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Abstract. Following а rapid introduction of Information Technology (IТ) into navigational equipment 
and ship operation supporting systems, development of а new educational method to teach IТ -based 
advance ship operation technology is strongly desired. This paper describes the outline of the 
TUMSAT project which aims at developing both advanced IТ-based ship operation technologies and 
а cuпiculum to provide students with sufficient knowledge on these technologies. 

1. INTRODUCTION 

Information Technology (IТ) has found its way into shipping to achieve safe and efficient marine 
transportation as is exemp1ified Ьу the IMO e-Navigation Strategy. In order to lead the way in this new 
field, the Tokyo University of Marine Science and Technology (TUMSAT) launched а new research and 
development project in 2008 on IТ-based advanced ship operation and control technologies, i.e., 
Maritime Broadband Communication System and Advanced Ship Operation and Control System. The 
TUMSAT also intends to integrate the outcome of this project into its curriculum to provide young 
professionals, who will Ье working for the maritime industry, МЕТ institutions, and the maritime 
authorities, with sufficient knowledge in advanced marine-related IТ techtюlogies. 

It is а 3-year project between 2008 and 2010, and is run Ьу four groups: the Maritime Broadband 
Communication System Group, the Electronic Navigation System Group, the Advanced Ship Operation 
and Control System Group, and the Advanced Management System for Marine Engineering Group. 

The first group attempts to develop а communication system which enaЫes ships at sea and land-based 
personnel to share ship operation information. The second group aims at developing а navigation 
assistance system following the e-Navigation Strategy proposed Ьу the IMO. The third group focuses on 
ship control technologies such as tracking control, ship to ship operation, and automatic berthing. The last 
group endeavors to develop а knowledge bank system for marine engineering operation. 

In this paper, the authors introduce the outline of two research outcomes obtained in 2008. One is the 
development of Maritime Broadband Communication System that is installed onboard the university 
training ship Shioji Maru [1 ]. The other is а practical education method to teach undergraduate students 
on tracking control engineering using the autopilot of Shioji Maru [2]. 

2. DEVELOPMENT OF ТНЕ MARITIME BROADBAND COMMUNICATION 
SYSTEM 

2.1. Outline of the system 

The purpose of the maritime broadband communication system is to realize а new seamless 
communication service between ships and shore users which is derived Ьу а high speed and а high 
capacity communication network system. This system, called the Marine Broad Band Network (МВВ), 
has been developed Ьу the Maritime Broadband Communication System Group with the support of 7 
manufacturers and companies in Japan. 
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TheMBButilizestheJSATInc．，ssatelliteandthenetworkserviceofNTTCommunications，Inc．The

communicationspeedofthesystemiscon坑rmedtobelMbpsinuplinkandl・2Mbpsindownlink

betweentheSatelliteandthetrainingshipShiqiiMarubyfu11－SCaleexperiments・lnordertorealizethe

broadbandcommunicationbetweenshipsandshoreusers，Weneedarealtimedataobservationsystem

anddatatransmissionteclmiqueutilizingtheonboardLocalAreaNetwork（LAN），andwealsohaveto

establishauninedstandardofsignalcommunication・Sincetheestablishmentandstandardizationofthe

onboardLANsystemareessential，OurPrqiecthasbeentechnicallysupportedbytheJapanMarine

EquipmentAssociation．

TheMBBsystemmakesitpossibletoprovideseafarerswiththesameIntemetenvironmentastheoneon

theshore，andusefulinformationfbrsafbnavlgation，SuChasweatherandwavepredictiondata，ismade

availabletotheMaster．

2・2・ApplicationsofMBBcommunicationtothemarinetransportation

ExamplesoftheapplicationofMBBcommunicationfbrthesafbandefncientmarinetransportationare
showninTablel．

Tablel

ExamplesoftheapplicationofMBBnetwork

Field Item Fom Contents

W el払res W elfaresforcrew Image，Data TV phone，Intern et，M ail，TV，etC．

M edical Remotem edicalservice Image，Data Diagnosistopatient

SafbNavigation Outsideandinsidewatch Image，Voice Lookoutbycamera，etC．

M onitoring

Hullmonitoring

Data

M onitoringofhullstress，naVigation

Enginemonitorlng information，Ship’smotion，englne

Cargomonitoring OPeratingdata，etC．

Inform ation

SupporttoShip
Environmentalinfbrmation Data

W eather＆waveforecasting，

W eatherrouting，

Routeinfbrmatio血，etC．

Guidance
W aypoint，Trackingand

Data
Guidanceandcontrolofshipsin

COntrOl OCean andport

ShipM anagement
Damagecontrol

Data，Image
Damagecontrol，Longterm

Shipperformance Performancemanagement，etC

RiskM anagement Hazardatsea Data，Image Realtimeinform ationexchange

2．2．1．ImageDataCommunication

ThemostpowerfuleffbctthatwillbeobtainedbytherealizationofMBBistheexchangeofimagedata・

