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Abstract. А new prediction tool was developed to simulate the ships motion with complex dynamic 
models in fast time and to display the ships track immediately on ECDIS for the intended or actual 
rudder or engine manoeuvre. These simulations are based on input from the ships actual sensors via 
the Voyage Data Recorder and furthermore ftom diagnosis tools analysing the status of the 
manoeuvring facilities and providing information in case of failures, e.g. reduced engine power or 
larger rudder response time due to malfunctions of the equipment. 

Within this paper investigations into the feasibility and user acceptance of the new layout of 
navigation display will Ье introduced and selected results of simulation studies testing the influence 
on manoeuvre performance dependent on different kind of prediction functions will Ье discussed. This 
Dynamic Prediction Display is intended Ье used on board of real ships but is also an effective tool for 
training in ship handling simulators because the trainee can immediately see the result of the actual 
rudder, engine or thruster commands, even before the ship has changed her motion. Examples will Ье 
given for results from test trials in the full mission ship handling simulator of the Maritime Simulation 
Centre Wamemuende. 

1. INTRODUCTION - STATE OF ТПЕ ART AND NEW APPROACH 

The role of computer based simulation is increasing on the ships bridge, especially for manoeuvre 
planning and for collision avoidance. Prediction tools are very helpful and already in use on ships for а 
long time. Well known is the so called Trial Manoeuvre mode in ARP А radars to Ье used in order to 
analyse future encounter situation for selected relevant course and speed altematives to deck potential 
collision avoidance strategies. 

With the emerging Electronics Chart and Information Systems ECDIS new tools were introduced for 
supporting voyage planning Ьу means of manoeuvring characteristics as in 

Fig. 1. For controlling the ship on her route the future track ofthe ship was shown as а so called "curved 
headline" overlay in ECDIS. 

However, theses prediction are very simple only based either on new constant course and speed values as 
in the ARP А trial function or on estimated future courses & tracks based on the simple integration of the 
current ship motion parameters as rate of tum and speed components to Ье considered as constant. 

The simplification of these predictions allows restricted use only. Therefore new concepts for on board 
displays and simulation tools were developed including the immediate response on changes of rudder and 
engine commands as drafted in Fig. 2. 

This approach was investigated in research projects, dedicated on the one hand to the further development 
of user interfaces on ships navigational bridges and to investigations into potential improvements for 
manoeuvring assistance on the other hand. А prediction tool was developed to simulate the ships motion 
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withcomplexdynamicmodelsinfasttimeandtodisplaytheshipstrackimmediatelyfortheintendedor

actualrudderorenginemanoeuvre（Benedict【5］）・
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Fig．1．“PathPrediction”fortumingmanoeuvresbasedonsimpli丘edmotionmodels（TRANSAS－ECDIS，leR）

andHCurvedheadlinenpredictioncalculatingtheshipstrackonthebasisofintegrationtakingthecurrentmotion

ParameterSaSCOnStant（SAM－NACOS，right）
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Fig．2．Newconceptofanl10n－1ineqManoeuvring－Assistant‥Simulatedtrackpredictions（redcontour／broken

linestoSTB）ofsteeringcharacteristicsaccordingtothecurrentsteeringhandleposition／rudderangleasECDIS

OVerlaycomparedtoconventionalprediction（blackcontour／solidlinesclosetoaheadvector）

Generallytherearetwoareasofapplicationofsuchapredictiontool・Itcanbeseenbothastrainingtool

forshipmanoeuvresandtobeusedasassistanCetOOionboardvessels‥

TrainingTool：Thepredictionofshipsmotionasanimmediateresponsecouldbeanexcellentmethodto

demonstratetheresultsofchangesoraltemativesofuslngmanOeuVrlngCOntrOldevicesasfbrinstance

propellers，ruddersorthrusters．Thisisofincreasingimportancespeci蔦callyfbrthegrowingcomplexity

ofmanoeuvrlngCOntrOIsystemsstartlngfromsimpleone－PrOPellerandmiddlerudder，Viatwinpropellers

withdoublerudderuptonewazimuthpropellerswhichcanbetumedby3600（thereareshipswitheven

fourofthesesophistieatedthrusters）・
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Assistance TooIs：Predictions as elements ofon board displays can be used asin theloop control

elementstosteertheshipmanuallybutsupportedbythefuturetrackorspeedindicationintheECDIS
inter払ce．

