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ABSTRACT

Theinterestforindoornavigationalsystemsisexpandingdailywithconcernsamongvisuallyimpaired
peoplewhocannotnavigatesafelyindoors.Themaingoalofsuchsystemsisthelocalizationand
directionoftheindividualwhohasawearabledevicethatprovidesvoicecommandstonavigateindoor
buildings.ThispaperaimstopresentthedesignandtheimplementationoftheGuideMeproject.The
GuideMeproject’sgoalisthedesign,implementation,andevaluationofanavigationsystemfocused
onpeoplewhofacetroublesinindoormovingutilizingawearabledevice.Specifically,thefocusgroup
ispeoplesufferingfromvisualimpairment.Thepersoncarryingthewearabledevicetakesguidelines
aboutthelocationfromindoorultrawideband(UWB)anchors.Thecommandsprovidedareabout
indoordirectionthroughvoicecommands,assistinghimtoavoidobstaclesinhisroute.Theauthors
presentthearchitectureandthedetailsofthevariousmodules,whichconsistoftheproposedindoor
navigationsystem,andsomeinitialevaluationsoftheproposedsystemyieldingpromisingresults.
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INTROdUCTION

Visualdeficiencyisthestateoflackingvisualperceptionbecauseofphysiologicalorneurological
factors.Ourmotivationisderivedbythefactpeoplewithvisualdeficiencymayexperienceanumber
ofdifficultiesindailyexistence.Despitethefactthatblindpeoplecannavigateeffectivelyinaplace
wheretheyusuallymove,e.g.theirhouse,itmaydifficultforthemtonavigateinanunknownplace,
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suchasamuseum.AsperWorldHealthAssociation(WHO,2021),thekeyfactsinregardtovisual
deficiencyandvisiondebilitation:

• Globally,atleast2.2billionpeoplehaveavisionimpairmentorvisualdeficiency,ofwhomat
least1billionhaveavisionimpairmentthatmighthavebeenpreventedorhasyettobeaddressed.

• This 1 billion people include those with moderate or severe distance vision impairment or
blindness due to unaddressed refractive error, as well as near vision impairment caused by
unaddressedpresbyopia.

• Globally,theleadingcausesofvisionimpairmentareuncorrectedrefractiveerrorsandcataracts.
• Themajorityofpeoplewithvisionimpairmentareovertheageof50years.

Visuallyimpairedpeoplearefacingvariousdifficultiesevenwhentheytrytomoveinsidetheir
house,notmentioningthedifficultieswhentheymoveoutdoors.TechnologieslikeGlobalPositioning
System(GPS)cansupportvisuallyimpairedpeopletonavigateoutdoorsbutsuchtechnologiescan
notbeusedindoors.Withoutadoubt,thereisanexpandinginterestforeffectiveindoornavigation
systems,requestthatessentiallygetfromsmartcities,robotsandvisuallyimpairedpeople.Taking
everythingintoaccount,theGPSisamongthemostwidespreadusedtechnology.However,GPS
operateswithexceptionalperformanceforoutdoorlocalization,itcannotusedforindoornavigation.
Obviously,indoornavigationisvitalfornumerousapplicationsinvolvingpeopleandrobots.Twoof
themostwidelyrecognizedissuesthatemergearea)thewaythatactualobstaclesinsidebuildings
canberecognizedandavoidedandb)andlocalizationinsidethebuildings.

Variousfloors,roomsandobstaclesinsideeverysingleindoorareacanbeconsideredasignificant
challengefortheimplementationofanindoornavigationsystem.”.Also,thefailuretoutilizethe
GPStechnologyinsidebuildingsmakesindoornavigationmorecomplicated,forreasonspreviously
clarifiedabove.Thus,numerousnewresearcheshaveledtomakeindoornavigationmoreviable
andproductivebyusingothertechnologieslikeWireless-Fidelity(Wi-Fi),Bluetoothandsensors
technologies.

This research has been implemented in the context of GuideMe project (GuideMe, 2021).
GuideMeprojectwilldevelopaplatformthatgivesdirectionandsecuritytoout-of-hometravelfor
peoplewithvisualimpairment.Thesystemisbuiltaroundaportablewearabledevice,thatiscapable
ofindoorlocalizationwithprecisionof10cmusingUWBtechnologyandwithouttheneedforGPS
signalwhichisnotavailableindoors.Thewearabledevicechoosesthedirectionoftheperson,get
voicecommands,andcommunicatethroughvoiceguidelines.Itisalsoequippedforidentifyingerrors
andsendingtheprobableupdates.

Themotivationofthepaperistoimprovetwoareasofpublicactivityofthevisuallyimpaired
peopleandgeneralspeakingpeoplewithspecialneeds:comfortandsecurity.Inparticular,withthe
utilizationofproposedsystem,impairedpeoplewillfeelmorecomfortablevisitingpublicplaceslike
airports,shoppingcenters,stations,andsoforth,astheywillbeguidedbythesystemtoarriveat
theirdestination.Moreover,intheeventofanemergencyincludingboththeusersandthebuilding,
thesystemwillinformtheusersregardingtheemergencyandwillguidingthemtotheclosestexit.
Adefinitiveobjectiveistoexpandthepresenceofthepopulationwithmobilityordifferentissues
inbuildingsby20%.

Theresearchgapsthatthispaperistryingtofillandthebenefitsoftheproposedsystemcomparing
withothersimilarsystemsavailableintheliteratureincludestheextremefinelocalization(accuracy
in10cm)duetoUWBtechnologieswhichisincorporated,theimproveduserfriendliness(dueto
combinationofUWBwearableandaccesstheservicethroughtheendusermobilephonewithwhich
isalreadyfamiliarandnotthenewUWBwearablelikeothersimilarservices),andthefactthatthe
operationofproposedsystemisnotinterruptedbythelossofinternetconnection,astheGuideMe
systemusesacombinationoflocalandremoteservers.
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Finally,GuideMeprojectfocusesintheinnovationuseofindoorlocalizationtechnologies(like
UWBtechnology,Trilaterationalgorithm,etc)inordertoassistmostlyblindpeopleandtheproject
doesnotfocusintheimplementationofnewlocalizationtechnologies.Thelocalizationprecision
ofUWB(10cm)iswellknown(Kuhnetal,2008)anditisoutofscopeofthisarticletoevaluation
UWBprecision.

