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Abstract
This paper describes a high performance web-based digital
library system, called TerraFly, for spatial data access. This
system utilizes a database engine, web technology, dynamic
mosaicking of digital images, and a multithread server de-
sign developed by our group at the NASA Regional Applica-
tion Center (NASA RAC) in the High Performance Database
Research Center (HPDRC) at Florida International Univer-
sity (FIU). We will demonstrate that this TerraFly system
can manage a huge amount of spatial data and provide ad-
vanced functionalities.

1. Introduction

With theexponentialgrowthof theWorld WideWeb(WWW),
therearemoredomainsopento GIS applications.The In-
ternetcanprovideinformationto amultitudeof users,mak-
ing GIS availableto a wider rangeof publicusersthanever
before. This changeof domainusersfrom GIS expertsto
the generalpublic requiresthe re-evaluationof designis-
suesand creationof new featuresfor GIS. For instance,
systemarchitectureneedsto be refinedfor Internetusage,
taking into considerationdifferentplatformsacrossthe In-
ternet,network speed,andso on. A major objective is to
make a GIS systemaccessibleto the generalpublic, who
haslittle knowledgeof spatialdata,andallow themto in-
teractwith thesystemto manipulateandretrieve the infor-
mationthey need. In order to addresstheseissues,we, at
theHigh-PerformanceDatabaseResearchCenter(HPDRC)
[5], haveadoptedsystematicmethodologiesto solveseveral
seriousdistributeddigital library systemproblems.This re-
searchis baseduponTerraFly, anHPDRCweb-basedspa-�
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tial dataaccesssystemthathandlesdifferentremotesensed
datasets. Oneultimategoal of our researchis to achieve
ahigh-performancedistributeddigital library systemwhich
providesspatialdataaccess.

2. System Architecture

TheWeb-TerraFlysystemis basedonaclient/servermodel,
with a data-lessthin client,oneCGI proxy server, onemul-
tithreadedinformationserver, andaspatialdatabasesystem.
TerraFly’ssystemarchitectureis shown in Figure1.
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Figure1: TerraFlysystemarchitecture.

Client Side User Interface: TheTerraFlyclient is a Java-
basedwebapplication,anda data-lessgraphicaluserinter-
face(GUI). The client usestwo different communication
channelsto communicatewith the dataserver and infor-
mationserver. The client sendsrequeststo the dataserver
to retrieve imagesvia a CGI proxy server usingthe HTTP
protocol. The client issuesa query (either a rangequery
or a nearestneighborquery) througha TCP/IPsocket. A
communicationmoduleis developedfor the client to syn-
chronizedatatransferfrom thedataserver andinformation



server. Onebenefitof settingup an independentcommu-
nicationmoduleis to isolatecommunicationfunctionality
from themainprogramandto maketheconnectionastrans-
parentto the main programaspossible.This transparency
makesfutureresearchwork on communicationeasier. The
sourcecodefor the TerraFlyGUI is about22,000lines of
Java code.

Database Management System (Database Engine): The
server connectsto a spatialdatabasesystembuilt by HP-
DRC using the SemanticObject-OrientedDatabaseMan-
agementSystem(Sem-ODB)[4], which is basedon the
SemanticBinary Object-OrientedModel (Sem-ODM) [6,
7]. Sem-ODMcombinesthe advantagesof relationaland
object-orienteddatamodels. It not only hasthe ability to
handlealphanumericdata,but also can managedatathat
coversmulti-dimensionalspacessuchasimagedata(maps).
Currently, thedatabasecontainssemantic/textual,spatial/remote
sensedanddigital dataincludingDigital OrthophotoQuad
(DOQ) (Arial photograph)and Landsatdata. The source
codefor theSem-ODBdatabaseengineitself isabout75,500
lines using C++. The TerraFly systemcan also useany
major commercialdatabasesystemsuchas DB2, Oracle,
Microsoft SQL Server to storespatialdata. Correspond-
ing APIs have beendevelopedto supportDB2 andOracle
databasesystems.

Proxy Server: A proxyserver is abridgeusedto relaydata
requestedby theclientsto thedatabaseserver, andto trans-
mit thedataretrievedby Sem-ODBbackto theclients.This
proxy usestwo different protocols,one to interfacewith
the clients, and the other one to interfacewith the Sem-
ODB server. After the databaseconnectionis established,
all queriescanbeperformedusingAPIs providedby Sem-
ODB.