Onecruciaiproblemfbrthepredictionistheaccuracyofthesimulation・InthementionedprQJeCtSaVery

SOPhist主catedapproachwasusedtorepresenttheships’dynamicbyveryextensiveequationsverysimilar

tothoseusedinFullMissionshiphandlingsimulators．Theparametersoftheequationofmotionwillbe

estimatedbyanextrafasttimesimulationprogramandadataanalyseralreadyusedfbrtuningofthe

hydrodynamicmodelsintheshiphandlingsjmulator．

ThesemethodswillbedescribedinthefbllowlngChaptersandexampleswillbeglVenR）rreSultsfYom

testtrialsinthefu11missionshiphandlingsimulatoroftheMaritimeSimulationCentreWarnemuende

（http：〝www．S£hs－Wismar．de）upgradedin2007／2008．

TheMaritimeSimulationCentreWamemuendeatWismarUniversity，DepartmentofMaritimeStudies

inRostock－WarnemuendeaccommodatessixsimulatorsembraclngaCOmmOnnetWOrkandcomprisedof

fourship－handlingbridgesystemswithdiffbringlevelsofequlPment，aShip－SenglneSyStemandaVTS

Simulationfacility．Theinteractionofmanyofthesinglesimulatorsisoneoftheuniqueftaturesofthe

MSCW：theycanbeinterfacedtoformabigscenariocomprlSlngallsimulatorsandconnectlnge．g．the

bigbridgelwiththefu11missionenginesimulator．TheShiphandlingSimulator（SHS）islocatedonthe

蝕standsecondn00rSOfthecentre．‡tcomprlSeSfburbridges：Bridgeiconsistsofa負lilyintegratedreplica

bridgeassemblyprqjector－based3600visualdisp壬ay，Bridge2hasasimilar2570Visualdisplaysystem

Whichcanbespec漬callyused氏）rmanOeuVrlngaShipfrombridgewlng，theremalnlngtWObridges3and4

aTeuSedmainlyasradaTCab主ns，eaChbeingadditionaib，equlpPedwith1200visualdispiayscreens．Alab

WitheightstationsfbrcomputeT－basedInstruetorlessTraining（iLT）completesthesetupR）ref誌ctiveship

handiingtraining．Theycanbealsointer臨cedintothecomplexscenarioasownships．

2．APPROACHFORPREDICTIONTOOLWITHFULLSIMULATIONMOI）ELS

2．1．ShipdynamiemOde互andTeehmo王ogiealse紬p鮎rsimu如ion

Thefbliowlngequationofmotionwasusedasmathmodejfbrtheshipsdynamic：

ガ＝椚ら－〝－ズ。r2〉

y＝椚拉＋r鋸＋方。鴻

〃＝左≠＋脚G（¢＋r〟）

（1）

Ontherightsidearethee脆ctsofinertiawhereuandvrepresentthespeedcomponentsinlongitudinaland

transversedirectionxandyristherateoftumoftheship．TheshipsmassismandxGisthedistanceof

CentreOfgravity舟omtheoriginofthec0－Ordinatesystem，Listhemomentofinertiaaroundthez－aXis．

TheshipshullfbrcesXandYaswellastheyawlngmOmentNaroundthez－aXisareontheleftside．Their

dimensionlesscoefRcientsarenormallyrepresentedbypolynomialsbasedondimensionlessparameters，

fbrinstanceintheequationfbrtransversefbrceYandyawmomentNgivenasthesumoftermswith

linearcomponents鶴N。羊andYLandadditionalnon－lineartermsdependingonspeedcomponentsu，V，

rateofturnr，reVOlutionnandrudderangle8．0therfbrcesasfbrinstancerudderfbrcesandwindfbrces

areexpressedaslookuptables．ThereareadditionalequationsfbrtheenglnemOdel，additionallywith

look－uPtablestorepresentautomationsystemscharacteristics．

Thesolutionofthissetofdi脆rentialequationsiscalculatedeverysecond；SOmeintemalcalculationsare

