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1 Overview

The objectivesof this projectare: (i) to establishan Enegy and Environmentalnformation
ResourcegEE-IR) Center;(ii) to conductresearchwork in Internetcomputingin supportof the
EE-IR Center;and (iii) to enhancehe facilities of the NASA/USL RegionalApplication Center
(RAC). The projectis carriedout at the University of Southwesterh.ouisiana(USL) by faculty,
staf, and studentsin the Centerfor AdvancedComputerStudies(CACS). Throughthis work,
we have collaboratedwith DOE’s Office of Scientific and Technicallnformation (OSTI), and
with the U.S. GeologicalSurvey’s National WetlandsResearciCenter.

The EE-IR Centeris developedn collaborationwith the NationalWetlandsResearciCenter
(NWRC), and with OSTI. In December1997 and January1998, we had two meetings,and
identified and interactedwith potentialend-userf the EE-IR Centerandthe GIS community,
respectively.While we areworking with NWRC on datacollectionandingestissueswe arealso
developingsoftwaretools addressinglifferentaspectsf digital library development.We have
studiedthe strategiedor enhancingpre-existingWeb documentan order that just the relevant
portions(or componentspf a documentcanbe retrieved. We havealsodevelopedan approach
for searchingproductcatalogson the Internet,basedon conceptsso that an intermediarycan
conductthe searchon differentdatabasesOur approacho concept-basedetrieval shouldbe of
interestto refining certainkinds of cannedsearcheshat are often madein the DOE Information
Bridge.

Developmentalwork for the EE-IR Center can be classifiedinto two tracks: work by
the library group on metadatacatalogingprocess,and workflow; work by the softwaretools
developmentgroup. The library group consistsof Judy Buys (NWRC referencelibrarian),
Adam Chandler (systemslibrarian), Dan Foley (metadatalibrarian), and SuzanneHarrison
(GIS specialist). They have beenworking since April 1998 on datacollection for the EE-IR
Center.Softwaretoolsdevelopments performedby Vijay Raghava{CACS faculty; projectco-
manager)AlaaeldinHafez (researctscientist),Marie Erie (researclscientist),SrikanthKoritala
(researchscientist), and a team of CACS graduatestudents. The developmentof tools is
performedin conjunctionwith the library group,andrepresentsan integratedeameffort. These
two tracksare describedin more detail in the following.

Researchwork in Internetcomputingis conductedprimarily at CACS by Vijay Raghavan,
Henry Chu (CACS faculty), Kemal Efe (CACS faculty), AlaaeldinHafez,and a teamof CACS
graduatestudents.Ourresearclwork is conductedn supportof thedevelopmenof EE-IR Center
in the following areas: multimediaretrieval, datamining; parallel and distributed computing;
mediatechnologyand datavisualization.

The RAC providesa sourceof imagery, text, and geospatialdatafor the EE-IR Center.
Participantdrom the RAC are Brent Yantis (RAC director)and NathanHandley(RAC projects
manager).Another sourceof image and geospatiadatais Larry Handley(NWRC geographer)
and his colleaguesrom the NWRC spatial analysisbranch.

2 Library Development

The library group’s work is to locate datain numeric, text, and graphicaldisplay and to



documentthe data in a standardFederal GeographicData Committee (FGDC) or National
Biological Information Infrastructure(NBII) format. Within the subjectareasof enegy andthe
environmentthereis a specialfocuson dataaboutpollution andcontamination.Geographically,
the emphasiss on CoastalLouisiana,the Lower MississippiValley, and the Gulf of Mexico.
The metadatawill be servedon the Internetin standardFGDC or NBII formats. In addition,
the metadatawill be mappedo Machine-Readabl€ataloging(MARC) for inclusionin the data
serverat the centerandaninternationaldataserver,WorldCat. Dataservedby the EE-IR Center
will be addedto a library of datausing collection developmentecisionscompatiblewith the
scopeof the EE-IR Center. Datawill initially be documentedvith Dublin Core elementsand
thenthoseelementswill be mappedio MARC fields and NBII metadatastandards.

2.1 Metadata Issues

Metadatapr structured'dataaboutdata,"is usedto discover,describe andindexthe digital
library collection. Threekinds of metadatareused: (i) Dublin Coremetadatdor Web site data;
(i) FGDC/NBII metadatdor geospatialand biological data;and (iii) USMARC.

