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ABSTRACT

Asoneofthelargestarchipelagiccountriesintheworld,Indonesiahasbeenrunningthemaritime
highwaysysteminrecentyears.Thisstudyfocusesonhowto improve theroleofIOTplatform
inthemaritimehighwaysystem.Furthermore,inthisstudy,theauthorsaredesigninganewIOT
systemframeworktosupporttheoperationofthemaritimehighwayprogramintheseaportlogistics
systeminarchipelagocountries,especiallyIndonesia.Eachpartoftheportmanagementstakeholders
likeportauthority,commodityproductscompany,shippingcompanies,andthegovernmentwith
theirdifferentpolicies(unique)ineachislandregionhascreateditsownITsystemandlinksitto
everywebsiteinitsorganizationpartiallyandnotyetfullyintegrated.Thisresearchprovidesnewly
integratedframeworkswiththeIOTapproach,andalsoafewrecommendationsrelatedtopractical
andtheoreticalcontributionsthatcanbefurtherdevelopedintheseaportssector.
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INTROdUCTION

Seaportsareoneofthemostimportantpartsofthetransportationnetwork.Theyneedtobeableto
supportthetransportationofpeopleandgoodsfromoneplace(hinterland)toanother(foreland).The
maritimetransportationsystembetweenregionsishighlydependentontheconditionoftheseaports.
Developingportsthatprovidethebestserviceisoneofthemostimportantfactorstobenefitthe
economyaroundtheportarea,aswellasthecountryitself;thisisespeciallyimportantinarchipelago
countries(Pelindo,2012).

Based on World Population Review data (2019), Indonesia is the country with the largest
archipelagointheworld,andrequirestheuseofmaritimetransportationnetworkstomeettheneeds
ofitspeopleacrossthecountry.BasedonthedatafromtheIndonesianMinistryofTransportation
for2005–2013,thenumberofnationalmaritimetransportcompaniesincreasedbyabout7.7%per
year,andtheprovisionofthenationalfleetincreasedbyabout10%peryear.In2013,theshareof
oceanfreightcargobynationalshippingcompanieshadreached99.7%.Itisclearfromthesedata
thattheroleofthemaritimetransportationsysteminIndonesiaisofgreatimportance.
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However,thereareproblemswiththeseaportoperationsystemsofthetransportationnetworkin
Indonesia.BasedontheannualreportsofPelindo(IndonesianPortAuthorityCompany),theproblem
inIndonesiain2012waslogisticscosts(andportcosts),whichweresomeofthehighestintheworld
(24%oftotalGDPorIDR1.820trillionperyear,comparedwithMalaysia(15%),andJapanandthe
USA(10%)).AccordingtothePelindoannualreport,andourownobservationsandinterviewswith
representativesofoneoftheportauthoritiesinIndonesia,theaveragedwellingtimeinIndonesian
portsis5–6days,comparedwithonlyonedayinSingapore,andthatincludedpre-clearance,custom
clearance,andpostclearancetime.Thedifferencesinportoperationcostsbetweentheregionsof
Indonesiaarealsohigh.By2023,thelogisticsmarketwillhavebecomeoneofthelargestindustries
intheworld,butcurrentlyportsinIndonesiastillhavelowcompetitivenesscomparedwithother
countries(WorldBank,2018).Thereasonisthatlogisticscostsarestillexpensiveanddwellingtime
isstillhigh.

The urgency of providing an efficient national connectivity cost reduction within the
national logistics framework has been put on the national agenda. In 2014, the President of
Indonesia,JokoWidodo,startedtodevelopamaritimehighway(inIndonesiancalledTol laut)
thatwouldbeusedastheconnectionbackboneandmakeIndonesiatheworld’smaritimeaxis.
Itsdevelopmentrequiresmajorchangesinthepatternoforganizationformaritimetransportation
thatwill takemanyyears to complete.Thechanges includeprovisionofport infrastructure,
networkmanagement,andbusinesssystems.

The first maritime highway system was introduced by the United States government about
eightyearsago,basedonAmerica’sMarineHighwayReporttoCongress(2011),submittedbyU.S.
DepartmentofTransportation,MaritimeAdministrationTheimplementationofamaritimehighway
systeminanarchipelagocountryhasnotbeenaddressedclearlyinpreviousstudies.Protopapaset
al.(2013)onlyaddressedtheissueofmarinehighwaytransportationinrelationtotoxicinhalation
ofhazardousmaterialsintheNorthAmericanregion.

Relatingtosupportinginfrastructureespeciallyinformationtechnology(IT)systemsatseaports,
SeethaRamanetal.(2018)intheirresearchresultshaveshownthatinlogisticsmanagementand
supplychaincommunicationpatternsinparticular,InternetofThings(IoT)isoneoftheimportant
factors affecting the supply chain industry regardingoperationalvalue added, costoptimization,
customersatisfaction,visibility,andreducingthecommunicationgapbetweendemandmanagement
andsupplychainmanagement(SCM).Adoptingbigdatatechnologycancreateaddedvalueandgreat
monetarybenefitsforthecompanyandwillsoonbecomeastandardinallindustries.

