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Sicis This research and development project is a cooperzs ffort among Massachusetts Institute of Technology (MIT),
A High Performance Computing Center (HPCC) at NEC Y and government agencies responsible for water

resources management. In the first phase, these ggencig@will consist of the Royal rrigation Department, the
Bangkok Metropolitan Agency, the Meteorological ment, the Electricity Generating Autharity of Thailand, and
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Water Resource Management System (IMRMS). Also, in order to maintain sustainability of the project in line with
new technology, the transfer of technology not only from MIT to the Thailand agencies but between the agencies

themseles, will be considered a high priority.
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anugnalilfeanulilsunsy GRASS

Tae 89178 Andiale

taravudh@hpcc.nectec.or.th

N1

GRASS (Geographic Resources Analysis Support System) vl public domain %Qﬁ@mmmﬁm@mqﬂu
L?"m raster based GIS, vector GIS, image processing system, and graphics production system. Tdsunsusenann
Qﬂ@?ﬁﬁum‘im US Army Corps of Engineers TurtasiiefilddannsGitui uazdsuandenludoms, fnnsldsu
pEUNTTANE UMW LR N ANEaY waeNWTaNaladsinge] %q‘imﬂiﬂﬂmwLLﬁqgﬂm%’ﬂﬁumimﬂ% C
uiiesdu ﬁﬁﬁuﬁummm‘ﬁﬁ’]mLﬂuéﬁwmﬁiﬂ A8 Baylor University (the Center for Applied Geographic and
Spatial Research) Tnafinig Upgrade Lﬂum@ﬁ”u 4.2 1ae 5.0

lusinTusunsn GRASS azuseqsiae 40 Tdsunsud miunis render images UNMTNA8 (monitor ) WATNITANL
Tsunsui I lunnamuaninam (Raster) 75 Tlsunsu Hldsunsunisaruanidayaidadu(vector) 30 Tulsunsu &
Tusunsun1sAuanme multi-spectral image processing 30 tsunsy dldsunsudnnisszuugiudeya 16 Tsunsu
uwazdlilsunsudnnistieyaieqn (points) 6 Tisunsw Faazifiugn Tugousedlilsunsy GRASS ﬂtﬁﬂﬂﬂﬂjﬁﬁﬁ‘ﬁl @

annsndoa W18 Fuauazaanannisldeusinannldiduaing

Data formats supported by GRASS

® Raster
® \/ector
® Sites

® |mport from DXF, Image, ASCII, and others
® F[Export to DXF, Image, ASCII, and others

® |mage (satellite and air-photo)

Data Management capabilities of GRASS
® Spatial analysis
® Data generation through modelling
® Map generation
® |ink to DBMS

® Data visualization
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® Data storage

GRASS az@1119091197101 UNIX platforms 1w LINUX, Solaris, SunOS, Irix, BSD kag HP-UX. & miulu
flaqiuainnsaneIuus. Windows 95 Tududsesdoduie  dwiuausniudesdureusiaciiazlddni
T1l3un3nGRASS ﬂfm:ﬁ@mmﬂﬁﬂﬂwﬁﬂﬂﬁ@mﬁqﬁ

® 'C'compiler
® 3 Mbytes of RAM
® 140 Mbytes of free disk space for source code

® 120 Mbytes of free disk space for compiled binaries

ustthaglimanzauaie) fasfiamauRresries il
® 'C' compiler, either native or 'gcc'
® 32 Mbytes of RAM
® 140 Mbytes of free disk space for source code
® 160 Mbytes of free disk space for compiled binaries

®  Motif or Motif-clone for compiling XGRASS

® 100 Mbytes to several gigabytes for data

o v v o v v . uge A . A ¥ d‘
NTUIINTDYA mmmmw’m@gmimmi Digitize #17® Transfer Files UIBIMNFIULDY DL (ArcInfo
Maplnfo , Intergraph , AutoCAD) G ludquaesdayaiadu qn N azaiunsniudeiuld uslunsiians Attribute
Files azelanaliing/lugiland Text Files udainuuusa
dwdunsdisananudlalilaanisld Postgres nundaaluszuugudeya @9 Postgres filu relational
database management system (DBMS) fanilawitianiv
o v v [~
nazuaunstdndayas uwandly
- Data (line/point/polygon , attribute)
- Vector

- Raster

GRASS annnsndaelunisiinazvidaya tnelddl function lunane ) Anwosy
- Arithmetic (+,-,%,/, %)
- Logical (==, I=, >, >=, <, <=, &&, || )

- Function (Grey Scale Equivalent / Color Separates)

GRASS #18190LaRAIKA 1UgLU98 2 UaY 3 HR
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AAMUATNNTOLRI GRASS

Data analysis and modeling

® watershed analysis and modeling
® |and use planning

® terrain analysis

® |and management

® erosion modeling

® spatial visualization

® population demographics

® satellite image classification
® business geographics

® air photo interpretation

® environmental analysis

® digitizing

® ggricultural analysis

® map production

® data development

® statistical analysis

Raster analysis

® (Cell and profile data query

® Automatic rasterline and area to vector conversion
® Colortable modifications

® Conversion to vector and point data format
® Buffering of line structures

® Reclassification of cell labels

® Correlation / covariance analysis

® Resampling (resolution)

® Fxpert system analysis

® Rescaling of cell values

® Flow analysis

® Statistical cell analysis

® |nterpolation for missing values
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® Surface generation from vector lines
® Neighborhood matrix analysis

® Surface analysis

® Raster overlay with or without weight

® Watershed generation and analysis

Vector analysis
® Contour generation from raster surface
® (Conversion to raster and point data format
® Digitizing with board or on screen (scanned raster image) with mouse
® Reclassification of vector labels

® Superpositioning of vector layers

Point data analysis

® Delaunay triangulation
® Surface interpolation from spot heights
® Thiessen polygons

® Topographic analysis (curvature, slope, aspect)

Image processing

® Canonial component analysis (CCA)

® Color composite generation

® [Edge detection

® Frequency filtering (Fourier, convolution matrices)
® Fourier and inverse fourier transformation

® Histogram stretching

® |HS transformation to RGB

® Image rectification (affine and polynomial transformations on raster and vector targets)
® (Ortho photo rectification

® Principal component analysis (PCA)

® Radiometric corrections (Fourier)

® Resampling

® RGB to IHS transformation

® Texture oriented classification (sequential maximum a-posteriori classification)

lasamsszuLiaTesziianIzannIsnsnens iz lng AN 9. BNAsLseneUnTeLTNASIRT 35



® Shape detection

® Supervised classification (training areas, maximum likelihood)

® Unsupervised classification (minimum distance clustering, maximum likelihood)

Screen displays

® 3D surfaces

® Raster maps

® (Color assignments

® \/ector maps

® Graphical user interface
® Point data maps

® Histogram presentation

® Zoom /Unzoom function

DTM Analysis

® (Cost/ path analysis
® Contour generation
® Slope / aspect analysis

® Surface generation from spot heights or contours

Map creation
® PPM-image maps
® Gif image production
® Postscript maps

® MPEG-type animation

Extra modules
® FErosion modeling (AGNPS, ANSWERS)
® | andscape structure analysis
® Solution transport
® Watershed and flood analysis (SWAT)

® Wildfire prediction
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PostgreSQL DBMS

Tag usIANH NNWNTTUTR

narongk@hpcc.nectec.or.th

PostgreSQL Aaazls

\flu Object-Relational DBMS tagiannnsnldgtuuuaesnim SQL IAneuvianun wazainnsnld subselects ,

transactions , user-defined types Wag functions 1% 8nviawdlu Database @9l# Source code 3 Fael

U92aRN1S WL

o fu Project 224 Prof. Michael Stonebraker 1 N¥1ANENAE Berkeley

o GufuiAILNLNeIN Ingres %uﬂuﬁiﬁﬂu’%‘@ CA-Ingres |l oR Ingres 1 N1 query , QUEL tfun 111095104
tlaqiiulsveaimunlluds udfannsarinunldlans

® e Prof. Stonebraker Mt WL Postgres (81a1n after Ingres) %Qimﬁmwﬁ query 1flu POSTQUEL
lu Postgres version 4.2

o paunludng 1 1987 Postgres Ifaue rules procedures , time travel , extensible types LAY object-relational
concepts

®  Postgres grihand iitensdn ludiadn llustra (Tlaqiiv gn Informix Tall uaraaad13lu Universal Server)

® slann sinAnwifSryryaan 2 A A Andrew Yu waz Jolly Chen 1diWmiun Postgres 1ildn1m1 query st
LLUUﬁLﬂuNWMi"@W‘LA Wuf A1 POSTQUEL Wi aeldimaunsluil 1995 3aaniflu Postgres9s 1iaa version 5
wdeanntiu naaLse T NANWAUINN Internet

o ilaqii 1lasudielu PostgreSQL Wunsaliailu version 6.4

anuuslasdsy

sxuUA 1 PostgreSQL axinsia PostgreSQL 187iegas Server Baifluiifiu database #ae LaviaannTn Rmsd
PostgreSQL lixnndn 1 galu Server wzaaihen

fauaszuy PostgreSQL azldTiadn postgres Tuilugguas falisunsn uay database TANNIONNIUALLAA
o y -ﬂl [ Y a 4] v v o
AGUANIE INBARNIT database UAT §1H1EN17 (user) 4 (AUATELL database (postgres) AZARIENITNINIULD
superuser luszUL Unix U294 postgres A18190 43198 user uaznvundnsuazsriunsldeusiield

PostgreSQL 7tluuunn3vingnu wuu Client/Server @alunisvneuazisznausian 3 process H1ausINAY An
1. Postmaster \flu supervisory daemon process T44ANN3RARAILM1 Frontend 11U Backend process lun1s

allocate share buffer , 4an1sAnEusus1luszndeFuI wazifuiuinnsd sz uuuazaEianan

. o a X
AN NINATU
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2. Postgres tiu backend process ila¥Anns database Fodndauiiiily process ﬁﬁﬁxﬁ’]u'ﬁﬂ LU NNIUANN
query lagl Postmaster azdaliia¥e Backend process &UFLYN’] MsiEeusiariy Frontend fati Postgres flay
¥ server

3. Frontend % application FaasinauiilATes client LazazdeAndaniaidanse u?@ﬁﬁﬁmq A7 Postmaster

uda Postmaster aagasan1tm19lU? Postgres

UANNITNI9UUAY PostgreSQL

AINTUAZILN process NNNUFINNAIINILET A
1. Tudauang Supervisory daemon process A8 Postmaster
2. ludaures User's Frontend application iy Tilsunss psql %38 CGI-Perl

3. uazludau Backend database servers Ag Postgres

o lalilsunsu 14 Frontend Faansdiaya 1serina Uiy database TagFanununng library libpg Ex library libpg
i avda requests BN Network lusia Postmaster il Postmaster 1451 request AINAT N9 Postmaster A%
#5749 Backend process Tuit server ivaAARARL Frontend W1 ANIIN9NLLA ARG LI Frontend Al
Backend Ime/lsiinu Postmaster 8n waz Postmaster fininanumalyl Aasasy request ﬁlujﬁiﬂﬂ

® Library libpg azli Wik Frontend @nansofnsieldnans Backend processes WAN19NIULlulLL single

threaded tHa9a7n library libpg e ld@nunsanin multithreaded 16

®  FUNANNIINNANINT A9t Postmaster iU Backend a¥6ina1n91U0g7 1A30ALTIY A database server W

Frontend aznna1unazaslan ba

g1 RAMINIFLTANFADTEUING client N server

User
App

LIBPQ

client host server host

A1 query NbaE

n1e query 7 PostgreSQL 189munmsngu SQL3 Farindsaziiu 1msngueean1si Query Tnedinsiiia
AANARNS] LY extensible type system, inheritance, functions Wag production rules aAMnN1E1 POSTQUEL 1Ax

wardauduldninuimnsngiu ANSI SQL @sdszneudaafide fe

I e . ¥ -
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® abort transaction, alter table, begin transaction, change acl, close, copy, create aggregate, create database,
create function, create index, create operator, create rule, create table, create type, create version, create
view, declare, delete, drop aggregate, drop database, drop function, drop index, drop operator, drop rule,
drop table, drop type, drop view, end transaction, extend index, fetch, grant, insert, load, purge, revoke,

select, update, vacuum

® expressions gaunatlula arbitrary arithmetic, logical , functional expressions , aggrgates.
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Control Version System(CVS)

CVS is a version control system to record the history of the
source files. CVS stores all versions of a file in a single file in a
clever way that only stores the differences between versions. CVS also
prevent writing file by 2 persons by isolating the different
developers from each other. Every developer works in his own directory
and CVS merges the work when each developer is done. Developer needs
to login to CVS server and check-out to duplicate files from
repository to the local one and finally, developer needs to check-in
all edited files back into the repository. Developer may need to edit
the conflicted files manually before check them in if more than one
developer have changed the same files. After finishing all processes,
developer should log out from CVS server.

Example of CVS commands used to exchange file in repository:
Q cvs rm old
Q cvs add new
O cvs commit -m "Renamed old to new" old new

Hyper Text Markup Language (HTML)

FEach directory always contain at least two HTML files which are
link.html and main.html where link.html represents the links in link-
frame and main.html represents the main information in main-frame.
HTML standard in use is based upon HTML 4.0 Standard, can be used from
both Netscape and Internet Explorer but their versions should be equal
or more than 4.0. HTML has many tags to make different kinds of
interface on the web page such as <A href=URL>Click here to link to
URL</A> is used to make a link to that URL.

Example for HTML (to make a simple homepage) :
<HTML>

<HEAD> <TITLE> My homepage </TITLE> </HEAD>
<BODY bgcolor=#00FF00>

<H1> Heading Text </H1>
</BODY>
</HTML>

Cascading Style Sheet (CSS)

Cascading Style Sheet 1is the standard of World Wide Web
Consortium (W3C) which set the current standard for Cascading Style
Sheet 1(CCS1) which is located at "http://www.w3.org /pub/WWW/TR/REC-
CSS1".

There are 2 stylesheets in the system which are located inside
"/stylesheet" and have the extension of ".css". "mainstyle.css" is the
stylesheet for main.html file and some other files which are arranged
within main frame. Like mainstyle.css, linkstyle.css 1is for style
controlling in link frame.

