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ABSTRACT

The Dhamma principles of Buddhadasa Indapanno are highly valuable. In
order to preserve and propagate these principles, the Buddhadasa Indapanno's
handwritten images are kept in digital image file format. However, searching from
image files is difficult. Hence, optical character recognition is one method to search
these files easily. This research proposes a handwriting recognition system for the files
of Buddhadasa Indapanno. One hundred and forty-eight handwritten Pali cards were
used in this study. This system consists of four main processes which are pre-
processing, character segmentation, feature extraction, and character recognition.

In pre-processing, the contrast of the images was automatically adjusted.
Then these images were converted to gray scale images. Median filtering was used to
remove noise in binary images. Connected Component Labeling and Projection Profile
were applied for character segmentation. The zoning method was used to extract the
features of single characters. Finally, a feed-forward backpropagation neural network
was used to recognize the characters. There were 34,020 characters used for testing.
The accuracy of character recognition was satisfactory. Moreover, this system can be
applied to other similar handwritten images.
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CHAPTER |
INTRODUCTION

1.1 Background and Problem Statement

Handwritten characters are important to communicate such as many
letters, notes and lectures were written by human. The Buddhist’s teaching was
recorded by handwriting. Some of handwritten documents are valuable documents that
should be maintained and preserved. These documents were written on paper or
natural materials, which were easy to be destroyed. When the technology had been
developed, these documents were converted to the digital image. This approach
preserves the documents to existence. The knowledge of image processing and optical
character recognition (OCR) were applied to convert the documents into digital file
that are easier to publish and search.

The handwritten recognition is classified into two types; off-line and on-
line handwriting recognition methods [1]. In on-line recognition, electronic pen is used
as input device. The input characters will be analyzed real-time. For off-line
recognition, the printing documents or handwritten documents are scanned, and saved
into the computer.

This research uses Buddhadasa Indapanno’s handwritten image from
Buddhadasa Indapanno’s archives. Dhamma principles of Buddhadasa Indapanno are
high valuable and they are used in all generation. Buddhadasa Indapanno had perfect
habitual practice, and people in world praised as the great philosopher who influence
to the Buddhism. Furthermore, the United Nations Educational, Scientific and Cultural
Organization (UNESCO) declared Buddhadasa Indapanno is the important person in
the world, on 20 October 2005.

After the death of Buddhadasa Indapanno, Suan Mokkh Phalaram,
Dhamma foundation, and disciples preserve all of manuscripts and equipments. In
preliminary of survey, there are more than 20,000 lists of note book about 600,000

pages, 50,000 photographs, 1,900 gigabyte of sound and a lot of historical records.
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Suan Mokkh Phalaram entrusts the Buddhadasa Indapanno’s archives to collect,
maintain, and preserve of Buddhadasa Indapanno’s manuscripts. The Buddhadasa
Indapanno’s archives store the manuscript and digital image document files. The
manuscripts are stored in temperature and moisture control room and the document are
preserved in the standard equipments. The handwritten documents of Buddhadasa
Indapanno are scanned into digital images and keep in the digital database. Therefore,
OCR can be applied to convert digital images to characters. After this process, the
words in these documents can be searched.

Many researchers studied in character recognition such as Neural Network
based handwritten character recognition system without feature extraction [1],
Pradeep, J et al, proposed method to handwritten character recognition without feature
extraction .The character recognition processes used feed forward back-propagation
neural network to recognize of each character. Thai character recognition on tax form
[2], Phoorat Pakawathana proposed method to recognize the printed Thai character on
labels on tax forms. Thai handwritten character recognition by Genetic Algorithm
(THCRGA) [3], Chomtip Pornpanomchai et al, presented the system frameworks to
recognize the Thai handwritten character by genetic algorithm.

This research proposed the Buddhadasa Indapanno’s handwritten character
recognition systems. Connected Component Labeling and Projection Profile technique
are used to segment the characters, in character segmentation process. Feed-forward
back-propagation neural network is used to train and recognized of each character.

The handwritten documents of Buddhadasa Indapanno are the ancient
documents. These documents are yellow-brownish background and there are the
difference in darkness and brightness of backgrounds. For each page, there are both
single characters and touched characters. The touched characters mean many
characters are connected, characters and vowels are connected, vowels and tones are
connected, and three levels (characters, vowels, and tones) are connected.

The Buddhadasa Indapanno’s handwritten character recognition system
proposes in this research that consists of 4 processes, i.e., Pre-processing, Character

segmentation, Feature extraction, and Character recognition.
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1.2 Objective of the Study

The objective of this research is to design and develop the system of the of
Buddhadasa Indapanno’s handwritten recognition. Connected component labeling and
projection histograms method are used to separate each character in character
segmentation processes, and feed-forward back-propagation neural network is applied

to handwritten character recognition.

1.3 Scope of the Study

1) The images of Buddhadasa Indapanno’s handwriting are used in this
research have 148 pages.

2) These images are in the Pali card category.

3) Digital image documents are stored in TIFF file with 300 dots per inch
of resolution.

4) The touching characters will be used to training neural in unknown
class.

5) The accuracy of the systems will be compared with the original image.
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CHAPTER I
LITERATURE REVIEW

2.1 Handwritten Character Recognition

Optical character recognition (OCR) is one of the most successful
applications of automatic pattern recognition [4]. Furthermore, OCR is the process of
translating images of handwritten, typewritten, or printed text into a format understood
by machines for the purpose of editing, indexing, searching, or compression[5], [6].

The most difficult problem in the field of OCR is the recognition of
unconstrained cursive handwriting. The present tools for modeling almost infinitely
many variations of human handwriting are not yet sufficient. The similarities of
distinct character shapes, the overlaps, and interconnection of the neighboring
characters further complicate the problem [7].

In general, handwriting recognition is classified into two types as off-line
and on-line handwriting recognition methods. In the off-line recognition, the writing is
usually captured optically by a scanner and the completed writing is available as an
image. However, in the on-line system, the two dimensional coordinates of successive
points are represented as a function of time. The strokes of character are made by the
writer in a real time. The on-line methods have been shown to be superior to their off-
line counterpart in recognizing handwritten character due to the temporal information
available with the former [1], [8]. Figure 2.1 shows the type of handwritten

recognition.
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Optical Character Recognition (OCR)

On-Line Character Recognition

Off-Line Character Recognition

Single Character Script Character
Recognition Recognition (text,

Printed or Fixed-
front Character

Handwritten
Character

Figure 2.1 Optical character recognition classifications [9]

Many researches presented the off-line handwritten recognition technique

to improve the high recognition accuracy level. The technique was used in each

research is similar or difference depended on handwritten documents characteristic.

For the example a research of J. Pradeep et. Al, [1] presented typical handwritten

characters recognition for English alphabets without feature extraction using

multilayer Feed Forward neural network. S. Tangwongsan, and C. Sumetphong [10]

proposed the technique for restoration of Thai Historical Documents with broken

characters. They used Kod Mai Tra Sam Duang document in their study. Nafiz Arica

et.al, [7] presented off-line cursive handwriting recognition using Hidden Markov

Model (HMM). The gray-level word image as input data and document image is not

preprocessed for noise reduction and normalization.
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2.2 Digital Image Processing

An image may be defined as a two-dimensional, f (x,y), where x and y are
spatial(plane) coordinates, and the amplitude of f at any pair of coordinates (x,y) is
called the intensity or gray level of the image at that point. When X, y, and the
amplitude values of f are all finite, discrete quantities, there are called image a digital
image. The field of digital image processing refers to processing digital images by
means of a digital computer. Note that a digital image is composed of a finite number
of elements, each of which has a particular location and value. These elements are
referred to as picture elements, image elements, and pixels. Pixel is the term most

widely used to denote the elements of a digital image [11].

2.2.1 Image Digitization

An image to be processed by computer must be represented using an
appropriate discrete data structure, for example, a matrix. An image captured by a
sensor is expressed as a continuous function f (x,y) of two coordinates in the plane.
Image digitization means that the function f (x,y) is sampled in to a matrix with M
rows and N columns [12]. The values of the coordinates (x,y) become discrete
quantities. For notational clarity and convenience are used integer values for these
discrete coordinates. Thus, the values of the coordinates at the origin are (x,y) = (0,0).
The next coordinate values along the first row of the image are represented as (x,y) =
(0,1). There are important to keep in mind that the notation (0,1) is used to signify the
second sample along the first row. It does not mean that these are the actual values of
physical coordinates when the image was sampled. Figure 2.2 shows the coordinate

convention.
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Origin

==
—
[ g

® 00000 0 0 0 ¢
o0 000 000 ¢
o 00000 0 0 0 ¢
® 0000 000 ¢
o0 000 0 00 ¢

SEERIR

One pixel f(X Y}

Figure 2.2 Coordinate convention

The notation introduced in the preceding paragraph allows us to write the

complete M x N digital image in the following compact matrix form:

fxy)= . . : (21)
FM=10) fM=11) .. fM=1N—-1)

The right side of this equation is by definition a digital image. Each
element of this matrix array is called an image element, picture element, and pixel.
[11]
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The most of handwritten character recognition system consists of four
main stages which are:
1. Pre-processing
2. Segmentation
3. Feature extraction
4. Recognition process, but in some systems may have post

processing after recognition process.

2.3 Pre-processing Process

Pre—processing is the name used for operations on images at the lowest
level of abstraction-both input and output are intensity images. These iconic images
are of the same kind as the original data captured by the sensor, with an intensity

image usually represented by a matrix of image function values (brightness) [13].

2.3.1 Color Transformations

General, spatial domain techniques are more efficient computationally and
require less processing resources to implement [11]. This technique based on
processing the color components of a color image or intensity component of a
monochrome image within the context of a single color model [12]. The color

transformation using the expression

gCey) = T[flxy)] (2.2)

when f(x,¥)lis a color input image, g{x,¥) is the transformed or
processed color output image, and T is an operator on f over a spatial neighborhood
of(x, %) [11]. The basic intensity transformations is restrict attention to color

transformation of the form

E‘E= Tf(lrl‘l'rzrluf'r”j’ i:].,z,---,n (23)
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where, for notation simplicity, », and s, are variables denoting the color
components of flx. ¥} and g(x, ¥ at any point (x,¥} , n is the number of color
components, and {T;, Ty, ... I, } is & set of transformation or color mapping functions
that operate on #; to produce s;. Note that n transformations, T;,combine to implement

the single transformation function, T, in equation 2.1. The color space chosen to
describe the pixels of f and g determines the value of n. In the RGB color space is

selected, for example, n = 3 andwy,r, and r; denote the red, green, and blue

components of the input image, respectively [11].

