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ABSTRACT:

Herethisdocumentpresentsdesign and implementation ofamobile

embeddedsystem tomeasureloadcurrents,overvoltage,transformeroillevel

andoiltemperature.Thisisimplementedbyusingon-linemeasuringsystem

using InternetofThings(IOT),withsinglechip Arduino microcontrollerand

sensors.Itisinstalledatthedistributiontransformersite.Theoutputvaluesof

sensors are processed and recorded in the system memory. System



programmedwithsomepredefinedinstructionstocheckabnormalconditions.If

thereisanyabnormalityonthesystem,detailsareautomaticallyupdatedinthe

internetthroughserialcommunication.ThisInternetofThings(IOT)willhelpthe

utilities to optimally utilize transformers and identify problems before any

catastrophicfailureoccurs.Thusonline-measuringsystem isusedtocollectand

analyzetemperaturedataovertime.SoTransformerHealthMeasuringwillhelp

toidentifyorrecognizeunexpectedsituationsbeforeanyseriousfailurewhich

leadstoagreaterreliabilityandsignificantcostsavings.
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CHAPTER1

INTRODUCTION

1.1ABSTRACT:

Herethisdocumentpresentsdesignandimplementationofamobileembedded

system tomeasureloadcurrents,overvoltage,transformeroillevelandoiltemperature.



Thisisimplementedbyusingon-linemeasuringsystem usingInternetofThings(IOT),

withsinglechipArduinomicrocontrollerandsensors.Itisinstalledatthedistribution

transformersite.Theoutputvaluesofsensorsareprocessedandrecordedinthe

system memory.System programmedwithsomepredefinedinstructionsto check

abnormalconditions.Ifthereisanyabnormalityonthesystem,detailsareautomatically

updatedintheinternetthroughserialcommunication.ThisInternetofThings(IOT)will

helptheutilitiestooptimallyutilizetransformersandidentifyproblemsbeforeany

catastrophicfailure occurs.Thusonline-measuring system isused to collectand

analyzetemperaturedataovertime.SoTransformerHealthMeasuringwillhelpto

identifyorrecognizeunexpectedsituationsbeforeanyseriousfailurewhichleadstoa

greaterreliabilityandsignificantcostsavings.

1.2GENERALINTRODUCTION:

In recenttimes,thepowersystem networkisspread worldwideto transferlarge

amountsofpowerfrom generatingplantstotheend-usersthroughtransmissionand

distribution lines.Thepowertransformerformsan importantelementin apower



transmissionanddistributionsystem.Monitoringoftransformerisessentialtoassess

theperformanceandto ensureitsoperationalsafety.Therefore,itisessentialto

monitorregularly the operationalstatus ofthe loaded distribution transformer.

Monitoringistheobservationoftransformerconditionsandisoftwotypes:offlineand

online.Thedifferencebetweenthetwoisthatinoff-line,thetransformerisintheoff

state,andonline,thetransformerisinonstatetomeasurethedata.Thetransformeris

to beprotected from both internaland externalfaults.Among thesetemperature

variations,oillevelfallandloadchangerequireregularmonitoringtosafeguardthe

transformer.Iftransformersoperateunderhealthyconditions,theyhavealonglife;

otherwise,theirlivesaresignificantlyreduced.Themain causesoffailurein the

transformerareoverloadingandineffectivecooling.Overloadingofpowertransformers

beyondthenameplateratingcausesriseintemperatureofbothoilandwindings.Ifthe

temperature rise ofwinding crosses the specified value,the insulation mayget

damaged.Continuous heating weakens the insulation and causes an accelerated

reductionintransformerlife.

1.3LITERATUREREVIEW:

TITLE:TransformersmonitoringusingArduino



AUTHOR:TEJASPATIL,ONKARSAKPAL,OMKARTUPE,SAURABHTIWARI

YEAR:2020

DESCRIPTION:

Inthispapermainobjectiveistodesignaprotectivecircuitfordistributiontransformer,

supportedprogrammablecontrollertowatchtransformerambienttemperature,voltage

level,currentlevelandoillevelbyusingvarioussensors.Herethemostperspectiveisto

beatorreducethefaultsoccurringintransformerbecauseofvariousfactorlikeover-

voltage,over-current,temperature rise and oil-leveldecrement.Designing a value

efficientandhighperformingsystem whichisabletosensethefaultsandit’lldisplayall

theparametersoftransformer on the application by means of WI-FI module

(ESP8266)byusingAPItechnology(Applicationprogramminginterface)thatthere’sa

problem withintheperspectivetransformerinkeepingwiththatusercancheckthe

statusofthetransformer

TITLE:TransformerStatusMonitoringandDiagnosisUsingIOT

AUTHOR:K.Nandini[1],V.Prabakaran[2],V.Prakash[3],R.Ranjithkumar[4],M.Vigneshkumar[

5]

YEAR:2019

DESCRIPTION:

ArecenthugeinterestinMachinetoMachinecommunicationisknownastheInternet

ofThings(IOT),toallow thepossibilityforautonomousdevicestouseInternetfor

exchangingthedata.Thisworkpresentsdesignandexecutionofrealtimemonitoring

andfaultdetectionoftransformerandrecordkeyoperationindictorsofadispersion

transformerlikeloadcurrent,voltage,transformeroilandencompassingtemperatures

andhumidity.Theyhavetolookatitcontinuouslybyusingthisprojectitcanminimize

workingeffortsandimproveaccuracy,stability,efficiencyinthisproject,sensorsare

usedtosensethemainparametersofequipmentsuchasvoltage,current(overvoltage,

undervoltage,overcurrent)this sensed data is sentto microcontrollerand this



controllerchecksparameterlimitswhichfurthersendtotheIOTwebserverusingIOT

moduleofthesedatamakessuretherightinformationisinhandtotheoperatorand

operatorcanmakeusefuldecisionsbeforeanycatastrophicfailureonbasisofthat

dataofparameters.

TITLE:RealTimeTransformerHealthMonitoringSystem usingIOT

AUTHOR:D.Sarathkumar,Uvaraj.M,KabileshKumarCV,KalaiselviA

YEAR:2018

DESCRIPTION:

Themainaim ofthepaperistoacquirereal-timedataoftransformerremotelyoverthe

internetfallingunderthecategoryofInternetofThings(IOT).Forthisreal-timeaspect,

wetakeonetemperaturesensor,onepotentialtransformerandonecurrenttransformer

formonitoringT,V,Idataofthetransformerandthensendthem toaremotelocation.

These three analog values are taken in multiplexing mode and connected to a

programmablemicrocontrollerof8051familiesthroughanADC0808.Theyarethen

sentdirectlytoaWi-FimoduleunderTCPIPprotocoltoadedicatedIPthatdisplaysthe

datainreal-timechartform inanywebconnectedPC/Laptopfordisplayin3different

charts.So,This TransformerHealth Measuring willhelp to identifyorrecognize

unexpectedsituationsbeforeanyseriousfailurewhichleadstoagreaterreliabilityand

significantcostsavings.

