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Abstract

ThemainobjectiveofthispaperiscomprehensivestudyonVisualisingtheDigitalTwinusingWebServicesand
AugmentedReality.Withthedevelopmentofindustrialsystems,numberofnetworkconnecteddevicesinanindustrial
system increases.Themanagementandhandlingoftheinformationgeneratedbythesedevicesisimportant.Inthis
paperweexploreconceptsofcyber-physicalsystem (CPS)whichisintegrationofcomputation,networking,physical
processeswhosebehaviourisdefinedbybothcyberandphysicalpartsofthesystem.CPSisasystem ofcollaborating
computationalelementscontrollingphysicalentities.Cyber-PhysicalSystem modelisthevirtualpartofindustrialdevices
likesensor,machines,CLPs.Inthispaperwealsoproposedthearchitectureofdigitaltwinbasedonwebservicesfor
accessingtheirdata.Thisarchitectureisconsistingoffivelayersi.e.DeviceLayer,UserInterfaceLayer,WebServices
Layer,QueryLayerandDatarepositoryLayer.Wepresentkeyenablingtechnologiesi.e.AugmentedRealityandweb
service,whereanAugmentedRealityisthetechnologythatexpandsourphysicalworld,bysuperimposingdigitalcontent
ontotherealworldandwebservicesaremodularunitofapplicationlogic.TheTwinModeldataisaccessedby
Augmented Realitysystem viaweb servicesand displayreal-timeinformation to theuser.Moreover,wepresent
applications,advantages,anddisadvantagesofdigitaltwin.
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1.INTRODUCTION

Many new national advanced manufacturing
strategies,suchasIndustry4.0,IndustrialInternet,and
Made in China 2025,are issued to achieve smart
manufacturing,resulting in the increasing numberof
newlydesignsingrowingtolargelinesinbothdeveloped
and developing countries. Under the individualized
designing demands, more realistic virtual models
mirroringtherealworldsofproductionlinesareusefulto
bridgethegapbetweendesignandoperation.Weare
facingthefourthindustrialrevolutionorthesocalled
Industry4.0.

TheDigitaltwinisavirtualrepresentationofthe
physicalproduct,adigitalshadow thatcontainsallthe
informationandknowledgeofit.Itisconnectedwiththe
physicalpartsomehow,allowingdatatransferfrom the
physicaltothecyberpart.Itisdefinedasadistributed
and decentralized approach to manage product
informationatproductitem levelalongitslifecycle.The
digitaltwinisdirectlylinkedtotheconceptofProduct
Lifecycle Management (PLM) systems. PLM

consolidates diverse business activities thatcreate,
modifyandusedatatosupportallphasesofaproducts
lifecyclefrom begin-of-life,middle-of-life,andend-of-life.
Digitaltwins,anamegivenbyGeneralElectrictoidentify
the digitalcopyofan engine manufactured in their
factories,arenow arealityinanumberofindustries.
Theyarealmost“identical”totherealthing,likeinthe
caseofGeneralElectricenginesandsomemodernkeys
whereyouhavetotaketheirdigitaltwintogetacopy,or
anaccuratereplicaslikeincaseofTeslacarsormore
coarserepresentation.

Thesedigitaltwinscanbeusedforavarietyof
purposes, simulation and monitoring are clearly
commonapplicationsofit.Theycanalsobeusefulas
platform totestaddson.Thegrowthofdigitaltwinsis
steamed by the growing digitalization in the design
phasethatendsupinproducingadigitalcopyofthe
final product, digital copy that is also used in
manufacturingoftheproductbyusingrobotsandother
sorts of digital controlled manufacturing tools in
factories.
.
2.THEORETICALFOUNDATION
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Theoreticalfoundation consistofcyberphysical
system anddigitaltwin.