Thispaperpresentsthearchitecture,modulesanddevelopmentdetailsofatrackingandnavigation
systemforpeoplewithspecialneedsforindoorareas.Initscore,thesystemcomprisesofawearable
devicethatgivestotheusertheabilitytonavigateandroutebyvoicecommands,dependingonthe
device’slocationanddirectionabilities.Thedirectionsdependonthedevice’slocationandorientation
capabilitiesandthisdevicewillbeassociatedwiththeserverthroughtheclient’smobilephone(through
anandroidbasedmobileapplication).Theproposedsystemwillcompriseofthefollowingmodules:

• Equipmentpermanentlyinstalledinchosenareas,e.g.Ultra-WideBand(UWB)anchors;
• Acloudserverwhereitwillsynchronizeandcoordinatethedifferentmodules,storedataabout

thefacilitiesandclients,andwillberesponsiblefortheaccountingandinvoicingparts;
• Wearabledevices;
• Softwarethatwillrunonsmartphones.

The restof thispaper isorganizedas follows:Section“RelatedWork”providesa literature
reviewofothercurrentworksonthissubject.Section“SystemArchitecture”addressesthesystem’s
architecturewhereasSection“SystemModules”goesintofinerdetails inregardto theproposed
systemforpositioningandnavigatinginindoorspaces.Finally,Section“PreliminaryEvaluation”
describesthepreliminaryevaluationprocessandresultsandSection“Conclusion–FutureWork”
summarizesourmainfindingsandconclusionsandsuggestsprobablefuturework.

ReLATed wORK

Inthissection,relatedresearchworksbasedonindoornavigationandroutingwillbereferenced.
The researches concerning indoor navigation andpositioning are emphatically expanding as the
location-basedservicesaredeveloping.Pastworksfocusontheneedtoexaminetheoverallmethod
ofpositioningandafterwardtheyproposealgorithmsandtechniquesforindoorpositioningwhile
othersproposeanalternatemethodofsystemarchitecturetoaccomplishproficientindoornavigation.

Notableworks in regard to indoornavigationforpeoplewithspecialneedsarepresented in
thefollowingparagraphs.AcompletesolutionwasgivenbyKishoreetal.(2017)forindoorpublic
transportforpeoplewithdisabilities.Beacons(smalllow-powerdevices)wereplacedinsidetothe
stationsandtransmittedsignalstothecellphonesensorsviaBluetoothLowEnergy(BLE)technology.
AnotherstudyutilizingBLEisintroducedbyCheraghi,Namboodiri,&Walker,(2017)andintroduce
GuideBeacon.GuideBeaconisabeacons-basedsystemforindoornavigation.Simulationsshowed
thatGuideBeaconapplicationlessensthetimethatimpairedpersonneedstocrossanunknownindoor
regionatthelevelof30%-50%.Also,inmanycasesitdecreasedthedistancethedisabledpersonneeds
towalkbyatleast50%.FootPath(Link,Smith,Viol,&Wehrle,(2011))isasystemthatcomprisesof
ageographicguidefromOpenStreetMap.Atthepointwhenthegeographicguideisdownloaded,the
systemusestheaccelerometerandcompassontheclient’sphonetocomputeandrecognizetheperson’s
steps.TheoutcomesshowedthattheFootPathsystemisexactandcanhelppeoplewithdisabilities.
Megalingam,Rajendran,Dileepkumar,&Soloman,(2013),proposedacalculationcalledLocation-
AwareandRememberingNavigation(LARN)whichreliesuponDijkstra’salgorithmtolocatethe
bestroute.Theirproposedalgorithmaimstolocatethebestrouteforwheelchairpeopledependent
onnegligiblechangesinperson’sdirection.Finally,Bouras,Gkamas,&KatsampirisSalgado,(2021)
haveproposedanenergyefficientsystemforpeoplemonitoringsufferingfromdementiaorother
specialneedsinoutdoorconditionsText-to-Speech(TTS)hasbeenthesubjectofmanyresearch
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works.Theartificialprocessingofhumanspeechisknownasspeechsynthesis.Severalprototypes
andfullyoperationalsystemsbasedonvarioussynthesistechniqueshavebeendevelopedinanattempt
tocontrolthequalityofvoiceofsynthesizedspeech.TenorioandTsang,(2014)provideatechnical
perspectiveonrecentdevelopmentsinspeechsynthesisresearchanddevelopment.Theirsystemis
basedontheHiddenMarkovModel(HMM),anditaimstosummarizeandcomparethefeatures
ofdifferentspeechsynthesistechniquesbypresentingtheirbenefitsanddrawbacks.Mullah,(2015)
illustratewhataTTSsynthesissystemisforandhowitworks.Inmoredepth,theauthorsattempt
toprovideaconciseandcomprehensiveoverviewoftheprocessofcreatingasystemthatcanmatch
humanoutput.Theauthorsexplainrule-basedtechniques(formantandarticulatorysynthesis)before
proposinganHMMsynthesiscombinedwithaHarmonicplusNoiseModel(HNM)tocreateaTTS
synthesissystemwithreduceddevelopmenttimeandcost.He,Zhao,&Xu,(2020)proposeasystem
calledDOP-Tacotron.DOP-TacotronisaText-to-Speechsystemanditskeyfeatureisthefactthat
canbetrainedfastincontrasttootheravailableoptions,withtrainingdurationaslowas2.5hours.

Daramouskas,Kapoulas,&Pegiazis,(2019)presentMultilateration,Trilateration,andParticle
SwarmOptimization(PSO)algorithmsforlocationmonitoringonLowPowerWideAreaNetworks
(LPWAN).Zhu,Ortiz,&Renaudin,(2019)proposeanindoor-outdoorpositioningforbothpeople
andvehiclesbyinterfacingacoordinatedInertialMeasurementUnit(IMU)systemandaGlobal
Navigation Satellite System (GNSS) receiver. Using a horizontal positioning indicator Packet
Associated Control Channel (PACCH) distinguishes the indoor-outdoor progress and concludes
whethertomergewithGNSSpositions.

Inthecurrentpositioningliterature,machinelearningalgorithmsarewidelyusedinposition
estimation.Peltola,Montasari,Seco,Jimenez,&Hill,(2019)presentanarchitectureusingGNSS
andUWBtechnologiesreproducedinMATLABusingnumerouspeople,methods,andsensors.A
studyofthemostrecentindoorpositioningtechnologiesisgivenbyAlarifietal.2016,whoprovide
ananalysisofUWBtechnologieswithanexaminationofStrengths,Weaknesses,Opportunities,and
Threats(SWOT).Inaddition,Al-Ammaretal.,2014presentnewscientificcategorizationsandreview
somesignificantongoingadvancesonindoorpositioningtechniques.Kuhnetal.,(2008)evaluatedthe
UWBtechnologyindensedoorenvironmentswithhighaccuracyandprovidedthatthelocalization
precisionofUWBisat10cm.Mahida,Shahrestani,&Cheung,(2017).alsoinvestigateddifferent
algorithmsandwirelesstechnologiesinrealisticscenariosinordertoprovideindoornavigation.