evendonewithhigher録equency．

Thisequationofmotion（1）canbewrittenintheform：

ズ’（g）＝′（方，〃。，け

108

（2）



P∂〃7．P∂perPreざe〃ね〟0〃ぶ

Where：

－Statespaceswithtrackc0－0rdinatesg一Tl，headingv：

∬＝匝，γ，r，亀川，V，8，乃入館，〝阿，．．圭

－ControIswithcommandedvaluesC椚dR）rmainenglneMEandthrustersTH：

〟。＝【8C朋か〃腫－C朋か乃摺＿C朋か…上

－Withinitialconditionsat：t＝to：X（to）＝Xo，u（to）＝uco：

ズ0＝［叫，γ0，恥ち0川かVo，80，乃腫0，乃摺0…］，

〃。0＝［8C椚dO，〃腫＿C椚dO，触■C加dO，…］．

Thisequationofmotion（2）canbesoIvedbynumericalintegrationfbrthepredictiontimeperiodtototlin

thefbrmofthegeneralsolution：

坤）＝坤。）＋†坤）虎，
go

i．e．forthefullsetofstatesandcontroIs：

坤）＝布＋仔（ズ，〟。，f）虎・
go

（3）

Asimplinedsolutionforasimplinedpredictorisusedbyintegrationoftrackandheadingassumlng

COnStantSPeeduO，VOandrateofturnrO，Whichresultsalwaysinacircularmotionwithconstantspeed：

坤）＝句＋J′（恥Ⅴ。，句）虎・
Jo

（4）

TheInputoutputrelationsareshowninFig．3．TheinputsconsistofcontroIs，thestatesandthedatafor

the environmental conditions in the three blocks on the left side．The core module

Simulatioh／Predictionisinthecentreofthe頁gure・AdditionallythereisanlnPutOftheShipscondition

ParameterS・Theyarenormally坑xedbutincaseofmalfunctionstheymightchange，e・g・reducingthe

rudderturnlngrateOrmaXimumangle．Theresultsfromthe Simulationblockaretransfbrredtobe

displayedinECDISorRadar．

InthatfigurealsothemoretechnologlCalsetupofthestructureofmodulesisdescribed．Acommercial

IMO－PrOVenVoyageDataRecorder（VDR）playstheroleofdatacollectorforthecontroIs，StateSand

environmentalparametersmeasuredbytheshipsensors・A免erpre－PrOCeSSlngthesedatatheywillbe

StOredinSharedMemoryl，tOgetherwiththeconditionparameterswhichwillbeprovidedbyadiagnosis

SyStem・Thissystemcontinuouslycheckstheshipsandengmeconditions．

Fromthismemorythedataareavailablefbrothermodules：

TheSimulationPredictionModuleusesthedata丘omSharedMemoryltopredicttheshipstrackand

SPeedfor a certain time period，e・g・10minutes・The results are sent to Shared Memory2・The

PresentationModuleusesthedatabothtodisplaytheactualpositionandfromSharedMemory2to

displaythefuturetrack・ThePredictionparametersarecontrolledbyauserinterhceintegratedinthe

Presentationmodulewithregardtopredictingcycleandlengthoftrack・Additionallyanewsimulation

COmPOnentWaSaddedfbrsimulatingprede茄nedorfu11flexiblemanoeuvres．
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ControIs／Steerlmg

parameters：

CommandedRudder

angle，Enginespeed

rate，Bow／Stern

thruSterSSettlngS，．．．

StatesノMotion

parameters：
Heading，SPeed

（longitudinal．／

桓nsverse），
POSitions，ROT，…

紅nvironmelltal

parameters：
喜Wind，Current，Water

Pepth…

hipseonditi州data：
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Dra軋LateralAreas；

MaximumControl

＄ettingslimit（rudder
angle＆turnlngrate，
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iShips－／Engine－COndition

はata；MaximumControl

桓ettinglimits．．．
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Commands，
■states＆
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Parametersettings／
Identi鮎ation：