TITLE:RealTimeMonitoringofTransformerusingIOT

AUTHOR:Mrs.A.P.Khandait1,SwapnilKadaskar2,GirishThakare3

YEAR:2017

DESCRIPTION:

ArecenthugeinterestinMachinetoMachinecommunicationisknownastheInternet

ofThings(IOT),toallow thepossibilityforautonomousdevicestouseInternetfor

exchangingthedata.Thisworkpresentsdesignandexecutionofrealtimemonitoring



andfaultdetectionoftransformerandrecordkeyoperationindictorsofadispersion

transformerlikeloadcurrent,voltage,transformeroilandencompassingtemperatures

andhumidity.Theyhavetolookatitcontinuouslybyusingthisprojectitcanminimize

workingeffortsandimproveaccuracy,stability,efficiencyinthisproject,sensorsare

usedtosensethemainparametersofequipmentsuchasvoltage,current(overvoltage,

undervoltage,overcurrent)this sensed data is sentto microcontrollerand this

controllerchecksparameterlimitswhichfurthersendtotheIOTwebserverAdafruit

softwareusingWi-Fimoduleofthesedatamakessuretherightinformationisinhand

totheoperatorandoperatorcanmakeusefuldecisionsbeforeanycatastrophicfailure

onbasisofthatdataofparameters.

1.4EXISTINGSYSTEMS:



1.Firingoftransformercaneasilyoccurs.

2.Notaccurate.

3.Frequencyinterferenceinsystem.

4.Noiseproblem innetwork

1.5PROPOSEDSYSTEM:

Themain objectiveofthisproposalisto acquirelivedataoftransformerhealth

remotelyovertheinternetusingInternetofThings(IOT)technology.Wearegoingto

monitorthetransformerparametersuchastemperature,currentandoillevel.These

datawillbesentoverinternetusingMQTTprotocol.

Avoidingequipmentfailures,reducinglaborwork,avoidingaccidentsduetofaults,

avoidingstealingofelectricityetc.aretheobjectivesofthesystem.

CHAPTER2



TRANSFORMERORGENERATORHEALTHMONITORINGREMOTELYOVERINTERNET

2.1BLOCKDIAGRAM:

generalblockdiagram fig2.1

2.2SYSTEM REQUIREMENTS:

MICROCONTROLLER

ATMEL35473D

CURRENTSENSOR

CT1270

ULTRASONICSENSOR/

OILLEVEL

HCSR04ELSENSOR

IOT

ESP8266MODTEMPERATURESENSOR

LM35

VOLTAGESENSOR

EC-2173

POWERSUPPLYUNIT

ADAPTER(12V1AMP)



2.2.1HARDWAREREQUIREMENTS:

● MICROCONTROLLER

● TEMPERATURESENSOR

● CURRENTSENSOR

● ULTRASONICSENSOR/OILLEVELSENSOR

● UARTCABLE

● IOT

● POWERSUPPLYUNIT

2.2.2SOFTWARETOOLS:

● ARDUINOIDE

● EMBEDDEDC

2.3MODULES:

1.SENSORINTERFACING

2.PREPARINGPOWERSUPPLYUNIT

3.MICRO-CONTROLLERPROGRAMMING

4.READINGANALOGDATA

5.TESTANDDEBUG

6.SUBMISSION

2.4MODULEDESCRIPTION:



2.4.1SENSORINTERFACING:

Sensorinterfacingisamixofamplification,filtering,andothersignalconditioningas

wellasanalog-to-digitalconversion.Theanalog-to-digitalconverter(ADC)maybein

yourmicrocontroller,butyouwillstillneedtomakethesensorcompatiblewiththeADC

input.

2.4.2PREPARINGPOWERSUPPLYUNIT:

A powersupplyunit (or PSU)convertsmainsACtolow-voltageregulatedDCpower for

theinternalcomponentsofacontroller.A powersupply isusedtoreducethemains

electricityat240voltsACdowntosomethingmoreuseable,say12voltsDC.Thereare

two typesof powersupply,linearand switch mode.A linear powersupply usesa

transformertoreducethevoltage.TheACsignalisrectifiedandregulatedtoproducea

highDCvoltage.

An ACadapter, AC/DCadapter,or AC/DCconverterisatypeofexternal power

supply,oftenenclosedinacasesimilartoan ACplug.Adaptersforbattery-powered

equipmentmaybedescribedas chargers or rechargers (seealso batterycharger). AC

adaptersareusedwithelectricaldevicesthatrequirepowerbutdonotcontaininternal

componentstoderivetherequiredvoltageandpowerfrom mainpower.Theinternal

circuitryofanexternalpowersupplyisverysimilartothedesignthatwouldbeusedfor

abuilt-inorinternalsupply.

2.4.3MICRO-CONTROLLERPROGRAMMING:

AmicrocontrollerisaprogrammableIC,capableofmultiplefunctionsdependingon

how it’sprogramed.Manydifferentkindsofmicrocontrollersexistthatofferawide

rangeoffunctionality.Theversatilityofthemicrocontrolleriswhatmakesitoneofthe

mostpowerfultools in modern design.This guide willexplain the basics of

microcontrollersandhowtheyareprogrammed.



2.4.4READINGANALOGDATA:

Themicrocontrolleroftheboardhasacircuitinsidecalledananalog-to-digitalconverter

orADCthatreadsthischangingvoltageandconvertsittoanumberbetween0and

1023.Whentheshaftisturnedallthewayinonedirection,thereare0voltsgoingtothe

pin,andtheinputvalueis0.Whentheshaftisturnedallthewayintheopposite

direction,thereare5voltsgoingtothepinandtheinputvalueis1023.Inbetween,

analogRead()returnsanumberbetween0and1023thatisproportionaltotheamount

ofvoltagebeingappliedtothepin.

2.4.5TESTANDDEBUG:

Testingmeansverifyingcorrectbehavior.Testingcanbedoneatallstagesofmodule

development:requirementsanalysis,interfacedesign,algorithm design,implementation,

and integration with othermodules.In thefollowing,attention willbedirected at

implementationtesting.Implementationtestingisnotrestrictedtoexecutiontesting.

Animplementationcanalsobetestedusingcorrectnessproofs,codetracing,andpeer

reviews,asdescribedbelow.

Debuggingisacyclicactivityinvolvingexecutiontestingandcodecorrection.The

testingthatisdoneduringdebugginghasadifferentaim thanfinalmoduletesting.Final

moduletestingaimstodemonstratecorrectness,whereastestingduringdebuggingis

primarilyaimedatlocatingerrors.Thisdifferencehasasignificanteffectonthechoice

oftestingstrategies.

2.4.6SUBMISSION:

Submittingtheprototypeforthepresentationtothefacultyguideforreviewpurpose



2.5EMBEDDEDSYSTEM:

TheEmbeddedsystemsarethedeviceswhichareusedforaparticularjob.Itisan

omnipresent.Wefindthem everywhereinourhome,inouroffice,inshoppingmalls,in

hospitalinaircraftandsoon.ForexampleFaxmachine,printer,mobilephone,etc.

Everyapplicationhastheirownmicroprocessorsandhardwaretoperform itsown

function.The processoris the heartofthe embedded system.The core ofthe

processors is called microcontrollers and the software are used .The main

characteristic,however,isbeingkeentohandleaparticulartask.Embeddedsystems

areusedforspecifictaskssoitssizeandcostarereducedinordertogainthefunction

speed.Someimplantedframeworksaremasscreated,profitingbyeconomiesofscale.

Someembeddedsystem hastoruninextremeatmosphericconditionssuchasvery

hightemperatureandhumidity.Manyembeddedsystemsworkinverystumpypower.It

canbedriventhroughbattery.

2.6MICROCONTROLLERS:

Microcontrollersareutilizedinnaturallycontrolleditemsandgadgets

throughalittlePC.Itisasolitarycoordinatedcircuit.ItcomprisesofaProcessorcenter,

memory,andprogrammableinformation/yieldperipherals.It’sintendedforgadgets,

remotecontrols,officemachines,apparatuses,powerinstruments,toysand other

insertedsystems.Somemicrocontrollersmayutilize4-bitwordsforlowconsumption.

