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Editor's Note

First of all, thank you to all readers, authors, and reviewers of NECTEC Technical Journal
(NTJ) Vol. I. Time has passed so fast. This is the first issue of NTJ for the second year. There
are a lot of changes in this new NTJ such as a new format, a new cover's page, a new
publication's period, a new size, and a new subscription's fee (but not a new editor). In this
year, the paper will be published for every four-month with doubling in size compared with
NTIJ of the first year.

From your feedback, we discovered that there are many Thai researchers either live in
Thailand or study abroad like to write technical papers and share their discoveries. So what
NTJ can do is to publish these quality technical papers and distribute to all interested IT
readers. Meanwhile, as always, keep those emails coming in if you have a suggestion for us.

It's been hectic for the past few months for the NTJ editorial team. We've just been very busy
with the preparation of proceedings of NECTEC Annual Conference 2000 : ECTI
Technologies and the New Economy which took place at the United Nation Conference
Center on June 22-25, 2000. There are 52 technical papers published in the proceedings.
Abstract of each paper are extracted and published here. If anyone is interested to obtain full
papers, please feel free to contact the Multimedia Technology Service at 644-8150...9 ext.
725 for further information. In this year conference, there was a contest to select three best
papers in the category of best technical, best presentation, and most impact to Thai society.
These three papers are reprinted in this issue of NTJ for your instant access.

The editorial team would like to express our appreciation to Dr. Thaweesak Koanantakool,
director of NECTEC, for his vision and support in letting us continue our work for NTJ. Not
to be outdone, NTJ is undergoing an upgrade. Please do email me your comments,
compliments and - best of all - criticisms!

Sincerely,

Chularat Tanprasert
Editor of NTJ
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The Third Generation Mobile Phones (IMT-2000):
Standards, Principles and Technologies
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ABSTRACT -- In this paper, we present an investigation of standards, principles, and technologies of
the 3™ generation mobile phone, known as IMT-2000 (International Mobile Telecommunications 2000).
It is expected that IMT-2000 mobile phones will offer broad-range of services to users; which include
high quality audio, real-time video, video conferencing, facsimile, information retrieval such as file
transfer and Internet access. The third-generation radio air interface standards, proposed by US,
Japan, Europe, and Korea, based on CDMA (code division multiple access) are given. Introductory of
IMT-2000, CDMA characteristics, frequency allocation, and basic frame structure of FDD (frequency
division duplex) are presented. The evolution and migration of second generation to third generation
mobile phones will be discussed.

Keywords -- IMT-2000, CDMA, 3" Generation Mobile Phones, FDD
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FMA Future Radio Wideband Multiple Access
System Multiple Access

FPLMTS Future Public Land Mobile
Telecommunication Systems

FRAMES  Future Radio Wideband Multiple Access
System

GSM Global System for Mobile communication

IMT-2000 International Mobile Telecommunications -
2000

IS-95 Interim Standard-95

ISDN Integrated Service Digital Network

ITU-R International Telecommunications Union -

Radio communication Standardization Sector



LAN
MSC

NA:WCDM
A
OHG

PCH
PDC
QPSK
RITT

RNC
T1P1
TCH
TDD
TDMA

Local Area Network
Mobile Switching Center

North American:Wideband Code Division
Multiple Access
Operator Harmonization Group

Paging Channel
Personal Digital Cellular Standard
Quadrature Phase Shift Keying

Research Institute of Telecommunications
Transmission
Radio Network Controller

Telecommunications Planning Group
Traffic Channels
Time Division Duplex

Time Division Multiple Access

TD-SCDMA Time Division-Synchronous Code Division

TIA
TPC
TIA
TPC

TTA

TTC
UMTS

UPCH
UTRA

UWC-136
WARC
WCDMA
WIMS
WLL

Multiple Access
Telecommunications Industry Association

Transmitter Power Control
Telecommunications Industry Association
Transmitter Power Control

Telecommunications Technologies
Association
Telecommunication Technology Committee

Universal Mobile Telecommunications
System
User Packet Traffic Channel

Universal Mobile Telecommunications
System Terrestrial Radio Access
Universal Wireless Communications-136

World Administrative Radio Conference
Wideband Code Division Multiple Access
Wireless Multimedia and Messaging Services

Wireless Local Loop
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Progress Report on NECTEC's Microelectronics Project

Itti Rittaporn Chumnarn Punyasai and Pavan Siamchai

Thai Microelectronics Center (TMEC) Project
National Electronics and Computer Technology Center (NECTEC)
73/1 Rama VI Road, Ratchathevee, Bangkok 10400, Thailand
Phone (+66-2)644-8150 Fax. (+66-2)644-8137, E-Mail: itti@notes.nectec.or.th

ABSTRACT -- As a national center, NECTEC's road map in the area of microelectronics is to start from
IC/VLSI design, wafer fabrication and then to expand into the areas of flat panel display devices, sensors,
optoelectronics, and so on. The mission is to activate the rise of microelectronics industry in Thailand. After
nearly ten years, however, the progress has not been significant. Main reason is the lack of strategy and
commitment in the national policy-making level. Most of the activities are bottom-up oriented, and not well-
enough supported. Under this situation, NECTEC is working hard to promote IC/VLSI design, and to
realize Thailand's first wafer fabrication line. In this report NECTEC's microelectronics related activities

are summarized.

1. Introduction

NECTEC has started its activity on micro-electronics in 1989
by joining the ASEAN - Australia cooperation project. Some
VLSI have been designed in-house and sent for fabrication in
Australia during the program.

In 1994, NECTEC has provided the software tools for VLSI
design to about 10 universities in Thailand to support their
educational program and activity on VLSI design. This has
contributed to the gradual expansion of the design activities
in Thailand and after several years, there are already some IC
design companies starting their business.

In the same year, NECTEC signed an agreement with IMEC
(Interuniversity Microelectronics Center) of Belgium under
the agreement of cooperation in microelectronic sector
between Thailand and Belgium governments. Under this
agreement, NECTEC will send engineers and technicians for
50 man-months to IMEC for training in process technology
and facilities management focusing, practically at 0.5 micron
CMOS technology. IMEC will transfer basic process
technology and provide necessary consultancy where
Belgium government will subsidize the cost on IMEC's side.
This agreement will end by 31 August 2000.

In 1995, the Cabinet has approved the proposal of NECTEC
to establish the Thai Microelectronics Center (TMEC). The
plan is to build a wafer fabrication line for CMOS process
technology below 1 micron with the capacity of 500 six-
inches wafers/month. The original objectives and goals of
this project have been summarized in Ref.1. Under the
proposal, the government will support 600 million Baht in 3
years for establishing the TMEC center and a private
company, Alphatec Group, will donate another 300 million
Baht for the project. Because they are planning to start wafer
fabrication business in Thailand and need support in the area
of human resource development.

2. Current Status and future plan

At present, NECTEC's microelectronics related activities can
be summarized as follows.

2.1 TMEC Project

In 1997, NECTEC has started the construction of the TMEC
building in the Alpha-technopolis Industrial Park at
Chacherngsao province. Cleanroom, equipped with necessary
facilities to support CMOS 0.5 micron technology, of class
100 (300 m?) and class 1000 (700 m?) are the main features.
Originally the work was planned to be finished by March
1998, however due to the contractor financial problem after
the economic crisis in 1997, the progress of construction had
become very slow and out of schedule. Extensions of the
contract have been made several times due to government
measures to help construction industry from the economic
crisis. This gave further delay to the construction and at
present the contract is extended until 31 January 2000.

Figure 1 and 2 show the progress at the construction site
as of August 1999. The amount of accomplished work is
about 20% of the total.

Fig. 1 TMEC Construction site (August 99)



Fig. 2 TMEC Construction site (August 99)

Figure 3 shows the design drawing of the TMEC building.

Fig. 3 TMEC Building

For the process and metrology equipment, 10 items have
been purchased. About 25 more are necessary.

For the TMEC Project as a whole, the bad economic situation
from 1996 and the Baht crisis in 1997 have raised serious
problems. Firstly, it was not possible for the Alphatec Group
to donate the 300 million Baht to the project as plan.
Secondly, with the only 600 million Baht from the
government and the depreciation of the Baht after mid 1997,
it is not possible to complete the project without additional
financial support. From 1998 to mid 1999, a lot of effort has
been spent to find way-out. Eventually the Project has been
re-studied and the revised proposal of the TMEC Project has
been approved by the NSTDA Board in August 1999. Now it
is being submitted to the Minister of Science Technology and
Environment to ask for the Cabinet approval. Only after that
that NECTEC will have necessary funding to accomplish the
plan of this project.

In the revised proposal, the main philosophy of the project
has been changed from to be the center to mainly support
human resource development for the wafer fabrication
industry (process engineer), to the center to activate the rise
of IC/VLSI design industry in Thailand (design engineer).
This is considered more strategically appropriate since
Thailand has a wide base of IC/VLSI design education
network in more than 10 major universities with more are
participating. A large pool of new designers can be expected
to contribute to the rise of IC/VLSI design industry in
Thailand in near future.

For the cooperation with IMEC, NECTEC has accomplished
sending engineers for 50 man-months training to IMEC by
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August 1999. The training covered almost all aspects of
wafer fabrication (process technology, process integration,
design technology, fab management, and facilities design and
maintenance, QA and safety, etc.) Under the agreement,
IMEC will send experts to help commissioning TMEC's
cleanroom and advising process start-up. Collaboration
beyond the end of present agreement is under consideration.

2.2 MPC (5 um) Program with ERC/KMITL

Beginning in 1996, NECTEC has started a Multi Project Chip
(MPC) program with Electronic Research Center (ERC) of
King Mongkut's Institute of Technology Ladkrabang
(KMITL) to upgrade the microelectronics facilities of ERC
from 20 micron process to 5 micron CMOS process. The
main aim is to make the facilities up-to-date and ready as a
center of excellence for providing multi project chip
fabrication service for universities over Thailand. A new
cleanroom of class 1000 (30 m®) and class 10,000 (111 m?)
has been built. LPCVD, ion implanter, etcher, furnace have
been newly purchased or upgraded. After a long series of
effort, it is planed to open its service by March 2000. Under
this scheme, NECTEC and ERC/KMITL will arrange a MPC
(Multi  Project Chip) fabrication service for IC/VLSI
designers.

