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Abstract-- The standard principle for Thai string ordering has been described in the Royal Institute
Dictionary 2525 B.E. Edition. However, it is not sufficient to be the thorough specification for
computerized Thai string ordering process, given the standard Thai character sets being used, i.e.
TIS 620-2533 and ISO/IEC 10646-1. This paper proposes to enhance the Royal Institute Principle, so
that the Thai-English bilingual text, with digits and punctuation marks in TIS 620-2533, could be
properly collated.

The international standard ISO/IEC 14651 is taken as the framework. And, after the
discussion upon the ordering rationales, an LC_COLLATE category for Thai cultural convention,

proved to work with GNU LibC 2.1.1, is defined.
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AANWIN N DBN1%RA LC_COLLATE
fmsuszuumun Inanldsia  san.
620-2533

escape_char /

comment_char %

%

% Thailand (Thai) locale

%

% Name: th_TH

% Author:  Theppitak Karoonboonyanan

% Contact: Software and Language Engineering
Laboratory (SLL)

% National Electronics and Computer
Technology Center (NECTEC)

% National Science and Technology
Development Agency (NSTDA)

% Ministry of Science Technology and

Environment

% 22nd Floor, Gypsum Metropilitan Tower
% Sri Ayuthaya Rd, Ratchathewee,
Bangkok 10400

% THAILAND.

% E-mail:  thep@links.nectec.or.th
% Language: Thai

% Territory: Thailand

% Charset: TIS-620.2533:1990
% Revision: 0.5.3

% Date: 1999-05-28

%

%

% Copyright (C) 1999 Theppitak Karoonboonyanan,
National Electronics and

%  Computer Technology Center (NECTEC).

%

% Permission is hereby granted, free of charge, to
any person obtaining

% a copy of this software and associated

documentation files (the "Software"),
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% to deal in the Software without restriction,
including without limitation

% the rights to use, copy, modify, merge, publish,
distribute, sublicense,

% and/or sell copies of the Software, and to permit
persons to whom the

% Software is furnished to do so, subject to the
following conditions:

%

% The above copyright notice and this permission
notice shall be included

% in all copies or substantial portions of the
Software.

%

% THE SOFTWARE IS PROVIDED "AS IS",
WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR

% IMPLIED, INCLUDING BUT NOT LIMITED TO
THE WARRANTIES OF MERCHANTABILITY,

% FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL

% THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR

% OTHER LIABILITY, WHETHER IN AN ACTION OF
CONTRACT, TORT OR OTHERWISE,

% ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR

% OTHER DEALINGS IN THE SOFTWARE.

%

LC_COLLATE

collating-element <ko-kai-e> from "<th224><th161>"
collating-element <ko-kai-ae> from "<th225><th161>"
collating-element <ko-kai-o> from "<th226><th161>"
collating-element <ko-kai-ai-maimuan> from "
<th227><th161>"

collating-element <ko-kai-ai-maimalai> from "<th228>

<th161>"

collating-element <kho-khai-e> from "<th224>
<th162>"
collating-element <kho-khai-ae> from "<th225>
<th162>"
collating-element <kho-khai-o> from "<th226>

<th162>"
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collating-element <kho-khai-ai-maimuan> from "
<th227><th162>"

collating-element <kho-khai-ai-maimalai> from "
<th228><th162>"

% ... (similar for kho-khuat to o-ang) ...
collating-element <ho-nokhuk-e> from "<th224>
<th206>"

collating-element <ho-nokhuk-ae> from "<th225>
<th206>"

collating-element <ho-nokhuk-o0> from "<th226>
<th206>"

collating-element <ho-nokhuk-ai-maimuan> from "
<th227><th206>"

collating-element <ho-nokhuk-ai-maimalai> from "
<th228><th206>"

collating-symbol <BLANK>

collating-symbol <THAII>

collating-symbol <CAP>

collating-symbol <MIN>

collating-symbol <EXTRA>

order_start forward;forward;forward;forward

% definitions of extra collating symbols
<BLANK>

<THAII>

<CAP>

<MIN>

<EXTRA>

UNDEFINED
IGNORE;IGNORE;IGNORE;IGNORE

% punctuation marks, ordered after ISO/IEC 14651
<space> IGNORE;IGNORE;<space>;|IGNORE
% SPACE

<underscore>
IGNORE;IGNORE;<underscore>;IGNORE % LOW
LINE

<hyphen> IGNORE;IGNORE;<hyphen>;IGNORE
% HYPHEN-MINUS

<comma> IGNORE;IGNORE;
<comma>;IGNORE % COMMA
<semicolon>
IGNORE;IGNORE;<semicolon>;IGNORE %
SEMICOLON

<colon> IGNORE;IGNORE;<colon>;IGNORE
% COLON

<exclamation-mark> IGNORE;IGNORE;<exclamation-
mark>;IGNORE % EXCLAMATION MARK
<question-mark> IGNORE;IGNORE;<question-
mark>;IGNORE % QUESTION MARK

<slash> IGNORE;IGNORE;<slash>;IGNORE

% SOLIDUS

<period> IGNORE;IGNORE;<period>;|IGNORE
% FULL STOP

<th207> IGNORE;IGNORE;<th207>;IGNORE
% THAI CHARACTER PAIYANNOI
<th230> IGNORE;IGNORE;<th230>;IGNORE

% THAI CHARACTER MAIYAMOK
<grave-accent> IGNORE;IGNORE;<grave-
accent>;IGNORE % GRAVE ACCENT
<circumflex>

IGNORE;IGNORE;<circumflex>;IGNORE %

CIRCUMFLEX

<tilde> IGNORE;IGNORE;<tilde>;IGNORE
% TILDE

<apostrophe> IGNORE;IGNORE;

<apostrophe>;IGNORE % APOSTROPHE
<quotation-mark> IGNORE;IGNORE;<quotation-
mark>;IGNORE % QUOTATION MARK
<left-parenthesis> IGNORE;IGNORE;<left-
parenthesis>;IGNORE % LEFT PAREN.
<left-square-bracket> IGNORE;IGNORE;<left-square-
bracket>;IGNORE % LT BRACKET

<left-brace> IGNORE;IGNORE;<left-
brace>;IGNORE % LEFT CURLY BRACKET
IGNORE;IGNORE;<right-
brace>;IGNORE % RIGHT CURLY BRACKET
<right-square-bracket> IGNORE;IGNORE;<right-
square-bracket>;IGNORE % RT BRACKET
<right-parenthesis> IGNORE;IGNORE;<right-
parenthesis>;IGNORE % RIGHT PAREN.

