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Abstract

This paperdescribeghe integration of maritime informationfrom multiple sourcesin the context
of passagelanningfor coastalvoyages.It beginswith describingthe constructionof a computational
ontologyfor maritimeinformationandnauticalchartsymbology The useof this ontologyin defining
a markuplanguagss thendescribedfollowed by a discussiorof the useof this ontologyandmarkup
languagen ademonstratioinformationretrieval application.

1 Intr oduction

This paperdescribeghe creationof aninformationmodelfor maritimeinformation,andthe useof this in-
formationmodelin markupandintegratedretrieval from multiple sourcesn thecontext of passagglanning
for coastalessels.

Governmentinterestarisesfrom the fact that collecting, preparing,anddistributing this informationis
partof themissionsof anumberof FederabgenciesparticularlyNOAA, NIMA, andtheUSCG.Someof it
is alreadybeingdistributedin computerizedorm, oftenviathe Weh The purposeof the projectis to facili-
tatesmarteruseof the availableinformation,thatis, its usein intelligentsoftware; and,further, to enhance
theinteroperabilityof existing andfuture softwareanddatabaseby providing a mutuallyintelligible means
of expressingandsharingthis information.

The creationof a modelof available knowledgeandinformationconstitutesontological engineering’.
For our project,ontologicalinformationis acquiredirom multiple sourcesincluding standardslocuments,
databasschemadgxicons,collectionsof symbologydefinitions,andalsofrom semi-structuredocuments.
Thecomputationabntology thuscreateds beingusedo createanXML-basedmarkuplanguagéMaritime
InformationMarkupLanguage— MIML) for taggingdocumentsvithin thisdomain.This markuplanguage
is used(asaninitial demonstratiorof the kind of applicationthatwill be enabled)n a Web-basegassage
planning systemthat retrieves and presentsnecessaryand relevant information for marinersplanninga
voyage,from Websites,digital nauticalcharts andmarked-uptext documents.

Therestof this paperdescribeshesource®of ontologicalknovledgeandthecontritution of eachsource
to the overall ontology An overview of a markuplanguagefor maritime information derived from this
ontology follows. The useof this markuplanguageand ontologyin a demonstratiorapplicationis then
described.

1In artificial intelligence anontolayy is a setof definitionsof the conceptghatexist in a particulardomainandtherelationships
betweerthem.A computationabntolayy is a a collectionof terms,formal definitions,andconstraintswhich canbe processedy
software,andwhich increaseshe scopeof computationamethodsappliedto therelevantdomain.



2 Ontology Construction

Ontologicalknowledgewasderivedfrom thefollowing sources:

Standards Documents: A normatve standardor digital nauticalchartcontentis the IHO (International
HydrographidOrganization)S-57TransferStandardor Digital HydrographidData[6]. The‘objectcatalog’
sectionof this documentconsistsof a list of chartentities, definitions,and entity attributes, which gives
us a collection of domain entitiesthat can be consideredcanonicalas far as the scopeof the standard
goes.Extractionfrom this ‘object catalog’'wasautomatedisinggraphtraversalalgorithmsthatexploit links
betweenrentitiesand attributes. The automatedextractionresultedin 173 classes.A comparisorof 10%
(selectedatrandom)of the extractedinformationwith theoriginal sourceindicatederrorratesof 8%to 20%
(for differentcategoriesof ontologicalknonledge— classes/types/attrites) The additionaleffort needed
to reducethis ratein the automatedextractionwasnot undertakn, asit proved no very laborioustaskto
malke the correctionsby hand(about10 hoursfor a non-expertwho comparedhe extractedontologywith
theoriginal source).

The SpatialDataTransferStandard3] wasanothersource.The partswe usedwerethelist of ‘included
terms’ (analogougo a hyporym list) andattribute definitions. Extractionfrom this waslesssatishctoryin
someways, sincethesesectionsarelessrigorousthanthe objectcatalogof the S-57 standardput, on the
otherhand,thelists cover moreof thetermsusedin practice.

