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Abstract:TheCovid-19pandemicishavingahugeglobalimpact,especiallywhenwetalk
aboutInternetofThings(IoT)andmarketanalyststoanalyzetheimpactofthepandemicon
smartcitiesandalsotounderstandwhatarethenew responses,challenges,opportunities
whichwillariseinapost-pandemicscenario.Technologyisakeywhichhasturnacityinto
smartcitywhichiswellconnected,sustainableandresilient,whereinformationisnotjust
availablebutalsofindable.Therefore,theemergingtechnologieshavecreatednewinterestin
smartcities'solutions.Itis one ofthe mostpromising,prominent,and challenging
applicationsoftheInternetofThings(IoT).Themaingoalofistooptimizecityfunctionsand
promoteeconomicgrowthandalsoimprovingthequalityoflifeforcitizensespeciallyby
usingsmarttechnologiesanddataanalysisthatleadstosmartoutcomes.Theprogressand
advancementofthesmartcities'aretheresultsofthesuccessfulutilizationofemerging
technologies.WiththeadvancementofCOVID-19pandemic,peoplerealizedhowimportant
digitalconnectivity.We,asasocietyshouldlearnhowtobereadyforacrisisandthebest
waytobereadyforthecrisisisreallyinfluencedallthisinnovationinthedigitalworld. 

Thispaperthoroughlystudiesthevalueofhowemergingtechnologyisusedandwhatarethe
challengesandresponsesoftechnologyusedinsmartcitiesfortheplanetearthduringand
postCOVIDpandemic.

Keywords:InternetofThings(IoT),EmergingTechnology,SmartCity

Introduction

Technologycouldbeakeywhichhasturnacityintosmartcitywhichiswellconnected,

sustainable and resilient,where information isn’tjustavailable butalso findable.

ThereforeTheemergingtechnologieshavecreatednewinterestinsmartcities'solutions.

It’soneamongsttheforemostpromising,prominent,andchallengingapplicationsofthe

webofThings(IoT).Theprogressandadvancementofthesmartcities'aretheresultsof
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thesuccessfulutilizationofemergingtechnologies.Nodoubt,COVIDdefinitelydelayed

downtheprogressofsmartcitieswhichhasimpactedmanyoftheprojects,particularly

thosefocusedontransportationandtraffic.COVID actuallypromptednew smartcity

initiatives.

Thesmartcityvisioncombinesemergingtechnologieslikeedgecomputing,computer

scienceetc.tomakesustainableecosystem.Asfaraspublichealthisconcernedmany

citiesacrosstheworldusingtechnologytowatchairandwaterquality.Duringthestudy

ofthispaperwehavethoroughlystudiedthevalueofhowemergingtechnologyisused

andwhatarethechallengesandresponsesoftechnologyusedinsmartcitiesforthe

planetearthduringandpostCOVIDpandemic.

Objectivesofthestudy

 Tostudythetechnicalrequirementstoestablishasustainablesmartcity.

 To studythevalueofhow emerging technologyisused within asmartcity

environment..

 TostudyCOVID-19SmartSpaces–ATechnologybasedresponses

 Tostudythechallengesoftechnologyusedinsmartcitiesfortheplanetearth

duringandpostCOVIDpandemic.

EmergingTechnologyanditsroleswithinasmartcityenvironmentinthetimeofCOVID
-19

TheCOVID-19outbreakwillacceleratetechnologytrendsthararealreadyunderway.AI,

blockchain,analyticsandvirtualizationoffertangiblesamplesofemergingtechnologies.

Smartcitiesareciteswhereeverythingisconnectedtoeveryotherandthisisoftenhighly

relied on technologies. Using technology,the officials are able to gather city

intelligence andthisintelligencewhenintegratedwiththeoperationsmakethecities

smarterandsafer.Creatingatwo-waycommunicateonchannelisincrediblyimportant

foracitytobesmart. ICThelpsthegovernmenttoresearchthedemandpatternofthe

stateandthuscreateapoolofresourcestohandletheidenticalonline. TheSixtechnologies

crucialforsmartcities
2

InternetofThings:Internetofthings is like veins oftown spread allacross and

connectingeachdot.Everydevicethatapartofawisecityhastobeconnectedtoevery

othersotheywilltalkamongstandmaytakedecisionsforthemselveswhichreciprocally

allowsmanagingresourcesofamegacitypopulation.ThiscanbewheretheIoTcomesin,

providingthepropertemplateofabodyofcommunicatingdevicesthatgivessmart

solutionstoeverydayproblems.Allsmartsolutionsinsmartcitiesaresupportedon

Internetofthingswherethey’reconnectedandsmartenoughtocometoadecision.