2.3.2 Thresholding
Gray level thresholding is the simplest segmentation process. Many objects
or image regions are characterized by constant reflectivity or light absorption of their
surfaces; a brightness constant or threshold can be determined to segment objects and
background. Thresholding is computationally inexpensive and fast — it is the oldest
segmentation method and is still widely used in simple apple application; thresholding
can easily be done in real time using specialized hardware [13].
The basics of intensity thresholding [11]
One obvious way to extract the objects from the background is

to select a threshold, T, that separates these modes. Then, any point {x, ¥} in the image
at which f(x,%) = T is called an object point; otherwise, the point is called a

background point. In other words, the segmented image, g{x.¥), is given by

1 fflxy) =T
§( ) EEI if f(x,¥) € T

(2.4)
when T is a constant applicable over an entire image, the process given in
equation 2.3 is referred to as global thresholding. When the value of T changes over an
image the term variable thresholding is used. The term local or regional thresholding is
used sometimes to denote variable thresholding in which the value of T at any point

(7, %) in an image depends on properties of a neighborhood of (x, ).
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2.3.3 Median Filter

Median filtering is a nonlinear filtering technique that is known for
preserving sharp changes in signal and for being particularly effective in removing
impulsive noise. One effective use of median filters has been the reduction of high-
frequency and impulsive noise in digital images without the extensive blurring and
edge destruction associated with linear filters. Because the median filter is nonlinear,
spectral analysis gives little insight into the filtering process. [14]

Median filter is the best filter in Order Statistic filters that are nonlinear
spatial filters whose response is based on ordering (ranking). The pixels contained in
the image area encompassed by the filter, and then replacing the value of the center
pixel with the value determined by the ranking result. The median filter, which
replaces the value of a pixel by the median of the intensity values in the neighborhood

of that pixel:

Flx,¥) = median { g(st)} (2.5)
(5t) € 8.

The value of the pixel {,7) is included in the computation of the median.
Median filters are quite popular because, for certain types of random noise, they
provide excellent noise — reduction capabilities, with considerably less blurring than
linear smoothing filters of similar size. Median filters are particularly effective in the
presence of impulse noise, also called salt and pepper noise because of its appearance
as white and black dots superimposed on an image. Thus, the principal function of
median filters is to force points with distinct intensity levels to be more like their
neighbors. In fact, isolated clusters of pixels that are light or dark with respect to their
neighbors, and whose area is less than m?*/2 (one — half the filter area), are
eliminated by an = % e median filter. In this case “eliminated” means forced to the
median intensity of the neighbors. Larger clusters are affected considerably less. [11]

In historical image, the pre-processing process is important to enhance the
image suitable for segmentation process. The most of pre-processing process consist
of noise removing, binarization. However, the steps of pre—processing processes that
are depended on input document image. The pre-processing process is important to
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enhance the image suitable for segmentation process. The most research using Otsu’s
method to convert gray scale image into binary image as [1], [2], [10], [15], [16], [17],
and [18] and some research is applied the Otsu’s method suitable to work such as [18]

, there are using Otsu’s method to choose an initial threshold value (&,) and threshold
value between ¢, and 255 (the maximum gray scale value) is selected that minimizes

the number of connected components in the binary image, the image resulted from
thresholding at that value. Moreover, the research in [1] is using dilation and filing the
holes to produce the pre-processing image suitable for segmentation after convert the
image into binary image by global thresholding technique. And the methods to reduce
the noise are occurred in the image. In [17] using Gaussian filtering technique to
remove noise in gray scale image, and some research using median filtering for
smoothing and noise elimination [15],[18], and with salt and pepper [2]. The method
to reduce the noise is occurred in the image, there are using Gaussian filtering to
remove noise in grayscale image. And some research using median filtering for
smoothing and noise elimination [15] with salt and pepper [2]. However, the
histogram stretching operation will be using normalize the background intensity of the

resulting foreground image to white [18].

2.4 Character Segmentation

Character segmentation is a technique to separation of the image into lines,
line into words, and word into single characters such as [19], [20], and [21]. The
segmentation process is one of the important steps in the handwritten recognition
system [20], [22], and [23], because there are directly affects to accuracy rate of
recognition.

In ancient and historical document, the physical structures are harder to
extract and low quality due to aging or faint typing. Most of handwritten page are
consisted narrow spaced line with overlapping and touching components [24]. In this
research is used connected component labeling and projection profile technique to

segment the handwritten of Buddhadasa Indapanno document images.
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2.4.1 Connected Component Labeling

Connected component labeling is a basic operation in machine vision. The
purpose of labeling is to treat the individual connected components of a digitized
image as separate objects and obtain a multi valued picture in which the points
corresponding to each component have a unique non — zero label [25].

The term connected component was just defined in terms of a path, and the
definition of a path in turn depends on adjacency. This implies that the nature of a
connected component depends on which form of adjacency we choose, with 4-and 8-
adjacency being the most common. In Figure 2.1 show the effect that adjacency can
have on determining the number of connected components in an image. Figure 2.3(a)
show a small binary image with 4-connected components. Figure 2.3(b) show that
choosing 8-adjacency reduces the number of connected components to two. Figure
2.3(c) shows the label matrix corresponding to Figure 2.3 (a). Figure 2.3(d) shows the

label matrix corresponding to Figure 2.3(a) [12].

1/1\\1 O |0 |0 (0|0 1 |1\N|1 |0 [0 |O [0 |O
11 N 0 130 |0 11 |1 |0 (/l-m 0 |0
h
’ !
1110 |00 11 0 1 0
171 |1 j0 |0 |O (fL O 111 00 |0 (l1\o
1|1 (1 0 |0 |01 ]0 1|1 0 (0 |0 |1 A0
1 {1 (10 |0 |0 V 0 1 (1 I’l ] /1/ 0
PN —-—
L1110 o1 40 |0 1 (11 |o |0 |1 |0 ]oO
1 /1 0 o000 1 / 1 /0 |0 |0 [0 |O
~—
(a) Four 4-connected component (b) Two 8-connected component

Figure 2.3 Connected component in an image [12]
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1|t (1|0 |D]|O |0 |0 L1 |1 |00 (O |0 |0
|t (1|0 |2 |2]|0]|0 L1 |1 |02 (2 |0 |0
|t (1|0 |2 |2]|0]|0 L1 |1 |02 (2 |0 |0
1|t (1|0 |D |0 |4 |0 L1 (|1 |00 (0 |2 |0
1|t (1|0 |D |0 |4 |0 L1 (|1 |00 (0 |2 |0
1|1 (1 (0|0 |0 4|0 L1 |1 |0 |0 |0 |2 |0
1|1 (1 (0 |D |3 |0 |0 L1 |1 |0 |0 |2 |0 |0
1|1 (1 (0|0 |0 |0 |0 L1 |1 |0 |0 |0 |0 |0
{c) Label matrix obtained (d) Label matrix obtained
using 4-connectivity using 8-connectivity

Figure 2.3 Connected component in an image [12] (cont.)

The pixels in each different connected component are assigned a unique
integer, from 1 to the total number of connected components. In other words, the
pixels labeled 1 belong to the first connected component; the pixels labeled 2 belong
to the second connected component; and so on. Background pixels are labeled 0 [12].

The connected component labeling can use to find the word boundary or
segment the image into single character, if the characters not touching there is a good
result. The image in [1] is segmented into single character by connected component
labeling method. Each character is assigned the number with labeling process. And
[26] proposed the new method to segment the touching character in Chinese
handwriting with contour analysis, there are using the connected component labeling
before segment the touching character by contour analysis.
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2.4.2 Projection Profile
Horizontal and vertical region projections w, (1] and @, () are defined as

(L) = E?fﬁ,}:{ . B (= Ey F(LE) (2.6)

Region description by projections is usually connected to binary image
processing. Projections can serve as a basis for definition of related region descriptors;
for example, the width (height) of a region with no holes is defined as the maximum

value of the horizontal (vertical) projection of a binary image of the region. These

definitions are shown in Figure 2.4. [13]

jj

il

Width

Vertical projection

Horizontal projection
T Height
Figure 2.4 Projections [13]

Projection profiles are commonly used for printed document segmentation.

This technique can be adapted to handwritten documents with little overlap. [24]
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2.4.2.1 Horizontal Projection

The horizontal projection profile is a popular technique to line
segmentation [17, 27]. If the page is skew corrected and the lines well separated, the
histogram will present well separated peaks and valleys. However, in handwritten
documents this method can be problematic because of the hill and dale writing as well
as the ascenders and descenders of the characters that very often begin in a line and
end up in another. Thus, the valleys of the histogram are not very clear. Although
problematic, this method can give a good estimation of the number of the lines is
included in a document page [27]. The technique computes horizontal projection
histogram, the count of black pixels for each column of the raster image [17]. For
example, in [2] segmented the character image into line by horizontal projection
profiles to find the valley as a reference point for line segmentation.

2.4.2.2 Vertical Projection

The vertical projection also called the “vertical histogram” of a
print line that can serve for detection of white space between successive characters.
Moreover, that can indicate locations of vertical strokes in machine print, or regions of
multiple lines in handprint [19]. The vertical projection profile is performed the word
segmentation in each text line [27], that is obtained by summing pixel values along the
horizontal axis for each y value [24].

2.5 Feature Extraction Process [4]

Feature extraction is an important method in achieving good recognition
performance. Different feature extraction methods are designed for different
representations of the characters, such as solid binary characters, character contours,
skeletons (thinned characters) or gray-level sub-images of each individual character.

