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Abstract—Balinese papyrus (Lontar) is one of the most
popular media to write for more than a hundred years in
Indonesia. Balinese papyrus are used to document things that are
considered important in the past. Most of the balinese papyrus
suffered damage caused by weathering, edible fungus and insects
making it is difficult to read. One of the efforts made to preserve
the existence of balinese papyrus is to perform digitization of it.
The problems most often encountered in the process of digitizing
the image of the balinese papyrus is less good results as there is
noise caused by its conditions that have been damaged and the
uneven distribution illumination in this part of the image. In this
study the authors propose to combine homomorphic filtering
with adaptive median filtering to perform image enhancement.
Surve results obtained show the percentage of the average
respondents stated that the image enhancement results are good
is 83.4%, the percentage of the average respondents stated that
the image enhancement results are very good is 4% and the
percentage of the average respondents stated that the image
enhancement results are enough is 12, 6%.
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l. INTRODUCTION

Balinese papyrus (Lontar) is one of the most popular media
to write for more than a hundred years in Indonesia. Balinese
papyrus used to document things that are considered important
in the past. The tools used for writing on balinese papyrus is
pengutik / pengrupak. Pengutik / Pengrupak made of steel or
iron is a long rectangular, measuring 2 x 15 cm with a
thickness between 1.5 mm to 2 mm. The content in balinese
papyrus containing spell, as religious teachings, history,
stories, songs, knowledge of astronomy and astrology
(Wariga), philosophy of life and many other useful knowledge
for us as a guide in conducting life [1].

Most of the balinese papyrus in Indonesia is currently
experiencing damage caused by weathering, edible fungus and
insects so it is difficult to read [1]. To preserve the balinese
papyrus various attempts have been made either by the
government or other institutions. One of the efforts made to
preserve the existence of balinese papyrus is to perform
scanning or imaging utilizing digital photos to make balinese
papyrus as a digital image. In some cases the process of
digitizing the balinese papyrus produces digital images that are

less than good so
enhancement.

it is necessary to perform image

A fairly complete review is given by S.R.Yahya et al. on
the method of image enhancement of an old manuscript with
the background conditions that have been damaged [2]. In
outline there are three types of image enhancement method,
they are (a) image enhancement and thresholding binarization
method, (b) image enhancement with hybridization methods
between binarization / thresholding with other methods, and (c)
image enhancement without thresholding method. Results of a
review from [2] explains that the second method can improve
image enhancement. Image Enhancement of the palm leaf
manuscript using normalization techniques proposed by Z. Shi
et al. [3]. Z. Shi et al. propose a set of transformation methods
for processing image enhancement on a palm leaf manuscript.
The first model to perform background color approximation
with linear and non-linear models. Normalization techniques
conducted adaptively in certain local areas. Z. Shi et al.
proposed technique generates pretty good image enhancement,
but there are still a lot of noise left on the final results.

The problems most often encountered in the process of
digitizing the image of the balinese papyrus is there are less
good results as there is noise caused by the balinese papyrus
conditions that have been damaged and the uneven distribution
illumination in this part of the image [4]. Deployment of
uneven illumination caused by the balinese papyrus conditions
that have been warped or damaged and are not allowed to use
the scanner in the process of digitization. To do digitizing on
the curved or broken papyrus is to use photographic equipment
so that there is a distance between the papyrus with
photographic equipment that result in uneven illumination. In
this study the authors propose to combine homomorphic
filtering with adaptive median filtering to perform image
enhancement. Homomorphic filtering is used to normalize the
uneven background and adaptive median filtering is used to
eliminate noise found on balinese papyrus. Image that has been
processed with a combination of homomorphic filtering with
adaptive median filtering then binarized with global
binarization using otsu binarization method without the image
is divided into local images.
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Il. LITERATURE REVIEW

A. Papyrus (Lontar)

Papyrus is one heritage spiritual wealth of the archipelago
which has a very important meaning and strategic [5]. Bali is
one of the places in the archipelago known to find papyrus, but
some were found in Sulawesi, Java and Lombok. Before the
paper is founded, papyrus is one of media that is used for
writing and documenting the various things that are considered
important in the past [5]. Besides papyrus as the media for
writing there was also found other media such as Java used
nipa leaf (similar papyrus), perkamen (skin of goat) and
dluwang (skin of kind of wood). The tools used for writing on
balinese papyrus is pengutik / pengrupak. It is made of steel or
iron is a long rectangular, measuring 2 x 15 cm with a
thickness between 1.5 mm to 2 mm. In the papyrus contained
spells, as religious teachings, history, stories, songs, knowledge
of astronomy and astrology (Wariga), philosophy of life and
many other knowledge [1]. Fig. 1 is an example of papyrus.

