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Abstract

This paperdescribesthe integrationof maritime informationfrom multiple sourcesin the context
of passageplanningfor coastalvoyages.It beginswith describingtheconstructionof a computational
ontologyfor maritimeinformationandnauticalchartsymbology. The useof this ontologyin defining
a markuplanguageis thendescribed,followedby a discussionof theuseof this ontologyandmarkup
languagein a demonstrationinformationretrieval application.

1 Intr oduction

This paperdescribesthecreationof aninformationmodelfor maritimeinformation,andtheuseof this in-
formationmodelin markupandintegratedretrieval from multiplesourcesin thecontext of passageplanning
for coastalvessels.

Governmentinterestarisesfrom the fact thatcollecting,preparing,anddistributing this informationis
partof themissionsof anumberof Federalagencies,particularlyNOAA, NIMA, andtheUSCG.Someof it
is alreadybeingdistributedin computerizedform, oftenvia theWeb. Thepurposeof theprojectis to facili-
tatesmarteruseof theavailableinformation,that is, its usein intelligentsoftware;and,further, to enhance
theinteroperabilityof existingandfuturesoftwareanddatabasesby providing amutuallyintelligible means
of expressingandsharingthis information.

Thecreationof a modelof availableknowledgeandinformationconstitutes‘ontologicalengineering’.
For our project,ontologicalinformationis acquiredfrom multiple sources,includingstandardsdocuments,
databaseschemas,lexicons,collectionsof symbologydefinitions,andalsofrom semi-structureddocuments.
Thecomputationalontology1 thuscreatedis beingusedtocreateanXML-basedmarkuplanguage(Maritime
InformationMarkupLanguage— MIML) for taggingdocumentswithin thisdomain.Thismarkuplanguage
is used(asaninitial demonstrationof thekind of applicationthatwill beenabled)in a Web-basedpassage
planning systemthat retrieves and presentsnecessaryand relevant information for marinersplanninga
voyage,from Websites,digital nauticalcharts,andmarked-uptext documents.

Therestof thispaperdescribesthesourcesof ontologicalknowledgeandthecontributionof eachsource
to the overall ontology. An overview of a markuplanguagefor maritime informationderived from this
ontology follows. The useof this markuplanguageandontology in a demonstrationapplicationis then
described.

1In artificial intelligence,anontology is asetof definitionsof theconceptsthatexist in aparticulardomainandtherelationships
betweenthem.A computationalontology is a a collectionof terms,formal definitions,andconstraints,which canbeprocessedby
software,andwhich increasesthescopeof computationalmethodsappliedto therelevantdomain.
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2 Ontology Construction

Ontologicalknowledgewasderivedfrom thefollowing sources:

StandardsDocuments: A normative standardfor digital nauticalchartcontentis theIHO (International
HydrographicOrganization)S-57TransferStandardfor Digital HydrographicData[6]. The‘objectcatalog’
sectionof this documentconsistsof a list of chartentities,definitions,andentity attributes,which gives
us a collection of domainentities that can be consideredcanonicalas far as the scopeof the standard
goes.Extractionfrom this ‘objectcatalog’wasautomatedusinggraphtraversalalgorithmsthatexploit links
betweenentitiesandattributes. The automatedextractionresultedin 173 classes.A comparisonof 10%
(selectedat random)of theextractedinformationwith theoriginalsourceindicatederrorratesof 8%to 20%
(for differentcategoriesof ontologicalknowledge— classes/types/attributes). Theadditionaleffort needed
to reducethis ratein the automatedextractionwasnot undertaken, asit proved no very laborioustaskto
make thecorrectionsby hand(about10 hoursfor a non-expert who comparedtheextractedontologywith
theoriginal source).

TheSpatialDataTransferStandard[3] wasanothersource.Thepartsweusedwerethelist of ‘included
terms’(analogousto a hyponym list) andattributedefinitions.Extractionfrom this waslesssatisfactoryin
someways,sincethesesectionsarelessrigorousthantheobjectcatalogof theS-57standard,but, on the
otherhand,thelistscover moreof thetermsusedin practice.

