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Abstract

Theauthorsdeveloped．twotypesofonboardshipmanoeuvringsimulatorsanda

newonboardtrainingmethOdutilizinganonboardShipManoeuvringSimulator

（SMS）thatmakespracticalonboardtrainingforcadetsmore successfuland

efRcient．Thispaperdescribestheoutlineofthedevelopedsimulatorsandthe

resultsofaneXPerimentconductedonatrainingshipthataimedatassesslngthe

危asibilityandthee晩ctivenessoftheproposedtrainingmethod・Basedonthe

results ofthe experiment，the authors propose an optimal combination of

onboardSMStrainingwithrealtrainingonatrainingshipanddesignedanother
onboardSMStoovercomethelimitationofthenrstonboardSMS．
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l Introduction

Newmaritimeeducationandtrainingmethodsthatwillimprovethequalityof

onboardtrainingaredesiredsincethesupplyofableyoungo用cersisstrongly

requestedfrom the maritime communityinJapan・Combining classroom

simulatortrainingandonboardtrainingwasfbundtobeefFbctivebyMurataand

Kobayashil1］．UseofanSMSmakesitpossibletoprovidetrainingusingthe

samescenariorepeatedlyandcadetscanmastereachtechnicalelementforship

handling（elementaltechniquesl2］）onebyone・Ontheotherhand，Onboard
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trainingoffbrsauniqueopportunityforcadetstomasterintegratedship－handling

techniquesthattakeintoconsiderationtheeffbctsofsuchextemaldistuibances

as wind and tide，and to develop an abilityto make appropriate and quick

decisionsinshiphandling，Whichisindispensablefordecko用cersl3］．From

this point ofview，the authors developed twotypes ofonboard SMSand

PrOPOSedapracticalonboardtrainingmethodforcadetsthatcombinedsimulator

trainingwithonboardSMS（onboardsimulatortraining）andrealtrainingona

trainingship（onboardtraining）．The丘rstonboardSMSwasacompacttype

Simulatorwhichwasinstalledinalectureroomofthe5，884G．T．trainingship

SeiunMaru・Fortheefftctiveoperationoftheproposedtrainingmethod，itis

necessary to assess the e脆ctiveness ofonboard simulator training fbr all

elementaltechniqueitems anddeterminetrainingitems suitableforsimulator

training・Theauthorsperformedan onboard experimentuslng SeiunMarutO

COmParetheoutcorneofonboardsimulatortrainlngandthatofrealtraining．The

resultsindicated that the training with the onboard simulator was effbctive．

However，therealtrainingwasmoreefftctivethanthesimulatortrainingfor

Certainship－handlingskillsapparentlybecausetherealequlPmentWaSnOtuSed

forthecornpacttypeOnboardSMS．Toovercomethelimjtationsofthecompact

typeSMS，WedesignedanotheronboardSMSutilizingtherealequipmentonthe

trainingbridgeofthe6，000G．T．trainingshipGingaMaru，Whichwaslaunched
inJune，2004．

2　0utlineof仙e航rstonboardSMS

ThenrstonboardSMSwasdevelopedforthepurposbofsupportingapractical

Onboardtrainingfbrcadets．TheorlglnalmodeloftheonboardSMSwasthe
COmPaCt－Size SMS“lHトSMS－ECllO”．Thefunction ofthe onboard SMSis

almostthesameasthatofafu11－SizeSMS．
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Figurel：　Systemconngurationofthe且rstonboardSMS．

AprecisehydrodynamicmathematicalmodelofSeiunMaruandtheseaarea

databasewheretheshipoperatesduringtheonboardtrainingwereinstalledin

this simulator・The simulatoris composed ofthe simulator sectionand the

instruCtOr’s section showninFigurel．This simulatoris designedsothatall
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0Perationfortrainingcanbecarriedoutbytheauxiliarycontrolpanelinthe

Simu）atorsection．¶lerefore，Cadetscanusethesimulatorbythemselvesatthe
time of their demand without the assistance ofinstructors．TheinstruCtOr，s

SeCtionis composed oftheinstructor’s monitor，graPhic display and controI

Panel．TYLeinstruCtOr’s section allows users to produce a training scenario，

monitoravisualdisplaylmageS，SetenVironmentalconditionsandrecordthe

result oftraining．The orlgLnal compact－Size simulatoris designedfor the

trainee’sindividualtraining．Thedevelopedsimulatorcanalsobeusedtothe

teamtrainingbyusingtheportableboxtyperernotewheelstand．

3　0nboardexperlment

3．1Method

Theexperimentwasperformedusingthe伽stonboardSMSandSeiunMaru．In

theexperiment，WeChoseanchoringpracticeasthetrainingitemforcadets，Since
it requlreSintegration ofvarious ship－handling techniques．This traininglS