Fig. 4 ERC/KMITL Cleanroom

2.3 IC/VLSI design and Promotion

As mentioned earlier, this activity is considered the most
important at present because it is the mission to explore
Thailand's new capability in IC/VLSI design area. The facts
that it is not highly capital intensive (compare with wafer
fabrication), the technology is still growing, the worldwide
shortage of VLSI designers, and the chance of gaining
business opportunity worldwide are convincing to most
people. The success of this activity will be crucial for the rise
of microelectronics industry in Thailand.

In-house design projects: At present , there are several in-
house design projects running. First is a project to design the
8051 microcontroller compatible chip with higher
performance. Another is the project to design a GPS chip
(Global Positioning System).

This article is a reprint of a paper presented at the 1* NRCT-KOSEF (Thai-Korea) Workshop on Semiconductors Technology

(Nov.1999, Bangkok)
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TMEC's 2051 - preliminary layout

Fig. S TMEC's 8051 layout design

Promotion of IC/VLSI design To strengthen the design
community, NECTEC has initiated several new activities.

1.

Establishing of Microelectronics Forum In
January 1999, NECTEC has initiated the
microelectronics community in Thailand which
comprises of universities, IC packaging industries,
hard disk drive industries, system houses, and design
houses to setup the Microelectronics Forum. The
main objective is to utilize the expertise and
resources of each party to organize training for
industrial work force to help upgrading
microelectronics industries in Thailand towards
higher value added and upstream industry. The
Forum is also aiming to cooperate in consolidation
of appropriate policy/strategy and make suggestion
to the Thai government.

Fig. 6 MTT's Thaitum-2 chip layout design

Establishing of IC Design Network Also in
January 1999, NECTEC has set up the IC Design
Network. It is the network of people doing design in
Thailand with members of about 40 at present. The
main aims are to cooperate in both development of
new IC/VLSI designers and sharing of expertise and
IP resources in real design projects.

3. Supporting private design houses: Although still a
few, there are already several design companies in
Thailand. NECTEC is trying its best to support
these companies. As an example, MTT
(Microelectronic  Technologies  Thailand) is
collaborating with NECTEC in submitting their
designs for fabrication through IMEC of Belgium
under EuroPractice Program. Figure 4 is the layout
design of the "ThaiTum2" chip (microcontroller) of
MTT. The company is also offering commercial
service for layout design to outside customers.

4. Development of AIT master program AIT
(Asian Institute of Technology) is planning to start
its master degree in microelectronics from May
2000 academic year. NECTEC strongly involves in
the establishment of this program and will actively
support the program, providing faculties for some
courses and also facilities for students' projects.

Asian Institute of Technology

School of Advanced Technologies

—

B F

MICROELECTRONICS

o 2,
Master Program

Fig. 7 AIT 's microelectronics program

5. IC Design Contest 2000 As a result of the 3™ IC
Design Network meeting held on 31 August 1999, a
committee has been setup to run the Thailand first
IC design contest to enhance the public knowledge
and interest in IC/VLSI design. For this first "IC
Design Contest 2000", specifications of the target
chips, one analog and one digital, will be given and
the chance is open to all designers. About 50
challengers are expected and the designs of the
winners will be sent for real fabrication.

3. Summary

NECTEC as a national center is doing its best to promote
microelectronics in Thailand. Activities span from academic
cooperation on human resource development to promoting
and supporting IC designers both in universities and private
sectors. Without strong commitment and sufficient supports
comparable to other countries, real strength and success of
Thailand in microelectronics is not foreseeable.
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ABSTRACT -- This article presents an online information retrieval using genetic algorithms to increase
information retrieval efficiency. Under vector space model, information retrieval is based on the similarity
measurement between query and documents. Documents with high similarity to query are judge more
relevant to the query and should be retrieved first. Under genetic algorithms, each query is represented by a
chromosome. These chromosomes feed into genetic operator process: selection, crossover, and mutation
until we get an optimize query chromosome for document retrieval.
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Thai Language Speaker Identification System: Development Progress1
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ABSTRACT - Speaker identification for Thai language project has been initiated by the National

Electronics and Computer Technology Center (NECTEC) since 1999. The first objective is to research and
develop a text-dependent closed-set speaker identification system in the office environment. The speaking
texts for this system are isolated digit utterances 0-9 and their concatenation. This paper gives an overview
of the system, explains the route of the past 1-year research history, and some details of the latest
identification system, which achieves the best performance of 92.30% for isolated digit “0” and enhances to
98% for 3-concatenated digit.

KEY WORDS -- Speaker Identification, Text Dependent, Closed Set, Thai Language
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Issues in Thai Text-to-Speech Synthesis:
The NECTEC Approach1

Pradit Mittrapiyanuruk, Chatchawarn Hansakunbuntheung,
Virongrong Tesprasit and Virach Sornlertlamvanich
Information R&D Division,
National Electronics and Computer Technology Center (NECTEC)
Gypsum Metropolitan Building, 22" Floor,
539/2 Sri Ayudhaya Road, Rajthevi, Bangkok 10400, Thailand
(pmittrap, chatchawarnh)@notes.nectec.or.th, (virong, virach)@nectec.or.th

ABSTRACT - This paper presents all the essential issues in developing the text-to-speech synthesis for
Thai - text analysis, prosody generation and speech synthesis. In the text analysis, problems in Thai text
processing can be decomposed into the models of sentence extraction, phrase boundary determination and
grapheme-to-phoneme conversion. The syllable duration and F0 contour generation rules are included in the
prosody generation. This is to realize the synthetic speech in the suprasegmental level. In the speech
synthesis, the definition and the construction of acoustic inventory structure ‘demisyllable’ are presented.
Furthermore, three signal-processing algorithms, amplitude normalization, the segment boundary
smoothing and prosodic modification, are also presented in this topic.

KEY WORDS -- Thai text-to-speech synthesis, text analysis, prosody generation, speech synthesis,
demisyllable
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1. Introduction

Text-to-speech synthesis is a module or system or machine applications for normal people e.g. electronic mail reader
that converts the input text into the acoustic speech signal using telephone interface, etc. Most of the text-to-speech
that people can understand. Many kinds of applications synthesis systems are developed for converting the text for
utilized from this system are developed such as the major languages such as English, Chinese, Japanese and the
applications for blind people e.g. screen reader, or the European languages. At the present, there are only few

! This article is a reprint of the article appeared in the Proceedings of NECTEC Annual Conference 2000 : ECTI Technologies for New
Economies, June 2000, pp. 483-495. This paper wins a best paper award in category of "Best Presentation".



systems developed for the Thai language. Most of them lack
for the continuity in their milestone and some focus on the
specific point rather than the whole picture. As a result, there
is no Thai text-to-speech synthesis system using in the real
application. To overcome this obstacle, this work attempts to
put together the jigsaw to form a complete picture. Our goal
is to produce a text-to-speech synthesis that can synthesize a
natural sound.

In retrospect, there are some research works related to Thai
text-to-speech synthesis. The Luksaneeyanawin’s system [1]
consists of three main modules. First is the Thai text
processing module, it converts a string of Thai text into a
string of Thai phonological units using the syllable, word
and phrase parsers. Second is the sound dictionary module. It
looks up the synthesis unit for the corresponding
phonological unit. Third is the synthesis by waveform
concatenation module. It synthesizes the speech by using the
waveform concatenation technique. Taisertavattanakul and
Kanawaree [2] developed a simple but practical system. The
system contains (1) the text-to-phoneme analyzer by using
conversion rules and a small dictionary for exceptional
words (2) the synthesizer concatenates the speech waveform
from the demisyllable based acoustic inventory.

The other research works that focus on some specific points
rather than the whole system are [3, 4, 5]. Kiat-arpakul,
Fakcharoenphol and Keretho [3] proposes an acoustic
inventory structure for Thai speech synthesis. In this work, a
syllable waveform is created from the concatenation of the
phoneme-based and the demisyllable-based units.
Luksaneeyanawin [4] proposes a technique to transform the
tonal patterns of any syllable speech units by PSOLA-based
resynthesizing FO contour. This technique takes the
advantages in the reducing the number of synthesis units
about 5 times. This technique stores only toneme syllabic
units and synthesizes other toneme speech from these
toneme units. Hansakunbuntheung [5] applies the line
spectrum pair to the Thai syllabic speech synthesizer. The
sound units are encoded in the form of the 20" order LSP
and its residues. The synthesizer can synthesize all Thai five
tones and adjust the sound duration by using the pitch-
synchronous overlap-add (PSOLA) technique. The details of
the literature survey in the field of Thai text-to-speech
synthesis can be found in Luksaneeyanawin’s work [6].

In our work, the system is divided into 3 major parts: text
analysis, prosody generation and speech synthesis. The main
function of text analysis is to segment the input text into
smaller units: sentences and phrases, and then transcribe into
the phoneme description. The prosody generation then
determines the prosody parameter from the information
analyzed by the text analysis. The phoneme description with
the prosody parameter of the text is synthesized to the speech
waveform by the speech synthesis module. In this module,
any synthetic speech is created by the concatenative
technique based on the demisyllable units. The signal
processing algorithms are involved to produce the natural
synthetic speech.

In this paper, the detailed of NECTEC’s Thai text-to-speech
synthesis is discussed. Most parts of its are already
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implemented. However, they are being improved in the
naturalness. Section 2 discusses the issues in text analysis.
The prosody generation based on the rewriting rules is
discussed in Section 3. The detail in the acoustic inventory
structure and signal processing algorithm are discussed in the
speech synthesis topic, Section 4.

2. Issues in Text Analysis

The text analysis is the first part to accept the input text into
the system. In practice, the input text to the system may be
one or more text paragraphs. Each paragraph consists of
sentences. The text may include Thai words, foreign texts
(e.g. English), and other special expressions such as numeral
texts, abbreviations, punctuation marks, etc. Because the aim
of this work is to synthesize the speech of Thai text, the
foreign text that appears in the input text will be ignored. It is
impractical to process the whole input text all at once due to
the limitation in memory resource and processing time.
Therefore the text analysis segment the input text into
smaller units for processing in other modules. In this work,
the text analysis will segment the input text into a sequence
of sentences. In the same time, it also determines the phrase
boundary, the acceptable position to pause when reading, for
synthesizing a natural sound. In addition to determination the
sentence and phrase boundary, a module called ‘graphme-to-
phoneme’ in the text analysis is also included. It converts the
text into the phonological representation.