<right-brace>

<commercial-at>  IGNORE;IGNORE;<commercial-
at>IGNORE % COMMERCIAL AT

<th223> IGNORE;IGNORE;
<th223>;IGNORE % THAI CHARACTER SYMBOL
BAHT

<dollar-sign> IGNORE;IGNORE;<dollar-
sign>;IGNORE % DOLLAR SIGN

<th239> IGNORE;IGNORE;
<th239>;IGNORE % THAI CHARACTER FONGMAN



<th250> IGNORE;IGNORE;
<th250>;IGNORE % THAI CHARACTER
ANGKHANKHU

<th251> IGNORE;IGNORE;
<th251>;IGNORE % THAI CHARACTER KHOMUT
<asterisk> IGNORE;IGNORE;

<asterisk>;IGNORE % ASTERISK
<backslash> IGNORE;IGNORE;
<backslash>;IGNORE % BACK SOLIDUS
<ampersand> IGNORE;IGNORE;
<ampersand>;IGNORE % AMPERSAND
<number-sign> IGNORE;IGNORE;<number-
sign>;IGNORE % NUMBER SIGN
<percent-sign> IGNORE;IGNORE;<percent-
sign>;IGNORE % PERCENT

<plus-sign> IGNORE;IGNORE;<plus-
sign>;IGNORE % PLUS

<less-than-sign> IGNORE;IGNORE;<less-than-
sign>;IGNORE % LESS THAN

<equals-sign> IGNORE;IGNORE;<equals-
sign>;IGNORE % EQUAL

<greater-than-sign> IGNORE;|IGNORE;<greater-than-
sign>;IGNORE % GREATER THAN
<vertical-line> IGNORE;IGNORE;<vertical-
line>;IGNORE % VERTICAL LINE

% Thai tone marks and diacritics

<th238> IGNORE;<th238>;<BLANK>;<BLANK>
% THAI CHARACTER YAMAKKAN

<th218> IGNORE;<th218>;<BLANK>;<BLANK>
% THAI CHARACTER PINTHU

<th236> IGNORE;<th236>;<BLANK>;<BLANK>
% THAI CHARACTER THANTHAKHAT

<th231> IGNORE;<th231>;<BLANK>;<BLANK>
% THAI CHARACTER MAITAIKHU

<th232> IGNORE;<th232>;<BLANK>;<BLANK>
% THAI CHARACTER MAI EK

<th233> IGNORE;<th233>;<BLANK>;<BLANK>
% THAI CHARACTER MAI THO

<th234> IGNORE;<th234>;<BLANK>;<BLANK>
% THAI CHARACTER MAI TRI

<th235> IGNORE;<th235>;<BLANK>;<BLANK>
% THAI CHARACTER MAI CHATTAWA

% Arabic and Thai decimal digits

<zero> <zero>;<BLANK>;<BLANK>;<BLANK> %
DIGIT ZERO

€2 Techiiical Journal
Vol LMo, 4, September-October 1999 129

<th240> <zero>;<THAII>;<BLANK>;<BLANK>

% THAI DIGIT ZERO

<one> <one>;<BLANK>;<BLANK>;<BLANK> %
DIGIT ONE

<th241> <one>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT ONE

<two> <two>;<BLANK>;<BLANK>;<BLANK> %
DIGIT TWO

<th242> <two>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT TWO

<three> <three>;<BLANK>;<BLANK>;<BLANK> %
DIGIT THREE

<th243> <three>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT THREE

<four> <four>;<BLANK>;<BLANK>;<BLANK> %
DIGIT FOUR

<th244> <four>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT FOUR

<five> <five>;<BLANK>;<BLANK>;<BLANK> %
DIGIT FIVE

<th245> <five>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT FIVE

<six> <six>;<BLANK>;<BLANK>;<BLANK> %
DIGIT SIX

<th246> <six>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT SIX

<seven> <seven>;<BLANK>;<BLANK>;<BLANK> %
DIGIT SEVEN

<th247> <seven>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT SEVEN

<eight> <eight>;<BLANK>;<BLANK>;<BLANK> %
DIGIT EIGHT

<th248> <eight>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT EIGHT

<nine> <nine>;<BLANK>;<BLANK>;<BLANK> %
DIGIT NINE

<th249> <nine>;<THAII>;<BLANK>;<BLANK> %
THAI DIGIT NINE

% Latin alphabet

<A> <A>;<BLANK>;<BLANK>;<CAP> % A

<a> <A>;<BLANK>;<BLANK>;<MIN> % a

<B> <B>;<BLANK>;<BLANK>;<CAP> % B

<b> <B>;<BLANK>;<BLANK>;<MIN> % b

% ... (similar for Cto Y) ...

<Z> <Z>;<BLANK>;<BLANK>;<CAP> % Z

<z> <Z>;<BLANK>;<BLANK>;<MIN> % z
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% Thai consonants, with leading vowels
rearrangement

<th161> <th161>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER KO KAl
<ko-kai-e> <th161><th224>;<BLANK>;
<BLANK>;<BLANK>

<ko-kai-ae> <th161><th225>;<BLANK>;
<BLANK>;<BLANK>
<ko-kai-0> <th161><th226>;<BLANK>;

<BLANK>;<BLANK>
<ko-kai-ai-maimuan> <th161><th227>;<BLANK>;
<BLANK>;<BLANK>
<ko-kai-ai-maimalai> <th161><th228>;<BLANK>;
<BLANK>;<BLANK>

<th162> <th162>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER KHO KHAI
<kho-khai-e>

<BLANK>;<BLANK>

<th162><th224>;<BLANK>;

<kho-khai-ae>

<BLANK>;<BLANK>

<th162><th225>;<BLANK>;

<kho-khai-o>

<BLANK>;<BLANK>

<th162><th226>;<BLANK>;

<kho-khai-ai-maimuan> <th162><th227>;<BLANK>;

<BLANK>;<BLANK>
<kho-khai-ai-maimalai> <th162><th228>;<BLANK>;
<BLANK>;<BLANK>

% ... (similar for Kho Khuat to Yo Yak) ...