Goel,etal.2017areusingA*algorithminordertoreducethetimethatisrequiredbyauserto
gettoitsdestination.InthefirstsectionofthepaperA*algorithmisdetailedpresented,whileinthe
secondone,theauthorsdemonstratedsuccessfullywhytheA*algorithmisbetterthantheDijkstra
algorithmforindoornavigationwithbarriers.ComparingA*andDijkstraalgorithm,A*achieves
betterresultsforindoornavigationthroughheuristicsearchesanddeliversbetterresultsfaster.

Basedontheserichanddifferentstudiesreferencedabove,followingwepresentsimilarprojects
to GuideMe. San Francisco International Airport and Indoo.rs set up their work and made an
applicationforvisuallyimpairedtravelers(indoo.rs,2021).EdwinM.Leecoordinatedeffortwith
theWhiteHouseanddifferentaccomplicesofSanFranciscoinordertorealizetheEntrepreneurship-
in-Residence(EIR)project.Towardthestartof2014,theydecidedtohelptheSanFranciscoAirport
(SFO)makeadevicetohelpblindandvisuallyimpairedpassengers.ProposalITU-TF.921(ITU,
2021)decideshowaudio-basednetworknavigationsystemscanbedevelopedtoensurethatthey
areresponsiveanddevotedtothenecessitiesofpeoplewithvisualdisabilities.INK,2016:Indoor
NavigationandCommunicationinÖPNVforblindandvisuallyimpairedpeople(Indoornavigation
andcommunicationinpublictransportfortheblindandvisuallyimpaired,(2016))mergesreal-time
communicationamongthepublictransportvehicles.Givingexactpositioninganddirectionandhaving
extravideocallnavigationhelpwheretheclientcanspeakwithanexpertadministrator.

Table1summarizestherelatedworksection.
Inthenextsection,abriefdescriptionoftheproposedsystemarchitecturewillbegivenaswell

asthemethodologythatwasusedforitsimplementation.
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Table 1. Related work overview

Work Purpose Technologies Advantages/Disadvantages

Kishoreetal.,2017 Indoorpublic
transport

Beacons,BluetoothLow
Energy

InGuideMeprojectGPStechnologyisnot
used,somethingthatleadstolessenergy
consumptionandabetteruserexperience

Cheraghi,
Namboodiri,&
Walker,(2017)

Indoornavigation BluetoothLowEnergy

Incontrasttothereferredwork,in
projectGuideMe,aHuman-Centered
designapproachwasused,andheuristic
evaluationwasconducted,thusGuideMe
providesmoreuser-friendlyinterface

Megalingam,
Rajendran,
Dileepkumar,&
Soloman,(2013)

Bestroutelocation
forwheelchair
people

DijkstraAlgorithm Wellknownroutingalgorithm

Bouras,Gkamas,&
KatsampirisSalgado,
(2021)

Energyefficient
systemforpeople
monitoringin
outdoorconditions

LoRa

Thesystemisusedforoutdoormonitoring,
focusingonlowenergyconsumption
Thissystemduetothefactthatisbased
onLoRatechnologycannotbeusedfor
indoorpositioning.So,GuideMeisa
bettersystemforindoormonitoring

TenorioandTsang,
(2014)

Summarizeand
comparethefeatures
ofdifferentspeech
synthesistechniques

HiddenMarkovModel Wellknownspeechsynthesistechniques

Mullah,(2015)

TTSsynthesis
systemwithreduced
developmenttime
andcost

HiddenMarkovModel
combinedwitha
HarmonicplusNoise
Model

WellknownTTSsynthesistechniques

He,Zhao,&Xu,
(2020)

TTSsystemthatcan
betrainedfast TTS WellknownTTSsystem

Daramouskas,
Kapoulas,&Pegiazis,
(2019)

LocationMonitoring
onLowPowerWide
AreaNetworks

Multilateration,
Trilateration,andParticle
SwarmOptimization
algorithms

Wellknownlocalizationalgorithm

Zhu,Ortiz,&
Renaudin,(2019)

indoor-outdoor
positioning

horizontalpositioning
indicatorPacket
AssociatedControl
Channel

Wellknownindoorpositioningapproach

Peltola,Montasari,
Seco,Jimenez,&
Hill,(2019)

positionestimation
GlobalNavigation
SatelliteSystemandUltra
Widebandtechnology

Thearchitectureenablesscalabilityand
aflexiblewayfordevelopingmulti-user
navigationapplications,withwearable
devicesinshoes,clothesetc.Incontrast,
inGuideMeprojectthisaspecthasnot
beentakenintoconsideration

Alarifietal.2016 indoorpositioning UltraWideband
Technologies Wellknownindoorpositioningtechnology

Goel,etal.2017

reducethetime
thatisrequiredby
ausertogettoits
destination

A*algorithm Wellknownroutingalgorithm
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SySTeM ARCHITeCTURe

ThegeneralarchitectureoftheGuideMeprojectisdiscussedinthissection.Thewearabledevice
that theuser iswearing, theanchors that aredevices locatedwithinabuildingandassist in the
positioningprocess,themobileapplication(installedintheend-usermobilephone),thewireless
headsetthatprovidestheuserwithaudiocommandsfornavigationwithinthebuilding,alocalserver,
andaremoteserverarethecomponentsofthearchitecture(seeFigure1).Thekeycomponentofthis
projectisasmallwearablesystemthatusesUWBtechnologytoassisttheuserinpositioning.With
anerrorofupto10cm,thistechnologyensuresoptimalpositioning.Apartfrombeingabletolocate
theuser,thissystemcanalsodeterminetheuser’sorientation,receivevoicecommands,andsend
voiceinstructionstovisuallyimpairedpeople.TheAndroidframeworkusestheGoogleCloudTTS
APItoprovidenavigationcommandstotheend-user.Theuserreceivesthecommandsextracted
fromtheTTSprocedurethroughtheSpeechSynthesisMarkupLanguage(SSML)language(SSML,
2021).TheSSMLlanguageispartofalargercollectionofvoicecommandmarkupspecifications.
ThefollowingistheflowoftheTTSconversion:TTSworksbytranslatingaudiodatafromSSML
input.Theaudiodataisintheformofhumanvoice.Syntheticspeechisthemethodoftransforming
atextintohumanspeech.

In the GuideMe system, our smart device can communicate with anchors through UWB
technologyinordertolocatetheclient,asshowninFigure1.Theusercanusevoicecommandstoget
routeandnavigationinformationfromtheserver.Thedistancebetweentheconsumerandtheanchor
iscalculatedandmeasuredbytheanchors.Thedistancedata(betweentheuserandtheanchors)is
senttoalocalserver,whichusesthetrilaterationmethodtodeterminetheexactlocationandrunthe
positioningalgorithms.Wi-Fitechnologyisusedinorderfortheanchorstocommunicatewiththe
localserver,withtheMessageQueuingTelemetryTransport(MQTT)protocolbeingusedasthe
communicationprotocol.