2.1 Sentence Extraction

Unlike the English or other European languages, there is no
explicit sentence marker in the Thai language. It is
convention to insert the space at the end of a sentence in
Thai writing. But not all spaces in a paragraph are the
sentence marker. They also can be used as other purposes
[7,8] such as, using between phrases or cluases within a
sentence, between sentences in a cohesive group of
sentences, before and after numerals, etc. Mittrapiyanuruk’s
and Sornlertlamvanich’s work [9] extended the algorithm for
POS tagging in probabilistic n-gram model to discriminate
the sentence break spaces from other purpose spaces. The
task can be view as the classification problem. We define the
space by its function into 2 different types: sentence break
and non-sentence-break space and apply the statistical part-
of-speech (POS) tagging as the classifier.

The block diagram of sentence extraction algorithm is shown
in Figure 1. The tokenization and word segmentation stage
extract a set of tokens with at least one space in between.
The spaces in the set of tokens are classified by POS tagging.
A token is a sequence of consecutive characters enclosed by
the spaces. The special expressions e.g. numerals,
abbreviations, punctuation marks, etc. are specially
considered. For example, ‘10600’ can be pronounced either
in the form of digit-by-digit reading as in the phrase of ‘nny.
10600', or in the form of quantity number as in the phrase of

‘10600 U’. The normalization is needed in this process.
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Unlike the approaches used for English text, we do not
expand this special expression into a normal text. It is
embedded in the module of tokenization and grapheme-to-
phoneme conversion. The tokenization module draws out
this kind of text as a single token. Then the grapheme-to-
phoneme conversion assigns a different phonological
representation according to the text feature. Moreover, the

Input text

!

Tokenization &

Word Segmentation

+ current_token

< WordSeq = PREVIOUS_TOKEN & <SPACE> & CURRENT_TOKEN >

* WordSeq

POS Tagging

POS of <SPACE> in WordSeg
=SBsS ?

< PREVIOUS_TOKEN = WordSeq )—

Yes / WordSeq[M] = <SPACE> && POS = SBS

PREVIOUS_TOKEN = WordSeq[M+1]. WomSeq[N-D—

Sentence = WordSeq[0]...WordSeq[M-1]

string of characters is segmented into words because there is
no explicit use of word delimiter in general Thai text [10].

Figure 1. Block diagram of sentence extraction

The two adjacent tokens are reconstructed to the word
sequence with a space in between. Any spaces in this word
sequence are classified to be one of two possible classes,
sentence break or non-sentence-break space. We define this
classification problem in terms of statistical POS tagging.
The most probable sequence of POSs and individual word-
level POS assignments determines the most probable POS
assignment of any word sequences. Therefore the
classification task is to determine whether the POS of any
spaces in the most probable sequence of POS is a sentence-
break or not. We use the part-of-speech trigram model to
compute the POS sequence probabilities and introduce the
viterbi algorithm for computing the most probable sequence
of POSs. Because it is possible that the space in the word
sequence that used to be the non-sentence-break spaces are
incorrectly assigned. Therefore we must scan the space
between the current and previous token as well as the spaces
within the previous token. If there is no sentence-break space
then all of this word sequence will be used as the previous
token in the next iteration. But if a sentence-break space is
found then the output sentence is the whole sequence from
the first word to the word just before the sentence-break
space. The rest word sequence after the space is used as the
first token in the next iteration. The algorithm will extract the
sequence of tokens and detect the type of in-between space
until the end of paragraph. It is obvious that this algorithm
can solve the problem of memory resource and processing

time limitations because it processes token by token rather
the whole paragraph at once.

2.2 Phrase boundary determination

Normally when speakers utter a long sentence, they tend to
break the sentence up into several phrases. Luksaneeyanawin
[1] reports that from the study of charactersics and function
of pause, the position of pause occurs averagely at each 8
syllables (S.D.=4). These phrase boundaries capture several
prosodic characteristics, such as pausing at the end of phrase,
lenthening in duration of phrase final syllable and the
downtrend effect on FO contour at the end of phrase, etc. If
the phrase boundary is determined accurately then the
prosody generation will undoubtedly play an important role
in obtaining more natural speech. To accomplish the phrase
boundary determination, the rule-based algorithm is
developed using the output from the sentence extraction. The
algorithm first determines the tentative phrase break
positions in a sentence and then merges the positions using
the syllable number constraint.

The algorithm places a tentative phrase break at the position
of space and punctuation mark. The algorithm detects the
phrase break spaces by using distinctive pattern rules derived
from formal Thai writing pattern [11]. The other tentative
phrase break positions are determined by scanning each pair
of words from left to right in the sentence. The simple rule
based on the content word/function word [12] is used to
place the preliminary break position before every function
word that follows a content word. In this work, the function
word is a word of conjunction, preposition and relative
pronoun. The content word is the rest that is not match the
function word. Furthermore, the rule derived from
Luksaneeyanawin’s work [1] assigns the break position
before/after some specific grammatical word.

At the merging step, the tentative phrase break positions in a
sentence are combined to a single phrase if they do not end
in the phrase-break space or punctuation and contain 10 or
fewer syllables. They are combined to the following phrase
until a punctuation mark or phrase-break space is found or
until the number of syllables is greater than 10. This scheme
of phrase combining is same as Karn’s [13].

2.3 Grapheme-to-phoneme conversion

Outputs from the sentence extraction and phrase boundary
determination are one sentence with the phrase break
positions and the word boundaries. In this step, the
phonological representation or phoneme of each word is
assigned. First each word is looked up for the phoneme
string from the pronunciation dictionary, about 25,000
entries. The letter-to-sound rule is developed to handle the
unregistered words. The rule consists of 2 stages. First the
grapheme of a word is divided into a syllable sequence and
second the syllable sequence is converted to a phoneme
string by simple orthographical-to-phonological mapping.
The tone of each syllable is assigned by considering the
phonological composition (initial consonant, vowel, final
consonant) and its orthographical tone marker. Details in the



tone assigment rule can be founded in Thavaranon’s work
[8].

The first step typically called syllabification is developed
using the regular expression. Rather than hard coding the
rule for each syllable pattern, this work rewrites the rule in
the regular expression format. All possible orthographical
syllablic structure are listed in the regular expression format
and compiled to be a deterministic finite state automata by
the lexical analyzer or ‘LEX’. When it matches a syllabic
pattern then the orthographical syllablic composition: initial
consonant, vowel final consonant and tone marker, is
returned for assigning the phonological representation. The
advantages of this scheme are the flexibility in rule
modification and the speed of processing time.

3. Issues in Prosody Generation

The prosody means the properties of the acoustical speech
such as pitch variation, loudness and syllable length. The
effects of prosody are referred to as suprasegmental
phenomena [14], since it occurs in higher level than
segmental level such as syllable or phoneme. It is
acknowledgable by most researchers in this field that the
naturalness of synthetic speech is considerably affected by
the prosody. Therefore this work essentially includes the
prosody generation. Many prosody parameters are generated
by determining the pause position and duration and the pitch
movement of utterance which represented by FO contour.
The pausing is executed by the phrase boundary
determination in text analysis part.

There are two major approaches in the research of prosody
generation: the rule-based method and the corpus-based
method. In the rule-based approach, linguistic experts derive
the factors that affect the prosody event by observing various
phenomena in the natural speech, then write the rules that
interplay among these factors for synthesizing the more
natural speech. On the contrary, the corpus-based approach
derives the prosody model from the prosodic annotated
speech corpus by using machine learning algorithms such as
decision tree, artificial neural network, etc. The prosodic
parameters of unseen text are determined by infering from
the training corpus. Lacking of the prosodic-labeled speech
corpus, our prosody generation is a rule-based approach.

3.1 Syllable duration assigment rule

The first consideration when devise the durational rule is the
choice of speech unit that will be affected by the rule. The
contexual influences that affected the duration of different
speech units are varied. Campbell and Isard [15] argue that
the syllable is a suitable unit that reflects the rhythm of any
utterances. This approach first predicts the syllable duration
and then the smaller segment duration e.g. phone is
determined from its syllable duration. Because the speech
synthesizer that we use in this work is the demisyllable-
based concatenative system, the speech waveform is formed
by the sequence of syllabic sounds. Each syllablic waveform
is created by concatenating two demisyllable units: initial
and final unit. Then the timing of synthetic speech appears in
the syllabic time frame. There are many linguistic works [16]
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conclude that Thai is a syllable-time rhythm in which the
syllable is an intuitively recognizable unit for primitive
people. Therefore we select the syllable as the speech unit
for modeling the duration.

In timing aspect, the naturalness of any utterance occurs
when the duration of every syllable in the phrase is relatively
suitable. In any slow and fast utterance, the duration of
syllable differs only in the absolute value but the relative
value is almost the same. To accomplish this task we tailor
the most favorite scheme [17] to the prosodic generation
module in the syllabic framework. This scheme first assigns
the base syllable duration from its intrinsic property. Then
the rules are used to multiply the base duration by a specific
factor. These factors are devised by investigating the natural
speech in word, phrase and sentence level. In this scheme we
can adjust the speaking rate by multiplying the factor to the
intrisic duration without changing the rule.

For finding the intrinsic duration of each syllable, it is
laborious to acquire the intrinsic duration of all Thai syllablic
sounds because of its plentitude of units, which is about
27,000 [6]. To realize this process, we classify the
consonants by the manner of articulation into 8 types and the
vowels by the tongue advancement/short/long attribute into
12 types and use mid tone (tone 0). By the assumption that
the syllables in the same group have the same intrinsic
duration, we use the duration of each group representative as
the duration of every syllable in the group. This method
reduces the number of syllable duration patterns to 384
patterns. The duration of each unit is taken from the carrier
syllable in the medial position of pronunciation. The intrinsic
interval of all syllables is extrapolated using the value of the
representative that has the same kind of initial consonant,
final consonant and vowel. The duration of falling (tone 2)
and rising (tone 4) tonal syllable is scaled-up by factor 4/3 to
compensate the tonal-durational interactive effect. Moreover
we also measure intrinsic pause duration which is divided
into 3 types: pre-plosive pause, glottal closure pause and end
of phrase pause in the same way.