Databases: Theprimarydigital chartdatabasewe have usedso far is thesetof sampleDigital Nautical
Chart (DNC) datafiles available from the National ImageryandMappingAgency (NIMA), covering the
SanDiego Harborandapproaches.The DNC databasehave somewhat moresemanticstructurethanthe
aforementionedstandards,consistingasit doesof featureclassificationsorganizedby ‘layers’, for example,
environmentalfeatures,culturalfeatures,landcover features,etc. Inductionof ontologicalknowledgefrom
this consistedof mappingthestructureto aclasshierarchy. Taxonomicalinformationthatcouldbedirectly
extractedfrom the tablenamesin this databasethereforeconsistsof relationshipsbetweentheabovemen-
tionedfeatures/classes.Approximately134classeswereminedfrom thisdatabase.

As with theS-57standard,this databaseandschemacoversonly chartentities,andthe terminologyis
evenmorerestricted(andto someextent,morelinguisticallyopaque)thantheS-57standard,dueto theuse
of abbreviatednamesfor entitiesandattributes,andthelackof textualdefinitions.

Lexicons and Symbology Definitions: We also usedthe StanfordMedical Informaticsgroup Protéǵe
tool [4] anda standardcollectionof symbologydefinitionsfrom the NationalOceanicandAtmospheric
Administration(NOAA Chart No. 1) [11] to createan ontology of navigation aids, hazards,and other
entities.Chart No. 1 is a list of thesymbologyusedin nauticalchartsaccompaniedby brief definitionsof
whateachsymbolstandsfor. It is organizedsemantically(in that relatedsymbolsarein thesamesection
or subsection).Approximately500 classeswere createdfrom this source. Definitions available within
this documentweresupplementedby usinga widely popularpublicationon navigation andseamanship,
(ChapmanPiloting [8]) and an online dictionary of chart terms(discoveredand usedby the creator, a
studentunfamiliar with nauticalterms).Ontologycreationbasedon thesedocumentsconsistedof manual
entryof informationusingProt́eǵe,dueto thelackof electronicversionsof thesymbologydefinitions.

Semi-structuredmaterial: TheUnitedStatesCoastPilot is a9-volumeseriescontaininginformationthat
is importantto navigatorsof US coastalwaters(includingtheGreatLakes).Includedarephotographs,dia-
grams,andsmallmaps.Theflow of text follows thecoastlinegeographically, e.g.,from northto south.This
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Figure1: Partof thetaxonomyderivedfrom NOAA ChartNo. 1

is a ‘lightly structured’document,with eachvolumecontaininga preliminarychaptercontainingnaviga-
tion regulations(which includesa compendiumof rulesandregulations,specificationsof environmentally
protectedzones,restrictedareas,etc.), followed by chaptersdealingwith successive sectorsof the coast.
Eachchapteris furtherdividedinto sections(still in geographicalorder);eachsectionis furtherdividedinto
sub-sectionsandparagraphsdescribingspecialhazards,recognizablelandmarks,facilities,etc.

Theinternalstructureof subsectionsandparagraphsprovidestaxonomichints,indicating,for example,
which leaf entitiesare categorizableas sub-classesof weatherconditions,as well as providing a small
amountof additionaltaxonomicalinformationthatextendstaxonomiesderivedfrom otherclasses(e.g.,tide
racesasa form of navigationalhazard).TheCoastPilot is normative (in thesenseof usingwell-understood
terms)andcomprehensive. A versionmarked up with XML would have proved invaluablefor ontology
learning,but thereis nosuchversionavailableat this time(indeed,it is theaimof thisprojectto createsuch
amarkedupversion).

Thereis a certainamountof overlapin the ontologicalinformationderived from thedifferentsources
above, in additionto structuremismatches(for example,informationthat is denotedasanattribute in one
ontologymay be usedfor sub-classingin another).The reuseof othercomputationalontologieswasex-
plored early on, but they (e.g., the SENSUSontology in Wordnet)turnedout to definetermsin usages
thatareeithernot relevant,or ‘wrong’ in themaritimeinformationdomain— for example,a ‘bridge’ is a
trafficablepassageway for landtravel, but anobstructionor landmarkfor waterbornevessels.

