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Abstract

We believe that reseach that concernsaspectsof spatio-tempaal data managementmay benefitfrom
takinginto accountthe variousstandads for spatio-tempaal dataformats.For example this maycon-
tribute to renderingprototypesoftwae “open” and more readily useful. This paperthusidentifiesand
briefly surveys standadizationin relationto primarily the exchange andintegration of spatio-tempaal
data. An overview of several data exchange languages is offered, along with reviewstheir potential for
facilitating the collectionof testdataandthe leveraging of prototypes.Thestandads, mostof which are
XML-based]endthemselveto the integration of prototypesinto middlewvare architectues,e.g., as Web
services.

1 Intr oduction

It is often importantto be ableto testnew spatialand temporalquery processingechniqueswith real-world
data. This contritutesto understandindiow the techniqueswill performin specificproductionsettings. Over
the years,a numberof datasetshave becomepublicly availablethat, alongwith syntheticdata,cansene as a
basisfor experimentingwith software prototypes.However, sincemary of thesedatasetsareonly availablein
customformats,a fair amountof domainknowledgeis requiredto make useof them. Recentstandardization
efforts, which typically employ XML-basedtechnologiesand digital library dataexchangeformats, aim to
facilitate the communicatiorbetweenapplicationsby specifying dataexchangestandards.Especially XML-
basedgeo-enableapplicationscanbe deployed andenrichedwith the plethoraof querylanguagesgonstraint
definitionlanguagesandextensibility opportunitiesthatare partof the standards$nfrastructure.

This papersureys spatio-temporatlataexchangestandardizatiorefforts. They all have differenthistories
andstemfrom differentsub-communitiesThey thuscomewith both advantagesanddisadwantagesn the eyes
of apotentialuser The standardsiot only deliver exactspecification®f datastructuresput alsoaddressneta-
dataissues For example,it is oftenusefulto know the validity, accurag, andreliability of ameasurementr its
origin. In this sensedataexchangestandardslo not only sene as an exchangemechanisnfor datastructures,
but arealsohelpfulin moreadvanceapplicationdike, e.g.,decisionsupportsystems.

In particular we suney the GeographyMarkupLanguagd12], whichis theforemostcandidatdfor address-
ing the manifold needsof the geographicacommunity We also surney the ScalableVector Graphics(SVG)
standard8]. SVG is an XML-basedlanguagefor the descriptionand presentatiorof two-dimensionalector
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andrasterdata.Next, we cover thelSO TechnicalCommittee211,whichis centralto the standardizatiomf geo-
graphicdata[1]. TheUS FederalGeographidataCommitteg[3], anotheractive playet is alsocoveredbriefly.
At leasta handfulof other(XML-based)standardexist thatdo not seento bedriven by large communitiesput
arestill of interest.For referenceandcompletenesghesearecoveredbriefly.

Generally we obsene atrendtowardsXML-basedstandardsA recentbook[11] providesavery readable
introductionto dataexchangein geographicabpplications.Many of the XML languagesoveredin this paper
adhereto the fundamentalprinciple of separatingcontentfrom presentation:dataare encodedaccordingto
semanticcriteriawithout constraininghow thedatamaybepresentedo ahumanor consumedy anapplication.

Section2 and3 cover GML andSVG, respectrely. ThenthelSO TechnicalCommittee211andtheFederal
GeographicData Committeeare coveredin Sections4 and 5, respectiely. Section 6 presentghe “minor”
standardsandSection7 summarizeshe paper

2 Geography Markup Language(GML)

The GeographyMarkupLanguaggGML) [12] isan XML languagecreatedunderthe auspice®f the OpenGIS
Consortiumwhosemissionstatements to facilitatethe “full integration of geospatiablataandgeoprocessing
resources$nto mainstreantomputingandto fosterthe widespreadiseof inter operablegeoprocessingoftware
andgeodatgroductsthroughoutthe informationinfrastructure”[4]. GML, which could be consideredheflag-
ship effort in geoprocesssings a multi-stageeffort thathasreachedversion3.0. By designingthe languagen
multiple stagesthe standardizatiorbody wantsto make surethat the languageavolves naturally andincorpo-
ratesmoreandmorefeaturesover time. For example,the so-calledsimplefeatureshave beendefinedandbeen
integratedin therelease$eadingup to version2.0.