Parametersof

Simulationequation

accordingtoships

condition＆

environmentaldata

SimulatioIl／

Prediction

Simulation／

Predictionofships

trackspeed＆

headingforthe

Predictiontime

Period

FilterEnhancement

SbaredMemoryl：

Actualshipdata，
conditions＆

ParameterS．・・

芦imulation／
Predi（：tionModule：

Simulation／

Predictionofships
trackforthe

Predictiontime

period

SharedMemoけ2：

Predicteddata

Simulatioll／Trial

Mamo用YreMode：

Simulationofships

trackspeed＆heading

払r丘eetrial

PanOeuVreS，plannlng

如gorithms＆tralnlng

Presentatioll＆

DisplaylIlg

Displayofpredicted

frackinECDIS－，

Radar－enVironment；

Controlofdisplay

OPtions（Prediction

timeperiodsettings）

Simulation／Trial

かIanoeuvreModllle：

声imulationofshipstrack，

PPeed＆headingfor位ee
trialmanoeuvres…

アresentation
Module：

Displayofpredicted

trackinECDIS－，
Radar－enVironment

5imulationContro璽

Predictiontime

Periodsettings

Fig．3．Input／OutputConceptforpredictionprocessesanddataflow（top）andModules＆

datasourcesandsinks（bottom）

2．2．PresentationofdynamicPredictionsinECDISenvironment

For a compactpresentation ofinformation to the captain，pilot and responsible navigatlng Ofncer

respectively a newlayout ofa connlng display was designed andimplementedinto the equlPment

installedonanintegratednavigationsystem．InFig・4thelayoutofthepredictiondisplaylnanECDISis

Shown・ThedisplaylayoutcontainsanoverlayofECDISandCONNrNGinformationtogetherwiththe

prediction．

InthecentretheECDISinformationinHeadupModetogetherwithmotionparameterfbrlongitudinal

SPeed（10．1knandtransversespeed（0．1kn）aswellasacirclesegmentwiththerateofturntoSTB

（4．00／min）isshown．TheshipspositionisdisplayedinthecentreoftheECDISasshipscontourwhere

thetrackpredictioncanbeindicatedascurvedtrackoraschainofcontoursfortheselectedprediction

time．ThepredictionparametersasrangeorintervalofpresentationcanbesetinthecontroIwindowat

therightside．

Thepredictedtrackfbrthesimplinedpredictionisshownasredcurve：Accordingtotheactual／present

rateofturntostarboardtheconventionallypredictedtrackispresentedasacirclesegmenttotheright

Sideastrackforthetimerangeof5minwithaspeedoflO・1kn．
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Thedynamicpredictionwiththefullsimulationmodelisshownasbluecurve・Thisdynamicprediction

renectsthesettingofrudderandpropellerparametersshownintheleftbottomwindow‥Thetworudders

Ofthe fもrry usedin this example are setto140Portand the Engine OrderTelegraphfbrthetwo

COntrOllablepitchpropellersaresettolOO％representing159・8rpmofthepropeller・Theactualpitch

StatuSis53and54respectively．Thisinterfaceallows fbr a presentation ofdynamic predictions of

SteerlngandstopplngCharacteristicsasanimmediateresponseaccordingtothecurrentsteerlnghandleor

englneOrdertelegraphposition．

Fig．4．LayoutconceptforManOeuVringPredictioninECDIS（leR）；Presentationofdiffbrenttrackpredictions

（right）fbrruddermanoeuvres：a）Simplinedprediction倉omintegrationEq．（4）ofcurrentconstantmotion

parameters（magentatrackwithsmalltumingtoSTB）andb）Sophisticateddynamicpredictionbasedonfullmath
modelEq．（3）consideringthechangeofrudderangle（toolarge！）toPT（bluetrackwithtumingtoPT）
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3．APPLICATIONOFTIIENEWDISPLAYFtJNCTIONINSHIPHANDLING

SIMULATORANI）SEIJECTEDRESULTSOFTESTTRIALS

3．1．Testsetupandscenario

Forthepurposeoftestingthetechnical危asibilityanduseracceptancethenewconningdisplaywith

integratedpredictionfunctionswasimplementedintherNSequlPmentOfthelargefu11missionsimulator

bridgeoftheShiphandlingsimulatorofMSCW．InFig．6thebridgelayoutisshownfbrtheexperimental