We have discoveredthat thoughthereis a certainamountof duplicationbetweenthe above sources,
they are largely independentand producedifferent partsof the taxonomyfor the maritime information
domainasa whole. It is thereforenecessaryto mergethe‘sub-ontologies’,i.e., constructa largerontology
that containsall the termsandthat reconcilesdiscrepanciesbetweenthem. Our approachto the merging
problemis describedelsewhere[9]. Figure1 shows partof theontologycreated.

3 Markup Language

TheMaritime InformationMarkupLanguage(MIML) follows the rulesestablishedfor XML by theW3C
consortium.Tagsin this languagearederivedfrom objectnamesin theobjectcatalog,symbologytermsin
NOAA ChartNo. 1, featurenamesin thesampleDigital NauticalChartdatabase,andotherentitiesdefined
from weatherreportsandothersourcesof ontologicalknowledge. For example,the � Anchorage� and

� Pier� tagsin Figure2 aredirectly derivedfrom thecorrespondingclassnamesin theontology. A second

3



<Chart>
<ChartNumber>18773</ChartNumber> <ChartNumber>18772</ChartNumber>
<Location> San Diego Bay is 10 miles NW of the Mexican boundary</Location>
<Description>San Diego Bay is where California’s maritime history...</Description>
...
<Anchorages>General anchorages, special anchorages, and ... </Anchorages>
<Tides> The mean range of tide is 4.0 feet at San Diego ... </Tides>
<Currents> The currents set generally in the direction of...</Currents>
...

<Wharves>
The San Diego Unified Port District owns the deepwater commercial facilities in...
<PierArea>
<Pier name ="B Street Pier, Cruise Ship Terminal">
(32 deg. 43’02"N., 117 deg. 10’28"W.): 400-foot face, 37 to 35 feet alongside;
1,000-foot N and S sides, 37 to 35 feet alongside;...
</Pier>
<Pier name ="Broadway Pier, S of B Street Pier">
135-foot face, 35 feet alongside; 1,000-foot N and S sides, 35 feet...
</Pier> ...
<Pier name ="Tenth Avenue Marine Terminal">
<Berth name="Berths 1 and 2">
Concrete bulkhead, 1,170 feet of berthing space; 27 feet alongside...

</Berth>
<Berth name="Berths 3 and 6"> ... </Berth>
<Berth name="Berths 7 and 8"> ... </Berth>
</Pier>

<PierArea>
</Wharves>
...
</Chart>

Figure2: Marked-upfragmentof Chapter4, Volume7 of theCoastPilot

classof tagswasalsoneededto denoteinformationelementswithin thedocument,for examplethe � Chart�
tags,whichdenotesectionsthatpertainto aspecific(identified)nauticalchartin theNOAA chartnumbering
system,andthe � Description� tag,which is usedto denotegeneraltext informationthatcannotbeplaced
into a morespecificcategory. While the first classof tagsfor MIML were derived from the ontologies
mentionedearlier, theDTDs(DocumentTypeDefinitions)for theCoastPilot wereprepared‘by hand’,with
tagsin thesecondclassbeinginventedasnecessary.

Figure2 shows a marked-upfragmentof Volume7 of theCoastPilot. This fragmentis partof Chapter
4, whichcoverstheCaliforniacoastfrom SanDiegoto PointArguello,anddescribes,amongstotherthings,
weather, navigationhazards,aidsfor navigation,localregulations,contactinformation,harborfacilities,etc.
The sectionin the figure comesfrom the portion describingharborfacilities in SanDiego Bay. (Ellipses
denotematerialleft outof this figurefor brevity’s sake.)

4 Prototype PassagePlanning WebSite

A ‘passageplan’ is, for thepurposesof thisproject,ananswerto thequestions:”How doI getfrom X to Y?
Whatwill I encounteron theway, andwhatwill I find whenI get there?Whatdo I needto know for this
particularjourney”? Passageplanninginvolvesnot just plotting a saferoute,but alsoincludesgenerating
a reportabouthazardsthatmay be encountered,facilities availablealongthe routeandat thedestination,
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weatherand tide conditionsthat may encounteredduring the voyage,etc. The passageplan dependson
the type of vesselandthe purposeof the journey, sinceinformationthat may be of interestto a freighter
may be irrelevant to a small pleasurecraft. The useof theseconcepts,andof MIML is demonstratedin
the prototypesite describednext. The demonstrationprototypein its currentstageof developmentdoes
not tackletheroute-planningproblem(“how do I getfrom X to Y”), becausesimilar issueshave long been
addressedin pathplanningresearchwithin artificial intelligence,andthecomputationalmagnitudeof this
particularproblempreventedanything morethana superficialsolutionwith availableresource.However,
thedemonstrationdoesattemptto dealwith theothercomponentsof whatwecall thethe“passageplanning
question”,thoughthesourcesusedareby no meanstheonly sourcesfor this information.