MARC, which standdor MachineReadableCataloging refersto a setof relatedformatsfor
bibliographicdescriptiondevelopedby the Library of Congressn the 1960’s. Thesecomputer
readableformats are basedon the ISO standard2709. They form the basisfor all library
catalogingdonein the United States.MARC recordsare enterednto WorldCat, a bibliographic
databasenaintainedoy OCLC, the Online ComputerLibrary Center,in Dublin, Ohio. WorldCat
currentlyhasover 40 million USMARC recordscreatedby 27,000memberlibrariesworldwide.
A subsetof WorldCatcalled InterCatcontainsUSMARC recordsfor Internetresources.

Dublin Core metadatais being usedin this project becausat is specifically designedfor
the descriptionand location of Internetresources. In fact, Dublin Core is emepging as the
internationaktandardor Website catalogingandis currentlybeingusedin overtwenty countries
besideghe United States.The Dublin Corehasfifteenelementsasshownin Tablel. Eachhasa
clearlydefinedmeaningasa resultof consensuseachedt internationalmeetings.Nevertheless,
Dublin Coreis alsoevolvingto meetthe changingheedsof the Internetcommunity. Forexample,
the entry “Coverage”refersto spatialandtemporaldata. In additionto placenamesand dates,
aworking groupis revising this elementto include entry of latitudesandlongitudes.Currently,
thereare just over 100 Dublin Core metadataecordsat the EE-IR CenterWeb site (the URL
at http://eeirc.nwrc.gov).

The Dublin Corerecordis centralto our catalogingprocess.Oncean item hasbeenselected
to be includedin the EE-IR Center’scollection, it is searchedn WorldCatto determineif it
hasbeencataloguedy anotherlibrary. If so, this recordcanbe editedto createa Dublin Core
(DC) record. Most of the time (over 90% of cases)however,original DC metadatas created

Table 1 The fifteen elementsof the Dublin Core.

Title Contributor Source Creator Date
Language Subject Type Relation Description
Format Coverage Publisher Identifier Rights



and enteredin a template. This createsa DC recordin text and HypertextMarkup Language
(HTML) formats. The HTML recordis attachedasa headerto the Web pagein caseswvherea

pre-existingpageis also beingaddedto the local library collection. At presenta DC template
at the Nordic MetadataProjectsite, locatedin Swedenjs beingused,but a DC templatefor the

EE-IR Centeris beingdeveloped.Partof the catalogingprocesswill be to createa USMARC

recordfrom the DC recordandto uploadit into OCLC’s WorldCat. Like the DC template this

is still underdevelopmentandit requiresa DC/USMARC converter.Thereis a papercrosswalk
betweenDublin Coreand USMARC written by the Library of Congress.Using this crosswalk,
EE-IR Centerlibrariansareworking with the softwaredevelopmenteamto developthetemplate
and converter.Oncethis is done,Library metadataecordswill be availableinternationallyvia

both the Internetand WorldCat.

Thescopeof thecollectionof spatialdatais primarily limited to coastal.ouisiana.Secondary
dataneedsarefor the entirestateof Lousianaandthe Gulf of Mexico coastalstates.Surveysfor
dataand metadataare coordinatedwith the LouisianaGeographidnformation Center(LAGIC),
the NWRC, and the RAC. The EE-IR Centeris documentingdata and information sources
using national standardsoutlinedin the ContentStandardfor Digital and GeospatialMetadata
(CSDGM) acceptedvy the FederalGeographidbata Committee(FGDC). This standardenables
the sharingof spatialdataamongproducersand users.Metadatacan be documentedising 334
potentialelementdn the broadcategorieshownin Table2. The objectivesof the standardare
to providea commonsetof terminologyanddefinitionsfor the documentatiorof geospatiatiata
andto provide a standardyuideto the potentialuserto determineif a datasetis appropriatefor
the user’sintendedpurpose.The standardorovidesa way for datausersto know what dataare
available;whetherthe datameetspecificneeds;whereto find the data;and how to accesghe
data. This will help avoid wastefulduplicationof efforts and ensureeffective and economical
managemenof information resourcesn meetingessentialuserrequirements.

The CSDGM clearly defineshow a data set containinggeographicareferenceddata will
be documented. As outlined in the Executive Order 12906, federal agenciesare requiredto
usethe standardand make sure that the datathey are collecting do not alreadyexist and are
availableelsewhere While the standarddefines what elementsare used,it doesnot definehow
the datawill be servedor what softwarewill be usedto displayandsearchthe data. Many sites
usethe ISITE software,which is freely availableon the Internetfrom the Centerfor Network
InformationandDiscoveryandRetrieval(CNIDR) andwhich is Z39.50compatible.This allows
eachagencyto managets own data,andthe Z39.50standardallows a commoninterface. The
EE-IR Centerwill uselSITE to servedataas a nodeon the NSDI.

