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KML및 웹 맵 서비스를 이용한 대피경로 생성 시스템 설계 및 구현

DanielLeonardoNiko

부경대학교 대학원 정보시스템협동과정

요 약

대피소로 신속히 대피하는 것은 긴급상황에서 재해에 대처하는 방법중에 하나이며,최적의 대피로는

중요한 요소이다.위험지역에 있는 사람의 현재 위치를 기반으로 가장 가까운 대피소 혹은 최단경로와

같은 정보들을 통해 대피수단을 최적화 할 수 있다.이러한 정보들은 사람들이 편리하게 사용할 수 있는

스마트폰,웹,데스크탑 기반의 응용프로그램과 같은 플랫폼으로 쉽게 접근될 수 있어야 한다.그러나

이러한 정보를 위한 실시간 재해 데이터와 사용자 위치를 기반으로 수행 가능한 ‘on-the-flyrouting’의

계산은 막대한 양의 공간데이터와 이를 처리할 수 있는 고성능의 컴퓨터가 하다는 제한성을 가진다.그

렇기 때문에 이러한 수행과정은 서버에서 완료 되어야하며,사용자는 최적의 정보만 확인할 수 있도록

해야 한다.

사용자에게 믿을만한 정보를 생성하기 위해서는 서버의 공간 데이터 프로세싱에 대한 도로망,대피

소,병원,긴급 의료기관,재해지역 등을 포함하는 가장 최근의 데이터가 필요하다.이러한 데이터셋은

서로 다른 데이터공유 정책으로 제한되기 때문에 그들에게 적합한 다른 구조로 생성이 이루어진다.다행

히 SpatialDataInfrastructure(SDI)라 불리는 프레임워크는 재난관리를 위해 이러한 데이터들의 생성

과 공유를 가능하기 때문에 데이터셋에 접근하여 검색 및 처리할 수 있는 환경을 생성한다.

본 논문은 OpenGeospatialConsortium(OGC)표준을 사용하여 데이터 처리에 있어서 하나의 웹 기반

에서 다양한 온라인 공간데이터 네트워크에서 데이터 셋의 통합을 초점으로 하고 있다.본 논문에서 개

발한 시스템은 OGC표준에 따르는 분산된 데이터 소스를 통합 할수 있을 것이다.이러한 데이터 소스를

사용한 지오프로세싱은 가장 적합한 대피소 또한 사용자의 현재 위치에서 대피소까지의 경로는 네트워크

분석을 사용하여 만들어 낼 수 있다.REST기반의 웹 서비스를 사용하는 표준 데이터 출력 형식은 대피소

와 경로 정보를 제공 할 수 있을 것이며,이러한 정보는 스마트 폰과 웹 브라우저에서 RichInternet

Application(RIA)그리고 데스크탑 기반 매핑 애플리케이션을 이용하여 사용자에게 제공 할 수 있다.
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Abstract

Therapidevacuationtodisastersheltersareoneoftheactionsinvolvedinthedisaster

responsephaseofemergencymanagement.Evacuationtotheshelterscanbeoptimizedbygiving

instructionstotheevacueessuchassuitablesheltersandshortestroutesfromtheircurrent

location.Thisinformationshouldbereadilyaccessedtoevacueesusingtheplatformsoftheir

conveniencesuchasonsmartphones,webbasedapplicationsordesktopapplications.However,

performingon-the-flyroutingcalculationbasedonrealtimedisasterdataanduserposition

requireslargeamountofspatialdataandcomputingpower.Therefore,theprocessingmustbedone

inserversandonlyitsresultsareshowntousers.

Inordertoproducereliableinformationtousers,thespatialdataprocessinginservers

requires most updated data including road networks, potential shelter, hospitals, medical

emergencystations,disasterareas,etc.Thesedatasetareproducedbydifferentorganizations

andthereforearealsoconstrainedtotheirdatasharingpolicy.Fortunatelyaframeworkcalled

SpatialDataInfrastructure(SDI)canfacilitatethesedataproductionandsharingfordisaster

management.Itcreatesanenvironmentinwhichdatasetcanbeaccessed,retrieved,andprocessed.

Thisthesisfocusesonintegratingdatasetfromvariousonlinespatialdatanetworksintoone

webbaseddataprocessingusingOpenGeospatialConsortium(OGC)standards.Thesystemdeveloped

inthisthesisallowstheintegrationofanyremotedatasourceswhicharepublishedaccordingto

OGCstandardsandpresentthemtotheusers.Byusingthesedatasources,geoprocessingtoselect

themostsuitableshelterscanbedone.Furthermore,routesfromusercurrentlocationtothe

shelters can be produced using network analysis. Standard data output format which are

transferredusingRESTbasedwebservicesprovidesthesheltersandroutesinformationtousers

whichcanbepresentedusingsmartphoneandRichInternetApplication(RIA)onwebbrowserand

alsodesktopbasedmappingapplication.
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1.Introduction

1.1.Background

Thegoalofevacuationplanistoguideallevacueesintothesafety

area.Toachievethisgoal,aneffectiveevacuationplannecessary.Busan

Metropolitan City hasdesignated severaldedicated siteforemergency

shelter.Moreover,italsodefinedseveralfacilitiesregardedappropriateas

temporarysheltersincludingschools,churchesandotherpublicfacilities

due to its traditional usage as venues for community gatherings.

Evacuationtothesesheltersneedstobeperformedintimelymannerto

minimizecasualtiesin disaster.Moreover,information on sheltersand

routingshouldbeeasilyavailabletousersusingsmartphone,webbased

ordesktopapplication.However,sheltersselectionandroutinggeneration

requiresalotofprocessing andmanipulation ofseveraldatasources.

Thereforeitneedstobedoneintheserverwithspatialdataprocessing

capabilityandonlytheresultsaresenttoclients.

With theadvancementoftechnology in spatialdatacreation,spatial

dataiscreatedandownedbymanydifferentagenciesthatutilizespatial

datatosatisfytheirownneeds.Thefragmentationofspatialdataowners

causesdiversityinpoliciesrelatedtospatialdata,andstandardsandtools

tomanageandcoordinatespatialdata.Thediversity ofapproachesin

data coordination leads to inconsistency and heterogeneity among

multi-sourcespatialdatasets.
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Thediversityofspatialdatarequiresasharingplatform tofacilitate

accessandintegrationofdata.SpatialDataInfrastructurecanbeusedfor

thispurpose.With a framework thatmaintainsstandards,accessand

interaction ofspatialdata,processing ofthesedistributeddatacan be

done.Moreover,thisframeworkalsoenablesoutputtobepresentedin

multiple platforms for easy access to appropriate shelter and route

generation.