GML s definitionis basecon XML Schemaandtriesto take advantageof its full featureset. For example,it
makesit possiblefor usersto tailor the languageto their needsby meansof XML schemas extensibility. So it
is possibleto incorporatewell-definedGML schemdragmentsnto documentghatfollow a users application
schema.

ThereforeGML is ableto describea wide variety of geographicabbjectsby combiningits built-in data
types,whichimplementthe OGC SimpleFeaturesnodel[4], with the extensibility featuresof XML. Beingan
applicationof XML, GML is designedo take advantageof the XML standardsramevork; documentcanbe
readily transformednto a variety of presentatiorformats,mostnotablyvectorformatsandrastergraphicssuch
asmaps.

Futureversionsof GML areplannedto includeadditionalaspectsVersion3.0hasaddedfeaturesfor tempo-
ral GIS, including time stampsgvents,andhistories,aswell asunits of measurendthe possibility of grouping
featuresinto layers,to namebut a few. But sinceGML is usedin practiceand competingstandardsorverge
with it, mary usersconsiderit matureat its currentstageandtake advantageof its features.

For researcherghe advantagesf using GML includethe availability of testdatasetsandthe incentive to
usethe modelingknowledgeof the geographiadatamanagementommunityin their prototypeswhich canin
turn be moreflexibly leveragedoy otherresearcherandindustrialpartnersalike. Dueto the strict semanticof
GML, thereis alsothe potentialto benefitfrom the domainmodelingthatis partof the standard.

3 ScalableVector Graphics (SVG)

SVG (ScalablevectorGraphics)s a standardievelopedunderthe auspice®f the World Wide Web Consortium
(W3C)[5]. It definesfeaturesandsyntaxfor describingtwo-dimensionalectorandrastergraphicsin XML. It
is thusprimarily orientedtowardspresentation.

SVG knows threekinds of graphicalobjects:compositevectorelementse.g.,pathsthatconsistof linesand
cunes,aswell asimagesandtext. The graphicalobjectscanbe grouped styled,transformedandcomposited
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with various operationslike nestedtransformationsgclipping paths,alphamasks,filter effects, templatesas
well aspreviously renderedbjects.FurthermoreSVG objectscanbeinteractive anddynamic.Thisis achieved
throughevent-handleraindawell-definedinterface: Carehasbeentakento ensuranteroperabilitywith scripting
languagesTo this end,SVG featureseventhandlerdfor userinteraction,e.g.,usinga mouse-relate@ventslike
“onmousewer”, andthe SVG DocumentObjectModel for well-definedtransformation@and manipulationsby
meansof scriptinglanguagesAdditionally, animationscanbe definedandtriggeredeitherdeclaratvely, i.e., by
embeddingSVG animationelementsnto SVG contentor by usingthe aforementionedcriptinginterface.

SVG comprisesa comprehensk list of built-in graphicalelements:path, text, rect, circle, ellipse, line,
polyline, polygon,image,anduse —amechanismo referenceSVG elementsA particularlyimportantaspecbf
SVG drawingsis reusability Throughsymbolmechanismsjsersmaybuild librariesof graphicalelementsand
re-usethemwithout having to registerat a centralizeddirectory To blendwith the otherelementsof applica-
tionsatclient-siderenderingof presentations$VG alsoallows declaratve definitionsof filters for rasterization.
Additionally, SVG provides sophisticatechandlingof fonts so that the original text is presered with respect
to indexing, searchandthe graphicalappearancentendedby the authors.SVG contentmay beincludedvia a
stand-alonelocumentjnline embeddingreferencedik e links, or style sheets.