For the details of rule, they are derived from Klatt’s work
[17]. The rule in phrase and sentence level are the same
which is lengthening the phrase-final syllable duration by the
factor of 1.2 and inserting the pause at the end of phrase with
the intrinsic phrase pause duration. At the end of sentence,
the pause duration is longer than the intrinsic phrase pause
duration by the factor of 1.2. For the rule in word level, the
syllables in any words that are not the non word-final
position are shortened by the factor of 0.9. Other syllable,
any syllables in a polysyllabic word are shortened by the
factor of 0.9. The last rule considers the effect of postvocalic
consonant context. It shortens the duration of syllables
followed by the voiceless consonant by the factor of 0.9.
Noted that these rules apply sequentially by cumulatively
multiplying the initial duration with each specfied rule’s
factor to obtain the final duration.

3.2 FO contour Generation rule

In natural speech, the speech is continuously uttered as
strings of breaths. Each string, called phrase, consists of



€2 Techiiical Journal

Vol I, MNo.7, March-June, 2000

many sound units. The types of sound unit can be words,
syllables or phonemes, etc. depending on the design purpose.
Considering a particular type of the sound units, since the
sound units in a phrase are produced in the same utterance,
they must share some common characteristics. A
characteristic, called intonation, is in the suprasegmental
level of speech, relates to the tonal phenomena that affect on
FO contour of the continuous speech. In addition, there is
another effect on syllabic level. There is a tone pattern when
syllables are connected.

3.2.1 Intonation Rules

In the suprasegmental level, two groups of rules are defined.
The first group is the downdrift phenomenon that defines
how the FO contour decreases relatively with the preceding
time. Another group concerns the pitch range of FO contour
that limits the boundary of FO contour.

3.2.1.1 Downdrift

A downdrift, can be observed in the FO contour across a
phrase [11,18-24]. [25] shows that this downdrift also
happens in Thai speech as shown in Figure 2. This
phenomenon can be observed by plotting the FO contour of a
phrase containing only the mid tone (tone 0). The plot shows
the downdrift effect on the FO contour which looks like the
steps of similar patterns. The reference line connects all the
beginning points of FO contours of the syllables.
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Figure 2. An example of downdrift on FO
contour of Thai speech

To simplify the effect, the downdrift is estimated by a linear
declining slope of the FO contour. Since one system is for a
female speech, the slope was computed for a female speech
prototype. As a result of the experiment, the declination is
30 hertz per second. This declination can be represented by a
linear line, called a reference line, as shown in Figure 3. This

line is used as the reference of the starting or ending point of
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FO contour of each tone.

Figure 3 A reference line that expresses a simiplified version
of downdrift
3.2.1.2 Pitch Range

An obvious difference between male and female speech is
the pitch range. Generally, a female speech is more
perceptible higher than a male speech. The pitch range
specifies how high and how low the pitch level can reach.

To determine a pitch range, an observation on a female's
speech prototype is done by measuring the maxima and
minima of FO levels. The boundaries of pitch range are
applied to the system to limit the level of synthetic FO
contour with downdrift effect. If FO value of syllabic FO
contour exceed these limits, the level of the syllabic FO
contour will be reset to the starting FO of the same phrase.

3.2.2 Tone Rules

After processing on the suprasegmental level, here, a syllabic
level will be discussed. In this level, there are two parts. The
first part explains where the tone contours should be located
and another part explaining the effect of adjacent syllables
on a tone contour.

3.2.2.1 Tonal contour location

This part explains how to locate the tone contours. When
tone contours are concatenated, the locations of tone
contours are different depending on the situation. In a
reading speech, the Mid, Low and Rise tone start at the
reference line while the others end at the reference line.
However, there are some special cases that the tone contours
do not conform to this rule. If there is a stress syllable in a
phrase, its tone contour level will be shifted up. Since only
the reading speech synthesizing is the goal of this system, all
tone contours are based on this rule.

3.2.2.2 Coarticulation Effect

When a syllabic sound is voiced, the following one is
effected and vice versa. This effect on connected speech has
been reported by Gandour, Potisuk and Dechongkit [26]. The
study on tonal height reports that the anticipatory effect
extends forward to about 75% of the duration of the
following syllable and, similarly, the carry-over effect
extends backward to about 50% of the duration of preceding
syllable. This work uses the above duration during
smoothing the FO contour at the syllabic junction.

4. Issues in Speech Synthesis

After all necessary parameters for the synthesis are
determined. This part will use these parameters to determine
which sound units should be selected and how these units
should be processed to synthesize a high natural synthetic
speech. The parameters can be classified into two groups.
First group is generated from the text analysis consisting of
phonemic lists of a phrase. These lists are used to select the
relevant units. Another one is generated from the prosody
generation consisting of the duration and the FO contours.



All are used in signal processing to improve the naturalness
of synthetic speech. Before describing the detail of the
synthesis techniques, the synthesis unit structure will be
detailed.

4.1 Synthesis Scheme

In the synthesis work, there are various types of synthesis
units used in concatenative speech synthesis such as words,
syllables, demisyllables, phonemes, diphones, triphones etc.
Each type has different advantages depending on the purpose
of each system. In this work, demisyllable is selected
because it has a reasonable number of sound units and
acceptable quality. Although, its sound quality at syllable
boundary is not quite natural as real speech but this problem
can probably be improved by signal processing as being
presented in this system.

4.1.1 Demisyllable

Demisyllable is the unit being the initial and final halves of a
syllable. On the idea that a speech waveform is constructed
by splicing the syllabic segment. A syllabic waveform is
created from the proper initial and final demisyllable unit.
Both units are segmented from a syllable at the stable vowel
part. In general, Thai syllable has a structure of “C(C)VC”
[1], therefore, the syllable is segmented into two portions, “C
(C)V” and “VC”. The initial unit contains a single consonant
or double consonants linking with a partial vowel. The final
unit contains a partial vowel linking with a final consonant
and, also, tonal characteristic. Figure 4 shows an example of
a demisyllable unit.
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Figure 4. Demisyllable unit structure

4.1.2 Demisyllable inventory structure

In the previous section, we have already explained what the
demisyllable-based concatenative synthesis is and how it
works. Therefore, in this section we will discuss about how
to list all units in the inventory and how many units are
necessary in this system to construct the entire Thai
syllables.

A Thai syllable sound can generally be characterized by four
elements: initial consonant, vowel, final consonant and tone.
Considering the Thai syllable structure, there are 4 patterns;
CV (1h [pa;0], 5 [ri;1]), CCV (um [pla;0], a3 [khru;0]), CVC
(the [pastl], mn [ka;k1]), CCVC (dsw [pra;tl], nma [kwa;tl]).
The first letter “C” represents an initial consonant while
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“CC” denotes a consonant cluster. The vowel of a syllable is
represented by the letter “V” and the final consonant
represented by the last letter “C”. The Arabic numerals (0-4)
represents the tone.

¢ Initial consonant: There are 44 consonantal letters in
Thai. These letter represent 21 phonemes, grouped by
traditional Thai grammarians into 3 classes; the high
class, the middle class and the low class. These classes
are very important in determining the tone of a syllable
[6]. All of them can occur in the initial position such as
ma [ka;t], un [bon], lgu [jo;n], etc. Some phonemes can
be clustered to produce two different types of sound
together such as ds- /pl/, ea- /khw/, as- /tr/, etc. Our
system also includes some phonemes for producing
some loan words namely, consonant clusters and final
consonants such as as- /dr/, Ws- /fr/, us- /br/, -W /f/, -a /1/, -
a /s/, etc. The list of Thai consonants is shown in Table 1
and 2.

¢ Vowel: There are 2 types of vowel; monophthong and
diphthong. Monophthong can be classified into 2
groups; 9 long vowel sounds such as — /a;/, - /-u;/, u- /x;/
and 9 short vowel sounds such as < /a/, ; v/, wz /X;/, etc.
Diphthong consists of 6 vowel sounds; 3 long vowel
sounds such as s /i;a/, f*a /v;a/, 5 /u;a/ and 3 short vowel

sounds such as fus /ia/, fez /va/, 5 /ua/ [27]. The list of
Thai vowels is shown in Table 3.

¢ Final consonant: The final consonant consists of 9
phonemes, including open syllable such as s [ra;t1], fu
[kap1], 2= [ca?1], en2 [ja;wO0], etc. and 4 phonemes come
from foreign language such as ball [bol], half [haf]. The
reason of adding some borrowed phonemes in our
inventory is that pronouncing a loan word close to the
native pronunciation is preferable.

¢ Tone: There are 5 levels in Thai phonology represented
in our inventory with the Arabic numerals (0-4); low-
level [ -, 1], mid-level [no tone marker, 0], high-level [*
, 3], falling [ - 2] and rising [ *, 4]. The syllable structure
and the initial consonantal phoneme are very important
to assign a tone for each syllable.

In this work, the demisyllable-based inventory for the initial
part is constructed by creating all combination of 38 initial
consonantal phonemes and 9 monophthongs (only short
vowels sounds), resulting 342 units. The reason why only the
short monophthongs are selected is the characteristics of
short and long vowels are the same at the beginning. For
final part, there are 1,163 units divided into 2 sets; 804 Thai
phonemes and 359 phonemes of loan words. As a result, the
total number of our inventory is 1,505 units. The
combination is shown in table 4.

4.1.3 Construction phase

After a sound inventory has been designed, the next step is to
select the speaker. A female speaker is selected based on the
result of the listening test. All test sentences are read by 5
female speakers at a natural speaking speed and recorded
directly to the computer. The speaker whose voice is natural
and correctly pronounced in Thai standard is finally selected.
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In our early work, the speaker pronounced a set of
meaningless syllable sounds or logatoms and the recording
was done in the office room environment, using a high
quality microphone. The result was unsatisfactory because
the synthesized speech was over stressed. Moreover, audible
discontinuities occurred at the concatenated boundary. In the
current work, we improve our synthesized speech by
recording the target syllable with a frame sentence rather
than syllable unit to solve the over stress problem and
recording in the studio to get the clear voice. The female
speaker reads each sentence 3 times for recording an initial
part and a final part. From the recorded files, select the best
one for manual segmentation. To segment a syllable into the
initial and the final parts we have to find the segmenting
point by listening and using the spectrogram to cut at a zero
crossing point.