<th195> <th195>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER RO RUA
<ro-rua-e> <th195><th224>;<BLANK>;
<BLANK>;<BLANK>

<ro-rua-ae> <th195><th225>;<BLANK>;
<BLANK>;<BLANK>

<ro-rua-o0> <th195><th226>;<BLANK>;
<BLANK>;<BLANK>

<ro-rua-ai-maimuan> <th195><th227>;<BLANK>;
<BLANK>;<BLANK>

<ro-rua-ai-maimalai> <th195><th228>;<BLANK>;
<BLANK>;<BLANK>

<th196> <th196>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER RU

<th197> <th197>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER LO LING

<lo-ling-e> <th197><th224>;<BLANK>;
<BLANK>;<BLANK>
<lo-ling-ae> <th197><th225>;<BLANK>;

<BLANK>;<BLANK>

<lo-ling-0> <th197><th226>;<BLANK>;
<BLANK>;<BLANK>

<lo-ling-ai-maimuan> <th197><th227>;<BLANK>;
<BLANK>;<BLANK>

<lo-ling-ai-maimalai> <th197><th228>;<BLANK>;
<BLANK>;<BLANK>

<th198> <th198>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER LU

<th199> <th199>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER WO WAEN
<wo-waen-e> <th199><th224>;<BLANK>;
<BLANK>;<BLANK>
<wo-waen-ae> <th199><th225>;<BLANK>;
<BLANK>;<BLANK>
<wo-waen-0> <th199><th226>;<BLANK>;
<BLANK>;<BLANK>

<wo-waen-ai-maimuan> <th199><th227>;<BLANK>;
<BLANK>;<BLANK>

<wo-waen-ai-maimalai> <th199><th228>;<BLANK>;

<BLANK>;<BLANK>

% ... (similar for So Sala to O Ang) ...

<th206> <th206>;<BLANK>;<BLANK>;
<BLANK> % THAI CHARACTER HO NOKHUK
<ho-nokhuk-e> <th206><th224>;<BLANK>;
<BLANK>;<BLANK>
<ho-nokhuk-ae> <th206><th225>;<BLANK>;
<BLANK>;<BLANK>
<ho-nokhuk-0> <th206><th226>;<BLANK>;
<BLANK>;<BLANK>

<ho-nokhuk-ai-maimuan> <th206><th227>;
<BLANK>;<BLANK>;<BLANK>
<ho-nokhuk-ai-maimalai> <th206><th228>;<BLANK>;

<BLANK>;<BLANK>

<th237> <th237>;<BLANK>;<BLANK>;<BLANK> %
THAI CHARACTER NIKHAHIT



% order of Thai vowels

<th208> <th208>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA A

<th209> <th209>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER MAI HAN-AKAT

<th210> <th210>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA AA

<th229> <th210>;<BLANK>;<BLANK>;<EXTRA>
THAI CHARACTER LAKKHANGYAO

<th211> <th211>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA AM

<th212> <th212>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA |

<th213> <th213>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA I

<th214> <th214>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA UE

<th215> <th215>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA UEE

<th216> <th216>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA U

<th217> <th217>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA UU

<th224> <th224>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA E

<th225> <th225>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA AE

<th226> <th226>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA O

<th227> <th227>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA Al MAIMUAN
<th228> <th228>;<BLANK>;<BLANK>;<BLANK>
THAI CHARACTER SARA Al MAIMALAI

order_end

END LC_COLLATE

%

%

%

%

%

%

%

%

%

%

%

%
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%
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Abstract-- The consequence of Y2K can led to failures in electronic appliances, interruption in
supply-chain, lost of income, power outages, telecommunication interruption, and panics among the
people, etc. Several countries are lagging behind in their effort to solve the problems. With less
that 100 days left, the chances are they won’t make it. Contingency planning becomes the way out.

Preparation for contingency plan boils down to answering 4 simple questions. First, what kind of
situations (scenarios) should we prepare for? Secondly, how can we reduce the chance that such
situation would happen? Third, how shall we deal with the situation if it occurs? Fourth, how can
we recover from the disaster? This paper layout approach and steps used for preparing a

contingency plan.

Keyword-- Y2K problem, Contingency plan
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THAI TYPE STYLE RECOGNITION
Chularat Tanprasert, Sutat Sae-Tang

National Electronics and Computer Technology Center,
National Science and Technology Development Agency,
Ministry of Science, Technology and Environment,
539/2 Gypsum Metropolitan Tower, 22™ Floor,
Sriayudhya Rd., Rajthevi, Bangkok, THAILAND 10400
E-mail : chulak@nectec.or.th, sutat@notes.nectec.or.th

ABSTRACT -- Thai typed character recognition has been a very most popular research topic in Thailand. There are
three commercial Thai OCR softwares available to the public at the present. But none of them can preserve the type styles
of the original document image such as bold, italics, normal, and bold & italics styles into the output text file. This paper
presents the technique for preserving the specified Thai type styles by applying a specific preprocessing with a supervised
neural networks (NNs) learning algorithm. Experiments have been conducted and the results confirm that the proposed
technique effectively preserve the type styles of Thai typed fonts from the original document image into the output text file.