Theywillworkforthemostpartcanholdusefulnesswhilewaitingforanoccasion,for

example,acatchpressorotherinterferewithpowerutilizationwhereasdozingmay

wellbemerelyNanowatts,creatingabigrangeofthem applicableforsturdybattery

applications.Completelydifferentmicrocontrollerscouldservebasicjobs,wherever

theywillgottoactmoreandmoresortofprocessor,withhigherspeedsandutility



2.7INTERNETOFTHINGS(IoT):

TheIoTisthestrategyforgadgetsthatencasehardware,andnetwork,

which enables these devices to fix,acttogetherand switch information.IoT

incorporatesbroadeningInternetbeneficialthanstandardgadgets,forexample,work

areastoanydecisionofgenerallystupidornonwebgettomaterialgadgetsandona

daybydaysourceobjects.Insertedthroughinnovation,thesegadgetscanbanterand

coordinateovertheInternet,andtheycanbealittlecheckedandrestricted.

iotdiagram fig2.2

.



2.8HARDWAREDESCRIPTION:

2.8.1ARDUINO:

DESCRIPTION:

Arduino isanopensource,computerhardwareandsoftwarecompany,project,anduser

community that designs and manufactures Single-board microcontrollers and

microcontrollerkitsforbuildingdigitaldevicesandinteractiveobjectsthatcansense

andcontrolobjectsinthephysicalworld.

Arduino isanopen-sourceelectronicsplatform basedoneasy-to-usehardwareand

software. Arduino boardsareabletoreadinputs-lightonasensor,afingeronabutton,

oraTwittermessage-andturnitintoanoutput-activatingamotor,turningonanLED,

publishingsomethingonline.The ArduinoUno isamicrocontrollerboardbasedonthe

ATmega328(datasheet).Ithas14digitalinput/outputpins(ofwhich6canbeusedas

PWM outputs), 6 analoginputs,a

16 MHz crystal oscillator,aUSB

connection,apower jack, an ICSP

header,andareset button.



ARDUINOdiagram fig2.3

Arduinoisanopen-sourceprojectthatcreatedmicrocontroller-basedkitsforbuilding

digitaldevicesandinteractiveobjectsthatcansenseandcontrolphysicaldevices.The

projectisbasedonmicrocontrollerboard

Thesesystemsprovidesetsdesigns,produced byseveralvendors,using various

microcontrollers.ofdigitalandanaloginput/output(I/O)pinsthatcaninterfaceto

variousexpansionboards(termedshields)andothercircuits.Theboardsfeatureserial

communicationinterfaces,includingUniversalSerialBus(USB)onsomemodels,for

loadingprogramsfrom personalcomputers.Forprogrammingthemicrocontrollers,the

Arduinoprojectprovidesanintegrateddevelopmentenvironment(IDE)basedona

programminglanguagenamedProcessing,whichalsosupportsthelanguagesCand

C++.



ARDUINOUNOINTERFACEWITHSENSOR&BUZZERdiagram fig2.4

2.8.2ARDUINOUNOINTERFACEWITHSENSOR&BUZZER:

ArduinoUnoisamicrocontrollerboardbasedontheATmega328P.Ithas14digital

input/outputpins(ofwhich6canbeusedasPWM outputs),6analoginputs,a16MHz

quartzcrystal,aUSBconnection,apowerjack,anICSPheaderandaresetbutton.It

containseverything needed to supportthemicrocontroller;simplyconnectitto a

computerwithaUSBcableorpoweritwithaAC-to-DCadapter.ArduinoUnohasa

numberoffacilitiesforcommunicatingwithacomputer,anotherArduinoboard,or

othermicrocontrollers.

2.8.3FEATURES:

● Microcontroller:ATmega328P

● Operatingvoltage:5V

● Inputvoltage:7-12V

● Flashmemory:32KB

● SRAM:2KB

● EEPROM:1KB

2.8.4APPLICATIONS:

● Realtimebiometrics

● Roboticapplications

● Academicapplications

2.8.5ATMEGA328IC:



DISCRIPTION:

The ATmega328 is a single-chip microcontroller created by Atmel in the mega

AVR family. The Atmel 8-bit AVR RISC-based microcontroller combines

32 kB ISP flash memorywithread-while-writecapabilities,1 kB EEPROM,2 kB SRAM,23

generalpurpose I/O lines,32 generalpurpose working registers,three flexible

timer/counters with compare modes, internal and external interrupts, serial

programmable USART,abyte-oriented2-wireserialinterface, SPI serialport,6-channel

10-bit A/Dconverter (8-channelsin TQFP and QFN/MLF packages),

programmable watchdog timer with internal oscillator,and five software selectable

powersavingmodes.Thedeviceoperatesbetween1.8-5.5volts.Thedeviceachieves

throughputapproaching1 MIPS perMHz.

ATmega328PICdiagram fig2.5



▪ HighPerformance,Low PowerAtmel®AVR® 8-BitMicrocontroller

Family



▪ AdvancedRISCArchitecture

▪ 131PowerfulInstructions

▪ MostSingleClockCycleExecution

▪ 32x8GeneralPurposeWorkingRegisters

▪ FullyStaticOperation

▪ Upto20MIPSThroughputat20MHz

▪ On-chip2-cycleMultiplier

▪ HighEnduranceNon-volatileMemorySegments

▪ 4/8/16/32KBytesofIn-System Self-ProgrammableFlashprogram

memory

▪ 256/512/512/1KBytesEEPROM

▪ 512/1K/1K/2KBytesInternalSRAM

▪ Write/Erase Cycles:10,000 Flash/100,000 EEPROM C(1)°C/100

yearsat25°̶ Dataretention:20yearsat85

▪ OptionalBootCodeSectionwithIndependentLockBits In-System

ProgrammingbyOn-chipBootProgram

▪ TrueRead-While-WriteOperation

▪ ProgrammingLockforSoftwareSecurityAtmel®QTouch® library

support

▪ Capacitive touch buttons,sliders and wheels ̶ QTouch and

QMatrix®acquisition

▪ Upto64sensechannels

▪ PeripheralFeatures

▪ Two8-bitTimer/CounterswithSeparatePrescalerandCompare

Mode

▪ One16-bitTimer/CounterwithSeparatePrescaler,CompareMode,

andCaptureMode



▪ RealTimeCounterwithSeparateOscillator

▪ SixPWM Channels

▪ 8-channel10-bitADCinTQFPandQFN/MLFpackage

▪ TemperatureMeasurement

▪ 6-channel10-bitADCinPDIPPackage

▪ Temperature Measurement Programmable Serial USART ̶

Master/SlaveSPISerialInterface

▪ Byte-oriented2-wireSerialInterface(PhilipsI2Ccompatible)

▪ ProgrammableWatchdogTimerwithSeparateOn-chipOscillator

▪ On-chipAnalogComparator

▪ InterruptandWake-uponPinChange

CHAPTER3



ARCHITECTUREDIAGRAM fig3.1

3.1ARCHITECTUREDIAGRAM:

▪ Power-onResetandProgrammableBrown-outDetection

▪ InternalCalibratedOscillator

▪ ExternalandInternalInterruptSources

▪ SixSleepModes:Idle,ADCNoiseReduction,Power-save,Power-

down,Standby,andExtendedStandby



▪ I/OandPackages

▪ 23ProgrammableI/OLines

▪ 28-pinPDIP,32-leadTQFP,28-padQFN/MLFand32-padQFN/MLF

▪ OperatingVoltage:1.8-5.5V

▪ TemperatureRange:-40 C°Cto85°

▪ SpeedGrade:0-4MHz@1.8-5.5V,0-10MHz@2.7-5.5.V,0-

20MHz@ 4.5-5.5VC°

▪ PowerConsumptionat1MHz,1.8V,25

▪ ActiveMode:0.2Ma

▪ Power-downMode:0.1µA

▪ Power-saveMode:0.75µA(Including32kHzRTC)

3.2PINDISCRIPTION:

VCC Digitalsupplyvoltage

GND Ground.