Furthermore,thereisaremoteserverthathasafloorplanofthebuildingandotheraccounting
informationlikeusers,buildings,floorplans,andotherinformation.Thisremoteserversynchronizes
datawiththelocalserverandthecommunicationofthelocalserverswiththeremoteserverisdone
overRESTAPIthatensuresseamlesscommunication,speed,andscalability.

Figure 1. Overview of proposed architecture
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Theuserreceivesnavigationinstructionsfromthesmartphonethroughwirelessheadphonesand
voicecommands.Bluetoothtechnologyisusedtocommunicatebetweenthewirelessheadsetandthe
smartphoneinparticular.Thenavigationcommandsaregivenbythemobileapplication.Theaudio
commandsareextractedonaremoteserverandsenttothemobileapplicationoveraWi-Finetwork.
Inthenextsection,anoverviewofeachsystemmodulewillbeprovided.

SySTeM MOdULeS

Remote Server
ARemoteServerapplicationhasbeendevelopedinthecloudthataddressesthesystemadministrator
andisresponsibleforseveralfunctions.TheapplicationisbasedontheservicesofAmazon(Amazon
WebServices-AWS),whichmanagesthesecurestorageofdata,theconstantavailabilityofthe
service,theauthenticationofadministratorsandtheirrights,scalability,andmuchmore.

Initially,anorganizationiscreatedbythesuperadministrator(theadministratoroftheGuideMe
system) and a user - administrator of the specific organization is assigned. The latter kind of
administratorhasfullaccessonlytothedataconcerningthespecificorganization.Itcanaddother
users,givingthemspecificrights,addbuildings,devices(anchors-tags),floorplans,placefixed
points(anchors)onthefloorplans,etc.Itcanalsodefinezonesinsidethebuildingandassociate
specificzoneswithspecifictags,givingaccessonlytothemindifferentplaces.Incaseatagenters
aspacethatisdeniedaccess,thesystemcreatesalarms.

Theadministratoralsomanagesbillingandpricingissuesthroughtheplatformandhasaccess
to reportsshowingvariousdetailsabout theservice.On theotherhand, theadministratorof the
organizationshasaccesstoAnalyticsthatconcern,forexample,thetrafficofspecificplacesinside
thebuildingsthroughheatmaps,usagehistories,andmore.InFigure2RemoteServer’sapplication
dashboardsomescreensofthesystemdashboardarepresented.Theoutlineofthemainresponsibilities
oftheRemoteServerapplicationarethefollowing:

• Provideusermanagementfunctionality.Therearevariouslevelsofusers,eachwithdifferent
features and rights. A username and password are used to log in to the site. In addition to
password-basedsystems,modernuserauthenticationmethodsincludeadditionalmechanisms
toverifytheidentityofusers.TheAmazonWebServicesCognitoframework(AWS,2021)was
usedintheGuideMeproject.

• Organizebuildinginformation,suchasmaps(floorplans).
• Aggregatetheinformationsentbythedevices,providehistoricaluserinformation,suchasthe

pastlocations.
• Provideinformationconcerningtheuseandbillinginformation.
• Providevisualizationof thedevice’spositionon the floorplans, inorder to locate theusers

quicklyandeasily.

Local Server
TheGuideMesystemimplementedtwotypesofservers,thelocalservers,andtheremoteserver.The
localserveroffersdevicemanagementfunctionality.Therearedifferenttypesofdevicesandeach
typeismanageddifferently.Specifically,thedevicesthatthelocalservermanagesare:

• WearableUWBdevicesthatuserscarry(tags)andareresponsibleforlocatingthemindoors.
• UWBanchorsthatlocatedinspecificareasandcommunicatewithbothmobilestationsandthe

localserver.
• Thelocalserverislocatedonthebuildingpremises.
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Mobile Phone Application
Inthissubsection,theandroidbasedmobileapplicationispresented.Thisapplicationisinstalledon
theuser’smobilephonecarryingthewearableUWBdeviceandisconnectedtotherestofthesystem
viaWi-Fiaspresentedinthegeneralarchitecture.Theapplicationisresponsibleforseveralfunctions:

• ConnectiontothelocalserverviaaWi-Finetworkandreceiveon-sitenavigationcommands.The
applicationreceivesthecommandsinaformatdefinedbythecommunicationprotocolbetween
theserverandthedefinedapplication,convertsthemintovoicecommands,andtransmitsthem
totheheadset.

• Interfacethroughwhichtheuserentershisusernameandpasswordandisverifiedthathehas
the right touse theservice.Theauthenticationprocess isbasedon theCognitoplatformof
AmazonWebServices.

• Interfaceforthewearable-applicationpairing.Thewearabledevicewasprogrammedtotransmit
toBLEbeacons,andparticularlyusesiBeaconstechnology(iBeacons,2021).iBeaconsisthe
technologystandardthatenablesmobileappstolistentosignalsfromBluetoothdevices.The
logicwefollowintheGuideMeapplicationisthis:ThedeviceperiodicallyemitsaniBeacon.In
casewewanttoconnecttheapplicationtothedevice,theuserpressesthecorrespondingbutton
andplacesthephoneveryclosetothedevice.Atthetouchofabutton,thephonestarts‘listening’
toBLEdevicesintheareafor5seconds.Ifit“listens”toadevicethatitisnearit(basedonthe

Figure 2. Remote Server’s application dashboard
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RSSIvalue),attheendoffivesecondsitnotifiestheuserthatthisGuideMedevice(beacon)
hasbeendetectedandaskstheuserifitwantstopair.

• Providestrackingserviceassistance,usingthebuilt-insensors(magneticfielddetectionsensor,
accelerometer,etc.)ontheAndroidmobilephonerunningtheapplication.

• Connectiontowireless(Bluetooth)orwiredheadphonescarriedbytheuserandguidancewith
voicecommands.

Anchors / Mobile devices
Asfarasthewearabledeviceisconcerned,theprocessorthatischosenistheEC32L13module
developedbyEconais(Econais,2021).TheEC32L13isa32-bitprocessoroftheproductfamily
STM32processors.Theprocessorsinthisfamilyofprocessorsareenergyefficient,inordertoexpand
thebattery life.AWiFimodule isalso integrated into thewearabledevice.For theconnectivity
throughUWB,wehavechosenthemoduleDWM1000ofDecawave(Decawave,2021).

InFigure3wepresentthegeneralarchitectureofthewearabledevice.Thedeviceconsistsofa
numberofsensorsincluding,themagnetometerandaccelerometersensors,theUWBmodule,the
WiFimodule,theMainComputingUnit,whichinourcaseistheEC32L13,andthemoduleforthe
batterymanagementinordertoexpandthebatterylifeaslongaspossible.InFigure4theuser’s
wearabledeviceprototypeispresented.