This process is an important step that has an effect on
the quality of synthetic speech. However, such defects can be
corrected by digital signal processing technique.

4.2 Speech Signal Processing

Applying signal-processing techniques to the synthesis part
is a way to improve the naturalness. We apply the signal
processing techniques (1) to normalize the amplitude of
sound units to the same scale, (2) to capture the prosody
parameter from the prosody generator into the synthetic
speech waveform (this function makes change to pitch
contour (FO contour) and duration of speech signal.), (3) to
smooth the discontinuity at the vicinity of concatenation. The
considered discontinuities are the pitch variation, spectral
mismatch and amplitude abruption.

4.2.1 Amplitude normalization

In a concatenation of sound units, the problem about abrupt
change of amplitude at the concatenating point between the
units. This problem occurs because each unit comes different
syllable. For this reason, each unit has different amplitude.
This defect makes synthetic speech sound fluctuated. To
decrease this defect, this system normalizes the amplitude of
all demisyllable-base inventory units to be the same
standard.

First, the standard amplitude of each vowel is calculated. The
frame sentence “wovenliye..lFevg” (/thq:?0 b@:k1 haj2
phu:t2 .... paj0 rv:aj2 rv:aj2/) with different target vowels in
between is selected to pronounce and record for measuring
the reference amplitude of the corresponding vowel. Then,
each sentence is multiplied by a ratio that makes the mean of
amplitude of the syllable that preceding the reference vowel,
in this case is “wa" (/phu:t2/), to be the same. Now, all
reference vowel sounds present their own amplitude
characteristic. These adjusted reference vowel sounds are
used in calculating the amplitude reference of each vowel.
Finally, these references are used in multiplying all
demisyllable-based inventory units to have the same
amplitude at the junction.

4.2.2 Prosodic modification

To modify prosody, this system uses Time-Domain Pitch
Synchronous Overlap-Add (TD-PSOLA) [28] technique, a

widespread technique which modifies pitch and duration of
synthetic speech. This technique is based on dividing speech
into subframes that partially overlapped on each other and
each subframe is synchronized using pitch. To alter prosody,
these subframes are slid to the preferred positions to modify
prosody.

This technique is divided into three steps. First step, each
unit in the entire inventory is marked at pitches in voiced
part and, for unvoiced part, at virtual pitches every 4
millisecond as shown in Figure 5. All pitch markers are also
labeled with its type whether voiced or unvoiced. Second
step, the new pitch contour (FO contour) is calculated.
Actually, this new pitch contour was prepared from prosodic
generating part. Next, the new pitch contour will be mapped
with the old one using linear interpolation as shown in figure
6. This interpolation will specify which old pitch should be
mapped to the new one so there are some old pitch missing
or duplicating depending on this modification be to decrease
or to increase duration. Final step, window function will
process at each marked pitch on the original inventory units
as shown in figure 7. Each window function is two-
pitchwidth hanning window. By changing the displacement
between marked pitch and overlapping some part of window
at the edge, the prosody-modified synthetic speech is
generated.
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Figure 5. Pitch marking and labeling
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4.2.3 Concatenated boundary smoothing

Due to the inventory unit used in this system is demisyllabic
unit, so there appears some quality problems that happen at
the intrasyllabic and intersyllabic concatenated point. These
problems are a discontinuity of pitch, amplitude and,
especially, spectrum. For the pitch discontinuity, it was
solved in the prosodic modification part and, also, the
amplitude discontinuity was already solved in the amplitude
normalization part. The discontinuity of pitch and amplitude
can be solved in time domain while the spectrum
discontinuity must be solved in frequency domain. To solve
the spectrum discontinuity, the speech signal is transformed
to some representation in frequency domain. In this system,
the Line Spectrum Pairs (LSP) [29] representation derived
from LPC coefficients is selected.

The advantages of this representation are; (1)its parameters
correspond to speech fomants, work like formant coding, (2)
this representation is stable on interpolation. Figure 8 shown
an example of a relation between formants computed by
using LPC and their corresponding LSP parameters.

Im(z)
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Figure 8. Example of relation between formants (circles)
and its LSP parameters (squares and crosses)

This smoothing method is applied to this system to smooth
the synthetic speech at the connecting points. To implement
this method, first, several subframes at the junction are
removed from the preceding demisyllable and the following
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one. Then the LSP parameter of subframes at the edges are
computed as the reference parameters. The linear
interpolation between these reference parameters is
calculated to replace the removed subframes. This method is
shown in figure 9.

4.2.4 Cross-syllable coarticulation modeling

When more than one syllable are connected together, there
are some cross-syllable coarticualtion between adjacent
syllables. These phenomena make the natural speech distinct
from the synthetic speech. The effects of these phenomena
are classified into two types. The first type is a prosody
alteration, which is effected by the adjacent syllables. This
effect was computed in the prosodic modification part.
Another effect is a waveform interaction with neighbor
syllables. Since the natural speech is the continuous speech
but not the syllabic speech. Some syllabic speech signal is
continuously transformed to the adjacent one. To improve
the quality of the synthetic speech, this system includes these
effects in synthesis part.
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Figure 9. LSP Smoothing method

There are two connection types derived by investigating the
natural speech. The first type is a simple touching. This
occurs when the initial consonant of preceding syllable or
final consonant of next one is unvoiced. Another one is an
assimilated connection. This occurs when both the initial
consonant of preceding syllable and final consonant of next
one are voiced. In the implementation, this system uses the
digital signal processing technique, LSP smoothing, as
described above to simulate these connecting. The example
is shown in figure 10. Figure (10a) shows the simple
touching type and the assimilated connecting type is shown
in figure (10b).
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(b)

Figure 10. Syllable connections:
(a) a simple touching
(b) an assimilated connection

5. Future work

After implementing the system with the above approach and
evaluating the synthetic speech, we found that the quality
was acceptable. However, the improvement of the
naturalness of the speech is suggested.

In the aspect of text analysis, there are two major points: the
input text segmentation and the grapheme-to-phoneme
conversion that need improvement. The improvement in
grapheme-to-phoneme conversion will boost the system in
the way to synthesize the correctly pronounced speech but
not the naturalness. The most important problem is how to
handle the homograph disambiguation. The homograph is
that a word has more than one possible phonological
representation such as the word ‘ws’ can be transcribed into
‘/phe:0-1a:0/> or ‘/phlaw3/’ depending on its context. The
input text segmentaion includes the tasks of sentence
extraction and phrase break determination. This task has an
affect on the naturalness of synthetic speech because its
result implies the determination of the pause position that has
the major role in the prosody generation. The break positions
are so ambiguous that even the native Thai people also can
not judge decisively whether they are actual break. The rule-
based approach has been introduced for the task. An
advantage of rule based approach is that it is easy to
developed. But it also has a drawback in handling the
problem that has several interacting factors and high degree
in ambiguity like the prosody parameter prediction task. The
statistical or corpus based method is another alternative. In
the future, we plan to apply the corpus-based approach to
both the text analysis and prosody generation.

In the aspect of speech synthesis, other acoustic inventory
stucture such as diphone, triphone, syllable and the non-
uniform unit, etc. is in our consideration. Also the automatic
unit selection algorithm which works well in other language
systems is studied to replace the manual speech
segmentation in inventory construction phase. Furthermore,
other advance topics such as the voice transformation and
more sophisticated synthesizer are also our interesting topics.

To pursue these future works, it is evident that the large-
scale prosody-labeled speech corpus be indispensible for us.
Our next step is to design and to develop the speech corpus
which be labeled with the complete information.
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Table 1. Phonetic symbol of Thai consonant

Thai Letter

Phonetic Symbol

Initial Final (including
open syllable)
n X/ /k/
29,00 /kh/
3 /ng/ /ng/
) e/
a, T, Bl /ch/
o, , W, § /s/
), o /j/ /il
0,9 /d/ /t/
0 a t/
.M @, 0,05 /th/
™, /n/ /n/
U /b/ p/
u /p/
W, N, H /ph/
W, ol /1
Y /m/ /m/
5 /t/
8, W N/
1 Iwi/ Iwl/
%, @ /h/ -
a /?/ -

Table 2. Consonant Cluster

Thai Letter Phonetic Symbol of Consonant English Letter Phonetic Symbol of Consonant
Cluster Cluster
Initial Final Initial Final
1ls- /pr/ - br- /br/ -
- /pl/ - bl- /bl/ -
a3 /tr/ - fr- /fr/ -
ns- /kr/ - fl- /fl/ -
na- /kl/ - dr- /dr/ -
m- /kw/ - f- - /]
WI-, W3- /phr/ - 1- - N/
Wa-, Ha- /phl/ - s- - /s/
n3- /thr/ - ch- - /ch/
A3-, 13- /khr/ - - - -
A8, V8- /khl/ - - - -
- /khw/ - - - -




Table 3. Phonetic Symbol of Thai Vowel
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Monophthong Diphthong Vowel Letter
Short Vowel Long Vowel Short Vowel Long Vowel Short Vowel Long Vowel
< /a/ N a;/ oz /ia/ (T fi;a/ &) /am/ - -
e fi/ e i;/ oz /va/ o /v;al 1 - /aj/ - -
E v/ e v/ ez /ua/ A /uza/ 11 /aw/ - -
N h/ 3 /u,/
-z e/ - le;/
Uz /x/ - /x;/
1< lo/ 1- lo;/
1z @/ -2 @/
-az 1#/ -8 /#;/
Table 4. Combination of Demisyllable based Inventory for Final Part
Vowel Final Consonant
Dead Syllable (3) Live Syllable (5) Open Syllable (1)
Monophthong

Short vowels (9)

Mid, Low, Falling, High

Mid, Low, Falling, High

Mid, Low, Falling, High

Long vowels (9)

Mid, Low, Falling, High

Mid, Low, Falling, High,

Mid, Low, Falling, High,

Rising Rising
Diphthong
Short vowels (3) - - Low, Falling, High
Long vowels (3) Low, Falling, High Mid, Low, Falling, High, Mid, Low, Falling, High,
Rising Rising
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Toward an Enhancement of Textual Database Retrieval
By using NLP Techniques

Asanee Kawtrakul', Frederic Andres’, Kinji Ono’,
Chaiwat Ketsuwanj, Nattakan Pengphonj,
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(1) NAiST b Computer Engineering Dept, Kasetsart University, Bangkok, Thailand
(2) NACSIS?, Center of Excellence of the Ministry of Education, Tokyo, Japan

ABSTRACT : Improvements in hardware, communication technology and database have led to the
explosion of multimedia information repositories. In order to provide the quality of information
retrieval and the quality of services, it is necessary to consider both retrieval techniques and database
architecture.