In this work is focuses on feature extracted from binary image with zoning method.
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2.5.1 Features Extracted from Grayscale Images

A major challenge of using gray-scale image-based methods is to locate
candidate character location. One can use a locally adaptive binarization method to
obtain a good binary raster image and use connected components of the expected
character size to locate the candidate characters. This approach cannot be used if the
character size is expected to vary.

The desired result of the localization or segmentation step is a sub-image
containing one character and, expect for background pixels, no other objects.
However, when print objects appear very close to each other in the input image, this
goal cannot always be achieved. Often, other characters or print objects may
accidentally occur inside the sub-image, possibly distorting the extracted features. This

is one of the reasons why every character recognition system has a reject option.

2.5.2 Feature Extracted from Binary Image

A Dbinary raster image is obtained by a global or locally adaptive
binarization of the gray-scale input image. Choosing a better locally adaptive
binarization may be alleviate the problem in character connected components, broken
characters into two or more connected components but the result of this method may
still not perfectly in isolate character.

The binary raster representation of a character is a simplification of the
gray-scale representation. The image function Z(x,y) now takes on two values (say,0
and 1) instead of the ,say 256 gray-level values. This means that all the methods
developed for the gray-scale representation are applicable to the solid binary raster
representation as well.

A solid binary character may be converted to other representations, such as
the outer contour of the character, the contour profiles, or the character skeleton and
features may be extracted from each of these representations as well. For the purpose
of designing OCR systems, the goal of these conversions is to preserve the relevant
information about the character shape and discard some of the unnecessary

information.
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2.5.3 Features Extracted from the Binary Contour

The closed outer contour curve of a character is a closed piecewise linear
curve that passes through the centers of all the pixels which are four-connected to the
outside background and no other pixels. Following the curve, the pixels are visited in,
say counter-clockwise order and the curve may visit an edge pixel twice at locations
where the object is one-pixel wide. Each line segment is a straight line between the
pixel centers of two eight-connected neighbors.

2.5.4 Feature Extracted from Vector Representation

Character skeletons are obtained by thinning the binary raster
representation of the characters. The task of choosing the right one often involves a
compromise; one wants one-pixel wide eight-connected skeletons without spurious
branches or displaced junctions, some kind of robustness to rotation and noise and at
the same time a fast and easy-to-implement algorithm. The feature extraction methods

are show in Table 1.

Table 2.1 Overview of feature extraction methods for the various representation forms

(gray level, binary, vector)

Grayscale Binary

Vectors (skeleton)

sub-image

Solid symbol

Outer contour

Template matching

Template matching

Template matching

Deformable templates

Deformable templates

Unitary transforms

Unitary transforms

Graph description

Projection profile

Contour profile

Discrete features

Zoning

Zoning

Zoning

Zoning

Geometric moments

Geometric moments

Spline curve

Zernike moments

Zernike moments

Fourier descriptors

Fourier descriptors
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2.6 Character Recognition Process

Pattern recognition is a process of classification of objects into a number
of categories or classes. Depending on the application, these objects can be images or
signal waveforms or any type of measurements that need to be classified [28]. Due to
the fact that pattern recognition is a basic attribute of human beings and other living
thin gs, it has been taken for granted for long time. We are now expected to discover
the mechanism of their recognition, simulate it, and put it into action with the modern
technology to benefit the human beings [29].

Character recognition is another important area of pattern recognition, with
major implications in automation and information handling. The pattern recognition
software then takes over to recognize the characters, that is, to classify each character
in the correct “letter, number, punctuation” class. Storing the recognized document has
a twofold advantage over storing its scanned image. First, further electronic
processing, if needed, is easy via a word processor, and second, it is much more
efficient to store ASCII characters than a document image [28].

In the general approach of pattern recognition are four which are:
Template matching, Statistical techniques, Structural techniques, and Neural Networks
[27]. In this work are focuses in neural networks due to in the off-line systems, the
neural networks have been successfully used to yield comparably high recognition
accuracy level [30]. For the example research were use the neural network to
recognize the character as, in [10] proposed Optical character recognition technique to
solve the broken characters are occurred after convert image into binary image in Thai
historical document “Kod Mai Tra Sam Duang”, the neural network was used to
recognize the character. The average of accuracy rate is 93.07%. In [1] using neural
network to recognize the character without feature extraction. The accuracy rate of
character recognition is 90.19%. And in [2] using neural network to recognize Thai
character with Tax Form which the accuracy rate in documents obtained from a line
printer is 98.88% and 93.77 % with characters from labels on tax form. But some
research using genetic algorithm to recognize Thai character in [3], there is accuracy
rate is around 88%.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 19

2.6.1 Neural Network Approach

Artificial neural networks (ANNS) provide a general, practical method for
learning real-valued, discrete-valued, and vector-valued function from examples.
Algorithms such as Back propagation use gradient descent to tune network parameters
to best fit a training set of input — output pairs [31].

An ANNSs can also be defined as a data-processing system consisting of a
large number of simple, highly interconnected processing elements in an architecture
inspired by the structure of the cerebral cortex of the brain. These processing elements
are usually organized into a sequence of layers with full or random connections
between the various layers. This arrangement is show in figure 2.5, where the input
layer is a buffer that presents data to the network. This input layer is not a neural
computing layer because the nodes have no input weights and no activation functions.
The top layer is the output, which presents the output response for a given input. The
other layer is called intermediate or hidden layer because it usually has no connections
with the outside world. Typically, the input, hidden, and output layers are designated
the ith, jth, and kth layers, respectively.

Hidden laver

Input laver

Figure 2.5 Neural network architecture [32]



Wanwisa Chevakulmongkol Literature Review / 20

Artificial neural networks do not consist of one network, but a diverse
family of networks. The network topology, the individual neuron characteristics, the
learning or training strategy, and the training data determine the overall function or
functionality achieved. A typical neural network is fully connected, which means that

each neuron in any given layer is connected with all the neurons in the next layer. [32]

2.6.2 The Back-propagation Algorithm [31]

The Back-propagation algorithm learns the weights for a multilayer
network, given a network with a fixed set of units and interconnections. It employs
gradient descent to attempt to minimize the squared error between the network output
values and the target values for these outputs. The Back-propagation algorithm learns

is shown in Figure 2.6.

Backpropagation (frathing_examples, 1, Mg, . Moye. Mhidden )
Each trainthg example is a patr of the form X.T), where ¥ is the vector af
network input values, and i is the vector af target network output values.
1 15 the learning rate (e.g, 03). ng, is the number of network IRPULs, N ig0en
the number of units in the hidden layer, and ng,, the number of output units.
The input from untt 1 tnte uni j 15 denoted x;; , and the weaght from nni I to
unitj is denoted wy;

s Create a feed-forward network with n;, inputs, ng;44-, hidden onits, and

Mgy OUtpUL UNits.
s Initialize all network weights to small random numbers (e.g., between -.05 and
A5).
* TUntl the termination condition is met, Do
» For each f:_f,i:} in tratning _examples, Do

Propagate the input forward through the network:
1. Input the instance ¥ to the network and compute the output o,, of
every unit x in the network.

Propagate the errors backward through the network:

2. For each network output unit k , calculate its error term &,

bp — op (1— op)( Tty — Of )
3. For each hidden unit h , calculate its error term &

6?2 = Op {1— ﬂkj z Wien 6?{
R £ outputs

4. Update each network weight w;
Wi oWy + A
where

Awy; = 18 x

Figure 2.6 The stochastic gradient descent version of the Backpropagation

algorithm for feedforward networks containing two layers of sigmoid units
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The Backpropagation algorithm is presented in Figure 2.6. The algorithm
as described here applies to layered feedforward networks containing two layers of

sigmoid units, with units at each layer connected to all units from the preceding layer.
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CHAPTER I
MATERIALS AND METHODS

3.1 Steps of Work

This section describes the step and methodology of Buddhadasa
Indapanno's handwritten character recognition. The theory and methodology of digital
image processing is described in section 3.1.1. The data of Buddhadasa Indapanno's
handwritten images used in this research is described in section 3.1.2. The step of

implementation the system is describes in section 3.1.3. In the final, section 3.1.4

Related works Buddhadasa Indapannno s handwritten
collection

describes the evaluation of the system.

o\
n ﬂ nn n nnnnn
1YYV | yyuay
ﬂﬂ nﬂﬂ fAfARAR
Input image Operating Qutput

Figure 3.1 Step of work
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Figure 3.1 shows the overall steps to develop the Buddhadasa Indapanno's
handwritten character recognition system. The theories researches and related work on
digital image processing are studied. The handwritten images are selected and
collected to use in this research. After that, the knowledge of image processing and the
handwritten images were selected are used to designed the Buddhadasa Indapanno's
handwritten character recognition system. The accuracy of this system is compared
between the output and original image.

3.1.1 Digital Image Processing Theory and Related Work

In this step, the techniques relevant to the Buddhadasa Indapanno
handwritten character recognition system will be studied. Pre-processing process,
character segmentation process, feature extraction process, character recognition
process, and post-processing process will be applied in this research.

In pre-processing processes, the characteristic of the digital images the
techniques to process two-dimensional digital image, and the techniques to enhance
the quality of image such as adjusting the contrast, image binarization image, and
noise removing will be studied. For character segmentation processes, the related
research and techniques for dividing the handwritten character image will be searched.

Then, feature extraction process with zoning analysis will be reviewed for
the methods and theories for character recognition are studied. Fed-forward back-
propagation neural network is reviewed. In the post-process, the techniques to improve
the performance of character recognition with Thai dictionary will be studied and
applied.

3.1.2 Data Collection

The Buddhadasa Indapanno's handwritten images from Buddhadasa
Indapanno Archives are used in this research. There are 148 images that are scanned
with 300 dots per inch of resolution and stored in TIFF format. The samples of

handwritten images are show in Figure 3.2, 3.3, and 3.4.
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Figure 3.2 Sample of Buddhadasa Indapanno's handwritten image

Figure 3.3 Sample of Buddhadasa Indapanno’s handwritten image

Figure 3.4 Sample of Buddhadasa Indapanno's handwritten image
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In Figure 3.2, many single and touching characters are in the image and
there are smudge on the background. Figure 3.3, the mostly of line in character are
thin there are difficult to read. Figure 3.4, the mostly of character in the image are
thick and have touching character in the horizontal and vertical. The Buddhadasa
Indapanno's handwritten images are show in Figure 3.2, 3.3, and 3.4 above, each
image are difference in the thick or thin of character , color of ink on character and
moreover, some image has smudge on the background . From describe previous, there
is a difficult problem to clear noise the image after convert the grayscale image into
binary image, segmented the character into single character, and recognized the

character correctly on every Buddhadasa Indapanno's handwritten images.

