diagram of the steps involved in
preservation

It is very complicated to get useful informatiororn
noisy images. That is why it is necessary to denois
images to get useful information from them. But
performance of denoising techniques or degree of
removal of noise from noisy images usually depemnls
the level of noise present in images. So it isingportant
task to know about the true level of noise preseant
images and then depending on that standard deaviafio
noise, noise can be removed from images by using
specific image denoising techniques.

Ill. NOISE LEVEL ESTIMATION
In order to remove noise we must know the levethef
noise present in the scanned historical document.
Estimation or detection of the noise level foage is
very important parameter to improve the effectesnof
the denoising.
A patch based noise level estimation algorithm[§] i
proposed in the current work, with patches gendrate
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from noisy image .We can estimate the image patdhes
the image consist only weak textured patches oroimo
patches in the image.the challenge in front of ghtch
based noise estimation is to select weak textpatches.
To select weak textured patches from noisy imagedba
on gradient of patches and their statistics. \Atemate
noise level from selected weak textured patalsisg
PCA(principal component analysis).Where we canewrit
the image model as :

i ZYi (1)
z;- Original image patch,; ¥y Observed vectorized patch
corrupted by i mean Gaussian noise vector |.€ha goal
of the noise level estimation is to determine untmo
standard deviations, of the noisy image. Consider
variance of data projected on to a definite axig t
minimum variance direction computable by using PCA.
The variance of data projected onto the minimum
variance direction is equals the minimum eigenwadti
covariance matrix.Then the equation derived is

lmin(ZY) = lmin(zz ) + 0121 (2)

Where Xy = covariance matrix of noisy patch y
¥, =covariance matrix of noise free pat¢h z
Amin(X) =minimum eigen value of matri.
The noise level can easily be estimated if we can
decompose minimum eigen value of covariance maffrix
noisy patches as eq.(2). As decomposition is ikeob
problem because minimum eigen value of covariance
matrix of noise free patches is unknown.we canleasi
estimate the level of noise if we can select weakured
patches from noisy image. So we can calculate thgen
level[6] by
7 = Amin(Zy") 3)
X, = selected weak textured patclaesl we can estimate
noise level easily we are known of weak texturetdhpes.
3.1 Selection of weak textured patches
For selection of weak textured patches firstly, dgma
pattern can be measured efficiently by gradient
covariance matrix,the gradient covariance matrix ,iC
for image patch y is defined as:
C=G,'Gy 4
Gy=[Dny D] 5)
Where D, - horizontal derivative operator,,D vertical
derivative operator, both represent a matrix
More information about the image patch can be given
through eigen vectors and the eigen values of gnadi
covariance matrix. Like maximum eigen value of geatl
covariance matrix shows the potency of dominant
direction of that patch. Larger maximum eigen ealu
shows the richer texture. In this reading as the
guantitative measure for texture strength of thegen
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patches we have used this maximum eigen value of
gradient covariance matrix. As eigen values of cavae
matrix is very responsive to noise , so that weukho
select the weak textured or smooth patches fromh tha
noisy image.

Consider a flat patch having N pixels where Gaussia
noise with standard deviatiam is added,flat patch.then

as the gradient of the perfectly flat patch is zyave can
compute the probable gradient covariance matrixhef

noisy flat patch :
n'DID,n n"DID,n
EC=EC=E[hh h"]
&) () (nTD,thn n'DID,n
_|E("DfDyn) 0
a 0 E(n"DID,n)

(6)
Two diagonal component have same arithmetical
properties. For that reason ,we specially examipger
left component.Let é(n) =n"D/D,n we estimated
distribution of &(n) by gamma distribution to make
simpler the problem. The moment generating functibn
variableé (n) can be derive as:

Mg(t) = E(e®™

d 1
l:[ (1= 20%tA,)1/2 7

Where as),; is the i-th eigenvalue of matri} D, .The
moment generating function of Gamma distribution by
the shape parameter and scale parametdy can be
written as:

N
1 1
My (t) = (1——ﬁ’t)a = HW 8)
=
Comparing equations (7) and (8) we estimate the MGF
variable &é(n) through that gamma distribution
parameters:
N 2, r
a=5 B = v tr(DpDy) 9

Here t(D? D)) is the trace of matriD’D,. Trace is a
function in matlab software which represents the i

the diagonal elements of matrix. For selecting weak
textured patches, we name the null hypothesis as"th
given patch is flat patch with the noise”.Null hypesis is
acknowledged if the maximum eigen value of gradient
covariance matrix is lower than some threshold. The
thresholdz is given with the significance levéland the
noise leveb,, as:

s N2
T= UnF 1(5,E,Ntr(D£Dh) (10)
Where F~! ( §,a,) is inverse gamma cumulative
distribution function with shape parameter and scale
parameter B.In the weak textured patch selection
algorithm, we choose the patches of the maximurareig

value of the gradient covariance matrix is lowsrt the
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threshold value given in equation (10).The congidier
level § should be given manually for ex.0.99.
Table 1:Estimated noise level

Images Noise level
Image_1 20.03
Image_2 20.43
Image_3 27.79
Image_4 29.74
Image_5 29.92
Image_6 32.75
Image_7 34.48