9

UNARED - nisZidinisnus nodlinidedseimdsionmmindeniilulszmalng Jaguiivedusmednd
fownmavestlszmalng 3 sedfunsdeiu uadlifsenfinsilameiiamsadhgluudsossvesenasduniiull &
1By @NnA @amu1 @NBEY LAz Uwmmﬂyﬁnauamﬂﬁﬂiumii°1§,1Juuuﬁaﬁnyi"lwﬂiﬂﬂmﬁ”ﬂiﬂwhﬂ
Uszamitsunuuiidaeusiolunsdsn wamﬂmimammmmaiqﬂ'lﬁj'hmﬂﬁﬂﬁﬁwuﬁummmi’ﬁwgﬂuuuﬁaﬁﬂyimm

@ Ju o 1 9 Y =} a a
Vl‘ﬂEJ"lnﬂﬂT]Naﬂ‘]ﬂ_lmﬁ’lﬁ]ﬂ‘ﬂiquﬂllsllﬁlﬂ’flnlvlﬂﬂEJNllﬂ'i%ﬁVl‘ﬁﬂWW

1. INTRODUCTION Figure 1 which their type styles can be determined by the
character at level 2 so it is not necessary to put these

Thai typed character recognition is quite a complex vowels in the type style recognition. Hence, the Thai

problem and there are several proposed techniques to characters for the type style recognition remains 51

solve it [1] [2] [3]. The reasons of the difficulty of solving characters as shown in Figure 2.

the problem are a number of characters in Thai language, 4

the 4-level of Thai sentence (Figure 1), and the similarit NG =

of Thai characters. There are(44gconso)nants, 32 vowels, Z ANEN V cry Happy f

tone marks, 10 Thai digits, and 5 special symbols in Thai
language which make the total number of characters to be
almost 100 characters. In addition, there is no space
between each Thai word which causes a difficulty of the e IR R

segmentation process. Thai characters are complex and Yngimmaano
compose of circle, zigzag, curves, and head.

Figure 1. Four levels of Thai sentence.

nsuudud wila
Satisfying level of success is reached with the effort of
Thai researchers to solve the Thai OCR problem. But there
is no research to recognize the Thai type styles at present. HwWao
This paper presents a technique to solve the problem by

NugiqalIava

R . . . 8 Yowels ; 11100
using the artificial neural networks with a specific o
preprocessing template. The result will be combined with 2 Special Symbols: 4 1
the ASCII code of each character to produce the output
file with the exact characteristics of the original images. Figure 2. The Thai character set for the type style
We considered only Thai consonants and vowels here. In recognition.

addition, some vowels are placed in the level 1 or 3 in



2. PRINCIPLE CONCEPTS

We consider four type styles of Thai typed characters.
They are normal, bold, italics, and bold & italics.
Therefore, there are two main features to extract for the
Thai type styles : the thickness and the inclination of
characters. We have designed and experimented several
types of template to extract these two features from the
raw bit-map character images. The best template preserves
the two main characteristics and gives an average
recognition at 93.31% with the unseen testing documents.

First of all, we have to prepare the data before applying
the template. The data preparation step consists of:

e Binary transformation. This process is to
transform the bit-map image into binary code (0,
1) format. The 0 represent white bit-map pixel and
1 represent black bit-map pixel.

e Block coloring. This process is to identify the
image of the isolated character from the document
image by scanning the image from top to bottom
and left to right to find a black bit-map pixel.
When it is founded, the near eight pixels of 8
directions around the black pixel are also checked,
and so on.

e Line separation. After passing the block coloring
process, the text lines of the image and the level of
each isolated character images are identified.

After the data preparation step, we obtain the number of
characters in the image, each character image, the position
of each character image and the location of each line and
the level of each character image. Since the considered 51
characters are all placed in level 2, we can discard the
character images of level 1, 3, and 4.

Before applying the template, character set is divided into
three groups determined by the number of vertical legs of
character. This process is applied to reduce the complexity
of the NN classifiers and it is called a rough classification
step. They are grouped as 1-leg, 2-leg, and more than 2-
leg. Horizontally histogram and an average in type "mode"
of 0-1 transitions are applied to find out the number of
legs of character. Our experimental data is contained Thai
characters of eight Thai fonts. Table 1 illustrates the
members of each group from the rough classification
process. Some characters (as shown in bold & italics type
style in Table 1) are fitted into more than one group as
shown in Table 1.

The detail algorithm for dividing Thai character images
into groups by counting the number of legs is shown
below:

1. Find out the number of 0-1 transitions in each

horizontally sequence of original character image.
2. Find out the “mode” of transition numbers.
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3. Use specified rules to adjust the number of
character legs, such as the long-tail of characters
are not counted into the number of character legs

@, o, W, 9, 9.

Number of Number of Member of
Members Legs the Group
13 1 4111
V29572919
42 2 NYARITHNHNONUU
Unnpneaganduan
Wod
wvagaaawwiIr 9
9 >2 U TR
wennwi

Table 1. Illustrates member of the three groups

Beside dividing the character set into groups, we proposed
the templates to extract main features to recognize the type
styles for a fine classification. There are three main
templates : one is used with the original size of a character
image and the others are applied to the 32x32 bit-map
image which is obtained by transforming the original
character image into the specified size. The transformation
is required to obtain the easier computations in the
template 2 and 3.

The 32x32 bit-map image is an image which transformed
from actual size into 32 pixels for both width and height.
This technique is «called a normalization. This
normalization technique is applied to simplify and balance
the input character images which have different sizes and
obtain from different resolutions. The technique is
performed by calculating two ratios — the width ratio and
the height ratio. The width ratio is the ratio between the
character image actual width and the user required width.
In the same way, the height ratio is the ratio between the
character image’s actual height and the user required
height. These ratios applied to an original isolated
character image to transform both width and height into
32x32 matrix.

The first template is applied to extract the thickness of a
line of a character in the horizontal direction. We divide
the height of the original character image into five equal
parts and find out the ratio of black pixels per total number
of pixels along the four lines as shown in Figure 3. The
four ratios (1- 4) will be used as the input to the neural
network later.