3.1.3 Implementation Process

Buddhadasa Indapanno's handwritten character recognition system is
including 4 main steps such as Pre-processing, character segmentation, feature
extraction, and character recognition.

3.1.3.1 Pre-processing

Pre-processing processes is the quality improvement, removing
noise of an input image, and convert image into binary image. In this stage is
including 5 sub-processes which are:

- Crop Image: Image is added to the system. In the first step,
user has to crop the image in only text area. Image after cropped will be calculated the
mean of image’s pixel. The average values will be used to classify the image groups to
adjust the contrast in different value. The similar of image will be classified in the
same group.

- Adjustment Contrast: Each of handwritten images has a
difference dark or light. Therefore, to improve the brightness of image to appropriate,
the image was adjustment the contrast with contrast stretching method.

- Binarization: The image after improve the quality of image
with adjustment the contrast, these images was converted to the binary image by

threshold value.
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- Noise reduction: Noise can be occurred after converting the
image into binary image. The objective of this section is removing noises in the image
using median filtering method with window mask 3x3.

3.1.3.2 Character Segmentation

The character segmentation processes has two sub- processes
to divide the handwritten character image into individual character, there are include
of connected component labeling and projection profile. The output of this process is
single characters that are data input to feature extraction processes.

- Connected Component Labeling

This method can be dividing the word images out of the
background. The single characters in the image are divided. This research defined the
connectivity of the neighborhood is 4-connected. The touching character cannot be
segmented in this method.

- Projection Profile

This method was separated the touching character into single
character images. The image input in this process will be thinning before projection.
The projection profile in this research has three sub-process which are horizontal
projection, vertical projection, and horizontal and vertical projection.

3.1.3.3 Feature Extraction

The character images in the character segmentation process
(single character group and single character and touching character together group) are
input data of this step. The important features of each character are extracted with
zoning method. Before feature extraction, size of each character image will be
adjusted into 80 x 64 pixel and the character images were divided by 4 x 4 pixels per
zone.

3.1.3.4 Character Recognition

In this step, the important features of each character are used as
input data to recognize that character with feed-forward back-propagation neural
network. All characters are classified to 87 classes as the consonant are 42 classes,
vowel are 17 classes, tone are 3 classes, number are 11 classes, symbol are 13 classes,

and unknown is 1 class.
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3.1.4 Evaluation

In this section, the accuracy of this system will be evaluated by
comparison between the result and original image, the step of this section is described
as follow:

1. Learning Accuracy Evaluation: All characters will be trained by 10 fold
cross validation to find suitable method. Then these data will be used for creating a
model. This model will be evaluate in order to get the learn accuracy.

2. Usage Testing: The accuracy of characters recognition after post -
process will be measured and the results were compared between output and original
images.

3. Conclusion and documentation: This step is analyzing the result of the

system to conclusion and makes the documentation.



Wanwisa Chevakulmongkol Materials and Methods / 28

3.2 Material

Hardware:

Personal computer which had a minimum requirement as follows:
CPU : Pentium 4, 2.4GHz
4 GB of RAM
250 GB of Hard disk

Software:
Operating Systems : Microsoft Windows 7 Enterprise (64 bit)
Application development Tools : MATLAB R2010a

3.3 Research Schedules

2012 2013

Schedule

Data collection |

Study research
and related
work

System
implementation

System test

System
evaluation

Conclusion &

Documentation
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CHAPTER IV
PROPOSED SYSTEM

The overall of proposed system is shown in Figure 4.1. There are 4 main

steps which are Pre-processing process, Segmentation process, Feature extraction
process, and Recognition process.

Input Image

!

Pre—processing process
- Crop Image
Adjust Contrast
Grayscale Image
Binarization

Remove Noise

}

Character Segmentation
- Connected Component
labeling

Projection Profile
Line Position Detection

|

Feature Extraction

!

Character Recognition

|

Character

Figure 4.1 System overview
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4.1 Pre—processing Process
Image Pre-processing is the process that improves the quality of image,
remove noise and convert image into binary image. In this research, includes 5 sub-

pre-processing steps. The flow of these processes is shown in Figure 4.2.

/ Input Image /

Crop image

|

Adjustment contrast

|

Grayscale image

|

Binarization

|

Remove noise

|

/ Binary image /

Figure 4.2 The flowchart of pre-processing

- Crop Image: Image is added to the system. In the first step, the image is
cropped in only text area. When an image is added to the system, user must define the
text area. Then, that image will be cropped. After that, the mean of pixels in cropped
image will be calculated. The average values will be used to classify the group of
image in order to adjust the contrast with the different parameter. The groups of image

are classified in 5 groups. The definition of image in 5 groups is described in Table 4.1
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Table 4.1 The definition of image

Group of image Definition Mean of pixel
Group 1 smeared on the background <160
Group 2 thick and small character >160 and <169
Group 3 normal characters >169 and <176
Group 4 thick and fade characters >176 and <180
Group 5 thin and fade characters >180

The sample of Buddhadasa Indapanno’s handwritten in 5 groups are shown

in Figure 4.3 — 4.7

Figure 4.3 An example of image in group 1

Figure 4.4 An example of image in group 2
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Figure 4.5 An example of image in group 3

Figure 4.6 An example of image in group 4

Figure 4.7 An example of image in group 5

Proposed System / 32
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- Adjustment Contrast: Each of handwritten images has a difference dark
or light. Therefore, to improve the brightness of image to appropriate, the image was

adjustment the contrast with contrast stretching method. The syntax was show below:

g = tmadjust ( f,[ low_in high_tn],[ low_out highout]), (4.1)

where the intensity values in f will be map to new intensity values in g.
Which the values between law_ix and high_irz are map to values between law_gut
and Atgh_out , that is values below lew_in and above Atgh_ir are clipped. The values
used for adjustment the contrast in 5 groups are shown in Table 4.2.

Table 4.2 The values are used in each image group

Group of image [low in high_in] [ low_out high out]
Group 1 [0.58 0.60] [0 1]
Group 2 [0.35 0.38] [0 1]
Group 3 [0.65 0.68] [0 1]
Group 4 [0.72 0.73] [0 1]
Group 5 [0.83 0.85] [0 1]

The sample of image in 5 groups after adjusted the contrast are shown in

Figure 4.8 —4.12

A
R 1

(a) Before adjust the contrast (b) After adjust the contrast

Figure 4.8 An example of contrast adjusted image in group 1
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(a) Before adjust the contrast

e L] A ﬂh{-ﬁl
Haps ol naw @ EEonud -1
A AF I aRme T e

1 AT @ oy RN

PO - a-.-ﬁn-q-u
s m:ﬁmu -l’yﬂhﬂm aus
‘Hﬁ"u “-*!
m Iﬂlhﬂ“ ﬂnw];‘i

:mfm-m’-qqnm“m, JRER

(b) After adjust the contrast

Figure 4.9 An example of contrast adjusted image in group 2

(a) Before adjust the contrast

(b) After adjust the contrast

Figure 4.10 An example of contrast adjusted image in group 3

(a) Before adjust the contrast

(b) After adjust the contrast

Figure 4.11 An example of contrast adjusted image in group 4
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(a) Before adjust the contrast (b) After adjust the contrast

Figure 4.12 An example of contrast adjusted image in group 5

- Grayscale image: The color image after improve the quality of image
with adjustment the contrast, these images was converted to grayscale image by

equation 4.2. [33]
0.2989 xR +0.5870 x G+ 0.1140 x B 4.2)

- Binarization: The grayscale image was converted to binary image by
equation 4.3 and Figure 4.13 — 4.17 is show the sample of image after convert

grayscale image into binary image.

_(Lif(xy) = 0
E'Exr}rj[ = Eﬁi f{.’af-r}?j =0 °

(4.3)
where
g(x.3) is the pixel in any point (%.3} in new image

F(x,5) is the pixel in any point (x,¥] in original image

The pixel labeled 1 is white pixels that correspond to the background,

whereas pixels labeled 0 is black pixels that correspond to the objects.
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(a) Gray scale Image

1" .
;Abm«’m?dc\}m il ff%a,m\rﬂ 'B%Glmﬂ ’
e B sysn Sae talu as:?}m

ﬁ’fa sfm? Tt usdud oviveaidon, pasa
N owsizn silac: i

; visoiNuso \Km’s'is:?’tlﬂ'/'a.
) ‘°
Agn. 3. e -

(b) Binary Image

Figure 4.13 An example of binary image in group 1
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(b) Binary Image

Figure 4.14 An example of binary image in group 2
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(b) Bmary Image

Figure 4.15 An example of binary image in group 3
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(a) Grayscale Image (b) Binary Image

Figure 4.16 An example of binary image in group 4
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(a) Grayscale Image (b) Binary Image

Figure 4.17 An example of binary image in group 5

- Noise reduction: The objective of this section is removing noises are
occurred on binary image. This research is compared 3 techniques which are Median
Filter, Gaussian Filter, and Wiener Filter to find the suitable technique for reduce
noise are occurred on Buddhadasa Indapanno’s handwritten image after convert
grayscale image into binary image. The windows sizes are used to reduce noise in 3
techniques are windows size 3%3 and 5x5.