2.1CYBER-PHYSICALSYSTEM

Acyber-physicalsystem (CPS)isanintegrationof
computation,networking,physicalprocesses whose
behaviourisdefinedbybothcyberandphysicalpartsof
thesystem.Embeddedcomputersandnetworksmonitor
andcontrolthephysicalprocesses,wherecomputations
affectphysicalprocesses and vice versa.In cyber-
physicalsystems,physicaland softwarecomponents
are deeplyintertwind,these components operate on
different structuraland temporalscales,exhibiting
multiple and distinct behavioral modalities, and
interactingwitheachotherinalotofwaysthatchange
with context.Ongoing advances in science and
engineeringimprovethelinkbetweencomputationaland
physicalelementsbymeansofintelligentmechanisms,
increasing the adaptability, autonomy, efficiency,
functionality,reliability,safety,and usabilityofcyber-
physicalsystems.This willbroaden the potentialof
cyber-physicalsystemsinseveraldirections,including:
intervention,precision ,operation in dangerous or
inaccessibleenvironments,coordination,efficiencyand
augmentationofhumancapabilities.

Figure Gives the architecture of Cyber-physical
systemswhichconsistsofsensorsandactuatorwhich
collectsinformationandactintothephysicalworld.In
addition,Theinformationcollectedbysensorswhichisin
analogformatareconvertedintothedigitalformat.The
data management system keeps database of
informationandsendittothedataanalyticssystem.
Afterreceiving inputs,the decision making system
executesthecomputationstoanalyzethecollecteddata
andthenbyasequenceofcontrolprocessesdecision
makingsystem relaysitsdecisiontotheactuatorsinthe
physicalworld.

Fig.1.Cyber-PhysicalSystem.

CPS is a system of collaborating process
components dominant physical entities. Today, a
precursorgenerationofCyber-physicalsystems(CPS)
will bring advances in personalized health care,

emergency response,traffic flow management,and
electric power generation and delivery,aerospace,
automotive,chemicalprocesses,civilinfrastructure,
manufacturing, transportation, entertainment, and
consumerappliancesaswellasinmanyotherareas
nowjustbeingenvisioned.

2.2DIGITALTWIN

TheDigitaltwinisavirtualrepresentationofthe
physicalproduct,adigitalshadow thatcontainsallthe
information and knowledge of it. Digital twin is
connectedwiththephysicalpartinsomeway,allowing
datatransferfrom thephysicaltothecyberpart.Itis
definedasadistributedanddecentralizedapproachto
manageproductinformationatproductitem levelalong
itslifecycle.Thedigitaltwin isdirectlylinked to the
concept of Product Lifecycle Management (PLM)
systems.PLM consolidatesdiversebusinessactivities
thatcreate,modifyandusedatatosupportallphasesof
a products lifecycle from “begin-of-life” (design,
production),“middle-of-life” (use,maintenance),and
“end-of-life”(recycling,disposal).Adigitaltwinincludes
both static and dynamic information. The static
information can be:geometricaldimensions,billof
materials,processes,etc.Thedynamicinformationis
the one thatchanges with time along the product
lifecycle.A digitaltwin can have intelligence.For
example,anintelligentproductcanretrieveinformation
aboutitselfandiscapableofparticipatingormaking
decisionsaboutitsownfuture.AspointedoutInan
intelligentproductpresents following characteristics:
Requiresaglobaluniqueidentification;Iscapableof
communicatingwithitsenvironmentCanretrieveand
storedataaboutitself Iscapableofparticipatinginor
makingdecisionsrelevanttoitsowndestiny.

3.KEYENABLINGTECHNOLOGIES

Inthissection,wepresentthekeyenablingtechnologies

forimplementinganaugmentedrealitysystem inwhich

differentuserscanaccesstheinformationstoredinthe

digitaltwin.Theideaisto havedifferentdatabases,

locatedindifferentplaces.Withtheuseofwebservices,

theAR systemscan querytheinformation stored in

theserepositories.Here,wehaveexplainwhatareAR

Systems,how they work,as wellas whatare web

services.