Styles are important in web development because developers can
have the same standard for all pages and the only change made in the
stylesheet will affect all pages automatically.
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Example of Stylesheet (to change <BODY>'s property) :
BODY {

color: black;
background-color: white;
margin: 2em;
font-family: BrowalliaUPC, Times New Roman, Times;
font-size: 1l4pt;
word-spacing: lem;

Common Gateway Interface (CGI)

CGI is an application program running on server side. CGI can be
written by any languages executable for the server. It is possible to
send or not send back the result to the client side as a plain text,
HTML or any known data formats. Perl is the most popular language for
creating CGI applications (known as CGI Scripts) and it can connect to
PostgreSQL directly using LibPQ. In our project, CGI scripts with HTML
forms are always the connecting gateway to PostgreSQL Database Engine
where users can access their data.

JAVA and JAVASCRIPT

JAVA 1is a well-known language for web development and is very
popular in making web interaction. Its capabilities to make a nice
user interface and network operations are very out-standing. JAVA is
developed by SUN and now releases Java 2 Platform as a latest version
with 3D add-on features. One format of its class is known as an applet
can be executed directly from popular web browsers such as Netscape,
Internet Explorer or Opera. Because JAVA 1s an object oriented
language, so it can be easier if there's another powerful language for
web but has easier syntax and can be built-in close to HTML, so JAVA
Script 1is announced. Many pages are JAVA Script enhanced to make the
interaction to the users.

JAVA's simplest applet(to print Hello World on the homepage) :
public class HelloWorld extends Applet {
public void paint( Grphics g ) {
g.drawString( "Hello World!"™, 10, 10);
}

}
To link JAVA to HTML uses the tag <APPLET CODE=classname> </APPLET>

Secure Sockets Layer (SSL)

The primary goal of the SSL Protocol is to provide privacy and
reliability between two communicating applications. The protocol is
composed of two layers. At the lowest level, layered on top of some
reliable transport protocol (e.g., TCP), is the SSL Record Protocol.
The SSL Record Protocol is used for encapsulation of various higher
level protocols. One such encapsulated protocol, the SSL Handshake
Protocol, allows the server and client to authenticate each other and
to negotiate an encryption algorithm and cryptographic keys before the
application protocol transmits or receives its first byte of data. One
advantage of SSL is that it 1is application protocol independent. A
higher 1level ©protocol <can layer on top of the SSL Protocol
transparently. Information from the SSL 3.0
(http://home.netscape.com/eng/ssl3/draft302.txt)

lasamsszuLiaTesziianIzannIsnsnens iz lng AN 9. BNASLTEneLNNTeLTNASIR 44



NAKNUIN A.
1IANA15UsENAUNITAUSNATIN 2

Jui 11 nsngAN 2545

TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANLIN A, BAATLIZABLNITOLINATIA 2 45



TAS9INI55EULLATRANENANISAANISNSNENNTUNLUaL sz Alne

ALl UN

X Y o -4 o = 5 . P Y
Tasan1siiflulasannsisalazimumn L‘w'aml,mmﬁTuT@ﬂmmumﬂmsl%‘lumamummmj@mﬂ NiNeU8

v
a

Auniwennsun Gedayamatinidaeausanisléninisiianin asadn Anseusaniiuinmld Tunsauldnmaaiu
dl 1 1 dl dl k7 = 123 o ¥ Y dﬁl 4 o
\WenaeausEniesne) NineadesanisaFenldauuazdiuudle Jeudeyaludidiunluszuuiild lunisdanig
ninensun anfludesandenismmssiidisnunlseneusae GannsamssideyanaguussunasaunAwsaug s
= all a 5 o 2’/ o 3| % al a o o a ' dll °
Wenanazldlunisdineiiilym AeiudndufeadliniddouasAauszuuasaumAn 1 RAans (GIS) e

%@Nﬂ@ﬁiQU?Qﬂiﬁ?}/@Wﬂﬂﬂ’]ﬁ\ﬂuﬁi’]\ﬂ mmﬁﬁmﬁmmﬁ LL@%@WN’]?}‘Q%@H’]‘E{@]}‘UH?SUULﬂ?‘@“li’]ﬂﬂﬂﬂﬁ’]l,m@é“

Taseuiifuniasnfuausanfiszudng Messachusetts Institute of Technology (MIT) HNeRA8LALNRUN
an11ARNRILARTANTTIUEES (RDC/NECTEC) Uauenu1nsdy ﬁ@JLLm*uﬁmﬂn@umﬁmmﬁﬁwmmﬁﬂ Faluduuan
Usznausag nangaszniu ngumnanIuAg nangelaNangn nslindhandnuislsznalng uazdriinauane
N9TUNNININENN TN WA Inefldninauannssunisfiamitelszanuinulnsanisduiiasannsysnass
(ns.) vanenduinemsaans yalidonmu Ainaunesuaiuayunimas was YalsAnswml i

nsaduayuuaz A snm

NAN1ITALLUINY

(%

Trsensififmuasvazinat 41 leGudeusideuiuanau 2541 wazaugaluieudenan 2545 Taa 3
siflumslugurindmszenuazguiinadnlussazuan AelfAniunsludausesssuugudeyauaznisuansuasy
FTULNNANIAUNA (GIS) aSaduuda ﬁ@ﬂﬁu@g’iwdwmaﬁwmL‘W'fameLLuuﬁmmuui:uugﬁmmummfyT\i 2§
uaz 3 7 Tnafisasufisandnifiung 18un nangatszniu nauggiaainen naslifindrandnuislszmeing

v
NTUNNHUTIURAT LA LANUNIUAIEZNIINNIITNTNL NI LU

1
o ¥ !

°o a a o Ve ¥ a c @ o ° v A A v a
N@mimLuumuwmmslﬂummﬂi:‘lmumumumm AU EALLN ?3‘]_|‘]_|'5\1’1§‘ﬂ\‘1°ﬂ@351”@LWﬂLﬂlﬂﬂJIﬂ\ﬂl@Nﬂ@‘ﬂUﬁ

o

am hudAanuaeanusng agsruumeniames Server nanaiiawnaululaseng anunsnsasiulunudeyaligs
=® 6 v v o o/ 1 U %7/ o % a o o = 901

09 1w lus (1 Sudwsindnes) 1w deyaFunnuiuassAuinttindnluis NN 15 W aniseRIeunein 48
ANNTIBINTIUNNENIUAT WTa TayaanIngieiniAeduaInanItnmadinensngsiony 118 an1iiiatlsvine G
Iy \ 2 o o % a , L , o a o - H

fayamaitlainisinunldeuasalumdenuninlasanisua e unan lun199uRuLEM AN T8 91 199
Us2nA 81911 NINTALTENIU ANTNINBADIZAIINANINENENNTUILUITNR IHadFadulasanisudanIndnaslfissuy

= > o H A P \ o A a o K L e
Lm@NIﬂQmQH@W?WH'}ﬂTH'}LﬂuLﬂﬁ"ﬂﬂ]’]ﬁliuﬂqﬁ\lﬁﬁl@?ﬂ@?QNﬂuLW'ﬂﬂqﬁ'UTﬁqﬁ'qﬂﬂqﬁ\uqﬂﬂq\TﬂQﬂu

Wanu1lAgINIg
£9.99E1A ANTADY
HNEAREUA TN AT ABNNIAB FANTTOUL G

Audmalulatididnnsatinduazpaniowmefuviesnd drinauimuaneAansuazinatulaguieng

v
o =

TANNI272ULATR I NBAITAANIININEINN UL 2 A M) NAKWIN A. 1BNATLIENBLNITALINATIN 2 46



AR ENNAINUIRE

Meteorological Viewer

45501
E--Mm 5
n :;.lm goas
b e R
Prosswenihia) 10181
1101 18181

Temp("ck 26 26 26

[Tintms Misc): 25.7 75 7
ps.?

iy Changa Masc) -0.8
008
Twmps Changi Mis{"c): 1.1
AL

Fuainfall{me) 0080
Fhumidiny*): 90 99 58

fstor Min A Mnx Sum

E1 PR

Wohey !
eI lﬁﬂuMn.j

=]

i’ (8) 81l Sand
Banaiely T, ‘
g T S Saemn) |
OEET =
Borwatuly | s
| sedutia 703 10.451.)
((10) amieasuinin| (2]
M' pu 03131
i 2430,
(1) dodswiin |IE]
: i 1229 3 smn,) |
(1) amdrzmiuanth |
sy A,
edy 198] gy ewn,)

e )

(2) 8 vidsdn

seuulva suuein

1 v
TANNI272ULATR I NBAITAANIININEINN UL 2 A M)

szUURNTRITaYANTHAALEN (TMD Mirror Site)
me’ld 2D Vector Viewer

sruudisasdayagieinidannnsngnilany aliana

[ a

fudeyanieniAinadnlueai 0700 w.

A a

&7 TR
wazdednyanndaases File Server nanaaalagenig
foyanlddniiuassruugudeyaifusedu svuuil
arnnsntindeyaniuan uuLEuREaduNInIdu
1:250,000 I ldau190 2818 tin naunIwlinn

1% z k73 A a ¥ o
RBANNIT u@ﬂmnuﬁhmmm ANTUATBYA AT

v

2 .
Adiaennsle

sTUUSUAITayadnnlnsIadn buguinthan nsu
1a1lsenu (Pasak-NECTEC GPRS)
sruvfudedayasyaviiinazdininelusadaluenn
= o Ty e a
aningaadnluguindndn nsnradseniu 1A

a0 luilA Insfudeyannadnnndalue uazdedaya

v

o A . o 2 =
N1£19LAT83 File Server anua9lATaN19 dayals

al

dnivasszuugudeyadumadalug ssuvuilanansm
o k7 t-ﬂl A aa 6 ¥
irdeyaunuansuuunuvTaunuIiTadunas

A a ¥ dl k% v
’s"i’m’ﬁ‘ﬂL@@ﬂ’ﬁuﬂ?l‘ﬂuﬂ@‘l’lﬁ‘l‘ﬂ\‘iﬂ’]ﬂﬂ

sEUUARNNILARSUAN wazssUUAIsaITaYya
NINIITE WAL UNNDAF9TZ UL ARNALLARTUAN
InaldinAlulad PC Cluster 4 node Wansany File

Server AMM1Nq 1 Terabyte 61U Gigabit Network

v ¥ =3 ¥

aunsniudedayasonaiuige alddniudeya
pine] Huszuudnsesdaya (Mirror Sites) N1 ludn
zf/ dl 1 A o U £

Fanumdasuiiesudedayauarldiululasanisy

uananUE AWM uIszuud1saedayaruinnNg
1 Terabyte Tneild IDE Harddisk Waz@1u13na28E

ANl luawAn

v
o =

NIANKIN A. 1BNAITUIZNBUNITOLTNATIN 2 47



ARLNINAINUIAE (AD)

FEUULAMINGA 2D Vector-Raster Viewer
sruvuannadayatuduresnuu whiaandnuas
anedas 18 UWARINTR 41N Lardu) fouiuuy
wnugen19eIna tnedldaiunen aene e wew
nwlipusiesns wananisanunsaidanuanegns
a ¥ ! 4 ¥ o
azigenrasdayauiazlszinnlsd Tunwidudeyasia

. X 4o + ] ,
ALNUDINUN BNAANABY A9UT AT Ld

s3UURAN5RITDYANTINNY (BMA Mirror Site)

o ¥ . ¥ -
sruvdnsesteyalTinunHulazsTALUIAINannil
nrvadnaeengunnuniuas lnadrresteyaniln

al

fnludAnn 15 w1h 3efudeyalaunssainiaias

Mirror Site N5AF<IANA11INNN992UN 81N A1A197N19

NIUNNY 2

Lo n'l' o |

— sruudaunsnuansaunie dayaliunneluiay
hln—-n:.

MECTED. Habinns) Fluctoass nnd Compuivs Techology Cenine

o ¥ = = P~ A2 un
TLALUUN TANNTNEALLALAUDIAD UL LN LN ENEJJM

ANNNTDLABNTINANABINTT I

Ralnfallzdhr 110 Statlons on 24 Sep 2001 daw T uaaiadaa ixuuﬁﬂfa‘mﬁ'fagamuqqﬁﬂm (TMD Mirror Site)
" anld dud 31072001 ,
o U a a a =3
P sruudnsesdeyaniainiAannIngsauy 1ians
wiladagn mom 700 '
et 85 ulR Tnafudeyanieanianngmadnlunan 0700
sl amn
fomeding o d . o
=il u. uazdsdayanndsiazas File Server uanaaelngs
Jprnautarshes o Al ve o o o
e n19 dayanlddnivasszungiudeyaifumadu
ruata
= % o i
sruuiignnnnindeyanuansuuinuivagld
Sudpumiy udaly )
EER AnuNIRenTiATaNa LariunFaIns s
wsevmioga rainfall 2 4hr a
Tuiudl 24 1o 09 wa. 2001
wreaflumnning_ Sfana
sramiamrd] | S
Region_ssfsm |

S : LUL WWW ez szuugiudayadiunineinsing
T il i geme! TAanudagaunsanlazanise dun @ensedniu

= IRy o

STULLATRUNERUNA SR

F¢uU U Mailing list , Discussion board W2 147 p st
132411491 FINTITIUTINAINNA AL LA ML

f
a
N

0010

e Ay s e o e ShETec \nendad
and agencies for waler resources
e s e R D b FTULAUUITDAN 11 WWW 223la39n19 (Search

ol Thailand, and the Naional Water Resources Commities. The main mission it o shudy,
research. and establish the Inegraled Water Resource Managemend System (WFRMS).

A, cderto i wosiabaty e priec o wih o echnclagy e Engine) T4@NN130AUMNAN vidadamanunzlng
tranafer of bechnology not only from MIT o the Thadand agencies but betwesn ha \
wazdang Ndegluszuyls

agencies hemsehves, wil be cansidered a high prioriy.