Databases: The primarydigital chartdatabaseve have usedsofar is the setof sampleDigital Nautical
Chart(DNC) datafiles available from the National Imageryand Mapping Ageng/ (NIMA), covering the
SanDiego Harborand approachesThe DNC databasénave somavhat more semanticstructurethanthe
aforementionedtandardsconsistingasit doesof featureclassification®rganizedoy ‘layers’, for example,
ervironmentalfeaturesculturalfeaturesjand cover featuresetc. Inductionof ontologicalknowledgefrom
this consistedf mappingthe structureto a classhierarchy Taxonomicainformationthatcouldbedirectly
extractedfrom the tablenamesn this databasehereforeconsistsof relationshipsetweerthe aboremen-
tionedfeatures/classeépproximately134classesvereminedfrom this database.

As with the S-57 standardthis databas@ndschemeacoversonly chartentities,andthe terminologyis
evenmorerestrictedandto someextent, morelinguistically opaquethanthe S-57standarddueto theuse
of abbreiatednamedor entitiesandattributes,andthelack of textual definitions.

Lexicons and Symbology Definitions: We also usedthe StanfordMedical Informaticsgroup Protege
tool [4] and a standardcollection of symbologydefinitionsfrom the National Oceanicand Atmospheric
Administration (NOAA Chart No. 1) [11] to createan ontology of navigation aids, hazards,and other
entities. Chart No. 1 is alist of the symbologyusedin nauticalchartsaccompaniedby brief definitionsof
whateachsymbolstanddor. It is organizedsemantically(in thatrelatedsymbolsarein the samesection
or subsection). Approximately 500 classeswere createdfrom this source. Definitions available within
this documentwere supplementedby using a widely popularpublicationon navigation and seamanship,
(ChapmanPiloting [8]) and an online dictionary of chartterms (discorered and usedby the creator a
studentunfamiliar with nauticalterms). Ontology creationbasedon thesedocumentsonsistedf manual
entryof informationusingProege, dueto thelack of electronicversionsof the symbologydefinitions.

Semi-structuredmaterial: TheUnitedState<CoastPilot is a9-volumeseriescontainingnformationthat
is importantto navigatorsof US coastalWaters(includingthe Greatl akes). Includedarephotographsdia-
gramsandsmallmaps.Theflow of text follows the coastlinegeographicallye.g.,from northto south.This
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Figurel: Partof thetaxonomyderivedfrom NOAA ChartNo. 1

is a‘lightly structured’documentwith eachvolume containinga preliminary chaptercontainingnaviga-
tion regulations(which includesa compendiunof rulesandregulations,specificationf ervironmentally
protectedzones, restrictedareas.etc.), followed by chaptersdealingwith successie sectorsof the coast.
Eachchapteiis furtherdividedinto sectiongstill in geographicabrder);eachsectionis furtherdividedinto
sub-sectionsndparagraphslescribingspecialhazardsrecognizabldandmarksfacilities, etc.

Theinternalstructureof subsectionsandparagraphgrovidestaxonomichints,indicating,for example,
which leaf entitiesare cateyorizableas sub-classe®f weatherconditions,as well as providing a small
amountof additionaltaxonomicainformationthatextendstaxonomiesierivedfrom otherclassege.qg. tide
racesasaform of navigationalhazard).The CoastPilot is normatve (in the senseof usingwell-understood
terms)and comprehense. A versionmarked up with XML would have proved invaluablefor ontology
learning,but thereis no suchversionavailableatthistime (indeed,t is theaim of this projectto createsuch
amarkedup version).

Thereis a certainamountof overlapin the ontologicalinformationderived from the differentsources
above, in additionto structuremismatchegfor example,informationthatis denotedasan attribute in one
ontology may be usedfor sub-classingn another). The reuseof othercomputationabntologieswas ex-
plored early on, but they (e.g.,the SENSUSontologyin Wordnet)turnedout to definetermsin usages
thatareeithernotrelevant, or ‘wrong’ in the maritimeinformationdomain— for example,a ‘bridge’ is a
trafficablepassag®ay for landtravel, but anobstructionor landmarkfor waterbornevessels.

We have discaveredthat thoughthereis a certainamountof duplicationbetweenthe above sources,
they are largely independentand producedifferent parts of the taxonomyfor the maritime information
domainasawhole. It is thereforenecessaryo meige the ‘sub-ontologies’j.e., constructa larger ontology
that containsall the termsandthat reconcilesdiscrepanciebetweenthem. Our approacho the meiging
problemis describectlsavhere[9]. Figurel shavs partof theontologycreated.