Theshoreusersandtheonboarduserscanreceiveorsendrealandclearimagedataatthetimeoftheir

demand．

Forexample，theimagedataexchangebetweenshipsandshoreusersisveryusefulinthecaseofdamage

diagnosisofmainenglneandothermachineries．Fig．lshowstheenglnemOnitorlngbytheenglneerwith

aheadmountedcameraintheenglnerOOm．Therealtimeimagedatacanbesenteasilytoshoreusers

throughtheMBB，andnotonlyonboardseafarersbutalsothetechnicalstaffontheshorecanmonitorthe

StateOftheenglneandunderstanddetailsofthedamageclearly・Thistechniquecanalsobeappliedto

remotemedicalserviceforapatientonboard，Whocanbediagnosedremotelybyadoctorontheshore・
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Fig．1．Enginemorlitoringwithahead－mOuntedcamera

2．2．2．ShipMonitoringSystem

Nowadays，energySaVinginshipoperationtopromoteaneco－SOCietyhasbecomethehighestpriorityin

themarinetranSPOrtation．Intheshipoperation，mOStOftheenergylossiscausedbytheincreaseofhull

resistance andftequentirregularchangeofenglne reVOlutiondueto shiposcillationinaroughsea．
Therefore，COntinuousmonitoringandanalysISOftheshipoperationdatasuchasspeed，hullmotion，

Wind，WaVe，thestateofenglneOPeration，etC・，areimportantfbrtheenergysavlngnaVigation．Fig．2

Showsanexampleofthedisplayoftheseshipoperationdata．However，thiskindofworkhasrecently

becomedimcultforthecrewduetotheirreductioninnumberandthedroplnSkill．Becauseofthis，the

technicalstaffontheshorecanmonitortherealtimeshipoperationdatainstead，andgiveproperadvice

totheonboardseafarersforsafbande脆ctiveoperationbyanalyzlngthereceiveddata．Thedisplayed

timehistoryofhullmotionandthedataanalyzedareshowninFig．3．

Fig・2・Exampleofthedisplayofshipoperationdata
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Fig．3．Displayedtimehistoryofhullmotionandanalyzeddata

2．2．3．IJOngTermEngineOperationManagement

ReaトtimeenglneOPerationdataistransmittedtotheshoreserverthroughtheMBBandisdistributedto

eachship，Whichisstoredasadatabase．Forinstance，thetechnicalstaffcanestimatethepropersea

marglnOfeachshipbyanalyzingthelongtermoperationdataandinfbrmlnglttOtheonboardenglneerS．

Fig．4Showstheexampleoftheseamarglnanalysis．TheaboveqmentionedenglneOPerationdatabasecan

beusedfbrthepredictionofseasonale飴ctandaglngef臨ctonthefuel－SaVlngOPeration，aSWellasthe

PrOPertimeofhullcleanlnginthedockyard．
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Fig．4．ExampleoftheseamarglnanalysIS

2．2．4．S血ip，sWeat血erRouting

AlthoughdomesticshipscanprovideeconomicalandecologlCaltransportationcomparedtothevehicles，

theiroperationscheduledependsonthemarineenvironmentsuchaswind，WaVeandcurrent．Avoyage

Plantominimizethefuelconsumpt10nismadeprlOrtOthedeparture，takingintoaccountthechangeof
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Weatherandtheeffbctofcurrentalongtheroute．However，SincethefbrecastedweatherconditionoRen

Changesduringsailing，thereisaship’sdemandtogetthelatestoptimalrouteinfbrmationfbrre－rOutlng

CalculatedbasedonthepresentshipoperationdataviaMBBandtheupdatedpreciseweatherfbrecastlng

data．Fig．5Showstheimageofthisoptimalweatherroutingnavigation．

LONGITUDE

Fig．5．Imageoftheoptimalweatherroutingnavigation

TheMaritimeBroadbandCommunicationSystemGrouphasalreadycarriedouttheactualshipoperation

experimentusingadomesticmerchantship［3］andconnrmedthattheproposedmethodisfbasibleand

effbctiveforthefuel－SaVlngOPeration．

3．DEVELOPMENTOFTHEPRACTICALMETHODOFTEACHINGMARINE

CONTROLENGINEERINGUSINGATRAININGSHIP

Inthissection，theauthorsintroduceamethodtoteachtheconventionalcontroltheorytothethirdyear

facultyStudentsusingthetrainingshipShi亘iiMaru．

AlectureonthegeneralControltheoryisnrstgivenandhowtodesignautopilotsystemsistaughtmaking

useoftheMATLAB and SIMUuNKasprogramianguages．Autopilotsystemisjustoneofseveral

COnVentionalautomaticcontroIsystems，butitmakesagoodintroductionfbrstudentstounderstandthe