This paper presents the project named VLSHDS-Very Large Scale Hypermedia Delivery System. The
quality of textual information search is enhanced by using NLP techniques. The quality of service over
a large-scale network is provided by using AHYDS-Active HYpermedia Delivery System-framework.

KEY WORDS : Information Retrieval, Textual Database Retrieval, Multi-level indexing, Document
Classification, Very Large Scale Hypermedia Delivery System, Natural Language Processing
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1. Introduction

Improvements in hardware, communication technology
and database engines had led to the expansion of
challenging interactive multimedia applications and
services. Typical examples of applications include on-line
news, digital libraries and web-based information
involving  multi-dimension  multimedia ~ document
repositories. These systems combine various media
content with hyperlink structures for user query or
navigation. Most of them store contents inside the database
systems supporting extenders in order to add application
data types with their access methods. Moreover, there is no
vertical integration between application plug-ins and the
database kernel itself. This limitation is an underlying
reason for further improvements [6,8,16,17,18]. AHYDS-
The Active HYpermedia Delivery System is one of a new
wave of database kernels [4,7,15] that facilitates the access
to multimedia documents according to the user’s
requirement and application’s features over a wide
spectrum of networks and media [1].

The VLSHDS-Very Large Scale Hypermedia Delivery
System is the project between NACSIS and NAiST [2,10]
which is aimed to integrate both the quality of data
management service and the quality of textual information
retrieval. The VLSHDS platform is , then, based on
AHYSD which provides a framework for open data
delivery service, communication service, query execution
service and supervision service. The quality of full text
retrieval services has been enhanced in both precision and
recall by integrating NLP techniques for document and
query processing.

Section 2 gives an overview of the VLSHDS. The
implementation of document processing, query processing
and retrieving processing are described in section 3, 4 and
5 respectively. Section 6 gives the conclusion and briefs
the next step of the project.

2. An Overview of the Very Large
Scale Hypermedia Delivery Systems

The key architectural components in the VLSHDS
platform used as textual database platform is shown in
Figure 1. The system consists of a client/server three tiers
architecture. At Client side, queries are sent to the server
by using the AHYDS communication support [11]. At the
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server side, there are three main components: Document
Processing, Query Processing and Retrieving Processing. The
Document Processing based on the Extended Binary Graph
(EBG) structure provides multilevel indices and document
category as document representation. The Query Processing
provides query expansion based on query guide. The Retrieval
Processing computes the similarity between queries and
documents and returns a set of retrieved documents with the
similarity scores.

3. The Role of NLP in Document
Processing

To enhance the performance of full text retrieval service, good
representation of each document should be provided, i.e., multi-
level indices and document category. Multi-level indices will
increase the retrieval recall without the degradation of the
system precision and document category will be used for
pruning irrelevant document or increase precision while
decreasing the searching time.

The primary problem in computing multi-level indices and
category as document representation is a linguistic problem. The
problems frequently found, especially in Thai documents, are
lexical unit extraction including unknown word, phrase
variation, loan words, acronym, synonym and definite anaphora.

Accordingly, to be more successful, NLP components, i.e.,
morphological analysis and shallow parsing should be
integrated with statistical based indexing and categorizing

3.1 The Architecture of NLP based Document
Processing

Figure 2 shows the overview of Thai document processing.
There are two main steps: multilevel indexing and document
categorizing. Each document will be represented as

Di = <Ip31t,IC3Ci>

Where I, I, L. are the set of indices in
phrase, single term and conceptual level,
respectively
Ci is the category of an document i-th
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Figure 3: Phrase Identification and Relation Extraction

NP <-cn+cn+(cn) nmelith

NP <-cn +{cn, pn}  dszinelng
NP <-cn + v + (cn)

NP <-cn + (ci

Ingnazansiss
n) + mod e

NP <-cn +prep + cn  MAINIIEINNT
NP <-cn+v+v anldane
NP <-cn + num + cl Faisaarin

NP <- cn + NOM aqmmﬂnﬁumsné’uqﬁ

NOM <- prefix + vp  MINAUF™

Figure 4: Noun phrase rules

3.2 Automatic Multilevel Indexing

As shown in Figure 2, automatic multilevel indexing
consists of three modules: lexical token identification,
phrase identification with relation extraction, and
multilevel index generation. Each module accesses
different linguistic knowledge bases stored inside the EBG
data structure.

3.2.1 Lexical Token Identification

The role of lexical token identification is to determine
word boundaries, and to recognize unknown words, such
as proper names and loan words, i.e., technical terms in
Thai orthography. Based on [12], lexical tokens are
segmented and tagged with part of speech. Based on [13],
loan word will be solved.

3.2.2 Phrase Identification and Relation
Extraction

In order to compute multilevel indices, phrase
identification and relation extraction are needed. The
relation between terms in the phrase will be extracted in
order to define indices in single term level and conceptual
level. There are two kinds of relations: head-modifier and
non-head-modifier (or compound noun). If the relation is
head-modifier, the head part will be the single term-level
index while the modifier will not be used as index. If the
relation is compound noun, there is no single term-level
index. The conceptual level indices, then, will be produced
from the head of phrase or compound noun by accessing
Thai wordnet.

The problems of this step are that (1) how to identify
phrase without deep parsing for the whole text, (2) how to

distinguish between noun phrase and sentence which may have
the same pattern and (3) how to extract the relation between
terms in phrase.

To solve the problems mentioned above, the algorithm of phrase
identification and relation extraction consists of three main steps
(see Figure 3):

The first step is the candidate index selection which is based on
Salton’s weighting formula [9], then, the second step is the
phrase boundary identification by using statistical based NLP
technique. This step will find phrase boundary for a set of
candidate indices(provided from the first step) by using NP
rules (see Figure 4)

At this step, we can describe as 4-tuple:
{T, N, R, NP}
where
T s the set of candidate terms
which have weight w; > 6
(@is a threshold)
N s the set of non-terminal
R is the set of rules in the grammar
NP is the starting symbol

The third step is the relation extraction. After the boundary of
phrase(s) is identified, we need to compute the relation between
a set of words in the phrase in order to find whether that NP is
head-modifier NP or compound. If the frequency of each word
of candidate NP has the same frequency (see Figure 5) then

head modifier > 6

WIWaW3Wy Wi WaW3Wwy
f1 fz f3 f4
compound

;fi=h=1f=1
— sh=h=5h=1

Figure 5: Relation Extraction

relation of that NP is compound noun, otherwise relation of that
NP is head-modifier pair. Head is the term(s) with highest
frequency. Modifier is the term(s) with lower frequency.

The detail of the algorithm is given in Annex 1.
3.2.3 Multilevel index generation

At this step, each document D; is summarized and represented
in the EBG data structure as a vector of numeric weights, i.e.:
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D, :<[pf’1t;’[cf >
where
Ip[ =< Wpli,sz[ ,...,Wp3[ >

=<Wyy, Wy s Wys >
I, =<Wy We W >

c

Phrasal level indices (I,) consist of set of the phrases
extracted by using noun phrase rules. Single term level
indices (I) are the head of each index token in the phrasal
level. Conceptual level indices (I.) are the semantic
concepts of each single term level index, given in Lexibase
[14]. For example, the document concerns about uzu1n
(lemon), may keep “wzw3la” (A kind of lemon) as phrasal
level and keep “wzwr” (Lemon) as single term level and

.

wz” (Plant) as conceptual level.

Figure 6 shows the process of Multilevel Index Generation
consisting of phrase level, single term level and conceptual
level for each document.

Phrase Weighting

{Di,lp, Wy}

Defining Single
Term Index

{DiIr, Wr,}

A 4

Semantic Concept
of Single Term Thesaurus

{Di,Ic,Wc;}

Figure 6: Multilevel Index

Generation
index we use Saltons Weight

normalization [15] as shown below is used for computing
weights.

In each level of

m N
iy 10g7d
Vkm _ n,

/
N
> 1f " log—~
-1 n.

J J

tfkm = Number of index terms k in document m
Ny = Number of documents that contain term k&
N,; = Number of documents in the collection

/ = Number of index terms

The parallel processing of the document is providing by the
AHYDS engine using the EBG data structure. Each level of
index of each document is computed dependently but
independently from other document.

More details of the algorithm of multilevel index generation is
given in Annex 2.

Figure 7 shows the comparison between multilevel indexing and
traditional indexing system

Using multilevel indexing, “egg” would not be retrieved, while,
in traditional IR, it will be retrieved which degrade the
performance of the system.

3.2.4 Document Classification

Even though multi-level indices can cover a very wide range of
document retrieval without degradation of system performance,
document clustering for pruning irrelevant documents is still

D;=<1I,.1,.1

t;27¢0

C; >
necessary in order to increase precision and decrease searching
time.

Text categorization or document clustering consists of two
parts: a prototype learning process to provide prototypes for
each cluster of documents and a clustering process, which
compute the similarity between input document and prototype
(see Figure 8).

Finally, document will be represented as

where

I =W szn'"’W >

pi pl Pl

I, =<W, Wy s W, >
I, =< Wy Wy W >

The alg@iithﬂa: ng(?]cgm%%ttzcjlusﬁﬁ?g isssummarized in Annex
3. ' ’ !