Figure 3. From left to right: a screen for the real-time guidance, a screen that presents that shows the available buildings, and a 
screen that shows the QR code for device pairing

Figure 4. Overview of the device’s architecture
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TheEC32L13moduleisincorporatedinbothwearabledevicesandanchor.Incontrasttothe
anchor,thewearabledevicehasmanysensorsthathelptounderstandtheorientationoftheuser.
Specifically,thegyroscopeFXAS21002FS,andthemagnetometer/accelerometerKMX62wereused.
TheFXAS21002FSisasmall,low-powergyroscopewitha16-bitresolution(ADC).Itsfullrange
isadjustableandcanreachfrom±250°/sto±2000°/s.Microprocessorinterfacecapabilities
includeInter-IntegratedCircuit(I2C)andSerialPeripheralInterface(SPI)protocols.TheKMX62
isa6-degreesensorsystemthatprovides16-bitprecisiondigitaloutputsthatcanbeaccessedviathe
I2Cinterface.TheKMX62sensorconsistsofathree-axismagnetometerandanadditionalthree-axis
accelerometer.Itssizeis3x3x0.9mm(LGA)-0.18umCMOStechnology.Includesaprogrammable
accelerometer±2g/±4g/±8g/±16gand+/-1200uTrangeforthemagnetometer.

Algorithms
In thissection,wepresent the indoorpositioningalgorithmand the indoornavigationalgorithm
whichweusedandintegratedinoursystem.

Indoor Positioning
Asfarasindoorpositioningisconcerned,aspartoftheGuideMeproject,itwasdecidedtoimplement
trilaterationalgorithmthatcombinessimpleimplementationandsufficientprecisepositioningbeyond
theprojectrequirements.

Thetrilaterationalgorithmisafairlycommonandeasytounderstandalgorithmandisused
extensivelyinvariousapplications.Inordertoestimatethedistancebetweenthewearabledeviceand
theanchors,theReceivedSignalStrengthIndication(RSSI)valuesareused.Thus,thetrilateration
algorithmcangiveaverygoodestimateoftheuser’sposition.Themainpartsofthelocalization
procedurearethefollowing:Foreachanchortheusercommunicateswith,acircleiscreatedwith
centerthepositionoftheuserandtheradiusthedistancebetweentheuserandtheanchor.Thisshould
bedoneforatleast3anchors.Thepointwherethecirclesintersectisthelocationoftheuser.Before
webeginthedescriptionoftheimplementationandthecode,wegiveanimagedescribingthethree
casesconsideredinthetrilaterationmethod,inFigure6Representationoftrilateration.

Figure 5. Wearable device prototype of the GuideMe project
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TrilaterationAlgorithmforIndoorPositioning

Class circle(point,radius){ 
      this.point=point; 
} 
function Locate(x1, y1,distance1, x2, y2,distance2, x3, y3,distance3){ 
      create circle objects; 
      circle_list={c1,c2,c3} 
      get_all_intersecting_points(circle_list); 
      center=Get_center_of_polygon(intersected_points_list); 
 } 
  
function get_all_intersecting_points(circle_list){ 
      //intersecting points of every circle with the other circles 
      find_interecting_points_by_two_circle(circle(i), 
      circle(k)); 
 } 
 function get_polygon_center(points){ 
      center = point(0, 0); 
      num = len(points) 
      for i in range(num){ 
            center.x += points[i].x 
            center.y += points[i].y 
      } 
 return center 
 }

Figure 6. Representation of trilateration
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Indoor Navigation
Afterinvestigatingvariousindoornavigationalgorithms,weconcludedonusingtheA*Algorithm.
AlgorithmA*isapathfindingalgorithmthatisextensivelyusedbecauseofitscapabilities.Algorithm
A*isoneheuristicalgorithmthatpotentiallycanleadtotheoptimumsolution.Insystemswhere
navigationinanenvironmentwithobstacles,A*algorithmisstillthebestsolutionforthemajority
ofcases.Thisalgorithmisbasedonstructuredgraphs.Itdefinesaninitialnodeofthegraphasa
startnodeandattemptstofindthepathtothefinalnodeatminimumcost.Theminimumcostdoes
notnecessarilyhavetodowiththeminimumnumberofmoves,asitcoulde.g.,UWBindicatethe
shortestpathlength.

So,toimplementthealgorithm,apathtreeisconstructedthatstartsfromthestartnodeand
extendsthetreepaths,oneedgeatatime,untilthealgorithmterminationcriterionismet.Ateach
iteration,thesetofpathstobeexpandedmustbespecified,andtodoso,thetravelcostisusedin
conjunctionwithanestimateofthecostsrequiredtoextendtothefinalnode.Therefore,thealgorithm
willselectthatpaththatminimizes:

f(n)=g(n)+h(n)

wherenisthenextextensionnodeinthegraph,g(n)isthepathcostfromtheoriginalnodeton
andg(n)thecostoftheminimumcostfromtheextensionnodentotheterminalnode.Obviously,
thealgorithmterminateswhenanacceptableextensionisfoundfromthestartnodetotheterminal
node,otherwiseextensionstothenodearenotavailable.AsfortheefficiencyofA*,aslongasthis
algorithmneveroverestimatestheactualcosttoreachtheterminal,thenthereturnedpathwillalways
beofminimalcost.

Asfarastheimplementationisconcerned,theJavaScriptlibraryEasystar.jswasused(Easystar.js,
2021).Dependingonthislibrary,itwaspossibletocreatearepresentationoftherealenvironmentasa
grid.Thenitwaspossibletodefinewhichcellofthegridhasanobstacleandwhatcellareaccessible.

Text-to-Speech
TheproposedsystemforTTSviaBluetoothnavigationinindoorspacesisdescribedinthissection.

Aswehavealreadymentioned,aGuideMedevicethatwilluseUWBanchorstoallowthesystem
topreciselydefineitslocationandorientationandprovidethisinformationtotheGuideMeAndroid
application,whichwillthenprovideaudiocommandsusingGoogleCloudTTS.Thecommandsfor
theTTSconversionareprovidedthroughSSMLlanguage.SSMLisacomponentofabiggersetof
markupspecificationsforvoicebrowsersdevelopedthroughtheopenprocessesoftheW3C.Itis
scheduledtoprovidearich,XML-basedmarkuplanguageinordertoassistthegenerationofsynthetic
speechinWebandotherapplications.ATTSsystem(asynthesisprocessor)thatsupportsSSML
willberesponsibleforprovidingadocumentasspokenoutput.Itwillalsoberesponsibleforusing
thedetailscontainedinthemarkuptoprovidethedocumentasintendedbytheauthor.Asignificant
featureof themarkup language is toprovideauthorsofsynthesizablecontentastandardway to
controlsomecharacteristicsofspeechsuchaspronunciation,volume,pitch,rate,etc.acrossdifferent
synthesis-capableplatforms.SpecialreferenceneedstobemadeontheApplicationProgramming
Interface(API)forTTSservices.