1.2.Problem Statement

Reliableandup-to-datespatialdataarerequiredforproperresponseby

citizen.Thesespatialdataareoftenproducedbydifferentagencyinvolved

indisastermanagement.Usersneedaplatform wherethesedatacanbe

viewedin singleapplication.Thesystem developedin thisthesiswill

allow integrationofanyremotedatasourcesthatpublishdataconsistent

withOGCstandardsandpresentittotheusers.

Moreover,in emergency situation,evacuation to a safe shelter is

needed.Evacuationplanconsistsofshelterselectionandroutingtothe

selectedshelter.Theserequiregeoprocessingandroutinganalysisusing

multipledatasource.Theprocessshouldbedoneinaserverwhichwill

returnastandardformatoutputwhichisaccessibleinmultipleformats.

1.3.ThesisObjective

Thisresearchprojectaimstodevelopasystem whichenablesviewing
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ofdifferentspatialdatasourcesfrom multipleagencies.Moreover,itwill

provideafeatureforshelterselectionandroutegenerationincaseof

emergencybasedondisasteranduserlocation.

Theresearchprojecthasthreemainobjectives:

1.Identify the possibility ofmultiple data source integration on the

medium ofwebserviceusingOGCstandards

2.Using thedatasourcetogenerateappropriateshelterselection and

routingbasedonuserposition

3.Designanddevelopsystem thatenableviewingmultipledatasource

andresultofshelterselectionandroutegenerationinmultipleplatform

usingastandardoutputdataformat.

1.4.Scope

Busan Metropolitan City has designated severaldedicated site for

emergency shelter.Moreover,italsodefined severalfacilitiesregarded

appropriateastemporarysheltersincludingschools,churchesandother

publicfacilitiesduetoitstraditionalusageasvenuesforcommunity

gatherings.Therefore,this thesis willfocused on generating shelter

selectionandroutegenerationinBusanarea,specificallyNam-Gu.

Theshelterselectionusesadisasterdamageareadatasource.This

datasourceisoneoftheinputsofthewholegeoprocessing.However,

thisthesiswillnotspecifyhow todeterminetheareaofdisaster.
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1.5.ThesisOutline

Thethesishasbeendividedintofivechapterswhichare:

ChapterI,Introduction

Introduction consistsofthesisbackground,problem statement,thesis

objective,scope,andthesisoutlines.

ChapterII,LiteratureReview

Literature Review explains the theoreticalsupports and methods.It

includesexplanationaboutdisastermanagementsystems,SpatialData

Infrastructure,OGCStandardsandEvacuationplanusingGeoprocessing

modelandNetworkAnalysis.

ChapterIII,System RequirementsandDesign

Thischaptercontainsthefunctionalrequirementsandactorsinvolvedin

the system.Itincludes geoprocessing modeland network analysis

model.Furthermore,italsoincludesUMLdesignofthesystem suchas

UseCaseDiagram

ChapterIV,System ImplementationforShelterSelectionandEvacuation

Path

System ImplementationcontainstheprocessofdevelopmentusingRIA

toolssuch asSilverlight,Web serviceprogramming and smartphone

applicationprogramming.Itisalsoconsistsoftheoveralarchitectureof

thesystem andthedatabaseschema.

ChapterV,Comparison

This chapter contains the review ofrelated works and how the

proposedsystem comparedwiththereviewedworks.
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ChapterVI,ConclusionandFutureWork

This chapter contains conclusions and additionalfeatures that is

requiredbutnotyetdevelopedinthethesis.
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2.LiteratureReviews

2.1.DisasterManagement

Disastermanagementis defined as a cycle ofactivities including

mitigation,preparedness,responseandrecoveryasdefinedinfigure2.1[1].

(a).Mitigationincludesanyactivitiesthatpreventanemergency,reduce

thechanceofanemergencyhappening,

(b).preparednessincludesplansorpreparationsmadetosavelivesand

tohelpresponseandrescueoperations,

(c).responseincludesactionstaken to savelives,such asseeking

sheltersoranyactivitiestakeplaceduringandisaster,and

(d).recoveryincludesactiontakentoreturntoanormalsituationafter

disaster

Figure 2.1. Disaster management phase

The hazard and vulnerability assessmentand mapping ofdisaster

responseagentsarethefirstandforemoststepinstartingthecycle.All
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dataiscriticalforwholephasesofdisaster.Thesedatacanbedefinedin

twocategorieswhichare:

l Pre-disasterbaselinedataaboutthehistoryandrisksofdisaster

l Post-disasterreal-timedataabouttheimpactofadisasterandthe

resourcesavailabletomanageit

Theabilitytomakearightdecisionondisastermanagementcanbe

greatly enhanced by completeness of the information. However,

information management and processing in disaster management are

challengingduetotheuniquecombinationofcharacteristicsofthedatain

thisdomain,whichinclude[3]:

1.Alargenumberofproducersandconsumersofinformation

2.Timesensitivityoftheexchangedinformation

3.Variouslevelsoftrustworthinessoftheinformationsources

4.Lackofcommonterminology

5.Combinationofstatic(e.g.,maps)anddynamic(e.g.,damagehistory)

datasets

6.Heterogeneousformats,rangingfrom freetext,XML andmultimedia

data

Pre-disasterbaselinedata,suchasdamagehistory,areimportantin

performingcomprehensivespatialanalysisfordisastermanagement.Itis

notedthatdisasterordamagehistory needsaconsiderableamountof

resourcestoproduceanddisseminate(1),tokeepupdated(2),tovalidate

(3)andtointegrate(4,5,6).

Thosedatacanbegatheredfrom thekeypartiesinvolvedindisaster

managementprocesswhichare[2]
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l Communities,the most vulnerable and vitalpeople-centered early

warning system.Theproposedsystem willusethecommunitiesas

oneoftheproviderofdisasterdata.

l Localgovernments,asproviderofconsiderableamountofknowledge

ofthehazardintheirgovernedarea

l Nationalgovernments,whichresponsibleforpoliciesandframeworks

togatheralltheresourcesintheirrespectivecountry.

l Regional institutions and organizations that provides specialized

knowledgetoadvicenationaleffortsonmanagingdisaster.

l Internationalbodiesto fostertheexchangeofdataand knowledge

betweenindividualcontries.

l Non-governmentorganizationsanditsroletoadvocategovernment.

l Privatesectorwhoisbetterequippedtoimplementinformationsystem

basedsolutionintheirdisasterplan.

l Mediafordisseminationofdisasterinformation

l Scientificcommunity forproviding scientificand technicalinputto

assistsgovernmentsandcommunities.