PrOVidedinthemiddleoftheir1－yearOnboardtrainingterm．Thetraineeswere
33Cadets of universities ofmercantile marine and their previous onboard

trainlngeXPeriencewasapproximately4monthS．Thecadets’taskwastoweigh

anchoratoneanchorageandputthe shipto anchoratan0therpre－designated

anchorage．Thecadetsdidthetaskinateamthatconsistedof3cadetseachof

Whom，intum，Played3rolesofCaptain（Capt．），Firsto餌cer（1／0）andThird

O用cer（3／0）．ThecadetsweredividedintotwogroupsofAandB，andthegroup

A cadetswentthroughthe simulatortraining丘rstandthentherealonboard

training，andtheoppositewasthecaseforthegroupBcadets．GroupAconsisted

Of17teamsandgroupBconsistedof16teams・Theprocedureoftheexperiment
wasasIbllows：

（1）Allofthecadetshad9hoursofexplanatorylecturesontheoutlineofthe

practice，manOeuVrabilityofthe test ship，the procedure of anchoring，

PlannlngOfshiphandlingandthebridgeteamWOrk・

（2）Thecadetsmadetheirship－handlingplansandtheinstruCtOrS（Captainor

SeniorProfbssorwhohastheexperienceofCaptain）Checkedthemandgave

appropriateadvice．

（3）GroupAhadtheonboardsimulatortrainingusingthesamescenarioasin

therealpractice．

（4）GroupAandBhadtherealanchoringpracticeusingthetestship・

（5）GroupBwentthroughthesameSimulatortrainingasgroupA．

Intheexperiment，theship－handlingski11softhecadetsintherealtrainingwere

SCOredbytheCaptainorSeniorProfessoraccordingtoachecklistandtheChief

Ofncer didthe same scorlnginthe onboard simulatortraining．Each ofthe

evaluationitemswasrelatedtoasmalltechnicalelementoftotalship－handling

techmiques（itemsofelementalteclmiquel2］），andtheinstruCtOrSgradedeach

itemas“good（3points）”，“払ir（2points）”or’や00r（1point）”．Thedetai1ed

evaluationitemsontheroleofCapt．areshoⅥminTablel．Theobtainedscores

Were COnVertedto abilityrankscores giveninpercentage fbreachelemental

techniqueusingthemethodproposedbyAraietal．［4］．
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Tablel：　Detailsofevaluation（Capt．）．

E le m e n ta l T e c h Il lq u e

P la n n in g

U se o f m ar k s Lb r s h ip－h an d Li11g，St an d ar d o r s p e e d c o T－tTO l，P ro p c r

a ller a tio n o r m a n ew er山名P h n a cG O rd in g to ex te l‘11a l dlStu l◆b a I－Ce，

A p p r〔・a C ll t O a n C h O r a ge，et C・

P o sitio l－il鳩

tJ se 〔げ h e a d in g llla rk s to m ea SW e d ev iat i。n 什o m c o u rs e lin e，U se o f

b e am m a r k s t o m e aS u re d LSta n C e t O a n C h o r a g e，E stim a tio l1 0 f e x t er n a l

d istl町b a n c e，D if feIren C e l兜t 肥ヽ C ll a（）t ua l a n c ll O r P O Sit io ll a n d p la．－n e d

a n c h o r p o s it i。n・

M a lle l．Ⅳe rin g

C o ul・s C SC tl in g a c c o rd in g t o sh ip’s s p e e d．S1－ip ’s p o s it io n ＆ C〉；t Cr n a l

d jsll∬b a n（⊃e，S p e e d （⊃O n tl■q l fO r C（，U rSe k e ep in g，均）e e d ¢n n tr（－l a C CO rd in g

to sh lP’s p o silio n ＆ c x te rn a l d ist tJr b an c e・

H c lm o rd c r，O rd e T tO m a te S，C o ltTm u Ilic al io rl tC・C n g・r O O m a n d tx）W

（T im in g，C te 8 1■V（－iくさe，C O rre Ct te l■1－－）

M a n a ge m e n t

P T io r iIlfb rm a tio l－tO en g・rO O m ＆ b o w （T im in g o f y B e n B 一，e tC・），