Each main menu represents sach main lapic of the project which fts meaning is =
bl . s . i A—

, . Y
TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANNIN A. BAATLIZABLNITOLINATIA 2 48



ARLNINAINUIAE (AD)

Soayn fradunostantingy bzl

F‘“EI'LI"I AU FJ'I-I-J""W'ﬂ‘lﬁR"!I' n'lillﬂﬁ“uﬂlbi‘.jﬂ'l}t.%.gﬂ 4T JU 374

TIWRM Mirror Sites

el mm——
RID Mirror Site

RID User#2
M ndem

___ ﬁ

EM‘J’ User

EGAY Mirror Site

Meoa-n

| T TWATSNTEIE
\ Aausii] w.#.2495-2540

wn LM fn. (R L8 m

nmuA s s s vl no 249560 uusinz sy

sULRAMNEMNYNDINNA
FINANEILAUALN GMS-5

FIUSINMINTIBIINALAEN CMS-5
AausiFoudawan Tl a.e, 1997
wapENNIaINIA uTonede
Ardupani@edld Jedniunsszun
gdaynTusedalug e liild
aunsadangmwlutasasiiiaints
uarsziuEInsoadamwiaauln
iisldhipseiganulfeuula
anunzgiianials

STUDTUARTONAUAZUAAITILIH 1IN
ﬁa;&aw%’wmﬂiﬁ'nshm:uum%a"dm'éuma%
via ladlfmunIndiudiiand1ag aun

dasmiuazuaainalugluunen 9l

i:uuiﬂnﬁgwuﬁagaﬂ%'ws.l'mﬂfw K%
sruuiaSateBwnasiiia iiesamItinua
anslumadhiisuazdniiumeng g fudaya
vasgjuanazylizuntaya

FTUUZIWTONARAN L am“ﬁagavlﬂslﬁu

izuumiaumﬂq faas aGIﬂiG ni3Y

FTULNIIAANBNTINGITDYA (Mirror) K
TLUULATBTUABNAILADST TTRINIRUIBINUN
' A A o A A A a
ulasInTy WadlnmUTuilauunIaiuLay

Toya Lﬁamﬂua:mﬂslumﬂﬁﬁa;ga‘imﬁ'u

LHWAINANINTERIVDIRH BRI
[dow VS wAMAmilaLazanad TIW
35 SIR30 IuAT) W.A. 2495 B9 W.¢1. 2540
wiaudayadsznay fldmaninifanifanuaz
g ﬁ@"faqmi@mw"lﬁ Lot T8 LA

%) =3 { J { U
snusUSnmdunanlununle

mﬂﬁﬂ%ﬁ

At ey sausianng dusdui 02/10/99 Gis 08/10/99

STUUAAMINUAZIIUTINTDYANINA1BIINATITIBH GMS-5 91N Kochi University Uszineilu daifivaigin

Toya Wusoalue u‘%nmﬁuﬁmauﬂqmaL%sm:‘?uaamﬁmlﬁ AILGT W.@. 2540 5\11?%313'% LATRINITDINAN

Usznauuaainwiadontng ialsznaunsiasvnsdfsundasgninadoinele
U

1 v
TANNI272ULATR I NBAITAANIININEINN UL 2 A M)

NIAKUAN A. 1ONATLTENALNITALINATIT 2 49



AIRENNAINUIARE (A1)

e FTULUAAININGAD9A TayaaInsa
Cross Section Graph A 2o a o o & 1A
e FaUTTMU N FELARATENTI LT aIuad
Crom Sction €.2 on 0425197 W.61. 2494 D19 W.7. 2541 NIRNA 129 AT

GRENARLY ﬁumiaga LRZULEAINNAAUIEUN

NIUITUULATDANE

WWW - GIS Viewer LRAIATNLHWILAT
Urzananatoyanipiianaas aunInuaag
N lANILULIANIW (Raster) UAzUULILEY
W& (Vector) Taunsldinaluladinnsivaade
A o £ A o '
yafwanduanlasians ialildnurm

iZUULﬂ%a“ﬂ’]ﬂﬂaNﬁ’JL@]aﬂﬁ

ﬁ'agaﬂ‘sznaum‘sﬁmuﬂﬁﬁaaa‘l,f'ls\lu‘[@ﬂ
FAuN T8N LY GMS-5 wasTays
a9 AldUszuaaUSunmduiady uas
USinmdluazay asud 1 52109 aui 168 192

Tus uaﬂmﬂﬁﬁaﬁiagaﬁﬂmaamm:qmvxgﬁ

fagaﬁwmLﬂun'ﬁﬂszmawa%’ﬂuwia%

Tus

NNF9IADIFANTINNIT AAVDIWT VUITUURT
a 6 qzdy ;s' a %
sunan1aienaas Tasmsltnunludsnia
QLﬁmﬂumfﬁﬁﬂm lfuuudaed r.waterfea
A = & ~ A
WadnsrnIwmTImaTesin  wWisuisuly

Aada iAa % A a &
nItwna LLE‘]ZVL&IME‘T\‘iﬂﬂﬁi’l\‘iLWﬂJL@lﬂJT%ﬂJq

>
o

TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANUIN A. BAAITLIZABLNITOLINATIA 2 50



=i < 1 al Lt %’ 1
NI1TALA LAF29lUlATINN9IELULATRINELARNITNINENNTULUeLTEIR ﬁ‘l‘VIEI

= oo 4, o LI
ﬂ'?ﬁ‘l,“]]’ﬂll[5]@Lﬂﬁ"ﬂ\?slutﬂi\iﬂﬂﬁ“é‘x‘]_l‘i_lLﬁﬁ"ﬂ‘ﬂ’]ilLW@ﬂ’]ﬁ‘V]i‘WEI’]ﬂﬁ‘u'WLLM\?ﬂ‘J‘L’LV]ﬂVLVIEI

o L jaem A < = c o =
ﬂW?Lﬁ]@NMQﬂ{]UMLMN’BNLP\?@Q@@NWQL&]'B?V]QVL?J AR

siagne N

o AautlunNN
o und
®  RAUAAINA

® A8 network

Yudlatlaiaraspaniiomes

1Ju Reset whzasnauianes

UnlatlniAsaspaniiomes

1Ju Reset \AzaeAaNiomed

v
o

1 v
TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANUIN A, 1ONATUIZABLNNTOLINATIA 2 51



N9 TlataLATaad1389 WA

Yulaiezasdnsasivii

Yntlarzasdnsaslnin
WARPNTLALIANTDa AN
WAAITLALNT 1T 91LATEIAN 7R TN
A TaNFARLATEIAN 789 TN

gner T 1 1§

anellinean 8 1w

@8l Serial port siafiu server (com?2)

v
o

1 v
TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANNIN A, BAAITLIZABLNITOLINATIA 2 52



N5 911 Administrator menu

-+ Konsole - gui [=[a][]

n101.hpce.nectec.orth: fhome/guest - Konsole

File Sessions Settings Help

.D Newv[ @Konsole

[[J-+ Konsole - gu n101.hpce.nectec.orth: fhomefguest
File Sessions Settings Help

Administrator Meno
You can do some simple administration.

Choose the option you like:

Shutdown this machine|

Shutdown

Reboot Reboot this system

Modem Setup the modem, start/stop modem connection
Vpn Setup the wpn, start/stop vpn connection
Password  Change administrator password

Exit Exit from the menu

{Cancel>

]

.D New_[ @Konsole

% login: admin

*kkk

Password:

£ b3 v
“1aaN1s k911 Administrator menu

#13198 Shutdown Reboot 161

= = = =4 : = = = =i o
*HN’]EIL‘MG! miﬂmmmmaﬂmme@ﬂﬂ@u wazn1silalATasAdnilaLATad server YANNAU

File Edit Settings Help

[ —

Modem Operations
Control over dial up connection

Chonse the option you like:

Test the connection
Redial to the server
Hang up the line

. Change phone number

<Cancel>

TANNI272ULATR I NBAITAANIININEINN UL 2 A M)

&1 mirror site TTIUILL link (%W modem
\HaLAaNINY modem azwinyeineAsll 1

redial, hangup “a

>
o

NIAKUAN A. 1BNATLTENALNITALINATIT 2 53



File Edit Settings Help

[ —

A1 mirror site TAATIWWUL link BN1 Internet VPN

1 ¥
o \Halaaniuy VPN aziiumyeiasfail 1w

Control over WPN connection

Choose the option you like:

reconnect, disconnect 4a

Test the connection

Reconnect to the server
Disconnect Stop the connection
Server Change the servername

M3 Cancel>

=

o o

uaﬂmﬂﬁmmmmmuqumim\‘nu"nm Web server uay Database server W#ansiag 1nn3 start/stop

File Edit GSeftings Help

Ueh Server Operations
Control over web server on this machine

Chooze the option you like:

bee if the aps

Start the ueh serwver
Stop the web server
Restart the web server

< (K > <Cancel>

v
o

TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANLIN A. BAATLIZABLNITOLINATIA 2 54



nsdsuilgetayalugrudayarasnmsiiiidhandauvisdlssinalne

nsdfuilpedayaanniazes server Ta Control.egat.or.th aaenni. uuuudnlud® Aesazidanselilil

ayaadundsliinisnmasay azinnsUiunnassialuslunaningu 8:00 - 17:00

' '
=

" dayailfiunisnsaaeuudasaisian axiinisUiutlanndui 10, 20, 30 aaaheuiall

e

3815 b9uLNY DATA->USER (Upload file)

1. \1lm browser AAN# url tiwrm.hpce.nectec.or.th Aan? LOGIN 14 username waz password La3audananyl USER

WRIARANN link NUENTUNFBINNT FaeNAANT link TMD

3 1 hmbaenl Inkegrated Wales Hesmacs Syslom - Micsosoll Enbeirel Erplores =

Tl G Mew Frwiw Toh Heb =
e T P - T [ SR A .8 B B @

Back Stop Fefesh  Home Sewch  Favoeles  Meda Histery Pt Ede Dieuss  Flohfiet Messenger  ICO

T P ————

B

STISURVEY r_-n‘ni-_':::--.‘-:Ar.-nAl|
IMD DATA
Show me Upload [W‘\-
Upload Data files to HPCC
Filename
Brawse
Type your comment here
=
=
Uploodhow | | CleerComment | ||
Pleage  retum  RAacl - |
[0ttt

917 1 wihaanldlung Upload file

2. ARNT view Aazuansdiagys log 1aazIaEANNT upload file N114 upload liuda

T 1 hnidaarad Iedegp e Wales Hesenen Syshes - Micmonll Inbeined Ephones

B Ed Mew Frotes Tock  Heo =
2 =+ @8 B oA a &8 3 a9 .5l B 8B B

Back mn  Fekmh  Homn  Seach  Fowries  Meds  Hey | P Ede Discurs  Flashliet Mpssergre (1)

Adeet [ ] b /e bz nectes ot

o WIS -
Index SHOW Upload Log Book

Jpioad : 203.185.132.122: Thu Jl 11 11:53:44 ICT &

Whers - JARCHIVE DA T A/ TMD e mp honnie. bt
nmment:

nad 1 203.185.132.122: Thu Ml 11 11:33:50 ICT
where - JARCHIVEDATATMDmrpdand o =]

Please return Back

|7 0o [ |40 ket
|

917 2 wihasuansdeyaseazidannis upload file M4 Upload gsxuuiudn

>
o

TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANLIN A. BAAITLIZABLNITOLINATIA 2 55



3. iedesnns upload file Lmqm”uulwﬁlmﬂaﬂw 1Ju Browse Tilsunsuazuanandinsngligldiaen Wdndeanis e

Ben1&udamand open

B st Irndrgbind Woaker Florsnein Gpshem  Wicl] Dl Eagbom

s B

Back Foovan g Hehieshi  Home

e

Lk
cparmy
|y 1 doc

rectemplatn pot

Twpe vyour comment here
|
x
Uploodnow | Cleer Comment |
Pleacn _ ratuen  Aack

IGYSURVETDATAIGIS [ MANLIAL |

917 3 uthaanisidaninanaz Upload gszuy

4. 18 comment 1unn3 upload file laL@FaudaAANT Upload now Tisunsuas Upload file dngsyiiu

2 1 hdarf kg bl Wislrs ez

s pstem  Wcrnzall Inbenel Fgioes

Bn B Yew Frwies Dok ke =
.2 . @ @ Ala @ @& S| @ B .= @ 8B @

Bok  Fowad | Swp  Mewh  Home | Scarh  Fmodns  Medo Moy Pm Ede Dicims  Holint Mewenger 10

A [ ] hoig e hesce mectee on th!

4

llLUILlHU How

;wf;f A

Show me Upload

[SUMMARTYIST,

I'MD

ANDARDITECHNOLOGYISURVEY|DATA|GIS [MAN

IMD  DATA ' #

Log book V]|

Upload Data files to HPCC

Filename

O TEMMBook s (Bt

Twpe your comment  here

Faun |

o] N
oW Cloes Comment |

Please retum Back

Ll

| tednemt

i‘]JV] 5 niiaaiiiadanindng mmmmlumnwﬂu Upload now

TANNI272ULATR I NBAITAANIININEINN UL 2 A M)

>
o

NIAKUAN A. 1BNATLTENALNITALINATIT 2 56



3819 l49uLy DATA->QUERY
1. 12lm browser AANT url tiwrm.hpcc.nectec.or.th Aan# LOGIN 14 username way password 1@3auaaaanf QUERY

WAAANT link NUIBNNUAFIBINNT AR NAANT link TMD

s [MANLLAL

Index

ii—l_'l_l_ﬂ—
?‘IJ‘VI 1 ﬁu’]@’fJLﬁJ‘ﬂﬂ@ﬂL@@ﬂLNu DATA->QUERY LL@’)ﬂ'Z‘JﬂV] link TMD

2. L’Z‘lﬂﬂ View Structure LﬁJﬂﬁ]'ﬂﬂﬂ’]i‘ﬂiﬂﬁ\‘mﬁ'ﬁﬂmﬂﬂﬁﬁi’mwLﬂ'ﬂﬂ

Descri for table rainfall
no description

Table Structure
field name description type unit example
station
date
rainfall

Index

L s--—————_——_—————— e
?ﬂ'ﬂ 2 “Mu”]’ﬂ‘ﬂ LA ﬂ\ﬁﬁﬁ‘\iﬂ?’]\ﬂl‘ﬂ\?ﬁ]’]?’]\‘m LABN

>
o

, . ,
TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANUIN A. BAATLIZABLNITOLINATIA 2 5T



3. 1®@an View Content {lunnsuaninadayaluniseiiaen
Condition ldRewlalunis Query faya wiw rainfall > 100
Sorted By 1d2n field NFaan17i3easu

Number of lines A uaudayaTIBINTUARINA TULAAZ T

4 . Ay = ° o
18N field NARINITLILNAIAL

er Resource System - Microsoft Internet Explorer

ldideulalunns Query

lable Content - Microsoft Internet Explorer

rainfall g

1 - 10 from about 61502 lines | GIS |MANUAL

in3ya v rainfall > 100

station date rainfall
1 415017 1979-07-29 100.1
2 415007 1989-05-20 100.1
3 424004 1986-10-02 100.1
4 426003 1983-05-08 100.1
5 455076 1995-08-04 100.1
6 455601 1998-08-30 100.1
‘ N 7 379021 1996-09-13 100.2
RMUNUTaNANEaIN T 8 400009 1986-08-06 100.2
i , o 9 402001 1989-08-10 100.2
LLAAN N@I‘HLLW [ATUUN
10 402001 1988-04-23 100.2

|

|® Intemet

517 3 whaauansdayaluaisdldiaen

>
o

, . ,
TANNI272ULATR I NBAITAANIININEINN UL 2 A M) AIANLIN A. BAATLIZABLNITOLINATIA 2 58



NANUIN 4.
NAIULRILATINITN LASUNITANNN

L SILLING

TA29N1272ULIATRIENABNITTANIININENNTUIMIN L 2Z A INel AVAKUIN ¥, HANIHIENIATINITY 59



NANUIN 9.1 A WWW weather tracking system for Thailand region from GMS S-VISSR

ROYOL CHITRADON, NARONGSAK PIMPANCHART, PIYAWUT SRICHAIKUL, EKASIT KIJSIPONGS,
and SITTHICHAI LOAVEERAKUL

High Performance Computing Laboratory, National Electronics and Computer Technology Center,
National Science and Technology Development Agency, Ministry of Science Technology and Environment,
Bangkok 10400, THAILAND

Abstract
The Mercator projection satellite images of the GMS S-VISSR satellite data are processed and archived at
Kochi University (http://weather.is.kochi-u.ac.th). High Performance Computing Laboratory (HPCL) at
National Electronics and Computer Technology Center (NECTEC) proposes a simple demonstration
technique to manipulate those images into designated length of animation. The results are the WWW server
system at HPCL, which allow users to access such images and view dynamic representation of clouds and
rain storms over the pacific and Thailand region. The animation can be viewed over any 1, 3, and 7 days at
any point in time during August 1997 to present. The system utilizes the SINET-ThaiSARN link on the
hourly basis to acquired incremental processed satellite images from Kochi University.