3 Markup Language

The Maritime InformationMarkup LanguaggMIML) follows the rulesestablishedor XML by the W3C
consortium.Tagsin this languagearederived from objectnamesn the objectcatalog,symbologytermsin
NOAA ChartNo. 1, featurenamesn thesampleDigital NauticalChartdatabaseandotherentitiesdefined
from weatherreportsand other sourcesof ontologicalknowledge. For example,the <Anchorage- and
<Pier> tagsin Figure2 aredirectly derived from the correspondinglassnamesdn the ontology A second



<Chart >
<Char t Nunmber >18773</ Char t Nunber > <Chart Nunber >18772</ Char t Nunber >
<Location> San Diego Bay is 10 mles NWof the Mexican boundary</Locati on>
<Description>San Diego Bay is where California s nmaritinme history...</Description>

<Anchor ages>Cener al anchorages, special anchorages, and ... </Anchorages>
<Ti des> The nean range of tide is 4.0 feet at San Diego ... </Tides>
<Currents> The currents set generally in the direction of...</Currents>

<Whar ves>
The San Diego Unified Port District owns the deepwater commercial facilities in...
<Pi er Area>

<Pier name ="B Street Pier, Cruise Ship Term nal">

(32 deg. 43'02"N., 117 deg. 10'28"W): 400-foot face, 37 to 35 feet al ongsi de;

1,000-foot N and S sides, 37 to 35 feet alongside;...

</ Pi er>

<Pier nanme ="Broadway Pier, S of B Street Pier">

135-foot face, 35 feet alongside; 1,000-foot N and S sides, 35 feet...

</Pier> ...

<Pier nane ="Tenth Avenue Marine Term nal ">

<Berth nane="Berths 1 and 2">

Concr et e bul khead, 1,170 feet of berthing space; 27 feet al ongside...
</ Bert h>

<Berth nanme="Berths 3 and 6"> ... </Berth>
<Berth nanme="Berths 7 and 8"> ... </Berth>
</ Pi er >

<Pi er Ar ea>
</ Whar ves>

</ .Chart >
Figure2: Marked-upfragmentof Chapter4, Volume7 of the CoastPilot

classof tagswasalsoneededo denoteinformationelementsvithin thedocumentfor examplethe <Chart>
tags,whichdenotesectionghatpertainto aspecific(identified)nauticalchartin theNOAA chartnumbering
systemandthe <Description> tag,which is usedto denotegeneralext informationthatcannotbe placed
into a more specificcategory. While the first classof tagsfor MIML were derived from the ontologies
mentionecearlier the DTDs (Documentlype Definitions)for the CoastPilot werepreparedby hand’,with
tagsin thesecondclassbeinginventedasnecessary

Figure2 shavs a marked-upfragmentof Volume7 of the CoastPilot. This fragments partof Chapter
4, which coversthe Californiacoastfrom SanDiegoto PointArguello,anddescribesamongsbtherthings,
weathernavigationhazardsaidsfor navigation,local regulations contactinformation,harborfacilities, etc.
The sectionin the figure comesfrom the portion describingharborfacilities in SanDiego Bay. (Ellipses
denotematerialleft out of thisfigurefor brevity’s sale.)

4 Prototype PassagdPlanning Web Site

A ‘passagelan’is, for thepurpose®f this project,ananswerto thequestions’How do| getfrom X to Y?
Whatwill | encounteion theway, andwhatwill | find whenl getthere?Whatdo | needto know for this
particularjourney”? Passageplanninginvolves not just plotting a saferoute, but alsoincludesgenerating
a reportabouthazardghat may be encounteredfacilities available alongthe route andat the destination,



weatherandtide conditionsthat may encounterediuring the voyage, etc. The passagelan dependon

the type of vesselandthe purposeof the journgy, sinceinformationthat may be of interestto a freighter
may be irrelevant to a small pleasurecraft. The useof theseconceptsandof MIML is demonstratedh

the prototypesite describednext. The demonstratiorprototypein its currentstageof developmentdoes
nottackletheroute-planningproblem(*how do | getfrom X to Y”), becauseimilarissueshave long been
addresseth pathplanningresearctwithin artificial intelligence,andthe computationamagnitudeof this
particularproblempreventedarything morethana superficialsolutionwith availableresource.However,

thedemonstratiomloesattempto dealwith the othercomponentef whatwe call thethe“passagelanning
guestion” thoughthe sourcesusedareby no meanghe only sourcedor thisinformation.

