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Abstract

AnysubsequentactiontoensuresafもtyCanbemadeonlywhenthecurrentsafbty

1evelis shown quantitatively，nd safbtycannot be attainedifthereis any

discrepancyin sa伝tyrecognition betweenthe controlling partyand the

controlledparty．Thatis，thesignincanceofAssessmentTechnology，Whichisan

important technology　for safbty．management，CannOt be overlooked・

Furthermore，itis nonethelessimportant to ensure shared common safety

recognitionbetweenoperatorsofthebasestationonshoreandthenavigatorson

board．

TheprlmarytargetOfthisstudyistoestablishaship－Shorecommunication

netwofkusingsatellitecommumiCationtechnologybetweentheFukaeMaruand

the base stationinthe Fukae campus．The secondaly targetis to develop

assessment teclm010gy thatis capable ofquantitatively assessing safbtyin

variousshipoperatingmodesrequiredfbrassistingsafbshipoperation丘omthe

shore side．And，the ultimate goalofthis studyis to promote research and

developmentonsafttymanagementtechnologytoassistthesafeoperationof

Ships位omshore，byincorporatingassessmenttechnologyintotheprototype

experimentsystemfortheship－Shorecommunicationnetwofk・
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l Introduction

Theapproachtosa鈷tymanagementofshipoperationshasrecentlybeenshifting

倉om the ship－based safbtyrnanagement to shore－based safbtymanagement，

whichreliesupontwo－WayShip－Shorecommunicationtechniques・
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Inthisstudy，theconcq）tOfshore－basedsafbtymanagementisdennedasa

SyStemtOaChievethesafboperationofshipsbyhavingbasestation■onshore

COnStantlymonitortheoperatingconditionsofshipsinallnavlgatlngmOdes，and

analyticallyassessingdatatransmitted位omeachship，PrOCeSSingsuchdatainto

thesafbtyinformation，andftedingbacktimelysa伝tyinstructionstogetherwith

Safetyguidelinesfbrthenavigator．

Theimportanttaskstorealizeshore－basedsafetymanagementusingtwo－Way

Ship－Shorecommunicationtechniquesare：（1）howtorealizetwo－WayShip－Shore

COmmunication，（2）whatshipoperatinginfbrmationneedstobemonitored，how

SuChinformationistobeprocessed，andhowtheprocessedinformationshould

betransmittedB－OmShoretoshipsassafety－aSSistinginfbrmation，and（3）howto

eliminatesafbtyrecognitiongapsbetweenshipsandshore．

AsisshowninFigurel，inthisstudy，aShipqshorecommunicationnetwork

usingthesatellitecommunicationisestablishedbetweentheFukaeMaru（450

GTtrainingshipownedbyKobeUniversity，FacultyofMaritimeSciences）and

thebasestationwithintheFukacampus，Wherd）yStudiesareconductedforthe

PurPOSeS Of developing safbtymanagement techniques to assist safb ship

Operationsfromshore．
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Figurel：　Conceptoftwo－WayShip－Shorecommunicationuslngthesatellite
commun1Cation．

Inthisstudy，inaddition，Onthebasisoftheconceptthatsa伝Shipoperation

CannOtbeachievedifthereisanydisparityintherecognitionofsafbtybetween

the controlling side and the contro11ed side，Which has beenlackingin

COnVentionalstudies，the practicalusefu1ness ofthe newly developed safbty

managementsystemwillbeverifiedthroughexperimentswithactualsbips．

Thesafbtymanagementsystemdevelopedinaccordancewithsuchaconcept

isbasedonthesafbtymanagementthatmatchestherecognitionofthenavigator．

Asaresult，itisexpectedthatthesystemwouldbewidelyacceptedbymariners
Onboard，Whodonotwelcomecontrol舟omothers．

FurthermOre，this systemis not only usefu1for managingthe safetyof

individualshipsbutitisalsopossibletodevelopaVesselTrafRcSystem；i．e．，

Safetymanagementoftra用C月owsinaspecificseaarea．

Abene茄tisthatitmightbefbasibletoenhancetheVesselTrafBcSystem，

舟omtheconventionalinformation systemto anewsystem fbrashore－based

COntrOIsystem．
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1．1FormlJIgaShip－ShorecommuJlicationnetwork