A ct u a】或a te il－tb rlTla t iD n t〔，e n g・rO O m ＆ b w （口ista n ce to a n。h O ra酢，

e tG．），M a n n el・＆ se lft p o sse ss jo n as ・CO m nla lld in g n汀i¢e r，A b iIity t lla t

g e t tlle P ic tur c in lh c b rld ge，A lt it ud e as c o m m an d ilヽ g

3．2　Results

3．2．1E恥ctsoftheprlOrOnboardsimtllatortrainingontherealtraining

Wecomparedtheship－handlingtechniquerankofgroupA（cadetswithprior

Onboardsimulatortraining）withthoseofgroupB（cadetswithoutprioronboard

Simulatortraining）foreachelementaltechniqueintherealanchoringpractice・

ThecomparisonresultsontheroleofCapt，areShowninFigure2・Thevertical

axesshowthemeanValueofship－handlingtechniquerank（abilityrankscores

l4］）ofeachgroup，Ingeneral，theabilityrankscoresofgroupAarehigherthan

thoseofgroupBforallelementaltechniques．Theevaluationresultsindicatethat
PrlOrOnboard simulatortraininglSuSefu1forcadetstopreparefortheirreal

anchoringpractice．Thisresultisalmostthesameasthatofclassroomsimulator
training evaluation conductedbyKobayashiet al．［5］qualitatively．Figure3

Showsthedeviationoftheactualanchorpositionsforbothgroups録omthepre－

designatedpositionintherealanchoringpractice．Theanchorpositionsofgroup

AareclosertothetargetpositionthanthoseofgroupB onaverageandthe

groupBanchorpositionsaremOreWidelyscatteredaroundthetargetthanthe

groupAanchorpositions．ThisindicatesthatprlOrOnboardsimulatortraininglS

effbctiveinimprovlng theintegrated ship－handling teclmique ofthe cadets．

Therefore，WeCanCOnCludethatprioronboardsimulatortrainingiseffbctiveto

improvetheship－handlingteclmiqueofcadets・

Withrespecttothe“positioning”technique，theabilityrankscoresarealmost

thesamefbrbothgroups．Thismaybebecausejtwasdifricultfbrthecadetsto

estimatetheef稔ctofwindandtideaccuratelybymeansofbearingobservation

Ofaheadingmark，andonlyonepracticesessionwiththeonboardsimulatorwas

not enough toimprovethe skill．Forthe mastery ofthis kind ofadvanced

technique，rePeatedpracticebyactualtrainingshipseemstobeeffbctive．

The details ofthe evaluation results on the“manoeuvrlng”teclmique are

ShowninFigure4．TheabilityrankscoresofgroupAarehigherthanthoseof

group Bforallthe evaluationitems exceptitem F．The abilityrank score
di飴rencesarethelargestfbrevaluationitemsCandE．Itseemsthatthecadets

triedtomastertheteclmiquesfora4justinghercourseandforcontrollingher

SPeedaccordingtotheobtainedposition（C，E）inthepriorsimulatortraining
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Sincetheinstructors explained theimportanCe Ofthese teclmiques fbr the

accurateanChoringinthe brie丘ng．On the otherhand，nO SuChlarge grOuP

dif艶renceis observedwithrespectto the teclmiquerelatedto a4justing her

COurSeaCCOrdingtotheextemaldistd）anCe（F）・Perhaps，thereaFOnisthatit
was difncultfor the cadets to master this technlqueinthe prlOr Simulator

tralnlng，Sincethewindthatexistedinthesimulatorscenariowasnotstrong
enoughfor the novice cadets to realizeits e飽ct・This technique willbe

improvedbyintroducingastrongextemaldistufbanceinthesimulatortraining
SCenarlO．
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Figure4：　Evaluationresultsofonboardtraining（manoeuvring）・