1. Introduction

One major concern for Thailand is the problem of resource management. High Performance Computing
Laboratory (HPCL) at National Electronics and Computer Technology Center (NECTEC) under the
National Science and Technology Development Agency (NSTDA) has proposed the use of IT in Thailand’s
Water Resource Management Program. One of the tasks in the program is the model of the rainfall, for
which the satellite images over the pacific region and parts of Thailand in specific as well as other inputs,
shall be required in the future.

Lacking neither satellite image data nor the capability in satellite image processing in the laboratory, HPCL
acquired the sample images from the archive at Kochi University (http://weather.is.kochi-u.ac.th). The
work is to devise simple processes to manipulate the series of the satellite images. Those images were the
hourly Mercator projection[1] of the data from the Japanese GMS (Geostationary Meteorological Satellites)
in VISSR (Visible and Infrared Spin Scan Radiometer). The archived images were download to HPCL
through the availability of SINET-ThaiSARN Link (Science Information Network Internet backbone — Thai
Social/Scientific, Academic and Research Network). They are then combined into MPEG animation over
the period of 1, 3, and 7 days which are viewable through the web. Besides being the demonstration of what
can be done with the satellite images, it is currently useful in supporting the weather tracking and prediction
to the very least.

This paper presents our pilot work and was arranged in the followings. The explanation of the methods used
in this work is given in section 2. The actual processes and features of the system along with some
measured indices are presented in section 3. Summary and proposed future work are given in section 4.

2.  Development of the processes

Processes at HPCL starts from acquiring the satellite images over the Internet, modify and manipulate them
into the decent viewable animation, and stored for public viewing over the web. To make the processes
work automatically, common gateway interface (CGI) was use to control all the processes described. It was
designed such that users can access the information through the designated web page with any browser. All
the necessary steps may be described in the followings.

e Satellite images

e Infrastructure and computer facilities

e Download process and image manipulation
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2.1 Satellite images

GMS-VISSR provides us information about cloud distribution and height, upper- and lower winds induced
by cloud motion, sea surface temperature distribution, etc. These are basic data used for daily weather
forecasting, long-range forecasting and oceanographic forecasting. They are especially important for
predicting the movement of typhoons, fronts and cyclones over the ocean, where conventional
meteorological data are very sparse. The geostationary meteorological satellites also have a data relay
function, automatically relaying meteorological data obtained by Data Collection Platforms (DCPs) installed
on oceanographic data buoys, aeroplanes, ships, etc. They play an important role in collecting
meteorological data from remote isolated areas, such as mountainous districts and solitary islands [2].

The weather team at Kochi university had taken the GMS S-VISSR data and transform them onto the
Mercator Projection [3-6] stored them at http://weather.is.kochi-u.ac.jp available to public. These images
are the climate map showing clouds movements cover the pacific region including Thailand as showed in
Figure 1. These images are processed and stored hourly since August 4, 1997.

SENERERLE I

——

Figure 1. Thailand is clearly visible in the left area of this satellite image taken on 28 August 1998.

2.2 Download process and image manipulation

An automatic schedule was set to download the images archived at Kochi University on the hourly basis
using cron and wget. The satellite images in JPEG format are checked and stored onto HPCL storage
keeping exactly the same directory structure as the original. Each day, 24 images are downloaded and
stored. As of now, HPCL has the complete copy of those images back to when it started in 1997.

The images are then manipulated into MPEG animation. This process went to many steps. In the nutshell,
the JPEG image is transformed into portable pixmap (PPM) format with the desired size. This PPM file is
then transformed again into raw YUYV and then with other images combined into MPEG animation with the
MPEG compression/decompression software.

YUV Raw

dipeg C> ppmtoyuvsplit C> mpeg

Figure 2. The steps used in this work into making MPEG animation from JPEG images.
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Each day, three classes of the MPEG animation are made. The animation of 1, 3, and 7 days are made from
24,72, and 168 JPEG images, consecutively. These files are deleted each day and new files are created and
used for a day. As the matter of fact, the file for 1 day are created and deleted every hour to reflect an hourly
update of the satellite images. When the MPEG file is getting longer, the suitable size for viewing is a
problem. Therefore, before putting the images together to produce MPEG animation, each image is
modified. Each original image was stored with resolution of 640x480 pixels in 16M colors mode and took
up about 75 kilobytes. It is reduced to 320x240 pixels resolution before going through the process. The
resulting MPEG for 1 day (24 images) will now has the size of about 400 kilobytes instead of 2 megabytes.

2.3 Infrastructure and computer facilities

The accumulated data and computing load on image processing put on the certain level of need for high
performance computing system. On the storage and computing facilities, HPCL uses a small set of Linux
cluster consists of 2 computing nodes and 1 file server with the system disk storage of 300 Gigabyte
expandable to 2 Terabyte using software RAID. The hardware is shown in figure 2. The system of this
work was developed with Linux Mandrake 6.0 with Apache Web Server, MPEG compression and
decompression software, a utility to retrieve files from the World Wide Web, and Perl (Practical Extraction
and Report Language).

I—|| cPU Intel Pentiumil
400 MHz
HPCC

PC Cluster L1

Dual CPU Intel
XENON 450 MHz
DUAL Channel Ultra

1
SCSI I 160 MB/s 1
1
1

DATABASE L
HD 18.2GB x 16 = 290 GB CPU Intel Pentiumll
X |:||:||:||:||:||:||:| ntel Pentium!

(00oDoD

400 MHz

WWW Server #2

Figure 3. Cluster hardware configuration at HPCL used in this work.

On network infrastructure, HPCL depends on the 2 Mbps SINET-ThaiSARN link to reach the data at Kochi
University. This link is operated in collaboration between the National Center for Science Information
Systems (NACSIS) under the Ministry of Education, Science, Sports and Culture of Japan, and National
Electronics and Computer Technology Center (NECTEC) under the Ministry of Science, Technology and
Environment of Thailand since October 4, 1995.

Results

The cluster system used in this pilot work was set up as described in section 2. The system purpose is for a
WWW server operates in the scheme shown in figure 4. The features of this web page are the followings.

e The download script is automatically executed every beginning of the hour to get the satellite
images from Kochi University. They are stored and indexed using directory tree structure. The
images are available back to August 1997.

e The images for the past 1, 3, and 7 days, with respect to the system date, are made into MPEG
animation of resolution 320x240 pixels everyday and promptly put onto the web page. These files
are deleted and replaced daily.
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e Users can either choose to view the daily made MPEG of the past 1, 3, and 7 days or select his own
range of animation to be made on the fly from the archived images. The latter process will require
variation of execution time of the server depending on the query.

e Network Address Translation (NAT) was chosen to perform load distribution feature for this work is
instead of Load balancing DQS. Considering the interactive nature of the system requirement made
this choice a preferable one. It proves to work satisfyingly well.

HPCC/NECTEC
THAILAND

GMS Receiving System D —

SINET-ThaiSarn
Communication Link

Satellite
Image

Satellite

File Server at Kochi University

Image
- JPEG
- MPEG

7 N
[

USER USER

[]

Figure 4. Operating scheme of the whole system.

In addition, a few indices have been measured to estimate the usage of the resource as will be shown in the
following tables. In table 1, the screen capture of traceroute display is tabulated. Tables 2, shows the
sustained network speed between the servers at HPCL and Kochi University using different sample file
transfer. Table 3 reports the estimated sizes and resolution of accumulated satellite images archive. Table 4
shows the estimated size and resolution of the generated MPEG files given in the description. Table 5
tabulated the comparison of the best time spent in making the MPEG animation of various sizes between the
optimized and non-optimized performance.

Table 1. Tracerouting result from HPCL back to Kochi University.

Tracing route to virga.is.kochi-u.ac.jp [133.97.166.234]
1T 1ms 1ms 1ms hpcc.nectec.or.th [203.150.240.6]
2 94 ms 93ms 93 ms nacsis-gate3-S1-0.sinet.ad.jp [150.100.51.1]
3 93 ms 93 ms 93 ms nacsis-10.sinet.ad.jp [150.99.99.2]
4 110 ms 109ms 109 ms kyoto-1-A0-0-1.sinet.ad.jp [150.99.103.3]
5 123 ms 123ms 122 ms hiroshima-1-A4-0-4.sinet.ad.jp [150.99.95.5]
6 123 ms 124 ms 122 ms csi.gw.sinet.ad.jp [150.99.78.67]
7 133 ms 131 ms 143 ms numata-saijo.csi.ad.jp [202.15.112.17]
8 129 ms 131 ms 134 ms numata-kochi.csi.ad.jp [202.15.112.52]
9 220 ms 212ms 167 ms kochi-numata.csi.ad.jp [202.15.112.82]
10 29 ms 254 ms 182ms atm001gw.cc.kochi-u.ac.jp [133.97.1.1]
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11 205 ms

156 ms 157 ms

cisco-r1.cc.kochi-u.ac.jp [133.97.8.15]

12 324 ms

418 ms 421 ms

virga.is.kochi-u.ac.jp [133.97.166.234]

Table 2. Average network speed between the servers at HPCL and Kochi University.

Number of images Approximate size Average download | Average network speed
time
1 75 KB 6 sec 12.5 KB/sec
24 1505 KB 112 sec 13.44 KB/sec
720 54 MB 3348 sec 16.13 KB/sec
Table 3. Estimated sizes and resolution of accumulated satellite JPEG images.
Accumulated time | Number of images Approximate size Image resolution
1 hour 1 75 KB 640x480 pixel 16 MColors
1 day 24 1800 KB 640x480 pixel 16 MColors
30 days 720 54 MB 640x480 pixel 16 MColors
1 year 8640 657 MB 640x480 pixel 16 MColors
3 year 25920 1971 MB 640x480 pixel 16 MColors

Table 4. Estimated size of 1, 3, and 7 days length of MPEG animation generated daily.

Animation period Number of images Approximate size Image resolution
1 day 24 400 KB 320x240 pixel 16 MColors
3 days 72 1200 KB 320x240 pixel 16 MColors
7 days 168 2800 KB 320x240 pixel 16 MColors

Table 5. Comparison of best time in generating MPEG file.

Animation period Number of images Size Non-optimized Optimized
1 day 24 358 KB 40 sec
3 days 72 1048 KB 118 sec
7 days 168 2231 KB 248 sec

Summary and Future work

This work’s goal was to show the potential of what can easily be done with the satellite images to support
many important resource management programs in Thailand. It also demonstrates the research application
area with incremental value between Japan and Thailand through the use of SINET-ThaiSARN link. The

research collaboration between Japan and Thailand in the area of remote sensing should be further perused,
in order to widen the application areas of satellite data usage.

Although it is clearly in no way accurate nor able to replace the formal weather tracking system, it is easier
to understand by layman. On the contrary, it expresses the need of such information and gives example of
what are available and what can easily be done with them to serve climate modeling and water resource
management. This work also utilize the SINET-ThaiSARN link, and as a stepping stone, provides people in
Thailand who may not have the decent network bandwidth to the world at their disposal with these useful
information.
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TASK NAME DELIVERABLES

Thai-MIT WWW for water resource management (TMW)

16" Month
Gather and organise information & data = System structure for presenting information and data on

WWW. Summary descriptions of parameters such as data
size, existing and proposed formats.

Set up Services

Database | Document database.

Database Il Water records and water statistics database.

Database Ill News/discussion group database.

Other internet services Tools to support basic internet services, including ftp, e-

mail, mailing listserver.

7" - 12" Month

Technology Transfer Program

Documentation A complete set of HTML/MSWord documentation.
Training Web-based training courses.
Set up mirrored sites Mirror site and process for automated update.

Distributed Spatial Analysis Tools for water resource management

Develop GIS Viewer 2D and 3D GIS viewers for raster and vector data.
Appropriate  data compression/decompression  tools.

Mechanism for displaying coordinate
| 13" - 18" Month |

Viewer for Vector Map 2D and 3D vector viewer.
| 19"~ 24" Month |
Viewer for Raster Map 2D and 3D raster viewer.
| 25" - 30" Month |
Develop spatial database Spatial database and associated conversion/compression

tools. Web interface to database.
[ 31" 36" Month |

Decision Support System Simulation and visualization code with web-based user

interface.
| 37" - 42" Month |
Set up GIS information services Final Integrated DSAT system.
| 42" - 48" Month |

Technology Transfer Program

Documentation A complete set of HTML/MSWord documentation.
Training Web-based training courses.
Set up mirrored sites Mirror site and process for automated update.
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Basic Basin Information
Meterological Information
Hydrological Information
Ground Water Information
Regulated Water Information
Other Information

Projects
— Problem based Projects

— Area based Projects
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RESTORATION STRATEGIES IN A WATERSHED ON THE PACIFIC ISLAND OF GUAM
Trina Leberer, Dave Limtiaco, and Colleen Simpson

Trina Leberer
Guam Division of Aquatic & Wildlife Resources
Department of Agriculture

Dave Limtiaco
Division of Forestry & Soil Resources
Department of Agriculture

Colleen Simpson
Natural Resources Conservation Service
Guam Field Office

Under the 1998 federal Clean Water Action Plan, the Ugum Watershed was chosen as a high priority watershed by the Guam Water
Planning Committee (WPC), A multi-agency subgroup of the WPC was established 1o develop a strategy for restoring this watershed.
The goal of the restoration strategy is to reduce instream turbidity and sedimentation in the Ugum Watershed, helping to improve both
the quality of drinking water supplied by the Ugum Water Treatment Plant and the health of instream and downstream marine ecosystems.
Much of the Ugum Watershed was originally forested, Factors contributing to the deforestation of the watershed include fires, unpaved
roads, environmentally unsound development, and agriculture. Strategy objectives addressing these factors include conservation of the
ravine forest, reforestation of the badlands and grasslands, minimization of fires, and informing and involving the public on watershed
issues. Since June 1999, approximately 100 acres of trees have been planted in the watershed, the drafting of an Executive Order
recognizing the importance of high priority watersheds has allowed for greater fire protection, and a watershed curriculum has been
identified for implementation in Guam's schools.