Inthisresearch,wetrytofocusondesigningtheITsystemframeworktosupporttheoperations
ofIndonesia’smaritimehighwayprogramandespeciallythelogisticssystem.Infact,someport
systemsinIndonesia,althoughstillpartial,haveimplementedapproachessuchasERPsystems.
Eachpartoftheportmanagementcreatesitsowninformationsystemandlinksittoeverywebsite
initsorganization.UtilizationoftheexistingERPsystemwillbecomethemainkeyindesigning
newframeworkwithIOTconcept.BasedonRajendranetal.(2015)studiedthatmostindustries
implemented ERP to increase sales and profits and reduce legacy system problems in their
organizations.However,attheimplementationstageitselftheyfacemanychallenges,sometimes
theyevenfacefailureinimplementation.

SomeresearchersinvestigatetherelationshipbetweenERPandtransportationorlogisticssystems
(Rondinellietal.,2000;Ince,2013;Kandananond,2014).Astransportationandlogisticssystems
continue tobe integrated, their impacton thephysicalenvironmentwillbecomemorecomplex.
Economicglobalization,agilemanufacturing,fastdeliverytomarkets,andsupplychainmanagement
create greater demand for intermodal transportation services and multimodal transportation
infrastructure(Rondinellietal.,2000).Earlier,enterpriseresourceplanning(ERP)andlogisticsor
supplychainmanagementrepresentimportantinformationtechnologyinvestmentoptionsforoperation
orITmanagersandhavebeenacclaimedinthepractitionerandacademicliteraturefortheirpotential
toimprovebusinessperformance.
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LogisticsandERPsystemapplicationshadacknowledgedthatthelogisticspracticesandERP
systemhavepositiveeffectsonfirmperformanceandcompetitiveadvantages(Ince,2013).Onthe
otherhand,Kandananond(2014), inhisstudysaidthatagoodapplicationofERPreliesonfive
importantelements:definingthebusinesscase,preparingthesystemandusers,stabilizingittoget
normaloperationandmaintenance,andimproving.Inaddition,organizationalinternallearningis
anotherkeyfactorforsuccessfulimplementation.However,someofthepreviousstudieshavenot
yetdiscussedtheIOT(InternetofThings)effectontheimplementationofERPsystemframeworkto
supportmaritimetransportsystems,especiallymaritimehighwayprogramssuchasthoseinIndonesia.
Therefore,inthisresearch,wetrytodesigntheframeworkofIOTimplementationtosupportmaritime
highwaysystemtoimprovetheeffectivenessandefficiencyofmaritimetransportationsystemand
logisticsparticularlyinIndonesia.

In this research, the process of determining the variables as the basis of user needs in the
applicationisdonebyinterviewingseveralportauthorityofficialsandrelatedparties,aswellas
doingfieldobservationinseveralmajorportsinIndonesia,amongothersareLamongBayTerminal
andTanjungPerak.Asacomparisondata,sothatthismodelwillbemodular,weobservedportof
KlangMalaysia,whichhavetriedtoimplementthisIOTsystem.

Inthenextsectionwereviewrelatedstudiesandsummarizestheirfindings.Insection3,we
proposetheresearchprocess,explaintheresults,andprovidediscussions.insection4,wepropose
theobjectiveandmainfunctionofdesigninIOTmaritimetransportationsystem.Insection5,we
proposeoutlinesoftheimplicationandrecommendation.Finally,insection6,weproposeconclusion,
limitationsandareasoffutureresearch.

LITeRATURe ReVIew

Zhou, Liu, and Wang (2012) analyzed the IOT concept along with its architectural system
tomeet thedemandsof intelligent transportation function in intelligenturban transportation
management. In addition, they also discussed key technologies involved in urban intelligent
transportationmanagementanddesigneddetailedstructuralmodelsofintelligenttransportation
systemsbasedonIOT.Ultimately,theforesawthepotentialofChina’sintelligenttransportation
systembasedon IOT.AsYawObengandBoachie (2018)explained in their researchon the
analysisoftheimpactofITinnovationinthebankingsystem,theyexplainedthattheimpactof
highinnovationwasmorelikelytocontributethehighesttoemployeeproductivityduringthe
newprocessorwassignificantlymorelikelytocontributehighest(34.9timesmorethanother
predictors)towardsinnovationsatisfaction.

Inthisresearch,wefocusonmaritimetransportationsystem,especiallyinIndonesia,acountry
thathasstartedtoreleasemaritimehighwayprogram.Themaritimehighwayprogramandlogistics
systemparticularly,asanemergingprogram,hasgainedmoreattentionrecentlyamongresearchers.

Thedesignof the seaport system is in accordancewith the IOTapproach,whichoptimally
integratesitssupplychainsystemandbecomesveryimportantintoday’sglobalbusinessandlocal
economy.SeveralstudieshavetriedtorevealhowERPframeworkhelpsdesigneffectiveandefficient
systems.Therefore,inthisstudy,wetrytoproposetheintegrationofanewmodelfromtheprevious
ERPapproach.Then,IOTconceptapproachmodelisusedtodesignaneffectiveandefficientmaritime
highwayprogramframework.