Median filter is non-linear spatial filters. This technique is popular to
reduce noise with salt-and-pepper noise bester. The sliding window is applied to a
sequence from left to right and top to bottom. This research is used window 3x3 and
5%5 to test. The pixel value in the window will be sorted from minimum to maximum.
The pixel value in the center after sort is a median value. The median value is replaced
in the center of window. The advantages of this technique are, the isolate noises are

reduced however the sharpness of image are not reduce.
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Gaussian filter is low-pass filters. This technique is appropriate to reduce
the Gaussian noise. The standard deviation () and window size of Gaussian filter are
effect to the smoothness and blur of image. This research set 6 to 0.5 and Gaussian
filter window are 3%3 and 5x5. The window size is increased the smoothness and blur

of image are increased too. The calculation of Gaussian filter is shown in equation 4.5.

k =270’ (4.4)

—(n1>+n2%)
2

L (4.5)

G(nl,nZ) = ;

where £ is a summation of Gaussian filters in an image. [33]

Wiener filter is linear spatial filters. This technique based on a statistical
approach with minimum mean square error which, often applied in the frequency
domain. The noise variance is effected to the smoothness of image. However, the
Wiener filter technique is better than Median filter to reduce Gaussian noise. The

calculation of Wiener filter is shown in equation 4.8.

1
'Ll B M XN nl,%eNa(nl’nz) (46)
o’ = ! Za2 —u’ 4.7)
M anl,nZeN(nlJIZ)
(0% =V )@ ))
Biuray = H+ E— (4.8)

(e}

when b, ,, 1s a result of an interested pixel, and a,, ,, is an interested

ixel on a noised image, u is local mean, o is variance around an interested pixel
) H s D)

and v’ is the noise variance. An average of all the local estimated variances can be

used instead of noise variance in case of it is not available. [33]
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Due to the noises are occurred in the binary image is salt-and-pepper

noise, this research will be using Median filter to remove noise.

The samples of images are removed noise with window 3x3 of Median

Filter. The sample images are shown in Figure 4.18 — 4.22. The results of image

filtering are explained in Chapter V.
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(a) Gray scale Image (b) Binary Image

Figure 4.18 An example of denoised image in group 1
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(a) Gray scale Image (b) Binary Image

Figure 4.19 An example of denoised image in group 2
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(a) Gray scale Image (b) Binary Image

Figure 4.20 An example of denoised image in group 3
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(a) Gray scale Image (b) Binary Image

Figure 4.21 An example of denoised image in group 4
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(a) Gray scale Image (b) Binary Image

Figure 4.22 An example of denoised image in group 5

4.2 Character Segmentation

The character segmentation a process is applied the Connected Component

Labeling and Projection Profile to divide the handwritten character image into
individual character. The outputs of this process are single characters. These

characters are data inputs of feature extraction processes. The flowchart of overall
steps of this process is shown in Figure 4.23.
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Figure 4.23 The flowchart of character segmentation process

4.2.1 Connected Component Labeling

This method can be used for separating the characters out of the
background. This research defines the connectivity of the neighborhood is 4-
connected. The single characters in the image are divided, but the touching character
cannot be segmented in this method. In MATLAB, the syntax of Connected

Component Labeling is shown in equation 4.9. [12]
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[ £ ] = bwlabel [ f,conn) (4.9)

where , f is input binary image, cemt is specifies the desired
connectivity 4 or 8 this research uses 4-connected ,L is the output, there are called
a label matrix, and wwm is the optional, give the total number of connected
component found

when the image is segmented with Connected Component Labeling, there
are single characters, and touching characters. However, some images have single
characters, touching characters and non-characters (spot and border line of image).

The sample results of this process are shown in Figure 4.24 and 4.25.
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Figure 4.24 The samples result of character have single characters and touching

character
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Figure 4.25 The samples result of character have single characters and touching

character and not character
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Figure 4.24 and 4.25 show the sample of segmented character images with
the Connected Component Labeling. The results in Figure 4.24 are single characters
and touching characters that are not non-character. The results in Figure 4.25 show
single characters, touching characters, and non-characters. The characters 1 — 10 in
Figure 4.25 are the non-characters that occurred after segment the character in this
process.

After segmented with Connected Component Labeling, there are 2 sub-
processes to separate non-character out of the character group and separate single
characters out of touching characters.

Separation of non-character: The criterion to separate non-character out of
character group are used the height (h) and width (w) of character and proportion of
white (pw) and black (pb) pixel. The criterion to separate the non-characters is shown
in Algorithm 4.1 and the sample of separated non- characters are showed in Figure

4.26.

Algorithm 4.1 The criterion to separate non-characters
if ((h<10)and (w<10)) or
((pw < 6) and (pb >93)) or
((pw < 10) and (pw >90)) or
((abs(h-w)) > 130)

then noises are removed

Figure 4.26 Separated non-characters
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- Separation of single character: The single characters are separated from
touching character. The criterion are used:
height (h) of a character
width (w) of a character
proportion of white (pw) and black (pb) pixel
mean of height of characters in each page (MH)
mean of width of characters in each page (MW)
mean of white pixel in horizontal direction (wh)
mean of white pixel in vertical direction (wv)
The criterion to separate the single character from touching character is

divided to 4 criterions. These criterions are shown in Algorithm 4.2 —4.5.

Algorithm 4.2 Criterion 1
if (MH < 30)
if (h <30) and (w < 24)) or ((h < 15) and (w < 30))
single character
else
touching character
end
end
The sample results of single character from criterion 1 are shown Figure

4.27, and the samples of touching characters are shown in Figure 4.28.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 45

. o’ - .
n r-1 r r r- e
W4 h 4y Ky W i ad d T
82 83 84 85 86 87 88 89 a0
rat i [T‘ Ll KJ ok rwn [~
) V34 Lai L rl NA. 1) K Y
91 92 93 94 895 96 97 98 99
- — r r-—
L Fi 4 / v o ra W a
100 101 102 103 104 105 106 107 108
. - - rn —~ a1 . /A e
34 0 Y1 oL A ) A G a2
109 110 111 112 113 114 115 116 117

Figure 4.27 Samples of single character from criterion 1
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Figure 4.28 Samples of touching character from criterion 1

Algorithm 4.3 Criterion 2
if (MH > 30) and (MH < 40)
if (h<53) and (w <43)) or ((h <25) and (w <25))
single character
else
if ((h<30)and (w <45)) or ((h< 30) and (pw < 45))

single character
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else
if ((h>30) and (h <40)and (pw< 30) and (pw < 40) and (w < 50))
or ((h>30 and h < 40) and (pw <35) and (w < 60))
single character
else
touching character
end
end
end

end

The sample results of single character from criterion 2 are shown Figure

4.29, and the samples of touching characters are shown in Figure 4.30.
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Figure 4.29 Samples of single character from criterion 2
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Figure 4.30 Samples of touching character from criterion 2

Algorithm 4.4 Criterion 3
if (MH >40) and (MH < 50)
if (MH <45) and (MW < 45))
if (h <50 and w < 43)
single character
else
if (h <30 and w <56)) or ((wh < 15) and (wv < 15))
single character
else
if (w <50) and (wh <25) and (wv < 25))
single character
else
touching character
end
end
end
else if (MH <45) and (MW > 45))
if (h <55 and w < 48)



Wanwisa Chevakulmongkol Proposed System / 48

single character
else
if ((h<30and w <56)) or (wh<15) and (wv < 15))
single character
else
if ((w<50)and (wh <25) and (wv <25))
single character
else

touching character

end
end
end
else if (MH > 45)
if (h <£60) and (w < 44))

single character
else
if (h <30 and w <56)) or ((wh < 15) and (wv < 15))
single character
else
if ((w<50)and (wh <25)and (wv <25))
single character
else
touching character
end
end
end
end

end

The sample results of single character from criterion 3 are shown Figure

4.31, and the samples of touching characters are shown in Figure 4.32.
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Figure 4.32 Samples of touching character from criterion 3

Algorithm 4.5 Criterion 4
if (MH > 50)
if (MW < 55)
if (h <60 and w < 45)
single character

else
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if ((h <90) and (wh < 25) and (wv < 25)) or ((w < 90) and (wh < 25) and
(wv <25))
single character
else
if (h > 90) and (wh < 20) and (wv < 20)) or ((w > 90) and (wh < 20)
and (wv <20))
single character
else
touching character
end
end

end

else if (MW > 55))
if (h <80 and w < 57)
single character
else
if ((h <90) and (wh < 25) and (wv < 25)) or ((w < 90) and (wh < 25) and
(wv <25))
single character
else
if ((h > 90) and (wh < 20) and (wv < 20)) or ((w > 90) and (wh < 20)
and (wv <20))
single character
else
touching character
end
end
end
end

end
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The sample results of single character from criterion 4 are shown Figure

4.33, and the samples of touching characters are shown in Figure 4.34.

ORI - W3 T o
1 gj'lﬁ@]f?
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OREDI v IR
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Figure 4.33 Samples of single character from criterion 4
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Figure 4.34 Samples of touching character from criterion 4

4.2.2 Projection profile
The touching characters are separated into single character images. The
input images in this process will be thinned before projection. The character images

after thinning process have the clearly cutting points. This each image will be checked
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their width and height to re-segment again. Then, horizontal projection, vertical
projection, or both horizontal and vertical projection will be selected for the touching
characters. The algorithm to segment the touching characters with projection profile is

showed in Algorithm 4.6.

Algorithm 4.6 Projection algorithm

1. Compare between height of character (#) and mean of single
character’s height (MH).

- If the height of thin character less than MH, the thin
character will be segmented in vertical projection only. The most of
results in this stage are single character or characters are touched in
horizontal direction.

- If the height of thin characters is more than MH, the thin
character will be segmented in horizontal projection. The result of this
stage will be checked. (there are both single and touching character)

2. The results of horizontal projection will be thinned.
3. check the width of thin character with MW (mean of single
character’s width)

- If the width of thin character less than MW. The most of
results in this stage are single character.