TTSisrecommendedforanyprogramthatprovidesuserswithaudioofhumanspeech.TTS
operatesbyconvertingSSMLinputtoaudiodataandbyusingTTSmechanism,theresponsestring
canbeconvertedtohumanspeechthatwillbeplayedbacktotheuseroftheapplication.Asforthe
process,theprocedureoftranslatingtextinputintoaudiodataiscalledsynthesisandtheoutputis
labeledassyntheticspeech.Thespeechsynthesisbeginsbygeneratingrawaudiodataasabase64-
encodedstringanddecodingofthisstringintoanaudiofileisrequiredinordertoplayfromthe
application. Additionally, TTS offers a large variety of custom voices, depending on our needs
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(voicesdifferbylanguage,genderandaccent).Theoutputsettingsarealsoconfigurable,concerning
speakingrate,pitch,volumeandsampleratehertz.Anindicativemodeoftheoperation,followedby
thesystemwedescribed,isshownin.

Finally,inTable2inputandoutputofthealgorithmsusedinthecontextofGuideMesystem.

PReLIMINARy eVALUATION

Beforemovingtotheintegrationphaseofallthesystemmodule’salltheproject’sinterfaceswere
evaluatedbyUserExperience(UX)expertswhoarefamiliarinthisdomain.Specifically,theinterfaces

Figure 7. Flowchart of the proposed system
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underwenttheheuristicevaluationprocess.Heuristicevaluationisamethodwhereexperts(incontrast
toothermethodsthatthefeedbackisgivenbytheusers)trytomeasuretheusabilityofaninterface
throughindependentwalkthroughs.Thismethodhasmanyadvantagessomeofthesebeingthespeed
inwhichtheheuristicevaluationcanbeconducted,thefactthatthismethodisinexpensiveasitis
donebeforethedeployment,andforthisreasonheuristicevaluationwasconductedinthisstageofthe
GuideMeproject.InthisphasetwoUserExperience(UX)expertsafterconcludingtouseallthe10
heuristicrulesproposedbyJakobNielsen’sforinteractiondesignreportedsomeusabilityproblems
andafterthedebriefmeetingoftheevaluators,theevaluatorsproposedsomeoftheseproblemsto
becorrectedinthetestingphasebythedevelopmentteam.

Heuristicassessmentiscarriedoutbymakingeachevaluatorinspecttheinterfaceontheirown.
Theevaluatorsareonlyabletocontactandhavetheirresultsaggregatedafterallofthetestshavebeen
completed.Thisprotocolisnecessarytoensurethateachevaluatorprovidesimpartialandunbiased
feedback.Theassessment resultsmaybewritten reports fromeachevaluatororverbal feedback
fromtheevaluatorstoanobserverastheygothroughtheGUI.Writtenreportshavethebenefitof
providingaformalrecordoftheassessment,buttheyrequiremoreeffortfromtheevaluatorsand
mustbereadandaggregatedbyanevaluationmanager.Usinganobserverincreasestheoverhead
ofeachassessmentsessionwhilereducingtheevaluators’workload.Furthermore,sincetheanalyst
onlyneedstorecognizeandorganizeonecollectionofpersonalobservations,ratherthanasetof
reportswrittenbyothers,theassessmentresultswereavailablerelativelysoonafterthelastevaluation
session,andthishelpedtoincorporatetheimprovements.Theheuristicevaluationwasbasedinall
thefollowingprinciples:

1. Visibilityofsystemstatus;
2. Matchbetweensystemandtherealworld;
3. Usercontrolandfreedom;
4. Consistencyandstandards;
5. Errorprevention;
6. Recognitionratherthanrecall;
7. Flexibilityandefficiencyofuse;
8. Aestheticandminimalistdesign;
9. Helpusersrecognize,diagnose,andrecoverfromerrors;
10.Helpanddocumentation.

Moreover,during thepreliminaryevaluationof theproposedsystemall thesystemmodules
were integrated, tested ina realenvironment throughpilot scenarios thatwereexecuted.During
thispreliminaryevaluationvariousscenarioswhereevaluated.Indicativelyevaluationscenariosare
presentedinfigures8and9.Figure8presentsobstacledetectionanddistancecalculationevaluation
scenario.Proposeofthisscenarioistheevaluationofobstacledetectionwhichveryimportantfeature
because failure of this feature may result injure of the visual impaired person supported by the

Table 2. Input/Output of the algorithms used in the GuideMe system

INPUT OUTPUT

Trilaterationlocalizationalgorithm RSSIvaluesoftheUWBtechnology Thecartesiancoordinates

TTS SSMLcommands Anmp3audiofileswiththe
navigationalcommands

A* Thestartingpoint,theendpoint,the
currentposition Thenextpositiontomove
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GuideMesystem.Moreoverduringthisscenarioweevaluationthedistancecalculationmechanism
whichisusedduringthenavigationofthevisualimpairedpersontohis/herdestination.Figure9
presentscalculationofbestpathevaluationscenario.Proposeofthisscenarioistheevaluationofthe
selectedroutestotheblindpersondestinationinordertoselecttheoptimalroute.Usercomments
andobservationswerecollectedforfutureimprovements,whilesomeoftheproposedchangeswere
already integrated and are available for demonstration. The project as awhole was successfully
completed, coveringall thegoals thatwere initially set, and in somecases exceeding the initial
specificationsandimplementingfunctionalitythatwasnotforeseen.Thenextstepswereidentified,
bothinthetechnicalandinthebusinessfield.Indicatively,wementionsometechnicalpointsand
practicalaspectsthatneedimprovement:

• Betteruser/devicemanagement;
• Incaseofdangerandcrises,forexampleincasethereisneedbuildingevacuationimmediately,

thesystemwillautomaticallybeabletocanceltherouteschosenbyusers,changingthedestination
totheclosestexisttothemanddirectingtheusersthere.Inaddition,incase,forexample,an
exitshouldnotbeused(e.g.itisinaccessibleorthereisadangerinthearea),theadministrator
willbeabletoexcludeitfromthepossibleoptions;

• IntegrationofvisualguidancefunctionthroughAugmentedRealityglasses(AR)inorderto
supportmoreendusers(insteadonlypersonwithspecialneeds).

Figure 8. Obstacle Detection / Distance Calculation evaluation scenario

Figure 9. Calculation of Best Path evaluation scenario
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Finally,weidentifythefollowinglimitationsoftheproposedsystem:

• TheusermustbeownerofanAndroidoperatingsystembasedmobilephone,whileothermobile
operatingsystemsarenotcurrentlysupported.