Inourstudy,wecollecteddataandopinionsofexpertsintheprocessofdesigningIOTframeworks
bydistributingthirtyopenquestionnairestoeachstakeholderrepresentative.Tomaintainthevalidity
andcredibilityofeachresponse,thechosenrespondentsareexpertswhohaveworkedatleastfive
yearsineachinstitutioninthefieldoftransportationandlogistics.Distributionofquestionnairesand
datacollectioninvolvesseveralstakeholdersasshowninTable1.
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Marine Port System
Innationallogisticsystem,thepatternofdistributionnetworksbetweenmaritimeterritories,maritime
industries,andportshasundergonemanydevelopmentsinordertoplayitsroleinsupportingthe
economicgrowthofaregion.ThefactisseaportsinIndonesiaarestilllargelyconventional,especially
ineasternIndonesia(Kemenhub,2013).Theineffectivenessoftheroleofseaportsinsomeareasof
IndonesiacanalsoinfluencethedistributionpatternandcommoditypricesinIndonesia.Therefore,
Indonesianmaritimehighwayprogramtoimprovethenation’seconomicgrowth,especiallythrough
optimizationoftheseaportsystem,iscrucial.Inthisstudy,wealsogiveanotherperspectiveforthe
existingliteraturebyintroducingseaportlogisticsystemdevelopmenttosupportIndonesianMaritime
highwayprograminindustry4.0era.Itisclearthattheregionalizationphaseandassociatedhinterland
conceptsrequiresadvancedapproachestoportcontrolandafunctionalfocusthatexceedconventional
portperimeterbecauseeachprovinceinIndonesiadoeshaveitsowncharacteristics,especiallyrelated
toitsseaportsystem.Severalpreviousstudieshavediscusseddesignsrelatedtothedevelopmentof
portlogisticsystems,atbothstrategicandoperationallevels.

Liang(2012),inhisresearch,determinedaviablesolutionfortheimplementationofknowledge
managementinport,inwhichthetopfivesolutionsincludedatastorageanddataminingsystems
arrangement,decisionsupportsystemsarrangement,informationandcommunicationinfrastructure
development,databasedevelopmentfordocumentmanagement,andutilizationofgroupwareand
othersoftware.Indevelopingandenhancingthegrowthofseaports,weshouldbeabletofacilitate
theinfluenceofcultural,institutional,andgovernancefactorsofthehomecountry,theinfluenceof
economicandcompetitiveenvironmentinthehomemarket,andstakeholdermanagement(Dooms,
2013).Kavaliauskiene(2014),usingservicequalityapproach,indicatedthatlogisticserviceusers
areconservativeenoughsothattheycautiouslyconsiderinnovations.Nevertheless,theyproperly
meetITintegrationandareawareoftheirshortageoftechnologicaladjustmentsinlogisticsprocesses
atdifferentstagesofcustomerservice.Moreover,Lee(2014),usingStructuralEquationModels
(SEM),determinedsomevariablesimprovingportperformancesuchasServqualdimension,brand
awareness,brandloyalty,andoverallvalueofbrandequity.

FruthandTeuteberg(2017) in theirstudyshowsthat it is important tocapture thepotential
forthedevelopmentofcurrentdigitalizationinmaritimelogisticsinordertobenefitfromprofits.
However,researchisstillinitsinfancy,andthereisalackoftheoreticalandempiricalwork.Taking
intoaccountthemethodologyandresearchfindingsofeachofthepreviousstudies,weconcludethat
therearestillgapsthatneedtobecorrectedinthedevelopmentoftheseaportsystem.Throughthe
caseinourresearchinarchipelagiccountries,someadjustmentsneedtobemadetothevariables,
especiallyregardingstakeholdersineachareaoftheportauthority.Including,theregulationsand
policiesofeachlocalgovernmentineachislandwillcertainlyaffecttheport’sdevelopmentsystem.

RelatedtotheIndonesianmaritimehighwayprogram,IndonesiagovernmentespeciallyPresident
JokoWidodo,hasbeenrunningthemaritimehighwayprograminrecentyears.Thisprogramisthe

Table 1. Respondent data for questionnaire distribution

No. Stakeholders Company / Organization Respondent

1 Shipping/LogisticsCompany 3shippingcompanies Eachcompanyhas2experts

2 CommodityproductsCompany 2Commodityproducts
companies Eachcompanyhas2experts

3 Government RepresentativeofMinistryand
LocalGovernment 10expertofficers

4 PortAuthority PelindoandTerminalTeluk
Lamong 10expertofficers
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effortofPresidentJokoWidodotoprovideamaritimetransportnetworktogetherwithsubsidies
andimprovementofportfacilities.Itisexpectedtoreducelogisticscostsandmakepricecheaper.
Inaddition,sincetheshipsarenowwellscheduled,itisexpectedthatdevelopmentalsobecomes
morequicklyimplemented.