3.2.1PortB(PB7:0)XTAL1/XTAL2/TOSC1/TOSC2:

PortB is an 8-bitbi-directionalI/O portwith internalpull-up resistors

(selectedforeachbit).ThePortBoutputbuffershavesymmetricaldrivecharacteristics

withbothhighsinkandsourcecapability.Asinputs,PortBpinsthatareexternally

pulledlowwillsourcecurrentifthepull-upresistorsareactivated.ThePortBpinsaretri

-stated when a resetcondition becomesactive,even iftheclockisnotrunning.

Dependingontheclockselectionfusesettings,PB6canbeusedasinputtothe

invertingOscillatoramplifierandinputtotheinternalclockoperatingcircuit.Depending

ontheclockselectionfusesettings,PB7canbeusedasoutputfrom theinverting

Oscillatoramplifier.IftheInternalCalibratedRC



Oscillatorisusedaschipclocksource, PB7..6isusedasTOSC2..1input

fortheAsynchronousTimer/Counter2iftheAS2bitinASSRisset.

3.2.2PortC(PC5:0):

PortCisa7-bitbi-directionalI/Oportwithinternalpull-upresistors(selected

foreachbit).ThePC50outputbuffershavesymmetricaldrivecharacteristicswithboth

highsinkandsourcecapability.Asinputs,PortCpinsthatareexternallypulledlowwill

sourcecurrentifthepull-upresistorsareactivated.ThePortCpinsaretri-statedwhena

resetconditionbecomesactive,eveniftheclockisnotrunning.

3.2.3PC6/RESET:

IftheRSTDISBLFuseisprogrammed,PC6isusedasanI/Opin.Notethat

theelectricalcharacteristicsofPC6differfrom thoseoftheotherpinsofPortC.Ifthe

RSTDISBLFuseisunprogrammed,PC6isusedasaResetinput.Alowlevelonthispin

forlongerthantheminimum pulselengthwillgenerateaReset,eveniftheclockisnot

running.Theminimum pulselengthisgiveninTable28-3onpage308.Shorterpulses

arenotguaranteedtogenerateaReset.

3.2.4PortD(PD7:0):

PortD is an 8-bitbi-directionalI/O portwith internalpull-up resistors

(selectedforeachbit).ThePortDoutputbuffershavesymmetricaldrivecharacteristics

withbothhighsinkandsourcecapability.Asinputs,PortD pinsthatareexternally

pulledlowwillsourcecurrentifthepull-upresistorsareactivated.ThePortDpinsaretri

-statedwhenaresetconditionbecomesactive,eveniftheclockisnotrunning.

3.2.5AVCC:

AVCC isthesupplyvoltagepinfortheA/D Converter,PC3:0,andADC7:6.It

shouldbeexternallyconnectedtoVCC,eveniftheADCisnotused.IftheADCisused,it



shouldbeconnectedtoVCC throughalow-passfilter.NotethatPC6..4usedigital

supplyvoltage,VCC

3.2.6AREF:

AREFistheanalogreferencepinfortheA/DConverter

3.2.7ADC7:6(TQFPandQFN/MLFPackageOnly):

IntheTQFPandQFN/MLFpackage,ADC7:6serveasanaloginputstotheA/D

converter.Thesepinsarepoweredfrom theanalogsupplyandserveas10-bitADC

channels.

3.3NODEMCUESP32:

DESCRIPTION:

ESP32isasingle2.4GHzWi-Fi-and-BluetoothcombochipdesignedwiththeTSMC

ultra-low-power40nm technology.ItisdesignedtoachievethebestpowerandRF

performance,showing robustness,versatility and reliability in a wide variety of

applicationsandpowerscenarios.

TheESP32seriesofchipsincludesESP32-D0WD-V3,ESP32-D0WDQ6-V3,ESP32-D0WD,

ESP32-D0WDQ6,ESP32-D2WD,ESP32-S0WD,andESP32-U4WDH,amongwhich,ESP32

-D0WD-V3,ESP32-D0WDQ6-V3,andESP32-U4WDHarebasedonECOV3wafer.



NODEMCUESP32circuitfig3.2

3.3.1FeaturedSolutions:

Ultra­Low­PowerSolution

ESP32 is designed formobile,wearable electronics,and Internet-of-Things (IoT)

applications.Itfeatures allthe state-of-the-artcharacteristics oflow-powerchips,

includingfine-grainedclockgating,multiplepowermodes,anddynamicpowerscaling.

Forinstance,inalow-powerIoTsensorhubapplicationscenario,ESP32iswokenup

periodicallyandonlywhenaspecifiedconditionisdetected.Low-dutycycleisusedto

minimizetheamountofenergythatthechipexpends.Theoutputofthepoweramplifier

isalsoadjustable,thuscontributingtoanoptimaltrade-offbetweencommunication

range,datarateandpowerconsumption.

CompleteIntegrationSolution

ESP32 isahighly-integrated solutionforWi-Fi-and-BluetoothIoT applications,with



around20externalcomponents.ESP32integratesanantennaswitch,RFbalun,power

amplifier,low-noisereceiveamplifier,filters,andpowermanagementmodules.Assuch,

theentiresolutionoccupiesminimalPrintedCircuitBoard(PCB)area.ESP32uses

CMOS forsingle-chip fully-integrated radio and baseband,while also integrating

advanced calibration circuitries thatallow the solution to remove externalcircuit

imperfectionsoradjusttochangesinexternalconditions.Assuch,themassproduction

ofESP32solutionsdoesnotrequireexpensiveandspecializedWi-Fitestingequipment.

3.3.2Wi­FiKeyFeatures:

✔ 802.11b/g/n

✔ 802.11n(2.4GHz),upto150Mbps

✔ WMM

✔ TX/RXA-MPDU,RXA-MSDU

✔ ImmediateBlockACK

✔ Defragmentation

✔ AutomaticBeaconmonitoring(hardwareTSF)

✔ 4×virtualWi-Fiinterfaces

✔ Simultaneous supportforInfrastructure Station,SoftAP,and Promiscuous

modesNotethatwhenESP32isinStationmode,performingascan,theSoftAP

channelwillbechanged.