Besidesgeospatialdata, there are many data sets and information sourcesthat are non-
geospatial. Theseinclude much of the biological data such as habitatinventories,laboratory

Table2 Catagorief the 334 potentialelementsin the FGDC ContentStandardfor Digital and GeospatiaMetadata.

IdentificationInformation Data Quality Information
SpatialData Organizationinformation SpatialReferencdnformation
Entity and Attribute Information Distribution Information

MetadataReferencdnformation



observationshiochemicakharacterizationghysiologicalobservationsandbibliographicaldata.
Biological data can have a geospatialcharacterand theseinclude vegetationmaps, museum
recordsfor specimensand monitoring datafor animals. To makethe currentFDGC standard
flexible enoughto use for biological data, the USGS Biological ResourcesDivision (BRD)

proposedthe MetadataContentStandardfor Biological Resource®Pata. BRD is chaged with

fosteringa cooperativeeffort to sharebiological information,andthey are doing this througha

confederationof databasesoffered throughthe National Biological Information Infrastructure
(NBII). The NBII is a node on the National Spatial Data Infrastructure(NSDI) and also uses
the ISITE software. The standarddoesnot have and Executive Order mandatingits use. The
biological standardis a special version of the FGDC standardand has additional fields for

taxonomicreferencesa descriptionof the analytical tools neededto interpretthe data,and a
descriptionof thefield or laboratorymethodologiesisedto collectdata. Thereforethe biological
standardmay containboth geospatialand non-geospatiatiata. The EE-IR Centeris using this
biological standardto documentbiological data sets.

To makedataentry evenmorestandardizedthereare FGDC standard€ommitteedrying to
standardizéerminology. The FGDC hasapproveduseof the SpatialDataTransferStandardthe
CadastraDataContentStandardandthe Classificationof Wetlandsand DeepWaterHabitatsof
the U.S. for usewith the acceptedversionof the CSDGM. Additional standarddor vegetation
classification soils, biologic nomenclatureand taxonomyare still in review. The EE-IR Center
is following the progressof thesestandardsandwill implementthemasthey are approved.

2.2 Tools and Workflow

2.2.1 Collection DevelopmentDecision Process

The are two broad categoriesof resourcescollected and describedwith metadataby the
EE-IR Center. One categoryis materialswhich are alreadyon the Web. For these,we use
the 15—-elemenDublin Core metadatastandard. The secondcategoryis raw datawhich at the
federallevel is mandatedhat the FGDC metadatastandardoe usedto describeit.

Every library needsa policy for decidingwhat contentwill be includedin the collection,
andwhatwill be excluded.Also, asin anylibrary, decisionanustbe madeasto what materials
to archivelocally, and which materialswill be linked to or retrievedfrom a remotesite. As a
generalrule, we are downloadinga local copy of documentswheneverthereis a chancethat
the link might not be maintainedin the future, andif the documentwill not be changedn the
future. So, for examplewe pointto someweekly serialsproducedon the enegy industryby the
Departmentof Enegy, becausat is more efficient, and more accurate than having the EE-IR
Centerstaf havingto go to the site eachweek and downloadingthe file. On the other hand,
the DOE hasproducedsomedatatableson the enegy industrywhich arearrangedoy state,for
the periodof 1970-1995.Thesekind of historicaldataare not dynamic—unlikea weekly serial.
Thereforewe madethe decision,especiallysincethe files are small, to point to a local copy in
suchcasedo insureavailability. By writing metadatdor the file, andpointing directly to it, we
addvaluefor the userwho now cango directly to the information, ratherthan wading through
a foreign Web site. We are making thesehistorical enegy files availablein two formats: text



(for importing into a spreadsheetland pdf (for easyprinting and viewing). For example,see
the URL at http://eeirc.nwrc.gov/metadata/19.htm.

Another part of this decisionprocessinvolves selectingresourcedrom within a Web site.
We havebasicallythreelevelsfor Web resources.The first level is Dublin Core metadatahat
describeghe collection of Web pagesof an organization. The secondlevel is metadatafor a
sectionor pagewithin the Web site. The third level is for a specificdatabasedocument,or
datatable. We makethis decisionbasedon the quality of the materials,andits relationshipto
our collection policy. For any particularsource,we may haveall threelevels, two levels, or
onelevel. The librariansand our GIS specialistwork throughthis processor sitesbroughtto
our weekly meeting.