THAILAND INTEGRATED WATER RESOURCES MANAGEMENT (TIWRM) PROJECT
Narongsak Pimpunchat and Ekasit Kijsipongse

High Performance Computing Center

National Electronics and Computer Technology Center

Thailand

The TIWRM project is a computer system for water resource data and information management. The data, whether regarding policies,
plans, sttistics, study reports, or auxiliary data, was gathered from several organizations, both domestic and abroad. It was analyzed
and mapped onto a Geographical Information System (GIS) to be used as a decision support and planning system. For example, the
data includes rainfall distributions over the Chao Praya basin, Southeast Asia weather tracking images from the GMS-5 Satellite, and
rainfall precipitation maps computed from eround station and satellite data. The data on this system is shared among organizations
involved in the project to utilize and coordinate efforts. Furthermore, it provides information regarding water resources to the public to
increase public awareness.

A 3-D MODEL OF THE PEARL HARBOR AQUIFER, HAWAII USING THE NEW 3-D SUTRA CODE

Stephen B. Gingerich
U.S. Geological Survey
Honolulu, Hawaii

A ground-water flow model of the Pearl Harbor aquifer in southern Oahu has been developed using the U.S, Geological Survey’s
recently enhanced three-dimensional solute transport (3-D SUTRA) computer code. Previous ground-water flow models for Oahu have

has allowed easy construction of the model and unprecedented visualization of the freshwater lens and underlying transition zone in the
State’s most heavily developed aquifer. Pre-development recharge was used to simulate the configuration of the freshwater lens in

1880. Historical distributions of pumpage and recharge were used as input and the resulting freshwater-lens size and position were
simulated through 1990, Simulations show that the transition zone moved upward and landward until the late 1980°s, after which
ground-water withdrawal from the aquifer was decreased, Animated graphics of the results are useful for demonstrating the concepts
of freshwater-lens flow dynamics. The model is useful as a tool to study conceptually the effects of future groundwater and recharge
distributions,
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Thailand Integrated Water Resource Management Project

http://tiwrm.hpcc.nectec.or.th

Thalland lntegratad Water: Hesoume Management Prn}ect [‘HWHM)

isa numputer system for water Tesource tlala and mlurmatlon management,
The data are gathered from several sources, then analyzed and smulatgd
on Geographical Information System (GIS).

To be used as a decision suppuﬂ and planrring system. In this first nhas&.
it is Ilmlted fo iha lower Chao Phagra Ewer basin (B&ntral part of Thaﬂand}.

In the future, it will be expanded to cover all river basin areas u_f.'l'_halian_q!. Tﬁa!lallﬁd

Ugiacty

Lglﬁ 0B @ DR @ G5 ThaiMIT WWW Server system:

Massachusetts Inifute of Technoiogy. USA The communication channal among collaborative parties

High Performanca Computing Center of the Nationsl 107 Water fesource data gathering, sharing, and viewing
Electronies and Computer Technology Center. “aver the Internet;

Kasetsart University , Thalland. Distributed Spatial Analysis Tools (DSAT) system:

Office of the Royal Development Projects Board. ‘The decision support system usung GIS for anaws and

Chaipattans Foundation. ‘simufation.

Suksapatiana Foundation.

Thalland Research Fund.

Royal irrigation Department (RID).

Meteralogical Depsrtment (TMD).

Elnciriity Genersfing Aufhority of Thailand (EGAT).

TIWAM Server

Eompate Nodd 1 : Conipute Node 2
Peatium [1 A00MHz Pentiom IT 4D0OMME
SOSI B0 MA/s SCST 1T RO MBS

1 o

=-H H

File Sarver L Fila Sarver 2
Dual Pantium 1T Dual Pentlim 1T
Henon S50MiHz Kenon 430Mils
SCET 1T 80 MBfe SCSTII RO MR/

f-/ The Thailand Research Fund

§51 National Electronics and Computer Technology Center
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Thailand Integrated Water Resource Management Project

http://tiwrm.hpcc.nectec.or.th
Watler Resource

Data Management for Water Resource

Data are gathered from collaborative parties and can be presented in the form of table,
graph, map or text. Users specily their guery through web interface.

The database system can be easily managed using the self-developed software which was
designed specifically for GIS analysis and simulafion,

Internet Map Viewer

P ot Prosss
s Tool far viewing maps and pracessing

7 g

g —— geographical data over the Internet.

Special data compression technigue
was developed in collaboration with
MIT, USA and used particularly for
this purpose.

This viewer is capabie of showing
F+' rasier and vector data.

B TR e R

Vet Lol dpmwmrses o

oo | e dacians sl e s e S ——
TR Wl £8 Ay PIieyee

The Thailand Research Fund
($31 National Electronics and Computer Technology Center

QECTI-ZI

NLI
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Thailand Integrated Water Resource Management Project

http://tiwrm.hpcec.nectec.or.th

The ramiall ‘distribution images
arnhwa '

The archive of ram!all distributien images
S e T N e frhm 1952-1997, covering the northern
SR A and.central parts of Thailand, 35 provinces,
(the ortharn and cenirat part of Thailand]. Chanhhava River dnH ‘connected river, basins.

The raintall dlstrlhuf“ ion images are the .
interpolation of the ralnfali measuremenl
data/from the nearest 12 stations using -
distam:e squared welgming numery;ai
1echmque =

Each |mage ;zpresents me
monthly auerage af the mount
of rain in every month from
1952 till 1997. Users can
specify months and years of
the data of interest. (oa fram
The Reyal Irrigation Depaniment of Thailand)

ﬂi: Jan Feh Mar Apr May  Jun

A5-yaar sverage

This system based on the mirrored archive
of the GMS-5 satellite images during
August 1997 - present (original archive
from Kochi University, Japan).

The archive is updated hourly. It is useful
to observe and track the changes in
weather conditions in the South East Asia

region. Users can specify the time period ﬂ&gﬂ "ﬂﬂ
of interest and let the system generate

the video clip accordingly. ‘Saries ol GG satslite #mages: showing. (ha: movement of Me: iropical eyslond: BAN
‘uning 02 Ot ‘19890 - 08 Bet 7992

4 The Thailand Research Fund
(151 National Electronics and Computer Technology Center

iw ECTI-21

NECTEC
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NANUIN 9.4 ﬁqmuanmmﬁﬁuwﬂlu Lﬂﬂﬂ’]%‘LﬁﬂLNﬂLLWﬁ:LVIﬂIuT@g“IIﬂQVLVIEI
“ THAI TECHNOLOGY OFFERS 2001”

NAUANNY U lanansiatueunsmalulatiaaglne “ THAI TECHNOLOGY OFFERS

2001” AN inensndudTuAINIMAIIRGaN NITnsIneAans maluladuardauindas

Title of Technology . Data interpolation model and data visualization map
Name of Organization  : National Electronics and Computer Technology Center (NECTEC)
Address : High Performance Computing Research and Development Division

Room 1102 Bangkok Thai Tower
108 Rang-nam Road, Rachathewi, Bangkok 10400

Phone : (662) 642-7148

Fax . (662) 642-7147

Homepage . http://tiwrm.hpcc.nectec.or.th
Contact Person : Dr. Royol Chitradon, Deputy director

Mr. Narongsak Pimpunchat, researcher

Description : - Spatial data interpolation model and analysis for sporadic 2D
data set

- Visualization map generated by GIS, viewable via WWW

Application . - For analysis of any sporadic 2D spatial data
- Rainfall distribution map of Thailand
- Distance-Weight Interpolation and analysis of Water Quality

Index (WQI) along Bang-Pakong River Basin

Advantages : Developed on open source Software
Term of Transfer .M Consultancy

M Technology Assistance
Picture
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Massachusetts Institute of Technology
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Thailand Integrated Water Resource Management System

Joint Thai-MIT Effort in the Management and Sharing of Water Resource
Information via the Internet.

Proposal for Year 2 Project Activities

July 1999

Principal Investigator:

Professor Kevin S. Amaratunga

Massachusetts Institute of Technology
Room 1-274
77 Massachusetts Avenue

Cambridge, MA 02139 USA
Email: kevina@mit.edu

Phone: (617) 258 0217
Fax: (617) 253 6324
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Overview

This project is a collaborative effort between MIT and the High Performance Computing Center at NECTEC. The
objective is to research and develop new information technologies to address the problem of water resource
management in the Chao Phraya river basin. The end product of this work is an Internet-based information system
called the Thailand Integrated Water Resource Management System (TIWRMS), which is to be deployed at all

participating Thai agencies.

The TIWRMS project consists of two main components

Phase |: Thai-MIT Web-Server (TMW) Project

Phase II: Distributed Spatial Analysis Tools (DSAT) Project

The goal of the TMW phase is to address the problem of communication and data sharing between the various
agencies concerned with the problem of water management in Thailand. TMW provides a framework for (i)
document archival and exchange (ii) publishing water records and (iii) discussion groups. This core infrastructure
takes advantage of new database and World-Wide Web technologies to disseminate dynamically changing water

resource information via the Internet.

The goal of the DSAT phase is to address the issue of storing, serving and utilizing large spatially referenced data
sets, including digital orthophotos, maps and satellite imagery. It builds on the core TMW infrastructure to create an
Internet Geographic Information System, which will serve as a decision support tool for planning and control of the
water situation. This phase integrates a spatial database system with an interactive image browser for exploring
high-resolution imagery. In addition, it provides basic support for scenario analysis and engineering simulations e.g.

flood prediction.
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Current Status

Under the present schedule, HPCC and MIT expect to complete Phase | of the project by August 31, 1999. This will
result in a working system called TIWRMS Version 1.0. Version 1.0 will provide the core document management,
data sharing and discussion capabilities planned under the TWM component. In addition, we expect to demonstrate

some basic capabilities planned under the DSAT component, including version 1.0 of the GIS image viewer.

The following list summarizes the MIT activities to date:

® Worked together with HPCC on database design issues related to the collection and sharing of water data.

® Developed a web-based tool for accessing the water record database.  This tool uses Java and JDBC
technology to provide secure access to the water data using a standard web browser. We are currently
investigating technologies such as Java Servlets, which can simplify the configuration for the user and improve
the efficiency of database access.

® Developed a highly interactive web-based image viewer for browsing digital maps, aerial photographs and large
satellite images. This viewer uses Java and wavelet technology to provide smooth panning and zooming
capabilities for browsing the images within a standard web brower.

® Developed data compression capabilities for digital images using wavelet technology.

® Researched various technologies such as Java3D, Servlets, Dynamic HTML, Stylesheets and XML and advised
HPCC on the relative merits of using these technologies.

® Advised HPCC on software development issues such as source code management tools and object-oriented

design concepts.
MIT is hosting a visit by two HPCC research staff during June-duly 1999. This visit is intended to facilitate the

technology transfer process. During this period, the MIT team is also sharing with HPCC its research and teaching

experience in software engineering, image processing and data compression.
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Continuing Activities

Phase Il of the project involves several activities that are crucial to the overall success of the TIWRMS project. The

following list summarizes the major tasks that are planned under continuing collaboration between MIT and HPCC:

® Development of the spatial database system. This involves the development of (i) an image database capability
and indexing system for the management of maps, aerial photographs and satellite imagery, and (i) a database
for GIS attributes.

® |ntegration of the web-based interactive image viewer with the spatial database. By coupling the viewer with the
spatial database system, we will create a GIS that is accessible using the Internet. This is a more powerful
capability than most commercial GIS packages provide today.

® ntegration of vector data with the image viewer in the form of overlays, so that users can study GIS attributes.

® Development of image animation capabilities that can be used for flood simulation and scenario analysis.

® Develop the document management system so that it integrates the web server with an underlying document
database system. This is important so that the document management system can be effectively maintained in
the long run. This work will need to build on new WWW and database standards such as XML and SQL3.

® Assure the compliance of the TIWRM system with existing standards for the interoperability of GIS software.
This is important so that data can be imported and exported from other GIS packages such as ARC/INFO.

® Conduct research on core technologies such as Scalable Vector Graphics (SVG), SQL3/AMOSQL and XML,
which will be used in the TIWRM system.

® Set up the main GIS server. We propose to use a Linux cluster for this server, since we believe that it will
provide a considerable price-performance advantage over hardware from traditional Unix hardware vendors.
This benefit will be particularly significant if the full GIS server is to be replicated at a number of agencies.

® Creation of mirror sites at the participating agencies. This consists of two components: one for the document

and data management system (TMW) and one for the spatial database system (DSAT).

HPCC and MIT both agree that continuing involvement by MIT is important to the successful completion of these
tasks. We are therefore requesting funding to support the Year 2 activities by MIT. An itemized Year 2 budget is

given in Section 15 of this document.
As part of the continuing technology transfer process, an MIT student would visit HPCC during the summer of 2000.

This will allow the Thai agency representatives an opportunity to interact directly with a representative of the MIT

team.
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General Note on Technology

1.1 Leverage Existing Technology

The TIWRMS project will integrate a range of technologies into a unified information system. In many cases, the
required system components will be based on existing technologies, e.g. web-server and database technologies,
and the challenge will be to provide the glue that integrates these components. In other cases, it may be necessary

to develop the system components themselves, e.g. data conversion tools, GIS viewer.

1.2 Preference for Non-Commercial Software

HPCC has indicated a preference for the use of public domain software over commercial software
where possible. Several supporting reasons have been identified, including cost, openness of the
technology and previous favorable experience with public domain software such as the NCSA
Web-server, PostgreSQL database management system, GRASS GIS and the Linux operating
system. To the extent that commercial software is necessary, the MIT team can contribute their
experiences with products such as PictureTel, Impressario, CUSeeMe, Lotus Domino, Microsoft
NetMeeting, etc.

Thai-MIT Web-Server Project

1.3 Introduction

The goal of the TMW project is to address the problem of communication and data sharing between the various
agencies concerned with the problem of water management in Thailand. It will serve as a repository of information
on issues such as the current water situation in the Chao Phraya basin, water-related projects, policies and plans of

Thai agencies, water management technologies, water-related events in the US, and global trends.