Then the original character image is transformed into
32x32 bit-map of pixels and sended into the 2™ and 3™
templates as shown in Figure 3 and 4, respectively.
Second template is designed to obtain the thickness of
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character in vertical direction. The template is divided into
four vertical equal parts. Character body in each part is
thinned and the ratio between the remaining black pixels
and the total black pixels before thinning is calculated.
Therefore, the four real numbers (5-8) are obtained from
this template.

M RIS

Figure 3. Show the 1st and 2nd templates.

The third template is shown in Figure 4. Each ratio is
obtained by counting the number of black pixels divided
by the total number of pixels along the template segment
with the width of two pixels to both left and right of the
segment. Segment 9 through 13 and segment 24 through
28 are created to extract the thickness of character body in
the vertical and horizontal direction, respectively. The
inclination of character can be detected by segment 14
through 23. Same characters from different Thai fonts may
have different slopes of inclination. The inclination
segment can be distinguished between a long-tail character
(such as 1, d, W) and a short-tail character (such as v, n, w).
Segment 14 through 18 are created to detect the
inclination of the long-tail group and segment 19 through
23 are created to detect the inclination of the short-tail

group.

14 15 1é 170 18

22 23

Figure 4. Show the 3 templates.

We obtain 20 real numbers from this template. Combining
with the 8 real digits from the 1% and 2™ templates, the
input to ANN is a vector of 28 real numbers plus the ratio
between the width and height of the original character
image.

Back-propagation learning algorithm [4] is employed to
recognize the Thai four type styles with the 29 real
number input format. This is because our problem is
suitable with the supervised algorithm and the back-
propagation is a very promising technique for a
classification problem with known pairs of input-output.

3. EXPERIMENTS

SNNS (Stuttgart Neural Networks Simulator) [5] is
employed in the training process. Several experiments are
conducted on eight popular Thai typed character fonts on
the Microsoft Windows system, namely AngsanaUPC
(AS), BrowalliaUPC (BW), CordiaUPC (CD),
DilleniaUPC (DL), EucrosiaUPC (EC), FreesiaUPC (FS),
IrisUPC (IR), and JasmineUPC (JM). Examples of
sentence in some fonts are shown in Figure 5. As
mentioned previously, there are four Thai type styles to
recognize in the paper : normal (N), bold (B), italics (I),
and bold & italics (B&I).

All eight fonts can be categorized into 2 groups by using
the thickness and the inclination of characters with manual
visualization. First group contains AS, EC, IR, and JM
fonts and the second group contains BW, CD, DL, and FS
fonts.

The total number of distinct characters of each font and
each size is 51 characters. Each data set includes
characters from each font in 5 different sizes (14, 16, 18,
20, and 22 points size), in 4 styles (normal, italics, bold,
italics & bold) with nine different scanning resolution
(200-400 dpi) in black and white drawing style. We have
divided the data set into a training and a validation sets
where six scanning resolutions are in the training process
and the rest is for the validating purpose. So the total
number of the training patterns is 8*5*4*6*51 = 48,960
character images and of the validating set is 8*5*4*3*5] =
24,480 images.

Each input document image is passed through the
preprocessing system which include noise cleaning, line &
character segmentation, each character’s image rough
classification, and template preprocessing technique. After
all the preprocessing, an image of each character is
encoded in an array of size 29 real numbers. The
recognition rate of the training and validating sets are
illustrated in Table 2 and Table 3A and 3B. The
recognition rate of Table 2 is obtained with eight fonts in
the training & validating set. In addition, Table 3A and 3B
are illustrated the recognition rate of 2 training &
validating sets, each one obtains four fonts which separate
by manual visualization.



BrowalliaUPGC : ‘léviaadiadlne ()

Teriandinalng (©)
Tdviandiasing (B&)
aviaadas e o
JasmineUPC ;  |@iHo9ioglng )
Tarisaiisalne (@)

larigoiiouIng (B&1)
ldnguiioelng ()

Figure 5. Examples of the experimented Thai typed
fonts

The experimental recognition rate in Table 3A and 3B are
very high and better than the ones in Table 2. Hence, the
dividing of eight fonts into two groups by manually
visualization of researchers gives a better performance.
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File Name | DPI Number of Average
Characters Recognition Rate (%)
Testl 200 263 91.75
Test2 300 263 95.44
Test3 400 512 93.55
Test4 200 512 91.99
Test5 300 1437 94.43
Test6 400 1437 92.69

Data Recognition Rate (%)
N B 1 B&I | AVG
Training Set 95.4 97.8 98.2 96.7 97.0
Validation Set 93.5 97.2 96.6 95.6 | 95.7

Table 2. Recognition rate of eight fonts.

Data Recognition Rate (%)

N B 1 B&I | AVG

AS Training Set 97.8 | 98.0 | 995 | 97.8 | 983

Validation Set | 95.2 | 97.8 | 979 | 975 [ 97.1

EC Training Set 97.1 98.4 | 98.1 98.7 | 98.1

Validation Set | 92.3 | 957 | 954 | 958 [ 94.8

IR Training Set 97.6 | 99.1 99.1 99.3 | 98.8

Validation Set | 95.7 98.4 | 973 98.8 97.6

M Training Set 97.5 |1 99.6 | 983 | 98.8 | 98.5

Validation Set | 96.5 99.4 97.0 97.0 97.5

AL Training Set 97.5 | 98.8 | 98.8 | 98.6 | 984

Validation Set | 94.9 | 97.8 | 969 | 973 | 96.7

Table 3A. Recognition rate of AS, EC, IR, JM fonts.

Data Recognition Rate (%)

N B 1 B&I | AVG

BW [ Training Set 99.1 99.5 | 99.6 [ 99.5 | 994

Validation Set | 96.9 98.3 96.7 98.2 97.5

CD Training Set 99.7 | 989 [ 99.7 | 994 | 994

Validation Set | 98.6 | 97.0 [ 979 | 982 | 979

DL Training Set 99.9 1 994 [ 995 | 99.2 | 99.5

Validation Set | 99.9 98.0 | 97.5 97.8 98.3

FS Training Set 989 | 99.8 | 98.8 | 99.7 | 993

Validation Set | 96.3 | 994 [ 96.0 | 984 [ 97.5

AL Training Set 994 | 994 | 994 | 994 | 994

Validation Set | 97.9 | 982 | 97.0 | 98.1 | 97.8

Table 3B. Recognition rate of BW, CD, DL, FS fonts.