4. Query processing

In order to obtain those documents, which have the best match
with a given query, we also need a *query guide’. Query Guide
is applied by using the cluster hypothesis and query expansions.
Our method apply Word-Net for reconstructing query by adding
more general term/concept. For example

Query = “dhaanlsl” (proper name: the name of mango) and its
general term (from Word-Net) is “wzine” (mango). After
expansion, the new query is “wzir-haenls (The phrase
contains of mango and its specified name).

5. Retrieval Processing

The following retrieval process is implemented for enhancing
the performance of the system (see figure 9):
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Index Level

Phrase level uzall  —p
Single term level EATRD] <P

s
Conceptual level <P

Multilevel Indexing

Query

Document
About

uzyunla

(A kind of
lemon)

le—— nzunli
l—» uzun

l—» Egg

A

Traditional Indexing System

Query Meaning
A kind of lemon named (“Egg lemon”)
Lemon

-

W Plant

Figure 7: Example of how Multi-Level Indexing can enhance performance

| Initial learning data |

Learning Process

Prototype class
®

New document

!

Represent document
into weight vector

I

Compute similarity of document
IF it is not similar THEN
Add this document to
unknown category
ELSE
Adjust weight vector in P,

Figure 8: Text Categorization process

B and set C

A = The set of all documents

B = The set of documents by matching the
input queries with the inverted index file.

C = The set of documents which have the
same category as the query.

D = The documents which come from the
intersection of the sets of documents in set

Figure 9. The Retrieved Documents

Compute a candidate set of documents by matching
the input queries with the inverted index file.

Select a candidate set of documents which have the
same category as the query.

Calculate the similarity between the queries of the
documents which come from the intersection of the
sets of documents in 1 and 2.

Return a set of retrieved document with the similarity
scores.

6. Conclusion and Future Work

Figure 10 shows the difference between a set of index with
applying and without applying NLP techniques.

At the current state, knowledge acquisition is processed
manually by linguists. Next step it will be provided by
semi-automatically. The domain of documents is limits in
computer area. However, it will be extended to cover
agriculture and general news area.
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Annex 1

Algorithm Phrase Identification and Relation Extraction

Input: alist of lexical token w;, w,, ..., w,
with set of POS tag information T; = {1, t5, t;, ..., tw},
frequency f; and weight I¥; for each word

Output: set of candidate index NPs with head-modifier relation
or compound relation

Candidate Index Selection:
Selecting candidate index by selecting term which have weight w; > 6
(@1is an index threshold)

Phrase boundary identification:
FOR each candidate term DO
Apply NP rule to find boundary
IF can not apply rule directly
Consider weight of adjacent term w,; THEN
IF adjacent term has weight w,g; > ¢

(¢ 1is a boundary threshold) THEN
Extend boundary to this term
ELSE
IF this adjacent term in the preference list
Extend boundary to this term THEN

Relation Extraction:
FOR each candidate index phrase DO
To find internal relation we consider term frequency
in each phrase

IF the frequency of each word of candidate NP
has the same frequency THEN
Relation of this NP is compound noun

ELSE
Relation of this NP is head-modifier pair :
Head is the term(s) with highest frequency.
Modifier is the term(s) with lower frequency.
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Annex 2

Algorithm Multilevel Index Generation

Input: 1. A list of lexicon token provided by Lexicon Token Identification
and Extraction process w1, w,,...., w; with its frequency f,; and
weight w,;.
2. A list of candidate Phrasal indices with
head-modifier relation or compound relation.

Output: Index weight vector as document representation

D, = {I, I, 1.}
Where
Ly, = {Wpp Wpy o Wi}
1,/_ ={wi, Wiy w,j}
Iy = fo ey )
Phrasal Level Indexing:
FOR each candidate Index NP DO
Recompute Phrase weights in whole documents
IF phrase weight > @ (60 is index threshold)
Keep sorted Phrase index token THEN

Single Term Level Indexing:
FOR each candidate phrase index NP OR each single term DO
IF tokens of candidate phrasal index
Extract the head of the token THEN
Recompute weight
ELSE
FOR each lexicon token that not appear in phrasal level DO
Recompute weight
Keep sorted Single term indices

Conceptual Level Index:
FOR each single term index DO
Find Semantic Concept of each single terms
Recompute weight
Keep Sorted Conceptual Level Index
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Annex 3

Algorithm Document Clustering

Input:  single term indices and phrase indices with their frequencies
Output: Document representation in <Ip, L, L, C>

Learning Process:
Define prototype class e.g. Computer, Agriculture, News etc.
FOR each documents DO
Compute weight vector of single term/phrasal indices by using

W " = Weight Vector of phrase indices x in document m®
m Na =k Singl ind
tf " log a4 X mean Single term index
m ’ . x=p mean Phrasal index
W, = #" = {0iff" =0, log(f") + 1 otherwise}
z tf m log ¢ n; = Number of documents that contain term k
j=1 J n; N, = Number of documents in the collection
! = Number of index terms

FOR each prototype class DO
Compute weight vector of single term indices by using Rocchio's algorithm is used [3, 5]:

W.. = weight of term k in the prototype P, for class.
x =k = Single Term index
x = p = Phrasal index
W," = weight of term k indexing for each document
x =k = Single Term index
ZWm - ZWm x =p = Phrasal index
iR, ~ -7 R. = set of training documents belonging to class ¢
1 R. =set of documents not belonging to class ¢
(Note: B =16,y =4 [Buckley et al., 1994])

0 Otherwise
ch = '
ch If W ck = 0

\R

Classification:
FOR new document input DO
Compute weight of phrase index and weight of single term index by using formula:

N W " = Weight Vector of phrase indices x in document m"
tf mn log ld x =k mean Single term index
m * n, x=p mean Phrasal index
W, =————————| «" = {0iff"=0,log(f")+ 1 otherwise}
z tf m log 4 n; = Number of documents that contain term k
Jj=1 / N, = Number of documents in the collection
- ! = Number of index terms

Compare weight with each Prototype Class by using the dot product formula

Sorew,) pNUARIN

S(D,,C)=a kol +p
‘/Z(W:)Z*Z(VKP)Z ‘/Z<Wk Z*Z(W )’
k=1 k=1

W = Weight of Single term £ in the Prototype P for class
W" = Weight of Single term k in document m®
W, = Weight of Phrase p in Prototype P, for class
W" = Weight of Phrase p in document m‘h

a=10,1]
A=10,1]
atp=1

FOR each C, DO
IF S(D;, C) > 6, THEN
Store document into Prototype P, and adjust weight in Prototype Class.
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VLSI Implementation of a Symmetric Cipher Using Cellular Automata

Banlue Srisuchinwong, Thitiporn Lertrusdachakul,
Orapin Watcharawetsaringkan and Kittipong Meesawat
Department of Electrical Engineering, Sirindhorn International Institute of Technology
Thammasat University, Rangsit Campus, Pathumthani, 12121, Thailand
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A High-Speed Multiplier-Free Realization of
IIR Filter Using ROM'S

Thanyapat Sakunkonchak and Sawasd Tantaratana
Department of Electrical Engineering, Sirindhorn International Institute of Technology
Thammasat University, Rangsit Campus, Pathumthani, 12121, Thailand
E-mail: thong@siit.tu.ac.th, sawasd@siit.tu.ac.th
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An Error Concealment Method for the H.261Video Decoding
Using Estimation of the Motion Vectors
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ABSTRACT - The detection and concealment of error in the H.261 standard video stream is important in any video conferencing session as error in the

bitstream can affect not only its corresponding picture element but also other neighbouring elements in the same frame and also other frames that references the
errornous element. The error can propagate until the starting of a new Group of Block (GOB) if it is not detected.

This paper presents a method for concealment of error in macroblock upon detection of error while decoding
the H.261 bitstream. Temporal error concealment using motion vector from current and previous frames is applied.
An array of macroblocks for concealment which formulated from motion vectors in current and previous P-frames by
average, interpolate and extrapolate. Then, the best macroblock to conceal the error macroblock is selected.

KEYWORDS - GOB, Macroblock

Application of Inclusion Scheduling to Resource Estimation in
Architectural Synthesis With Imprecise Specification

Chantana Chantrapornchai
Dept. of Mathematics Silpakorn University

Sissades Tongsima
HPCC, NECTEC

ABSTRACT - In this paper, we apply inclusion scheduling to estimate resource bounds in architectural synthesis

for VLSI systems. The inclusion scheduling algorithm takes an application which may consist of imprecise information
and generates a good schedule on average. The framework for resource estimation considers the design goal, and first

creates the initial bound. Then inclusion scheduling is used as a tool to adjust the bound while considering imprecise
information.

KEY WORDS - architectural synthesis, resource estimation, scheduling, allocation, imprecise information
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ABSTRACT - The Remote Environmental Control System is a system that can be used to remotely control
electronic equipment through various communication media such as telephone, modem, remote control, and computer
through serial port. This system is intended to control and monitor the status of the network equipment located in the
rural areas unattended by technical personnel in the Government Information Network (GINET) project. This paper
presents the design of the system in three levels, the physical design, the RS485 protocol design, and the software
design. The software design uses the object-oriented design technique and design pattern to reduce implementation
complexity which lead to less development time, easier validation, and ease of maintenance.

KEY WORDS -- Embedded System, Home Networking, Information Appliance

Applying ATM Network Technology for IMT-2000
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a o a J v o v A [ o
W AT, dUYY NN INFA ﬁﬁ‘ﬁﬁll@\myﬂu ONNN mmmﬂﬁ

] 1 v a a 4
G5H UHWION Jaan1 grIITIoN

Department of Computer Engineering, Faculty of Engineering,
Prince of Songkla University, Hatyai, Songkla, Thailand 90112

Abstract-- In this paper, we present an investigation of ATM network technologies for IMT-2000. Our study work
will focus on the ATM deployment in co-operate with IMT-2000. We first show some limitations of AAL-1 when it is
used for carrying low bit rate voice. In contrast, when assessing the use of AAL-2 for carrying low bit rate voice,
AAL?2 offers a number of advantages when compared with AAL-1. We briefly reviewed network architecture issues
related to internetworking model. We have addressed some challenging issues which may be concerned for future
research topics.