3.1AUGMENTEDREALITY

Augmentedrealityisthetechnologythatexpands
ourphysicalworld,bysuperimposing digitalcontent
onto the realworld,thus enhancing one’s current
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perceptionofreality.Themeaningoftheaugmentisto
addorenhancesomething.AugmentedRealityenhances
userexperienceindirectviewofanexistingenvironment
andaddssounds,videos,graphicsandtouchfeedback
intoournaturalworld.
Therearefourtypesofaugmentedreality

Marker-basedAR:Itrequiresaspecialvisualobjectand
acameratoscanitandsometypeofvisualmarker,
suchasaQE/2D code;henceitalsocalledasimage
recognition.Itmaybeanything,from aprintedQRcode
tospecialsignswhenthemarkerissensedbyareader.
ThisQRcodeisdistinct,butpatternsaresimple,sothat
theycanbeeasilyrecognizedandlesspowercanbe
requireforreadingit.InsomeCases,topositionthe
contentARdevicecalculatesthepositionandorientation
of a marker in which some type of content or
informationisoverlaidthemarker.

MarkerlessAR:Itisalso called aslocation-based or
position-based augmented reality.Itis mostwidely
implemented applications of augmented reality. It
utilizes a GPS,digitalcompass,gyroscope,velocity
meteroraccelerometerwhichisembeddedindeviceto
providedatabasedonuser’slocation.WhatARcontent
youfindorgetinacertainareaisthendeterminedby
this data.With the availability ofsmartphones and
locationdetectionfeaturestheyprovide,thistypeofAR
typically produces maps and directions, nearby
businessesinfoandhenceitisastrongforcebehind
markerlessaugmentedrealitytechnology.Applications
includeeventsandinformation,businessadspop-ups,
navigationsupport,mappingdirection.

Projection-basedAR:Itprojectsyntheticlightorartificial
lighttophysicalsurfaces.Insomecasesitallowhuman
tointeractwithitandthensensethehumaninteraction
oftheprojected light.Thesearethehologramsthat
detectuserinteractionwithaprojectionbyitsalterations.

Superimposition-basedAR:Itpartiallyorfullyreplaces
theoriginalviewofanobjectwithanaugmentedview.In
SuperimpositionbasedARobjectsrecognitionplaysa
keyrole,becausewithoutitthewholeconceptissimply
impossible.Iftheobjectisnotdetermined,application
cannotreplacetheoriginalviewwithanaugmentedview.
We’veallseenthesuperimposedaugmentedrealityin
IKEA augmented realityfurniture Catalogue app,that
allows users to place virtualitems oftheirfurniture
catalogueintheirrooms.

3.2WEBSERVICES

Web services are defined as modularunits of
application logic thatprovide functionality forother
applicationsoverthenetwork.Itactsasanabstraction
layer,separating the programming details (such as
programming language and platform) of how the
applicationcodeisinvoked.Thus,programsindifferent

languagesandplatformscancommunicatethroughthe
useofthistechnology.Thiskindoftechnologyhave
beenusedinsomeworksinindustrialapplications,as
describedin,motivatedbythefactthataWebservice
canbeseenasasoftwaresystem designedtosupport
practicalmachine-to-machineinteractionoveranetwork.
Many industries companies use multiple software
systemsformanagementandtheyneedtoexchange
datawitheachother.A Webserviceisamethodof
communicationthatallows2codesystemstoexchange
thisknowledgeoverthenet.Thetwomainprotocolson
WebservicesareSimpleObjectAccessProtocol(SOAP)
andRepresentationalStateTransfer(REST).

3.2.1SOAP

SOAP-basedarchitecturehasitscommunicationof
ExtensibleMarkupLanguage(XML)-encodedmessages
overHypertextTransferProtocol(HTTP).SOAPservice
setsare defined in Web Service Definition Language
(WSDL)fileswhichareXMLfilesstandardizedaccording
aW3C-specifiedgrammar.