- If the width of thin characters is more than MW, the

character will be segmented in vertical projection. (The result of this

stage will be single character)

The cutting points are considered from summation of thinned image in
horizontal direction. Summation of touching point is mostly equaled 1. The positions
have summation is 1 are selected to the cutting point. The criterions of cutting point
are used:

- height (h) of a character

- width (w) of a character

- position of sum equal 1 (position)
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The sample image of vertical projection, horizontal projection, and both
horizontal and vertical projection are showed in Figure 4.35, 4.36, and 4.37,

respectively.

if (position > ((h x 20)/100)) and (position <= ((h x 50)/100))
and (position <= ((h x 60)/100))

then segment the character in the horizontal direction

Figure 4.35 Segmentation in the horizontal direction

if (position > ((w x 20)/100)) and (position <= ((w x 70)/100))

then segment the character in the vertical direction

Cutting point Cutting point

Figure 4.36 Segmentation in the vertical direction
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if (position > ((h x 20)/100)) and (position <= ((h x 50)/100))
and (position <= ((h x 60)/100))

then segment the character in the horizontal direction

Cutting point

.
.
.
.
.
.
.
.
‘e
.

if (position > ((w x 20)/100)) and (position <= ((w x 70)/100))

then segment the character in the vertical direction

Cutting point

Figure 4.37 The image is segmented in the horizontal and vertical direction

4.2.3 Line Position Detection

Find the text line of image: The image after removed noise will be used to
find the text line. The vertical projection is used to find the number of text line in
image. The dash line is the point to separate the text lines that are minimal of black
pixel. The algorithm to separate the text line is shown in Algorithm 4.7 and sample of
image is separated the text line with horizontal direction is shown in Figure 4.38. The

position of text line is used to sort the character after character recognition process.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 55

Algorithm 4.7 Line Detection Position algorithm
1. Summation of image’s pixel in horizontal direction (SUM)
2. if (SUM==0)
then there is the points to separate the text line (TL)
Check the height (h) of text line

if (h >18)

then there is a text line
3. Find the sub-line (SL)

if (SUM > 100) and (h > 15)

then the text line is separated to sub-line

129 'dmmm w%

AMUIA 1319098 fafﬂ/-ﬁa WAL
m’wmm@fnqa% mmmmmtmm’ﬂ-

@ﬂm“mwudwmﬂ ﬁ'nﬂmrﬁﬂmw
n%ﬁﬁnnaﬁwﬂhummmﬂﬂmmﬁ %

(ﬁeﬁ]n.é-m-wo

Figure 4.38 The text lines are separated by vertical projection

4.3 Feature Extraction

The character images in the character segmentation process are input data

of this step. The important features of each character are extracted with zoning

method. Before feature extraction, size of each character image will be adjusted into

80 x 64 pixels, and the zone of character images were divided to 16 (4 x 4) pixels per

zone. Each zone of character image is average the density of black pixels. The sample

of average value in each zone is shown in Figure 4.39.
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80 pixels

64 pixels

Original size Resize image to 80 x 64

Fixture 4.39 The image resize to 80 x 64 pixels

The number of features in each image is input to character recognition
process .Therefore, the number of feature in each character image in this research is

320 features. The calculation is shown in equation 4.10.

number of pixels tn westeel bmege (4 10)

Number of features = C
= K=l P,l‘.r 'ﬁl?.'l' F e Bome

_ [ac:-xa#
b

= 320

The value of each zone is calculated the mean of black pixel from right to
left and top to bottom. The samples of feature values in each zone are shown in Figure

4.40.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 57

Z1 72 73

Value of feature in each zone

il
gl - Pl g%

B
4
Il
il
=

b
L
|

S o
il
=

Result after extract the feature image

Z1 Z2 Z3 Z4 PAT Z6 Z7 Z8 28 Z10 Z11 Z310

069 | 1 1 (088075 0.5 I [075)0.

(]
LA
[
[
(9]
[
b
Lh
[

Figure 4.40 The sample of value after extracted with 4 x 4 pixels per zone

The advantage of zoning method that is not complex. This method is using
the short time to process. However, the size of zone is effect to the time to training

Neural Network model and correctness of character recognition.

4.4 Character Recognition

In this step, the important features of each character are used as input data
to recognize that character. This research using feed-forward back-propagation neural
network, due to the Artificial Neural Network (ANN) is a computational model
extensively to use in pattern recognition. The ANN model can solve all problems in
automatic reasoning including a pattern recognition problem. However, the over fitting
will be occurred if the node of hidden layers are large. Whereas, the nodes of hidden

layers are small, that cannot learn the problem [34], [35].
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The totality of characters are used to train the neural model is 28,584
character. The classes of characters are classified to 87 classes as the 42 consonants,
17 vowels, 3 tones, 11 numbers, 13 symbols, and unknown class. The structure of
neural network in this research consists of input layer, hidden layer, and output layer.
The number of input node is 320 that are equaled to the number of features. Each
hidden node will calculate the obtained value using Tan Sigmoid function, and number
of nodes in hidden layer is derived from number of features and number of output
nodes (320+87). The output layer has 87 nodes, each node will calculate the obtain

value using Log Sigmoid function.

Input Layer Hidden Layer Output Layer

Figure 4.41 The neural network architecture of Buddhadasa Indapanno’s handwritten
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4.4.1 Activation Function [36]

The activation function is used to compute the hidden and output nodes of
the neural network system. The sigmoid activation function is used to supports in this
network architecture. Due to, this function is particularly advantageous for use in
neural networks trained by back-propagation, because sigmoid is easy to differentiate,
and thus can dramatically reduce the computation burden for training. The sigmoid
function is applied to applications whose desired output values are between 0 and 1

[37]. The sigmoid function is shown in equation 4.11 and 4.12. The sigmoid curve is

shown Figure 4.42 and 4.43.

Tan Sigmoid function

S(x) = tankh(cx) =

g e

e @.11)
where ¢ > 0, ¢ = const, is a positive scaling constant.

05}

A 2 2 2
-0 - o & in

Figure 4.42 Tan Sigmoid curve
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Log Sigmoid function

1
L g=o

S(x) = (4.12)
where ¢ > 0, ¢ = const, is a positive scaling constant.

04]

0L

Figure 4.43 Log Sigmoid curve

4.4.2 Training Function

The network training algorithm in this research using Gradient Descent
with Momentum and Adaptive Learning Rate Backpropagation (GDX), the function in
MATLAB used traingdx. The traingdx is a network training function that updates
weight and bias values according to gradient descent momentum and an adaptive

learning rate [33]. The parameter of traingdx function is shown in Table 4.3.
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Table 4.3 The default parameter of train the neural network model

- Default Description
Training Parameters
Value

net.trainParam.epochs 10 Maximum number of epochs to train
net.trainParam.goal 0 Performance goal
net.trainParam.Ir 0.01 Learning rate
net.trainParam.Ir inc 1.05 Ratio to increase learning rate
net.trainParam.lr dec 0.7 Ratio to decrease learning rate
net.trainParam.max fail 5 Maximum validation failures
net.trainParam.max_perf inc 1.04 | Maximum performance increase
net.trainParam.mc 0.9 Momentum constant.
net.trainParam.min_grad 1E-10 Minimum performance gradient

) Epochs bet ispl N fi
net.trainParam.show 25 pochs between displays (NaN for

no displays)

net.trainParam.time inf Maximum time to train in seconds

To find the suitable model of neural network, this research will compared
the neural model by compared the maximum number of epochs to train in 1000, 3,000,
5000, and 10000 with 10 fold cross validation. After that these data will be used for

creating a model. This model will be evaluate in order to get the learn accuracy.
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CHAPTER V
EXPERIMENTAL RESULTS

The results of Buddhadasa Indapanno’s handwritten character recognition
system are described in this chapter. The system is developed with MATLAB version
R2010a. The images are used in this research is the Pali card, there are148 pages. The
characteristic of images are yellow-brownish background and the color of characters is

green and blue. The resolutions of these images are 300 dpi and stored in TIFF file.

5.1 The Result of Pre-processing
The handwritten images of Buddhadasa Indapanno are classified in 5
groups followed to the mean of pixel image after cropped. The mostly of image in
each groups will have the mean of pixel image nearby and the characteristic of image
are similar. The characteristic of image in five groups will be described following:
Group 1: The images in this group will have smear on the background and
there is lower brightness contrast.
Group 2: The images in this group are consisted the small and thick
character but the brightness contrast of image are normally.
Group 3: The mostly of size and thickness character in this image group
are suitable.
Group 4: The characters in this image group consisted the characters are
thick, thin, and fade together.
Group 5: The characters in this image group are thin and fade.

In Binarization process, the noises are occurred on the binary image. This
research is compared the method to remove noise with Median Filter, Gaussian Filter,
and Wiener Filter with window 3x3 and 5x5. The results of each method are shown in
Figure 5.1 — 5.30.
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Figure 5.1 Median Filter 3x3 in Group 1
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Figure 5.2 Median Filter 3x3 in Group 2
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(a) Binary image (b) Sample result

Figure 5.3 Median Filter 3x3 in Group 3
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(b) Sample result

Figure 5.5 Median Filter 3x3 in Group 5

The Median Filter with window size 3x3 can remove the noise in these

images. Moreover, the characters are not destroyed. For, the binary images in group 5
the mostly of noises are removed but the noise in the corner are remained
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(b) Sample result

Figure 5.6 Gaussian Filter 3x3 in Group 1
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(b) Sample result

Figure 5.7 Gaussian Filter 3x3 in Group 2
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(a) Binary image (b) Sample result

Figure 5.8 Gaussian Filter 3x3 in Group 3
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Figure 5.9 Gaussian Filter 3x3 in Group 4
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(b) Sample result

Figure 5.10 Gaussian Filter 3x3 in Group 5

When the Gaussian Filter with window size 3x3 is applied, the noises are

not remained. The results are very similar to the binary images as shown in Figure 5.6
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Figure 5.11 Wiener Filter 3x3 in Group 1
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(b) Sample result

Figure 5.12 Wiener Filter 3x3 in Group 2

= -
Juna
Am yaus e @nm A Yunam Am Uaus e dnm A Yunam

[ & o o 0
anoas 38 a’wmumnn m _ ONOARAR 2NU Y ?ﬂ"'mﬂfhﬂﬂ LR

qo\ma Y \wdemly cmaam wawng \fSunm -mm 2
N0 CANOMSTIINMN) c‘{nnl\m LA Mmie 00 AN AWSIINRN) ‘3"‘”“""’
Sud Aseen ((heBATEA . AnaFdeunma ﬂ“_ﬁ*
:3/731?147\: msmude Snd ﬂ\m’?\" miovd ud av
son0 Fno.

