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Thiz paper i the imglementation of a Geographic Information Syotem ((715) that can asxist in planning patrol
aclivilisr or ronte mapping within forests. Uthai Thersi's Hugi Kha Kkaeng wildlife rancinary war selected ar
the cace study. All principles and data weed were acquived from the Naotioual Pok, Wildlife oud Ploi
Comervation Deparimend. The Routing Decision Support Sywtem (RIISS) iz a GIS application implemented
Jor the analysis of tha jorest patrol routing. RDSS war inplemented wring vimal shudio 2005 and ArcI8
Enghee $.2. Thiv article provider a parol rowe creation concept which Iy approprioie for patrel rowting i
the forest and ar a yysiem for patrol rowting, The rowte creation concept applied GPS potrol data amd
Topographic maps for making the mosi suitable patrol rowe. RDSS is capable of supporting ihe executive io
male decivions in plawning, mangging and choosing patrol rowtes to increase the gfficiency of patrol roufing.

L. Introdnction

The firest patiol is diffieent from ofher patrals, Thie
puimol hes patrel limdtetiona such as the problem of
commmmicetion, the problem of patrol routing and
the problam of equipment vsed in the foreet, Soeme
of these limiiations render their work difficult
Patrol roate in forewh ie dietinct from with other
areq because in forests do not have the roade or
ofher migna which oan be msed for goidsmce.
Sometimes they have a trouble with pairol roarting to
g0 W an infract positon immediately or ag fast ag
possible. They cannot semrch or fnd the most
suitable patrol ronte for much sitnations hecause they
do not heve the preclse rootes ag heore the urban
police. In the worat case, if they mrive to the nfact
position too late, they only find the carcasees or
exhibits. A satellits image of Thailand taleen i1 2004
shows thet foresizd mreae cover sharply 167,590
lon®, Factors liks immigration, population growth,
deforestatlon and bush fire conttibuted to this
dechine, end genernl apathy on the govermnent’s part
a1 well ap insnfficient patrols may hawve womsened
the siwetion forther (Bin and Duvid, 1596).
Gmgmphmlnﬁ:mnumsm (GIS) i3 moatly

ars problame in & 300 aq. mi area around the
Sovamneh River, which 19 located slong the borde
between South Caroline snd Georgin. The gyziem
had io be both flaxible and gemeric enongh to
addiess & vatlety of sie locatlon projects. This
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project vaed AMIL programming fo let developess
omitomize the weer terfeve. Also, it invorporates
vectore and gride based on the modeling fimetion of
ArcInfy, while ArcView perves ag the front end fie
veer interface, incorporation of & spatial model, and
cartographic display. (Ehler et al, 1995) Later, the
creation of an Intelligemt Treneportstion Syetem
{ITS) ueed an advanced compuotee systam, The
optimization, secority ssuss, and overall efflcioncy,
ITS useg dats collected from esch vehicle to form m
overall view of the iraffic system and plan shead o
ovold ot wemth motorlste of traffic conpestion while
slse atternpting to minimize trangit imes. The traffsc
analyein pystemn mees Dynemic Netwoark Mode to
calculade factors lile orgin snd destinetion, normber
of vchiclee on & given section of the roed emd
stetintical breskdowme for each period of a given
day. {Bin und David, 1596) Also, in years 2008, GIS
used as 8 basia for the development of a schoo] s
management system that can determine shortest and
fastest routes and elso schedule them while elso
enhincing serurity. The area around Snjathe High
School in Hyderahad India is used ax the project’s
soape. Devloptiett tools blodsd ArcGIS 9.1
Network Analyst and VBA. (Mohamed, 2008).

1 Mrterinls and Meibods.
2.1 Study Area

Hoai Eha Kheeng Widlife
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Thailand betwreen coordinates 157 O0F - 15 45" N.

The second consists of Wang Fad, Cyber, Huoal El
Se, Pan So end Sob Pa Pro wnite. The third consigiz
of Man Dwe, Krong Sera and Exw Han Dai units.
The fonrth conslsty of Grong Gad, Ong Tang, Te
Pern Kee and Bang Kwui mits. Grung Gai hoascs
two bastione that cover 200km shretches on hoth
#ides of tw ares’ tiver. This ares i3 goite close to
the senctusry's boumderies. Husi Eha Kheeng
Wildlifs Sanctosry sslscted the Adovepemen

jor Sysfenr: MIST ss GIS Sywtem. MIST

Infermation
war developed by Wildlife Conservation Society or

moetly calls WCS. MIST was ussd to collsct daiw,
such as petrol date, wildlife date, GIS date, lsw case
data, etc. Alro, MIST was used for reporting of the
patrol, Firebind was used to develop the MIST
detebase menagement systom.
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Figure 1: Location of the stody mrea on Huxd Ehs Khacay Widlife Satstnety
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2.2 Materialy