Information Server: For a distributedGIS system,theob-
jective is to maximize the utilization of resourcesand to
improve performance.To achieve this goal, we designed
a model called the “Internally Distributed Multithreading
Model (IDMT) [2].” In this model,componentizationand
distribution of threadsarebasedon the differentfunction-
ality eachthreadmay have, enablingbetterusageof the
server’sCPUandotherresources.Forexample,unlikeatra-
ditional GIS system,TerraFlycananswera specificquery
suchas “Find the nearestairport.” Thesekinds of infor-
mation are very importantto users,but they are not used
at all in constructinga spatialdatastructuresuchasan R-
tree.As shown in [2], this informationis built into thepro-
posedSemanticR-treesasa partialoptimizationwhenit is
createdfor usewith GNIS(GeographicNamesInformation
System)[3] andUS censusTiger/Linedata(streetandarea
information). This datastructureprovidessignificantsav-

ingsin responsetime. Ourexperimentalresultsshowedthat
theSemanticR-treeoutperformsthewell-known R-treesin
providing specificinformationthatusersrequest[2].

Dynamic Mosaicking of Digital Images: A dynamicmo-
saickingschemeis usedto remove overlapsand segment
imagesinto tiles for effective accessibility[1]. Thesetiles
arestoredinto our Sem-ODBasgeoreferencedobjectsthat
allow continuoussearches,retrievalsanddisplay. This de-
sign helpsto reducethe tremendousnetwork traffic, huge
disk space,andmemoryrequirementson theclient side.

3. Demonstration

Wewill demonstrateourweb-basedsemanticdatabasetech-
nology by emphasizingits advantages.We will focus on
theSemanticBinary Object-OrientedDataModel, Seman-
tic Binary Object-OrientedDatabase,dynamicmosaicking
of heterogeneousdigital images,andtheIDMT model.Fol-
lowing aresomehighlightsof ourdemonstration:

Figure2: TerraFlyUserInterfacewith multiplewindows.

TerraFly User Interface: A user-friendly client GUI has
beendevelopedto aidbothexpertsandgeneralpublicusers
alike to easily interactwith the systemand to explore all
functionalities.A screensnapshotof TerraFly’s userinter-
facecanbefoundin Figure2. This userinterfaceprovides
many featuressuchas:

� SmoothFlight Over SpatialData: Datais mosaicked
during preprocessingand our proprietaryalgorithm
allows for efficientdataretrieval from any DBMS.

� Multiple DataTypeSupport:IKONOS,Landsat,IRS,
Maps, GNIS, US Census,Aerial Photography, and



more.

� RangeQuery/NearestNeighborQuery/SemanticQuery:
SemanticR-treesareusedto answerthesethreetypes
of queries.

� Multiple Windows: TerraFlyallowsmultiplewindows
to bedisplayedwithin thewebbrowser, asshown in
Figure2.

� Web-enabled:StandardWeb Browserscan be used
for accessto theTerraFlysystem.

� GeolocationID: Theimage’sgeographicalcoordinates
areupdatedasusers“fly” overthespatialdata.A GO-
TO Coordinatefeatureis providedin thissystem,and
userscanchoose5 point-of-interestlocationsfor the
displayedcoordinates.

� CompassControl Tool: This featurelets the userto
control flight speed,direction,andrefreshratewith
theclick of themouse.

� SpectralBand Control: Provides the user with the
capability to createfalse-colorimageson-the-flyby
combiningspectralbands.

� Go-To Place:Allows usersto Go-To a specificplace
of interestusingits name.

� PlaceIdentifier: Finds the exact coordinatesof any
point in theimage,evenduringflight.

� StreetAddressLookup: Findsthecoordinatesandal-
lowsusersto Go-To a specificstreetaddress.

� ZoomIn/ZoomOut: Userscanview dataat different
resolutionsusingour Zoomfeature.

� DataDelivery Capabilities:Userscanselectan area
of interestwith our easyto useGUI, andreceive the
dataaccordingto their choiceof file formatandme-
dia.

� InformationOverlay: Featuresfrom thedatabasecan
behighlightedanddatacanbeoverlayedwith differ-
entdatasources.

� ImageProcessFilters: Imagefilters areavailableto
enhanceimage/features.

� AnimatedTutorial: A tutorialisprovidedtohelpusers
learnto usethesystem.

Dynamic Mosaicking of Heterogeneous Digital Images:
Wewill demonstratethatasourceimagecanbereconstructed
from mosaicked tiles on the client side. This dynamicap-
proachreusesdigital imagesupon demandand generates
mosaicked tiles only for the requiredregion accordingto

user’s requirementssuchasresolution,temporalrange,tar-
getbands,etc.

Sem-ODB and Native APIs: We will demonstrateSem-
ODB including its expressive datamodelcapabilitiessuch
asinheritance,relations(1:mrelations,m:mrelations,multi-
valuedattributes),andotherfeatures(includingnativeAPIs
thatprovidebasicdatabaseaccess).
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