The TMW project is important for a number of reasons:

® The number of parties involved in the information sharing process, their geographic distribution and associated

time differences.

® The types of information to be shared i.e. maps, water records, meteorological conditions, technical and policy

documentation, etc.

® The need to automate the process of data collection, conversion, archival and retrieval as the volume of data

increases.
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The TMW project will serve the dual purpose of facilitating collaboration between Thailand and MIT during Phase Il of

the project.

1.4 Communications and Data Sharing Model

There are several aspects that need to be considered in order to arrive at a comprehensive solution to the

communications and data-sharing problem:

® /dentity of the interacting parties. Communications between individuals, organizations and computers require
different types of communications technologies. Interpersonal communications, for example, may be
adequately handled by email, while organizations usually require more formal communication such as formatted
documents. Likewise communications involving computers require the use of standard network protocols.

® Nature of the data flow. Depending on the number of data producers and consumers, the data flow may be
classified as one-to-one, one-to-many, many-to-one or many-to-many. Examples are interpersonal
communications, data dissemination, data collection and group discussions respectively.

® Time lag between production and consumption of information. This determines whether the communication
and data sharing takes place synchronously or asynchronously.

® (User interaction. The ease with which a human can interact with a technology will determine how widely it is
used for communication and data sharing. This includes the availability of good authoring tools.

® Presentation of information. The intended use of information and the level of sophistication of the user are
usually highly variable factors that affect the way in which information should be presented. The problem of
effective presentation can be addressed by using techniques such as multiple views, overlays (as provided by
Dynamic HTML) and interactive multi-scale wavelet imagery.

® /ntermediate data representation. The choice of intermediate data formats and compression schemes will have
a significant impact on the communications bandwidth requirements, the quality of the transmitted information

and the responsiveness of the information system.

1.4.1.1 World Wide Web as Primary Communications Medium

We propose the use of the World Wide Web (WWW) as the primary medium for communications and data sharing.
The asynchronous nature of the WWW and the heterogeneity of the computing environments that it supports make it
a natural choice for reaching a wide audience. Most basic network services, such as email, ftp and newsgroups are
now integrated into the most commonly used web browsers. In addition, new technologies such as streaming video,

web-based conferencing and dynamic HTML are continually extending the capabilities of the WWW.
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1.5 Archival of Information

There are three broad categories of information to be archived.

® Documentation. This category includes structured and linked information on projects, policies, plans, technical
reports, etc.
® \|Water records. This category includes highly structured records of water levels, quality, weather conditions, etc.

® Discussion groups. This category includes threaded news groups and email archives.

Each of these categories will require a separate database, with facilities for authoring/data entry, updating, merging,
browsing and format conversion. Key elements of the archival process include the structure, design and

optimization of the databases, database query mechanism, and the web server-database interface.

1.6 Document Management

The use of the WWW as the primary communications medium implies the adoption of web-friendly document
formats. The most obvious format of choice is HTML. However, the capabilities of HTML have been considerably
augmented by technologies such as style sheets, JavaScript and Java, which provide capabilities such as precision
presentation control, overlays, and animation. This collection of technologies is often referred to as Dynamic HTML.
There has been much recent activity on the part of the World Wide Web Consortium (W3C) to develop a standard
interface to dynamically access and update the content, structure and style of documents. These activities are
spearheaded by the Document Object Model Working Group (DOM WG) of the W3C, and they include the
development of XML (Extended Markup Language), CSS1/CSS-P (Cascading Style Sheets), DSSSL (Document Style

Semantics and Specification Language), support for international character-sets and mathematics.

Several web document-authoring tools are now available, including Macromedia DreamWeaver, Netscape
Composer and Microsoft FrontPage. In addition, many other document-authoring tools such as Microsoft Word and

FrameMaker can now export documents in HTML format.
The process of updating and merging documentation can be facilitated by the use of client-server version control

systems such as CVS, which is available freely under the GNU General Public License. MIT has expertise in the use

of such tools for document and source code management.
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1.7 Security

The issue of secure access to information has been identified by HPCC as one of medium to high priority. Several

options exist for addressing this problem including

® Simple password protection. This form of security represents the minimum level of protection that will be
required.

® Secure web servers. For example, the Netscape FastTrack Server and the Lotus Domino Server support
encryption through SSL (Secure Sockets Layer) technology.

® |Vavelet-based encryption for images. This can be used to provide a reasonably high level of security in a
relatively cost-efficient manner. MIT has expertise in the area of Wavelet Technology that can be applied to this
problem.

® /P Tunneling. This is a technique for providing encrypted Internet connections for services such as audio/video

conferencing, shared whiteboard, etc.

® Java Security. Recent versions of the Java Developers Kit (JDK) now provide support for security.

1.8 Data Compression

Data compression is an important consideration in view of the types and volume of data to be shared. It can
significantly reduce data storage requirements, as well as demands on network bandwidth, the latter being of
particular concern in the Thai situation, where the communication network is still poor for the most part. For example,
a full screen (800x600) photographic color image requires of the order of 7 minutes to download over a 28.8 kb/s
dialup connection, but using common data compression techniques, this download time can often be reduced by a
factor of 10 or more. In addition, by using smart data compression and transmission techniques based on wavelet

approaches, the download time can be reduced significantly further.

The TIWRMS project will need to support a variety of data compression formats appropriate for documents, water
records, images, media clips and spatial data. The choice of data compression format will depend on factors such
as type of compression (vector vs. raster, lossless vs. lossy,) quality and performance of the compression
algorithms, built-in support for common formats in authoring and browsing tools, and patent restrictions e.g. Unisys
LZW patent. In addition, it is technically possible to combine compression schemes with encryption schemes in

order to reduce computational overhead.
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Distributed Spatial Analysis Tools Project

1.9 Introduction

The DSAT project will address the issue of storing, serving and utilizing large spatially referenced data sets,
including orthophotos and maps. It will build on the infrastructure provided by the TMW project by providing an

integrated set of tools for representing, archiving, processing and presenting spatial data.

The DSAT project will result in a web-based networked GIS which

® Utilizes standard public-domain database management and GIS tools.
® Allows professionals to access the spatial database at their desktops.

® |ntegrates engineering and planning decision support models.

1.10 Centralized vs. Decentralized Archival

The volume of data involved in maintaining a large spatial database suggests that a distributed approach would be
appropriate. However, the present communications infrastructure in Thailand will be unable to effectively support a
distributed model. We therefore propose to initially develop a common data system, which will be mirrored by local
servers of participating agencies to compensate for the lack of decentralization. As the communications network

improves, the idea of a distributed will be more practical and a preplanned migration path can be followed.

1.11 Assimilation of Spatial Data

A key element of the DSAT project is the acquisition of spatial data from varied sources, (such as maps, CAD
models, land surveys, aerial photography, satellite imagery and SAR,) and the integration of this data into a common
data format. The ideal of developing a unified data format requires several representational and processing issues

to be addressed, including

® Fusion of raw data corresponding to different scales, coordinate systems and projections.

® [Effective integration of raster and vector based data, and the effective use of overlays, transparency and
annotations.

® Fase of navigation, including the ability to zoom, pan and generate keyframe animations (fly-throughs.)

® Coupling of spatial database with hydrometeorological observations as well as simulation forecasts.

® Ability to identify and search for patterns and trends.

® Compensation for missing or noisy data.
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We propose that the common data format should be inherently hierarchical in nature, so as to promote scalability

and facilitate rapid navigation (using techniques such as wavelets and subdivision algorithms.)

1.12 Client-Server Model

The use of a client-server architecture is consistent with the stated goals of the DSAT project. Although commercial
client-server solutions are available, based on technologies such as ESRI's ARC/INFO, Spatial Database Engine
(SDE) and MapObijects Internet Map Server, and Oracle’s DBMS, their cost is prohibitively high. Therefore, HPCC
has expressed a preference for developing a solution based on the non-commercial GRASS (Geographic Resources
Analysis Support System) package. HPCC is already in the process of porting GRASS to run on the SGI Power
Challenge platform.

In developing a networked GIS for the Thai communications infrastructure, it is necessary to pay special attention to
the problem of minimizing network traffic. This can be addressed by providing increased client-side intelligence.

Examples are

® A viewer that can navigate structured data, e.g. a wavelet multi-resolution representation, in an intelligent

fashion.

® (Client-side scripting, e.g. using JavaScript, to control visibility of overlays and to perform simple animations.

1.13 GIS Viewer

The main point of user interaction with the spatial database is the GIS viewer. This needs to be a highly interactive
navigational tool, which could be based on the MIT digital orthophoto browser developed by the Department of
Urban Studies and Planning. The GIS viewer should be capable of compositing and rendering a rich variety of
imagery in real time, including preprocessed vector and raster data derived from 2D and 3D sources, as well as
annotations, water-related observations and simulation results. The viewer should also support navigational
operations such as zooming, panning, keyframe animation and cross referencing.

There are several possible approaches to developing a web-based GIS viewer:

® Use Dynamic HTML, and the compositing capabilities built in to web browsers such as Netscape
Communicator.

® Develop downloadable components such as Microsoft ActiveX Controls (OCX) or Netscape Plugins. These
components integrate relatively seamlessly with the web browser e.g. the Netscape Plugin APl now supports the

notion of offscreen plugins, whose contents can be seamlessly layered with the rest of the page.
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® Develop a Java-based interface.

® Develop a helper application, which can be launched by the web browser when data of a certain MIME type is

detected.

These four approaches vary in the level of integration with the web browser and the level of flexibility they offer. For
example, Dynamic HTML in its present form is more suitable for 2D representations than 3D representations. The GIS

viewer is expected to use a hybrid approach that draws on the best features of the above approaches.

1.14 Data Compression

Data compression continues to be an important issue for the spatial database system. The integration of data
compression technology with the dynamic visualization capabilities is one of the challenging issues that need to be

addressed.

1.15 Interoperability

The issue of interoperability is partly addressed by the use of the web as communications medium, and the
development of the common data format. However, interoperability with 3" party spatial databases will require
adherence to established database and GIS standards. The DSAT project should be viewed as an opportunity to
promote spatial data infrastructure standards in Thailand, much akin to the US National Spatial Data Infrastructure

(NSDI.)

1.16 Decision Support System

The DSAT project should provide a basic set of integrated decision support tools, which incorporate
hydrometeorological observations, predictive models, and engineering/planning simulations. In this context, it is
important to arrive at a modular design, which allows individual predictive and simulation algorithms to plug in to the

overall DSAT architecture.
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Technology Transfer

1.17 Mirror Sites

The initial implementation of the TMW system and the DSAT system will be based at the High Performance
Computing Center at NECTEC. Upon successful completion of each phase of the project, mirror sites will be set up

at each of the participating agencies.

1.18 Training

Itis anticipated that each participating agency will contribute at least one technical person to work with HPCC during
the development stage of the project. At the end of the project, these individuals will be in a position to join a
technical advisory team who will be responsible for training end users, data entry personnel and systems

administrators.

1.19 Maintenance
The day-to-day administration of the TIWRMS system will be handled by a new agency, which will be set up at the

conclusion of the project. For this reason, it is important to ensure that all aspects of the system are adequately

documented.
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System Configuration

Figure 8.1 shows the proposed system configuration for TIWRMS.
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Figure 8.1. Proposed System Configuration for Thailand Integrated Water Resource Management System.

Functional Models
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1.20 Functional Model for TMW System
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Figure 9.1 Functional Model for Thai-MIT Webserver
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1.21 Functional Model for DSAT System

=
o
= =
£ B 3
S g 3
S x
£ s S
¥ I E
@ a z
Base Maps E—
) Integrated GIS
JRE—
GIS Data
Water Data \ DSAT Server ::) Web-based Monitoring

(from TMW Project) ——

0 ::> ISES Output

Simulation Models

8 c ©
= o 2 8

[o% [ ]
gw 5 s 3§ =
haet [&) o Y o

— o ©
< o £ 3 5 £ =
> ©
5 $838 8 28 ¢
= © @
_QU)..g’Iéf\U '(..—E'.gw
e w 8 o £ z @ 8 ® 2
;@Q_&jﬁo(nﬂn_

Figure 9.2 Functional Model for Distributed Spatial Analysis Tools System
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Source Code Management

We propose using a client-server source code control system (such as CVS) for centralized management of source

code during the project. The benefits of using such a system are that it will

® Set common goals for the participating teams by focusing their efforts on a common code base.
® [Qgcilitate the sharing of source code and permit files to be kept up to date.

® [Qgcilitate the merging of source code.

® Track changes through revision numbers and log entries.

® Permit parallel development.

The source code repository would be centrally located at HPCC, but would be accessible to participating teams via

the Internet (a secure web interface is available for CVS.)

Task List and Deliverables

The following list summarizes the tasks involved in the TMW and DSAT projects, which are to be undertaken by
participating Thai agencies in consultation with MIT as the advisory agency. A detailed list of tasks and deliverables

is given in Appendix B.
1.22 TMW Project Tasks

1.22.1 Gather and organize information and data

® Survey information and data: content, owner, format, size, etc.
® (Classify information and data into groups.

® (Classify groups of data formats.

® (Organize information and data.

® Design the flow of data.

1.22.2 Set up services

® Set up hardware and system software.

® Database | : information, policies, plans, projects, technical reports.

® Database Il: records and statistics of water levels and quality, weather conditions.
® Database Ill: news archive.

® [or each database:
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1. Design database structure.
Design and implement data input scheme.

Develop queries and search programs.

oW Dn

Develop maintenance scheme.
® |mplement data compression schemes.

® Basic Internet services: ftp, mail, mailing listserver.
1. Survey needs and necessary features.

2. Develop and install software.

® Set up dialup service.

1.22.3 Technology transfer

® Documentation

—

Organization of information on the system.
2. WWW server.

3. System databases.

4. System maintenance.
® Training

1. WWW serving.

2. System databases.

3. System maintenance.

® Set up mirror sites.

RN

National Water Resources Committee

2. Royal Irrigation Department

3. Thai Meteorological Department

4. Bangkok Metropolitan Administration

5. Electricity Generating Authority of Thailand.

® Set up technical advisory teams.

1.23 DSAT Project Tasks

1.23.1 Develop GIS viewer
® For vector map.

1. 2D

2. 3D
® [orraster map.

1. 2D

2. 3D
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Implement data compression schemes.

Coordinate system.

1.23.2 Develop spatial database

Meta-data file.
Import data.
Spatial database.

Query mechanism.

1.23.3 Decision support system

Summarize system data.
Develop and link in simulation code libraries.
Develop interface library.

Develop visualization codes.