Aswementionedintheprevioussection,thefirstmaritimehighwaysystemwasintroducedby
theUnitedStatesgovernmentabouteightyearsago,basedonAmerica’sMarineHighwayReport
toCongress(2011),submittedbyU.S.DepartmentofTransportation,MaritimeAdministration.In
America’sMarineHighwayprogramtherearesomebenefitsthathavenotbeenfullyrecognizedin
currenttransportationplanningandinvestmentdecisions.Theseincludeassistancefornewandexisting
ships;usefulmaritimeworkforthenationintimesofpeaceandnationalemergency;reductionof
andimmediaterelieffromsurfacetransportcongestion(especiallyonroutesthatprovideground
accesstourbanports);enhanced,abundantandcost-effectivenewcargocapacity;reductionofcosts
inmaintenanceandrepairof roadsandbridges;and thecreationofadiverseandmoreresilient
transportationsystem.

Basedontheliteraturereview,wewilldiscussthestudyobjectivesinacomprehensivemanner.
Moreover,byusinganERPsystemapproach,weexpectedanoutputinIOTframeworkthatcan
encapsulatealloftheinformationfromstakeholders.

Internet of Things on Marine Port System
TheInternethasgrownrapidlytomeetallaspectsoflife.JangHyunKimetal.(2017)intheirstudy
tracksthetrendsofacademicresearchespeciallyontheInternetofThings(IOT)byexaminingthe
WebofSciencedatabaseusingsemanticnetworkanalysis.Manyclustersareidentifiedfromsemantic
networks2015-2017includingsmartandsmarthomenetworks,sensornetworks,physicalnetworks,
monitoringandenvironmentalsecurity,andcloudcomputingandlargedata.

TheapplicationofIOTinseaportservicesystemhasactuallybeenwidelydiscussedandapplied
in some previous researches. Several studies discussed it in the technical scope, the operational
system,andthesupportingtoolsoftheIOTimplementationontheport.XisongDong(2013)in
hisreporthasalsoexplainedthedevelopmentofinformatizationofmajorinternationalports.The
technicalrequirementsofthenextgenerationIntelligentPortimplementationshavebeencollected
andanalyzed.KeyrelatedtechnologiesfromtheInternetofThings,IntelligentPortsSolutions,and
theirmainfunctionsaredesigned indetail.Theresearch isclosedwithpredictionsof thefuture
developmenttrendofIntelligentPorts.

Stietencron (2017) in his report presents a solution approach and implementation of the
prototypeoftheuseoftheInternetofThings(IOT)tohelpmarinesailorsproducersintheprocess
ofmanagingtheusephaseoftheirproductsandservices.Theseafarers’producersfacechallenges
thattheyneedtoadjusttheirschedulesformaintenance,repair,operations,andotherenvironmental
engineeringservicestoaspecifiedschedule,whichareoftennotcommunicatedwellamongships
carryingtheirproducts.

Fromthesestudies,wehavealsoextractedinformationfromtheperspectiveofportauthorities
tofindouttheextentofthecurrentIOTimplementation.FromsomeportauthoritiesinIndonesia
inparticular,weconductedaninterviewwiththebestportauthoritynamelyLamongBay.Inits
operationalsystem,ithasthebest loadingandunloadingprocesstechnologyinitsclass,but the
implementationofinformationsystemssuchasERPisstillpartialandnotoptimalamongagencies
orstakeholders.

Inaddition,basedontherecommendationLamongBayportauthority,wealsohaveobservedthe
implementationoftheIOTinMalaysianportauthority,PortKlang.Portmanagementhasappliedthe
IOTconcept,byreleasinge-PANforthebenefitoftheinitialarrivalofshipsrelatedtothesecurity
processofshipstobeanchoredandalsothee-DCFZsystem.Theimplementationofe-DCFZwill
helpstreamlinethetradingprocessandanticipatethegovernment’svisiontoimprovetheeaseofdoing
businessinMalaysia.However,basedontheresultsofobservationandanalysis,wefoundthatthe
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IOT’sforwardingisstillpartialandtechnicalincertainfields.Eachfieldmakesitsownapplication
andnotyetintegratedasawhole.Thenalsostilltechnicallytendthatonlyfocusincertainfields
only.Notallinformationsystemsofeachstakeholdercanbeintegratedoptimally,and,fromtheside
ofportservicesuser,isstillnoteffectiveandefficient.

Thisisalsoreinforcedbasedonourpreviousresearch,Kusumaetal.(2018)abouttheanalysis
ofthemarinetransportationsystembetweenIndonesia,MalaysiaandtheUSACountry.Theresults
ofthedescriptiveanalysisareshowninTable2.

Therefore,inthisresearchweproposeIOTframeworkformaritimetransportsystemespecially
inIndonesiabasedonthepreviousIOTarchitecturedesignwhichhasbeendonebyZhouH.,Liu
B.,WangD.(2012)aswehaveexplainedbefore.

ReSeARCH PROCeSS

Inaccordancewithourpreviousexplanation,somepreviousstudieshavenotdiscussedtheeffect
ofIOT(InternetofThings)fortheimplementationoftheERPsystemframeworktosupportthe
maritimetransportationsystem,especiallymaritimehighwayprogramsuchasthoseinIndonesia.
In thisstudy,wepropose todesignanIOTframework tosupportmaritimehighwaysystems
toimprovetheeffectivenessandefficiencyofmaritimetransportationandlogisticssystemsin
Indonesiainparticular.