Thereshouldbeasystem inwhichallofthepartiescanproduceand

sharedatainoneplatform.

2.2.EvacuationPlan

The rapid evacuation to disaster shelters are one ofthe actions

involvedindisasterresponsephaseofdisastermanagement.Thegoalof

evacuationplanistoguideallevacueesintothesafetyarea.Toachieve
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thisgoal,aneffectiveevacuationplannecessary.Evacuationplanshould

coversfourcriticaldecisions,suchas[5]

(i)decidewheretoevacuatepeople(shelterdestination)

(ii)decidethebestroutetoshelter

(iii)regulateflow oftraffictodestination

(iv)determinerateofevacueesadmittedtoshelterfrom differentareas

orregion.

Sheltersareimportantinordertoprovidesafespaceforthedisplaced

victims.However,maintaining severalsites solely forthe shelters is

costly becauseitisonly used in caseofdisaster.Therefore,a cost

effectivesolutionistoidentifyexistingfacilities(e.g.communitycenters,

churches,schools) that are physically and socially (population-wise)

suitablefortemporaryevacuationshelters.

There are severalresearches conducted to determine variables to

supportshelterdestinationselection.Thevariablesincludedintheshelter

suitabilitymodelbasedonotherstudiesincluding:

l Floodzone:sheltersshouldnotbelocatedinsideafloodedzone[1]

l Proximitytohighwaysandevacuationroutes[2]

l Sheltercoverageofdangerarea[3]

l Proximitytohealthcarefacilities.[4]

Determiningdangerareaisoneofthevariablesrequiredinsheltersite

selection.Dangerareacanbedeterminedaccordingtodisastertype.The

FederalEmergencyManagementAgency(FEMA)providestaxonomyof

disaster and hazard events and categorizes them into three types:

man-made, natural and technological (FEMA 2006). The different
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categoriesofeventsareshowninFigure2.2.Itcanbedividedintotwo

categories which are expected or unexpected disaster. Unexpected

emergencyeventsarethoseeventsthatgiveemergencyrespondersshort

ornoadvancednoticetoreact.Inotherwords,therespondershaveno

timeoronlyhaveasmallamountoftimetopreventorprepareforthe

impactoftheimpendingevent.Examplesofthesetypesofeventsare

tornadoes,earthquakes and even human-caused events such terrorist

attacks[9].

Figure 2.2. Disaster categories

Thisthesiscoversevacuationrouteplanningforexpecteddisaster,such

ashurricanes,wildfires,floodingwhichallow moretimetopreparefor

protectionofpropertyandevacuationsofcitizensinthetargetedarea.In

thiscase,emergencymanagementofficialshavesomeaprioriknowledge

aboutthetypeofevent,thetrajectoryoftheevent,scaleoftheevent,

andthelocationofthetargetedareas.Thereforeitcandeterminethesize

ofdangerareatobeusedforshelterselection.

This thesis assumes thatdamage data is updated by emergency

managementagencyandreadilyavailablebeforetheincidentoccursand

obtainedthroughtheexpertopinionorpolicies.Ifthedamageareais
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changed that means shelter selection is changed and another

geoprocessingneedtobeperformed.Thisiseasilydoneusingdistributed

datasetsandgeoprocessingusingwebservices.

2.3.SpatialDataInfrastructure

Lemmensdescribedfiveuniquefeaturesthatdistinguishspatialdata

from othertypesofscientificdata[3].Thosefeaturesinclude:

1.Multipleversions-Versionsofthesameentitiesoftheearth’ssurface

maydifferintermsofdatamodels,scales thataremostlycollected

bydifferentagencies

2.Implicitlinking-Ingeneraldata,explicitreferencesmustbepresented

tocombineinformationfrom multiplesourcesinameaningfulmanner.

Spatialdata enable linking withoutexplicitreferences,i.e.,via a

coordinatereferencesystem.

3.Massivedatasets-Comparedtogeneral(administrative)information,

spatialdata would be massive.In case ofsatellite imagery,for

instance,rasterdatavolumeswouldbehuge.

4.Mapsasimplicitinterfaces-Everyoneisfamiliarwithreadingmaps,

sotheyareanaturalmanmadeinterfaceforrepresentingspatialdata.

5.Spatialdata is geometry based - Itis possible to apply many

mathematicaltoolsinGeo-services(suchastocomputethedistance

betweentwoobjectsorcomputethebufferaroundanobject)whereas

other data types use only limited operations such as string

manipulationorstatisticaloperation.
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BeforemassuseoftheInternetanditstechnologies,spatialdatafora

particularlocationhadbeenstoredindifferentphysicallocationsandoften

usedbasedondifferentstandardsorformats.Thismadeitdifficultfora

potentialuserto accessand utilizesthedata.Potentialusersofthis

disordereddatamightbeanorganizationthatcouldnotaffordtoacquire

dataontheirown,oraccessneededdatafrom outsidetheirorganization.

AnSDIisacoordinateseriesofagreementsontechnologystandards,

institutionalarrangements,andpoliciesthatenablethediscoveryanduse

ofgeospatialinformationbyusersandforpurposesotherthanthoseit

wascreatedfor,Steigner[4]deductthefollowingkeycharacteristicsof

SDI:

1.SpatialData(orSpatialInformation),

2.Technologies,i.e:hardwareandsoftware,

3.LawsandPolicies

4.People,i.e:dataproviders,usersand

5.Standardsfordataacquisition,representationandtransfer.

Duetotheneedforcollaborationinspatialdataproductionandsharing

for disaster management,an SDI can be used as an appropriate

frameworktofacilitatedisastermanagement.Thisisbecauseitcreatesan

environmentinwhichagentscanaccess,retrieveanddisseminatedisaster

data.Moreover,itcanprovideaframeworkforspatialdataintegration

processwhichisdepictedinfigure2.3.
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Figure 2.3. Spatial data integration

Inthispaper,weuseanddefinethetechnologicalkeycharacteristicsto

buildSDIfordisastermanagement.Wewillanswerquestionssuchas:

Whatare the standards required to collectspatialdata from several

sources,manipulate,transferandfinallypresentittousersondifferent

platforms?Whatisthetechnologyrequiredfordevelopingthesystem?