Our FGDC metadateeffort is by necessityslower. The abovementioned=GDC standards
very complex,containingover 300 elements.Our GIS specialistis working with this standard.
One of our considerationdgs to be aware,in somedetail, of what is happeningat the state
level in Louisiana,in particular, with the LAGIC group at LSU and LouisianaGIS Council
(http://atlas.Isu.edu/lagicho that we do not duplicatethe stateagencies’efforts. Therefore,we
are working our way outwardfrom resourcesat USL and NWRC, thenon to federaland other
local datasourcesthat fit our collection developmenipolicy.

2.2.20CLC and InterCAT

InterCAT (http://orc.rsch.oclc.@:6990/), as of 19 November1998, containssome57,000
items. We checklInterCAT beforewe write metadatao preventduplications. Our recordswill
be addedto InterCAT in the nearfuture.

2.2.3 Dublin Core Metadata Template

We are utilizing an Internetapplication,a forms-basedPerl script, for describingresources
usingthe Dublin Core standard.lt is from Swedenandis availableat http://www.lub.lu.se/cgi-
bin/nmdc.pl. We haveplansto build a similar applicationwhich would be customizedfor our
information within the next six months.

2.2.4 USGS MetaMaker Tool

We have tested and the software tool recommendedby USGS, called MetaMaker
(http://www.emtc.nbs.gov/httlata/emtc_spatial/applications/nbiimker.htmiMetaMakeris a
softwaretool thatis in developmentlt allowsa forms-basediataentryto describedatadesigned
to producea textandHTML versionof the datasetdocumentation Althoughthe EE-IR Center
staf hasexperiencausing MetaMaker,thereare enoughproblemswith exportingdatafrom the
softwarethat it is not currently being used. One of the more seriousdefectsthat makesthe
softwaredifficult to useis in its report function, which producesoutput without all the fields
presentin the original file. Additionally, the parserthatis recommendedo be usedwith this
programproduceserratic error messageshat appearto be false alarms. The seriousproblems
of the MetaMakeris contributingto the slow rate at which the FGDC initiative is growing, for
example,in termsof numberof metadatarecordswritten.



2.2.5Dublin Core to MARC converter

A crosswalkhasalreadybeendocumentedy the Library of Congresgor convertingDublin
Core to the USMARC standard. We are working with the project software team to build
Web basedsoftwaretool which will convertasa batchmultiple Dublin Core recordsinto one
USMARC structuredfile with multiple MARC records,which we will thenbatchload. We are
designingit in sucha way thatit will alsobe availablefor useby others.

2.2.6 Our range of accesspoints

The labor requiredto write metadatawhetherit is Dublin Core or FGDC compliant, is
expensive. Softwaretools for convertingthoserecordsinto other formats, once written, are
cheap.The approachwe aretaking is to convertour metadatanto multiple formats,and serve
it from multiple accesspoints. Thus, the format of the metadata(Dublin Core, USMARC, or
FGDC) determineshow it will be indexed,andby extensionwhat kind of searchfunctionality
is possible,and what kind of userwill find the metadata.

At the EE-IR CenterWeb site, the metadataare in Dublin Core records,comprisingtitle
list plus searchindex. Usersaccessinghe EE-IR Center'sWeb pagescan seethe Dublin Core
records. Theseare availableto be indexedby all the major Internetsearchengines(AltaVista,
Lycos, Excite, etc.), aswell as any Internetsubjectguides.

The EE-IR Centermaintainsan integratedibrary automationsystemcalledthe CuadraStar
system. The Dublin Core Web site and documentrecordswill be convertedto MARC and
placedin this local CuadraStar systemwith the existing NWRC library catalog. This system
will be searchedvith a very powerful and refinedsearchinterface. It will alsobe availableas
a Z39.50 serverto other systems.

The USGSwill be combining all the catalogrecordsfrom the regional centersinto one
catalog,the USGSUnion Catalog. Our USMARC recordswill be sentto this site.

The OCLC InterCAT serviceis searchablen the Web. After our recordsare convertedto
MARC theywill beimportedinto this internationaldatabasef high quality electronicresources.

The FGDC compliantrecordswe createusingthe FGDC or NBIl standardswill be loaded
onto a z39.50serverlocatedat the NWRC. This node canthen be searchedhrougheitherthe
NBIl MetadataServer,or the FGDC Clearinghouse.

2.2.7 Future directions

Given its statusas the global metadatastandardfor bibliographic materials,the MARC
standardwill remainwith usfor along time. We considertUSMARC our core metadatdormat.