The benefitsresearcherget from using SVG in their projectsrangefrom software engineeringconsidera-
tionsto datare-useandintegrationopportunities.For example,thetime it takesto prototypevisual applications
canbesignificantlyreducedoy usingan SVG viewer insteadof a custom-lilt userinterface.Viewersareavail-
ablefor mary differenttypesof devices, including mobile phones personaldigital assistantsand navigators
embeddablen corventional graphicaluserinterfaces. Additionally, the tight integration and interoperability
of the XML standarddgacilitatesthe developmentof robust applicationsby providing a languageglue thatis
expressve enoughto capturethe semantic®of the differentdomainmodels.For instance SVG applicationscan
directly benefitfrom the availability of meta-informatiorencodedn GML documentsFurthermorethe ability
of SVG to combinedifferent sourcedata,suchasrastergraphics,vector graphics,andfonts, in a single data
modelsprovides applicationprogrammersvith a uniform interfaceand greatly reduceshe needto learnand
understandnorethanoneAPI.

4 |SO/TC 211

ISO is the primary internationalstandardsrganizationfor information technology The ISO TechnicalCom-
mittee 211, on Geographidnformation/Geomaticshasasits objective to createstandarddor “[...] informa-
tion concerningobjectsor phenomendhat are directly or indirectly associatedvith a location relative to the
Earth”[1]. Becausdhe ISO/TC 211 adoptsa service-orientedriew of geoprocessingis standardsoncerna
wide variety of usesof geographiaata,including methodstools,andserviceghatrelateto datamanagement,
acquiring,processinganalyzing,accessingpresentingandexchangingdata. As aresult,the ISO 19100series
standardgproducedby the ISO/TC 211 go well beyond plain datamodeling. Further GML, which is known as
ISO 19136in this contet, is only onecomponenbf this larger seriesof standardslevelopedunderthe auspices
of theISO/TC211.

The interoperabilityof standardss of particularinterestto the ISO/TC 211. For example,the committee
hasto ensurethatthe standardgor positionservices(ISO 19116),location-basedervices(ISO 19132/3),and
multimodalserviceqISO 19134)integratesmoothlywith GML.

Theoverallaimis to increasehe availability, accessintegration,andsharingof geographidinformation,and
to enableinteroperabilityof geospatiallyenableccomputersystemgl1] aswell asto contribute to the creationof
acommunitythatsupportshe disseminatiorof geographiainderstanding@ndenablessustainedlevelopment.

The focus of the ISO/TC 211 on providing an overarchingstandardizatioriramevork hasseveral notable
adwantagesTheadoptionof suchaframework is expectedto resultin lower training costs bettercomparability
of results,increaseglanningsafetyby relying on a maturefoundationaswell asthe existenceof a knowledge-
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ableandexperienceccommunityfor consultingandcollaboration.So planningandimplementatiorwill beless
errorprone,andinteroperabilityis achiezed moreeasily In this sensethe standardizedramenork is theanswer
to mary practicalquestions.

Also, the ISO/TC211 canbe seenasan umbrellaintendedto cover all areasnative to geoprocessingCon-
sequentlybasicfamiliarity with this effort providesaninterestingoverview of a multi-facetedresearctarea.

5 Federal Geographic Data Committee (FGDC)

The FederalGeographicData Committee[3] is a US governmental,interageny committee. The FGDC is
centralto the effort that developsthe US National Spatial Data Infrastructure. New standardsare developed
by the FGDC only whenthereare no existing standardshat are suitablefor governmentaluse. A numberof
geographidataandmetadatstandard$iave beendevelopedandareavailable online (see[3]).