4.1 Content sourcesfor prototype site

The ‘content’ sourcedor passagglanningare Web siteswith real time information, the CoastPilot, and
programghatgeneraténformationasandwhenrequired.They fall into thefollowing cateyories:

Static textual documents: The primarytext documenturrentlybeingusedis the CoastPilot, described
earlier It includesdescription®f particularitemsof interestsomeof whicharealsoshavn in nauticalcharts
(suchaslighthousesandbeacons)andotherdescriptionsvhich areeithernotavailablein thenauticalcharts
andotherplacesor notapparenfrom them,suchasspeciallocal tidal dangers(Whereinformationin the
CPduplicateghatin othersourceswe interpretit asemphasizingmportantfeaturesanddangers.)it also
containsa few diagramsandphotographsakenfrom a mariners point of view, informationon anchorages,
etc.,andpointersto othersourcesfor example,to the U.S. ‘Port Series’for moreinformationon facilities
ataspecificport. Markup of the CoastPilot with MIML tagsis currentlybeingdonemanually;we hopeto
automatepartof this markupprocessn thefuture.

Web siteswith real-time information: Certaininformationis beingmadeavailablein nearreal-timeby

both official andunoficial sourcesgspeciallyweatherconditions,forecastsandwarnings. The National
Dataluoy CentefNDBC) Website providesrecentweatheidatafrom datatluoys all alongtheU.S.coastline.
Certainmarinashave alsobegun puttinglocal conditionson their Web sites. Tide predictionsareavailable
from anotheiNOAA site. Theprototypeincorporatesnformationfrom dataloys (viathe NDBC Website)

into theinformationit collectsfor a specific'passagelan’.

Chart databases: Dataextractedfrom DNCs is loadedinto a local databas€due to the difficulty of
gueryingDNC files). The contentsare essentiallytablesof featuresandtheir attributes. Thesetablesare
easilytransformednto an object-relationadatabasdorm. This sourceprovidesinformationaboutsuch
itemsascoastlinesmarker buoys, lighthousesdepthmeasurementsndothernauticalchartfeatures.

Dynamically generatedcontent: Certaincontent(tide predictions)is generatedby programgesidingon
thelocalwebsener.

4.2 Capabilities demonstratedby prototype site

Thecapabilitiesdemonstrateth the prototypeare:

Extraction from XML documents: Relesantelementdrom the marked-upCoastPilot areextractedin
responseo auserquery Relevanceis judgedbasedon proximity to thelocation(s)specifiedlandtheroute
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rear; bunker fuel is pped to each berth; receit and shipment of general and containerized cargo, Tecet
and shipment of molasses.

Berths 7 and 8

Bulk Handling Eerths , 520 feet of berthing space, 36 feet alongside Berth 7, 21 ta 36 feet alongside E end
of Berth 8; deck height, 13 feet; bulk loader with a maximwm loading capacity of 1,200 tons per hour; bulk
loader inchides A rotatng car dumper and an unloader pit which accommodates four cars simultaneously;
rargo 13 transferred by conveyor to & mobile loader which travels along the bulk berths; bulk storage in 14 [
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Figure3: Elementdescribingcago facilities, extractedfrom the CoastPilot

betweersourceanddestination)thetypeof vessebndpurposeof thevoyage,andin responséo theoptional
guestionmentionedearlier Figure3 shavs theresponseo a questionaboutcago facilitiesat SanDiego.

Real-time information presentation: Informationaboutweatherconditionsasreportedoy NDBC data
buoys is retrieved from the NDBC web site, andprocessednto a form suitablefor presentationthis time
with MIML markupaddedautomatically

Data retrieval: The databasesreatedfrom DNCs are queriedwith SQL queriesand the resultstrans-
formedinto formssuitablefor presentationT histransformatiorcurrentlyinvolvesstatisticalpost-processing
of theinformation,the natureof this post-processingepend®n theform of thequery especiallywhenthe
retrieval is raw materialfor anresponséo the optionaluserquestiongnentionecdearlier Transformations
discussedurtherin the next paragraph.