This research need Microeoft Vienal Baxic 2005 and
the ArcGIS v9.2 Engine fir programming and neer
interisee design. The detebase manegement systema
used in research is Microzoft S0QL Server 2005 and
Firebird 2,1, The Microsoft SQL Server 200% ix
used for the Geo-detabase. The DBMS Firebird 2.1
i weed for comnected the MIST dets The Arc(IS
v82 Desbiop was vsed fir the Geopraphic
Information System work such 88 Network mnalysis,
Personal Edition was wsed fur the Geo-database
memegement syastem. Boules mv meated with

scaponal changex takeen into acconmt.
2.3 Methadsiogy
Thix rescarch separates the hiermrchy of work inta 5
stepe. Figurs 2 ig shows about the warldng process.
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2.3.1 Data collection and analysiz

Analyais of Huai Khe Kheeng's forest patrol syatem
and all aseocinted data. The sancitnary employs GPFS
technology, 3 MIST system and AnGDS. This
rescarch is primarily concemed about apatial deta
like vector and raster daota. ATl the epatial dain usad
i thie resenrch have 7 layere ae consleting of Hve
(atresm), road, aml protector wmit stetion, bomdarica
of Hoai Eha Khaeng, boundary of protector umit
oone, Topographic and GPS data can ses the detall
in Table 1.

Dama Layer Type of Description
Epadal
Data
1 Fiver Line Diver nams
Foad Lin= Ioad names
I GERd
3. | Protectoz wmns Foint MNames, locations
marien LTS G588
4 | Bemdimszsf | Falvpen | Huav Ko Kmsngbemadar:
Huay Xha areds insg Jm
Ehaeny
| Bermdariszaf | Felvpen Tapns, be=aviens
FIUTRLICT UKl LTI EEES
FORES
i Topographic Faasler i gt ] pepgra p b i
Patrol Point Bremorme itenng rente dala
FFT tracking
and wavpoint data;
2.3.1.1 GF8 dnta and DNR-GARMIN

The OPS data need in this regcarch are from the
Hmai Kha Xhasng ‘Widlife Sanetaary. They need the
GPS handbelds for trecking the patrol route. The
OPS hendhelds thet they nsed congists of GARMIN
12, GPS MAF 60 CSX ai GARMINI2XT., The
coordinete system which use for GP8 in WiGRS 1954
ZONE 47 N and meed the DNR-GABRMIN for
transfer dota fiom the GPS handhelde to camgter
text files. These text files are consists of weypoint
mmmber, weypoint position md waypont timestarnp
as the patrol information, Thees text files wers
mensge by seving them mto the computer and
scparate thoes by text file name patrol area, date
tima and pairal group mimber, Ae an exampls for 2
of text file neme HEK-140751-722 HEK in patrol
area of Huwd Kha Kiaeng, 140751 i presented the
dete of collection, and 722 is precented the patrol
group mmbexr of Husi Nom Eso. The meps in
Figimre 3 szre shown the patol waypoint date
(repreganted by points), Thie map separates the
patrol dets into four parts, represented by difforent
colora pink ix representing the pairol menagement
partl, red i ranapement part 2, the bloe i
mensgement part 3 and brown is mensgement part
4. Rescarcher acparstex the route class becanse the
types. of route are different, Morecver, the time cost
for the muin road leyer ia lower then for the patrol
roame.
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z 2,.3.1.3 Topopraphic map

The topogrephic maps aoquired from Husi Khe
Ehecng congist of many topogrephic maps merged
¢ from one bigper map, Maps that cover the
. sanctuary's area were cut out for nsage, and them
i franmposed to the same ecale as the Patrelling rontes
map and pairol protector unit location nxap, The

ic mep dais are consists of main roads,
local roads, willages, contonr limes, stream limes,

[

TS

e

Sime DeEriptios :
Beusdury

Pamal Painr 0}
Partl
g il
s Pan} J 15
s Foid =

[T

Figure 3: Patrol waypoints which crested from GES
toxt files, MNRE (Ministry of Natnral Regounces
end Envirorment), 2006

Patrol ronate and omain road layers will he mergm
when overlep. Sometime, when patrol rowtes created
from the waypoims are overlap or cloesst too nmch.
This reesach selectsd the pommay rode by
calruletion method. First, create the buffer for each
line that overlap or thoss are too closs. The interval
of buifer veed i1n this regsarch conelsts of 100, 200
distancs that a human can ges in the forest. If & line
i a boffer Includes ofber lines o ot podiits of the
other lines, researchers will adjuet them to the same
line.
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2.3.1.4 Network analyst maps

The rouis map fis the Network analyst congists of
Ficlde relevant to thia rescarch are the following:

=  FID is the identification of the polyline,
Shape® is a vectur formst,
DIRECTION ie the direction of the polyline.
DISTANCE iz the langth of the polyline in,
meter unit.

FNODE i the identification of the st node in
8 polyline,

TNODE is the identification of the +md node in 8
polyline.

FT roinotes 1s the treveling dme fiom start node
to end node in & polyling iIn minnte units.

TF mimutes is the taveling ime from end tnode
0 st aode 1o & polyline 1o mitnate unlts,

Nume is the neme of polyline.