The future of the FGDC/NBII initiative is less clear, given the problemsin the creation
of FGDC compliant metadata. There are two main trouble areas. The first is technical. As
mentionedabove,the bugsin the USGS MetaMakersoftwaretool are so seriousas to render
the productunfit for use,by our standardsUntil this is addressedthe growth rate of metadata
productionwithin federalagenciesand grant recipientscannotincrease. The FGDC group in
chage of the initiative appeargo be placing their emphasisat this time on makingthe FGDC
standardan internationallSO standard.They are alsolooking for a conversiontool which will



convertthe existing FGDC metadatao the emeping ISO standard.Oncethe ISO standards in

place,theywill adoptthe ISO standard.The secondproblemis organizationalandinvolvesthe
creationof FGDC or NBIl compliantmetadata.Researcherare reluctantto utilize their time

in learningthis standardand writing metadatafor datasetsthey collect. Adam Chandlerand
Dr. Carol Barry at the LouisianaStateUniversity Schoolof Library and Information Science
are designinga study to better describeand understandhis problem.

Within the Dublin Core community, there are efforts taking place which will elevatethe
DC standardasa viable internationalgeneralmetadatasolution. It appearghatthe Dublin Core
standardis headingtowardsbecominga resourcedescriptionstandardfor ExtensibleMarkup
Language(XML) documents.That will causeno foreseeablgroblemsfor the EE-IR Center,
and will in fact add functionality and possibilities.

3 Research and Development of Software Tools

The currentand nearterm goals of the R&D efforts in softwaretools are: (i) to provide
tools and techniquesfor creatingnew digital resourcesand linking themto the Internet; (ii)
to acquire/developools for defining metadataand building indexesfor the resourcesn the
repository;(iii) to acquire/develo@advancedools andtechniquedor analysisandvisualization
of datasetspertainingto environmentaland enegy applications;and (iv) to conductresearch
on adaptivestrategiesor multimediaretrieval;knowledgeacquisitiontechniquegor multimedia
indexing; content-basedearchfor images;methodsfor mining of datasetsvia the Web.

Our longerterm goalsinclude: (i) to extractand organizeexpert(e.g.,a researcHibrarian)
knowledgepertainingto resourcddentificationandsearchstrategiefor enegy andenvironmen-
tal applications;(ii) to useexpertknowledgeto build simpler interfacesthat enableclients to
performsearchesn their own; and(iii) to extractandorganizeexpert(e.g.,researctanalystsn
the oil and gasindustry) knowledgepertainingto the useof tools and techniquedor database
mining and other related data analysistasks.

In the following, detailsof projectsthathavebeenimplementedandthosethatarein design
phaseare described.

3.1 Current or Completed Projects

The following is a list of softwareprojectswherewe havedemonstrableesultsduring the
past year.

1. The EGRD (Extractionof GeographicallyReference®ata sets)projectallows datasetsto
be extractedfrom remoteURLs basedon geographicalocations,cleaned,andredisplayed
to usersin different formats.

2. RUBRIC (Rule BasedRetrievalin Computers)allows concept-basedetrieval by the con-
struction of a rule tree basedon expertknowledgeand by providing a softwarelayer on
top of someBooleansearchenginesto convertconceptto queiresacceptabldo the native
searchengine.

3. TheWDB (Webto Databaseprojectenhancesnexistinggeneralpurposeool for searching
a databasdrom the Web.



4. SDMS (Slides DatabasevlanagementSystem)is a tool for managingthe NWRC Slides
Database. Keywords are attachedto eachslide in the slides database. A user-friendly
interfaceallows usersto searchand updatethe slides database.

5. The WBPI (Web to Bayou Periodical Index) project enhanceghe searchcapability to
an existing Web resourceby implementing and evaluatingtwo approaches: structured
(relational)databaséHTML documentsenhancedvith metatags.

6. CAST (CatalogAcquisition and SearchTool) is a retrieval enginefor searchingcatalogs
on the Internetdevelopedto accesanultiple catalogsfrom multiple distributorsof various
products.

7. TheCBIR (ContentBasedimageRetrieval)systemenablesmagesto beretrievedbasedon
their distancedo a queryimage. The systemfetchesand displaysthoseimageswhich are
similar to the input image, basedon newly developedtechniquedor efficiently measuring
similarities betweenimages.

