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Abstract. This paper describes considerations and actions taken at SIMAC to meet the pedagogical, 
didactic, and logistic challenges of training the ship officer students in advanced automation and 
(technical) maritime 1Т systems. At SIMAC we have been working for several years to improve the 
teaching areas of IT and Automation. We know from experience that studying the theory books is not 
always enough, and theory does not appeal to all students. 

We find а project oriented model that comЬines theory with practice is the most effective teaching 
method for this area. But getting hands on in automation gives some logistic and economic proЫems. 
This well proven model is now being further developed in comЬination with E-learning. 

SIMAC has а lot of experience with E-leaming ftom educating technicians for the offshore industry. 
When we comЬine this experience with teaching results in automation for maritime studies, we take 
the best of both to form а new concept. 

With background in these considerations we will work towards comЬined automation training based 
on а flexiЫe and moЬile training kit together with with а Leaming Management System, containing 
the theoretical lessons that support the students' work with their proЫem based education. 

INTRODUCTION 

This paper is а continuation of the paper "Automation is the new challenge in education of ship officers" 
presented at WМТС 2009 in Mumbai Ьу author Мr. Claus Walther Jensen. Part 1 of this paper is mainly 
taken from the aforementioned paper, and part 2 is а result of thoughts and further development done Ьу 
the authors as follow-up research after the many positive responses from the WMTC conference. 

PART 1. AUTOMATION IS ТНЕ NEW CHALLENGE IN EDUCATION OF SHIP 
OFFICERS 

Part 1 of this paper describes the actions taken at SIMAC to meet the pedagogical challenge of training 
the students in automation and technical IТ systems, systems that ship officers embarking modem ships 
will Ье expected to use and maintain with advanced fault-finding included. 

SIMAC is а Danish education institute preparing ship officers primarily for the Danish merchant marine. 
SIМAC also has а department for supplementary training, where full mission simulators and well­
equipped automation laboratories are part of the training of ship officers and offshore technicians. 

This paper is not based on academic research, but is based on teaching experience and participation in 
several training projects for new-building crews, especially projects that focus on training the crew in the 
new IT based control and monitoring system onboard. 

Automation today 

Traditionally, institutes educating marine officers all over the world have trained their students in subjects 
like propulsion plaнts, navigation, safety, maintenance, management - but have not always put enough 
focus on Automation and IТ. 

Automation and IT are now part of all new-buildings, from small ships with simple alarm systems that 
communicate via CANbus, to sophisticated LNG carriers, which are just as complicated as а 
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PetrOChemicalprocessinstallationashore，SOtheprocesscontroIsystemonboardcoversseveraldiffbrent

networktypes，amOngthemTCP／IP，PROFIBUSandModbus，allcommunicatingtheprocessparameters

betweentheprocessinstruments，auXiHaLyunits，COntrO】lers，alarmpanelsandtheoperatorstations．

ItisalsonormaltoseevendorsofspecincmaritimeprocessequlpmentSuPPlytheircompleteunitswith

anisolatedlocalcontroIsystem，Whichmustthenbeinterfacedtowardstheship’smaincontroIsystem

Viade茄nedprotocoIsandnetworkcommunication（Fig．1）．

ExampIeondataprotocoJsappHedinto
MarineAutomation

Fig．1．DataprotocoIsinMarineAutomation

Thus a ship’s network topology can be very complicated and the di脆rent technologleS uSed R）r

COmmunicationallhavetheirownspecincprotocoIs；Settingstandardsforelectricalsignal1evels，Cabling，

COnneCtOrSandtermination．Allthiscanmakeitdifncultforthefaultnndingcrewmemberstogetan

OVerViewofafaultsituation（Fig．2）．

Fig．2．EthemetSwitchinthetypicalControINetworkonaship
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Theeducationinstituteshaveanobligationtowardtheirgraduates，theRltureShipofRcers．Theeducation

institutesmustensurethattheo魚cershaveabasicknowledgeoftheAutomationandITonboardandcan

SOIvebasicproblemsontheirown．Atthesametime，theinstitutesmustpreparetheshipofBcerstogo

intoprqleCtgrOuPSCOnCemlngneW－buildingsandbeabletodiscussthelevelofautomationandthe

Selectionoftechnology，and重nallybeabletoapprovethedocumentationsuppliedbythevendors，and

participateinmakingplansbradditionalspecinceducation・

Educationalproblem

SIMACandothermaritimeacademiesusesimulatorstotrainstudentstooperateadvancedshipcontroI