Fig. 1. Balinese Papyrus Warigasari Kyastapaka

B. Homomorphic Filtering

In image processing, homomaorphic filtering is one method
that can be used to compensate for the effects from uneven
illumination on the image and enhance the appearance of
simultaneous image compression varying intensity and contrast
enhancement [6], [7]. According to this model, an image has
the following equation:

fGy) =il y)r(xy), @
where f(x,y) is an image that is the result of multiplication
(product) from i(x,y) which is a component of illumination
with r(x, y) which is a component reflectance. To separate two

independent components and facilitate their separate
processing, logarithm transform on (1) has been taken, Thus

z(x,y) =Inf(x,y) 3]

=Ini(x,y) +Inr(x,y), 3

then, the Fourier transform of (3) is calculated:

S {z(x,»} = I{Inf (x, )} 4
= 3{lni(x,»)}+ I{lnr (6, )} ©)

or
Zw,v) = F(wv)+E (u,v), 6)
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where F;(u,v) and E. (u,v) is the Fourier transform from
Ini(x,y) and Inr(x,y). After being moved in the frequency
domain, then the image is processed by using appropriate
filters so that the initial goal can be achieved is to weaken the
low frequency and high frequency amplify resulting in image
enhancement and image sharpening by the formula:

S(u,v) =Hu,v)Z(u,v) @)
= H(u,v) F;(w,v) + Hw,v)F. (u,v), )
where S(u, v) is the Fourier transform from image that has

been processed. So as to obtain the actual results need to be
returned to the spatial domain by the formula:

SGy)= I {S(w,v)} €
= IM{HWv)Fuv)}+ 3 H{HwW v)Fwv)} (10)
by defining
(e, y) = I H{HwW v)F W v)} (1D
and
r'(x,y) = 3 {HW,v)E-(u,v)}. (12)
Equation (10) can be expressed as follows:
s(xy) =U(x,y) +7'(x,y), (13)
the final step is to eliminate logarithms operations conducted
at the beginning of the process by performing an exponential

operation in order to obtain the desired enhanced image is
denoted by g(x, y) is:

g(x,y) = e5&») (14)
= el/(xY) T (x,y) (15)
= iO(x' )’)To(x: }’), (16)

where iy(x,y) = el @Y and 1,(x,y) = e" @Y s the
illumination and reflectance components from output each
image. The H(u, v) normally used in this procedure is the
Butterworth high pass filter defined as :

1
Hw,v) = (yyg — v1) (W) +v, @7

where D, is the cut off distance measured from the origin,
D(u,v) is distance from the origin of centered Fourier
transform, and n is the order of the Butterworth filter.

C. Adaptive Median Filtering

The problem faced by the standard median filtering can be
resolved with adaptive median filtering. Between the adaptive
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median filtering and median filtering have a fundamental
difference in which adaptive median filtering window
surrounding each pixel is variable [8]. In the standard median
filter does not take into account variations in image
characteristics from one point to another [9]. Flowchart from
adaptive median filtering shown in Fig. 2.

Q] = ny —Znin
02 = z‘xy - Zmant

S::y = Sx;- +1

Fig. 2. Flowchart Adaptive Median Filtering

In the Fig. 2 adaptive median filtering works with 2 levels,
they are level 1 and level 2. At level 1 serves to determine
whether the median filter output Zmeq is impulse output or not.
If the impulse output is not found on the first level then it will
proceed to level 2. At level 2, adaptive median filtering would
increase the size of the window and repeat the process at the
level of 1 to find that the median value is not impulse or the
maximum window size has been reached. Adaptive median
filtering can reduce computational overhead because every
time the value of the output of the adaptive median filtering
algorithm, Sxy window is moved to the next location in the
image. Adaptive median filtering algorithm then performs
reinitialized and applied to a pixel in a new location. Adaptive
median filtering has three main objectives : repair the damaged
image that is caused by salt and impulse noise, give smoothing
from non-impulsive noise and reduce the disturbance caused
by thinning or thickening of object excess limit [9].

I1l.  METHODOLOGY

A. Data Acquisition

Data acquisition is the process of acquiring data from
analog to digital, from balinese papyrus physically into image
files by using the digital camera or scanner. Balinese papyrus
were in good condition scanned using the scanner while the
balinese papyrus that is in poor condition scanned using a
digital camera. Results from scanning balinese papyrus stored
in a computer before further processing. Balinese papyrus
image used in this study can be seen in Fig. 3 (a) to (f).

(©)
O

Fig. 3. Example of input images

B. Algorithm

Result from the acquisition of the data stored in the
computer are divided into local images. Local images is first
converted into a grayscale image. Then the result from
grayscale images is filtered by using homomorphic filtering
and adaptive median filtering. Filtration results of each section
then are binarized with otsu binarization and the results are put
back together into a complete image [10]. Next binarization
results were evaluated by questionnaire to some correspondents
to assess the results from image enhancement. Fig. 4 is the
steps performed in this study.