PIDcontroltheory．

Designingofacontro‖awforacttlalsystemiscarriedoutinthefollowingwe11－knownprocedures：（1）

Identincation，（2）Designing，（3）Simulation，（4）ActualTest，（5）EvaluationandModifying・

Thedevelopedteachingmethodforthestudentsisdesignedfollowlngtheaboveproceduresanditusesan

actualtrainingshiplnSteadofasmallmodelcraRinthelaboratory．Fig．6showstheprocedureofthe

PrOpOSedteachingmethod・
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1．Learnin ofaconce toffeedbackcontroltheo

2．LearningoftheLaplacetransformationasananalyticaltoolof
Ship’smotions　皿

3．Learnin OfMATLAB，SIMULINK

4．ManeuveringtestfbridentincationofM aneuverability IndexesT

andg
皿

5．Desi nandactualtestsofauto

6．0nboardexercise

Fig・6・Procedureoftheteachingmethodonmarinecontrolenglneerlng

3．1．Classroomlectureonthefbedbackcontroltheoryandonboardexperiments

Theship，sautopilotsystemprovidesusefulinformationontheconceptoffbedbackcontroltheory，and

thatiswhywehaveourstudentsdesigntheship’sautopilotinordertoteachthemtheaboveclassical

COntrOltheory．

Asthenrststep，theteacherhasthestudentsunderstandthatthefbedbacksystemdealtwithinthislecture

uslnganaCtualshipISOneOftheimportanttechniquesto soIvenoton壬ythe ship，Scourse keeplng

PrOblembutalsomoregeneralsimilarshipcontroIproblems・

Fig．7Showsacomparisonoftheblockdiagrambetweentheship’sautopilotsystemandthe缶rstorder

SyStemtreatedinthecontroltheory．

Blockdiagramofship’sautopilotsustem

Blockdiagramofnrstordersystemtreatedincontroltheory

Fig．7．Blockdiagramoftheautopilotandthe且rstordersystem

Intermsoftheshiposcillationtheory，theship’smotionsaregenerallyclassi瓜edintotwotypicalsystems・

Oneisthefirstordersystemwhichdoesnotoscillate．Thissystemcorrespondstoship’syawlngmOtion

Whichisexertedbyarudder．Theotheristhesecondorderoscillatingsystemwhichcorrespondstoa

rollingmotioninwaves．

Inparticular，theship’sautopilotsystemthataimstokeeptheship’Scoursetothedesireddirectionisa

typicalcontroIsystemonthe丘rstordersystem．Therefore，byleamingtheautopilotsystem，thestudents

CanmaSterOtherdesignlngteChniquesthatalsomakeuseofdi飴rentnrstorderlargesystems．

TheLaplacetransformtechniqueis animportanttoolforsystemanalysIS anddesignlngOfe飽ctive

COntrOIsystem．Theteachershouldteachthetheorybyuseofactualsystem，nOttheconceptofthe
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SyStem．Inthislecture，WeSelectaship’scoursekeeplngPrOblemasa重rstordersystemandaship’s

rollingmotionasasecondordersystem．

Thefamousmodelforrepresentingaship’syawingmotionbysteeringisProf二Nomoto’sKTmodel［4］

anditcanbedescribedasfollowlngequation．

押＋r＝g∂　　　　　　　　　　　　　　　　　（1）

where risatumrateOfship’syawand6isarudderangle，Tistheindexrepresentingaship，stransient

Characteristic，andKistheindexrepresentingaship’sturnlngCharacteristic．

Thetransfbrfunctionofthismodelis

G（可＝足／（乃＋1）　　　　　　　　　　　　　　　（2）

The fbature ofthislectureis thatthe students studythe standard classicalcontroltheory uslngthe

MATLABandSIMULINKprogramsandtheactualtrainingship．

MATLABand SIMULINK are the most powerfulprogrammlnglanguages fbr designlng a COntrOI

SyStem，andTUMSATutilizetheseprogramlanguagesasafundamentaleducationtoolfbr students．

Moreover，WeCanbuildupanactualexecutablerealtimecontroltargetprogramuSlngtheMATLAB，