Table 4. Recognition rate on the testing documents.

The trained ANN has applied to test on several unseen
documents. Examples of testing document images are
shown in Figure 6. The recognition rates of the unseen
testing documents are shown in Figure 4. Therefore, it can
be confirmed that the proposed techniques effectively
preserve the type styles. The output will be further
extended to Thai & English type style recognition and
combined with Thai & English OCR software as the next
step. The proposed templates should be applicable with
the English characters with a slightly modification.

LAY g e T
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Figure 6. Part of testing document images (Test5).

4. SUMMARY

The proposed technique is applied to preserve the type
style of Thai characters from the original document image
into the output text file. Number of legs is used in the
rough classification step to divide all characters into three
groups and then the templates are applied to extract two
main features which are the thickness and the inclination
of character image. We have designed and experimented
several types of template to extract these two features from
the character images. The best three templates preserve the
two main characteristics and give the average recognition
at 93.31% with the unseen testing documents. Therefore,
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the experimental results confirmed that the proposed
technique effectively preserve the Thai type styles.

REFERENCES

[1] Kimpan and S. Walairacht, “Thai Characters
Recognition”, Proceedings of the Symposium on
Natural Language Processing, Thailand, pp. 196-276,
March 1993.

[2] C. Tanprasert and T. Koanantakool, “Thai OCR : A
Neural Network Application”, Proceedings of 1996
IEEE Region Ten Conference, Vol. 1, pp. 90-95,
November 1996.

[3] C. Tanprasert, W. Sinthupinyo, P. Dubey, and T.
Tanprasert, “Improved Mixed Thai & English OCR
using Two-step Neural Net Classification”,
Proceedings of the 1997 International Conference on
Neural Information Processing and Intelligent
Information Systems, Vol. 2, pp.1227-1230, 1997.

[4] E. Rumelhart, G. E. Hinton, and R. J. Williams,
“Learning Internal Representations by  Error
Propagation”, Parallel Distributed Processing
Explorations in the Microstructure of Cognition, Vol.
1, Foundations, A Bradford Book, MIT Press, 1986.

[5] “SNNS (Stuttgart Neural Network Simulator) User
Mannaul, Version 4.1”, University of Stuttgart,
Institute  for Parallel and Distributed High
Performance Systems (IPVR), Report No. 6/95.

BIOGRAPHIES

Chularat Tanprasert
T

Dr. Chularat Tanprasert received her BS
(Mathematics 1st honor, 1989) from
Chulalongkorn University, and her MS
(1991) and PhD (1994) degrees in
computer science from University of
Louisiana at Lafayette, USA. After her
graduation, she has joined the Software and Language
Engineering Laboratory (SLL) of NECTEC and worked in
Thai OCR project since then. She has also been involved
in a number of practical projects such as Thai word
processor, web 13, and speaker identification. Her mission
as a computer scientist is to advance the theory and
application of information processing and computer
technologies. Her areas of interest include neural
networks, pattern recognition, database systems, artificial
intelligence, data mining, and knowledge base.

Sutat Sae-Tang

Sutat Sae-Tang received his BA in
Management Information Systems (MIS)
with second honours from Rajamangala
Institute of Technology in 1993 and MS

7= in Computer Science from Mahidol
Y University in  1998. He joined the
Software and Language Engineering
Laboratory (SLL), NECTEC since November 1997 as a
Research Assistant. His expertise are Internet/Intranet
Programming, Database System, System Analysis and
Design and PC Programming. He is involved in Thai OCR
and Speaker Identification project. His research interests
are Optical Character Recognition, Pattern/Speech
Recognition, Image Processing and Internet/Intranet
Technology.




€2 Techiiical Journal
Vol 1,No. 4, September-October 1999 M)

Thailand’s Hard Disk Drive Industry
Future Developments in a Regional Context

Summary of Findings of Workshop

The Elements of an Action Plan

Bangkok, July 16, 1999

Prepared by The Brooker Group
August 30, 1999

This note draws together the main findings of the Workshop on Thailand’s Hard Disk Drive Industry: Future
Developments in a Regional Context. Copies of all the presentations, complete country and topic research papers,
related background materials are available at the web site of The Information Storage Industry Center of the
University of California, San Diego_http://www-irps.ucsd.edu/~sloan/. They can also be obtained by e-mailing

1dema@brookergroup.com. See the attachment to this note for more details.

Since the Workshop, considerable progress has been made in the development of a Thailand branch of the industry
association — IDEMA (see www.idema.org) — as well as the development of specific training programs, technical
symposiums, and other activities designed to support the disk drive industry. The first meeting of the IDEMA
Thailand Management Committee took place on September 15, and an ambitious Disk Drive Technical Symposium
is planned for November 1999. For more details on the proposed IDEMA/Asian Institute of Technology Certificate
of Competence in Storage Technology, please contact AIT (Dr. Nitin Afzulpurkar - E-mail: nitin@ait.ac.th).

Introduction to the Workshop

Thailand’s Hard Disk Drive Industry workshop was
organized by the National Science and Technology
Development Agency and the Federation of Thai
Industries, in cooperation with the Thailand Board of
Investment, the University of California San Diego,
and the Brooker Group. The Workshop brought
together high-level representation from both the
private and public sectors to discuss the industry and
formulate plans for future development.

The Information Storage Industry Center of
the University of California, San Diego provided
strong support to the activity — both in terms of the
path-breaking and innovative research outputs on the
development of the global hard disk drive (HDD)
industry, as well as their active support for and
participation in the symposium. The Workshop was
supported by funds from the Alfred P. Sloan
Foundation of New York.

The keynote speech was delivered by H.E.
Suvit Khunkitti, former Minister of Science,
Technology and Environment, who was followed by
an inspirational presentation from Tom Mitchell, the
founder of the disk drive industry in East Asia.