4.1 Content sourcesfor prototype site

The ‘content’ sourcesfor passageplanningareWeb siteswith real time information,the CoastPilot, and
programsthatgenerateinformationasandwhenrequired.They fall into thefollowing categories:

Static textual documents: Theprimarytext documentcurrentlybeingusedis theCoastPilot, described
earlier. It includesdescriptionsof particularitemsof interest,someof whicharealsoshown in nauticalcharts
(suchaslighthousesandbeacons),andotherdescriptionswhichareeithernotavailablein thenauticalcharts
andotherplaces,or not apparentfrom them,suchasspeciallocal tidal dangers.(Whereinformationin the
CPduplicatesthat in othersources,we interpretit asemphasizingimportantfeaturesanddangers.)It also
containsa few diagramsandphotographstakenfrom amariner’s point of view, informationon anchorages,
etc.,andpointersto othersources,for example,to theU.S. ‘Port Series’for moreinformationon facilities
at a specificport. Markupof theCoastPilot with MIML tagsis currentlybeingdonemanually;we hopeto
automatepartof thismarkupprocessin thefuture.

Web siteswith real-time information: Certaininformationis beingmadeavailablein near-real-timeby
both official andunofficial sources,especiallyweatherconditions,forecasts,andwarnings. The National
Databuoy Center(NDBC) Websiteprovidesrecentweatherdatafrom databuoysall alongtheU.S.coastline.
Certainmarinashave alsobegunputtinglocal conditionson their Websites.Tide predictionsareavailable
from anotherNOAA site.Theprototypeincorporatesinformationfrom databuoys (via theNDBC Website)
into theinformationit collectsfor a specific‘passageplan’.

Chart databases: Data extractedfrom DNCs is loadedinto a local database(due to the difficulty of
queryingDNC files). The contentsareessentiallytablesof featuresandtheir attributes. Thesetablesare
easily transformedinto an object-relationaldatabaseform. This sourceprovides informationaboutsuch
itemsascoastlines,marker buoys, lighthouses,depthmeasurements,andothernauticalchartfeatures.

Dynamically generatedcontent: Certaincontent(tide predictions)is generatedby programsresidingon
thelocalwebserver.

4.2 Capabilities demonstratedby prototype site

Thecapabilitiesdemonstratedin theprototypeare:

Extraction from XML documents: Relevantelementsfrom themarked-upCoastPilot areextractedin
responseto auserquery. Relevanceis judgedbasedon proximity to thelocation(s)specified(andtheroute
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Figure3: Elementsdescribingcargo facilities,extractedfrom theCoastPilot

betweensourceanddestination),thetypeof vesselandpurposeof thevoyage,andin responseto theoptional
questionmentionedearlier. Figure3 shows theresponseto aquestionaboutcargo facilitiesatSanDiego.

Real-time information presentation: Informationaboutweatherconditionsasreportedby NDBC data
buoys is retrieved from theNDBC website,andprocessedinto a form suitablefor presentation,this time
with MIML markupaddedautomatically.

Data retrieval: The databasescreatedfrom DNCs arequeriedwith SQL queriesand the resultstrans-
formedinto formssuitablefor presentation.Thistransformationcurrentlyinvolvesstatisticalpost-processing
of theinformation,thenatureof thispost-processingdependson theform of thequery, especiallywhenthe
retrieval is raw materialfor anresponseto theoptionaluserquestionsmentionedearlier. Transformationis
discussedfurtherin thenext paragraph.

