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Indonesia is known as a country that has a loteoitdge, some of them are
Documents old historical documents. Each of the old documbas meaning and
Restoration connection towards another documents. Unfortunatklg to the age of the
Mean Shift Filtering documents, an error in the storage system andtguadlithe paper or ink

cause the documents broken or damaged. The wayite the problem is
using image restoration method like mean shifefittg and multi directional
wavelet transform. On one hand, the procedure adnnghift filtering is
finding modes from image data set distributionttomother hand, directional
wavelet transform procedure able to exploit theeational property of the
strokes which separated the foreground strokestenthterference mainly in
different wafelet frequency. Based on the perfomaotc@ach method to
restore the damaged document image, this reseamtoge to make a
simulation for image restoration using both of thesethods. Through this,
user can choose which method will give the betteput to restore based on
the damaged of old document image. The study far thsearch is an
experimental because this research do investigafenthe damaged
document image. Development and testing of theareBeoutput

Multi Directional Wavelet
Transform
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1. INTRODUCTION

Indonesia is a country with abundant numbers stbhical and cultural heritage. The most common
historical and cultural heritage of Indonesia cansken through temples, statues, old inscriptictudling
some old documents. The documents are prieceleass@sist of various meaning and yet they ussually
interconected with other old documents. Accordingcgunt St. Davids (1993), Old documents are precio
heritage which tell event or moment of earlier tittet has probably not been revealed yet. The old
documents are one of the important sources of maltioistorical evidence that a nation can realia® the
situation of its nation in the past. old documenhtah tells the story of the past is an importagaley.

Old documents stored too long in storage mediaowitany good treatment causing documents to
be damaged. In addition to the storage and refriguality factor of materials such as paper ariddhthe
documents also be another factor of the damagesarption to the document calledise One type ofioise
that often occurs in old documents is ink bleedaesh Ink bleed removal is a matter of the emergesica
variety of signs and graffiti that affect print djitya documents such as the writing that appearshenback
side of the document, the ink is widening, it isign of the error due to the digitization procesd ao on.
The emergence of a variety of marks on the docurmemses the old content of the document to becdlffi
to read and recognize. There are so many wayspoowa the quality of the image that has degradatoe
of them is using image processing techniques whdals to the methods of image restoration. Imagery
one of the restoration process in image processhigh aims to improve the image quality decreaaslity
or interferencer(ois@ [1]. In order to get the restoration of the imdgem the old documents, the object of
the documents should be digitized to produce thagam/ picture. The benefit of this technique image
restoration is that we can avoid the physical atntegainst old recordings because it works with old
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recordings which been digitized (imagery) so tha# guality the old document does not increasingly
declining. There are 39 image of old documents thiitbe restored in this study and those documents
derived from the National Archives of the Repuldfdndonesia (ANRI). Characteristic of the old downt
is a flowing handwriting font style with a certaiimcline degree. These type of noise that appeardte
documents grouped into 4 categories which somaeflbcuments included to more than one kind ofenois
category, namely:
1. Amount ofnoisein the background documents. There are 12 docuntleat take account in this category.
2. Noisein the form of a widening ink, ink set is a resoitink splashes. There are 12 documents that take
account in this category.
3. Noisearising because of digitizing errors. There areld@uments that take account in this category.
4. Noisein the form of printed paper from the back sideéh&f document that appears on the
front side of the document. There are 12 denmthat take account in this category.
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Figure 1. Ink Bleed Removal Document Image (Natidwahives of the Republic of Indonesia)

