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ABSTRACT

The older paintings suffer from breaks in the sutst the paint, or the varnish. When we digititezse
paintings, they can be modified using mathematadgbrithms and cracks are eliminated so as to
maintain the quality. The field of computer visisnconcerned with extracting features and infororati
from images in order to make analysis of imageseeaso that more and more information can be
extracted. The primary goal of this study is to negel approach for noise removal cum unwanted edge
from digitized paintings. The method used for botiise removal and edge detection is mathematical
morphology. On the basis of set theory, mathematicarphology is used for image processing,
analyzing and comprehending. It is a powerful tgolthe geometric morphological analysis and
description. The results exhibit that the new métbheercomes the deficiency of conventional methods
and efficiently removes the noise and detects tlye for digitized paintings.
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1. INTRODUCTION from Minkowski addition and subtraction are
defined to extract features in images.

Noise removal and edge detection are the two In this study, a new morphological approach for
most important steps in processing of any digital noise removal cum edge detection is introduced for
images for improving the information in the picture digitized paintings. For detecting edges in an imag
so that it can be easily understand by human and teefficiently, first the noise is to be removed. Noiis
make it suitable and readable for any further removed using morphological operations and further
processing which works on those images (Karuppieh a morphological operations are applied on this image
Srivatsa, 2012). There are many edge detectionto extract the edges.
methods like Sobel, Prewitt, Canny edge detectors
and noise removal techniques like filters according 2. FUNDAMENTAL OPERATIONS OF
to the type of noise present for digital image MATHEMATICAL MORPHOLOGY
processing. With advancement in technology in
image acquisition and analysis systems new methods On the basis of set theory, mathematical
are still required for high level of noise remoaald morpho|ogy is used for image processing, ana|yzing
for low contrast edge detection. Mathematical and comprehending. It is a powerful tool in the
Morphology (MM) is a new mathematical theory geometric morphological analysis and description. |
which can be used to process and analyze thehe MM theory, images are treated as sets and
images. In the MM theory, images are treated as setmorphological transformations which derived from
and morphological transformations which derived Minkowski addition and subtraction are defined to
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extract features in images. The image which will be j. SE=( JSE S (3)
processed by mathematical morphology theory must be
changed into set and represented as matrix. 3+ SE=( I SE S (4)

Mathematical morphology is extremely useful in

many image processing and analysis applications. Erosjon basically decreases the gray-scale value of
Mathematical morphology denotes a branch of biology an image by applying shrinking transformation, hil
that deals with the forms and structures of aniraal$ dilation increases the gray-scale value of the anlayg
plants. It analyzes the shapes and forms of objétts applying expanding transformation. However, both of
computer vision, it is used as a tool to extracagm  them are sensitive to the image edge whose grdg-sca
components that are useful in the representati@h anvalue changes obviously. Erosion filters the inner
description of object shape. It is mathematicatha image while dilation filters the outer image. Opanis
sense that the analysis is based on set theolotpn erosion followed by dilation and closing is dilatio
lattice algebra, function and so on (Gonzalez andfollowed by erosion. Opening generally smoothes the
Woods, 2008). Another use of mathematical contour of an image, breaks narrow gaps. As opposed
morphology is to filter image. It is a well knowmo  t0 opening, closing tends to fuse narrow breaks,
linear filter for image enhancement (Maragos, 1996;ellm|nates small holes and fills gaps in the corgou

Yu-Qianet al., 2005; Xuet al., 2008).
The basic idea in binary morphology is to probe an 3. THE NOVEL APPROACH FOR NOISE

image with a simple, pre-defined shape, drawing REMOVAL CUM EDGE DETECTION
conclusions on how this shape fits or misses thpeh ]

in the image. This simple “probe” is called struttg In the proposed method, closing then followed by
element, which is also a binary image (i.e., asub§  ©OPening is performed using an appropriate Struoguri
the space or grid). A structuring element is a smal Elément (SE) on the image to be processed. Again
image used as a moving window whose SupportcIo_smg operation is p_erformed on Fhe resultantgena _
delineates pixel neighbourhoods in the image pIane.ThIS removes the noise from the image and hence is