Sensors:Sensorsarehiddenbutubiquitouscomponentsoftheurbanlandscape.Sensors

areimportantcomponentsofanyintelligentsystem.Sensorsarelikeconverterswhich

convertparametersofaphysicalnaturetoasignal,whichmaybeinterpretedbyhumans
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oroften fed into an autonomous system.These signals forconventionalsensors,

amongstothers,includelight,pressure,temperature,humidity,moistureandaspreadof

otherparameters.

.

Figure1:TheSmartCities

5GNetworking:Mobiletechnologyistakingabigdiscovery.5th–generationnetworks

(5G)are transforming the ways we use wireless devices in ways in a rare ways.

Combinedwithartificialintelligence(AI)andalsotheInternetofThingswilldramatically

thewaycitizenslive,workandfindroundthecityofthelongerterm.With5Gsmartcities

achievemassivedeviceconnectivity,higherdatarates,reducelatency,highersystem

capacity,energysavingsand pricereduction.Itcan enablewirelessconnectivityin

exceptionallocationsandenableIoTsensorstowatcheverything.

Figure2:EmergingTechnologyinSmartCities

GeospatialTechnology:Whateverismadeina smartcity hastoberightandtomakeit
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right,arightplanisthattheneedwhichissustainableandthisneedsaccurate,concise

and detaildata.Herecomestheroleof Geospatialtechnologieswhich providethe

underlying foundation and ultimately thematerialupon which offermaybebuilt.It

provideslocationwhichallowspinpointingexactlyonthenecessitysobettersolutionis

appliedtothat. Geospatialtechnologyprovidesanecessaryframeworkforcollecting

dataandremodelingobservationinthesecollectionstofacilitatesoftware-basedsolution

aroundsmartinfrastructure
ArtificialIntelligence:Smartcitymaybeadigitalrevolutiongeneratinganenormous
amountofinformation.Thismassiveamountofknowledgegenerationbringstheroleof
computersciencewhichwillbeoutofthesedata.tograsptheinterestingaspectofAI
withinthetermsofsmartcities,allow ustotakeanexample.duringasystem where
energyspikestendtohappen,AIcanlearnwheretheytypicallyoccurandunderwhich
circumstancesandthisinformationisusedforbettermanagementofthefacilitygrid.
Likewise,AIalsoplaysajobinintelligenttrafficmanagementandhealthcarefacilities.

Blockchain:Blockchainapplicationisanunaccustomedsmartcityconcept.Blockchain
technologysecuresdataflow.Itsintegrationintosmartcitiescouldbetterconnectallcity
serviceswhileboostingsecurityandtransparency.Insomeways,blockchain isexpected
to influence cities through smart contracts,which help with billing,processing

transactionsandhandlingfacilitiesmanagement.2Blockchainmaybeutilizedinsmart
gridstofacilitateenergysharing,anideawhichistrendingnowadays.

TheUnitedNationshaspredictedthatthetrafficsituationwouldfurtherdeteriorate,asby

2030two-thirdsoftheworld’spopulationwillliveinmegacitieswithhighpopulation

density.Thisdrawsourimmediateattentiontowardstheneedtomitigateovercrowding

andcongestionthroughsmarturbanplanning.3

PhilipsLighting,alongwithSmartCitiesWorld,publisheda reportthatcompiledalistof
topsmartcitiesafterthoroughresearchonmorethan150parametersthatimpacturban
planningacrosstheworld.ThereportmentionsSingapore,London,andBarcelonaasthe
world’sbestsmartcities,demonstratingthatmanagement,governmentpolicies,and

leadershipwouldplayakeyroleinsmartcityprograms.
2

COVID-19SmartSpaces–ATechnologyBasedResponses

Digitaltechnologiesareplayingakeyroletoremainoursocietiesfunctionalduringnow

oflockdownsandquarantines.TheCOVID-19pandemichascompelledeveryonetowish

adigitalapproachtobeinganemployee,friend,orfriend.Mobileandwebtechnologyis

helpfulforspreadingawarenessaboutCOVID-19,facilitatingcontacttracing,notifying

individualswhohaveareavailablecloseproximitytosuspectedcarriers,trackingCOVID-

19suspectsinquarantine,realtimetrackingofcrowds,remotemonitoringofCOVID-19

patientsandfarmore.Dronesarebeingemployedforenforcingstrictquarantineand

socialdistancingandfordisinfectionpurposes. 