H: hi
Input Image Grayscale Image °'F“i§:5“r‘i’nrg e _|
I Adaptive Median = o
Filtering Otsu Binarization Enhance Image

Fig. 4. Algorithm Based Process
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IV. RESULT AND DISCUSSION

A. Result

1) Homomorphic Filtering

Homomorphic filtering is applied in this study using a
Butterworth filter that is adopted from [11]. Butterworth filter
formula is shown in (17), yy parameter value, and
y;, respectively are 1.2 and 0.03 and the value of n = 1. The
series of homomorphic filtering are implemented in the matlab.
Results from homomorphic filtering process shown in Fig. 5.
Each image in Fig. 5 (a) to (f) is the result from homomorphic
filtering from the image in Fig. 3 (a) to (f).
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Fig. 5. Result Homomorphic Filtering

2) Adaptive Median Filtering
Adaptive median filtering

is applied to the image
enhancement research using ws parameter values and ¢
respectively are 100 and 0,001. The series of adaptive median
filtering are implemented in the matlab. Results from adaptive
median filtering process are shown in Fig. 6. Each image in
Fig. 6 (a) to (f) is the result from adaptive median filtering
from the image in Fig. 5 (a) to (f).
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Fig. 6. Result Adaptive Median Filtering

3) Otsu Binarization
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After the homomorphic filtering and adaptive median
filtering, then it is followed by binarization process using otsu
method [11]. Results from the process otsu binarization method

shown in Fig. 7 () to (f).
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Fig. 7. Result Otsu Binarization
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4) Field Trial

In the field trial, the authors tested the results from image
enhancement using a questionnaire to determine the quality
from the resulting image enhancement. In conducting the
questionnaire, the authors involved 27 people who come from
the balinese language lecturer, teacher and student of balinese
language. In the process of filling in the questionnaire, authors
included balinese papyrus to compare the original text which
is in original balinese papyrus with enhancement of existing
results in the form of questionnaires. Diagrams of score
percentage of the answers given by the respondents can be
described as Fig.8.

—
Image § |
Image3 | Scale of Assesment :
s Im.age-'l Iﬁ_zr u 5 (Very Good)
g ; 54 (Good)
E m————————
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Fig. 8. Percentage Diagram of Respondents Answer Score In Field Trial

Based on the percentage of respondents answer scores
diagram in field trial, it can be viewed that the test results from
image enhancement is good. This is evidenced by the average
percentage of stating the results from image enhancement are
good is 83.4% and the average percentage of stating the results

Vol. 6, No. 8, 2015

from image enhancement are excellent is 4% as well as the
average percentage of stating the results from image
enhancement are enough is 12.6%.

B. Discussion

From the results obtained can be viewed that the
homomorphic filtering and adaptive median filtering has been
able to perform image enhancement at balinese papyrus. On
the results of image enhancement, there are still some dotted
text. Text experiencing this dot caused by the otsu binarization
result from parts of the input image is categorized as part of the
background and rated the white pixel so that the texts are
experiencing dashed in some parts. Moreover, in the image that
has a lot of noise, some parts from image are categorized
includes the foreground and rated the pixel black, causing there
are still some residual noise. Though the results is ideally every
part of foreground converted to black and every backgound
converted into white. Otsu binarization errors can be overcome
by performing filtration processes using homomorphic filtering
first and then the results from homomorphic filtering is filtered
again using adaptive median filtering before otsu binarization
process. Results from homomorphic filtering process shown in
Fig. 5 and the results from adaptive median filtering shown in
Fig. 6. Filtration process with homomorphic filtering and
adaptive median filtering has managed to homogenize
backgound and minimize the noise level so that the results
from the otsu binarization process can be better in which pixels
are categorized into the foreground section and the incoming
pixel backgound section as shown in Fig. 7.

Testing of the results of image enhancement is done by
giving questionnaires to 27 people consisting from the balinese
language lecturer, teacher and student of balinese language.
Results from questionnaire that has been done shows that the
input image has the 5™ lowest percentage is 76.5% said good,
21.5% said enough and 2% said very good. 5" input image is
an image with a backgound which has a lot of noise and have
low contrast between the foreground with the background. 5%
input image shown in Fig. 3 (e). The results are less good at the
5% input image because some parts from foreground
categorized as part of backgound and rated as white pixels,
resulting in the yield on some text experiencing dashed.

V. CONCLUSIONS

Based on the results it can be concluded the combination of
homomorphic filtering with adaptive median filtering are good
for enhancing old balinese papyrus. Steps taken to perform
image enhancement on balinese papyrus is to use a filtration
process homomorphic filtering and adaptive median filtering
and then binarization is performed by using the otsu
binarization method. Results from image enhancement on
balinese papyrus using homomorphic filtering and adaptive
median filtering shows damaged balinese papyrus image could
be improved better. Results of image enhancement was tested
by conducting questionnaire to 27 people who come from the
balinese language lecturer, teacher and student of balinese
language and produces a high percentage for a category of
good image enhancement results. In future studies a new
method will be added to enhance the results obtained from the
combination of homomorphic filtering with adaptive median
filtering and will be tested with different case studies.
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