Table 2. Comparison of maritime transportation industry conditions

Indonesian Malaysia USA

Operation and Policy of 
Marine Transportation 
Industry

-Thereareapproximately
70majorportsspread
across34provinces.
-Implementmarinetoll
programs.
-Themainportismanaged
bythegovernmentasa
state-ownedenterprise.

-Thereareabout7major
portsofcargo.
-Someportsaremanaged
byprivatecompanies.

-Thereareabout100major
cargoports.
-ImplementtheAmerican
MarineHighwayprogram.

ERP System 
Perspectivenes

-Implementmarine
informationsystemsfor
internalportauthority
authorities.
-ImplementationofERPis
stillnotoptimal,andonly
insomemainportsonly.

-Implementmarine
informationsystemsfor
eachstakeholder.
-Implementationofnew
ERPisdoneinsomeports
only.

-Eachportauthorityhasits
owninformationsystem.

ERP and IOT Platform

-Hasnotimplemented
integrationbetweenERP
andIOT.
-Hasnotintegratedthe
entireserviceprocessfrom
eachstakeholderinall
majorports.

-Hasappliedthee-PAN
applicationforthebenefit
ofearlyarrivalofvessel
relatedtovesselsecurity
processwhichwillbe
anchored.
-Implementationof
e-DCFZapplication,which
aimstofacilitateprocessing
ofdangerouscargo
documentsandfreezones.

-Hasnotimplemented
integrationbetweenERP
andIOTespeciallyfor
integrationofallservice
process.

Source: Kusuma et al. (2018)
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Theprocessofdeterminingthevariablesasthebasisofuserneedsintheapplicationisdoneby
interviewingtosomeportauthorityofficialsandrelatedparties,aswellasfieldobservations,among
others,atseveralmajorportsofLamongBayTerminalandTanjungPerakinIndonesia.

AswehaveoutlinedinTable1,thestakeholdersweinterviewedandrequestedtofillinanopen
questionnairetodeterminewhatvariablescouldbeintegratedlaterintheonlinesystemthatwas
built.Usingthesimplemethodofanalyticalhierarchyprocess(AHP),wecollectandidentifydatain
ordertodeterminethehighestlevelofimportanceofeachstakeholderregardingwhatbasicvariables
needtobeintegratedintheIoTapproachlater.TheresultsofthesevariablescanbeseeninFigure2.

Ascomparisondata,sothismodelwillbemodularespeciallyinsoutheastAsiaregion,sowe
trytodoobservationtoportofKlangMalaysiawhichhavetriedtoapplythisIOTsystemandhave
samegeographicalcharacteristicwithIndonesia.

Integratingall procedures in commodities transport fromand to each stakeholder related in
a business is oneofmanyways to increase effectiveness and efficiencyof overall supply chain
performanceinIndonesia’smaritimetransportationsystem.

Operatingsystemusedatthepresenttimeisstillconventionalandnottheintegratedone.On
onehand,localgovernment,shippingcompany,andportauthorityasservicesupplierareworking
individually.Ontheotherhand,therearemanyunlicensedextracoststoeasetheprocessthathave
tobepaidbycustomer.

Asstatedinthisstudy’sgoals,itisimportanttodevelopanewsystemthatoptimizeslogistic
systemperformanceandmaritimehighwayprograminIndonesiausingIOTapproach,sincetheuse
ofERPonlyineachstakeholderssystemfortheoperatingsystemhasnotbeenabletoworkoptimally
andinfullyintegratedmanner.

Hopefully,byintegratingallproceduresfromeachstakeholderintoanintegratedinformation
system,itwillbeeasierforcustomerstoaccessinformationrelatedtoportandmaritimetransportation
services.Wetrytoillustratetheoldlogisticsystemandmaritimetransportationmodeltransformed
intoanintegratednewmodel,whichsupportsIndonesianmaritimehighwayprogram,inFigure1.
UsingtheoldERPsystemplatformandupdatingitwithIOTplatform,hopefullytheMarine Highway 
Techapplicationprogramcanintegrateportcustomerservice,shippingcompanies,portauthorities,
andlocalgovernment.

ThearchitecturaldesignofIOTspecializedformaritimetransportationsystemisaplatform
withmanytechnicalsupportssuchase-commercetechnology,remoteradiofrequencyidentification
technology,andlogisticsmanagement.Therearesomekeyfactorsfortheimplementationofthis
technology,theyareremotesensingtechnology,informationtransfertechnology,intelligentprocessing
technology,and,ofcourse,internetserviceaccess.ByusingIOTtechnology,informationisexchanged
betweenstakeholdersofmaritimetransportationsystem,particularlyusersofIndonesianMaritime
Highway,inthisintegratedapplication.

Theinformationwillbefirstgathered,thenexchanged,andfinallyintegratedintheapplication
program, starting from data collection stage, information exchange, and integration of in-app
serviceprocedures.