There are so many methods of image restoratiorbéas done in the previous studies, such as K-
means algorithm by classification techniques, K-nsealgorithm with serialization techniques, and Kams
algorithm by recursive application techniques (PCRpe working of the K-means clustering algorithm
through a classification technique is to divide tieument image into 3 classes, namely class bagkdy
original text, and interfering strokes. Distributiof this document aims to extract the text onftbet side of
the document in order to obtain the original tend &ow to work with the K-means algorithm is serial it
by using the principle of sliding window on the iemtimage. Whereas the K-means technique PCA is
generated through a binary tree where only pararitgic historgram satisfying condition leaves are
processed [2]. Nevertheless, these three algoritteriess effective if the last posts on the fradé of the
document containing more than 1 color and imagémn® old document restored contains too mnolse
Besides that the main problem of using K-meanssiflaation technique is that the system requires
supervision or involvement of the user to deterntienumber of areas (clusters) that will be forraed the
color sample from each class (cluster) is not dartematically. In addition to K-means clusteringaithm,
there are other algorithms that can be used fogémaestoration using the Negishi Tresholding binary
techniques. This algorithm is used to extract attara from text image containing backgroumaise (noisy
background). This algorithm is suitable for imaged adocument that has compl@oise (too degrade
document image) and large in size, but it is veogsible that can lead to a state of gray level adtars
overlap between the foreground and the backgrounth® document section [3]. The failure of this
algorithm could be undertaken using the method ofpmological techniques to extract text with the
condition overlap with the back side of the docuhjéh however, both of these algorithms were ridedo
restore the image of the old document effectively.

Based on a literature review, number of methods bt@ve been mentioned are still showing
limitations in restoring the image of old documerdspecially for the 4 types ofoise like the previous
explanation. Therefore, to overcome the limitatioissome of these methods, we need an algorithin tha
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powerful (robust), and this algorithm can be usedestore the image of an old document with speatifins
typeface and type ohoise like the previous explanation. For those purpdbe, researcher proposed
algorithm; mean shift filtering. This algorithmas algorithm that applies techniques of finding e®¢ocal
maxima), classifying a set of data points from doeeument image into several groups with great aagur
[5]. This algorithm is suitable for the case of tth&ta points that are not in order (number andyide
distribution of sample data), therefore, it worke@ding to the type afioiseor damage to the image of an
old document.

In the very biginning, this mean-shift algorithmedsas a tool to find a group of modes from a set of
sampling data (points data) based on the probatyaiénsity function, however, this algorithm haeleb
done successfully to bring foward segmentation enpigpcessing. Mean shift algorithm is more efficien
work on l.u.v color space, because of some prewstudies showed that l.u.v color space is moreiefiily
used when the search process and the determinatidine points nearby have in common (similarity)
specific (based on the features of the imagée)he level of similarity adjacency points are cadtatl using
the Euclidean distance equation. Of some applioatidhe essence mean shift algorithm shows some
important points as follow:

1. The input of this algorithm is a set of datang®

2. Areas of data points which is the densest regfoan image identify the modes (local maxima) are
formed.

3. Initial procedure of the mean-shift algorithnfides some window search randomly

4. Mean-shift algorithm works iteractievely to a& convergence.
Each iteration of the algorithm shows window seawabuld shift toward the densest data sets (densest
region). Window search will always be headed todaesest region because the mean shift algorithrksvo
based on Parzen windows estimation.

In addition to the mean shift filtering algorithitinere is also method that more widely used lately
and this method is proposed as the side by sidbauetf the first one. The second method proposed is
directional wavelet transform. The superiority dftmethod to analyze the image signals on certain
components including the degree of slope on componember 45 and component number 135; the
horizontal component and vertical component. Diogetl wavelet transform is used to exploit the clial
character in a document and be able to separatewtfi;ng on the front side of the document
(foregroundstroke) and things that interferencalifferent wavelet frequency domain [6]. On direatib
wavelet transform, the coefficient of horizontakrtical and diagonal convoluted with a matrix that
represents a particular direction. Matrix equatgas follows:

() = 4 wnereass ¢ (2%, 270)

Where the value of e#2, this means that every point in X and Y convoluteith matrix A then result
xland yl. To recover the original signal (signabmstruction) then using inverse wavelet transfaith the
opposite direction of the forward wavelet transfo(decomposition). There are 4 stages of directional
wavelet transform methods are:
1. Forward wavelet transform without down sampliogseparate the image based on different wavelet
frequency domain.
2. Convolution process on the horizontal compondiagonal and vertical
3. Thresholding (binarization) on each coefficieheach sub-band
4. Inverse wavelet transform

With the capabilities of the two algorithms; the aneshift filtering and directional wavelet
transform, the researcher proposed to create datiom of the process of image restoration by makise
of both these algorithms at once. Through both kitian of this algorithm, the user can select direc
experiment with them to restore the image, or ineotwords, the user can select which algorithm can
generate the best output (the output image qualitgprding to the level of the damage to the inmage.
This simulation is implemented with the programmiagguage Matlab based on GUI (Graphical User
Interface) making it easier for the user when thgliaation will be used for this simulation.