RobotsarehelpingtreatCOVID-19patientsandsanitizingCOVID-19wards. Telemedicine

isprovidingsolutionsfore-healthcheckups.BigdataandAIisgettingusedforResearch
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andDevelopment(R&D)purposes.
7

Figure3:MyGovSocialMediaHub
Source:NationalInformaticsCentre,MinistryofElectronics&InformationTechnology,GovernmentofIndia.2020b.

“#IndiaFightsCoronaCOVID-19.”#IndiaFightsCoronaCOVID-19inIndia,CoronaVirusTracker.May12,2020.
https://www.mygov.in/covid-19/.

AI-poweredtoolsforscreening

AnAIbasedvoicetoolhasbeendevelopedanddesignedbyaprofessorandherstudents
inMumbai(PressTrustofIndia2020b).ThistoolisabletodetectCOVID-19through
voice-baseddiagnosisusingaSmartphoneapp.ThetoolwilldetectCOVID-19basedon
thefactthatthevoiceofCOVID-19patientsisdifferentfrom healthypeopledueto
damagetothelungsandairways.ArtificialIntelligenceisabletodetectthesedifferences,
whichanormalearcannot.

TheDefenceInstituteofAdvancedTechnology(DIAT)inPune,Maharashtrahasalso
developedanAIbasedCOVID-19detectiontool(PressTrustofIndia2020h).Thetool
usesthechestx-raysofpatientstoidentifyCOVID-19infection.

 AarogyaSetuApp

TheAarogyaSetuApphasbeendevelopedbyNationalInformaticsCentre(NIC),Ministry
ofElectronicsandknowledgeTechnology,GovernmentofIndia(Wikipedia2020;National
InformaticsCentre,MinistryofElectronics& InformationTechnology,Governmentof
India2020a;Mitter2020).it'sacontacttracingappavailablein11languages.Theapp
usesBluetoothandsitedatatotracemovementoftheuser.Analertisgenerated
wheneverauserhasbeenwithinsixfeetofaCOVID-19patientbycross-referencingthe
pan-IndiagovernmentdatabaseofCOVID-19patients.

Theapp’sprogrammedisplayscurrentstatusofuserlocality(thezone:red,orange,
green),riskoftheusergettinginfectedwithCOVID-19andupdatesonCOVID-19.Theapp
is somewhatkind oflike the communitytracing app “Trace Together”utilized by
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Singapore.Notonly‘AarogyaSetu’butallotherappsthattrackreal-timemovementof
individualsraiseprivacyconcerns.

Figure4:AarogyaSetuApp
Source:Mitter,Sohini.2020.“Coronavirus:7ContactTracingandPatientMonitoringAppsBeingUsedbyIndia.”

Coronavirus:7ContactTracingandPatientMonitoringAppsBeingUsedbyIndia.April2020.
https://yourstory.com/2020/04/coronavirus-contact-tracing-patient-monitoring-apps-india.

 Robotsfortreatment
TheuseofrobotsisalsobeingexploredinvariousstatesinIndiatominimizethecontact
ofhealthcareteamswithCOVID-19patientsinhospitalsandtoaddresstheshortageof

PersonalProtectiveEquipment(PPE).
7

 Nightingale-19Robot
TheNightingale-19RobotisbeingusedinhospitalsinKannurandThalasserydistrictsin
Kerala(Thomas2020;Zachariah2020).Nightingale-19candeliverfood,medicinesand
otheressentialitems.Italsoprovidesvideoconferencingfacilitytointeractwiththe

patient
.7

Figure5:Nightingale-19Robot
Source:Zachariah,SereneSarah.2020.“Kerala’s‘Nightingale-19’RobotServesMeals,HelpsDoctorsTreat
COVID-19Patients.”Kerala’s‘Nightingale-19’RobotServesMeals,HelpsDoctorsTreatCOVID-19Patients.April
2020. https://www.thebetterindia.com/224546/covid-19-kerala-robot-nightingale-19-innovation-protect-health-
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workers-india-ser106/

Smartcitieswillenhancethestandardoflifetimeofcitizensinmultiplewaysandreduce

thetakentimetocommutebetweenhomeandworkplacebecausetheproblem oftraffic

jam isprohibited.thecrucialdevelopmentsinsmartcitiesthatmightexpectedlysave

timelikemobility,HealthcareandPublicsafety.