Lastly,how canpeoplecontributetocompletethedisasterinformation?

2.3.1.OpenGeospatialConsortium (OGC)Standards

OGC isan internationalindustry consortium formed by numbersof

companies, government agencies and universities participating in a

consensusprocesstodeveloppubliclyavailableinterfacestandards.These

standardsplayanimportantroleinthedisseminationandprocessingof

spatialdata.Ingeneral,theydescribecommunicationprotocolsbetween

dataservers,serversthatprovidespatialservices,andclientsoftware,
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whichrequestanddisplayspatialdata.Inaddition,theydefineaformat

forthetransmissionofspatialdata.Thispaperidentifiesthefollowing

OGCstandardsthatarerequiredtobuildanSDIrequiredforoursystem:

l WMS (WebMappingService)providesasimpleHTTPinterfacefor

queryingandaccessingmaplayersfrom mappingserver

l WFS (Web Feature Service) which operations support INSERT,

UPDATE,DELETE,LOCK,QUERY andDISCOVERY operationson

geographicfeaturesfrom thefeatureserverusingHTTP

l KML is an XML language focused on geographic visualization,

includingannotationofmapandimages.ItisprimarilyusedbyGoogle

Mapfamily

Figure 2.4. OGC standards used in the system

Figure2.4showstheimplementationofthosestandardsintheproposed

system.Dataproducerincludestheagentsinvolvedinprovidingdisaster

data.Allofthisdatawillbecollectedandmanipulatedsoitwillconform

astheinputforthestandards.Dataconsumersareadministratorand

users.
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UsersprimarilyinteractwithKMLformatteddatabecausedisasterdata

willbepresentedtotheplatform whichismostcomfortableforthem to

use which is GoogleMap.Foradministrator,additionalcapability for

editingdataisneeded.Therefore,thesystem enableadministratortouse

WMS forinteraction with the map layerand WFS formanipulating

featureinsidethemap layer.Thesedata delivery standardswilluse

ordinary XML formatfordatatransfer.Administratorwilluseanother

browser-basedordesktop-basedapplicationinordertomanipulatethese

spatialdata.Allofthedatatransferwillbedoneusingwebserviceon

topofHTTPprotocol.

Muehlen,etal.comparedtwotypesofWebServiceprotocolplatforms,

REST and SOAP [6].REST is an architecturalstyle described by

Fielding[7].InREST architecture,objectsareidentifiedbyaURIand

specificmessageprotocolssuchasPUT,POST,GET,andDELETEare

usedtoprocessthedataobjects.A requestmessagesenttoanobject

results in the processing for accessing or manipulating the objects,

typicallyintheform ofanXMLdocument.Thisdocumentprovidesthe

clientwiththeabilitytochangethestateofthedataobjects.

WhileSOAPbasedarchitectureisapplicableincertainframeworks,it

isinferiortoREST basedWeb Servicearchitecturein termsofboth

networkbandwidthutilizedwhentransmittingservicerequestsoverthe

Internetandtheroundtriplatencyincurred[8].Therefore,tomaximize

bandwidthusagefordataexchange,thesystem isdevelopedbasedonthe

RESTarchitecture.
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2.3.2.WebBasedGeoprocessingService

Geoprocessing servicesturn simpleinputdataintousefulgeographic

information.Itcontainsgeoprocessingtasksaccessiblebyclients[8].Tasks

are created by publishing geoprocessing toolboxes ormap documents

containingtoollayers.Whenageoprocessingtaskcalled,itexecuteson

the server computer, using resources of the server computer.

Geoprocessing servicesand theirtasksareaccessed acrossthepublic

Internetandprivateintranetsandwillbeusedinthissystem togenerate

theshelterselection.Webclientsarelightweightapplicationswhichonly

know how tosendpacketsofsimpledatatoaserver,suchastext,

numbers,anduncomplicatedgeographicfeatures.A geoprocessingservice

takesthissimpledata;processesit;andreturnssomemeaningfuland

usefuloutput,such as the probable evacuation area fora hazardous

chemicalspill,thepredictedtrackandstrengthofagatheringhurricane,a

mapoflandcoverwithinauser-definedwatershedoraparcelmapwith

historicaldetailsofownership[3].

Inthisthesis,geoprocessinginvolvesmultipletasksconnectedtogether

inageoprocessingmodel.Geoprocessingmodelisaseriesoftaskswhich

arecombinedtogethertoachieveacommonpurpose.

2.3.3.NetworkAnalysis

A network isa system ofinterconnected elements,such as edges

(lines)andconnectingjunctions(points),thatrepresentspossibleroutes
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from one location to another.Network analysis is a procedure that

navigatesthroughtheconnectivityofthetransportationnetworktoyield

meaningfulresults,suchasfindingallelementsupstream ofapointor

the shortest path between two points[9].The analysis has several

functionalities including: route, closest facility, service area, and

origin-destinationcostmatrix.Thispaperwilluseclosestfacilityservice

whichdeterminetheclosestshelterfrom userlocationandgeneratethe

routingfrom usertotheshelter.Theclosestfacilityserviceusesvariant

of Djikstra algorithm on shortest path calculation.It modifies the

algorithm to include severalconstraints on the calculation which are

includedinanetworkdatasetpropertyinfigure3.

Network datasets is the core geodatabase network model for

representing undirected networks,particularly transportation networks.

Whencreatinganetworkdatasets,specialattributescanbeaddedsuch

ashierarchy(roadclassification,suchashighway,majorroad,minorroad

levels),elevations(settingthephysicallevelofroadways),onewayor

vehicularrestrictions,andcostoftraveltimeordistancetraveled.Usually,

commercialdata vendors include these attributes when creating their

datasetsonstreetnetworks.

In calculating route,resultofnetwork analysis solverperformance

dependsonimpedancechosenbytheuser.Iftheimpedanceistime,then

thebestrouteisthequickestroute.Ifitisdistance,thenthebestroute

istheroutethathastheshortestdistancebetweenoriginanddestination.