The Workshop was then briefed on the
global status of the HDD industry and the present

situation of the HDD sector in Thailand, Malaysia
and Singapore. The International Disk Drive
Equipment and Materials Association (IDEMA)
provided insights on the association’s role in the
industry, with a focus on human resource
development in East Asia.

Following lunch, a panel comprising
representatives from the Thailand Board of
Investment and the private sector contemplated the
critical issues facing the Thai HDD industry.

In his introductory remarks, the Minister of
Science, Technology and Environment identified the
following broad areas that he felt needed to be
considered:

e  Human resource needs and management and

recommended policies;

e The elements of a technology strategy for
the HDD industry — clearly identifying the
respective roles of the government and of
the business community;

e Measures to improve supply chain
management — including policies for the
effective  movement of goods and

information;
e  Strengthening the growth and efficiency of
supplier industries — through a policy

package including incentives, promotion,
and enhanced information exchange; and
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e The development of a higher quality
business operating environment.

The participants were also divided into four
groups to discuss the first four of these issues, with
the objective of working toward an Action Plan for
the Thai HDD Industry. It is hoped that this Action
Plan will be able to support the government’s efforts to
support the development of the electronics industry in
general and the disk drive industry in particular.

The Thai  HDD
Background and Context

Industry:

Thailand has played an important role in the growth
and success of the global disk drive industry. Indeed,
one of the major findings of the research project is
that the American disk drive industry would likely
not have been able to survive without relocating
large parts of the operations to East Asia.

The country is the home to one of the largest
concentrations of drive production and production
workers in the world. Disk drive industry firms are
among Thailand’s major exporters;, Seagate and
Minebea are the largest foreign employers in the
country.

Critical Challenges for the Thai
HDD Industry

Thailand has succeeded in attracting disk drive

makers through stable macroeconomic conditions,

reasonable infrastructure, and cost-effective labor.
But these advantages will no longer suffice to

attract and deepen disk drive investments for a

number of key reasons:

e  Greater pressure for lower cost, higher quality,
and quicker time-to-market. Strong downward
trends of disk drive prices will continue, placing
pressure throughout the supply chain;

e  QGreater attraction for investments in China and
Philippines, and other lower-cost markets;

e Increased pressure for automation, which will
encourage firms to move to areas where a strong
technical base is available. Quality and speed
(especially of new product ramp-up) are just as
important as labor costs in determining the
attractiveness  of  different manufacturing
locations;

e Thailand requires significant upgrading with
regards to technical skills, the supplier base and
support infrastructure.

Thailand Contrasted to Singapore
and Malaysia
Thailand, Singapore and Malaysia are all major

players in HDD manufacturing in the region.
However, there remain some key differences.

Firstly, Thailand lacks concrete and specific
policies to promote and develop HDD industry. This
contrasts with Singapore, which has implemented
proactive  strategic  policies through various
institutions, with a focus on cooperation between the
public and private sectors to promote manpower
development, technological upgrading, and the
development of supporting industries, and with
Malaysia that has an Industrial Master Plan which
includes not only technology capability development
but also research and development, product design
and development of integrated supporting industries.
The state of Penang, in particular, has taken
proactive measures to attract and retain the HDD
industry, including the establishment of the Penang
Skills Development Center. Both Singapore and
Malaysia have been very proactive with promotional
strategies to attract new players to the their
respective markets.

Secondly,  general infrastructure  and
administrative support from relevant government
agencies in Thailand remains low compared to that
of her neighbors.

Lastly, the extent of backward industry
linkages is much greater in Singapore and in
Malaysia than in Thailand. Singaporean and
Malaysian supplier industries are flourishing and
venturing into overseas markets. In addition,
Singapore has devoted considerable resources to
establishing itself as a regional hub for the HDD
industry, as well as developing world-class
supporting industries and services.

A Summary of Thailand’s Strengths and

Weaknesses (derived from a paper by the
Thailand Board of Investment)

Strengths

e Thailand is one of the largest production bases
of HDD in the world, and has attracted many
producers of HDD parts and components,
especially in the motor area;

e Thailand is the largest production bases of three
leading HDD producers: Seagate, IBM, and
Fujitsu;

e Thai workers are hard working and have the
levels of skill necessary to manufacture delicate
products and components. Thai workers, even
with limited English proficiency, actually
command higher salaries than those with the
same level of education in other countries, such
as the Middle East, Singapore, and Taiwan;

e Generous investment incentives especially for
firms located in Zone 3;

e Thailand has political stability; and

e Good labor relations.



Weaknesses

e It remains difficult to find high-quality engineers
in Thailand;

e Thailand does not have production bases of disk
media and wafer fabrication to support HDD
production;

e Foreign companies dominate HDD and related
parts production in Thailand. Thai indigenous
companies have very little involvement in HDD
industry;

e The trend in the HDD industry is moving toward
automation, and away from labor-intensive
production in which Thailand has comparative
advantage; and

e There is little R&D activity on HDD in
Thailand.

Critical Findings

Two key areas appear critical to support the
development of the new technological capacities
required to support the growth of high-tech
industries.

First, a deeper technical understanding of the
industry and of the industry’s needs on the part of
government officials. Emphasis must be shifted from
increasing numbers of jobs and investment volumes,
to raising the quality of investment and of the
business operating environment.

Second, greater exchange of information and
ideas within and with the private sector must be
encouraged and facilitated by the public sector —
such activities in the disk drive industry have been
fragmented and weak to date. A strategic approach
must be taken to strengthen the foundations for the
future growth of the Thailand’s disk drive industry.

Towards an Action Plan

To develop the HDD industry in Thailand, four

interactive breakout groups worked together to

develop an action agenda for the HDD industry in

Thailand.