SyStemS．A simulatoris stillaverysuccessfu1toolfortrainingthe operation part ofthe machinery

installations．Simulatorsfamiliarizethestudentswithgraphicuserinterfaces，alarmmanagementsystems

andmore．

Ourparticipationinnew－buildingprqleCtShasshownustheneedformorespec漬cknowledgeabout

advancedcontroIsystems．Thecrewmembers arenervOuS abouttakingoveranew shipwithhighly

SOPhisticatedcontroIsystemsbasedonadvancednetworktechnology．Theycomplainthattheyarenot

abletofault一重ndinnetworkproblemssincetheydon’thavethenecessaryknowledgeaboutthemain

COmPOnentSandtheirfunctions．

AtSIMACwehavebeenteachingaboutthemaincomponentsofcontroIsystemsfbracoupleofyears，SO

thestudentshaveleamedaboutPLC（ProgrammableLogicControllers），Graphicuserinterface，Network

COmPOnentSandInternettechnology，butalwaysasindependenttopics．Because ofthese small－SCale

laboratoryexercisesthestudentshavenotseenthecomponentsintherightcontext，anddonothavea

COmPleteoverviewofaship’scontroIsystem・

STCWandautomation

TheinternationalconventiononStandardsofTrainlng，Cert摘cationandWatchkeeplngforSeafhrers，

STCW，isthemainguideforallthoseinvoIvedineducatingseafarers．TheSTCWisnotveryspecincin

itsrequlrementSR）rCOmPetenCeSWithincontroIsystemo句ectives．TheSTCWcodeisaratherstatic

document，WhiletheareasofITandautomationaredevelopingrapidlyinthemarine sector，SOitis

importantthattheobjectivesinSTCWareacceptedas’’meminimumstan（ねrdQfco71PetenCeS”，aSStated

inSTCWTableAqIII／2．ThecompetencesconcernlngCOntrOIsystemsinSTCWarespecinedasfollows：

“Theoreticalknowledge：Marineelectrotechnology，electronicsandelectricalequlPment．Fundamentals

Ofautomation，instrumentationandcontroIsystems．”

Theselinesareofcoursetakenoutofcontext．Theyareinexactandatthesametimemeantasminimum

requlrementS，SOfortunatelywecanusethemasguidelinesforaverythoroughautomationtrainingfor

Shipofncers・Itisuptotheeducationinstitutionstocloselyfo1lowthetechnicaldevelopmentwithinthis

area，andtomakesurethatcourseplansandcompetencesinhousearecontinuouslya嘩ustedtokeepup

Withthebusinesscommunity．

㍍ProjectShip，，atSIMAC

At SvendborgIntemational Maritime Academy，We reCOgnlZe the need to combine the study of

machineryandelectricaltechnologywiththeITandAutomationpart．Wearethereforeintheprocessof

modernlZlngOurlaboratoryfacilitiestomeetthisnewchallenge・

ThenrstpartoftheprqeCtWaStheestablishmentofacontroIsystem，witheconomicsupport丘omthe

DanishMaritimeFund・ThetopologyofthecontroIsystemestablishedintheSIMAClaboratorylSVery

muchinspiredbyrealtopologydiagramsftomadvancedships（Fig．3）．
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The resultofallthis modernization willbe afully automatedlaboratory with the mostimportant

machinerylnStallationsfbundonaship・TheprqleCthasbeenglVenthename“Pr亘iectShip”tomakeit

Clearthatstudyconditionsarethesameasonboardarealship・
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Fig．3．TopologydiagramforthecontroIsysteminthelaboratory

SIMAC startedbyestablishingadistributedcontroIsystemwithcontrolroomandfacilitiesforthree

groupsofstudentstoworkatthesametime．

Infuturewewillconnectallthenecessaryauxiliarysystemstothisinfrastructureinthelaboratories．

Thesefacilitiesmakeinterdisciplinarytrainingpossible，SOthesamelaboratoryexercisescombinethe

mechanical，electrical，autOmationandITaspects・Thesetupalsogivesstudentsagreatopportunityto

definetheirownexercises／prqjectsandinvestigateproblems丘omnewangles，uSlngthebuilt－indata

logglngandtrendcurvefunctionfbrallo句ects．

ThenewcontroIsystemmakesitpossibletofault一員ndonnetworktechnologyandbuscommunicationsin

arealcontext・Thestudentscanstudythedocumentationandtrysomefaulthdingexercisesamongthe