2. RESEARCH METHOD

In accordance to the previous explanation, thigaedh aims to implement a simulation of two
algorithms for image restoration of old documemtsgan shift filtering algorithms and multi directain
wavelet transform. At the beginning of the proceks, researcher is collecting data to support bathary
data and secondary data. Following the first praciee researcher started to do some literatuieweo see
the development of image restoration algorithms fih#o the data. From the results of the literatueview,
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the researcher formulated the problem which wowdhe benchmark of this study beside determine two
methode will used.

Design research is an experimental design for shisly produces a product in the form of
technology to make restoration (improvement) on itnage of old documents that were damaged or
degraded. This technology is simulation systemheftivo algorithms, namely the mean shift filterisgd
multi directional wavelet transform. In carryingtahis study, researchers conducted several stdgpese
stages adapted to systems development methodsienalgorithm involved. Generally speaking, thae®
steps:

1. I;):inding the problem

2. Literature review of the study that has been damwipusly to see what methods/algorithms thathfi t
image restoration problem

3. Formulation of the problem (set the hypothesishasésults of a literature review)

Design research methodology

5. Supporting research data collection. Includingithage of digitizing old documents that will consté
the input image for the system to be built

6. Analysis of research data. Specify the disturbarcdamage to the image of the image based on inputs
gathered in the previous stage

7. Development of the simulation system for imagemegion involving two algorithms

8. The trial of the system simulation results of step

9. The results of the research

E

3. RESULTSAND ANALYSIS
Output of tihs research is a simulation systemdimcument image restoration using both of mean

shift filtering and multi directional wavelet traosm method. After the simulation system for image

restoration involving two algorithms had been depel, next step, researcher tested against thensyst

Assessment of test results remains subjective ¢iirtloe comments from 10 partisipans about whatrtbst

appropriate algorithm used with the input imagesgivin order to further facilitate the implementatof test

systems, researcher divided 39 input image intoodigs according to the type of damage the imagenas

explanation on the previous sections. All the ipgrants were asked to analyze the results ofeék®ration

on the entire document in every category of ndisehis case each participant was asked to chotsehw

algorithms provide the best results for each resimm documents (of 12 documents) on each typeoisen

The results of testing of the system give the foitg outcome:

1. In the first group of damaged image which exposelmoisein the background document images show
that directional wavelet transform method is bettan the mean shift filtering method

2. In the second group which damaged image is becafisbe dilated ink or ink splashes showed a
significant difference in quality. The test ressiiowed that the two methods are not so good te bl
type ofnoise

3. In the third group, the damaged image due to th&izhtion errors indicates that the mean shifefihg
method is better than the method of directionalelettransform

4. In the fourth group which damaged image is becaisthe printed paper from the back side of the
document that appears on the front side showdlttettional wavelet transform method slightly super
to the method of mean shift filtering.

The following row is a graph showing the resultstloid comparison of both algorithms for the firsdan
second types of noise:
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Figure 2. Comparison of two algorithms for typeseoi
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Figure 3. Comparison of the two algorithms for Tyjmése Il

The results from the simulation system can be geéme following examples: Example image as inpuoth

of the output image (after restoration) by eacto@iigm.
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Figure 4. Input Image, Output Image using MeantS$Hifering and
Wavelet Transform

4. CONCLUSION
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Based on the description of the results of theaeteon in the form of system simulation old
document image restoration application is thatsisan decide for themselves what is the most apiptep
method and provide the best image output betwesitvth existing algorithms based on the type of dgama
to the image of the old document. Currently redeanwolving two algorithms for 39 input images and
concatenated with type writing certain degree slépesearcher expects future research to develgptens
in which the simulation algorithm thus involved raathan two types of methode as well as much more
disorders that can be restored. In addition tohfmrtdevelopment researcher expects the system to
accommodate a standard format or the characterisfithe input image (*. Bmp, *. Jpg, *. Gif, *. Bn...
etc)
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