3.1.1 Extraction of Geographically ReferencedData sets(EGRD)

The EGRD systemis designedo accessfilter anddisplay information from differentdata
sets,compiledby third partiesandhostedin remoteweb servers.Extractednformationcould be
savedat our serverin a desiredformat for subsequentiownloadingand/ordisplayedin several
formats(e.g. tables,graphs,bar charts). According to the userinterestshe/shecan specify a
geographicategion(e.g. Stateor Parish)andothercriteria(e.g. certainyearsor certaincolumns
of the dataset)in the contextof a dataset(e.g. Endangeredpecies)f interest. The software
avoids having to store the whole dataset (which is typically a very large ASCII file) in the
local server. The softwareprovidesclickable mapsto initially specify geographicalegionsof
interestand usestechnologiesuchas Javaappletsand JavaRemoteMethod Invocation(RMI).

The URL for this projectis at http://mgrss20.cacs.usl.edu/"sxp1258/project/working/index.html

3.1.2 Rule BasedRetrieval in Computers (RUBRIC)

The RUBRIC systemis a rule-basedinformation retrieval systemdesignedto provide
rankedoutput by associatingRetrieval StatusValues(RSVs)}o textual documents.A rule-tree
is constructedbasedon an input setof rules. The systemallows usersto createand/ormodify
a rule baseby providing an interfacein which a set of relatedrules are representedy an
AND/OR tree. The edgesin the tree can be assignedwveightsthat reflectthe degreeto which
the left handside of an IF/THEN rule implies the conceptin the right handside. This system
can be usedboth for settingup cannedBooleanqueriesand ConceptBasedRetrieval. The
softwareis written in a way thatit canbe addedon asatop layerto an existingBooleanSearch
Engine. Our currentefforts are in the direction of demonstratingour ideasin the context of
DoE’s InfoBridge. The softwareis implementedusing a Javaapplet. The URL for this project
is at http://www.ucs.usl.edu/"txI7146/rubric/hua.html

3.1.3 Web to Database System (WDB)

The systemis an enhancedversion of WDB, a generalpurposetool written in Perl for
linking tablesin a relational databasesystemto the Web and for searchingvia standardweb



browsers. NWRC hastwo databasestoredin an MiniSQL DB that are provided Web access
by meansof this software: publicationsdatabaseand water fowl information database.The
user-interfacehas been enhancedto allow more versatile query specifications. Also, some
update functions are added. The URL for this projectis at http://www.cacs.usl.edu/su98-
bin/mke4542/project/nwravdb/bps8527/duck/menu_form

3.1.4 Slides Database Management System (SDMS)

This systemmanageshe slidesdatabasef the NationalWetlandResearctCenter(NWRC).
It is a reengineeringf what they usedbefore. Eachslide in the databases describedby a set
of keywords/formattedattributes. By usingthesekeyword queries,the systemallows usersto
searchand updatethis DatabaseSystem. Visual Basic languageand MS-Accesssoftwareare
used. It hasaccesscontrolsto where scientistscan proposechangeso descriptionsbut only
library personnelcan make the actual updates.

3.1.5Web to Bayou Periodical Index (WBPI)

The systemenhanceshe searchcapabilitiesof legacyinternetresourcege.g. old-style pre-
existingresourceslevelopedrior to the adventof moremodernmethods).Two approachesare
modeledandimplemented.The first approachusesstructureddatabaseandthe otherapproach
usesHTML documentsenhancedwith contenttags.

Both implementationgnableusersto specifysearchtermsin particularfields of theresource
in orderto obtain only that small portion of the resourcethat matchthe specifiedsearchfield
values. The URL below is for the approachbasedon creatinga structuredDB. We usePro-C,
CGlI programsand Oracle DB.

The URL for this projectis at http://www.cacs.usl.edu/cs561-bin/Bayou.cgi

3.1.6 Catalog Acquisition and Search Tool (CAST)

Thisis asearchenginefor electronicproductcatalogson theinternet. The systems designed
anddevelopedo accessnultiple catalogdrom multiple distributorsof a givenclassof products.
It is assumedhatthe critical informationthatneedgo beindexedappearsn anHTML document
in atabularform. The neededcatalogpagesare downloadedto our site and enhancedy the
(automatic)insertion of contenttags. This downloadingis carried out by our own extension
of a public domainspider,calledthe MOM-Spider. Flexible searche®f the catalogsare made
possibleby using a public domainsearchenginecalled ISITE, which is capableof exploiting
the contenttagsthat havebeeninsertedinto the HTML catalogs.We also enhancdSITE with
a conceptbasedetrieval capability (usingideasdescribedabovein the RUBRIC project). Most
of the programmingor softwaremodificationswe did involvesthe Perllanguage.The URL for
this projectis at http://www.cacs.usl.edu/"bps8527/CAST/index.html