Thisimpedanceischosenfrom networkattributesinnetworkdatasets.
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3.System RequirementsandDesign

3.1.System Architecture

In ordertoaccomplish theobjectivesofthethesiswhich relieson

using web services to integrate multiple datasets,there are several

requirementsthatneed to befulfilled such as(i)Decentralization for

offeringautonomyandindependencefordataproducertouseandmanage

theirowndata,(ii)Accessibilityforofferingaccesstothesystem using

webserviceenableddevice,(iii)Uptodatewhichmeansdatadisplayed

intheapplicationmustbethelatestdataproducedbydisasterrelated

organization.

Accordingtotheserequirements,thelogicalarchitectureoftheproposed

system aredefinedinfigure3.1which includestheinteraction among

threelayers:DataLayer,ServiceLayer,andApplicationLayer.

1.DataLayerconsistsofdatasetsusedbythesystem.Itclassifiedinto

threesections:

l Busan UIS Data:Itcontainsdatafrom Busan Urban Information

SystemsandusedforDisasterPreventionSystems

l Shelterselection & evacuation path analysisdatasets:Itcontains

datasetswhichareusedinperformingshelterselectionandevacuation

pathanalysis.

l Usefuldatasets:Thisdatasetisdynamicallylinkedbyorganization

managersoruserswhichposttheirdatasettothesystem.Itcontains
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datawhichisrelatedandisusefulfordisastermanagementprocess

butnotnecessarilyusedforshelterselectionandrouteanalysis.Itcan

betrusteddatafrom trustedorganizationsorcontainsunrelateddata.

Therefore,siteadministratorsmustverifythedatabeforeitcanbe

showntocitizens.

l User management : This dataset deals with user management,

especially with organizationalmanagersbecausethey can add their

datasetstothesystem.

Figure 3.1 Logical architecture

2.ServiceLayerconsistsofservicespublishedbythesystem

l Spatialanalysisforshelterselection:Itprocessesthedatasetinorder

togenerateappropriateshelters.
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l Networkanalystservicegeneratesroutesbasedoninputgivenbyuser

andtheresultfrom spatialanalysisforshelterselection.Figure3.2

showsthedetailoftheserviceanditsparametersinwebbrowser.

Theserviceisasynchronoussotheapplicationcanperform othertasks

withouthavingtowaitforthecalculationtocomplete.

Figure 3.2. Network analysis service

l MapservicehostsKMLfilesandWMSdatarepresentationalstandard:

KMLisaGooglebasedXMLschematoperform geographictasksand

finally adopted asa standard by OGC. Figure3.3 describes the

typicalsampleofaKMLwhichisusedfordamagereportwhilefigure

3.4describesthedetailofthewebserviceforWMSstandard.
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Figure 3.3. KML for damage report

Figure 3.4. WMS MapServer for Hospital data
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l Coordinatetransformationtransformstheprojectionusedbythemap

servertothedefaultprojectionusedbythesystem.Inthisthesis,

there are two supported coordinate projections which are Web

MercatorandWGS84

3.Application layerdealswith theuserinterface,userinteraction and

data visualization.Itconsists oftwo differentGUIforeach web

browser and smartphone.It has a direct connection with User

Managementdatabase.

l API(ApplicationProgrammingInterface)isacollectionofclassesand

proceduresthatconnectstheapplicationwithOGCinterface.

l ArcSDEUtilityisSpatialDBMSusedinthesystem

3.2.FunctionalRequirements

Thefunctionalrequirementsdescribethepossibleeffectofthesystem

orwhatthe system mustaccomplish.Based on the studies in the

literaturereview,wedeterminethefunctionalitiesthatareneededforthe

applicationareasfollows:

l Abletorepresentspatialinformation from severaldatasources

using layers and integrate them in one map using supported spatial

projectionandOGCstandards

l Abletodeterminesuitablesheltersbasedonspatialanalysison

disasterlocationanddatasourcelayers

l Abletogenerateshortestroutefrom usercurrentlocationtothe

shelters
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Thesecapabilitiesshouldbepresentedtothreetypesofusersinvolved

withinthesystem,whicharedepictedasactorsinfigure3.5:

Figure 3.5. Usecase diagram actors

Website administratoris a superuseroran administratorofthe

system.He/sheisresponsibleinmanagingtheserver,user,anddatabase.

Therefore,this actor can perform alltasks defined in the system.

Organizationmanageristhepersonwhopoststheirowndatasourceto

beusedbythesystem asmaplayersorusedinperformingsheltersite

selection.Citizen isgeneralpublicwhousesthesystem to view the

availableshelterandtogenerateroutefrom his/herownlocationtothat

shelter.

Theactorsarecapableofperformingthesefollowingtasksusingthe

proposedsystem:

1.LayerManagement

l Add,editorremovespatialdatasourcesURLaddressandinformation

to the database for both website administrator and organization

manager.Websiteadministratorisresponsibleforscreening allthe

datasourcespostedinthesystem.

l Add,orremovespatialdatasourcesaslayerstomapforallactors

2.ShelterSelectionandEvacuationPathAnalysis

l Users can view the latestdisasterhappening from the map and

generatethesuitableshelters
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Features User Use case

Layer management Website Administrator Manage published datasets

 Citizen Manage layers on map

 Organization   

Manager

Publish Datasets

Shelter selection and 

evacuation route   

analysis

Citizen Generate shelters

Generate paths

Add current   location

User management Website Administrator Manage users

 Organization   

Manager

Register user

l Usercangeneratetheshortestroutestotheshelter.

3.UserManagement

l Website administrator can add manage users or organizational

managers

Table3.1listsummaryoftherelationshipbetweenfeatures,usersand

usecasewhicharedepictedinFigure3.6

Table3.1.Listofusecases
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Figure 3.6. Usecase diagram

3.3.SpatialAnalysisModel

3.3.1.WebServiceChaining

A servicechainisasequenceofservicewhere,foreachadjacentpair

ofservices,an occurrence ofthe firstaction is necessary for the

occurrenceofthenextaction.Byusingwebservicechaining,allofthe

datasourceswhichlocatedinseparateplacescanbeshowninlayerson

map as wellas manipulated to add additionalinformation to users.

Figure3.7showshow thechainingisdoneinordertoprovideacomplete

layerofdataonthemap.

Byusingadistributeddatasourcesapproach,dataisnotexclusively
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usedbythisapplication,butitcanalsobereusedbyanotherapplication

such asBuilding datasetsforbuilding inspectionorRoaddatasetsfor

trafficapplication.Alloftheseapplicationswillaccessthesameversion

ofdatasets.