Figure6:SmartSpacesTechnologyBasedResponses

 SmartSpaces

Wespend90%ofourtimeindoors,inordertomaintainsafetyinsharedspaceslike

offices,schools,universities,etc.weneedakindofsystemsinplacessothatwecan

protectpeoplefrom infectiousdiseases.Commonsenseguidelinesarealreadybeing

implemented.Technologybasedoptionsalsoexist.Itiscriticaltoconsiderhigh-tech

InternetofThingsbasedsolutionsthatareavailableasvaluabletoolstopreventsick

from enteringabuilding,maintainingtheappropriatesocialpracticesinsidethespace,
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relyinguponroboticstomaintainasanitizedenvironment
3

 DigitalCityServices

Withmanymunicipalofficesclosedandstaffworkingremotely,mostcitieshavebeen

forcedtodelivermorecitizenservicesdigitally.Somecitygovernmentconductmeetings

virtually,

e-learning,training and virtualwhiteboardswereimparted through technology-based

responsesbyeducationalinstitutionsTheymayfindthattherecertainefficienciesto

continuetoworkthisway.

 DeliveryofCookedFoodtoSlums

Agra,referredtoasthe“CityoftheTaj,”amongoneofthemostcommoninternational
tourism destinationsofIndia,hadregistereditsfirstcaseofCOVID-19onMarch02,2020.
SincethentillMay22,2020,atotalof840caseswerereportedinthecity,with28deaths
and707recoveries.ItisoneoftheworstaffectedcitiesintheStateofUttarPradesh
accountingforabout20% oftotalcasesreportedintheState.Thekeyhighlightsof

Agra’scontainmentplaninclude:
5

 ConvertingIntegratedControlandCommandCentre(ICCC)intoWARroom,with
morethan25peopleworking24x7helpingcityauthoritiesandoperatingthe

helpdesktorespondtocitizengrievances
5

 Launch ofLockdown monitoring app to track crowd gathering and social
distancingviolationsusingreal-timealertsandmessagingsystemsacrossallcity

policestations
.5

Figure7:LockdownMonitorSECURA

Launch ofa GIS-based COVID-Trackerdashboard showing various corona virus
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hotspots,diseaseheatmap,andprovidinginformationonthenumberofpositivecases,
patientsrecovered,dailycasecount,trends,agegroupsaffected,etc.tohelpindata-

drivendecisionmaking.
5

Web-Portalforonline Doorto doordelivery ofessentials (including groceries,
vegetables,fruits,andmedicines)

AgraDistrictAdministrationandAgraSmartCityLimitedhavecollaboratedinensuring
doorstepdeliveryofdailyneeditemsBasedonasurveydonefortheentire100wardsof
Agracity,specifickiranashopsandfruit/vegetablevendorswereidentifiedineachward
forparticipatingintheinitiative.About6-10vendorsperwardwereidentifiedtodistribute

fruits,vegetables,andessentialsatthecitizens’doorstepinthatward.
5

Figure8:Distributionoffoodamongstreetdwellersandpoorfamilies
5

AWebPortalhttp://agrasmartcity.in/EssentialItemSupplier.aspx)waslaunched,whichcan
beaccessedbymobile(app)andcomputer(webportal)toallow thegeneralpublicto

selectthenearestavailablevendorsofgroceries,fruits,andvegetables.
5

Theweblinkalsoprovidesthecontactdetails(mobilenumberandaddress)ofthe
registeredvendor(whichwerecollectedduringtheGISpropertysurveyandSWM RFID
taginstallation),wherethepubliccandirectlycallandplacetheirorder.TheE-Pass
facilityisprovidedtotheregisteredvendorstofacilitatethemovementofessential

servicegoods.
5
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Figure9:e-DoctorSeva-TeleMedicinefacilityprovidedtocitizen
5