✔ Antennadiversity

3.3.3BTKeyFeatures:

•CompliantwithBluetoothv4.2BR/EDRandBLEspecifications

•Class-1,class-2andclass-3transmitterwithoutexternalpoweramplifier

•EnhancedPowerControl



•+12dBm transmittingpower

•NZIFreceiverwith–94dBm BLEsensitivity

•AdaptiveFrequencyHopping(AFH)

•StandardHCIbasedonSDIO/SPI/UART

•High-speedUARTHCI,upto4Mbps

•Bluetooth4.2BR/EDRBLEdualmodecontroller

•SynchronousConnection-Oriented/Extended(SCO/eSCO)

•CVSDandSBCforaudiocodec

•BluetoothPiconetandScatternet

•Multi-connectionsinClassicBTandBLE

•Simultaneousadvertisingandscanning

3.4MCUandAdvancedFeatures:

3.4.1CPUandMemory:

•Xtensa® single-/dual-core32-bitLX6microprocessor(s),upto600MIPS(200MIPS

forESP32-S0WD/ESP32-U4WDH,400MIPSforESP32-D2WD)

•448KBROM

•520KBSRAM

•16KBSRAM inRTC

•QSPIsupportsmultipleflash/SRAM chips



3.4.2ClocksandTimers:

•Internal8MHzoscillatorwithcalibration

•InternalRCoscillatorwithcalibration

•External2MHz~60MHzcrystaloscillator(40MHzonlyforWi-Fi/BTfunctionality)

•External32kHzcrystaloscillatorforRTCwithcalibration

•Twotimergroups,including2×64-bittimersand1×mainwatchdogineachgroup

•OneRTCtimer

•RTCwatchdog

3.4.3AdvancedPeripheralInterfaces:

•34×programmableGPIOs

•12-bitSARADCupto18channels

•2×8-bitDAC

•10×touchsensors

•4×SPI

•2×I²S

•2×I²C

•3×UART

•1host(SD/eMMC/SDIO)



•1slave(SDIO/SPI)

•EthernetMACinterfacewithdedicatedDMAandIEEE1588support

•Two-WireAutomotiveInterface(TWAI®,compatiblewithISO11898-1)

•IR(TX/RX)

•MotorPWM

•LEDPWM upto16channels

•Hallsensor

3.4.4Security:

•Secureboot

•Flashencryption

•1024-bitOTP,upto768-bitforcustomers

•Cryptographichardwareacceleration:–AES–Hash(SHA-2)

–RSA–ECC–Random NumberGenerator(RNG)



3.5BLOCKDIAGRAM:



CIRCUIT BLOCKDIAGRAM fig3.3

3.5.1PinLayout:



PinLayoutFIG3.4

3.5.2CPU:

ESP32containsoneortwolow-powerXtensa® 32-bitLX6microprocessor(s)withthe

followingfeatures:

•7-stagepipelinetosupporttheclockfrequencyofupto240MHz(160MHzforESP32-

S0WD,ESP32-D2WD,andESP32-U4WDH)

•16/24-bitInstructionSetprovideshighcode-density

•SupportforFloatingPointUnit

•SupportforDSPinstructions,suchasa32-bitmultiplier,a32-bitdivider,anda40-bit

MAC

•Supportfor32interruptvectorsfrom about70interruptsourcesThesingle-/dual-CPU

interfacesinclude:

•XtensaRAM/ROM Interfaceforinstructionsanddata

•XtensaLocalMemoryInterfaceforfastperipheralregisteraccess

•Externalandinternalinterruptsources

•JTAGfordebugging

3.5.3InternalMemory:

ESP32’sinternalmemoryincludes:

•448KBofROM forbootingandcorefunctions

•520KBofon-chipSRAM fordataandinstructions

•8KBofSRAM inRTC,whichiscalledRTCFASTMemoryandcanbeusedfordata

storage;itisaccessedbythemainCPUduringRTCBootfrom theDeep-sleepmode.

•8KBofSRAM inRTC,whichiscalledRTCSLOW Memoryandcanbeaccessedbythe



co-processorduringtheDeep-sleepmode.

•1KbitofeFuse:256bitsareusedforthesystem (MACaddressandchipconfiguration)

andtheremaining768bitsarereservedforcustomerapplications,includingflash-

encryptionandchip-ID.

•Embeddedflash

ExternalFlashandSRAM:

ESP32supportsmultipleexternalQSPIflashandSRAM chips.Moredetailscanbe

foundinChapterSPIintheESP32TechnicalReferenceManual.ESP32alsosupports

hardwareencryption/decryptionbasedonAEStoprotectdevelopers’programsand

datainflash.

ESP32canaccesstheexternalQSPIflashandSRAM throughhigh-speedcaches.

•Upto16MBofexternalflashcanbemappedintoCPUinstructionmemoryspaceand

read-onlymemoryspacesimultaneously.

–WhenexternalflashismappedintoCPUinstructionmemoryspace,upto11MB+

248KBcanbemappedatatime.Notethatifmorethan3MB+248KBaremapped,

cacheperformancewillbereducedduetospeculativereadsbytheCPU.

–Whenexternalflashismappedintoread-onlydatamemoryspace,upto4MBcanbe

mappedatatime.8-bit,16-bitand32-bitreadsaresupported.

•ExternalSRAM canbemappedintoCPUdatamemoryspace.SRAM upto8MBis

supportedandupto4MBcanbemappedatatime.8-bit,16-bitand32-bitreadsand

writesaresupported.



CHAPTER4

4.1TEMPERATURESENSOR:

DEESCRIPTION:

A temperaturesensor isadevice,typically,athermocoupleorRTD,thatprovides

for temperature measurementthroughanelectricalsignal.A thermocouple(T/C)is

madefrom twodissimilarmetalsthatgenerateelectricalvoltageindirectproportionto

changesin temperature.

TheLM35seriesareprecisionintegrated-circuittemperaturedeviceswithan



outputvoltagelinearly-proportionaltotheCentigradetemperature.TheLM35device

hasanadvantageoverlineartemperaturesensorscalibratedinKelvin,astheuserisnot

requiredtosubtractalargeconstantvoltagefrom theoutputtoobtainconvenient

Centigradescaling.

temperaturesensorfig4.1

TheLM35devicedoesnotrequireanyexternalcalibrationortrimmingtoprovide

typicalaccuraciesof±¼°Catroom temperatureand±¾°Coverafull−55°Cto150°C

temperature range.The low-outputimpedance,linearoutput,and precise inherent

calibration ofthe LM35 device makes interfacing to readoutorcontrolcircuitry

especiallyeasy.

LM35isaprecisionICtemperaturesensorwithitsoutputproportionaltothe

temperature(inoC).Thesensorcircuitryissealedandthereforeitisnotsubjectedto

oxidation and otherprocesses.With LM35,temperature can be measured more

accuratelythanwithathermistor.Italsopossesslowselfheatinganddoesnotcause

morethan0.1oCtemperatureriseinstillair.



TEMPERATURESENSORINTERFACEWITH RASPBERRYPIcircuitfig4.2

4.2TEMPERATURESENSORINTERFACEWITH RASPBERRYPI:

Thedeviceisusedwithsinglepowersupplies,orwithplusandminussupplies.

AstheLM35devicedrawsonly60µAfrom thesupply,ithasverylow self-heatingof

lessthan0.1°Cinstillair.TheLM35deviceisratedtooperateovera−55°Cto150°C

temperaturerange.



4.3FEATURES:

● CalibratedDirectlyinCelsius(Centigrade)

● Linear+10-mV/°CScaleFactor

● 0.5°CEnsuredAccuracy(at25°C)

● RatedforFull−55°Cto150°CRange

● SuitableforRemoteApplications

4.4APPLICATIONS:

● PowerSupplies

● BatteryManagement

● HVAC

● Appliances

CHAPTER5

5.1VOLTAGESENSOR:

DESCRIPTION:

Avoltagesensorisgoingtobeabletodetermineandevenmonitorandmeasure

thevoltagesupply.Itisthenabletotakethosemeasurementsandturnthem intoa



signalthatonewillthenbeabletoread.Thesignalwilloftengointoaspecialized

electronicdeviceforrecording,butsometimes,anobserverwillbepresenttomanually

readthesensoroutput.