Figure 3.7. Web service chaining

3.3.2.ShelterSelectionModel

Basedonreview onrelatedworks,fourfactorsaredefinedtodetermine

shelterselectionforevacuationplan.Thesefactorsare:

1.Sheltercoverageofdangerarea:themorecoverageoftheshelteron

thedangerarea,themoresuitabletheshelteris

2.Proximitywithmajorroadnetwork:shelterwhicharelocatedneara

majortransportationrouteisconsideredtobemoresuitablecandidate

3.Proximitywithmedicalfacilities:thisisimportantinordertotreat

evacueeswhoneedmedicalattention

4.Locationouterthanfloodhistoryandhazardousplace:sheltermustbe
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locatedinasafebuildingfarfrom floodordangerousfacilities.

Shelterselection processusesthesefactorsindetermining themost

appropriatefacility forevacuation destination.Eachofthefourfactors

wasreclassifiedintofiveintervals,andafactorratingwasassignedto

eachinterval.Existingfacilitiesaregivenscoreforeachofthefactors.

Facilitieswiththehighestaccumulativescoresareselectedasevacuation

destination.However,theselectionoffactorsscoresisoneofthemost

controversialpartsinselectionsuitableshelter[4].Assigningscoretoeach

ofthefactorsrequiresdetailedstudyaboutthefactorsanditsimpactto

sitesuitability.Thereforethisthesiswillassumethateachofthefactors

hasthesameweight.

Inordertoselecttheintervalforeachfactor,naturalbreaks(Jenks)

willbeused.Naturalbreaks isdone by identifying break points by

pickingtheclassbreaksthatbestgroupsimilarvaluesandmaximizethe

differencesbetweenclasses.Thedataaredividedintoclassesorintervals

whoseboundariesaresetwheretherearerelativelybigjumpsinthedata

value.Geoprocessingmodelisperformedtoselectandgiveintervaland

scorestoeach facilities.When theresultisgenerated,scoreswillbe

assignedtoeachvariableandsum them togeneratethemostappropriate

shelters.The number of the shelters needed is provided by the

administrator.
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Figure 3.8. Building "Near" operation with Hospital and Road

Infigure3.8,thespatialanalysisprocessisdisplayed.Theovalsymbol

represents Input and output data while rectangle symbols represent

operationonthosedata.Moreover,fortheinput,thereareadditionalP

symbolswhichrepresentaParameter.Therefore,ovalsymbolsareinput

variables.

Duringthegeoprocessing,thesedataaremanipulatedanditsfieldsare

calculated.Byperforming“Near”operationasdepictedinthefigurewith

HospitaldataandRoaddata,system willgenerateadditionalfieldsin

BuildinglayerwhichisNEAR_IDandNEAR_DIST whichcontainsID of

theHospitalorRoadwhichisclosesttotheBuilding.Therefore,thereare

two additional datasets generated by the system which are

Building_HospitalandBuilding_Road.
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Figure 3.9. Thiessen operation

Next,“Thiessen polygon”operation described in figure3.9Thiessen

polygonisusedtodescribetheareaofinfluenceofapointanddetermine

whichbuildingthathasthemostcoverageofdangerousarea.Resultof

thisdataissavedinThiessen_clipdataset.

Thesegenerateddatasetsaresavedinthedatabaseanditisrefreshed

whentherearenew processinginputssubmittedbyusers.Theapplication

assignsscoretoeachofthebuildingbyusingtheNEAR_DIST value

from Building_Hospital and Building_Road and AREA field from

Thiessen_clipandsavethescoreinFinal_Sheltertable.

3.3.3.NetworkAnalysis

Afterthefinalsheltersareselected,nextstepistocreateroutingto

thosesheltersbyusingnetworkanalysis.Thereareseveralparameters

includedin themodelsuch as:CurrentLocationwhich describesuser

currentlocation,FinalShelterwhichistheoutputoftheshelterselection

processandRouteswhichistheevacuationrouteoutputfrom themodel.
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Thismodeluses“ClosestFacility”methodwhich takestwovariables,

“Stops”and“Facilities”andcalculatestheshortestroutefrom eachstop

toeachfacility.

There areseveraloperations in this modelsuch as:Make Closest

Facility Layerwhich istheprocesstomake“ClosestFacility Layer”,

“AddLocation”toaddFinalShelterasFacilitiesand“AddLocation(2)”

toaddCurrentLocationasStop.Nextis“Solve”whichcalculatetheentire

shortestroutebetween each stop and each facility.Lastoperation is

“SelectData”toselecttheRouteasoutputtobedisplayed.

Figure 3.10. Route generation using network analysis
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4. System Implementation for Shelter

SelectionandEvacuationPath

4.1.DataCollection

Therearethreedatagroupsinusedbythesystem asdescribedin

datalayerinFigure3.

1.BusanUIS :Inordertoperform thesheltersiteselectionandroute

analysis,therearefivedatasourcesthatareneededfrom BusanUrban

InformationSystem,suchas:

l NamGu:Containsadministrativedataandcityboundaries

l Building:ThisdatarecordsallofthebuildinginNamGuarea.This

datalateronwillbefilteredtoonlydisplayschoolsorchurchesas

candidateforshelterselectionprocess.Itisalsoincludedhospitaldata.

Intotal,thereare774shelterscandidatetoaccommodateevacueein

NamGudistrictofBusan

l DamageHistory :Containsdisasterhistory in NamGu areawhich

focused on flooding data.The shelterselection process willfilter

buildingwhichhasafloodinghistory

l Damage: Includesthedamageareaofahappeningdisaster.This

datasetsshouldbecollectedassoonaspossiblebydisasteragencyin

ordertodeterminethescaleofdisasterandcoverageofdangerous

area.

l Roadcenterline:Thisdataincludesthenetworkdatasetsandroad
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whichisusedinrouteanalysisprocess.