Figure5indicatesthatalltheitemsexceptD（selfpossessionasacommanding

ofncer）improveda鮎ronboardsimulatortraining・Obviouslybeginnersalways

fbelstressduringtheiractualshiphandlingbutitisdi餌culttoovercomethis

pressureinthesimulatortrainingsimplybecauseitlacksreality・Thisresult

indicates that the realonboard tralnlnglSindispensableforthe mastery of

integratedship－handlingteclmiques・

3．2．2EfFbctivenessoftherealtraining

Wemadethesamecomparisondescribedin3・2・lontheonboardsimulator
training to studythe efEbctiveness of real training・Figure6Shows the

comparisonresultsoftheabilityrankscoresofthetwogroups・Itcanbeseen
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録omthe曙gurethatthe ability rank scores ofthe cadetswith realonboard

training（group B）arehigherthan those ofthe cadetswithout realonboard

training（groupA）forallelementalteclmiques．Theaverageabilityrankscore

diffbrencebetweengroupBandAis14％andthis鎖gureisbiggerthanthatof

the evaluationresults ontherealtraining．Figure7showsthedetails ofthe

evaluationresultsonthe“manoeuvring”techniqueoftheCapt．Theabilityrank

SCOreSOfgroupBarehigherthanthoseofgroupAforalltheevaluationitems．

Withrespecttothetechniquesfora句ustinghercourseandfbrcontrollingher

SPeed according to the measured position（C，E），the abilityrank score

difEbrencesbetweenthetwogroupsarequitelarge．Theseresultsarealmostthe

Same aS those ofthe real training evaluation qualitatively．Thereislittle

di脆rencebeweenthetwogroupsonthetechniquesforcontrollingherspeed

andforaqustinghercourse accordingto externaldisturbanCe（D，F）．These
resultsarealmostthesameasinthecaseoftherealtrainingevaluation．Thisis
probablybecausetheseteclmiques canOnlybemasteredalteraconsiderable

amount ofship handling experience．The detailed evaluation results on the

“management”techniqueareshowninFigure8．Theabilityrankscoresofgroup

BarehigherthanthoseofgroupAforal1evaluationitemsandthediffbrences

between the two groups arelarge comparedwiththoseinthe realtraining

evaluationresultsshowninFigure5．
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Forthetechnlqueofself・POSSeSSedcommanding（D），theabilityrankdi脆rence
betweenthetwogroupsislarge．TheevaluationresultsshowninFigure8may

indicate the advantage of real training over simulator training on the

development of the abilityof appropriate and brisk cornmandinginship

handling・WeconsiderthattherealtraininglSmOreeffbctivethantheonboard

simulatortrainingforcadetstomastertheintegratedship－handlingteclmiques

andonboardtrainingisindispensabletotraincompetentseafarers・

4　App）icationofonboardsimulatortrainingtoonboard

training

Fromtheresultsoftheexperimentdescribedintheprevioussections，OneCan

concludethatprlOrOnboardsimulatortralnlngise脆ctivefortheimprovement

ofsuchtechniquesasmanoeuvrlng，managementandbridgeteamwork・Real

training，On the other hand，WaSfound to beindispensablefor developlng

integratedship－handlingtechnique・Theauthorsdevelopedatrainingprocedure

showninFigure9fortheeffbctiveoperationoftheproposedtrainingmethod

thatcombinedonboardSMStrainingandrealtraining・

Themeritsofthistrainingprocedurearesummarizedbelow・

（l）Simulatortraining．replicatingactualtraining，givenpriortotherealship
handlingtraining，1SeXpeCtedtoimprovecadets，ship－handlingtechniques・

（2）SinceanSMSisinsta11edonboardatrainingship，bothSMSandrealship
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training sessions canbe givenwith alittlelapse oftime betweenthem，