The following four topics were considered:

e Human resource needs and management and
recommended policies

¢ FElements of technology strategy for HDD: Roles
of government and business community

e Measures to improve supply chain management
policies for the effective movement of goods
and information

e Growth and efficiency of supplier industries

The groups discussed problems in each area, actions
to be taken, and responsible agencies. The results of
the discussions are summarized in Table 1.
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Attachment

The following slide presentations and documents,
presented at the "Hard Disk Drive Industry
Workshop" in Bangkok on July 16, 1999 at the
Queen Sirikit National Convention Centre, can be
obtained at: http://www-irps.ucsd.edu/~sloan/. Or by
e-mailing: idema@brookergroup.com.

PRESENTATIONS:

KHEMI1.DOC: Welcoming remarks and
introduction, Mr.
Khemadhat
Sukhondasingha

SUVIT1.DOC: Keynote speech, H.E.

Suvit Khunkitti, Former
Minister of  Science,
Technology and
Environment

Thailand's Hard Disk
Drive Industry: Future
Developments in a
Regional Context, Tom
Mitchell

The geographic evolution
of the disk drive industry,
David McKendrick

Hard Disk Drive Industry
in East Asia: The Three
Main Development
Phases

ROGER.PPT: Survival in the HDD
industry, Roger Bohn
International Disk Drive
Equipment and Materials
Association, Larry
Eischen

HDD training needs in
South East Asia, S.H. Goh
The Dynamics of HDD
Industry Development in
Singapore, Wong Poh
Kam

ANNA.PPT: HDD industry in the
northern region of
Malaysia, Anna Ong
Thailand's HDD industry,
Rick Doner/Peter Brimble
Key challenges facing the
Thai HDD  industry,
Chackchai Panichapat
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Table 1. The results of the discussions.

1. Human resource needs and management and recommended policies
Issue Action Responsible Agencies
1. Lack of Engineering Skills
e Quantity/ quality e Expand and improve university e  Ministry of Education and
e Industry specific education programs Ministry of University
e  Firm specific e  Support industry training and HDD Affairs
e Basic research training activities e IDEMA
e Creative thinking e Implement incentives to foster firm | e  Firms
level training e Education system as a
e C(Create institutes for basic training whole
and research (such as a tool and die
institute) and allocate government
resources to support these activities
2. Improve Communications
e  Private/ private e Form an HDD Industry Association | ¢ IDEMA
e Public/ private and promote membership e NECTEC
e Public/ public e Create steering committee for the e AlT/academia
e Need a forum HDD industry e  The industry
e Choose a champion (a “crazy
person”)
3. Need to promote values of e  Promote an initiative that will create | ¢ IDEMA
knowledge and learning: vicious strong linkages between academia, e NECTEC
cycle/virtuous cycle and industry, and government e AlT/academia
continuous learning e The industry
4. Need for better understanding of | e  Coordinate with industry on type e Industry association(s)
the costs and benefits of training/ and needs of education and training | ¢ R&D/specialized training
education e Training and education arising from institutes (such as the
basic R&D activities Electrical and Electronics
Institute)
2. Elements of technology strategy for HDD: Roles of government and the business
community
5. Poor communication e BOI should include HDD firms e BOI
between government and collectively in the discussions leadingup | ¢  The industry
business (tendency for firms to the Board’s decisions to reform
to contact government investment incentives
officials individually)
6. Lack of industry-specific o  Establish internship programs through e [DEMA
expertise among government which BOI and MOI officials work in e  Ministry of Industry
officials HDD firms for extended amount of time. | ¢  Board of Investment
e Have the government officials attend e MOSTE/NECTEC
IDEMA training sessions
7. Lack of overall government | o Need to develop clearer concept of e IDEMA/the industry
strategy for the industry government’s roles and core e  Ministry of Industry
organizational issues e Board of Investment
e Develop industry specific understanding | ¢  MOSTE/NECTEC
8. Lack of private sector-wide | e  Involve associations in discussions about | ¢  The industry
discussions of industry incentive reforms and training e IDEMA

issues .

Build on successful associational
discussions on remuneration issues
among HDD firms

Related government
agencies
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3. Measures to improve supply chain management policies for the effective movement of
goods and information
9. Paper work at customs and | e Need improvement of customs e  Customs Department
difficult-access EDI system information system and processes (this is | ¢  Specialized computer
Jfor customs clearance apparently underway) engineers
10. Legal problems on vendor e Learn from other countries with similar | ¢  Customs Department
warehousing tax structures e Board of Investment
11. High levels of cargo e Enhance accountability of cargo e Airport Authority
handling damage handling agents e Airlines/Shippers
e  Port Authority of Thailand
4. Growth and efficiency of supplier industries
12. Open communication and | e  Form a tripartite committee with mutual | ¢ IDEMA
collaboration between confidence building e BOI
government, private e MOI
sector and institutions e The industry
e  Universities/training
institutions
13.  Lack of skilled staff e  Promote industry specific and technical | e BOI
training e MOI
e (see above section 1) e  The industry
e  Universities/training
institutions
14.  Lack of development of e  Creation of an automation development | ¢ MOSTE/NECTEC
automation technology center e  Ministry of Industry
e  Formulation of a 10-year vision for
automation
15.  High costs of overhead e Provide incentives to attract e BOI/Ministry of Finance
and support services International Procurement Offices e Industrial Estate
(IPOs) Authority of Thailand
e  Creation of non-profit government- e  Ministry of Industry
subsidized center for support services
such as waste treatment, chemical
analysis, analytical services, calibration,
training institutes
16.  Need for development of | e  Creation of HDD technology roadmap e  Ministry of Industry
multi-disciplinary for supply industry e MOSTE/NECTEC
supporting industries o  Selective targeting of foreign investors e IDEMA/the industry
with suitable technologies to fill e Board of Investment
technology gaps
OTHER DOCUMENTS:
SUMMARY.DOC Report on the Workshop and initial follow-up activities
WSHOPDF.DOC: Workshop outline and speaker profiles
LISTPAR.DOC: Participation list
PRESS2.DOC: Press release
WS-PRESS.DOC: HDD workshop news in the Nation on July 14, 1999
UCSD.DOC: Information Storage Industry Center, U.C., San Diego
BRKJUN99.DOC: Brooker Group Company profile
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