SetupWiththemanoeuvrlngCOntrOIsonthe consoleinthe fbregroundandtheECDIS／CONNING

displayonaseparatedisplayinthebackground．

ThesampleshipistheR0－PAXFerry“Mecklenburg－Vorpommem”withLoa＝200m，Boa＝28，95m，

Dra氏＝6．2m，Displacement＝22720tandSpeed＝22kn．Shehastwopitchpropellersandtworudders

locatedbehindthepropellersandadditionallyonebowthruster・

SeveraltestscenariosweredevelopedandusedfortrialswithshipofGcersandmastersduringtesttrials．

OnesamplescenarioisglVeninFig．6：thetestareaistheportentrancetoRostockSeaPort．ARo－Pax－

ferrylSenteringtheporttobesteeredthroughthefairwayandtobeberthedinthededicatedbasin・Before

berthingtheomceronwatchhastotumtheferryinthetumingareaandtogoastemtotheberth．
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Fig．5．ComparisonofmethodsbasedonDi脆renttrackpredictionsconsideringfullrudderangletoPTandfu11
asterfl：Simplinedpredictiorl倉omintegrationEq．（4）ofcurrentconstarltmOtionparameters（le氏track，reSult丘・Om

CurrentPTturningofbow）andSophisticateddynamic．predictionEq・（3）basedonfu1lmathmodel（righttrack
goingasternandturnlngintoharbourbasin）
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Fig．6．TestsetupfornewConnmg／ECDISDisplayonBridgelinShiphandlingSimulatorduringTesttrialsfor

newPredictionDisplay：TestareaisseaportofRostockinECDISpresentationwithscenariotrackofapproach，

ttmingmanOeuVreandastemmOtionintofbrrybasin

3．2．Resultoftestsanddiscussion

Thefollowlng Series of重gures willindicatethe ef托ctofthe dynamic predictor andits advantage

COmParedtothesimpli鮎dlook－aheadpredictor．WhereasFig．4Showedthestartofthescenariorunin

thefairwayentranCeFig．7presentsthepredictedcontoursduringthestopplngmanOeuVreattheturnlng

area：Itisclearlytobeseenthatthedynamicpredictorallowstheestimationofthestopplngdistanceand

eventheconsequenceofgolngaSterniftheenglneWillbekeptinreversedoperationtoolong．Ⅰncontrary

thesimpli鮎dpredictorindicateanearlystraightmotionwiththeconstantspeedatthebeginnlngOfthe

manoeuvre．Aftertumlngthe ship bymeanSOfthebowthrustersthe shipwillbemovedin astern

directionintotheharbourbasinforberthingthevesselascanbeseen舟omFig．8．

Fig．7．StopplngmanOeuVreatthetumingarea：

－PredictedcontoursshowthestopplngdistanceandeventheconsequenceofgolngaStemiftheenglnewill

keptreversedoperationtoolong（left），and

－TurningmanOeuVreatthetumingarea：theshipisusingruddersandbowthruSter（right）
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Theuseracceptancewasassessedbyuslngguidedinterviewsandstructuredquestionnaires．Thefkst

Seriesofsimulationtrialswereperformedbyeightexperiencednavigatingofncersandcaptains．The

rangeoftimeatseawasbetween5yearsminimumand25years．Eachparticipantstartedwithanentry

questionlngandactedascaptaina鮎rbrie貢ng．Thebridgeteamwascompletedbyahelmsmanfhmiliar

withthemanoeuvrlngfacilitiesofthesimulatedferry．

ThemostimportantresultwasthateachpartlClpatingnavigatorhasreachedthe重nalgoalwithoutacrash

alreadyduringhis舌rsttrial．Thisisofspeciaiimportance，becauseonlyoneoftheparticipantshas

practicalexperiencewiththeshipusedR）rthesimulationstudy．

Althoughthere are oniyresults available録om the series ofthe pilottrials some tendencies can be

recognised：TheoverallassessmentofthenewConnlngDisplaylayoutwasrankedbytheparticipants

between minimum6and maximum90n a SCalefrom O（worse，nO enhancement）tolO（excellent，