1.23.4 Set up GIS information services

GIS project information.
GIS viewer via remote access.
GIS archive.

Decision support information system.

1.23.5 Technology transfer

Documentation.

1. GIS viewer.

2. Spatial database.

3. GISarchive.

4. Decision support system.
5. GIS system maintenance.
Training.

1. Spatial database.

2. GIS archive.

3. Decision support system.
4. GIS system maintenance.

Set up mirror sites.
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1. National Water Resources Committee
Royal Irrigation Department
Thai Meteorological Department

Bangkok Metropolitan Administration

o M LN

Electricity Generating Authority of Thailand.

® [Extend the capability of the technical advisory teams to include GIS system.
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Proposed Areas of Contribution

The following lists represent several proposed areas in which MIT and HPCC can provide technical expertise and

research contributions specific to the TIWRMS project.

1.24 Proposed Areas for MIT Contribution

® Core infrastructure development (web server, Internet services, databases, security, networked GIS, etc.)
® Data representation, integration and conversion tools.

® Data compression and data security.

® Visualization, navigation and annotation tools.

® |mage processing, including formats, feature identification, rendering overlays and image compression.
® Database design and management.

® Object-oriented software design and management.

® Simulation models for GIS.

1.25 Proposed Areas for HPCC Contribution

® Core infrastructure development (web server, Internet services, databases, security, networked GIS, etc.)
® \Webserver-database interface.

® FExperiences with PostgreSQL database and GRASS GIS.

® Simulation models for GIS.

® High-performance computing.

® | inux system administration.

In addition, HPCC will serve as the main coordinating and data collection agency.
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Participating Agencies

The participating agencies in this project are:

Office of the Royal Development Projects Board. Project Secretary.

Massachusetts Institute of Technology. Advisory Agency.

High Performance Computing Center. Main Working and Coordinating
Agency.

Thai Meteorological Department, Sources of Information and

Royal Irrigation Department, Data, and Co-Workers.

Bangkok Metropolitan Administration,
National Water Resources Committee and

Electricity Generating Authority of Thailand.

Suksapattana Foundation and Royal Development Projects Board Funding Agency.

Table 13.1 Participating Agencies.
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Project Schedule

This proposal is based on a four year project duration, as summarized in Table 14.1.

A detailed schedule is attached in Appendix C.

Year 1 Year 2 Year 3 Year 4
ID |Task Name Q1[Qz]a3] a4 Q1] Q2] a3] a4 a1 Q2] @3] @4| 1] Q2] @3] Q4
TMW Project

N

Gather and organize data

Set up services

Technology transfer |
DSAT Project

Develop GIS Viewer

Al W] N

Develop spatial database |

Develop decision support system

©| 0] N of o

Technology transfer

Table 14.1 Project Schedule

Project Budget

This proposal is based on projected funding over a four-year period. The projected second year budget for the MIT

component as given below™:

Technology and Development Program (TDP) at the Massachusetts Institute of Technology and NSTDA
TIWRMS Project in Water Information Technology
Projected budget for the period January 1, 2000 - December 31, 2000

Salaries/Wages

Faculty (1.5 summer months) $17,090
Two Graduate Research Assistants (12 months each) $64,386
Overseas Supplement for Travel to Thailand $0
Secretary $6,191
Sub-Total Salaries/Wages $87,668
Tuition** $17,500
Travel Expenses

1 Business Class Ticket $6,000
Expenses in Thailand (10 days) No Lodging $3,000
Sub-Total Travel $9,000
Materials and Services $1,000
Equipment $9,832
Total for Project $125,000

*Subject to review by Director of MIT TDP. **Reflects 65% RA tuition subsidy.

Table 15.1 Projected Second Year Budget.
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Appendix A: Curriculum Vitae
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Appendix B: Detailed Task List and Deliverables
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The following is a detailed description of the tasks and deliverables, which are to be undertaken by participating Thai

agencies in consultation with MIT as the advisory agency.

B.1 TMW Project Tasks

Summary:

The goal of the TMW project is to address the problem of communications and data sharing between the various
agencies concerned with the problem of water management in Thailand. It will serve as a repository of information
on issues such as the current water situation in the Chao Phraya basin, water-related projects, policies and plans of

Thai agencies, water management technologies, water-related events in the US, and global trends.

B.1.1 Gather and organize information and data

Summary:
This task involves surveying, grouping and designing information and data of Thai agencies. Also includes policies

and procedures for management of information and data.

Deliverables:
System structure for presenting information and data on WWW. Summary descriptions of parameters such as data

size, existing and proposed formats.

B.1.1.1 Survey information and data: content, owner, format, size, etc.

Description:

Survey through those Departments who will participate in this pilot project, to get more details on the following:
contents, owners, format, data size and information flow. This task will focus on identifying existing information and

operations among Thai agencies.

Technology: -

Methodology:

Interviews, questionnaires.
B.1.1.2 Classify information and data into groups.
Description:

Classify information and data according to content. This would include policy and planning documents, ongoing

projects, organizational structure, records and statistics, spatial data, etc.

Technology: -
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Methodology:

Tabulate.

B.1.1.3 Classify groups of data formats.

Description:

Classify information and data according to existing formats that are used by Thai agencies. These include
- document formats

- image/CAD formats

- spatial data formats

- database formats

Technology:
HTML reports.

Methodology:

Tabulate and present as HTML documents which are accessible to both Thai agencies and MIT on the web.

B.1.1.4 Organize information and data.

Description:

Identify appropriate formats for the presentation of data on the web.
Reorganize information and data into desired data formats. Identify

suitable data conversion tools.

Technology:
Conversion tools for
-documents
-images

-CAD files
-database
-spreadsheets

-spatial data
Methodology:

Automate conversion process. Considerations should include the use of

open systems, standard data formats, portability. Investigate methodologies
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for structuring data and producing documentation? Examine alternatives for document presentation and exchange

such as the Document Object Model (DOM) proposed by the World-Wide Web Consortium (W3C).

B.1.1.5 Design the flow of data.

Description:

This data flow would give details of input and output data of this homepage, maintenance of data and information
has to be considered. This includes determining ownership of the data, procedures for data entry, and maintenance

procedures.

Technology: -

Methodology:

Functional model should be based on IDEFO. Information flow should be based on IDEF1.

B.1.2 Set up services

Summary:
Setting up WWW-+Database services for all departments who take part in this pilot project. This WWW server will be
set up at HPCC lab. System configuration would be like this:

HW - PC pentium pro 200 MHz with SCSI interface, HD ~ 9GB with > 20 MB transfer rate, 64 MB ram, fast ethernet,
modem V.34, 17 inch monitor.

OS - Linux

WWW server - Apache

SQL server - Postgres95

CGil - perl script

Deliverables:

Hardware setup, webserver and database setup, basic internet services, dialup service.

B.1.2.1 Set up hardware and system software.

Description:

Identify and setup hardware and basic software components. Should address basic security issues. Investigate use
of alternative security strategies such as

IP tunnelling, SSL, https, secure email and secure news.

Technology:

Pentium class Intel platform. Linux operating system. Security technologies to be investigated.
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Methodology:

Standard Unix system administration. Ultilization of prudent security practices.

B.1.2.2 Database | : information, policies, plans, projects, technical reports.
Summary:
Database | is the document database. This is an archive of general information, policies, plans, projects, technical

reports.

Deliverables:

Document database.

B.1.2.2.1 Data structure

Description:

Design document database for technical information, technical reports, policies, planning documents, etc. The goal
is to archive content in a format-independent fashion (plain text) that will permit corrections and updates to be made

without destroying the integrity of the data.
Example: Addresses of Thai agencies may be stored as plain text, so that when
a change is made, this will be reflected in all documents which include the agency's address. HTML documents will

be generated from the plain text content using scripts.

Technologies:

Relational database

Methodology:

Develop and utilize keyword and data dictionary using IDEF1.
B.1.2.2.2 Design and implement data input scheme
Description:

Design and implement a user friendly data entry scheme for document content.

Technology:
HTML/CGI forms-based interface to database.

Methodology:

B.1.2.2.3 Document generation from archived content
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Description:

Devise a scheme to generate formatted documents e.g. HTML from plain text archive.

Technology:
CGl code.

Methodology:

Create a simple HTML code emitter using scripting language.

B.1.2.2.4 Develop query and search programs
Description:
Develop tools for document database query. Capability for keyword searches.

(Possibility to implement more sophisticated searches e.g. related keywords/keyword hierarchies?)

Technology:
To be identified.

Methodology:

Leverage existing search engine technologies where possible.

B.1.2.2.5 Develop maintenance scheme
Description:
User friendly scheme for management of day to day operations on document database i.e. updating documents,

purging outdated documents, etc.

Technology:
HTML/CGI forms-based interface.

Methodology: -

B.1.2.3 Database II: records and statistics of water levels and quality, weather conditions.

Summary:
Database Il is a database of water records and statistics. It consists of records and statistic of water levels, volume

and quality, ground water, surface water, running water, weather conditions, etc.

Deliverables:

Water record and water statistics database.

B.1.2.3.1 Data structure.
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Description:

Design data structure for archiving water resource data. This will be dependent on task B.1.1.4.

Technology:

Relational database.

Methodology:
Develop data dictionary using IDEF1.

B.1.2.3.2 Design and implement data input scheme.

Description:

Design and implement a user friendly data entry scheme for document content.

Technology:
HTML/CGI forms-based interface to database.

Methodology:

B.1.2.3.3 Data presentation tools.

Description:

Devise a scheme to present water resource database.

Technology:
HTML/CGI interface to database.

Methodology:

Create a simple HTML code emitter using scripting language.

B.1.2.3.4 Develop query and search programs.

Description:

Develop tools for water resource database query. Capability for querying and searching individual or combinations

of parameters e.g. time, position, etc.

Technology:
Standard SQL query interface.

Methodology: -

B.1.2.3.5 Develop maintenance scheme.
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Description:

User friendly scheme for management of day to day operations on water resource database i.e. automated updates

to database, mirroring data from raw data server.

Technology:

HTML/CGI forms-based interface. Database conversion tools.

Methodology:

Develop scripts to perform automate database updates.

B.1.2.4 Database III: news archive.
Summary:

Database Ill is an archive of news/discussion groups.

Deliverables:

News/discussion group database.

B.1.2.4.1. Data structure
Description:

Develop categories for news/discussion groups.

Technology:
NEWS (nntp) server.

Methodology: -

B.1.2.4.2 Design and implement data input scheme.
Description:

Adopt user friendly tools for posting messages to news/discussion groups.

Technology:

News reader e.g. Netscape Collabra.

Methodology -

B.1.2.4.3 Develop maintenance scheme.
Description:

Develop a process for monitoring/moderating discussion groups and reporting
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to decision-making authorities.

Technology: -

Methodology:

Organized process for developing reports.

B.1.2.5 Implement data compression schemes.
Description:

Compression for image, document and water resource data. Investigate appropriate technologies for lossless and

lossy data compression.

Technologies:
Lossless:

- RLE, Huffman encoding, Arithmetic coding, GZIP, GIF, LZW, PNG...

Lossy compression:

- JPEG, MPEG, Wavelet, etc.

Methodology: -

B.1.2.6 Other Internet services
Summary:

This task consists of providing basic internet services such as ftp, e-mail, and mailing listserver.

Deliverables:

Tools to support basic internet services, including ftp, e-mail, mailing listserver.

B.1.2.6.1 Survey needs and necessary features.
Description:

Survey the user requirements for auxiliary internet services such as email, ftp, mailing lists.

Technology: -

Methodology:

Conduct interviews with individual end users.

B.1.2.6.2 Develop and install software

Description:
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Setup auxiliary internet services.

Technology:

Install standard unix/linux network services

Methodology: -

B.1.2.7 Set up dialup service.

Description:

Provide modem access to Thai agencies. Decide on appropriate dialup software.

Technology:
PPP (Point to Point Protocol), SLIRP

Methodology: -

B.1.3 Technology transfer

Summary:
Technology transfer stage. This consists of documenting the system, training personnel in using the system, data

entry and system administration, setting up mirror sites and setting up a technical advisory team.

B.1.3.1 Documentation.
Summary:

Provide complete and detailed documentation on the operation, administration and training.

Deliverables:

A complete set of HTML/MSWord documentation.

B.1.3.1.1 Organization of information on the system
Description:
Provide an overview and detailed information of the TMW system. Documentation should be easily understood by

new users.

Technology:
MS Word and HTML.
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Methodology: -

B.1.3.1.2 WWW server.
Description:
Provide an overview and detailed information of the WWW server.

Documentation should be easily understood by new users.

Technology:
MS Word and HTML.

Methodology: -

B.1.3.1.3 System databases.
Description:
Provide an overview and detailed information of the available databases.

Documentation should be easily understood by new users.

Technology:
MS Word and HTML.

Methodology: -

B.1.3.1.4 System maintenance.
Description:

Provide an overview and detailed maintenance information for TMW system administrators.

Technology:
MS Word and HTML.

Methodology: -

B.1.3.2 Training.
Summary:

Providing web-based training courses for TMW users, operators and system administrators.

Deliverables:

Web-based training courses.
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B.1.3.2.1 WWW serving.
Description:
Training course on the creation and publication of documents on the WWW for users, operators and system

administrators. This would include an introduction to HTML, various document authoring tools and web-site design.

Technology:

Standard web authoring tools such as MS Front Page, Netscape Composer, conversion tools.

Methodology:

Use web-based education and training concepts.

B.1.3.2.2 System databases

Description:

Training course on the creation and operation of the available databases for operators and system administrators.
This would include an introduction to database architecture, SQL, writing simple scripts, use of web-based forms

interface.

Technology:
Relational DBMS, simple Unix scripting, CGI, SQL, HTML forms.

Methodology:

Use web-based education and training concepts. Includes hands on sessions under guidance of instructor.

B.1.3.2.3 System maintenance

Description:

Training course on system setup, security and maintenance for system administrators. This would include an
introduction to hardware, Linux operating system administration, scripting, Web server administration, database

administration, system security.

Technology:
Relational DBMS, Unix system administration, Unix scripting, CGI, SSL, SQL, HTML forms.

Methodology:

Use web-based education and training concepts. Includes hands on sessions under guidance of instructor.

B.1.3.3 Set up mirror sites.
Summary:
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Set up WWW mirror sites at Thai agencies.

Deliverables:

Mirror site and process for automated update.

B.1.3.3.1 Mirror site at National Water Resources Committee

Description:

Setting up TMW mirror site at National Water Resources Committee.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.
B.1.3.3.2 Mirror site at Royal Irrigation Department
Description:

Setting up TMW mirror site at Royal Irrigation Department.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.
B.1.3.3.3 Mirror site at Thai Meteorological Department
Description:

Setting up TMW mirror site at Thai Meteorological Department.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.