• Theoperationofthesystemrequiresthestudyofthebuildingthatwilloperate(floorplans,
etc.)andtheinstallationofrelevantequipment(serversandanchors)inthebuilding.Thesystem
cannotbeoperatedinanyspace.

• Thereisnopossibilityofsinglenavigationprocedurebetweenoutdoorandindoor.Theenduser
mustswitchbetweenoutdoornavigationapplicationtotheindoornavigationapplicationand
theopposite.

CONCLUSION ANd FUTURe wORK

Thisworkrefers to theprojectofGuideMe.Thecuttingedgeofexistingmethodologiesand the
frameworkmodulesthatwereexecutedtofinishthepreviouslymentionedprojectasfarasindoor
navigation and routing were introduced. The system gives a wearable device, and the venture’s
motivation is the commitment to indoor navigation and positioning assistance for people with
difficulties.Theclientisguidedfromthewearablegadgetfortheindoordirectionthroughvoice
commands gets assist for maintaining a strategic distance from obstacles. Future work includes
moredetailedevaluationof theproposedsystemincludingmoredetailedcontrolledandreal life
scenariosinordertoevaluateamongotherparametersandvariouspracticalaspects.Oneimportant
targetofourfutureworkisthecreationofoptimalparametersselectionforthevariousmodulesof
theGuideMesystem.InthisdirectionweplantoincorporateMachineLearningtechniquesforthe
optimalparameters’selection.Moreover,weplantoperformanerrorandstatisticalanalysisofdata
collectedduringtheexperimentsinordertominimizetheeffectofrandomeventtoGuideMesystem
evaluation.Inaddition,ourfutureworkmayincorporateanextensionofthiscurrentworkbylikewise
coveringoutdoorregionsthroughtheapplication.

ACKNOwLedGMeNT

Thisresearchhasbeenco-financedbytheEuropeanUnionandGreeknationalfundsthroughthe
RegionalOperationProgram“WesternGreece2014-2020”,undertheCall“Regionalresearchand
innovationstrategiesforsmartspecialization(RIS3)inCommunicationandInformationTechnologies”
(projectcode:5038620entitled“Systemforindoorsorientationandguidance-GuideMe”).



International Journal of Smart Sensor Technologies and Applications
Volume 1 • Issue 2 • April-June 2020

52

ReFeReNCeS

Al-Ammar,M.A.,Alhadhrami,S.,Al-Salman,A.,Alarifi,A.,Al-Khalifa,H.S.,Alnafessah,A.,&Alsaleh,M.
(2014).ComparativeSurveyofIndoorPositioningTechnologies,Techniques,andAlgorithms.2014 International 
Conference on Cyberworlds,245–252.doi:10.1109/CW.2014.41

Alarifi,A.,Al-Salman,A.,Alsaleh,M.,Alnafessah,A.,Al-Hadhrami,S.,Al-Ammar,M.,&Al-Khalifa,H.
(2016).UltraWideband IndoorPositioningTechnologies:Analysis andRecentAdvances.Sensors (Basel),
16(5),707.doi:10.3390/s16050707PMID:27196906

Alqahtani,E.J.,Alshamrani,F.H.,Syed,H.F.,&Alhaidari,F.A.(2018).SurveyonAlgorithmsandTechniques
forIndoorNavigationSystems.2018 21st Saudi Computer Society National Computer Conference (NCC),1–9.
doi:10.1109/NCG.2018.8593096

AmazonWebServices.(2021).https://aws.amazon.com/cognito/

Bouras,C.,Gkamas,A.,&KatsampirisSalgado,S.A.(2021).EnergyefficientmechanismforLoRanetworks.
Internet of Things,13,100360.doi:10.1016/j.iot.2021.100360

Bozkurt,S.,Elibol,G.,Gunal,S.,&Yayan,U.(2015).Acomparativestudyonmachinelearningalgorithms
forindoorpositioning.2015 International Symposium on Innovations in Intelligent SysTems and Applications 
(INISTA),1–8.doi:10.1109/INISTA.2015.7276725

Cheraghi,S.A.,Namboodiri,V.,&Walker,L.(2017).GuideBeacon:Beacon-basedindoorwayfindingforthe
blind,visuallyimpaired,anddisoriented.2017 IEEE International Conference on Pervasive Computing and 
Communications (PerCom),121–130.doi:10.1109/PERCOM.2017.7917858

Daramouskas,I.,Kapoulas,V.,&Pegiazis,T.(2019).AsurveyofmethodsforlocationestimationonLow
PowerWideAreaNetworks.2019 10th International Conference on Information, Intelligence, Systems and 
Applications (IISA),1–4.doi:10.1109/IISA.2019.8900701

Decawave.(2021).https://www.decawave.com/product/dwm1000-module/

Easystar.js.(2021).https://easystarjs.com/

Econais.(2021).http://rtls.econais.com/

Goel,Ansari,&Kuwalekar.(2017).Using A * algorithm to find shortest path in Indoor positioning system.
AcademicPress.

GuideMe.(2021).http://www.guideme-project.upatras.gr/

He,T.,Zhao,W.,&Xu,L.(2020).DOP-Tacotron:AFastChineseTTSSystemwithLocal-basedAttention.
2020Chinese Control And Decision Conference (CCDC),4345–4350.doi:10.1109/CCDC49329.2020.9164203

iBeacons.(2021).http://www.ibeacon.com/what-is-ibeacon-a-guide-to-beacons/

Indoornavigationandcommunicationinpublictransportfortheblindandvisuallyimpaired.(2016).https://
trimis.ec.europa.eu/project/indoor-navigation-and-communication-public-transport-blind-and-visually-impaired

in.doorsandSanFranciscoInternationalAirportunveilAppforVisually-ImpairedPassengers.(2021).https://
indoo.rs/indoo-rs-and-san-francisco-international-airport-unveil-app-for-visually-impaired-passengers/

ITU.(2021).https://www.itu.int/rec/T-REC-F.921-201808-I/en

Kishore,A.,Bhasin,A.,Balaji,A.,Vuppalapati,C.,Jadav,D.,Anantharaman,P.,&Gangras,S.(2017).CENSE:
ACognitiveNavigationSystemforPeoplewithSpecialNeeds.2017 IEEE Third International Conference on 
Big Data Computing Service and Applications (BigDataService),198–203.10.1109/BigDataService.2017.32

Kuhn,M.(2008).HighaccuracyUWBlocalizationindenseindoorenvironments.2008 IEEE International 
Conference on Ultra-Wideband,129-132.doi:10.1109/ICUWB.2008.4653368