PraCticaland realassistancefor mywork）．Allparticipants summarised，thatthefusion ofconning

infbrmationincombinationwithECIDSisanewqualitycomparedtoconventionaldisplaylayouts．The

dynamic prediction was assessed as slgnincant valuable element especially when only fbw or no

experienceisavailableinhandlingandmanoeuvrestherelevantshiporinharshenvironmentalconditions

（Benedietll］，Baldaufl2］）．

Fig．S．Finalphaseofscenario：theshipisenteringthebasinfbrberthing（l坤）
andiscrabbingalongsidethejetty（right）

4．PROV‡S‡ONOFSHIPMOI）ELDATAFORTHEDYNAMICPREDICTOR

ANI）PARAMETERTUNING

4．1・Mode持ingof油ipsdynamiebymeansof払sttimesimlliationtooIs

The qualityofthe math modeHbrthe simu！ation arId the parametersin the equations are ofhigh

importanceforthee飴ctivenessofthedynamicprediction．Thereisagreatneedfbrfastandeffbctive

modelling／tuningprocessesnotonlyforthepredictorbutalsoinShiphandiingsimulatorswhereclients

丘omshippingcompaniesneedtobetrainedontheirshiptypes．Thisisthesameprocedureasweneed丘〉r

tuningtheshipmodelparametersinthepredictor．

IfthismodellingprocessisdonemanuallybyconventionaltuningmethodsintherealShipHandling

Simulator（SHS）thenthereishightimeconsumptionforthisprocesses，uPtOOnemOnthorlonger，
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becausemanoeuvresimulationisdoneinrealtime；eVenbyuslngthesimulatorin“fastmode”－Whichis

uptotentimesfaster－itisstilltoslow．CommonlytherearenoeffbctivetooIs如Supportlngthe
modellingprocess，e・g・graphicalcomparisonwithanalyslSOPtlOnS・Moreoveruslngthesimuiatorfbr

tuningofmodelsgenerallymeansexpensiveoccupaticnofsimulatorresources．

InordertoavoidtheseproblemsPC－basedsimulationso氏warewasdevelopedatMSCWwiththesame

ShipsdynamiccapabilitiesasthcShipHandlingSimulatorSHS（Benedictl5］）nowtobeusedfbrthe

PTed主ctioiltOOi．The Advantage and Capabilities ofthis softwareis：The MathModelreveals same

SimulationresultsasSHS，itisremarkablyfasterthanrealtimesimulation，theratioisuptol／100，the

SteerlngOfsimulatorvesselsisdonebyspecificmanoeuvre－COntrOIsettings／commandsforstandard

PrOCeduresandindividualmanoeuvresdedicatedfbrtuningpurposes．

4・2・SIMOPT＆SIMDAT－tOOIsfbrshipsimulationmodeltllnlng

Fig・9showsomedetailsoftheSIMOPTinterface‥Theshipsmaindataaredisplayedinthele氏part・The

hullcoe用・Cientsaredisplayedinthecentre・Manoeuvrescanbeselectedfをomtherighttopmenu・

Fig．9．SIMOPTInterfaceElements－Overview：ShipData（le托）／HullCoefRcients，ManoeuvreCommands

（topright）aswellasManoeuvreOptimisationcriteriaandParameterseriesvalues

Severaloptionscanbechosenfromthetopmenuinordertocalculatethehulldataandotherparameters

e・g・basedonmethodspublishedine．g．Oltmannl3］，Clarkel6］．

Manoeuvrescanbeselectedfromtherighttopmenu・Simulationscanbedoneeitherasslnglerunoras

Simulationseriesfbrselectionofupto3Parameterseriestobesimulatedinparallelorsequentialfor：

－Simulationparameters，e．g．Manoeuvreseries；

－ShipParameters（L，B，T，OrOthers）；

qHull／forceparameterscoefncientand

－Environmentaldata，e．g．Windforce．

Aspecincnew“Ofnineassessmenttool”SIMDATwasorlglnallydesignedattheMSCWtosupplythe

instructor with semiautomatic assessment ofthe recorded exercise datain ship handling simulator