Keywords: ATM, IMT-2000, Mobile, Wireless, Internetworking
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A High-Speed Multiplier-Free Realization of
IIR Filter Using ROM’S

Thanyapat Sakunkonchak and Sawasd Tantaratana
Department of Electrical Engineering, Sirindhorn International Institute of Technology
Thammasat University, Rangsit Campus, Pathumthani, 12121, Thailand
E-mail: thong@siit.tu.ac.th, sawasd@siit.tu.ac.th

ABSTRACT — In this paper, we propose a high-speed multiplier-free realization using ROM’s to store the results
of coefficients scalings in combination with higher signal rate and pipelined operations. By varying some parameters,
the proposed structure provides various combinations of hardware and clock speed (or throughput). An example is
given comparing the proposed realization with the distributed arithmetic (DA) realization. Results show that with
proper choices of the parameters the proposed structure achieves a faster processing speed with less hardware, as
compared to the DA realization.

KEY WORDS -1IR filter, multiplier-free realization, pipelined realization.
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Speech Coding by Adaptive Differential Pulse Code Modulation using Dual
Autocorrelation Technique
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ABSTRACT — This paper presents speech coding by Adaptive Differential Pulse Code Modulation (ADPCM) by
using the dual autocorrelation to predict the signal. Generally, the autocorrelation of adjacent speech sample is greater
than the autocorrelation of several order time delayed samples. So, the prediction of present sample by using the one
past and next sample is more effective than only using the several order time delayed past samples. This prediction
method is used in ADPCM encoding and the result compares with the standard ADPCM encoding.

KEY WORDS — ADPCM, Dual autocorrelation
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Wavelength Routing Switching using Birefringent Fiber
By Coupled Polarization Modes

P.P. Yupapin
Lightwave Technology Research Center, Department of Applied Physics, Faculty of Science King
Mongkut's Institute of Technology Ladkrabang (KMITL), Bangkok 10520, Thailand Tel: 6627373000 ext.
6271, Fax: 3269981, E-mail : Yupapin. Preecha@kmitl.ac.th

ABSTRACT-- This paper presents the study of an optical signal processing scheme known as a wavelength routing
switching where the selected wavelength channel is routed by stretching a polarization maintaining fiber. The principle
of the scheme is that the wavelength channel multiplexing signals are orthogonaly combined then propagated in a
single mode polarization maintaining fiber. The desired wavelength channels could be controlled by stretching, i.e.
coupling, the employed fiber length. Results obtained using two multiplexed wavelength channels of 670 and 632.8 nm
sources have shown the measured crosstalk of -7 dB, where the signal to noise ratio of 14 dB was achieved.

Keywords-- Optical switching, Optical devices
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BPSK/QPSK Radio Frequency Data Modulation and Demodulation for
Cable Television Network
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ABSTRACT--This paper presents radio frequency modulator and demodulator for high  speed data
communication on Hybrid Fiber Coaxial cable television network. Modulation and demodulation uses quadrature
phase shift keying, which have changes in carrier phase by multiple of 90 degree.

The modulator consists of : digital signal processor, carrier signal processor, signal multiplier and

signal summation. The demodulator consists of : QPSK amplifier, clock generator, carrier recovery signal generator,
signal multiplier and digital processor.

The resultant modem operates at 10 MHz carrier frequency with data rate 1.28 Mbps/S.

KEYWORDS - QPSK , Cable Modem
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Performance Analysis of Data Communication in HFC Network
Under Impulsive Noise Environment on the Return Paths
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ABSTRACT - This paper analyses the performances of data communication on the return path of the HFC
Network, following the DOCSIS (Data Over Cable Service Interface Specifications) and IEEE 802.14 standards.
Three methods of modulation; BPSK QPSK and 16 QAM are analyzed under impulsive noise environment with
reference to class-A impulse noise model. The result indicates the relationship of each modulation methods in term of
BER via CNR.

KEY WORDS — Hybrid Fiber Coaxial Network , Return Path , Impulsive Noise , Carrier to Noise Ratio
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3D of Radioisotope source positioning in Radioisotope insertion Treatment

by using an Imaging of X-ray Film scan
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ABSTRACT - The position of radioisotope source in a patient who was treated by radioisotope insertion
technique is very important for calculate a dose distribution. The Inputting from keyboard or digitizer is good practice
for source positioning but not enough for source to organ relationship in a patient. Inputting source position on the
computer screen together with x-ray imaging will be done easier and can be seen the source to organ relationship that
very helpful in reducing of inputting error. An error may be rise from a measurement on the film by using ruler or the
film slid while using the digitizer. The inputting on screen will produce an error less than 0.3 mm. (depend on the
screen resolution). The x-ray imaging can be improved the quality by adjust a contrast, brightness, Zoom in/out and
Pan the image on the screen. It can be show the relationship line between the antero-posterior image with respect to the
lateral image as well.

KEY WORDS - radioisotope source position, radioisotope insertion.
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The Detection of Malaria Parasite in Red Blood Cells Image by Multi-Peak
Histogram Comparison
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Abstract-- This research present the detection of malaria parasite in red blood cells image by using computer. In
the detection of malaria parasite in red blood cells, the blood film must be dyed. Then scan the desired color. The
malaria parasite is indicated by the color. The intense level of malaria parasite which it is different from red blood
cells. So the research present the detection of malaria parasite in red blood cells image by Multi-Peak histogram
comparison. The Multi-Peak histogram comparison can be create software computer for the detection of malaria
parasite. In the experiment uses 30 image of red blood cells. From the experiment result, the Multi-Peak histogram
comparison can be used to detect malaria parasite with 100 percent accuracy.

KEY WORDS — Medical Image ,Enhancement and Segmentation
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ABSTRACT-- This paper presents a method for extract skeleton vector from Thai print characters base on
continuous sampling on character lines. The major techniques for skeleton vector is calculate point's direction on
character lines [1]. But the recognition is not good enough because it still keep noises to be the feature. We correct this
problem with continuously sampling on character line with junctions and then delete sample points that is not essential
(not represent the sharp curve or sharp angle of line) after that calculate the direction of vectors. Data structure support
multi objects character.

KEY WORDS -- vector feature, sampling and skeleton
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Toward an Enhancement of Textual Database Retrieval
By using NLP Techniques

Asanee Kawtmkull, Frederic Andresz, Kinji Onoz,
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ak@beethoven.cpe.ku.ac.th , {andres,ono}@rd.nacsis.ac.jp
(1) NAiST" Computer Engineering Dept, Kasetsart University, Bangkok, Thailand
(2) NACSIS”, Center of Excellence of the Ministry of Education, Tokyo, Japan

ABSTRACT-- Improvements in hardware, communication technology and database have led to the explosion of multimedia information repositories. In

order to provide the quality of information retrieval and the quality of services, it is necessary to consider both retrieval techniques and database architecture.

This paper presents the project named VLSHDS-Very Large Scale Hypermedia Delivery System. The
quality of textual information search is enhanced by using NLP techniques. The quality of service over a large-scale
network is provided by using AHYDS-Active HYpermedia Delivery System-framework.
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Advanced Control of One-Link Flexible Robot Arms
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ABSTRACT -- This work deals with the application of advanced control techniques, namely, adaptive, robust and intelligent control, in the control of one-link
flexible robot arms so as to force it to move to the desired positions and to reduce the vibration that occurs during the motion due to its flexible nature. The

objectives are (i) to determine the feasibility, performance, advantages and disadvantages of various techniques mentioned above and (ii) to develop advanced
control software

KEY WORDS - one-link flexible robot arm, adaptive control, robust control, intelligent control
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ABSTRACT-- This paper describes our preliminary research in analyzing mechanical structure and its stability of a
humanoid robot, to be designed and built at FIBO. Mobility and gaits of such a robot are governed by only two legs,
leading to high complexity in dynamic control. We have thoroughly measured positions, velocities and accelerations
of each joint of human legs in order to understand their profiles. We are in a process of designing geometry of the
robot legs, based on such measured profiles. In addition, we have proposed the robot gaits with related analysis on
kinematic and dynamic stability. Finally, a planar two degree of freedom inverted pendulum (PTIP) has been built as a
testbed to implement our controller for balancing one leg. Simulation results and discussion are included herein.

KEY WORDS -- Humanoid robot, Stability, Gait
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Using Laser Plotter to Draw Graphic Picture
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ABSTRACT-- There are many applications using laser as a tool for cutting, drilling or marking many kinds of non-
metallic materials such as cloth, leather, acryric, wood and etc. We are now developing our software and hardware to
control plotter as a laser marking tool. This laser plotter can not only use as an ordinary plotter but also can use to cut,
draw or mark any pictures appear on the monitor screen. The quality of the marking picture is the same as the picture
showing on the screen. Most of the processes are controlled by software instead of hardware. This laser plotter can
mark with difference depth of any parts of a picture file by controlling plotter speed and/or laser power. The power of
laser can be controlled by software with 256 levels. Of cause, our software and hardware must be used together to do
these jobs.

KEY WORDS -- Laser, Plotter
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Photoreflectance spectroscopy measurement system
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ABSTRACT-- The objective of this research is to construct the prototype of room-temperature photoreflectance
(PR) spectroscopy measurement system for studying the energy band structures of semiconductor and semiconductor
heterostructures. The system is set up on an optical table and modulation light is provided by a 3 mW He-Ne laser.
The chopped laser light is irradiated onto the thin film sample. Light from a 100 W tungsten lamp passed through a 7
cm monochromator, acts as a probe light. The reflected probe light from the sample is detected for each wavelength
from 500 nm to 2200 nm. The detected signal has two parts: The ac part measured by the lock-in amplifier
synchronize to the modulating frequency is related to the change in reflectivity, dR, while its dc part is related to the
reflectivity, R. Using a computer for control system and data acquisition, a spectrum of dR/R versus photon energy can
be obtained.

KEYWORDS: photoreflectance, spectroscopy, energy band structures, semiconductor
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ABSTRACT-- Nowadays, there are a small number of Computer-Aided Instruction (CAI) software in Thailand.
Besides, most software was developed for specific purposes. The Encyclopedia Building software is a CAI, which can
be created by the users themselves. Users can define key words, contents, and images used to illustrate the contents so
that the students can use them as a referenced encyclopedia. User, moreover, can also define secondary key words
appeared in any contents of the primary key words.
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