Ininformationgathering,allstakeholders(customers,shippingcompany,portauthority,and
government)areobligedtoprovideanydatarelatedtomaritimetransportationserviceprocedures.
Thedatathatareneededare,forexample,productquantity,portfacilities,loadingandunloading
tools,freighttype,portcapacity,standardcosts,customsfare,etc.Themorecompletethedatagiven
intheIOTmanagementcenter,themoreoptimalthefunctionofthesystem.Thedatacompleteness
isanimportantfoundationinIOT.Informationexchangefocusesoninformationtechnologynetwork
aspectsofIOTsuchascommunicatingusinginternetservices.Thisstepinvolvesdataprocessing
centersintheIOTcenterwhichareresponsibleforIntelligentInformationProcessing.

Therefore,thesystemneedsnotonlythecapabilitytooperatethenetworkbutalsothecapability
toimproveefficiencyofinformationflow.Theimprovedefficiencyisneededbytheinfrastructure
inmakingIOTauniversalservice.
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Integrationofserviceproceduresintheapplicationisaimedtoaccomplishtheintegrationof
IOTtechnologywithportoperatingsystemsothatportservicecustomersfinditeasytoaccessall
serviceproceduressetbyportservicesuppliersinMarine Highway Tech.

Figure 2. Results of the variables

Figure 1. Research process
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THe OBJeCTIVe ANd MAIN FUNCTION OF deSIGN IN 
IOT MARITIMe TRANSPORTATION SySTeM

WesuggesttechnicalimplementationofIOTtoallstakeholdersthatareinvolved.Wehavedesigneda
platformthatcanbeaccessedbyportservicesuserstoassisttheserviceprocess,whereallstakeholders
canalsoaccessitfortheirinterestinaccordancewiththeprocedures.

InIndonesia’smaritimehighwayprogram,thereare7majorports,whicharethemainsupporters
ofcommoditydistributionchannelsthroughouttheprovincefromatotalof24marineportsthroughout
Indonesia.Thesevenportsarespreadacrossseveralislands,connectingtheislandofSumatra,Java,
Sulawesi,andPapua.Withthedevelopmentofthisnewsystemframework,themaritimetransportation
informationsystemormaritimehighwayprogramcanintegratetheoperationalsystemofsevenmajor
portsinoneapplicationplatform.Weillustratetheglobalplotcomparisonbetweenthecurrentseaport
informationsystemandthenewsystemdevelopmentdesignofIOTtechnologyplatformlater.

OnlyafewseaportshaveadoptedinformationsystemthroughERPsystemapproach.However,
inreality,itdoesnotrunoptimally,andmanyportsarerunconventionally.Figure3canslightly
illustratethecurrentglobalflowofinformationsystems.

design of Port Service User
Theimportanttasksthatmustbeperformedbyportdatabasesystemserviceprovideraredesigning
theapplicationplatform,collectingdata,describingtheinformationnetworkofeachstakeholder,
andintegratingitinoneapplication.

Initsimplementation,theserviceproviderortheoperatorofMarine Highway Techdatabase
system will involve a third (external) party under the control or supervision of the Indonesian
governmentbecausetheserviceprovidershouldprovidewarrantyrelatedtothedataofportservice
usersandotherstakeholderswhojointhenewsystem.

At this stage, we have tried to collect data from all stakeholders in the service operational
proceduresandsystemsforport serviceusers.Fromtheseservicevariables, thestructureof the
informationnetworkarecompiledinaccordancewiththeorderofthepredefinedprocedures.After
arrangingtheorderofallprocedures,wetrytointegratethemandredesignitintoamoreeffectiveand
efficientprocedureintermsoftimeandcostparametersthatmustbebornebybothserviceproviders

Figure 3. The architecture of IoT technology platform
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andportserviceusers.Allthesestageshavebeendiscussedandvalidatedwiththeauthoritiesand
expertsofeachstakeholder.

Figure 4 illustrates the results of our verification from each leader’s representatives of all
stakeholdersregardingprocessvariablesthatcanbesimplifiedandintegrated.Fromseveralstagesof

thepreviousprocessofeachstakeholder,theIOTframeworkissimplifiedintoasinglewindow.All
similaradministrativeprocessesofeachstakeholderareincorporatedintoanonlineapplicationsystem.

design of Shipping Company Service System
DeliveryprocessthroughportespeciallyinIndonesiasofarisstillconventionalandpartial.When
usersintendtodelivergoods,theymustfirstgothroughthetransportationservicecompanyinthe
port.Thecompanytakescareofalltheshippingadministrationprocessinport-authoritybeforethe
processedadministrationisgiventodifferentshippingcompanies.Itcertainlytakesalotoftime
andunstructuredcosts.

UsingIOTplatform,asinglewindowsystemwillbecreatedonline.Theentireadministrative
process,untilthegoodsarereadytobeshippedbytheshippingcompany,isonlydoneonlinewithout
havingtoinvolvemanypartiesoutsidetheintegratedsystem.