Beforeconductingthisstudy，JapanMarineScienceInc・introducedtheWeb

Pilot，a Ship－Shore communication system uslng Satellite communication，

onboardtheKibou，ateChno－SuPerlinerownedbyShizuokaPrefbcture，Whereby

theusefuhessofthesystemwasverinedonanintemationalvoyagetoShanghai・

Later，thecompanyandthisresearChlaboratoryconductedajointresearch

prqjecttoforman．improvedsystembetweentheFukaeMaruandthebasestation

withintheFukaecampus，takingover仕omthebasicconceptoftheWebPilot

SyStem．

The processes thereaRerinclude＝agreement tO Participatein the NTT

DoCoMoPacketNetworkconcludedin2001；teStOPerationcommencedofship－

shorecommunicationuslngthesatellitecommunicationbycombiningthedata

collection system throughthe shipboard LAN ofthe Fukae Maru and the

communication management system withinthe base station of the Fukae

campus；andin2002，ahigh－performanCeCOmPuterCaPableofhandlingdata

transmission／receptlOnCOntrOlonthesideoftheFukaeMaru，andahigh－Speed，

large－C叩aCitycomputerfor high－SPeed data processingand graphic data

tranSmissionatthebasestationwithintheFukaecampusWereintroduced・

Furthermore，additional effbrtsfor enhancing utilityhave been made to

improvetheso舟wareforcommunicationmanagement，thusthefoundationfor

thehardwareandtheso銃warenecessaryforthisstudyhasbeencompleted・

In2003，reSearChanddevelopmentonsafetymanagementteclmologywas

startedtosupportthesa伝operationofshipsusingtheprototypesystemOfthe

ship－Shore communication connecting the Fukae Maruandthe base station

withintheFukaecampusthroughthesate11itecommunication・Figure2showsa

viewofthebasestationwithintheFukaecampus．

Figure2：　Base station withinthe premises ofthe university（Academic

ExchangeBuilding，4thFloor）．
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2　Developmentofquantitativcassessmenttechnologyof

Ship－handlingrisk，Whichishiddenbehindvarious

Ship－handlingmodes

2・l MoJlitoringshipopcratinginhrmation

In parallel with work to complete the ship－Shore two－Way COmmumication

netwofk，Safety studies were conducted on various modes ofship－handling

relatedtoinformationthatisrequiredtobemonitored，howsuchinformationis

PrOCeSSed，andhowsuchsafety－aSSistinginformationshouldbetranSmittedfrom

Shoretoships．

Concemlng mOnitoring，Ship operatlnginformation on position，COurSe，

SPeed，andshipmotionsoftheFukaeMaru，naturalenvironmentalinformation

OnWinddirection，windspeed，WaVeheights，WaVedirection，andperiod，and，in

addition，traffic environmentalinformation by Radar PPIimage，englne

OPeratinginformationrepresentedbyallinfbrmationdisplayedontheenglne

COnSOle comprlSe the basic monitoringinfbrmation，and theseitems of
informationaremadeavailableinreal－timeatthebasestationonshore．

Besidestheabove，alldataandinfbrmationcollectedandimportedintothe

ShipboardLANthroughship－bome equlPment andvarious sensorsaremade
availableformonitoringbyrequestingfromshoreasnecessary．

2・2AssessmentteChnoIogyIbrsafbtyevaluatioJ1

0ntheassessmenttechnologythatquantitativelyassessessafbtyinvariousship－

handlingmodes，Whicharerequiredforassistingthesafboperationofshipsfrom

Shore，0ur　Research Laboratory has successfu11y developed models　for

quantitativelyassesslngrisklevelsintemSOfobjectivenumericalindexesfora

Varietyofrisks such as dragging anchor，breaking failure ofmooring rope，

destruction ofapler，OVerrun，COllision with shoreinstallations，Ship－tOqShip

Collision，grOumding，and capsIZlng，Which are associated with anchoring，

berthing／unberthingoperations，in－harbourship－handling，naVigationinnarrow

Channel，OCean naVlgation under heavy weather，and accumulated teclmical

expertise．

Forexample，riskassessmentmodelswereproposedforassesslnganChoring

Operations，uSingtheprobabilityofdragginganchor，andriskindexofdragging

anChorll，2］，andforassessingmooringalongsideaquayusingropebreaking

PrObability［3］．

Forship－handlingwhenberthingtoaquay，amOdelcapableofassesslng

latentriskofoverrumandlatentriskofdestructionofaquaywasproposedby
introducingtheconceptofsafetyallowancel4，5］．

FurthermOre，for ship－handling difncultiesinharbour andina narrow

Channel，Wherewaterareaisrestricted，andinwaterswheretrafBciscongested，

EnvironmentalStressmodel（ESmodel）wereproposed，Whileforgroundingrisk

andcollisionrisk，UnsafbShip－hmdlingmodel（USmodel）wereproposedthat

renectedtherisk－aSSeSSmentteChnique仕omtheviewpointofprobabilitiesof

accidentoccurrencel6－13］．
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Figure3：　AsSessmentinfbrmationimagesofanchoringanddragglnganChor
attheshorebasestation．