COmPOnentSinarealcontroIsystem．

Historicalprocessdatacanberetrievedfiomthedatabaseaswellasfromevent－andalarmlogs，SO

dif托rentprocessdatacanbeheldupagainstdi脆rentloadconditionsorafaultsituation，Oftenleadingto

anewunderstandingofthepossibilitieswithautomation．

ThissetupwillgiveourstudentsanexcellentopportunitytostudyhowcommunicationincontroIsystems

WOrks・Wesetupapproprlatefaultstotrainthestudentstotrackfaultsandfamiliarizethemwiththemain

COmPOnentSOfamodemCOntrOIsystem．
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ToglVethestudentsandguestsanideaofhowshipscouldbemonitoredfromashore，threeweb－CameraS

havebeenaddedtothelaboratory．WhentheseareincludedinthenetworkVPNconnection，Wehope
theywillencouragethestudentstoworkwithprqleCtSaboutdistancemonitoringofshipinstallationsin

the免Iture．

Studentsasprogrammcrs

ThecontroIprogramsinthecontrollerswillbeprogrammedbysomeofourstudentsandthencheckedby
thelecturers．

Wehavealreadycompletedthenrstpartofthis“Pr亘iectShip”byad叩tingthecontroIsystemontothe

B＆Wmainenglne．

Thisnrstprogrammlngjobwasdonebytwostudentsincooperationwithasenioro用cerfromaDanish

Shipping company（Fig．4），and resultedin a prdect toimprove the operatorinterface（HMI）for

manoeuvrlngthemainenglne．

Fig．4．SIMACstudentsasprogrammers

The start and stop programfor the main englne WaS PrOgrammedin the programmlnglanguage

”SequentialFunctionChart”inaccordancewithIEC6113ト3．

Thetraditionalsequentialprocessforstartingthemainenglneisnowvisualizedontheoperatorstations

StePbystep，andeachtransitionconditioncanalsobeseenonthescreen（Fig．5）．

Asaresultofthisprogrammlngprqiect，the52－inchscreeninthecontrolroomisnowoftenusedasa

pedagoglCaltooltoexplainthenecessaryauxiliarysystems，Whichmustbestartedandmonitoredduring

thestartupprocess．

Thefurther phases of“Prqiect Ship”at SIMAC consist ofprogrammlng COntrOIprogramsfor the

machineryequlpmentanddesignlngtheuserinterface．Thesewi11bedonebythestudentsaspartoftheir

bachelorprdectsorotherprqiectsrelevanttotheireducationasshipomcers．Lettingthestudentsbe

PrOgrammerShasapositivesideefftct．Theyknowmuchmoreaboutit，haveaccepteditandarenow

keentogetinvoIvedintheupcomlngWOrkwithintheprdect．
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Fig．5．Graphicpresentationofsequentialprocess

Jointventurewithvendors

ThemodemizationprocessinSIMAClaboratorieswillbea丘nancialburden，WhichmustbesoIvedin

PartnerShipwithmaritimebasedcompanies・SIMACof托rsthecompaniestheopportunitytohavetheir

modernequlPmentOndisplaylnthelaboratoryforthemaritimedecision－makersoftomorrow・SIMAC

OffbrsthephysicalinstallationaswellastheprogrammlngOftheequlPmentSOitwillbecomepartofthe

“Ship’S”controIsystemandcanbeusedtotrainthenewofGcers・

Vendorscanalsousethelaboratoryas ashowroom fbrtheircustomersand／OrSIMAC students can

Participateinfu11－SCaletestsonnewequlPment，aClearadvantageforboththestudentsandthevendors・

Educatingthelecturers

ThenewITandAutomationeducationchallengeisnotonlyaproblemforthestudents．Thelecturersat

theeducationinstitutesmustbeeducatedinthistechnologyaswell，andatarelativelyhighlevelto

ensurethattherightmethodswillbeusedtotraintheshipofGcerstudentsa氏erwards．

In Denmarkthereis an ongoing prqject setup by the“Danish Maritime Authority”to educate the

m亘iorityofthelecturers at the maritime educationinstitutes to thelevelofmaster’s degree．This

educationalprogram has been a great opportunityfor thelecturers to reach the necessarylevelin

AutomationandIT，enSurlngthatwecanmeettheAutomationandITeducationchallenge．

PART2．AUTOMATIONEDtJCATIONSUPPORTEDBYAFLEXIBLEMOBILE

TRAININGKITANDONLINELESSONS

AtSIMACwehavebeenworkingfbrseveralyearstoimprovetheteachingareaofITandAutomation．