2.Shelterselection& evacuationpathanalysisdatasets:Datasetsfrom

Busan UIS are processed according to spatialanalysis modeland

severalnew datasetsaregenerated,including

l Finalshelter:contains information and location ofthe appropriate

shelteranditsscore(SCORE)generatedbasedonthedamagearea

anditsproximitywithhospitalandroad.

l Building_Hospital:contains information on building proximity with

hospital(NEAR_ID,NEAR_DIST)

l Building_Road:containsinformationonbuildingproximitywithmain

road(NEAR_ID,NEAR_DIST)

l Thiessen_Clip:contains thiessen area (INPUT_ID,AREA) of the

buildingwhichisinsideofdamagearea

Figure 4.1. Database schema for the system

3.Usermanagement:Databasetosaveusersanditsroleaswellasthe

datasourceinformationthatusersposttothesystem.
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Field 

name

Data type Purpose

ID NUMBER Primary Key

Name VARCHAR(20) Name of the map service

URL VARCHAR(200) Map service URL or location of KML file

Standard VARCHAR(3) OGC Standard used for representing the data

Publisher VARCHAR(20) Organization who owns the data

Official VARCHAR(1) Whether or used for shelter selection process

UserID VARCHAR(20) User who published the data

Field name Data type Purpose

UserID VARCHAR(20) Username

Password VARCHAR(20) Password

Organization VARCHAR(40) Organization represented by user

Email VARCHAR(30) Email

Userdivi VARCHAR(10) User Role

Createddate TIMESTAMP(6) Created date

Table4.1Layertable

Table4.2Usertable

4.2.PhysicalArchitecture

ThissectiondescribesBusanDisasterShelterandEvacuationSystem

architecture.Thesystem consistsofsoftwarewhichdeployedinseveral

machinesincluding client,Busan DisasterInformation Web Serverand

eachoftheorganization’sGISservers.Deploymentofthesoftwareorthe

physicalarchitectureisdescribedinfigure4.2.

Thefollowingaresoftwareneededtodevelopthesystem:

l DesktopGISandMapEngine:usedfordatacreation,editing,analysis

andmapgeneration.ThisthesisuseArcGISsuitefrom ESRIbecause
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thesoftwaresuitearguablyoffersthemostcompletesolutiononGIS

application development.ArcMap is used to create the modelfor

sheltersiteselectionandnetworkanalysis.

l DatabaseManagementSystems(DBMS): usedforstoringuserand

layerdata.OracleDBMSisusedinthissystem.

l GIS Server(Map Server,Spatialand Network Analysis):used to

remotelyprocessandanalyzespatialdata.Itisalsousedtoperform

geoprocessingaswellasnetworkanalysis.Thissystem usesArcGIS

Server

l Web clients:to display and query spatialdata stored atremote

locationsthatareonly accessibleviaInternetorintranet.TheGIS

clientsisdevelopedusingMicrosoftSilverlightVersion4.0

l WebServer(IIS):toserverequestsfrom theWebclient.IISischosen

becauseitisaplatform indevelopingWebapplicationonanArcGIS

serverdomain.

l SmartphoneApplication:Thisapplicationisusedbythecitizentoview

themapandroutetosafeshelter.Inthisthesis,theapplicationis

developedusingAndroidOSVersion2.2.
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Figure 4.2. Physical architecture

4.3.SearchScenario

4.3.1.MenuDiagram andScenario

Thesystem featuresaredividedintothreecategoriesforeachofthe

actorsinvolvedwhichareadministrator,managerandcitizens.Themenu

diagram andsecurity accessofeach menu isdescribedin figure4.3.

Administratoristhesuperuserwhichcan accessevery menu in the

system andcapableofalteringthedatabaseincludingusertableandlayer

tablewhilemanageronly capableofaltering layertable.Therefore,a

loginsystem isneededtobeimplementedforthosetworolestoenablea

secure system. Only authorized users can change the state ofthe
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system.Citizenisnotabletoalterthesystem andonlyperformingan

on-the-flycalculationwhichisclearedeverytimetheapplicationrestarted

orwebbrowserrefreshed.

Figure 4.3. Menu diagram and security access

Inordertofullydescribethecapabilitiesoftheproposedsystem,two

scenarioswillbepresentedusingonhow itcanbenefitusers.

1.Addnew datasetsorURLofmapservicetothesystem andaddthem

tothemaptobeviewedascitizen.

IT ManagerforMinistry ofHealth needsto puttheirdata which

describesthelocationofeveryhospitalinNamGuarea.Thereforehe/she

needstoputMapserviceURL oftheirhospitaldatatotheproposed

system.

Managerneedtoregisterandverifiedbyadministratortopublishtheir

datasetsasdescribedinactivitydiagram infigure4.4.Thisnew hospital

layercanbeaddedtothemapaslayerbyusersasshownbyactivity

diagram infigure4.5. Thisactivitydiagram presentsthecommunication

processbetweendatasourceserverandBusanDisasterWebServerin
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adding new layerto the map activity.The serveralso performs a

re-projectionincasethedatasourceusesdifferentgeographicprojection.

Moreover,itgets the OGC standard used by data source serverto

representthedatatobedrawnappropriatelyinthemap.

Figure 4.4. Registering and publishing dataset process

Figure 4.5. Adding layer to the map
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2.Generatingnew shelterselectionandevacuationroute

Supposethereisadisasterhappeninginanarea,usersneedstoview

themostappropriateshelterbasedondamagelocationandpathtoget

there.Thisprocessconsistsofthreeactions.Firstaction isselecting

currentlocationwhichisdonebyclickingthelocationonthemapofby

searchingcurrentaddressontheuserinterfaceprovided.Secondactionis

togeneratetheshelterselectionasdescribedinfigure4.6.Locationofthe

citizenissubmittedtotheshelterselectionprocessanditisusedinthe

spatialanalysis process.The serverresponsible in performing shelter

selectionreturnspointgeometrytowebserverbyusingWMSstandard

andfinallythewebapplicationcandraw thosepointsonthemap.The

processissimilarwithnetworkanalysisprocessdescribedinfigure4.7.

Figure 4.6. Shelter selection process
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Figure 4.7. Evacuation path generation process

4.3.2.AddingNew Layer

Theapplication initialdisplay isshown in figure4.8.In orderfor

managertoaddnew hospitaldatatothesystem inorderforusersto

view it,thesefollowingstepsmustbedoneonthesystem.
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Figure 4.8 Home page

1.Registerasamanagerforthesystem usingtheregisterbutton

2.Managerfillstheregistrationform.Everyuserwhoregisterstouse

the system is stored and awaiting for administrator approvalfor

managerrole

3.Anadministratorcheckstheregisteredusersandchangestheroleto

managerbasedonverificationbyanemail.He/sheneedstologinto

thesystem.

4.Successfulloginwilldisplaythemenuforusermanagement.