Especiallyforshippingcompanies,thereareseveralvariablesinthisplatformthatbecomethe
company’sneedswhentheyaretoregisterorsupervisethegoodsshippingprocess;amongothers
arethedeliveryoforderdatafromconsumersorusers,deliveryofgoodsdata,trackingaccesstothe
positionofgoodsandvehicles,aswellasproceduresforpaymentandreporting.

Figure 4. The architecture of existing information systems
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design of Port Authority System
According to Indonesian lawsand regulations,portsarevitalobjects thatmustbemanagedand
protectedbythestate.Becausetherearesomanyinterestsintheoperationalandserviceprocess,
regionalportauthoritiesaretheextensionofIndonesiangovernment.

Inportmanagementprocess,theauthoritiesshouldbeabletoworkwithseveralstakeholders,
especiallycustoms–whoaredirectlyintouchwithloadingandunloadingprocess.Determiningship
servicecostandtimeinportsisalsoaverysensitiveissueforportauthority.

Therefore,incarryingouttheIOTsystem,theminimumrequirementisthattheportauthority
canmanage informationsuchas load tracking, scheduling, shipcapacityandspecifications,and
completionandreportingprocesses.

Throughtheuseoftheonlineapplicationform,itisexpectedthatportauthoritiesareinformed
aboutallloadingandunloadingactivitiesintheport,candetermineacceptanceanddeliverypermits,
arrivalanddepartureschedules,containerstoragecapacity,includingpaymentadministrationprocess
orportservicecharges.

design of Government System
Inordertointegrateportinformationsysteminphysicallyservingshipsandgoodsfromallagencies
andstakeholders,theMinistryofTransportationhasimplementedasingleservicesystemthroughERP
approachandonlinesystem.However,theservicesystemisstillpartial,inwhicheverystakeholder
institution has its own domain that port users must pass. The implementation of online-based
informationsystemforshipserviceandportgoodsiscontainedintheRegulationoftheMinisterof
TransportationoftheRepublicofIndonesiaNo.PM157of2015.TheinformationSystemwillbe
forshipserviceandgoodsincludingincomingvessel,movedship,exitingship,mooringextension,
andcancellationservice.

Governmental agencies and related stakeholders in ports include Office of Main Authority,
OfficeofMainHarbormaster,HarbormasterOfficeandPortAuthority,PortOperatorUnitOffice/
PortOffice,CustomsOffice,PortHealthOffice,AgriculturalQuarantineCenter,FishQuarantine
OfficeandFishQualityMonitoring,ImmigrationOffice,PortBusinessEntity,TheNationalSeaat
thePortandLoadingandUnloadingCompanyatthePort.

Inpractice,shipsandcargoservicesuseIOTplatforms,especiallythereleasedMarineHighway
Techapplication.TheonlineapplicationsystemcanbedownloadedbyallserviceusersinPlayStore
App.Thee-MarineHighwayplatformisintegratedwithNationalSingleWindow(NSW)systems
andsystemsownedbytheDirectorateGeneralofSeaTransportation,DirectorateGeneralofCustoms
andExcise,DirectorateGeneralofDiseaseControlandEnvironmentalHealth,DirectorateGeneralof
Immigration,AgriculturalQuarantineAgency,FishQuarantineAgency,QualityControlandSecurity
ofFisheryProducts,PortBusinessEntities,andotherrelevantstakeholders.

IMPLICATION ANd ReCOMMeNdATION

This research provides newly integrated frameworks with IOT approach, and also a few
recommendationsrelatedtopracticalandtheoreticalcontributionsthatcanbefurtherdevelopedin
theseaportssector.

Implication for Practice
InFigure5,weprovideoneexampleof thepracticalapplicationwehaveproposedasaformof
implementationofIOTframeworkinthemaritimetransportationsystem.Intheillustration,thereisan
interfaceoftheMarine Highway Techplatformapplicationmanagedbytheapplicationadministrator
toeaseallstakeholderstoaccessallportserviceinformationandprocedures.
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Forusersofportservices,externalconsumersinparticular,thisapplicationwillbeabletohelp
themtoknoweverythingrelatedtotheprocessofdeliveringorreceivingtheirbelongings.Inthe
previousconventionaladministrativeprocedures,theyhavetodownloadtheinformationonebyonein
eachportapplication,customs,andshippingcompany.Nowallcanbedonethroughoneapplication.
Thepaymentprocessforportservicefeeswillbecarriedoutthroughm-bankingintegratedwith
Marine Highway Techsystem.Shipoperatorscanlocateandupdatethepositionoftheirships,and
theyarekeptinformedabouteverythingthathappensduringtheshippingorunloadingprocessof
commoditieswiththeintegrationwithGooglemapssystem.Forotherstakeholder’sfunctions,we
willtrytoexplaininthenextsectionindetail.

However,another impact thatwill arise is that therewillbemanyconflictsof interestwith
shippingagentswhohavebuilttheirconventionalsystemswithportstakeholders.Thepracticesof
additionalorwildcollectionfeesthathavebeencoveredupsofar,willbegreatlytrimmedbythe
onlineapplicationsystem.