IV. NOISE REMOVAL TECHNIQUE
Scanning itself introduces noise in the documet @
make it free from the noise, noise removal methods
implemented.After estimating noise level we elintna
noise from images using non local means algorithm
.Thisalgorithm use noise level calculated throughisi
level estimation techniques as a filtering pastENto
remove noise from images. It works on the self lsirity
assumption that is Adjacent pixels tend to have
similar neighborhoods, but non-adjacent pixels ato
have similar neighborhoods in the noised image. Seie
similarity assumption is exploited to denoise arag
This method is based on weighted average of thdasi
pixels in Historical image.[4] In proposed algonthtwo
windows are placed on image: one is the similarity
window and the other is search window. In thisstfiof
all using similarity window, the similarity betweerthe
central pixel and all its neighbors in the areaseérch
window, is calculated. Then calculate the averagght
of like or similar pixels. Then weight of centnaikel is
replaced with that average weight. This procesepeat
for every pixel of image. Proposed algorithm desexli
as:

the

1 GarluCet)—u@=)12©0),
NL[u](x) = 5 [,e a2 w0y 11y
Wherex € 2 and

) = fﬂe Ga*|u(x+-);;l(3€—-)|2 © 4, (12)

c(x) is a normalizing constant,is a Gaussian kernal and
A work as filtering parameter.
A=degree of filter =estimated noise leve) (
A i.e. used as a filtering parameter in noise rerova
technique is the output of the estimated noiseellev
technique.computed as a weighted average of all the
pixels in the image,

NLIPIG) = ) w(i, )v()

jeti

Where weights depend on similarity between thelpike
and |

(13)
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0<w(,j)<1 and Zw(i,j) =1
j
This similarity is measured using Euclidean distanad

weight can be defined as:
lewo-v)l; ,
w(i,j) = me Az
(14)
the parameteA acts as a degree of filtering which is
equal to the standard deviation of noise whichalsdate
by Noise estimation technique[6]. Consequently use
estimated noise level and apply NL means algorifhm
to remove noise from image while preserving corstefit
Historical document image.

V. RESULTS
The performance of the proposed algorithms was
evaluated in terms of the visual quality, the peagal-
to-noise-ratio (PSNR) ,mean signal error (MSE).

ORIGINAL IMAGE EXISTING APPROACH
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MSE: (Mean square error) Here it is just used toutate
the difference betweena original image with theares
image.Mean square error is given by:

I ull
MSE = Wzmzizl[g“'” — FG NP
(15)

Where M and N are the total number of pixels in the
horizontal and the vertical dimensions of imagdgegotes
the Noise image and f denotes filtered image. [ohest
mean square error represents the best quality image
PSNR:(Peak signal to noise ratio) is measured aibdé

(dB) and for Gray scale image it is defined as:
2

PSNR = 101 255 17
= 0910 MSE 17)

For the image quality measures, if the value ofRE&NR
is very high then is best quality image. PSNR dalion
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of two images, one original and an altered image,

describes how far two images are equal.

Table 2: Performance Metrices Based On PSNR And

MSE
Existing approach Proposed approach
Images

PSNR1 MSE1 PSNR2 MSE2
Image_1 37.22 12.31 37.51 11.53
Image_2 37.07 12.74 37.66 11.13
Image_3 36.83 13.57 37.16 12.50
Image_4 36.13 15.84 36.37 14.98
Image_5 34.80 2151 34.99 20.56
Image_6 33.90 26.47 34.15 24.99
Image_7 33.42 29.54 33.63 28.14

The above shown results are all are the outputihef
noise removal technique used in order to get erdhand
clear image of Historical document images. Abovevsh
results shows that proposed technique gives betserts
than the existing technique [4].

Fig 2: a.) original noisy text image b.) non locaéans
image c.) non local means image based on estimated
noise level

Through the images we can clearly see that proposed
approach removes noise better from the scanned/ nois
document image .
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Fig 3: Graphical representation of PSNR

This graph shows that PSNR of proposed approach is
better than the PSNR of existing approach.
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Fig 4: Graphical representation of MSE

MSE of proposed approach is lower than the existing
approach. And the images having low MSE values are
better images or enhanced inages.
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Fig 5: Graph of existing approach filtering pararmaet
and proposed approach filtering parameter

This graph shows existing approach filtering par@miee
delta as 0.02 for all the images but in proposgut@ach
filtering parameter i.e delta changes in every ienag
because delta depends on estimated noise level.

VI. CONCLUSION
This paper presents a system that enhances thigyqua
and readability of Historical document through meois
detection and noise removal methods.Noise level
estimation technique estimates noise present igénaad
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Non Local Means Agorithm [1]Jremoves noise from immag
using that estimated noise level. Non Local Means
algorithm provides outstanding results in denoising
images and also preserves edges, lines and firalsdet
present in image But this techniques is very time
consuming. Noise removal techniques have been
successfully tested on document images.

Experiments shows best result for Non- local méd#tes
based on estimated noise level rather than thdirxis
approach which is non local means filter .
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