B.1.3.3.4 Mirror site at Bangkok Metropolitan Administration

Description:
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Setting up TMW mirror site at Bangkok Metropolitan Administration.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.

B.1.3.3.5 Mirror site at Electricity Generating Authority of Thailand.
Description:

Setting up TMW mirror site at Electricity Generating Authority of Thailand.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.

B.1.3.4 Set up technical advisory teams.
Description:

This technical advisory team would be comprised with 6 to 8 computer staffs from each departments which
participate in this pilot project, these group will arrange training for user or operator and will assist another

department who likes to participate in the future.

Technology: -

Methodology:
It is anticipated that the technical advisory team will be drawn from the initial group of trainees attending the Web-

based training courses.

B.2 DSAT Project Tasks

Summary:

The Spatial Analysis Tools (SAT) project facilitates the cross-referencing and sharing of spatial data in ways that can
support mutually beneficial collaboration among the Thai agencies, and can accommodate the engineering and
planning models that will be needed as the water resource management work progresses. The goal is to produce

an integrated decision support system for water resource management, which builds upon the Webserver
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infrastructure developed in the TMW project. This system should provide ready access to the data in a manner
which

- utilizes standard database management and GIS tools

- provides access for professionals through their desktops

- integrate the engineering and planning decision supporting models.

B.2.1 Develop GIS viewer

Summary:
Develop GIS viewer for 2D and 3D vector and raster data. Examine alternative data compression formats and adopt
appropriate formats.

Establish common coordinate system.

Deliverables:
2D and 3D GIS viewers for raster and vector data. Appropriate data compression/decompression tools. Mechanism
for displaying coordinate

information.

B.2.1.1 For vector map.

Summary:
Develop viewers for 2D and 3D vector data. Investigate the use of existing
formats/technologies to meet minimum functional requirements. This functionality may be subsequently augmented

by developing a scalable data format such as wavelet.

Deliverables:

2D and 3D vector viewer.

B.2.1.1.1 2D vector viewer

Description:

Investigate existing technologies for viewing 2D vector images and determine whether these will meet the system
requirements. The viewer should provide the following minimal functionality:

- Loading and viewing the image

- Zooming

- Panning

Additional functionality would include the capability to handle overlays.

Technology:
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Investigate the following technologies:
Vector image formats

HTML overlays / Cascaded Style Sheets
Java

CGM (Computer Graphics Metafile)

CAD technology e.g. Autocad DXF format

Wavelet

Methodology:

Perform study of features and ease of use of above technologies. Evaluate possible alternatives for accessing and
launching the viewer e.g.

- inline HTML

- plugin

- Java applet.

- helper application

- stand-alone viewer

B.2.1.1.2 3D vector viewer

Description:

Investigate existing technologies for representing and viewing 3D vector images and determine whether these will
meet the system requirements. The viewer should provide the following minimal functionality:

- Loading and viewing the image in its entirety

- Changing view point

- User interface

Additional functionality would include real-time manipulation of 3D objects by user.

Technology:
Appropriate technology should be capable of handling complex spatial data sets. Technologies such as VRML are
suitable for modeling simple geometric primitives, but they may not provide adequate functionality for representing

geographic data.

Investigate the concept of a virtual monitor i.e. postprocessing of GIS output

to convert to a viewable 3D format.

Technologies to investigate:

Standard 3D GIS formats and technologies
VRML

Java 3D
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Conversion tools to convert from native GIS format into viewer format.

Methodology:

Perform study of features and ease of use of above technologies. Evaluate possible alternatives for accessing and
launching the viewer e.g.

- inline HTML (possibly generated dynamically by server)

- plugin

- Java applet.

- helper application

- stand-alone viewer

Additional sources of information may be the following organizations:
FGDC
NSDI

US Geological Survey

B.2.1.2 For raster map.

Summary:
Develop viewers for 2D and 3D raster data. Investigate the use of existing
formats/technologies to meet minimum functional requirements. This functionality may be subsequently augmented

by developing a scalable data format such as wavelet.

Deliverables:

2D and 3D raster viewer.

B.2.1.2.1 2D raster viewer

Description:

Investigate existing technologies for viewing 2D raster images and determine whether these will meet the system
requirements. The viewer should provide the following minimal functionality:

- Loading and viewing the image

- Zooming

- Panning

Additional functionality would include the capability to handle overlays in both raster and vector format.

Technology:
Investigate the following technologies:
Raster image formats - JPEG, GIF, Wavelet, TIFF, ...

HTML overlays / Cascaded Style Sheets
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Java

CGM (Computer Graphics Metafile)

Methodology:

Perform study of features and ease of use of above technologies. Evaluate possible alternatives for accessing and

launching the viewer e.g.
- inline HTML

- plugin

- Java applet.

- helper application

- stand-alone viewer

B.2.1.2.2 3D raster viewer

Description:

Investigate existing technologies for representing and viewing raster data in a 3D environment e.g. texture mapping

on 3D vector model.

The viewer should provide the following minimal functionality:
- Loading and viewing raster images.
- Changing view point
- User interface
- Integrating 3D vector data with raster data.

- Creating raster snapshots of 3D models.

Technology:

Appropriate technology should be capable of handling complex spatial data sets.

Investigate the concept of a virtual monitor i.e. postprocessing of GIS output

to convert to a viewable raster format.

Technologies to investigate:

Standard 3D GIS formats and technologies
All 2D raster image formats.

Java 3D

Conversion tools to convert from native GIS format into viewer format.

Methodology:
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Perform study of features and ease of use of above technologies. Evaluate possible alternatives for accessing and
launching the viewer e.g.

- inline HTML (possibly generated dynamically by server)

- plugin

- Java applet.

- helper application

- stand-alone viewer

Additional sources of information may be the following organizations:
FGDC
NSDI

US Geological Survey

B 2.1.3 Implement data compression schemes.
Description

Compression for GIS Data. Investigate appropriate technologies for lossless and lossy data compression.

Technologies:
Lossless:

- RLE, Huffman encoding, Arithmetic coding, GZIP, GIF, LZW, PNG...

Lossy compression:

- JPEG, MPEG, Wavelet, etc.

Methodology: -

B 2.1 4 Coordinate system.
Description:

Coordinate System for Browser or viewer. Determine appropriate strategy for displaying coordinate information. For

example, this may be done as an attachment or an overlay to the image or a Java listener.
Technology: -
Methodology:

Coordinate system will be primarily applicable to 2D images. However, 2D images should be capable of displaying

height information.
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B 2.2 Develop spatial database

Summary:

Design and implement spatial database, including metadata file structure, data conversion and compression tools,

and database access mechanism.

Deliverables:

Spatial database and associated conversion/compression tools. Web interface to database.

B 2.2.1 Metadata file.
Description:

Develop appropriate structure for metadata file which will facilitate database access and indexing of the data..

metadata file will incorporate information such as scale, spatial accuracy, geographic coverage, overlays,

etc.
Technology:
GIS metadata file standards.

Spatial database query standards.

Methodology:

The appropriate structure for the metafile will depend on several factors, including:

- Database query mechanism.
- Linkage between basemap and GIS data
- Structure of attributes

- Type of basemap.

B 2.2.2 Data conversion.
Description:

Convert data into form appropriate for the spatial database. This step includes

data compression.

Technology:

Vector and raster data conversion and compression tools.

Methodology:

Automate data conversion and compression using scripts.

B 2.2.3 Spatial database.

Description:
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Design and implement the spatial database. Import spatial data.

Technology:
Relational database, SQL, Java Database Connectivity (JDBC.)

Methodology:

Develop structure and implementation of database.

B 2.2.4 Query mechanism.
Description:

Develop query mechanism and associated tools for data decompression.

Develop web-based query mechanism.

Technology:
SQL, data decompression tools, HTML forms/CGl.

Methodology:

Develop performance benchmarks for database access.

B.2.3 Decision support system

Summary:
Design and implement Decision Support System. Develop simulations based on available system
data and provide visualization code for evaluating alternative scenarios.

Deliverables:
Simulation and visualization code with web-based user interface.

B.2.3.1 Summarize system data.
Description:

Summarize the structure and availability of system data for the purpose of developing simulation models. This will

require input from the various Thai agencies.

Technology: -

Methodology:

Develop a technical summary.

B.2.3.2 Develop and link in simulation code libraries.
Description:
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Explore the various types of simulation models to be developed from the system data. Develop software for the

simulation e.g. flood routing, surface runoff calculations, etc.

Technology:
Use simulation libraries provided with GRASS.

Methodology:

The types of models to be developed will depend on the characteristics and availability of system data.

B.2.3.3 Develop interface library.
Description:

Develop interfaces between the simulation code and the database and the interface for user input.

Technology:
CGl, Java, C/C++ compilers e.g. GNU distribution.

Methodology:

Develop code/scripts to interface with database and user.

B.2.3.4 Develop visualization code.

Description:

Develop code for visualizing the results of simulation. Provide necessary conversion tools to interface between the
simulation code and the GIS viewer.

Provide tools to assist in evaluating alternative scenarios. Provide multi-user support.
Technology:

Web browser.

2D and 3D GIS viewers.

Conversion and image generation tools (GRASS, VIS5D.)

Methodology:

Leverage and integrate existing technologies where possible.

B.2.4 Set up GIS information services

Summary:
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Set up the final version of the integrated GIS archive, Decision Support System and Visualization tools at NECTEC

and Thai Agencies. Test the system and fix any bugs.

Deliverables:

Final Integrated DSAT system.

B.2.4.1 GIS project information.
Description:

Provide general information on the DSAT project via the Web. This should include information on the various GIS

services provided by the Integrated Water Resource Management System.

Technology:

Web Authoring tools e.g. Microsoft Front Page, Netscape Composer.

Methodology:

Documentation should be designed to promote usage of the Integrated Water Resource Management System, and

provide information on available GIS services.

B.2.4.2 GIS viewer via remote access.

Description:

Set up GIS visualization tools for remote access by Thai agencies.

Technology:
2D and 3D GIS viewers.

Methodology:

Installation of GIS viewer in individual agencies.

B.2.4.3 GIS archive.
Description:
Set up centralized GIS archive at NECTEC.

Technology:
Spatial database and related access tools.

Methodology:
Set up database, import data and perform testing.
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B.2.4.4 Decision support information system.

Description:

Set up decision support system, and integrate with GIS archive and GIS viewer.

Technology:

Decision Support System tools, database, 2D and 3D viewers.

Methodology:

Set up tools and perform testing.

B.2.5 Technology transfer

Summary:

Technology transfer stage. This consists of documenting the system, training personnel in using the system, data

entry and system administration, setting up mirror sites and setting up a technical advisory team.

B.2.5.1 Documentation.
Summary:

Provide complete and detailed documentation on the operation, administration and training.

Deliverables:

A complete set of HTML/MSWord documentation.

B.2.5.1.1 GIS viewer
Description:
Provide an overview and detailed information of the GIS viewer.

Documentation should be easily understood by new users.

Technology:
MS Word and HTML.

Methodology: -

B.2.5.1.2 Spatial database

Description:

Provide an overview and detailed information of the spatial database.

Documentation should be easily understood by new users.

TA29N1272ULIATRIENABNITTANIININENNTUIMIN L 2Z A INel

AIALUIN Q. TILASDEIAAIINTINTDY

151



Technology:
MS Word and HTML.

Methodology: -

B.2.5.1.3 GIS archive
Description:
Provide an overview and detailed information of the GIS archive.

Documentation should be easily understood by new users.

Technology:
MS Word and HTML.

Methodology: -

B.2.5.1.4 Decision support system
Description:
Provide an overview and detailed information of the Decision Support System,

including simulation modules. Documentation should be easily understood by new users.

Technology:
MS Word and HTML.

Methodology: -
B.2.5.1.5 GIS system maintenance
Description:

Provide an overview and detailed information on the DSAT system for system administrators.

Technology:
MS Word and HTML.

Methodology -

B.2.5.2 Training.
Summary:

Providing web-based training courses for DSAT users, operators and system administrators.
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Deliverables:

Web-based training courses.

B.2.5.2.1 Spatial database.

Description:

Training course on the creation, operation and usage of the spatial database for users, operators and system

administrators.

Technology:

PostgreSQL Database Management System.

Methodology:

Use web-based education and training concepts.

B.2.5.2.2 GIS archive.

Description:

Training course on the structure, content and maintenance of the GIS archive for users, operators and system

administrators.

Technology:
GRASS GIS.

Methodology:

Use web-based education and training concepts.

B.2.5.2.3 Decision support system.

Description:

Training course on the usage, creation and maintenance of the decision support system components for users,

model creators and system administrators.

Technology:

Simulation code libraries.

Methodology:

Use web-based education and training concepts.

B.2.5.2.4 GIS system maintenance.

Description:
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Training course on DSAT system setup, security and maintenance for system administrators. This would include an

introduction to hardware, visualization software, database administration, GIS maintenance, system security and web

integration.

Technology:

Relational DBMS, Unix system administration, Unix scripting, CGI, SSL, SQL, HTML forms.

Methodology:

Use web-based education and training concepts. Includes hands on sessions under guidance of instructor.

B.2.5.3 Set up mirror sites.
Summary:

Set up DSAT mirror sites at Thai agencies.

Deliverables:

Mirror sites and process for automated update.
B.2.5.3.1 Mirror site at National Water Resources Committee
Description:

Setting up DSAT mirror site at National Water Resources Committee.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.
B.2.5.3.2 Mirror site at Royal Irrigation Department
Description:

Setting up DSAT mirror site at Royal Irrigation Department.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.

B.2.5.3.3 Mirror site at Thai Meteorological Department

Description:
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Setting up DSAT mirror site at Thai Meteorological Department.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.
B.2.5.3.4 Mirror site at Bangkok Metropolitan Administration
Description:

Setting up DSAT mirror site at Bangkok Metropolitan Administration.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.
B.2.5.3.5 Mirror site at Electricity Generating Authority of Thailand.
Description:

Setting up DSAT mirror site at Electricity Generating Authority of Thailand.

Technology:

To be investigated. Could include version control software such as CVS, RCS.

Methodology:

Develop a process for automated updating of mirror site at regular intervals.

B.2.5.4 Extend the capability of the technical advisory teams to include GIS system.

Description:

The DSAT technical advisory team, like the TMW advisory team, will be drawn from the departments which

participate in this pilot project. The advisory team's capabilities need to be extended to cover the entire Integrated

Water Resource Management Project.

Technology: -

Methodology:
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It is anticipated that the technical advisory team will be drawn from the initial group of trainees attending the Web-

based training courses.
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