'qlﬂﬂ‘?!ﬂ -.mva{ﬂﬂ 3 mnﬂm was JTa \ﬂf-n nm wﬁ

WALGe mmin
-Vf
AsReIn ¢ hémada f\muﬂw’oumm

q-mm'n ML ﬂ»‘aﬂmnmwﬁﬁl V.'lsw

a0 §no.
® -3
f-mln.fa LIXC) 'w:n.fa U

(a) Binary image

(b) Sample result

Figure 5.13 Wiener Filter 3x3 in Group 3
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(a) Binary image (b) Sample result

Figure 5.14 Wiener Filter 3x3 in Group 4
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(a) Binary image (b) Sample result

Figure 5.15 Wiener Filter 3x3 in Group 5

When the noises are removed by Wiener Filter with window size 3x3, the

noises are still remained in these images. The results of Wiener Filter are not differed
from Gaussian Filter.
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(a) Binary image

(b) Sample result

Figure 5.16 Median Filter 5x5 in Group 1
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(a) Binary image

(b) Sample result

Figure 5.17 Median Filter 5x5 in Group 2
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(a) Binary image (b) Sample result

Figure 5.18 Median Filter 5x5 in Group 3
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(b) Sample result

Figure 5.19 Median Filter 5x5 in Group 4
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(a) Binary image (b) Sample result

Figure 5.20 Median Filter 5x5 in Group 5

When increase the window size to 5x5 in the Median Filter, this method
can be removed can be removed the large noise. This method is not suitable for the

smaller or thin character in the image. The detail of these characters is disappear as in
the sample result image in group 2 and group 5
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(a) Binary image

(b) Sample result

Figure 5.21 Gaussian Filter 5x5 in Group 1
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(a) Binary image

(b) Sample result

Figure 5.22 Gaussian Filter 5x5 in Group 2
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Figure 5.23 Gaussian Fi

Iter 5x5 in Group 3



Wanwisa Chevakulmongkol

Experimental Results / 72

MRl iau ra’gewm

P loeu ﬁwencm
@ MY Am3

WAz ﬂﬂﬁvﬂ an WAB A

m‘;nté V. 90

(a) Binary image

IO ﬂ)'n{s
a0 Ysnyen
WE I AR,

rﬂmn«umv wmmm LA *&Wﬁvnv

m’mn\aumv ShmMouazanfide ﬂ%:naun-
was ﬂ_yf"\\vﬂ mnm‘%’n

@351 34339 unmg
Yo Pou e F!m% oty vy Bou e T?Ssm oty

M luiau ’rfqmﬁn A "“ITL?‘_,!
PoNoien Aynen  arrs aJ'm'ucm
Ao m Tun An3 e m‘%u

@359 34534 mmg

ﬂf}rﬂ-%. V. @o

(b) Sample result

Figure 5.24 Gaussian Filter 5x5 in Group 4
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(b) Sample result

Figure 5.25 Gaussian Filter 5x5 in Group 5

When increase the window size to 5x5 in Gaussian Filter ,The binary
image before remove noise and the result of binary image after remove noise does not

difference.
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(b) Sample result

Figure 5.26 Wiener Filter 5x5 in Group 1
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Figure 5.27 Wiener Filter 5x5 in Group 2
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Figure 5.28 Wiener Fil

ter 5x5 in Group 3
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(a) Binary image

(b) Sample result

Figure 5.29 Wiener Filter 5x5 in Group 4
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(a) Binary image (b) Sample result

Figure 5.30 Wiener Filter 5x5 in Group 5

When increases the window size to 5x5 in Wiener Filter, the noises are
occurred in the binary image cannot reduced in this method.

From the results of noise removed in Figure 5.1 — 5.30, the Median Filter

is the best method to remove noises are occurred on Buddhadasa Indapanno's

handwritten image after converted grayscale image into binary image. The Median
Filter with 5x5 can be removing the large noises more than Median Filter with 3x3.
But the large window size is affected to the image after removed noise. The image is
blurred and the detail of small and thin characters is disappeared. Therefore, the
Median Filter with 3x3 is suitable to be used in this research. The percentage of noise
removing in each technique is shown in Table 5.1.
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Table 5.1 The percentage of noise removing

Group of Window size 3x3 Window size 5x5
image Median | Gaussian | Wiener | Median | Gaussian | Wiener
1 0.354 % | 48.028 % | 48.028 % | 1.214 % | 48.028 % | 85.569 %
2 -0.183% | 37.199 % | 37.198 % | 0.214% | 37.198 % | 69.191 %
3 -0.007 % | 37.663 % | 37.663 % | 0.376 % | 37.663 % | 70.305 %
4 1.731% | 46.304 % | 46.304 % | 1.927 % | 46.304 % | 81.629 %
5 6.037 % | 60.589 % | 60.589 % | 7.185% | 60.589 % | 91.804 %

From the Table 5.1, the percentages of noise removing with Median Filter
are less than other technique. Due to, this technique is increasing the thick of
character. The thin and fade character will be thicker. The Wiener Filter technique
with window size 5x5 is the most of noise removed this technique can be remove
some noise. However, some noises are still remained. The original of Binary image is
shown in Figure 5.31. The Figure 5.32 and 5.33 is show the some sample result is
sensitive to the noise removing with difference window size in Median Filter. The
Figure 5.34 is shown the result of noise removing with Wiener Filter with window size
5X5.
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Figure 5.31 Original Binary Image
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Figure 5.32 Result of Median Filter 3x3



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 77

0 9 S1EN FTWWNM . wf'nmm PanA 6N
No \@aIw zuwﬁu ) wuuuﬁ:mmﬂu

AW ;mrmumlu AU ‘zf owx% q
aﬁff% "’.m:aaut?i ¢ lad u{mwwmm.

-

e auwmamﬁma o Amalun A wsvnnd
mﬁtﬁ/%%vﬂwm W AN WPE ﬂuw%smv‘/wl. 6\95
QU\/ PN ﬂ(ﬂﬂ?@\‘)’ﬂw s‘U%e)‘n&fﬂ Q»l}m’auu U 1“
%quuﬁ/nh ) fw:.wmmmv uao%% l‘b\«k KoL
w:-smmmum mo‘mﬂnww: Kmvnuaﬂ “Uﬂ an

3
Y\J\N&V\:sww: ANDIIN QWMUT*:JMWOWJWV\[—
1A ﬁ/‘uufmi). ‘

) o
46110.@. Y. W9

Figure 5.33 Result of Median Filter 5x5
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Figure 5.34 Result of Wiener Filter 5x5
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The image result from Pre-processing Process is binary image. This image
will be segmented the character into single character in character segmentation

processes. The Figure 5.35 is shown the original images are input and the binary
image results.
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Figure 5.35 The original images and binary images of 5 groups
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Figure 5.35 The original images and binary images of 5 groups (cont.)
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From Figure 5.35, the Figure in 5.35 (a) , (b) , (c), (d), and (e) are original
image groupl to group 5 respectively and Figure 5.35 (f), (9), (h) , (i) , and (j) are

result of binary image in groupl to group5 respectively .

5.2 The Result of Character Segmentation

This section is the processes to divide the character into single characters,
there are two sub-processes as connected component labeling process, and projection
profile process. Then, the result of this section is separated into two parts which are:
the result of image after segmented by connected component labeling process, and the
result of image after segmented by projection profile process. A sample of input image

in this section was show in Figure 5.36.
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Figure 5.36 A sample of input image in character segmentation
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5.2.1 Connected Component Labeling Process

The result of character images after segmented by connected component
labeling process are single characters, touching character, and not character such as
point, and line with edge of image. The result this method is shown in Figure 5.37-

5.39, and the result is not character is show in Figure 5.40.
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Figure 5.37 A sample of images after segmented by connected component labeling

process
I ,q . ‘j
—_— Y 5 5 5 ; c = !;L 5 II!IL S
r s 1
9
W @2 4 B o 3 -
s a2 x AN @ | a
N
e o2 @ . o8 oz 1 B e | ow
r!] 57‘ 53‘ LS; l"ﬁﬂﬂ 4 LEIA 63 r!g? @ 56.
% 3 | o P ( o~ i

Figure 5.38 A sample of images after segmented by connected component labeling

process
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Figure 5.39 A sample of images after segmented by connected component labeling
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Figure 5.40 A sample result of image is not character image.

The image is not character was show the sample result in Figure 5.40 will
be removed. The final result of this processes are single character and touching
character, the sample result of image after remove the image is not character is show
in Figure 5.41 - 5.43.
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Figure 5.41 A sample of character image after removed not character
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Figure 5.42 A sample of character image after removed not character
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Figure 5.43 A sample of character image after removed not character

Figure 5.41 - 5.43, there are show the result after removed the not
character image. After that, this result will be classified into two groups as single
character group and touching character group. The criterion to classify the character
image group will be using height and width of character image and proportion of black
and white pixel of character to separate the single character from touching character.
The result of single character image was separated from touching character is show in
Figure 5.44, and 5.45.
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Figure 5.44 A sample result of single character image
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Figure 5.45 A sample result of single character image

Figure 5.44 and 5.45, the result after separate single character images from
touching character images, there are some touching character images remain in single
character images group as the touching character image group, there are some of
single character images in this group. The error of this result is occurred from the
height and width of character image, and proportion of black and white pixel of these
character images are in the criterion in each group. The percentage of single character

from connected component labeling process is shown in Table 5.2.

Table 5.2 The percentage of single character in each group

Group of image Percentage of single
character
87.14
79.29
80.13
84.06
87.18

gl B~ W N
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From Table 5.2, there are shown the percentage of single characters in 5
groups are separated from Connected Component Labeling process. The most of
single characters in group 5 can be separated, although the characters of image in this
group are thin and fade. However, the characters in group 2 are small and thick. The
mostly characters in this group are touching characters, that are effected to the
percentage of single character segmentation by Connected Component Labeling
process is lowest.

The images in touching character image group will be divided into single
characters image by Projection Profile method. The sample of touching character

images are show in Figure 5.46, and 5.47.
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Figure 5.46 A sample of touching character images
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Figure 5.47 A sample of touching character images.