（Benedict［4］）・Forthepurposeofshipsmodelparametertuningandoptimisationofmanoeuvresthis

l15
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SIMDATtooIwasextended：TheDataforthemanoeuvrlngCharacteristicscannowbeautomatically

retrievedfbrallmanoeuvresusedforsimulatorshipstunlng；enhancedGraphictooIsareavailablefor

displayingvarioustypesofresults．

The results ofa particulareValuation are shownin Fig．10．Additionally to the diffbrent graphical

PreSentations specinc overviews on the results are provided when series ofmanoeuvres have been

Simulated．This斤gureshowse．g．acomparisonofsimulationseriesresultsfbrtumingcirclewithrespect

toTransfbr，Advance，andDiameter．Itcanbepresentedintablesorindiagramsorusedforoptimization

algorithms．

4．3．SampleofaParamCter－OptimisationserieshraShipmodel

TheobiectiveoftheparameterOPtimisationortuningprocessisto坑nd．suitableshipmodelparameter

meswhichcanbeusedinthesimulatororinthepredictoron－boardtorepresenttherealshipsdynamic．

Startingfromtheshipsmaindataabasicshipdatamewillbegeneratedusingsimplemethodse．g．Clarke

estimationtohaveanrstestimationofthedynamicbehaviour．BymeansoftheSIMOPTprogramthe

fasttime simulation produces various results ofmanoeuvrlng Characteristics which are retrieved by

SIMDATandcomparedwiththemanoeuvrlngCharacteristicsoftherealvessel．Bya句ustingtheModel－

ParametersthemanoeuvrlngPerformanCeOfSimulatorShipModelisimproved．The重nalgoalisto

achieveanOptimisedShipModel－Parametermewhichhastobeapplicableasshipmodel重lefbrthe

dynamicpredictoronthebridgeofaship．Thebiggestproblemisthatthereareupto200parametersand

thee飴ctofthechangesarenOtVeryClear；SOmeChangeSmayeVenhaveeffbctswhichcounteractsthe

resultsoftheothers．ThereforeitisverylmPOrtanttOknowaboutthoseparameterswhichhaveaclear

impactonthemanoeuvrlngCharacteristics．

OneexampleisglVentOindicatethee飴ctoftunlngOfonehullparameter；herethevariationofships
momentofinertiaLisglVeninFig．10．

ForthedemonstrationaParameter－SeriesofturmngCircleswithHardRuddertoStarboardwassimulated

Varylngthevalueofthefactorkzz2whichwasinitiallyO・16betweenO・landO・2instepsofO・01・During

thesimulationprocessthestatusoftheexecutionisshownbymeansofcolouredbarsintherelevantdata

Windows．
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Fig・10・Modeltunlng－ParameterseriesfbrchangingMomentofInertiaforTurnmgCircletracksandspeedplots

（leR）；eXtraCtOfcharacteristicmanoeuvringdatafortumingcircleintableformat（right）
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TheresultinFig・10Showsacleareffbctontheadvanceofthetumingcirclewhereasthediameterand

thespeedlossdidnotchange・Theoptimizationwindowshowsparameterswhichcanbesetastarget

Valuesfbrtheoptimizationprocess・

5．CもJRRENTSTATtJS＆OtrTLOOX．

5・1・Estimationtbeshipmode呈parameters

Thetuningoftheshipparametermes倉omintegrateddataasTransfer，Advance，andDiameterused

abovewiHbesupportedbyoptimizationmethodsinfuture．

ⅠnparallelthereisanOngOlngPr亘iecttouseParametereStimationtechnologleSforshipdynamicmodels

fromtimehistorydatasets（Pr亘iectMULTIMAR）．

Forthesepurposesalsotesttrialsinrealenvironmentareintended．Thiswillbeanopportunitytomake

useofthenewin丘astructureglVeninthe“ResearChPortRostock”fu11yinoperationsinceendof2008．

Theinstallationofthein録astructurewillserveaSaGALILEOSatellitetestbedandwillprovidee・g・

PSeudo－SignalsasauniquepotentialfbrmaritimeapplicationsintherealportareaofRostock（Fig．11）．