Simple questionanswering: The prototypeis ableto answemuestiongposedusinga limited vocalulary
and syntax. Questionscan be asled in ways that are closeto naturallanguage(e.g., “can | anchoroff

SanDiego”). Pattern-matchings usedto transformthis natural-languagguestioninto a querythatcanbe
executedby thedatabaséack-end.Thetechniquesisedin informationretrieval andprocessingf retrieved
information may involve the capabilitiesdescribedearlier in this section. In somecasesthe raw data
retrieved from the databasendegoespost-processingependingn the form of the question;for example,
the questions'show the seafloor off ...” and“can| anchornear...” bothretrieve the sameraw data(sea
floor characteristicatapoints),but thefirst form producestableof valueswhile theseconccombineghe
theretrievedvaluesinto anassessmerf the generalseafloor descriptionin the samelocation.

4.3 Functioning of Prototype

The primary interfacewith the userconsistsof a form to befilled out with informationaboutthe journey,
includingthelocation(eithersource-destinatioor a singlepoint), type of vesselcago, sail, etc.),time of
journegy, and,optionally specificquestionsaboutsuchitemsasanchoragedpcal facilities,depthsetc. The



Websener transformgheform into a collectionof sub-queriesgachformulatedfor the specificknovledge
sourcesvailable(here,Web sites,DNC databasemarked-upCPfiles, andatide predictionprogram).The
transformatiorprocesds basedon matchingkeywordsor key phrasegrom userquestionscombinedwith
table-basedbokupsof menuselectionge.g.,type of vessel) anduseof the ontologyto decidespecifically
what information must be obtainedfrom the information source. The answersobtainedafter executing
individual sub-queriesrecombinednto a‘passagelan’ or mini ‘portolanchart’ thatis customizedor the
specificvoyage.

The currentversionof this pagelimits its searchto the four sourcesmentionedearlierand answersa
limited rangeof questionspeingconstrainedy the limited richnessof structureof the sourceqe.g.,the
CPis marked up with MIML tagsonly at sentenceor paragraph-kel detail, whereastagging parts of
sentencess requiredfor more sophisticatedetrieval). Efforts to integratemore sourcesand enhancehe
expressienesf the markuplanguageareundervay.

5 RelatedWork

In a paperon agentsfor information gathering,Knoblock and Ambite [7] describethe useof a domain
modelin formulating queriesfor differentknowledge sourcesrepresentedby differentagents. Noy and

Musen[12, 13| describeanalgorithmandtool for meiging ontologiesin Progge. Chalupsk [1] describes
OntoMorph,a tool for translatingsymbolicknowvledgefrom oneKR formalismto another anddescribes
ontologyalignmentin [2]. Hovy [5] describes proceduregor ontologyalignmentand heuristicsfor sug-
gestions,including patternmatchingon strings, hierarchymatchingand data/formheuristics. Ontology
analysisand meming in Chimaea is describedn [10]; the techniquesusedinclude syntacticanalysisof

classandslot namesfaxonomicresolution,andsemanticevaluation(for example,slot/valuetype checking
anddomain-rangenismatches).

6 Summary and Future Work

The primary purposeof this paperwas describingthe creationof a markuplanguagefor maritime infor-
mation(MIML) from computationabntologiesandthe useof this languagen informationretrieval from
documentaindothersourcesisedn thefield. MIML is still in theearlystagesf developmentandneeddo
gothrougha standardprocesdeforeit cangainwide acceptancén thefield. Researclplansfor thefuture
includedemonstratingapabilitiesbeyondinformationretrieval, especiallyintelligentreasoningusingthe
retrieval andaccessapabilitiesprovided by markup;this will involve ‘drill-down’ markup,to lower levels
thanin thesampleragmentof Figure2. Queryingof largedatabasesf XML documentstheuseof markup
andontologiesin delivery of informationto users,andthe useof markupin updatingdatabaseganddoc-
uments)andin translatingbetweerheterogeneoudatabasewill beinvestigated.Theimplicationsfor our
researclof the ResourceDescriptionFrameavork (RDF) and DARPA Agent Markup Language(DAML),

which arebothcurrentlystill underdevelopmentwill alsobeexamined.
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