5.2.2 Projection Profile Process
The touching character images will be segmented into single character
images, there are classify the segmentation into 3 patterns which are horizontal

segmentation, vertical segmentation, and horizontal and vertical segmentation.
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Figure 5.48 A sample result of character images after segmented by horizontal

segmentation.
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The Figure 5.48 was show some images after segmented in the horizontal,
the result of this method is including of single character images and touching character
images are touching in horizontal. The result of character images after segmented in
the horizontal will be compare the width of character images with mean of width
(MW) of character images in single character image group. If the width of character
images is more than MW, These character images are segmented in the horizontal.

The final result of character segmentation is single character images are
show in Figure 5.49 - 5.51.
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Figure 5.49 A sample of single character images result
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Figure 5.50 A sample of single character images result
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Figure 5.51 A sample of single character images result

The percentage of character segmentation correctness is shown in Table

5.3.

Table 5.3 The percentage of character segmentation

Percentage of correctly Character Segmentation method
Image
C ted C t Labeli
Group Connected Component Labeling onnecte ?m?onen _a eling
and Projection Profile

1 87.14 % 93.04 %

2 79.29 % 88.44 %

3 80.13 % 87.14 %

4 84.06 % 90.80 %

5 87.18 % 90.57 %

Table 5.3 shows the character segmentation results. The correctness of

images in group 1 is 93.04 %. That is the highest result. Projection can improve the

correctness of segmentation, especially in group 2. The correctness can be improved



Wanwisa Chevakulmongkol Experimental Results / 90

9.15%. These results show the increasing of correctness of character segmentation
after Connected Component Labeling process.

5.3 The Result of Line Position Detection

The binary image from Pre-processing process will be used to find the text
line with horizontal projection. The positions of each line are used to sort the character
after character recognition process. The sample of text line are separated is shown in
Figure 5.52, and 5.53
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Figure 5.52 The sample of vertical projection
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Figure 5.53 The text lines are separated by horizontal projection.

The technique to separate the text line in this research is compared to the
Free OCR to word version 5.6.5 program. The comparison result is shown in Figure
5.54 and 5.55.
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Figure 5.54 The result of line separation from Free OCR to word version 5.6.5

program
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Figure 5.55 The result of line separation from this research

From the result in Figure 5.54 and 5.55, the proposed technique can

separate the text line nearby to original image. The straight line of Buddhadasa

Indapanno’s handwritten image can be designated correctly, but the upper vowel and

lower vowel between lines may be separated. The mostly of Buddhadasa Indapanno’s

handwritten image are slant. Therefore, this method may be un-suitable because the

error of designation line is occurred. The error of line separation is affected to the error

of the characters arrangement after recognition.

5.4 The Result of Zone Analysis

To find the suitable feature extraction with zoning method to increase the

correctness of character recognition, this research is compared the zone with 4x4 and 8x8. The

zone is divided on the character with 4x4 is bester result that is 86.78% and the zone is divided

on the character with 8x8 is 78.09%. From the result, this research is selected the 4x4.
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5.5 The Result of Character Recognition

5.5.1 10-Fold Cross Validation Test

This research is developed the Buddhadasa Indapanno's handwritten character
recognition with feed-forward back-propagation neural network. The primary test to find the
suitable model of neural network in this research is 10-Fold Cross Validation. The 69 class
are used to train, there are included 42 consonants, 11 numbers, and 16 vowels class. The
comparative of the maximum number of epochs to train is shown in Table 5.4. The increment

of epochs is affected to the percentage of accuracy rate. However, the increment of

epochs is direct variation with time. The tendency of increment with epochs and

percentage of accuracy rate is shown in Figure 5.56.

Table 5.4 The comparative of parameter to train the neural network model

Training Parameters 1 2 3 4
net.trainParam.epochs 1000 3000 5000 10000
net.trainParam.goal 0 0 0 0
net.trainParam.Ir 0.01 0.01 0.01 0.01
net.trainParam.lIr_inc 1.05 1.05 1.05 1.05
net.trainParam.Ir_dec 0.7 0.7 0.7 0.7
net.trainParam.max_fail 5 5 5 5
net.trainParam.max_perf_inc 1.04 1.04 1.04 1.04
net.trainParam.mc 0.9 0.9 0.9 0.9
net.trainParam.min_grad 1E-10 1E-10 1E-10 |1E-10
net.trainParam.show 25 25 25 25
net.trainParam.time inf inf inf inf
Percent of accuracy (%) 80.14 91.11 93.58 |95.57
Approximate Time 1.26 hr 4.08hr 6 hr 12hr
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Figure 5.56 The tendency of accuracy rate

From Figure 5.56 is shown the graph of percentage of accuracy rate of
Maximum number of epochs to train. At 10,000 of epochs in this experiment, the

graph will be stable.

5.5.2 Creation of Neural Network Model

The total of character images was using to training the neural model are
28,584 characters, there are including of consonant 13,038 characters, number 252
characters, vowel 7,555 characters, tone 1,696 characters, symbol 901 characters, and
unknown character 5,142 characters. The correctness of character recognition in each

group is shown in Table 5.5.
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Table 5.5 The percentage of character recognition

Percentage of character
Group of Image .
recognition
1 75.80
2 84.66
3 79.79
4 83.86
5 84.53

The most of correctness in character recognition is image in group 2. Even
though, the characters in group 2 are small and thick but the system can be recognized
the character in this group more than other image group. The error of character
recognition may be occurred from the character in some class are closely, that is
difficult to define the class of character. The samples of character are similar show in

Figure 5.57 and samples the false classified of characters are shown in Table 5.6.

NONN 6nOO

f fl

NN 5 3

Figure 5.57 The similarity of consonant
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u

CER e

®
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Figure 5.57 The similarity of consonant (cont.)

Table 5.6 The false of the character classification

Character Recognition Result
n O XQH
f AAXADD
3 NODXDD
? 9 X
f UAoAX
7 X ¥
U X Nwy
o Xaon
9 ¥EIINX
0 1990
1 NN 0B QAXONAD U
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Character Recognition Result
10 gozlo g
o To 10 9
9 YGRGEEK:]
9 9X VU Y
9 02 0 10
o] 92810 X8
9 X19N0as5o
i) 9193 X
8 8o
X P20 NBI0DBTI loUNgN
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This research presented the Buddhadasa Indapanno’s handwritten
character recognition system. The handwritten images were ancient documents .The
color of background was yellow-brown, and there are difference of brightness and
contrast.  This system is included 4 main processes which are pre-processing,
character segmentation, feature extraction, and character recognition process. The first
step, each handwritten image is enhanced the contrast in suitable value before convert
the image into gray scale image and binary image respectively. The advantage of
adjustment contrast in this research is improved the thin and fade characters are
clearly. After convert the image into binary image, there are noise occurred. This
research used median filter method to removed noise, because this method can remove
noise and not removed the character detail in image.

In the next step, the binary image after removed noise is segmented into
single characters. The segmentation process is included 2 sub-processes which are
connected component labeling: the image is segmented into single characters,
touching characters, and non-character image. The criterion to classify the single
characters, touching characters and non-characters are height and width of character
image and proportion of black and white pixel. The projection profile: the touching
characters are segmented into single characters. The touching characters segmentation
in this process is classified into 3 patterns as horizontal projection, vertical projection,
and horizontal and vertical projection together. The correctness of segmentation the
Buddhadasa Indapanno’s handwritten image into single characters is 89.16%. The
image in group 1 is the most of correctness is 93.04% and the lower of correctness is
image in group 2, there are 86.23 % because the characters in this image group is
small and thick than characters in the other image groups. The classification of

Buddhadasa Indapanno’s handwritten into 5 groups with the mean of pixel image,
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which are increased to the efficiency of pre-processing process. The efficiency of pre-
processing is affected to be convenient in character segmentation.

The last step, the single characters are extracted the important feature with
zoning method. These important features are data input in the character recognition
process. The neural network with feed-forward back-propagation is used to recognize
the Buddhadasa Indapanno’s handwritten characters. The average of accuracy rate is
81.09%. The accuracy of character recognition results in the research is satisfactorily.
Because the size of consonant in handwritten of Buddhadasa Indapanno document are
difference, the lines are slant , and the characters are touched in horizontal and vertical

direction, which is difficult to segment the image into single characters.

6.2 Limitations

The handwritten of Buddhadasa Indapanno images are used in this
research is a Pali card, which consisted of the Thai and Pali-Sanskrit. The style of
Buddhadasa Indapanno is squiggly handwriting. The characters are touched in the
horizontal and vertical direction and the line is slant and connected more than 1 line.
Moreover, the character in each images are non-uniform appearance which are:

- The size of characters in each images are difference.

- The thick and thin characters in these images are difference.

- Some images, the size of lower vowel and consonant are not difference.

The above problems affect the error in character segmentation process.
Furthermore, more noises are occurred in the binary image because the brightness of
each image is difference. Therefore, this research must classify these images into 5
groups to reduce noise efficiently.

The error of this research is show in Figure 6.1, which is a sample of

touching characters are not segmented in this systems.
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Figure 6.1 The sample of character segmentation error

From the error of character segmentation, that is affected to accuracy rate

in the character recognition process.

6.3 Recommendation and Future Work

The technique in pre-processing is used in this research, is a technique to
solve the problem with the thin character in ancient documents, there are not occurred
the broken character after convert the document image to binary image.

The proposed techniques are incorrectly to segment the complicated
touching characters. The error of incorrectly segmentation is affected to accuracy rate
in character recognition process.

The Line Position Detection process will be suitable for the straight line or
adjusted the image to straight. The technique to adjust the line may use the detection
the slant angle and rotate the image in the correct position.

The technique to extract the feature of characters is an important process.
Due to, the result from this process is effected to the character recognition process.
Then, to find the suitable of feature extraction method should be compare the
efficiency of zone analysis and the other method such as Frequency Domain.

The dictionary of Thai and Pali will be used to increase the performance

in character recognition process.
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APPENDIX A
CHARACTER CODES

The character outputs are classified into 87 classes. These classes are 87

nodes of output layers in Neural Network model.
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