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ABSTRACT

In this paper, the authors show the applicationof computer science algorithms to theplumbing
system.Theyproposeafaulttoleranttapwatersystemthatisimpossiblewithoutinternetofthings
andalgorithms.Theyshowthattheproblemisamutualexclusiongroupproblemandproposean
adaptedalgorithmversionfromtheliteratureasasolution.Couplingalgorithmswiththeconfigurable
plumbingnetworkwillopenanewfieldofresearchonIoTcalledsoftware-definedplumbingnetwork
wherecomponentsthathavebeentraditionallyimplementedinhardware(e.g.,watermixers,spring
faucets,flowsensors,etc.)areinsteadimplementedbymeansofsoftware.Thiswaywecansolve
otherproblemslikeinstantaneoushotwater,automaticcleaningofthewaterheater,etc.since,due
tocomputeralgorithms,thesystemscanbeeasilysmart,extensible,andadaptive.
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INTRoDUCTIoN

Thereare severalproblemswith theplumbingsystem thesedays, themost importantbeing that
problemsariseinsystemmaintenanceoremergencies,forcingtheplumbertoshutdownpartofthe
home’swatersupplysystemorofthewholenetwork,whichcandisturbtheinhabitantsofthehouse.
Theproblemcanbeseriousinthecaseofahotelpracticallythehotelwillloseacertainpercentage
ofcustomersandwillhaveabadreputation.

Anotherproblemtoconsideriswaitingandwastingwatertogethotwater.Thecauseofthis
problemisthatthehotwaterpipesarefilledwithcoldwater.Itisnecessarytoemptythecoldwater
residinginthehotpipetoobtainthehotwaterrequested.

Anotherpossiblescenarioassumessomeoneisrentinghishouse,becausethewatertaponthe
washingmachineisusuallyonlyconnectedtothecoldwaterpipe.Ifthecustomer’swashingmachine
doesnotheatwater,thehomeownerisforcedtofixtheproblemforthecustomertoallowhotwater
togotothefaucetofthewashingmachine,ifthehouseiswellfinished,capped…etcobligesthe
ownerofthehousetothinktwicebeforeproceeding.

Inthisarticle,weproposeafault-tolerantandadaptiveintelligentsystemwithapieceofsoftware,
alltheproblemsmentionedabovecanbesolvedeasilyandmanyotherproblems.Inthecaseofthe
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washingmachinewithoutaddingadditionalheating,wecanensure that the tapdedicated to the
washingmachineserveshotwateratthedesiredtemperaturethankstotheIoTsystem.

Oursystemcanbeenhancedwithmachinelearningeasytosolveotherproblemlikewaterand
energyconsumptionmonitoring.Forexamplethesystemcanbesmartenoughtomakeanotification
forwashingclotheswhenthewateriscomingtothehousefromtheexternalpublicwaternetwork,
at themomentofnotificationnoneedforpumping thewaterwith thepumpwhich isnoisyand
consumeelectricitythiscancauseareducedbillofelectricity,ifthewashingmachinesmartenough
itcanevenstartwashingautomatically,userjustgetafeedbackofthesuccessofthisoperation.The
systemcanbeenhancedtoknowwhichfaucetisopenedbytheusertowarnhimforexampleifhe
openedthefaucetoftheshowerhegetwarningviahisphonewithacalltellinghimdonottakea
bathright-nowsincethetankisnotenoughforyourbath!

Thesystembasedoninternetof thethingsiseasilyextensibleforaddingmorefeatureslike
leakagedetection,automaticcleaningofthewaterheater.Insomeplacesintheworldthewaterisfull
oflimestone,heatingwaterwithgas-firedwaterheaters;mouththepipesofthewaterheaterwhich
causesthemalfunctionofthewaterheaterforexamplecutoffthehotwatertotally.

Eventheactualtechnologyofsmartcirculatingpumpforgettinginstanthotwaterwhichwork
withservomechanismcannotturnoffitselfautomaticallyatnightbutwithanIoTbasedsystemyou
canforexampleschedulethecirculatingpumptoturnoffafter10pmautomaticallyforeliminating
thenoise.Evenifthispumpdottedwithtimeritisnoteasytogooutsideinrainydaytosetthetimer
ifthepumpisinthegardenforexample.IoTbasedsystemoffersimpleuserinterfaceusingcell
phoneforexample.Thesystemcanlearnwhenyouneedfrequentlyhotwatertogetreallyasmart
system.Furthermoreservomechanismfortriggeringpumponthedemandofwaterfromacertaintap
workwithaprincipalofdetectingadecreasinginpressure.Thisprincipalcannotmakeadistinction
betweenaleakageandrealrequestingofwateratcertainfaucets.IncontrastIoTbasedsystemcan
detectleakageandcan’trelyonservomechanismfortriggeringthepump.

Forexampleifyouwanttofillacontainerwithacertainamountofwaterlet’ssaid5literyou
don’tevenmonitortheoperationoffillingtoavoidoverflowofthecontainersincethesystemcan
learnwithoutanextraflowsensorthetimeneededforfillingthiscontainer.

ThereareanumberofwaysinwhichIoTisrevolutionizingtapwatersystemsandbringnew
kindofproducttothemarketofplumbingandhouseappliance.Forexample,makingabathtobaby
cancausepossibleaccidentofburnduetothechangeofheatsuddenly.Thislastproblemisdueto
thefactwhensomeoneopenandclosecoldwaterfaucets.Incaseofabathdirectlyfromtheshower
faucet;Mothersalwaysfillacontainerwithwarmedwaterforavoidingexposingthebabydirectly
totheheatedwateroftheshower.Apossibleproductforthissituationatemperaturesensorwhich
sendtemperatureinformationtothecloudwithaPIDalgorithmthislastcanopenandclosecold
andhotwatertapwithfeedbackalgorithmtocontrolthetemperatureofwatertobeatthedesired
temperature.Incaseofhightemperatureatthefaucetofbathroomitissmartenoughtoclosethe
faucetautomaticallyforavoidinganyaccident.Inthispaper,wewillfocusonthesoftwaredefined
plumbingnetworkthatenablefaulttolerancewestartfirstbydiscussingtheHardwareneededand
laterthenecessarysoftware.

BACKGRoUND

ThenotionofIoTbasedsoftwaredefinedplumbingnetworksystemisnewIhaveinspiredthename
fromsoftwaredefinedradiowhereRadiocircuitaredefinedbysoftwareratherthanhardwareinthe
earlierdayofelectronicsforexamplefiltersoffrequencyareimplementedbyanalogcircuitwhichare
pronetoerrorssincethephysicalcomponentswithtimewillbeoldandlosetheirphysicalproperties
forexamplearesistanceof1k Ohmwithtimecandecreaseto0.8k Ohmandthecircuitwillnotwork
properly.Furthermoresoftwaredefinedradiosystemcanbeconfiguredtoimplementanyradiocircuit
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