5.ChangetheroleforHospitalITmanager

6.Managercanlogintothesystem andsuccessfulloginwillpresentthe

menuinfigure4.9
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Figure4.9.Layermanagementpage

7.Finally,manageraddstheURLoftheirmapservicetothesystem.

8.When Userclicksthe Add layerbutton,theLayerListdialog will

appear.He/shecanchoosethedesiredlayertobeaddedtothemap.

Figure4.10Layerlistonthemap
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Figure4.11.Availablelayerstobeaddedtothemap

Figure4.12.Smartphoneapplication
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9.Sincethesystem useswebservice,itisalsopossibletodisplayitin

smartphoneapplication.Theinterfacesforsmartphoneapplication for

addlayerfunctionisdescribedinfigure4.13.

4.3.3.ShelterSelectionandEvacuationPath

Supposethereisadisasterhappeninginanareaasdescribedinfigure

4.13,userneedstoview themostappropriateshelterbasedondamage

locationandpathtogetthere.Thisprocessisdescribedinthefollowing

stepswasused,andfordisastersearchintheadministrativeareas,spatial

operationSQLwereused.

Figure4.13.Rectanglerepresentingdisasterdamagearea
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1.Userscaninputtheircurrentlocationinordertogetthesheltersand

shortestroutetotheshelters.System providestwowaysforthem to

inputtheir location which is either by selecting on the map or

searchingtheaddresswhichtheyarelocatedasshowninFigure4.14.

Figure 4.14. Set current location panel

2.UsetheGetshelterbutton.Onceusersclickthebutton,system will

generateappropriateshelterandperform theshelterselectionmodel

3.Final shelters have been generated; user can view the detail

informationofthesheltersbyclickingitssymbol.

Figure4.15.Generatedfinalshelters
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4.Oncethesheltersaregenerated,Nextstepforroutegenerationisto

clicktheGenerateRoutebutton.Oncethebuttonisclicked,system

willperform seriesofactiontogettheevacuationroute

5.Oncetheprocessaredone,theroutewillbedisplayedalong with

additionalinformationsuchasdistanceoftherouteandroad

Figure 4.16. Evacuation path
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5.Comparison

Thereareseveralstudiesandworkswhichrelatedtothethesis.Most

ofthis works uses OGC standards for performing data integration

betweenspatialdatasourceusingwebservices.

TheAndean Information System forDisasterPrevention and Relief

(SIAPAD)isan initiative promoted by theAndean Committeewhich

providestoolsfordiscovery,visualizationandaccesstodatarelatedto

disasterrisk,availableindifferentorganizationswithinthecountriesof

theCommunityofAndeanNations(Bolivia,Columbia,EcuadorandPeru).

However,unliketheproposedsystem inthisthesis,itdoesnotpossess

geoprocessing capability inside the system itself. It only provides

catalogueofdatasourceandoverlaythem ontopofprovidedbasemap

AnotherexampleisPREVIEW globaldatariskplatform alsofacilitate

insharinganddisseminatingdatausingOGC standards.Itisusedfor

accessingtheriskofadisasterhappeninginanareaonaglobalscale.It

hasseveralcapabilityincluding1)portalservicewhichenablesdiscovery

ofdata,2)cataloguewhichenablesviewingdetailinformationofthedata

and3)processingwhichenablesdatatobeusedinaspatialanalysis.

However,thisplatform isusedbyexpertandprofessionalwhoknow how

toperform geoprocessingtasks.Itdoesnotincludeapredefinedtasksuch

asshelterselectionorroutegeneration.

Anothersystem thatfocusedongeneratingappropriateshelterbasedon

webservicebasedmapserviceusesWPS(WebProcessingService)for

performinggeoprocessingonthedata.Inaddition,itusesRouteService
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System   

name

OGC   

Standards 

Used

Multiple   

Data Source 

Integration

Spatial   

Analysis

Evacuation   

route 

analysis

The proposed 

system

WMS, WFS, 

KML

V V V

SIAPAD WMS, WFS, 

KML, GeoRSS

V   

PREVIEW WMS, WFS, 

KML, 

GeoRSS, WPS

V V  

Meng, X WPS, RS   V

(RS)whichisoneofOGCstandards.Oneoftheexamplesofthesystem

isdoneby Wengling atal.Thissystem,however,usesapredefined

shelterselectionanddoesnotdynamically assignavailablebuilding as

shelterbasedonlocationofdamageareaunliketheproposedsystem in

thisthesis.Allofthiscomparisonissummarizedintable4

Table5.1.Comparisonwithrelatedworks



- 48 -

6.ConclusionandFutureWorks

 Withtheadvancementoftechnologyinspatialdatacreation,spatial

dataiscreatedandownedbymanydifferentagenciesthatutilizespatial

datatosatisfytheirownneeds.Thefragmentationofspatialdataowners

causesdiversityinpoliciesrelatedtospatialdata,andstandardsandtools

tomanageandcoordinatespatialdata.Thediversity ofapproachesin

data coordination leads to inconsistency and heterogeneity among

multi-sourcespatialdatasets.

Therefore,thethesisaimstoidentifythepossibilityofmultipledata

sourceintegrationonthemedium ofwebserviceusingOGC standards.

Usingthedatasourcetogenerateappropriateshelterselectionandrouting

basedonuserposition.Designanddevelopsystem whichenablesviewing

datasourceandresultofshelterselectionandroutegenerationinmultiple

platforms.

Toperform theseobjectives,severaldatasourcesareneededincluding:

NamGu :Containsadministrativedataand city boundaries,Building :

ThisdatarecordsallofthebuildinginNamGuarea.DamageHistory:

ContainsdisasterhistoryinNamGuareawhichfocusedonfloodingdata.

Damage : Includes the damage area ofa happening disaster.Road

centerline:Thisdataincludesthenetworkdatasetsandroadwhichis

usedinrouteanalysisprocess.

Therearethreeactorsinvolved in thesystem,each ofwhich has

differentrolesandcapableofdoingthreekindsofmanagementincluding

layermanagement,routemanagementandusermanagement.
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Forfutureworks,moredetailedvariablesareneededtosupportthe

shelterselectionprocess.Moreover,currentprogram onlysupportOGC

standardssuchasWMSandKML.Inaddition,itcanonlysupporttwo

projectionsystemswhichareWGS84andWebMercator.Futureworks

shouldincludeotherprojectionsystemsaswell.
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