makingthetrainingschemehighlye能ctive．

（3）Therealtrainingcanbeperformedsmoothlyandefficientlybecausecadets

CanCOn甫rmtheirship－handlingtechniquesandimprovethembytheprlOr

SMStraining．

（4）Instructorscanevaluateship－handlingteclmiquesofcadetsbothintheSMS

trainingandtherealtraininguslngthesamechecklistandcanglVePrOPer

advicebasedontheevaluationresults，Whichwillhelpthecadetsleamtheir

Ship－handlingteclmiquessystematically．

（5）TheexplanationofthesuitabletrainingitemsforSMStrainingandthose

for realtraining byinstructorsinthe briefingwi11assistthe cadets to

understandtheimportanttrainingitemsineachtrainingsession．

（6）Cadetscancon丘mtheirship－handlingplanintheSMStrainingpriortothe

realtrainingandcanreviseitaccordingtotheadviceofinstruCtOrS．

（7）Extremeextemaldisturbancessuchaswindortjdeincludedintheprior

SMS training scenario can help cadetslearntO take these factorsinto

COnSiderationandtocontroltheship叩PrOPriately．

（8）Any ship－handlingteclmiques ofcadetsthat are not satisfactory canbe

focusedoninfurthersupplementalSMStrainingsessions．

Figure9：　ProposedonboardtrainingprocedureCOmbinedwithonboardSMS．

5　DcvelopmentofthcsecondonboardSMS

Based on the results ofthe experiment describedin Section3，the authors

developed another onboard SMS andinstalledit on the training ship Ginga

Maru．Thefunctionofthesimulatorisasgoodasthatofafu11missionSMS．The

SimulatorwasdesignedtoutilizetherealequlPmentOnthetrainingbridgeof

GingaMarutOOVerCOmethelimitationsofthefirstonboardSMSofSeiunMaru．

TheequlPmentinstalledinthetrainingbridgeofGingaMaru，Whichisarranged

under the navigation bridge，is almost the same aS the equlPmentinthe
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navlgationbridgeandcadetscanmanoeuvretheshiponthetrainingbridge．This

makesitpossibletopractice，uSlngthesimulator，SuChteclmiquesasposition
fixingandnauticalinstrumentOperation，Whichwasdifficultwiththecompact－
sizeSMSofSeiunMaru．

FigurelO：　SystemconngurationofthesecondonboardSMS・

ThesystemconfigurationofthesimulatorisshowninFigurelO・Thesimulator

sectionisinstalledonthetrainingbridge・Thevisualsystemiscomposedofthree

setsofliquidcrystalprqeCtOrSand85－inchwidescreenandtherangeOfvision

is135degrees．TherealequlpmentOnthetrainingbridgesuchasRadar／ARPA，

SteerlngStand，Bearingcompass，EnginetelegraphandVHFtelephoneareused

astheequlpmentOfthesimulator・TheinstruCtOr，sconsoleiscomposedofa

consolePCwith LCDmonitor，three visualmonitors，aRadar／ARPAmonitor

and training recording devices．AlOO－inch wideliquid crystalprqjector，a

consolePCwithLCDmonitorand otherdevices areinstalledinthebriefing

SPaCethatislocatedintheexerciseroom・Inadditiontothesimulator，aTV

cameraandmicrophonesystemforthesimulatortralnlngeValuationareinstalled

inthetrainingbridge，instruCtOr’sconsoleandbrie釣ngspace・Whenbriefingor

debrie且ngintheexerciseroom，Simulatorscreenimagesandradarimagescanbe

displayed on thelOO－inch prqjector by connecting the controIPC ofthe

instructor，sconsolewiththeoneinthenavigationexerciseroom．

Auniquefunctionofthissimulatoristherealship－handlingreplayfunction・

ThemanoeuvringdataofGingaMaruSuChasposition，COurSe，SPeed，rudder

angle，englnemOtionandthetargetship，SAlSinfbrmationcanbecollected

usingherLocalAreaNetwork（LAN）system・Thesimulatorcanreplaythereal

shiphandlingofitsownshipandthemovementofthetargetshipinatraining
areaonthescreenintheexerciseroombasedontheactualdata．Thisfunctionof

thesimulatorwillbee脆ctivefortheevaluationoftherealshiphandlingofthe

cadetsandwi11assistthemtoenhanCetheirship－handlingskills・
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WearecurrentlyplannlngtOaCCeSStheeffbctivenessofonboardtrainingwith

this new simulator，Which uses the actual nautical equlPment and has an

additionalandimmOVative“replay”function．

6　ConclusionS

Resultsobtainedinthisstudyaresummarizedasfollows．

（1）ItisconfirmedthatefFbctivetrainingonatrainingshipcanbeachievedby

COmbiningonboardSMStrainingandrealtraining．

（2）PrioronboardSMStrainingishelpfulande飴ctiveforcadetstoimprove

theirship－handlingteclmiques．However，OnboardtraininglSindispensable
forcadetstomastertheintegratedship－handlingtechniquesincesimulator

trainingisdifficulttoprovidethe“reality”thatrealshiphandlinghas．

（3）Inthebrie屯ng，instruCtOrSShouldprovidethecadetswiththeinformationon

theimportant trainingltemSinthe SMS trainingandthoseinthe real

training．This willmake onboard SMS trainingand realtraining more
ef艶ctive．

（4）Asfortheapplicationoftheproposedtrainingproceduredescribedinthe

Section4，itisimportanttomakeapropertrainingscenarioatterselectlng

the suitable trainingitemsfor the SMS training and thosefor the real

training・Proposedtrainingprocedurecanbeappliedtosuchpracticesas

COllisionavoidingmanoeuvre，rOutenaVigationandapproachingmanoeuvre

inadditiontotheanchoringpractice．
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