Inwaterswithheavytrafnccongestion，lnParticular，judgingcollisionrisks

and selecting measuresfor co11ision avoidance constitute a mqorpoint of

consideration．Concepts ofCollision Danger Line（CDL）and Cone－Shaped

CollisionDangerLine（CDLtriangle）havebeendevelopedandproposedas

practicalmethodsfornavigatorstoreadilyassessriskunderaspecincsafbty

Standardl14，15］．

Thesignincanceofquantitativelyassesslnglatentrisksinallship－handling
situationsistoobtainbasicinformationthatenablesthenavigatortotakethe

nextstepwithconfidenceonthebasisofthecurrentveri鮎dsafetylevel・When

viewed倉omthestandpointofmanaglngSafbshipoperation，theseconstittde

indispensablefactorsfordevelopinganalertsystemandasafbtyadvicesystem

for a varietyofship－handling nodes．Figures4and5show examPles of

assessmentinformationimagesattheshorebasestation・
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Figure4＝　AsSessmentinformationimagesofship－handlingdifncultiesatthe

shorebasestation．

Figure5：　Assessmentinfbrmationimagesofcollisionandgroundingrisksat
theshorebasestation．

3　Problemsofhumanconflictsbetweenthecontro皿lingparty

andthecontrollcdparty

Forthepreferredembodimentofanalertsystemandasafttyadvicesystemin

thesa飴tymanagementofshipoperation，itisnecessarytocomparetherisk

levelsthatcanbeoutputtedbytheseassessmentmodelsandthepermissiblerisk
levels．

Theshore－basedsafttymanagementofshipoperationispronetodescend
intomereinorganicinfbrmationexchanges．hreality，however，therearehuman
beingsatbothendsofthecommunicationsystem，andtheoccurrenceofhuman
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errorsarising録omconflictsbetweenmanandinformation，manandmachine，

andbetweenmenmustbecarefullyassessed．

Prototypeexperimentsoperatinganactualshipwerecarriedout廿omtheend

Of2003to2004・Inanexperimentcarriedoutasapartofthisprqiect，theresults

Oftheship－handlingoptiononshorecreatedonthebasisofdatatransmitted丘om

theFukaeMaru，WhilepassmgthroughTomogashimaStraitandOsakaBay，
receivedandanalysedbytheshorebasestation，WeretranSmittedbacktothe

ShipasinstruCtiveinformation．

The results ofthis experiment showfrequent disparities betweenlocal

judgmentsonboardtheshipbasedonpracticalvisualinformationandthebase

Station’s data－dependentjudgment，thus suggesting the needfor conBrming

mutualintent．

Tohelpreducesuchhumanconflictsbetweenthecontrollingpa鵬yandthe

COntrOlledparty，SyStem－WiseefFbrtsweremadethroughgraphicproceミSing
techniquestoprovidethebasestationwiththesamethree－dimensionalvISual

informationthatisactuallyseenbynavigatorsonboardtheship．
The ef稔ctiveness ofthis systemimprovement has been validatedby the

prototypeexperimentconrteCtingtheFukaeMaruwiththebasestationthrough
Satellite communication；1・e・，itis confirmed that the systemis usefu1for
transmittingappropriaterealNtimealerts／safttyadviceforthenavigatorl16］．

Figure6isaphotoofanexperimentcarriedouttoreproduceinrealqtime

SCeneSOftheFukaeMarugOingasterninthepondoftheuniversity，makinga

tumanddepartingthere什om．

Figure7Showsanexampleoftheassessmentinfbrmationimagefbrassisting

COllisionavoidingmanoeuvresuslngtheresultsmentionedabove．

∴＼∴・、

Figure6：　Reproduced three－dimensionalvision　information at the base

Station（Le債：Reproducedbasestationimage，Right：Siteview）．
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Figure7：　Collision－aVOiding judgment assisting assessmentinformation

imageattheshorebasestation・

4　Concludingremarks

Research anddevelopment onthe safbtymanagementtechnologyfor shore－
basedassistanceofsafbshipoperationshasbeensteadilypromotedbyoperating

theprototype system Ofthe ship－Shore communicationnetwofkbetweenthe

FukaeMaru（450GT）ownedbyKobeUniversity，FacuItyofMaritimeSciences

andthebasestationwithinthepremisesoftheFukaecampus，uSlngSatellite
communication，

This paperintroduces the current state ofthe development of safbty

managementteclm0logyfbrshore－basedassistanceofsafbshipoperationbeing

undertaken by the Ship－Handling and Marine Tramc System Research

LaboratoryoftheMaritimeSciencesFaculty，KobeUniversity・

Theprqjecthasjustbeenstarted，andmuchisstilltobecompletedinthe

futurethroughourrenewedeffbrts・
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