3.1.7 Content-basedimage Retrieval (CBIR)

An Image Retrieval System,which retrievesa setof imagesby submittinga queryimage,
is being developed.Dependingon the color contentsof the queryimage,the systemretrieves
thoseimageswhich are closestto the queryimage. The goal of this work is to improve the



efficiency of contentbasedimageretrieval by usingwhatwe call an EstimatedDistance rather
than the more expensiveReal Distancethat userswould preferto adopt. The improvementn
efficiency will yield the benefitthat the systemcan dealwith an image databaseconsistingof
a very large numberof images. The currentdemoshowsthat, for a chosensmall collection of
images,the EstimatedDistancebasedon color indeedallows the userto find the imagesin the
"right" order. We use C and CGI programmingin this work. The URL for this projectis at
http://www.cacs.usl.edu/xxw4192/CBIR.html

3.2 Projects in design phase

Severalof our projectsarein designphase.Their designsarein conjunctionwith thelibrary
group. Two suchprojectsarethe designof tools for creatingyS MARC metadataut of Dublin
Core metadataandfor collecting metadata(EGRD). Other projectsare asfollows.

3.2.1 Data Warehousingtools for Geographically ReferencedData Sets

Data warehousds a databasedesignedto supportdecisionmaking in organizations. As
scientific databasegyrow at unprecedentedates, new approachesare necessaryto enable
scientiststo locate and integrate data sets pertinentto their needs. One method that shows
promiseis the implementationof data marts that integrate appropriatedata sets neededfor
certainsubjects(or issues). The goal of this projectis to provide a highly integratedtool for
decisionsupportover the web for geographicallyreferenceddata.

3.2.2 Mining Association Rules BetweenSetsof Scientific Citations

The goal of this projectis to direct usersto citationsthatarehighly relevantto the intended
request. The project stagesare: (i) extractdatafrom a citation databasesuchas the Web of
Scienceyii) load extracteddatato a databaseafter transformingtheminto a differentstructure;
(ii) find all the associations(iv) presenthemto the userusing visualizationtools

3.2.3 Visualization of Multidimensional RelevanceMaps

A retrievedobject hasdifferentlevels of relevanceto the specifiedlist of features. These
relevancelevels must be presentedo a userin an informative and intuitive manner. Each
featuredefinesa coordinateof the multidimensionalinformation space. However,the features
haveto be placedjudiciously in a 2- or at most 3-dimensionalspacefor a userto be able to
understandhe relationshipamongthe retrievedobjectsand features.In our approachfeatures
form gravitationalpointson a 2— or 3—dimensionakpace;an objectcentersaroundthe features
that it is mostrelevantto. We plan to adaptplacementalgorithmsfrom computerhardware
layout designfor our purpose.

4 Internet Computing Research

Researchin Internet computing is conductedby faculty, staf, and studentsat CACS.
Our researchwork is organizedunderthe following four headings:datamining, parallel and
distributedcomputing, mediatechnology,and datavisualization.
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In multimediaretrieval, we have completeda projectin descriptionand evaluationof an
adaptiveimageretrieval systemcalled Web-IDBS. We have madea qualitative comparisonof
differentclient-serveiimplementationghat usedthe Javaprogramminganguagedor anadaptive
imageretrievalapplication.We havedevelopedstrategiegor improvingtheefficiency of feature-
based(color, texture or shape)image retrieval.

In data mining, we are investigating the impact of data mining on databasesecurity.
Specifically,we are focusingon evaluatinga protecteddataelement’srisk of disclosurein the
context of classificationlearning. We partitioned classificationmethodsinto two categories,
and developedevaluationalgorithms for the two categories. We are currently working on
experimentainvestigationsof thesealgorithms. Vijay Raghavarguestediteda specialissueof
the Journalof AmericanSocietyfor Information Science(April 1998, Wiley) on “Knowledge
Discoveryand DatabaseMining”. One of the papersin that specialissuereportsour research
resultson efficient algorithmsfor featureselection,in the contextof designingclassifiersbased
on the theory of rough sets.