. : . .~‘'used to pre-process the image. The choosing of
Mathematical morphology myolves geometric analysis structuring element is a key factor in morphologica
of shapes and textures in images. An image can b

. ? image processing. The size and shape of the sthugtu
represented. by a set of p|xels (Q'ylmal", 2007). . _element decide the final results of detected edges
The basic mathematical morphological operations put de-noising in both binary and gray scale images

namely dilation, erosion, opening, closing are ufsed Three methods are proposed to detect edges in
detecting, modifying, manipulating the featuressprd the image:

in the image based on their shape. In the following
some basic mathematical morphological operationsMethOdl

of gray-scale images are introduced. The edge of the image can also be detected by the
Let J (x, y) denote agray-scale two dimensional following process. The edge of an image J which is

image, SE denote structuring element. Dilation of denoted by E (J) is defined as the difference téte

a gray-scale image J(x, y), by a gray-scale strimgu  domain of J and the eroded domain of J.

element SE (a, b) is denoted by Equation 1: It can be depicted by the following Equation 5:

(988 (xy= mak 0 x ay )s $E g}l 1 {[(rsB-s8 sE{[(v9E g p= ®)

Erosion of a gray-scale image J (x, y) by a graesc Method 2
structuring element SE(a, b) is denoted by Equation The edge of the image is detected by the following
process. The edge of an image J which is denotdgl by
(3sB(x,y=mif § » a, ¥y p-- JE ap (2) (J) is defined as the difference set of the ditatio

domain of J and the domain of J.

gray-scale structuring element SE(a,b) are denoted
respectively by Equation 3 and 4: {[(J’SE)"SQ' S}E$ SE{‘E( 2 $E BE }5 ©)
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Method 3 The proposed method are applied the 2-d
The edge of the image can also be detected by thg!g'tlzed painting first to erode_zd the 'mage, thee

. : .~ . _dilated the image, then opening and final close the
following process. The edge of an image J which is.

denoted by E (J) is defined as the difference Eéte image. Method 1 dea_lls W?th erosion Of. an image,
dilated domain of | and the eroded domain of J. Method two deals with dilated of an image and

It can be depicted as follows Equation 7: method three opening and closing of an image.
Calculate PSNR value for each step is calculated an

to find the optimum structuring element is found.
{[(J SE)OS@ SF$ SE{{( J §E % }E () The following Table 1-5 shows statistical analysis
of error value comparison among the various
structuring elements to find the optimal soluticr f

A possible solution for detecting cracks located on choosing the structuring element.

very dark image areas would be to apply the crack- A\S can be seen frorig. 1-5, the results of the
detection algorithm locally on this area and select Proposed method with structuring elements such as

low threshold value. For the case of the borderDiamond (2,3), Disk (3,2), Line [(7,10),(3,3)],
between regions of different color, a possible soflu  Rectangle [(2 2),(3 3)] and Square (2,3). Among the
would be to perform edge detection or segmentation@bove mentioned structuring elements, the better
on the image and confine the filling of cracks that image quality is obtained by Line (3,3) where the
cross edges or region borders to pixels from theparameter represents the length and angle of ageima
corresponding region. for detection of edges.

4. EXPERIMENTAL RESULTS

Structuring element diamond 2 PSNR AVG = 9.0283
Structuring element diamond 3 PSNR AVG = 7.5591

Orginal image After closing Final image

T

I

Fig.1. An example input image (original, diamond 2 anahatbnd 3) for structuring elements

Structuring element disk 3 PSNR AVG = 8.1892
Structuring element disk 2 PSNR AVG = 9.0283
Orginal image Final image Final image

-~

Fig. 2. An example input image (original, disk 3 and dKor structuring elements
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Structuring element line 7,10 PSNR AVG = 9.2588
Structuring element line 3,3 PSNR AVG = 13.7942

Orginal image

Final image Final image

Fig. 3. An example input image (original, line (7,10),di(8,3)) for structuring elements

Structuring element rectangle [2 2] PSNR AVG = 13.2086
Structuring element rectangle [3 3] PSNR AVG = 10.3242
Orginal image Final image