ACVOLTAGESENSORfig5.1

5.2ACVOLTAGESENSOR:



TheVoltageSensorblockrepresentsanidealvoltagesensor,thatis,a

devicethatconvertsvoltagemeasuredbetweentwopointsofanelectricalcircuitintoa

physicalsignalproportionalto the voltage.Connections + and – are electrical

conservingportsthroughwhichthesensorisconnectedtothecircuit.ConnectionVisa

physicalsignalportthatoutputsthemeasurementresult.

ACvoltagesensorworksaccordingtoMagneticModulationandisdesignedforAC

voltagemeasurement.TheoutputsignalofthissensorisproportionaltotheinputAC

voltage.Itcanbeusedforcontinuousacvoltagemonitoringofthesystem.

DCVOLTAGESENSORfig5.2



5.3DCVOLTAGESENSOR:

DCVoltageSensorsareusedtomeasurethepotentialdifferencebetweentheends

ofanelectricalcomponent.ThiscanbeusedtomeasuretheDCvoltageinthecircuits.

ThesensorismechanicallyfixedbysolderingthesecondarycircuitpinstothePCB.The

primaryconnectioncanalsobeintegratedinthesensor.Pulsatingvoltagewitha

galvanic insulation between primaryand secondarycircuits.The voltage detector

indicatesthepresenceofavoltagehigherthanalimit.TheVoltageSensorsare

equippedwithamicrocontrollerthatgreatlyimprovesthesensoraccuracy,precision

andconsistencyofthereadings.Theyaresuppliedcalibratedandthestoredcalibration

(inVolts)isautomaticallyloadedwhentheVoltageSensorisconnected.

ADCvoltagesensorisgoingtobeabletodetermineandevenmonitorand

measurethevoltagesupply.Itisthenabletotakethosemeasurementsandturnthem

intoasignalthatonewillthenbeabletoread.Thesignalwilloftengointoaspecialized

electronicdeviceforrecording,butsometimes,anobserverwillbepresenttomanually

readthesensoroutput.Forreasonsofaccuracy,ifmorethanoneVoltageSensoris

beingusedinacircuit,ensurethattheyshareacommonearth.DCvoltagesensor

worksaccordingtoMagneticModulationandisdesignedforDCvoltagemeasurement.

TheoutputsignalofthissensorisproportionaltotheinputDCvoltage.Itcanbeused

forcontinuousdcvoltagemonitoringofthesystem.

5.4FEATURES:

● Under-voltage,over-voltage,orvoltagebandmodels

● Poweredfrom sensinginputlinesorfrom separateDCsupply

● Availablewithtimedelaysonpull-inand/ordrop-outorwithcustomized

● voltage-timetripcurves



5.5APPLICATIONS:

● Powergenerationunit

● Powertransmissionunit

● Industryandotherapplications

CHAPTER6

6.1CURRENTSENSOR:

DESCRIPTION:

A currentsensorisadevicethatdetectsandconvertscurrenttoaneasily

measuredoutputvoltage,whichisproportionaltothecurrentthroughthemeasured

path.

 

Whenacurrentflowsthroughawireorinacircuit,voltagedropoccurs.Also,a

magneticfieldisgeneratedsurroundingthecurrentcarryingconductor.Bothofthese

phenomenaaremadeuseofinthedesignofcurrentsensors.Thus,therearetwotypes

ofcurrentsensing:directandindirect.DirectsensingisbasedonOhm’slaw,while

indirectsensingisbasedonFaraday’sandAmpere’slaw.



CURRENTSENSORdiagram fig6.1

Acurrentsensor(CT1270)isadevicethatdetectselectriccurrent(ACorDC)ina

wire,andgeneratesasignalproportionaltoit.Thegeneratedsignalcouldbeanalog

voltageorcurrentorevendigitaloutput.

Whenacurrentflowsthroughawireorinacircuit,voltagedropoccurs.Also,a

magneticfieldisgeneratedsurroundingthecurrentcarryingconductor.Bothofthese

phenomenaaremadeuseofinthedesignofcurrentsensors.Thus,therearetwotypes

ofcurrentsensing:directandindirect.DirectsensingisbasedonOhm’slaw,while

indirectsensingisbasedonFaraday’sandAmpere’slaw.DirectSensinginvolves

measuring the voltage drop associated with the currentpassing through passive

electricalcomponents.



CIRCUITDIAGRAM OFCURRENTSENSORfig6.2

6.2CIRCUITDIAGRAM OFCURRENTSENSOR:

IndirectSensinginvolvesmeasurementofthemagneticfieldsurroundinga

conductorthroughwhichcurrentpasses.Generatedmagneticfieldisthenusedto

induceproportionalvoltageorcurrentwhichisthentransformedtoaform suitablefor

measurementand/orcontrolsystem.

6.3FEATURES:

● Supplyvoltage:5vDC

● Output:analog

● Smallsize



● Lowcost

6.4APPLICATIONS:

● Ammeters

● Currentcontrolpurposes

● DC/DCconverters

● Groundfaultdetectors

CHAPTER7

7.1ULTRASONICSENSOR:



DESCRIPTION:

AnUltrasonicsensorisadevicethatcanmeasurethedistancetoanobjectby

usingsoundwaves.Itmeasuresdistancebysendingoutasoundwaveataspecific

frequencyandlisteningforthatsoundwavetobounceback.Byrecordingtheelapsed

timebetweenthesoundwavebeinggeneratedandthesoundwavebouncingback,itis

possibletocalculatethedistancebetweenthesonarsensorandtheobject.

ULTRASONICSENSORfig7.1

Ultrasonicsensoremitultrasonicpulses,andbymeasuringthetimeofultrasonicpulse

reachestheobjectand backto thetransducer.Thesonicwavesemitted bythe

transducerarereflectedbyanobjectandreceivedbackinthetransducer.Afterhaving

emittedthesoundwaves,theultrasonicsensorwillswitchtoreceivemode.Thetime

elapsedbetweenemittingandreceivingisproportionaltothedistanceoftheobject

from thesensor.



ULTRASONICSENSORINTERFACEWITHARDUINOfig7.2

7.2ULTRASONICSENSORINTERFACEWITHARDUINO:

Ultrasonictransmitteremittedanultrasonicwaveinonedirectionandstarted

timingwhenitlaunched.Ultrasonicspreadintheairandwouldreturnimmediatelywhen

itencounteredobstaclesontheway.Atlasttheultrasonicreceiverwouldstoptiming

whenitreceivesthereflectedwave.Thedistanceofsensorfrom thetargetobjectis

calculated.Itoffersexcellentnon-contactrangedetectionwithhighaccuracyandstable



readingsinaneasy-to-usepackage.Itoperationisnotaffectedbysunlightorblack

material.Thesupplyvoltagetothesensoris5VDC.Thesensorhastwopinsnamelytrig

andechowhichisconnectedtothecontrollertogivedigitalinput.

7.3FEATURES:

● WorkingVoltage:5VDC

● QuiescentCurrent:2Ma

● WorkingCurrent:15mA

● DetectingRange:2cm -4.5m

● TriggerInputPulsewidth:10uS

7.4APPLICATIONS:

● Robotnavigation

● Obstacleavoidance

● Engineeringmeasurementtools

● Industrialcontrolsystem



CHAPTER8

8.1POWERSUPPLYUNIT:

DESCRIPTION:

A powersupplyunit (or PSU)convertsmainsAC tolow-voltageregulatedDC

power forthe internalcomponents ofa computer.Modern personalcomputers

universallyuseswitched-mode powersupplies.Some powersupplies haveamanual

switchforselectinginputvoltage,whileothersautomaticallyadapttothemainsvoltage.