e-DoctorSeva,aPPPinitiativetoprovidetele-videoconsultation

Further,Secretary,Food&Suppliesisdistributingwheatflourandpulsestotheregistered

beneficiariesunderPradhanMantriGaribKalyanAnnaYojana(PMGKAY)usingacoupon

system (havingdistributiontimeslots)toensuresocialdistancing.
.7

Talkingaboutthebestpracticesfrom othercountriesTechnologyhasalwaysbeenthe
toppriorityoftheSouthKoreangovernment,andSouthKoreahasalsoproventobethe
globalleaderinusingICTtofightagainstCOVID-19.WiththehelpofArtificialIntelligence
(AI),SouthKoreawasabletodevelopaCOVID-19testingkitinjustthreeweekstime
whichnormallywouldhavetakenaround2-3monthstodevelop(ITUNews2020).South
Koreahashada‘SmartquarantineInformationSystem’inplacesincetheMERSoutbreak
in2015(ITUNews2020).SouthKoreahasleveragedArtificialIntelligence(AI)forthe
developmentofvarioustoolstoaidinquickdiagnosisandclassificationofcaseseverity
(ITUNews2020).TheAIbasedChestX-RayImageSupportDecisionTooldevelopedby
VUNOhelpsinidentifyingabnormalfindingsonchestx-rayswithinfew secondsandis
abletoclassifyifthepatientneedsintensivecare.AiHubisamedicalplatform which
utilizesAItoexaminelungdiseaseswithinfewseconds.AIbasedHand-heldchestX-ray
cameracanscanthechestinjustthreesecondsandgivesaheatmapvisualizationof
abnormallesion.Forinstance,voicerobotsbasedonAIautomaticallycallspeoplewho

seekinformationorneedattention.
7

HongKonghasshowcasedthebestexampleintheworldofcaseloadmapping.Ithas

publishedbuilding-by-buildingmapwhichillustratesthenumberofCOVID-19casesat

everysingleaddressinthewholecitywithoutanyadditionalidentifiableinformation.
6

CountrieslikeGermanyandItalyarestrictintermsofdataprotectionlawsandareusing

anonymisedlocationdatatoidentifypublicplaceswherepeoplearedefyinglockdowns

bygatheringingroups
.7

Aarogya Setu contacttracing app,launched by GovernmentofIndia,and Israel’s

“HaMagen”(or“TheShield”)apparefewsuchexamples
.7

Challengesoftechnologyusedinsmart citiesfortheplanetearthduringand post
COVIDpandemic.

ICTenablesnew waysofmanagingtheCOVID-19crisisandwillbeconsideredasa
sovereignremedytodeadlydiseases. ICTplaystheroleofacatalystsoontofacilitate
theprocessesinvolvedinfightingagainstCOVID-19. Variousnewmobileappshavebeen
launchedbythecentralandstategovernmentsofIndiatohelpandfightagainstthe
COVID-19situationwithinthecountry.Mostofthosemobileappsaredesignedforsmart
phonesandpoorarelesslikelytoaffordthem whileelderlyarelesslikelytousethem.
Therefore,effortsshouldbetakentowardsscalingupthoseICTinterventionswhich
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enablesinclusionofthesevulnerablegroups.

Post-COVID-19,IoTplaysamajorroleinsmartcities.Thankstotheincreasingspecialize
inbuildingsecurityandconnectedbuildings,similarlyascityoperation.Inpost-COVID-19
smartcities,IoTtogetherwithdigitaltwinandartificialintelligence(AI)techniqueswill
providevaluablepredictivemodeling that’scriticalto enablecitiesto workoutthe
security,effectivenessandeconomicimplicationsofpolicymeasures.Tohireinure
futurepublichealthemergencies,smartcitiesmustembraceIoTandotheremerging
technologiesforsuchthingsassocialdistancemeasurement,viraltestingandinfection
case.

Conclusion

AccordingtothestudytheconclusionwhichhasbeenderivedisthatCOVID-19has

ledtothechangesinhowsmartcitiesareusingtheapplicationsIoT.Theworthcomes

from notjustuse,buteffectiveuseofthetechnologiescombinedwithevidence-based

policiesandpractices.Thereisnodenyingthepandemichascreatedchangeswithin

thebuiltenvironmentandacrosscitiesthatareheretoremain.Theprogressand

advancementofthesmartcities'are theresultsofthesuccessfulutilization of

emergingtechnologies.
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