Weknowfromexperiencethatstudyingthetheorybooksisnotalwaysenough，andtheorydoesnot

appealtoallstudents．Them亘iorityofourstudentsaremoreinterestedinpractice・Theywanttodiveinto

thetechnicalandpracticalstuffandgethandson・WenndaprqJeCtOrientedmodelthatcombinestheory

Withpracticeisthemoste脆ctiveteachingmethodfbrthisarea・ButgettlnghandsoninautomationglVeS

SOmeloglSticandeconomicproblems．Thehardwareandso氏wareareoitenveryexpensive・Ourmodel

StartSwiththeteacherglVlngaClasslessonandafterwardsgroupsworkhandsonwithaproblembased

OnaCaSeStOry．Theycon鎖gurehardwareandprogramso氏ware，PrOducedocumentation，Performtests
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andrecordtheirconclusions・Theyareinspiredtopayattentionandthenworkouttheirownsolutions

uslngmarineautomation．

ThiswellprovenmodelisnowbeingRlrtherdevelopedincombinationwithE－learnlng．

SIMAChasalotofexperiencewithE－learnlng丘omeducatingtechniciansfortheo恥horeindustry・

Whenwecombinethisexperiencewithteachingresultsinautomationformaritimestudies，Wetakethe

bestofbothtoformanewconcept．Withbackgroundintheseconsiderationswewillworktowardsanew

leam1ngPrOgrambasedonaLeamlngManagementSystemcontainingthetheoreticallessonsthatsupport

thestudents’workwiththeirproblembasededucation．Aunlquetrainingkitthatcontainsthenecessary

hardwaretoprovethetheoriesprovidesfurthersupport．Theteachingwillbebasedonanewgeneric

trainingmodel（Fig．6）inspiredbymodelsfromtheareaofsoRwaredevelopment．

Studyonlinetheory

PraEticale）はrCise

い8如OmP触d

PointotProgress

l創t鮨k叩脛ed

Prqiectassignrnent

いu州toon－ine軸udor

FeedbaCk

OnHneevaluation

Fig．6．GenerictralnlngmOdel

Thepracticalexercisewi11beatiterativeprocessasacombinationoftheoryandexercise．

Testingthetrainingmodel

The combined training modelhas been tested bythreeIndian studentsfrom AMET Universityin

Chennai，Who visited SIMACfor eight weeksin sprlng2009to gain knowledge within marine

automationtoimprovetheirbachelorprqiectasmarineengineers（Fig．7）Ram，ArunandNithinfbllowed

SeVerallessonsandfromtheretheyworkedontheirownbyfbllowlngtheonlinematerialonSIMAC’s

Webserver．TheylmPrOVedtheirskillsbychallenglngeaChotheragainstthetasksandthetralnlngkit．
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Fig・7・AMETstudentsworkingonlinewiththeirtrainingkit

Thestudents抒omAMETUniversityhadannalassignment：tOPrOduceacompleteautomationsystem

foradieseldrivenemergencygenerator．TheirpresentationofthisjobforthelecturersatbothAMETand

SIMACwastobedoneasaWEBdemonstrationoftheirwork，SPeCincallytheirautomationsystem，

includingtheirWEBvisualizeduserinterface．

Thedemonstrationtookplaceonthe4thMay2009（Fig．8）．Thelecturersandstudentswerereadyintheir

auditoriumsandtheperfbrmancewasagreatsuccess・Afterwardswehadaverypositiveresponsefrom

bothstudentsandstaffofAMETUniversity．

Fig・8・AMETstudentspresentingtheirworktotheircolleaguesatAMET

CONCLtJSION

Nowthatwehaverecognizedtheneedfbrathoroughtraininglnmaritimeautomationforthestudents

Whowillbecomeshipofncers，Wealsomustfacethefactthattheoreticallessonsarenotalwaysenough，

andtheorydoesnotappealtoallstudents・Them亘iorityofourstudentsaremoreinterestedinpractice．

Theywanttodiveintothetechnicalandpracticalstuffandgethandson・AtSIMACwehavefacedthe

hctsandareworkingtodevelopthemostbenencialwayofimprovlngOurautOmationtralnlngSOthe

Studentsgetthemostoutofit，butwemuststillconsiderarealisticeconomy・Thecombinedlearnlng

methodthatsupportsclasslessonswithonlinelessonsandthephysicaltrainingkithasproventobe

PrOntable，andwillcertainlybepartoftheeducationandtraininggolngOnatSIMACinthefuture・

ThenewcombinedtralnlngPrOgramCanalsobeusedbyfbrmerstudents，nOWCreWmembers，tOtrainthe

SkillsneededinthenewareasofadvancedmaritimeITandautomation．
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