3.2.2RESTful

TheRESTwasintroducedasanarchitecturalstyle
for distributed scalable systems and large-scale
systems.GiventhatthegreatmajorityofRESTfulWeb
servicesarenotdescribedusingtheWSDLdescription,
it’snotpossibletoreuseexistingclientsthatrequirethis
description. REST is based on four architectural
principles: i. Resource identification through URI:
exposes resources which identify the targets for
interaction with its clients. ii. Uniform interface:
resourcescan bemanipulated using fouroperations:
PUT (create),GET (read),POST (update),DELETE
(delete).iii.Self-descriptive messages:the resources
canbeaccessedinavarietyofformats(e.g.,HTML,
XML,plain text,etc.) iv.Statefulinteractions with
hyperlinks.Theinteractionwitharesourceisstateless.

4.ARCHITECTURE

CPSconsistsofadatacollectionsystem;adata
managementsystem;adecisionmakingsystem andan
interactivevisualizationsystem whichinteractwiththe
human.Inthispaper,thevisualizationofthephysical
datainthecontextofacyberphysicalsystem using
AugmentedReality(AR)systemsisthemaingoalofthis
architecture.Thearchitectureoftheproposedsystem is
showninFig.Thisarchitectureisdividedintofivelayers:
devices,userinterfaces,webservices,queriesanddata
repositories.
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Fig.2.Conceptofthearchitecturefordigitaltwindata
managementbasedonwebservices

4.1DeviceLayer

The firstlayeris contains the physicaltwin which
includes various devices.They can be computers,
tablets,mobiledevices,sensors,accumulatoretc,which
canprovidesignalexchange.Thevisualizationsystems
arerunbythesedevices;inthiscasethevisualization
system isARsystem.Inthisarchitecturethesedevices
areoperatedasclientbytheuser.

4.2UserInterfaceLayer

Foroperationofdevicesuserinterfaceisrequired,inthis
case the userinterface can be augmented reality
interface.Byusing abrowsertheuserinterfacecan
accessesthewebservice.

4.3WebServicesLayer

TheRESTfulwebservicewasusedindigitaltwin.Ithas
various services. Each service can have several
resourcesandalsoitwasconsideredasanindividual
task.TheseservicescanbeaddressedbyaHTTPcall.
TheHTTP callstheservicetoretrieveallinformation
related to the requestmade by the clientand the
requestedinformationwascollectedfrom theinvolved
resources.Therepresentationoftheresourceswhich
wastheresponsefrom servercanbegeneratedfrom
oneresourceormorenumberofresources.

4.4QueryLayer

Toretrievedatafrom thedatabase,theresourcesbuild
queries.Thedatamanagementsystem usessoftware
thatgivesprotocolofeachquery.Theseprotocoltypes
canbeSOAP,SQL,RMI,HTTPandothers.

4.5DatarepositoryLayer

Dataisretrievedfrom thedatabasesystems.Thisdata
isretrievedbyresources.ByusingaRESTfulwebservice
thedataisaccessibleinthesameway,independentof
thetypeand structureofdata managementsystem.
Datastoredindifferentdatamanagementsystemsis
accessedbyusingawebbrowser.Itisthebenefitof
using web services.This allows the use ofmobile
devicesandtheretrievalofmanufacturingdata.