A powersupply isusedtoreducethemainselectricityat240voltsACdownto

somethingmoreuseable,say12voltsDC.Therearetwotypesof powersupply,linear

andswitchmode.Alinear powersupply usesatransformertoreducethevoltage.The

ACsignalisrectifiedandregulatedtoproduceahighDCvoltage.

An ACadapter, AC/DCadapter,or AC/DCconverterisatypeofexternal power

supply,oftenenclosedinacasesimilartoan ACplug.Adaptersforbattery-powered

equipmentmaybedescribedas chargers or rechargers (seealso batterycharger). AC

adaptersareusedwithelectricaldevicesthatrequirepowerbutdonotcontaininternal

componentstoderivetherequiredvoltageandpowerfrom mainpower.Theinternal

circuitryofanexternalpowersupplyisverysimilartothedesignthatwouldbeusedfor

abuilt-inorinternalsupply.



ADAPTER(12V1AMP)fig8.1

8.2ADAPTER(12V1AMP):

Anadapterisadevicethatconvertsattributesofoneelectricaldeviceorsystem

tothoseofanotherwiseincompatibledeviceorsystem.Somemodifypowerorsignal

attributes,whileothersmerelyadaptthephysicalform ofoneelectricalconnectorto

another.Inacomputer,anadapterisoftenbuiltintoacardthatcanbeinsertedintoa

slotonthecomputer'smotherboard.Thecardadaptsinformationthatisexchanged

betweenthecomputer'smicroprocessorandthedevicesthatthecardsupports.



CIRCUITDIAGRAM fig8.2



8.3CIRCUITDIAGRAM:

Anelectricpoweradaptermayenableconnectionofapowerplug,sometimes

called,usedinoneregiontoaACpowersocketusedinanother,byofferingconnections

forthedisparatecontactarrangements,whilenotchangingthevoltage.AnACadapter,

alsocalleda"recharger",isasmallpowersupplythatchangeshouseholdelectric

currentfrom distributionvoltage)tolowvoltageDCsuitableforconsumerelectronics.

Somemodifypowerorsignalattributes,whileothersmerelyadaptthephysical

form ofoneelectricalconnectortoanother.Forcomputersandrelateditems,onekind

ofserialportadapterenables connections between 25-contactand nine-contact

connectors,butdoesnotaffectelectricalpower-andsignalling-relatedattributes

8.4FEATURES:

● Outputcurrent:1A

● Supplyvoltage:220-230VAC

● Outputvoltage:12VDC

● Reducedcosts

● Increasedvalueacrossfront-officeandback-officefunctions

● Accesstocurrent,accurate,andconsistentdata

● ItgeneratesadaptermetadataasWSDLfileswithJ2CAextension.

8.5APPLICATIONS:

● Back-endsystemswhichneedtosendpurchaseorderdatatooracleapplications

sendittotheintegrationserviceviaaintegrationserverclient.

● SMPSapplications.



CHAPTER9

SOFTWAREDESCRIPTION:

9.1PROGRAMMINGLANGUAGE:

1.EmbeddedC isasetoflanguageextensionsforthe C programminglanguage

by the C Standards Committee to address commonality issues thatexist

between Cextensionsfordifferent embedded systems.

2.Embedded C is a setoflanguage extensions forthe C programming

language bythe C StandardsCommittee toaddresscommonalityissuesthat

existbetween C extensions for different embedded systems.Historically,

embeddedCprogrammingrequiresnonstandardextensionstotheClanguagein

order to support exotic features such as fixed-point arithmetic,multiple

distinct memorybanks,andbasic I/O operations

3.An embeddedsystem isa computer system withadedicatedfunctionwithina

larger mechanical or electrical system, often with real-time

computing constraints. Itis embedded aspartofa3. An embeddedsystem is

a computer system with a dedicated function within a largermechanicalor

electricalsystem,oftenwith real-timecomputing constraints. Itis embedded as

partofa complete device often including hardware and mechanicalparts.

Embeddedsystemscontrolmanydevicesincommonusetoday. Ninety-eight

percentofall microprocessors aremanufacturedascomponentsofembedded

systems.

01.Examplesofpropertiesoftypicalembeddedcomputerswhencomparedwith

general-purposecounterpartsarelowpowerconsumption,smallsize,rugged



operating ranges,andlow per-unitcost.This comes atthe price oflimited

processingresources,whichmakethem significantlymoredifficulttoprogram

andtointeractwith.However,bybuildingintelligencemechanismsontopofthe

hardware,takingadvantageofpossibleexistingsensorsandtheexistenceofa

networkofembeddedunits,onecanbothoptimallymanageavailableresources

attheunitandnetworklevelsaswellasprovideaugmentedfunctions,well

beyondthoseavailable. Forexample,intelligenttechniquescanbedesignedto

managepowerconsumptionofembeddedsystems.

02.Modernembeddedsystemsareoftenbasedon microcontrollers (i.e.CPU'swith

integratedmemoryorperipheralinterfaces), butordinarymicroprocessors(using

externalchipsformemoryandperipheralinterfacecircuits)arealsocommon,

especiallyinmore-complexsystems.Ineithercase,theprocessor(s)usedmay

betypesrangingfrom generalpurposetothosespecializedincertainclassof

computations,orevencustom designedfortheapplicationathand.Acommon

standardclassofdedicatedprocessorsisthe digitalsignalprocessor (DSP).

6.Sincetheembeddedsystem isdedicatedtospecifictasks,designengineerscan

optimizeittoreducethesizeandcostoftheproductandincreasethereliabilityand

performance. Some embedded systems are mass-produced, benefiting

from economiesofscale.

7 Embeddedsystemsrangefrom portabledevicessuchas digitalwatches and MP3

players,tolargestationaryinstallationslike trafficlights, factorycontrollers,andlargely

complexsystemslike hybridvehicles, MRI,and avionics.Complexityvariesfrom low,

with a single microcontroller chip,to veryhigh with multiple units, peripherals and

networksmountedinsidealarge chassis orenclosure.

9.2ARDUINOIDE:

TheArduinoIntegratedDevelopmentEnvironment-orArduinoSoftware(IDE)-

containsatexteditorforwritingcode,amessagearea,atextconsole,atoolbarwith

buttonsforcommonfunctionsandaseriesofmenus.ItconnectstotheArduinoand



Genuinohardwaretouploadprogramsandcommunicatewiththem.Programswritten

usingArduinoSoftware(IDE)arecalled sketches.Thesesketchesarewritteninthetext

editorand are saved with the file extension .ino.The editorhas features for

cutting/pastingandforsearching/replacingtext.Themessageareagivesfeedback

whilesavingandexportingandalsodisplayserrors.Theconsoledisplaystextoutputby

theArduinoSoftware(IDE),includingcompleteerrormessagesandotherinformation.

Thebottom righthandcornerofthewindow displaystheconfiguredboardandserial

port.Thetoolbarbuttonsallow youtoverifyanduploadprograms,create,open,and

savesketches,andopentheserialmonitor.

Beforeuploadingyoursketch,youneedtoselectthecorrectitemsfrom the Tools>

Board and Tools>Port menus.The boards aredescribedbelow.OntheMac,theserial

portisprobablysomethinglike /dev/tty.usbmodem241 (foranUnoorMega2560or

Leonardo) or /dev/tty.usbserial-1B1 (for a Duemilanove or earlier USB board),

or /dev/tty.USA19QW1b1P1.1 (foraserialboardconnectedwithaKeyspanUSB-to-

Serial adapter). On Windows,it's probably COM1 or COM2 (for a serial board)

or COM4, COM5, COM7,orhigher(foraUSBboard)-tofindout,youlookforUSBserial

devicein theportssection oftheWindowsDeviceManager.On Linux,itshould

be /dev/ttyACMx , /dev/ttyUSBx orsimilar.Onceyou'veselectedthecorrectserialport

and board,presstheupload buttoninthetoolbarorselectthe Upload item from

the Sketch menu.CurrentArduinoboardswillresetautomaticallyandbegintheupload.

