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ABSTRACT

This dissertation proposes unconstraint Lao handwritten character recognition using
multiple representations. Unconstraint Lao handwritten character can naturally be viewed as a
sequence of curve segments in clockwise followed by counter clockwise directions as a main
feature. In order to use this feature, one must be able to distinguish a small curvature from noises.
Handwritten character usually contains a small curve segment, which is similar to a noisy curve.
Also, some curve segment when written at fast speed can be decreased to small curve segment
and it is hard to distinguish between a real curve and a noisy curve. To overcome this problem, an
alternative curvature tree is used as a feature, where a small curve segment is considered as an
uncertain. The uncertain curve can be both real curve and noisy curve. Each uncertain curve
segment generates two possible representations. Therefore, instead of a single curve sequence, a
tree of curve segments is formed and used as a main feature of the character, for recognition by
prototype matching. The proposed multiple representation is compared with elastic matching,
single representation, and dominant point method. In the experiments, 19,481 Lao handwritten
characters from 18 writers are used. The proposed method performs very well in comparing to the

comparison methods. The recognition rate is 98.97% for unconstraint Lao handwritten character.
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Chapter 1

Introduction

Handwritten character recognition has been an on-going research in many languages for many
years. Main reasons for a long research due to each language need a different feature for recognition.
Handwritten character recognition has been gaining more interest and has attracted more research since
hand-held computers, PDAs, palms, digital notebooks, and advance mobile phones have been increasing
popularity. These devices have small size, so keyboard is inconvenience to be used as their interface. They

need another method for input.

1.1 Requirements and problems

Traditionally man-machine communications have based on keyboard and pointing devices. These
methods can be very inconvenient when the machine has small size. Since, a keyboard is very difficult to
integrate in a small device. It is also hard to use when the number of characters is very large such as in
Chinese and Japanese character. Because of these problems, new methods for input have been developed,
for example systems that recognize speech and handwriting, both of them are very natural ways to
communicate and people can easily learn and use them.

There have been a lot of researches on handwritten. They have proposed their research using
different techniques with many different features such as Structure method [1],[27],[28],[29],[30], Neural
network [2],[35],[36],[37],[38], Hidden Markov Model [3],[23],[24],[25],[26], prototype matching
[4],[22],[321,[33],[34] etc., Handwritten research has been also done in many languages such as English
[5], Japanese [6], Thai [7], Chinese [8], Tamil [9], Arabic {10], Korean [11], etc.. Different languages use
different features and/or methods for recognition. There are no common methods or feature that can
perform well for all languages. From the past to present there are many methods successfully recognizing
of handwritten character with high accuracy and short recognition time. Very few have proposed on Lao

handwritten, especially for unconstraint handwritten with high recognition rate.



1.2 Objective and scope of this dissertation

This dissertation proposes a technique to improve recognition accuracy and recognition time of
unconstraint Lao handwritten character. Some examples of unconstraint Lao handwritten are shown in Fig.
1.1(A). These handwritten characters are written out of proportion and varied in amount of rotation (slant)
and writing style. Most zone features are less effective due to being out of proportion since some
characters will have big, small or omitted head and cause shifting in zone as shown in Fig. 1.1(B).
Unconstraint Lao handwritten character can be represented with a less variation as a continuous drawing of
curves. As shown in Fig. 1.1(A), it is natural to represent the characters as a sequence of curve segments
with clockwise and counter clockwise directions as the main feature. This agrees with the way Lao learn
to write a character as a sequence of clockwise and counter clockwise curvature. Obviously this

representation is not suitable for Chinese characters, since they consist of a sequence of stroke.

DI

A Vs A ~1
,f | 6T

d \ FalL

V)
A ¥ \

{f
= 71 F
(B)
Fig 1.1 Lao character.

Even though this feature quite coincides with the way writers learn to write as in Fig. 1.2(A), it
may consist of noisy curves, Usually, a noise curve segment can be distinguished from a real curve by the
high amount of curvature of the real signal. But when the written speed is fast, the real curvature is
reducing closed to the noisy curve as shown in Fig 1.2(C). These noisy curves are hard to distinguish with
normal noise reduction technique such as Fourier expansion or Fourier descriptor due to their similarity in
frequency and amplitude. In order to successfully use the curvature sequence in the recognition, one may
have to identify the real curvature from the noisy one. As shown in Fig 1.2, the character €1 consist of three,
curvatures in sequence. If all small curvature segments are treated as noise and omitted, the character will

match another character O that has one clockwise curvature. On the other hand, if all curvatures are treated



as real curve the character will have 4 curvatures and it can not match to the correct character with three

curvature segments.
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3 Segments 4 Segments or 1 segment 1 Segment
.~ -
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Omit small curve will match with this character

(A) (B) © (D) ®)

Un-match

Fig 1.2 Curvature segment of Lao handwritten character.