Li, Y., & Shin, B.-S. (2015). Internal Topology Based Flexible Shortest Path Planning Method for Indoor
Navigation.InJ.J.Park,H.-C.Chao,H.Arabnia,&N.Y.Yen(Eds.),AdvancedMultimediaandUbiquitous
Engineering(Vol.352,pp.171–176).SpringerBerlinHeidelberg.https://doi.org/10.1007/978-3-662-47487-7_26.

http://dx.doi.org/10.1109/CW.2014.41
http://dx.doi.org/10.3390/s16050707
http://www.ncbi.nlm.nih.gov/pubmed/27196906
http://dx.doi.org/10.1109/NCG.2018.8593096
https://aws.amazon.com/cognito/
http://dx.doi.org/10.1016/j.iot.2021.100360
http://dx.doi.org/10.1109/INISTA.2015.7276725
http://dx.doi.org/10.1109/PERCOM.2017.7917858
http://dx.doi.org/10.1109/IISA.2019.8900701
https://www.decawave.com/product/dwm1000-module/
https://easystarjs.com/
http://rtls.econais.com/
http://www.guideme-project.upatras.gr/
http://dx.doi.org/10.1109/CCDC49329.2020.9164203
http://www.ibeacon.com/what-is-ibeacon-a-guide-to-beacons/
https://trimis.ec.europa.eu/project/indoor-navigation-and-communication-public-transport-blind-and-visually-impaired
https://trimis.ec.europa.eu/project/indoor-navigation-and-communication-public-transport-blind-and-visually-impaired
https://indoo.rs/indoo-rs-and-san-francisco-international-airport-unveil-app-for-visually-impaired-passengers/
https://indoo.rs/indoo-rs-and-san-francisco-international-airport-unveil-app-for-visually-impaired-passengers/
https://www.itu.int/rec/T-REC-F.921-201808-I/en
http://dx.doi.org/10.1109/ICUWB.2008.4653368


International Journal of Smart Sensor Technologies and Applications
Volume 1 • Issue 2 • April-June 2020

53

Eirini Barri was born in 1993 in Limassol, Cyprus. She obtained the Anglia Certificate of Proficiency in 2009. In 
the same year she obtained the Cambridge Certificate of IGCSE. In 2010 she obtained the diploma in CCNA: 
Networking for Home and Small Business and the next year 2011, the diploma CCNA: Working at a Small to 
Medium Business or ISP .She entered the Department of Computer Engineering and Informatics at University of 
Patras in 2011 and is currently an postgraduate student. She joined Research Unit 6 in 2019, she is interested in 
mobile telecommunications networks, D2D communications and MIMO technology.

Christos Bouras is Professor in the University of Patras, Department of Computer Engineering and Informatics. 
Also, he is a scientific advisor of Research Unit 6 in Computer Technology Institute and Press - Diophantus, Patras, 
Greece. His research interests include Analysis of Performance of Networking and Computer Systems, Computer 
Networks and Protocols, Mobile and Wireless Communications, Telematics and New Services, QoS and Pricing 
for Networks and Services, e-learning, Networked Virtual Environments and WWW Issues. He has extended 
professional experience in Design and Analysis of Networks, Protocols, Telematics and New Services. He has 
published more than 400 papers in various well-known refereed books, conferences, and journals. He is a co-author 
of 9 books in Greek and editor of 1 in English. He has been member of editorial board for international journals and 
PC member and referee in various international journals and conferences. He has participated in R&D projects.

Apostolos Gkamas obtained his Diploma, Master Degree and Ph.D from the Computer Engineering and Informatics 
Department Other site of Patras University (Greece). He is currently Associate Professor in University Ecclesiastical 
Academy of Vella, Ioannina. His research interests include Computer Networks, Telematics, Multimedia 
transmission, IoT, LPWAN and Cross Layer Design. More particular he is engaged in transmission of multimedia 
data over networks and multicast congestion control. He has published more than 100 papers in international 
Journals and well-known refereed conferences. He is also co-author of three books (one with subject Multimedia 
and Computer Networks one with subject Special Network Issues and one with subject IPv6). He has participated 
in various R&D project (in both EU and national) such as IST, FP6, FP7, Intereg eLearning, PENED, EPEAEK, 
Information Society, RESEARCH - CREATE - INNOVATE.

Spyridon Aniceto Katsampiris Salgado was born in 1996. He entered the Department of Computer Engineering and 
Informatics at University of Patras in 2014 and he received his diploma in 2019. Currently, he is a postgraduate 
student on Human-Computer Interaction. He joined the Laboratory of Distributed Systems and Telematics in 
2018 and he is interested in machine learning, Internet of the Things and LPWA networks. Also, he has published 
research work on international conferences, and has participated in R&D projects.

Link,J.A.B.,Smith,P.,Viol,N.,&Wehrle,K.(2011).FootPath:Accuratemap-basedindoornavigationusing
smartphones. 2011 International Conference on Indoor Positioning and Indoor Navigation, 1–8. 10.1109/
IPIN.2011.6071934

Mahida,P.T.,Shahrestani,S.,&Cheung,H.(2017).Localizationtechniquesinindoornavigationsystemfor
visuallyimpairedpeople.2017 17th International Symposium on Communications and Information Technologies 
(ISCIT),1–6.10.1109/ISCIT.2017.8261229

Megalingam,R.K.,Rajendran,A.P.,Dileepkumar,D.,&Soloman,A.T.(2013).LARN:Indoornavigationfor
elderlyandphysicallychallenged.2013 IEEE Global Humanitarian Technology Conference (GHTC),326–330.
10.1109/GHTC.2013.6713705

Mullah, H. U. (2015). Comparative Study of Different Textto-Speech Synthesis Techniques. International 
Journal of Scientific and Engineering Research,6,287–292.

Peltola,P.,Montasari,R.,Seco,F.,Jimenez,A.R.,&Hill,R.(2019).Multi-PlatformArchitectureforCooperative
PedestrianNavigationApplications.2019 International Conference on Indoor Positioning and Indoor Navigation 
(IPIN),1–8.10.1109/IPIN.2019.8911786

SSML.(2021).https://cloud.google.com/text-to-speech/docs/ssml

Tenorio&Ren.(2014).Text-to-Speech Synthesis Techniques Eduardo ´Centro de Informatica.Universidade
FederaldePernambuco´Recife,PE,Brasil.www.cin.ufpe.br

Zhu,N.,Ortiz,M.,&Renaudin,V.(2019).SeamlessIndoor-OutdoorInfrastructure-freeNavigationforPedestrians
andVehicleswithGNSS-aidedFoot-mountedIMU.2019 International Conference on Indoor Positioning and 
Indoor Navigation (IPIN),1–8.10.1109/IPIN.2019.8911741

https://cloud.google.com/text-to-speech/docs/ssml
http://www.cin.ufpe.br