XPC target system．The xPC target system consists ofthe server PC，in which AnalogDigital，

Digital／Analogand SerialCOMinterface areinstalled，andthe clientPC whichhas MATLAB and

SIMULINKinstalled．ThestudentsmakeaprogramasshowninFig．8uslngtheSIMULINK．

Fig．8．SIMULINKprogramfbrtheship’syawmotionmodel

Ingeneralcontroltheory，thedesignermustinputaspecialsignalsuchasthesteplnPutandtheimpulse

lnPuttOthetargetsystemfbridentincationofthesystem．Inthe丘eldofnavalarchitecture，thedesigner

executesanactualseatrialcalledtheZigzagtest（Z－teSt）foridentifyingtheparametersTandK

Intheproposedteachingmethod，thestudentsconductZ－teStbythemselvesonboardtrainingshipSHIOJI

MARUandidentifytheparameterTandK・ItcanalsobeexecutedautomaticallybythexPCtarget

SyStem．

3．2．I）esignofautopilotanditsevaluation

ThenextstepIStOdesignanautopilotfbrShiqiiMaruWhichhasbothcoursekeeplngfunctionandcourse

trackingfunction・Fig・9ShowsadiagramofthePIDautopilotsystemdesignedbyourstudents・
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Fig．9．PIDautopilotdesignedbyastudent

Usually，thetunlngOfPIDgalnSismadeuslngtheruleofthumbmethodaftertheseatrial．However，the

SIMULINKsystemhasasupportsystemtopreliminarilycheckthetuningresultsofPIDgalnSPr10rtO

theseatrial．TherefbreweteachtheZieglerJNichoIsmethod，thelimitingsensibilitymethodandtheroot

locusdesignmethoduslngtheSIMULINKatthepreparatorylecture．

Aftercompletingthepreparatoryexercises，thestudentstakethechallengetocarryoutactualonboard

testswithPIDgalnSSetbythemselves．Fig．10showstheresultoftheactualcoursekeeplngteStuSlng

Shi亘iiMaru．

ThelaststepoftheexerciseisthedesignofthecoursetrackingAlnCtionandtheirevaluation．Ⅰnthe

exercise，15studentsaredividedinto3smallgroupsandtheworkdescribedbelowisasslgnedtoeach

group．Thisexerciseisacompetition，andisconductedonboardShiqjiMaruusingtheexperimentfacility

ShowninFig．11．
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Fig．10．ResultoftheactualcoursekeeplngteSt

uslngSi亘iiMaru
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Fig．11．Experimentfaci】ityinShiqjiMaru

AssignmentDirections：DesignanautomatictrackingsystemtotrackalongtheglVenline，uSlngthe

autopilot designedinthelast exercise．The ship’s positions can be observed by DGPS（Di脆rential

GlobalPositioningSystem）．

Fig．12showstheresultofthebestperformerintheexercise．Itispossiblefbrtheinstructortoevaluate

thefundamentalknOwledgeofthestudentsontheautopiloteasilythroughthisonboardexercise．
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Fig．12．ResultofthetopperformanCeOftheexercise

4．StJMMARY

Inthispqper，theauthorsintroducedtwooutcomesoftheiT－basedadvanceshipsupportsystemresearch

PrqjectintheTUMSAT5

0nthe MaritimeBroadband Communication System，We described the necessib，Ofahigh speed，high

CaPaCityCommunicationsystembetweenshipsandtheshore，andintroducedsomeoftheapplicationswhich

utilizetheMBBnetworkforshipoperationsupportfromtheshore・WebelievethattheMaritimeBroadband

CommuniGationSystemsuchasMBBise飴ctivetorealizeasafbandenergyhSaVlngeCO－naVigationsystem．

Wedevelopedtwoeducationalprogramsontheshipcontrol．OneprogramistolearnthePIDcontrol

theoryuslngtheautopilotandtheotherisforthelearnlngOfthelinearoscillationtheory・Usualiy，the

automaticshipcontroltechniqueandthebasiclinearoscillationtheoryaretaughtuslngaSmallmodelin

thelaboratory．The proposedteachingmethod utilizesthe actualtrainlng Ship andthe studentscan

experiencethewaytheabovetheorylSapPliedtoactualship－handling・Thiswillbeagoodhelpfor

Studentstounderstandthesecomplicatedcontroltheories・Asournextstep，WearePlannlngtOdevelopa

PrOgramR）rStudentstolearnabouttheremotecommunicationtheoryutilizingthesatellite－basedshipto

ShorenetworksysteminstalledinShiqjiMaru．
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