三∴‾l
Fig．11．GALILEOln負●aStruCtureinresearchportRostock：SetupofGALILEOpseudolitesfbrsimuiationsateliite

COmmunicationasaugmentedtestenvironmentforusersinmaritimetransportandcargohartdlhg

（basedonresearchprqiectSEAGATEbyEADS／RSTandDLR）

5．2．Extendingtheareaofapplication駄■rtheprediction／simuiationtechnology

TheapplicationofthepredictoriscurrentlyextendedintheshiphandlingsimulatorSHSofMSCW：加

has proven some benents fbr education and training becauseit enables the simulatorinstructor to

immediatelydemonstratecomplexmanoeuvresintrainingsessionswhichneedslesstimeincomparison

torealtimesimulation．

InvestigationsfbrimprovlngmanOeuVreSin臨rryoperationintheportofRostockweremadetoanalyse

theperfbrmancespecincallyinthetumlngarea・AnaiysingtheVDRrecordingsfromfbrryapproachesit

WaS女）undthatthereissomespace鈷rimprovements．Applyingthepredictornewstrategieswerefbund

tosavesomeminutesinthisareawhichisveryimportantintighttimeschedules（Fehiing［7j）．

A new approachis under development try王ng a Series ofsimulated manoeuvres to reach the Rnal

destinationFig．13．Basedonfasttimesimuiationsearchmethodsareusedtobringtheshipintoaharbour

basinDbygeneratingandevaiuatingsequencesofelementarymanoeuvresto重ndtheoptimairudderand

enginemanoeuvres（Fischerl8］）．

ThesimulationtechnologylSalsousedtoenhanceCollision－Avoidance－Display‖nradarpresentationFig．

13assistingfbrcollisionsupportbymeansofcalculationofRiskbasedcolouredareas（Baldaufll］）．This
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approachis uslng manOeuVrlng data ofthe ship which can be a句usted by simulation to actual

manoeuvrlngCapabilitiesoftheOwnShip・

Fig．12．InterfaceforSimulation／Trialmodebasedonmanualinputforsimulatedmanoeuvresviathesteering

COntrOIpanelonrightsightofdisplayforManoeuvringPlanningandtraining

Fig・13・ManoeuvringPlannin等methodsbasedonsearchmethodsusingsimulatedmanoeuvringsequences（le食）and
Collision－Avoidance－DisplayJnradarpresentation（right）assistingforcollisionsupportwithnewapproachfbrRisk

basedcolouredareasuslngManoeuvrmgDataRelatedtoactualmanoeuvrlngCapabilitiesoftheOwnShip

6．CONCLUSIONS＆ACKNOWLEDGEMENTS

A concept fbr a prediction tooI was designed and a prototype so舟ware modulefor an On－line

ManoeuvrlngAssistanCeWaSdevelopedbasedonadynamicpredictiontooluslngadvancedsimulation

teehnologyonboardofships．TheresultsofrudderandenglneCOntrOIchangeswillbeimmediately

displayedinanElectronicchartenvironmenttobeusedfbrmanualcorrectingsteerlngaCtions．Itwas
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testeduslngtheMaritimeSimulationCentreWamemuende．Duringthetesttrialsseveralmanoeuvrlng

Situationsweremanagedwithanincreasedperformancewhenuslngthepredictiontool．

Theparametersfbrtheshipmodelequationscanbefbunduslngfastsimulationtechniquesinthesame

WayaSforthetuningofshipmodelsfortheshiphandlingsimulator．Forthefutureitisplannedtouse

OPtlmizationtechnologyandparameterestimationtechnologleSforshipdynamicmodelparameters．

Theresearchresultspresentedinthispaperwerepartlyachievedinresearchprdects“Condition－based

navigationaldisplays”（ZUMANZ），“Safbpassingdistances ofships”（SIPAS）and“identincationof

multivariableparametermodelsforshipmotionandcontrol”（MULTIMAR）fundedbytheGerman

FederalMinistryofEconomicsandTechnology（BMWi）andtheMinistryofEducationandResearchof

Mecklenburg－Pomeranla，SurveyedbyResearchCentreJuelichPTJ・
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