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ABSTRACT

Whenworkingremotelywithmobilerobotics,areliablewirelesscommunicationnetworkbecomes
essential,especiallyinlargeoperatingregions.AsmostteleoperatedrobotsrelyonstandardWi-Fi
communication,networkbehaviorhasacrucialeffectonautonomousrobotcontrol.Themaingoal
ofthisresearchistomeasureanddiagnosethesystemreliability,roamingissues,andbottlenecksof
suchdatatransmission.Tostudythesesignificantfactors,twomeasurementscenarioswereconducted.
MeasurementsconsistoftwoWi-Fiaccesspoints(AP)andaTurtleBotIIrobotusedintwodifferent
systemset-upconfigurations.Inthefirstconfiguration,twoAPsareconnectedinbridgemode(LAN
connection)andinthesecondconfigurationtheAPsareconnectedinWDSbridge(WirelessData
Distribution)mode.ThisarticlepresentstheresultsofRobotOperatingSystem(ROS)IEEE802.11
networkmeasurementsinroamingmode,inwirelessbridgemode,andinanextendedcoveragearea
employedinWDSmode.Resultsofdatatransmissionmeasurements,configurations,andevaluation
oftheentiresystemarealsopresented.AllthemeasurementsutilizetheOpenCloudRoboticPlatform
(OpenCRP)1anopen-sourcecloudroboticsecosystembasedonservice-orientedPaaSarchitecture
usingtheUbuntuLinuxoperatingsystem.
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1. INTROdUCTION

Futureroboticsystemswillbesituatedinhighlynetworkedenvironmentswheretheycommunicate
withindustrialcontrolsystems,cloudservices,orothersystemsatremotelocations(Dieberetal.,
2017;Sanfeliuetal.,2008;Kameietal.,2017;Hajjajetal.,2018).Wirelesscommunicationisone
themajorconcernsregardingnetworkedrobotics,mainlyinconnectionwithnetworkedservicerobots
(Barriquelloetal.,2018).Maintainingnetworkconnectivityiscrucialformulti-robotandhuman-robot
teams(Fabresseetal.,2017).Ifrobotslosetheirnetworkconnection,theycannotreceivecommands
orsharesensordatawithteammates.Zhivkovetal.(2017)statethatmostresearchinthemulti-robot
systemsandhuman-robotinteractioncommunitiesassumes100%networkconnectivitybutthisis
unrealisticforreal-worlddomains.

Withdifferentoperatingconditions,interference,obstacles,andthetypeofbuildingmaterials
used,itisdifficulttopredictthepathlosscomponentsthatarecrucialfornetworkdesign(Rathet
al.,2017;Wangetal.,2014;Awadetal.,2018)inanindoorenvironment.Limitedcoveragerange,
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complexmissions,anddynamicobstaclesareexamplesofissuesfacedbyremotelycontrolledmobile
robots.Toremotelyoperatetheserobots,wirelesscommunicationisthebasicneedthusmakinga
reliablenetworkconfigurationcomplicatedinmanycases.Networkcommunicationmethodsbetween
userandrobotmusthandlelatency,packetloss,variability,andlossofsignal,forexample(Tardiolo
etal.,2013&Handayanietal.,2017).Inaddition,alongnetworkdisconnectionstopsROStopic
streamsandtopicsubscribersmustberestarted.Toovercomethisdrawback,certainAPparameters,
providedbythevendor,canhelptoeasethecommunicationlineconfigurations.

SeveralmobilerobotscanbeusedwithROS(Maetal.,2018;Grewaletal.,2018).Oneofthe
mostpopularrobotsistheTurtleBotII,adevelopmentalkitforresearchers,hobbyists,andsoftware
developers(Biro,2018).AwheeledTurtleBotIIisintegratedwithseveralsimpleandlow-coststate-
of-the-arthardwaredevicessuchasMicrosoft’sKinectXbox360sensor,YujinRobot’sKobuki,
andiRobot’sCreate.Itisamovingplatformintendedforindoorenvironmentswith3Dperception
capabilitiesbymeansofKinectandAsusXtionProLive(Martinez&Fernández,2013).TurtleBot
IIisanevolutionoftheTurtleBotplatform,thecheapestrobotonthemarketwithROSarchitecture.
TurtleBotII(Kobukibase)isanewversionoftheTurtleBotplatformandhasmorefeaturesthan
itspredecessor:odometricmeasurementprecision,openprotocol,higherspeedandmobility,larger
diameterwheels,andthecapacitytoovercomeobstaclesupto12mm(KobukiTurtlebotII,n.d.).

Healthcareandhospiceoperationsincludeprocessesthatcanbeassistedbymobilerobots.The
servicearchitecturemodeldevelopedatTampereUniversityofTechnology,Poriunit,consistsofa
novelmobilecloudroboticplatforminthesupportofpatientwork.Theecosystem,OpenCRP,holds
an open-source cloud-computing platform, software frameworks, UI, and a physical multi-robot
environmentfortheautomationorassistingofpreprogrammedworkprocesses.Figure1showsan
overviewoftheecosystem.

OpenCRPisanopen-sourcecloudroboticsecosystembasedonservice-orientedPaaSarchitecture
usingtheUbuntuLinuxoperatingsystem.Itsmulti-robotAPIallowsanyROSrobottoshareits
collecteddataviathecloud.Theecosystem’scloudenvironmentisimplementedthroughanApache
HadoopsoftwareframeworkandconfiguredasanHDFScluster(HadoopDistributionFileSystem).
TheHDFSclusteroperatesasdatastorageforlargedatasetsandcouldbemanagedfromremote
computerswith terminalcommands. In thispaper,ROSIEEE802.11data transmissionnetwork
measurementsusingaTurtleBotIImobilerobotarepresented.Therestofthepaperisorganizedas

Figure 1. OpenCRP system overview
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