This resesrch mesgurss the cost of betwork palyline
in two ways time and dinancs. Time celoulstion is
hared on timestsrnpe of coordinates within each
linw, while distance culeuleton wses intsepalation
between coordinates witlin each line. Values for
TF piinute fields are get to the eame as FT' sviies
fields becouse of dete HEndtetions. Thix research doos
not uge the slope value for muie calculation The
pairel data set veed was collected for a period
ranging betwoon Joly 2007 atd Decernber 2008,

Figure 4: Decigion Support System (RIXSS) dingram
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2.4.2 Bystem design

The RD3S wax designed to display the most ruitable
rantes that will then be pregented to exeattives for
fmal decigions amd orders. The RDSS working
procesn can be split into foar parte in Figore 4. The
first part of the working process concerng the
daisbase gyutemn. The seoond part ia the epplication
progmm. The application program is cormected with
detabase sysiem for digplaying the patrol route map,
The thind part i conoerns abont the certographer
who ie managing the patrol route map. For thia part,
cartopraphes an update map information via the
ArcGIS Desktop vervion 9.2. And the last working
proceas is the exsacutive's part This part concems
petrol information that 1s presenit 1o exscutives fi
research in the closset fcility fanction in ArGIS
5.2,

2.4.3 Database desion

Datubuse design was separated into two parts MIST
md Geodstabase. The MIST portion focmees on
patrol date (stribete), while the Geodatshane part
involves routing dete (spatial and asribow). The
MIST system was built weing Firebird And RDSS
can connect to Firshird via the ODBC fimction. The
An/SDE Personal EBdition psed to paerstn the
{eodatsbane. This research uezed Microsoft SQL
Sarver 2003 to collact the datahass that generste
from Are/SDE. RDSS can connect the both database
systemn by maed OLEDB fimcticn.

2.4.4 Graphic urer interfoce design

Microsoft Vismal Bagic 2005 md ArcGIS Engine
9.2 taole wers msed in thic tak Arc(S 9.2 was
uwsed to design and implement the Patrelling roue
map lnyer, while “Closcst Facility™ was uxed to
deteming the moet syitable rowtes, The map display
ﬁmhmofﬁmﬁmmﬂimhnhdhﬂwm
decixion enpport applicstion uxing Vimml Basic
2005 and ArcGIS Engine 9.2,

245 Text systen

The relishility of RIDSS wae testad by o geer whe is
8 regreseniative of the Nations] Park, Wildlife mnd
Plant Compervation Department of Thailend

X. Roanlt and IMecussion

3.7 Patrol Rewtes

The Patrol GPS ehape files which nesd for creats the
route heve 189 files. All of thewe fileswas picked

from Huai Kha Khaeng patrol mmmagement Zone 1.
All padral roartes layers have 3,466 lines,

24.14. FNODE avl TNODE flalds wers grnetated
from the informsetion of each polyline. FT mmimuics
and TF mirmise wore calenlated from the trawsling
tme i each line, Thess map data were collscted In
the database manages by Arc/SDE and Microsoft
SQL Server 2005. The Network Annalyst ie an
extension from ArcGIS wasion 9.2, This extension
msed t0 compute routing costs. The patrol map was
divides these costs 1o two catepoy mups used tme
costs and used digtance costs. The Clozest Facility ia
a function in Neterork Analyst This function was
takets finr ronating by pxing dw netwok rootes and
facilities. The facility that aet for this function i »
poaition of patrol station. The patol statione nasd
fiw this task congist of Sob Fa Pa, En Puk Ka Peetig,
Kaw Eew, Hini Yu Ei, Huni nem kso, Wmg Pai,
Cyber, Pan Sa, Tung Fang and Headdqmarier. Thers
shonld be at lesst fine facilittes w be fomd by
facilitiss are not appropriate for that time becaoss of
incomvenient physicsl cirumstances. This is 8
requitemnent of the Nationa] Park Diepartment. The
reuting the peth from the facility to the incident
poirt.

32 ROSY i

RDSE application waa implemented by Microsoft
Virnal Bagic 2005 and uses the libraries in ArcGIS
9.2 Hngine to call the fimction in Aro(IS Deskiop.
The Network Analyst fimction used for routing was
connsched by the AreGIS v9.2 Enpine library, In
part of Graphic User Interfice, mep control interface
is call from ArcGIS Deikiop vis ArcGIS Engine
Ponction, All map layers that need for RDSS are
called with the AroGIS Deskicp via Are/SDE.
Arc/SDE waa set to conmect with Micosoft SQL
Enterprigs 2005 by DLEDB,

btenatimal Fownal of Gecinformanes, Yol. 6, Mo, 4, Decetaber, 2110

GIS Applicetin for Petrollng Eote 1 Meboel Fesere Forest of Thafland — 21-28

25




LN A
-i?fj 4

Fignre 5: Thie ia 8 RDSS user mterface that wae ihown sbaut mouting fmetion,
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Figure 7: This is s example of routing map. The yellow lines shown in figure are rouling reutes.
Thix yelloowr line was gensrated from RTISS program
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Figmre 8: The cxample of routing repert. This report is ahown about ronte neme, routing route map,
time cost in sach rombs, distancs coxt in each nomte and direcHon.
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the invader or bnush fires. RDSSE can help the officer
i decrente the redudaicy romts becsmse they can
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