5.APPLICATIONS

Customerexperience:customers play a key role in
influencingthemethodsandchoicesinanybusiness.
Theultimateaim ofanyorganizationistoachieveand
retainalargeclientbase;andthis{canbe}suggeststhat
enhancingyourcustomer’sexpertiseAdigitaltwincan
facilitate boost the services directly offered to
customers.Forexample,adigitaltwincouldbeusedfor
modelingfashionsonavisualtwinofthecustomer.
Performancetuning:Adigitaltwinfacilitatesconfirm the
bestsetofactionsthatmayhelpmaximizeanumberof
the key performance metrics,and conjointly give
forecastsforlong coming up with.Forexample,the
performanceofascientificdevice,thatisdeployedona
orbiter,canbetunedfrom Earthusingdigitaltwinasa
3Dreal-timevisualization.
Digitalmachinebuilding:A digitaltwin isused asa
digitalcopy ofthe importantmachine,created and
developedatthesametime.Let’staketheexampleofa
German machine manufacturer that determined to
digitallymapthepackagingandspecialmachinerythatit
createdforseveralindustries.Thedataoftheimportant
machinewasloadedintothedigitalmodelbeforethe
particularproducing began.So a digitaltwin allows
simulation and testing of ideas,even before the
particularproducingbegins.
Healthcare:A digitaltwin willfacilitate virtualize a
hospitalsystem soastoform asafeatmosphereand
takealookattheimpactofpotentialchangesonsystem
performance.Notsimplyoperations,digitaltwinsmay
also facilitate improve the qualityofhealth services
deliveredtopatients.Forexample,asurgeoncanusea
digitaltwinforadigitalvisualizationoftheheart,before
operatingit.
Smartcities:A digitaltwinisused forcapturing the
spatial and temporalimplicationsto optimizeurban
property.Forinstance,‘VirtualSingapore’,apartofthe
Singapore government’s Smart Nation Singapore
initiative,istheworld’sfirstdigitaltwinofanexistingcity
-state,providing Singaporeans and effective way to
engageinthedigitaleconomy.
Maintenance:A digitaltwin is capable ofanalyzing
performancedatacollectedovertimeandundertotally
differentconditions.Forexample,withadigitaltwin,a
racecarenginecanbevisualizedtoidentifytherequired
maintenance,suchasacomponentthatisabouttoburn
out.

6.ADVANTAGESANDDISADVANTAGES
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6.1ADVANTAGES

 ItIncreasesthelifeofassetsandequipment

 Detectoperationalinefficiencies

 It reduce maintenance costs by predicting

maintenanceissuesbeforebreakdownsoccur

 Itimprovessituationalawareness

 Itisefficientforproductioncontrol

 Optimization ofoperability and reduction of

operatingcost

 During lifecycle ofsystem,assessmentofa

system’s current and future capabilities is

possible

 Beforephysicalprocessesanddevelopmentof

product, discovery of system performance

deficienciesispossiblebysimulating wayof

results which reduce risk in various areas

including product availability, marketplace

reputation

 Optimization of sustainability and

manufacturability

 Through data capturing and easily crossed

referencing to design details, continuous

refinementofdesignsandmodelsispossible.

6.2DISADVANTAGES

 Datasecurityandprivacyisthemainproblem

that arises with digital clones. Numerous

resourcesofbusinessandprivateinformation

areaccessbysmartsoftwareanditissubjectto

datatheftandcyberattacks.

 Anotherdisadvantageishighcostoftechnology

implementation.But,itisaone-timeinvestment

thatwillpayoffinthefuture.

7.CONCLUSION

Inthispaper,thefocusisonhow toretrievedata
from digitaltwinandproposetheuseofaugmented
reality and web services to visualize the data.The
conceptofDigitalTwin,inthecontextofCyberPhysical
System andIndustry4.0isshown.TheDigitaltwinisa
virtualrepresentation ofthe physicalproduct,Itis
definedasadistributedanddecentralizedapproachto
manageproductinformationatproductitem levelalong
itslifecycle.Thearchitectureusingwebservicescan
enableuserstoeasilyaccessproduct,simulationand
manufacturingdataofaDigitalTwin,viaawebbrowser.
Itisindependentofanydeviceandenablesthedatato
bevisualizedonportablecomputeranddevices.Adigital
twinhasmanyapplicationsacrossthelifecycleofa
productand should answerqueriesin realtimethat
couldn’tbeansweredbefore,providingkindsofworth
considerednearlyinconceivablejustafewyearsago.
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