In parallel and distributed processingwe investigatedthe designof a high-performance
servercluster for web applications. A cost effective approachto settingup a web serveris
to incrementallyscale up the hardwareas web accesstraffic increases. Workstation clusters
are an attractive solution for such applications. The performancemetric in evaluatingsuch
solutionsis the averagewaiting time of a task to be completed. As the workload of one
workstationreachesa threshold,it cansendsomeof its tasksto its proxies,who are considered
to belogical neighbors.We developedsuchload balancingalgorithmsfor two differentnetwork
configurationsandevaluatedhe performancesmpirically on actualnetworksin our department.
The preliminaryresultsarethatthe load balancingalgorithmsprovide substantiaimprovements
in averagewaiting times, especiallyat high traffic densities.

In mediatechnology,we investigateissuesrelatedto transmittingimaging and video data
over the Internet. Specifically, we developeda methodfor progressivetransmissiorof image
dataso thatthe renderedmageis perceptuallylossless.In view of the large numberof images
thatareprintedafterbeingdownloadedye incorporatedhalftoninginto the compressiomethod.
Video dataconveyinformationin the mostvivid form, albeitat a costof substantiabandwidth
requirement. For the forseablefuture, the Internetremainsa low bit rate channelfor video
transmissiongspeciallywhen comparedo other channels.We investigatedthe use of wavelet
transform,a methodthat has provento be effective for low bit rate image transmission for
low bit rate video compression.Our methoduseda pair of wavelet-basegrocessingnodules
as wrappersaroundan internationalstandardcodec (the ITU-T H.263). We showedthat we
can have bettervideo quality (in termsof still frame and motion) at fixed bit ratescompared
to the standardcodec.

Authenticationand intellectual propertyrights is an importantaspectthat affects the flow
and exchangeof informationthroughthe Internet. Digital watermarkingis the areathat studies
methodsfor embeddingof authenticationmarksin datasets. Specifically, our interestis in
watermarkingimage and video data by embeddingmarks that are not perceptibleto a user.
Our main concernis with the survival of a watermarkthroughlow bit rate compression.Our
approachis to modulatea watermarkusing the luminancechannel. We empirically assesshe
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bit errorratedueto compressionandwill incorporateerror correctingcodesthatareappropriate
for the observedbit error rate into the watermarkingprocess.

In data visualization, we developeda new color halftoning algorithm for indexed color
display. Comparedto the standarderror diffusion algorithm, our new methodhasfewer color
spikesand no color shifts. We also developeda methodfor visualizing scalarfields on three-
dimensionalsurfaces. The applicationof our methodis in visualizing EEG-derivedcortical
potential fields on MRI-derived cortical surfaces—amethod that fuses two brain imaging
modalities.

5 NASA/USL Regional Application Center Enhancement

Themissionof RAC is to provideNASA basedechnologieso thegenerabpublic; to provide
capability to directly and indirectly receive, manipulateand disseminatesatellite and other
remotelysensediatain realtime for applicationdevelopmentandto fosterthe self-supporting
applicationof environmentabnd Earthresourcedataby regionalinstitutionsincluding: federal,
state,local governmentuniversitiesand commercialcompanies.The objectivesof our current
activities include promoting public accessto NASA data as well as collaborationto refine
technology; validating the Mission to PlanetEarth (MTPE) data; enabling data fusion; and
stimulatingrelatedcommercialactivity. An immediategoal is to integratecurrentand explore
future technologiesin ingesting, storing and disseminatingdata. Additional storagecells are
being acquiredfor the manipulationsof raw imageingestdata. NT Workstationequipmentis
beinginstalledfor integrationinto the RAC configurationanddevelopmentf enduserproducts
and applications. We continueto developmassstorageand archival system(over 1 terabyte)
for servingimagery, text, and geospatialdata.

In the pastyear, we acquireda GOES geostationarysatellitereceiverto augmentour data
collectionby the AVHRR receiver.We improvedthe computingenvironmenty acquiringcolor
workstationsand severalservers. The NASA/USL RAC is one sourceof information for our
EE-IR Center.Oneof our ongoingprojectsinvolvesthe developmenbf tools for the integrated
useof geographicallyeferencedlatasetsandfor the mining of thesedatasetsto aid in decision
making relative to certain biological or environmentalissues. The approachinvolves the re-
engineeringof applicationscurrently implementedusing Geographiclnformation Systemsso
that they use state-of-the-artechnologiegJava,CORBA, CGI scripts,etc.).

6 Research Publications and Human Resources Development

In the following, we list our publications and presentationsthat acknowledged
this grant. Electronic versions of our publications are available from the URL:
http://eeirc.nwrc.gov/pubs.htm.The titles of dissertations,theses,and projects by students
who receivedsupportfrom this grantare also listed.
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