Implication for Theoretical
Basedonpreviousresearchwediscussedabove,suchasparticularlyZhouH.,LiuB.,WangD.(2012),
analyzed the IOTconceptalongwith itsarchitectural system tomeet thedemandsof intelligent
transportationfunctioninintelligenturbantransportationmanagement.SeethaRamanetal.(2018)
intheirresearchshownhowIOTorbigdatatechnologycancreateaddedvalueandgreatmonetary
benefitsforthecompanyandwillsoonbecomeastandardinallindustries.AndstudiedfromJang
HyunKimetal.(2017),Stietencron(2017)andXisongDong(2013)ineachoftheirstudiesrelated
tothemarineportsystemhasexplainedhowthedevelopmentortheoreticalcontributionproduced
bytheirresearch.Sointhisstudy,weclarifythetheoreticalcontributionsthatcanbedevelopedin
theapplicationofIOTplatformsintheseaportarea.Basedontheresultsofourobservationsand
interviewswithseveralexpertteamsfromthegovernment,portoperatorsandserviceusersaboutthe
patternofsystemintegrationofeachportmanagementstakeholder,thecriticalaspectismainlyfrom
thegovernmentaspectasapolicymaker.Thepatternofstakeholderinteractionisstronglyinfluenced

Figure 5. Application Marine Highway Tech on Play Store
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byhowstrongly thegovernment regulatesandoversees theoperationof the seaportdigitization
system.Sotheregulatoryandlegalfactorsofthegovernmentthatregulatetheseaportsystemneed
tobestudiedmoredeeply, todeterminethebusinesspoliciesoftheseaport thenspecificallythe
applicationoftheIOTplatform.

Furthermore,wedesignedapatternfordevelopingalogisticsystematseaportsthatcouldbe
usedasareferenceinthefuturedevelopmentoflogisticssystem,especiallyfortheislandnation.With
thesystemdigitalizationapproach,allstakeholderswillbeconnectedtoeachotherinaplatformthat
aimstoidentifyproblemsinthefieldquickly,checkserviceperformancewhetheritmeetsstandards,
adjustparametersforresiliencesystems,synchronizeandsetinaccordancewithregulationsfrom
local government, then integrated with digital platforms in a mobile application. The stages of
developmentareshowninFigure6.

Thecomparisonofvaluedataamongports isobtainedfromWorldBankregardingLogistic
PerformanceIndex(LPI)inthelastfiveyearsusingradarchartsasshowninFigure7.Forexample,
basedonLPIdatarelatingtotransportcostvariables,Singaporehas3.96points,andGermanyhas3.86,
butIndonesiaisfarbelow2.90.ThismeansthatIndonesiastillneedstominimizeallcostsassociated
withtransportationandadministrationprocessinordertocompetewithSingaporeorGermany.

CONCLUSION, LIMITATIONS ANd AReAS OF FUTURe ReSeARCH

Through this research, we have designed a framework for the use of IOT concepts in maritime
transportationsystems.Byinvolvinguniquestakeholders,suchasportauthorities,shippingcompanies,
commodityproductscompanies,andgovernmentofficials(withtheirdifferentpoliciesineachisland
region)includingcustomsofficials.

Improved serviceprocessperformance in thepresenceof IOTplatformwhichmanifests its
implementation in the formof an example applicationon theuser’smobilephone thatwehave
displayed,willcertainlyreducemuchprocessingtimeandcoststobeincurred.Soproblemssuchas
highlogisticscosts,longdwellingtime,unevendistributionchannelsbetweenregionsandproduct
pricedisparities,especiallyintheeasternpartofIndonesiawillberesolvedsustainably.

TheframeworkwiththeIOTconceptapproachwillbeabletoassisttheoperationalsystem
ofmaritimehighwayprogramsinIndonesia,andisexpectedtobeamodelforthedevelopment
of maritime transportation systems in Southeast Asia in general. Countries with demographic

Figure 6. New pattern of development of Seaport Logistics Systems
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structuressuchasIndonesiaisanarchipelagiccountry,willcertainlyhelpwiththeimplementation
oftheIOTsystem.

Therearelimitationsofthisresearch,thatisnotalldataaccesscanbeopenespeciallyrelated
totheprocessofcustomsinspection.Becauseitisconsideredverysensitiveandhasmanyinterests
intheprocessbygovernment.

Currently,thedevelopmentofIOTintheearlystagesandkeytechnologyisstillintheexploration
stage,buthasaverystrongmomentum.WiththedevelopmentofIOTtechniquesandlargeinvestments,
especiallyexamplesofMarine Highway TechplatformapplicationsinIndonesia’smaritimehighway
program,intelligenttransportationwillbeabletoincreasetheeffectivenessandefficiencyofseaport
services.ThetechnologyoftheInternetofThingswillenablethedevelopmentoftransportation
systemsintoamoreintelligent,safe,harmonious,andenergy-efficientsystem.

However,keepinmindonregulationandgovernanceforaddressingsecurityandprivacy
issuesshouldbeconsideredinfurtherresearch.Theintegratedsystem,alongwiththeoptimization
ofserviceperformance,shouldhave thedatasecurity levelofall stakeholdersofseaports is
guaranteedconfidentiality.
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