Fig. 4. An example input image (original, Rectangle [2R¢ctangle [3 3]) for structuring elements

Structuring element square 2 PSNR AVG = 13.2086
Structuring element square 3 PSNR AVG = 10.3242
Orginal image Final image

Final image

Fig. 5. An example input image (original, Square 2 anda®g®B) for structuring elements

Table 1. Performance comparison (PSNR) for the structuriement-square

Square

W-Width Imgl Img2 Img3 Img4 Tot Avg Sd Sd/M
11 6.7611 7.5310 7.5310 7.5618 29.3847 5.8769 39.75 2

6 7.5098 9.7497 9.7497 9.6153 36.6246 7.3249 18.649 2

5 7.9628 11.1333 11.1333 10.7164 40.9459 8.1892 3788. 2

3 9.7778 14.4010 14.4010 13.0411 51.6208 10.3242  .6420 2

2 12.2060 18.8246 18.8246 16.1880 66.0432 13.2086 6.4123 2
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Table 2. Performance comparison (PSNR) for the structuriament-disk

Disk-radius Img1l Img2 Img3 Img4 Tot Avg Sd Sd/M
15 6.5547 6.5548 6.5550 6.5551 26.2192 5.5438 76.98 2
10 6.5825 6.8582 6.8584 6.8854 27.1843 5.4369 3@.87 2
5 7.0056 8.4949 8.4949 8.5007 32.4962 6.4992 18.998 2
3 7.9628 11.1333 11.1333 10.7164 40.9459 8.1892 3788. 2
2 8.6194 12.4140 12.4140 11.6939 45.1415 9.0283 0568. 2

Table 3. Performance comparison (PSNR) for the structurilament-line

Line-length
and angle  Imgl Img2 Img3 Img4 Tot Avg Sd Sd/M
10,45 8.2183 10.1632 10.1632 9.9696 38.5143 7.7029 15.4057 2
15,25 7.7109 9.6457 9.6457 9.5142 36.5165 7.3033 .6066 2
5,10 11.2810 16.2460 16.2460 14.8843 58.6573 1%.731 23.4629 2
7,10 9.3100 12.5604 12.5604 11.8633 46.2941 19.2588 18.5177 2
3,3 13.5359 19.1852 19.1852 17.0645 68.9708 13.7942 27.5883 2
Table 4. Performance comparison (PSNR) for the structuriement-diamond
Diamond
distance Imgl Img2 Img3 Img4 Tot Avg Sd Sd/M
20 6.5547 6.5547 6.5548 6.5549 26.2191 5.2438 76.48 2
15 6.5579 6.6552 6.6552 6.6554 26.5239 5.3047 @60 2
10 6.6182 6.9967 6.9967 7.0200 27.6316 5.5263 2605 2
5 6.9955 8.4218 8.4218 8.4484 32.2875 6.4575 1p915 2
3 7.7146 10.6895 10.6895 9.9017 37.7954 7.5591 183.1 2
Table5. Performance comparison (PSNR) for the StructurilegnEnt-Rectangle
Rectangle
Row, col Imgl Img2 Img3 Img4 Tot Avg Sd Sd/M
20 6.5547 6.5547 6.5548 6.5549 26.2191 5.2438 76.48 2
15 6.5579 6.6552 6.6552 6.6554 26.5239 5.3047 9@.60 2
10 6.6182 6.9967 6.9967 7.0200 27.6316 5.5263 2605 2
5 6.9955 8.4218 8.4218 8.4484 32.2875 6.4575 1p915 2
3 7.7146 10.6895 10.6895 9.9017 37.7954 7.5591 183.1 2
2 8.6194 12.4140 12.4140 11.6939 45.1415 9.0283 0568. 2
5. CONCLUSION element and comparison for another error like SNR,

MSSIM, RMSE can be carried out. The limitations of

In this study, a novel MM based algorithm is these for only 2Dimages and tried to other structur
proposed to remove the cracks in digitized pairgting element and comparison for another error like SNR,
The proposed method is applied to 2-d digitized MSSIM, RMSE can be carried out.
painting first to erode the image, then dilated the
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