In this dissertation, curvature segment is classified into threc;. groups, noise, real and uncertain
segments. The noise group consists of the noise curves that can be identified and removed. The uncertain
group consists of noise and real signals that can not be distinguished. The real group has high curvature
enough to be certain as a real signal. Once all curvature segments in a handwritten character are identified,
the noisy segments group is removed. Then, alternative curvature tree is created from real group and
uncertain group. The branches in the tree are all combination of each uncertain segment. So a feature of a
Lao handwritten character is not just a single sequence but a tree representation of curve segments.

This dissertation proposes unconstraint Lao handwritten character recognition using multiple
representations with the following assumptions:

1. Input character is 27 handwritten alphabet Lao characters.
2. Handwritten characters are all written in a single stoke only.

3. Handwritten characters are isolated unconstraint to any particular style.

1.3 Device used in this dissertation

1. Tablet with sampling rate 100 sampling per second.
2. Computer PC Pentium 4 with 1.4 GHz and RAM 512.
3. Program Microsoft Visual C ++ 6.0.



1.4 Overview of this dissertation

This dissertation discusses the essential background knowledge of the research field of
handwritten character recognition and makes a literature survey of the related and recent recognition
methods. The dissertation explains the theoretical recognition process from feature extraction, prototype
selection, and concludes with recognition experiments with comparison to selected methods. The Chapter2
mainly consists of the literature survey of researches from articles in the various journals and conference
proceedings about pattern recognition and artificial intelligence. The Chapter3 describes our proposed
method applied to isolated Lao handwritten recognition. Start with the description of input and its
encoding, the hook removing at the head and tail of a character. Locate the segmentation points, which
divide character into segment in clockwise and counter clockwise direction. After that, the alternative
curvature tree of character is generated. The Chapter 4 discusses about recognition system and prototype
selection. All the experiments and their recognition results are discussed in the Chapter 5. The. major

conclusion drawn from the results are discussed in the Chapter 6.



Chapter 2

Character Recognition

Character recognition system can be divided into two categories. It divides from the type of input
data. The first category is Off-line character recognition and the second one is On-line character
recognition. The Off-line character recognition system has two subtypes. The first type is printed character
recognition and the second is handwritten character recognition. The inputs of these methods are
characters that are already printed or written on a paper respectively. They are then scanned and converted
into image. Features of a character are extracted from the image. Off-line character recognition does not
recognize in real time. In on-line character recognition system, its input is a sequence of data points
sampling from electronic pen device or tablet while drawing. This has much more information than the
Off-line method including writing speed, direction, pressure, etc.. In on-line method the recognition can

also perform in real time. Fig 2.1 Shows the flowcharts of character recognition systems.

@acter RecognitioD

i

Off-line recognition On-line recognition
Y
Printed character Handwritten character Handwritten character
recognition recognition recognition

Fig 2.1 Classification of character recognitions



2.1 Off-line character recognition

Off-line character recognition recognizes character that has originally been written on paper. The
characters are digitized into two dimensional images. Features for recognition are enhanced and extracted
from the bitmap images by means of digital image processing. Character is not recognized at the same time
as it is produced but after the writing task is completed. Example shown in the Fig 2.2 is Off-line character
recognition which has been proposed by research [12]. This research is also proposed Off-line recognition
of constrained Handwritten Hangul (Korean character) and alphanumeric characters using discrete hidden

Markov models (HMMs).

G. Baptista and K. M. KuKani,"A high
acch‘ﬁcy alaori‘!’hm "For rcooa.n:‘f‘ion

of handwritten numera-fs," Pattern

Recogniﬁon, vol. ll) ho. 4, pp, 281-271,
Mar, 1988,

A)

G. Baptista and K. M. kukani, “A high
accuracy algoritha for recognition

of handwritten nuserols, * Pattern
Recognition, vol. 21, ro. 4, PP. 287-291,

Mar. 1988.

®)

Fig. 2.2 Off-line handwritten recognition, (A) input document, (B) its recognition result [12].
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