As partof its objectives,the FGDCaimsto enablethe simultaneouslyeductionof dataproductioncostsand
improvementof dataquality by providing afoundationfor sharinggeographiaataamonggovernmentagencies.
A complementarygoal was to increasedataavailability, not only to the public sector but alsoto academiaand
the privatesector

6 Standardsfor SpecificApplication Domains

We proceedo cover someefforts thatarenot partof the“big” standardsAll of thesestandardsare XML based.
Thethreefirst areearly examplesof XML beingdeplo/edin thetransportatiorindustry In additionto offering
datamodels thesestandardshov how domainspecialistanodeldifferentapplicationdomains.

POIX (Point Of InteresteXchangeLanguage) POIX[9] isan XML representatiofor placesandroutes.It
was proposedby a Japaneseonsortiuminterestedn motorvehicles,traffic, androad networks; car navigation
systemss the applicationareaof primary interest. The purposeof POIX is to provide markupfor both the
locationsof an objectandlocation-relatednformation. Examplesof location-relatednformationinclude, e.g.,
openinghoursandotherdescriptiongor shoppingocations.POIX alsoprovidesfacilitiesfor handlinglocalized
informationsuchasgeodeticor angleunits, which mayvary from countryto country

NVML (NaVigation Markup Language) NVML (NaVigationMarkuplLanguage]13] isamarkuplanguage
for describingnavigation information in vehicle information systems. The main objective of NVML is the

descriptionof differenttypesof routes. Examplesinclude routesfrom a currentpositionto a destination the

way to a shopfrom the nearestrain station, transportationcourses sightseeingcoursesand tour schedules.
Specialemphasiss on arny-time/arywhereservicedor avariety of end-usedevices.

RWML (Road Web Markup Language) RWML [6] hasbeenbeing developedat the Civil Engineering
Researchnstitute of Hokkaido. This languagewas developedas part of an effort to supportsmoothand safe
driving undera variety of circumstances.ConsequentlyRWML includesstandardrepresentatiorsyntaxfor
weatheranddisastelinformationaswell asfor messageandannouncementsom public services.

G-XML TheG-XML effort [2] is alsoJapanesédt hasinfluenceddevelopmentsn the context of ISOTC/211
andtries to maintainharmonizationwith GML asit itself evolves. The goalsof the G-XML effort are similar
in spirit to thoseof mary XML applications:creatinganencodingof spatialdata,thusproviding “a methodfor
freely accessingand usinggeographidnformation over the Internet, accordingto [2]. GML 3.0is a G-XML
convergedversion,which impliesthatthe underlyingdatamodelshave beenaligned.
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SensorModeling Language(SensorML) SensorML[7] aimsto implementan XML dataexchangdanguage
for geolocatingdatathat stemsfrom dynamicsensors.The objective is to cover mostor all typesof existing
sensorsincluding thoseinstalledon satellites aircrafts,ships,land vehicles,andstationaryplatforms. It covers
meandor describingsensorspecificinformationsuchaslocation,rotation,timing, target, sensorgeometry dy-
namics,andradiometry It alsoaddressedependencieamongvariables.SensorMLoffers databaseesearchers
an overview of afield that sofar hasbeenoutsidethe community andit encourageproperapplicationdata
models.Again, the standarcenableslatasharinganddataexchangeaswell asincreasedsystemmodularityand
interoperability

7 Summary

A rich variety of standardghat enablethe exchangeof geographicdataexists. Although standardizatiorhas
beeninitiated by committeesepresentinglifferentorganizationsand communities,in orderto sene different
purposesthebroadacceptancef XML appeardo have causednary standardeommitteego join forces,which
hasresultedin someconsolidationof standardsHowever, becauséundamentallydifferentapplicationdomains
exist, suchasthe descriptionof two- or three-dimensionalisualizationsandtherepresentationf geographior
sensomata,a diversity of standardsemains.

We briefly surneyed someof the geoprocessingtandardshatareof specialinterestto researcherg spatio-
temporalquery processing.As part of this, we pointedout in which applicationdomainsthe standardsanbe
deployed andwhatadvantagesbeit technical,educationalpr social,they bring about.
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