Simple questionanswering: Theprototypeis ableto answerquestionsposedusinga limited vocabulary
and syntax. Questionscan be asked in ways that are closeto natural language(e.g., “can I anchoroff
SanDiego”). Pattern-matchingis usedto transformthis natural-languagequestioninto a querythatcanbe
executedby thedatabaseback-end.Thetechniquesusedin informationretrieval andprocessingof retrieved
information may involve the capabilitiesdescribedearlier in this section. In somecases,the raw data
retrievedfrom thedatabaseundergoespost-processingdependingon theform of thequestion;for example,
thequestions“show theseafloor off . . . ” and“can I anchornear. . . ” bothretrieve thesameraw data(sea
floor characteristicdatapoints),but thefirst form producesa tableof values,while thesecondcombinesthe
theretrievedvaluesinto anassessmentof thegeneralseafloor descriptionin thesamelocation.

4.3 Functioning of Prototype

Theprimary interfacewith theuserconsistsof a form to befilled out with informationaboutthe journey,
includingthelocation(eithersource-destination or a singlepoint), typeof vessel(cargo, sail, etc.),time of
journey, and,optionally, specificquestionsaboutsuchitemsasanchorages,local facilities,depths,etc.The
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Webserver transformstheform into acollectionof sub-queries,eachformulatedfor thespecificknowledge
sourcesavailable(here,Websites,DNC database,marked-upCPfiles,anda tide predictionprogram).The
transformationprocessis basedon matchingkeywordsor key phrasesfrom userquestions,combinedwith
table-basedlookupsof menuselections(e.g.,typeof vessel),anduseof theontologyto decidespecifically
what information must be obtainedfrom the information source. The answersobtainedafter executing
individual sub-queriesarecombinedinto a ‘passageplan’ or mini ‘portolanchart’ thatis customizedfor the
specificvoyage.

The currentversionof this pagelimits its searchto the four sourcesmentionedearlierandanswersa
limited rangeof questions,beingconstrainedby the limited richnessof structureof the sources(e.g.,the
CP is marked up with MIML tagsonly at sentence-or paragraph-level detail, whereastaggingpartsof
sentencesis requiredfor moresophisticatedretrieval). Efforts to integratemoresourcesandenhancethe
expressivenessof themarkuplanguageareunderway.

5 RelatedWork

In a paperon agentsfor informationgathering,Knoblock and Ambite [7] describethe useof a domain
model in formulating queriesfor different knowledgesourcesrepresentedby different agents. Noy and
Musen[12, 13] describeanalgorithmandtool for merging ontologiesin Prot́eǵe. Chalupsky [1] describes
OntoMorph,a tool for translatingsymbolicknowledgefrom oneKR formalismto another, anddescribes
ontologyalignmentin [2]. Hovy [5] describesa procedurefor ontologyalignmentandheuristicsfor sug-
gestions,including patternmatchingon strings,hierarchymatchingand data/formheuristics. Ontology
analysisandmerging in Chimæra is describedin [10]; the techniquesusedincludesyntacticanalysisof
classandslot names,taxonomicresolution,andsemanticevaluation(for example,slot/valuetypechecking
anddomain-rangemismatches).

6 Summary and Futur eWork

The primary purposeof this paperwasdescribingthe creationof a markuplanguagefor maritimeinfor-
mation(MIML) from computationalontologiesandtheuseof this languagein informationretrieval from
documentsandothersourcesusedin thefield. MIML is still in theearlystagesof development,andneedsto
go throughastandardsprocessbeforeit cangainwideacceptancein thefield. Researchplansfor thefuture
includedemonstratingcapabilitiesbeyond informationretrieval, especiallyintelligent reasoning,usingthe
retrieval andaccesscapabilitiesprovidedby markup;this will involve ‘drill-down’ markup,to lower levels
thanin thesamplefragmentof Figure2. Queryingof largedatabasesof XML documents,theuseof markup
andontologiesin delivery of informationto users,andtheuseof markupin updatingdatabases(anddoc-
uments)andin translatingbetweenheterogeneousdatabaseswill be investigated.Theimplicationsfor our
researchof the ResourceDescriptionFramework (RDF) andDARPA Agent Markup Language(DAML),
whicharebothcurrentlystill underdevelopment,will alsobeexamined.
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