Witholderboards(pre-Diecimila)thatlackauto-reset,you'llneedtopressthereset

buttonontheboardjustbeforestartingtheupload.Onmostboards,you'llseetheRX

andTX LEDs blinkasthesketchisuploaded.TheArduinoSoftware(IDE)willdisplaya

messagewhentheuploadiscomplete,orshowanerror.

Whenyouuploadasketch,you'reusingtheArduino bootloader,asmallprogram that

hasbeenloadedontothemicrocontrolleronyourboard.Itallowsyoutouploadcode

withoutusinganyadditionalhardware.Thebootloaderisactiveforafewsecondswhen

theboardresets;thenitstartswhicheversketchwasmostrecentlyuploadedtothe

microcontroller.Thebootloaderwillblinktheon-board(pin13)LEDwhenitstarts(i.e.

whentheboardresets).



CHAPTER10

10.1ARDUINOcode:

#defineechoPin5

#definetrigPin6

longduration;

intdistance,temp,Current;

voidsetup(){

pinMode(trigPin,OUTPUT);

pinMode(echoPin,INPUT);

pinMode(2,OUTPUT);

Serial.begin(9600);

digitalWrite(2,LOW);

}

voidloop(){

temp=analogRead(A0)/6.32258064516129;



floatcurrent=0;

for(inti=0;i<1000;i++)

{

current=current+(.0264*analogRead(A1)-13.51)/1000;

delay(1);

}

Current=current*100;

digitalWrite(trigPin,LOW);

delayMicroseconds(2);

digitalWrite(trigPin,HIGH);

delayMicroseconds(10);

digitalWrite(trigPin,LOW);

duration=pulseIn(echoPin,HIGH);

distance=duration*0.034/2;

Serial.print("T");

Serial.print(temp);

Serial.print("C");

Serial.print(Current);

Serial.print("D");

Serial.print(distance);

Serial.println("#");

delay(500);

}



Nodemcu

#include<ESP8266WiFi.h>

#include<ESP8266HTTPClient.h>

#include<WiFiClient.h>

#include<SoftwareSerial.h>

constchar*ssid ="iot";

constchar*password="12345678";

constchar*serverName="http://iotcloud22.in/transformer_health/post_value.php";

WiFiClientclient;

HTTPClienthttp;

intTemp,Distance,Current;



intlen,h;

intcnt=0;

StringinString="";

#definerxD7

#definetxD8

SoftwareSerialNodeSerial(rx,tx);

voidsetup()

{

Serial.begin(9600);

NodeSerial.begin(9600);

WiFi.begin(ssid,password);

Serial.println("Connecting");

while(WiFi.status()!=WL_CONNECTED){

Serial.print(".");

delay(500);

}

Serial.println("");

Serial.print("ConnectedtoWiFinetworkwithIPAddress:");

Serial.println(WiFi.localIP());

}



voidloop()

{

while(NodeSerial.available()>0){

charc=NodeSerial.read();

Serial.print(c);

if(c=='\n'||c=='\r'){

if(cnt>=2){

status_filter(inString);

status_filter1(inString);

status_filter2(inString);

status_filter3(inString);

status_filter4(inString);

status_filter5(inString);

status_filter6(inString);

status_filter7(inString);

status_filter8(inString);

// status_filter9(inString);

Serial.println(inString);

inString="";

cnt=0;

}

else



{

inString="";

cnt=0;

}

}

else

{

inString+=c;

cnt++;

}

}

}

voidsending_to_db()

{

if(WiFi.status()==WL_CONNECTED)

{

http.begin(client,serverName);

http.addHeader("Content-Type","application/x-www-form-urlencoded");

StringhttpRequestData="&value1="+String(Temp)+"&value2="+String(Distance)+

"&value3="+String(Current)+"";

// Serial.print("httpRequestData:");

// Serial.println(httpRequestData);

inthttpResponseCode=http.POST(httpRequestData);

if(httpResponseCode>0){



Serial.print("HTTPResponsecode:");

Serial.println(httpResponseCode);

}

else{

Serial.print("Errorcode:");

Serial.println(httpResponseCode);

}

http.end();

}

else{

Serial.println("WiFiDisconnected");

}

delay(1000);

}

voidstatus_filter(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[7]=='D')

if(buff[11]=='#')



//T00C000D000#

//012345678901

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,7);

Stringdistance=buff.substring(8,11);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter1(Stringbuff)



{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[7]=='D')

if(buff[10]=='#')

//T00C000D00#

//01234567890

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,7);

Stringdistance=buff.substring(8,10);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();



}

}

voidstatus_filter2(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[7]=='D')

if(buff[9]=='#')

//T00C000D0#

//0123456789

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,7);

Stringdistance=buff.substring(8,9);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();



Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter3(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[6]=='D')

if(buff[10]=='#')

//T00C00D000#

//01234567890

{



Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,6);

Stringdistance=buff.substring(7,10);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter4(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[6]=='D')



if(buff[9]=='#')

//T00C00D00#

//0123456789

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,6);

Stringdistance=buff.substring(7,9);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter5(Stringbuff)



{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[6]=='D')

if(buff[8]=='#')

//T00C00D0#

//012345678

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,6);

Stringdistance=buff.substring(7,8);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();



}

}

voidstatus_filter6(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[5]=='D')

if(buff[9]=='#')

//T00C0D000#

//0123456789

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,5);

Stringdistance=buff.substring(6,9);

Temp=temp.toInt();

Current=current.toInt();



Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter7(Stringbuff)

{

len=buff.length();

//Serial.println(len);

if(buff[0]=='T')

if(buff[3]=='C')

if(buff[5]=='D')

if(buff[8]=='#')

//T00C0D00#

//012345678



{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,5);

Stringdistance=buff.substring(6,8);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}

voidstatus_filter8(Stringbuff)

{

len=buff.length();

//Serial.println(len);



if(buff[0]=='T')

if(buff[3]=='C')

if(buff[5]=='D')

if(buff[7]=='#')

//T00C0D0#

//0123456789

{

Stringtemp=buff.substring(1,3);

Stringcurrent=buff.substring(4,5);

Stringdistance=buff.substring(6,7);

Temp=temp.toInt();

Current=current.toInt();

Distance=distance.toInt();

Serial.print("TEMPERATURE=");Serial.println(Temp);

Serial.print("DISTANCE=");Serial.println(Distance);

Serial.print("CURRENT=");Serial.println(Current);

sending_to_db();

}

}



10.2:

http://iotcloud22.in/transformer_health

CHAPTER11

12.1CONCLUSION:

Inthiswork,thedevelopmentandimplementationofrealtimemonitoringandcontrol

systemsfortransformerprotectionandrecordinghavebeenpresented.Thissystem is

designedtoprotectthedistributiontransformerfrom overloading,overheating,and

otherabnormalities.AnIOTsystem isemployedtomonitorandcontroltheoperational

parametersofthetransformer.TheIOTsystem islocatedclosetothetransformerbase,

andtheaboveparametersaresensedandthentransmittedtothecentralizedweb

server.Thus,thedataisutilizedtoknowthetransformerconditiononareal-timebasis

and arestored within aserver-based databaseforfutureanalysisand immediate

protectiveprecautions.
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