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ABSTRACT 
 

InTthisTprojectTweTareTgoingTtoTinterfaceTTCS3200TcolorTsensorTwithTArduinoTUN

O.TTCS3200TisTaTcolorTsensorTwhichTcanTdetectTanyTnumberTofTcolorsTwithTrightT

programming.TTCS3200TcontainsTRGBT(Blue,TGreen,TRed)Tarrays.TAsTshownTthisTfi

gureTonTmicroscopicTlevelToneTcanTseeTtheTsquareTboxesTinsideTtheTeyeTonTsensor.

TTheseTsquareTboxesTareTarraysTofTRGBTmatrix.TEachTofTtheseTboxesTcontainTthree

Tsensors,ToneTisTforTsensingTBLUETlightTintensity,ToneTisTforTsensingTGREENTlight

TintensityTandTtheTlastTinTforTsensingTREDTlightTintensity.TEachTofTsensorTarraysTi

nTtheseTarraysTselectedTseparatelyTdependingTonTrequirement.TTheTparticularTcolorTca

nTbeTfeatureTtoTsenseTbyTmoduleTandTleaveTtheTcolors.TItTcontainsTfiltersTforTthatT

selectedTpurpose.TThereTisTforthTmodeTthatTisTnoTfilterTmodeTwithTnoTfilterTmodeTt

heTsensorTdetectsTwhiteTlight.TInTthisTworkTaTdeviceThasTbeenTmadeTusingTcolorTse

nsorTmoduleTandTprogrammedTusingTvisualTbasicTandTidentifyTtheTcolorTinterfacedT

withTaTcomputerTandTcolorTshadesTofTanyTobjectTinTtextileTandTfabricTindustrialTap

plications. 
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CHAPTERT1 

INTRODUCTION 

 

1.1 Introduction 
 

TheTColorTsensorTmoduleTbasedTonTTCS3200TthatTisTaTprogrammableTcolorlight-to-

frequencyTconverter,TitTcouldTfilterTRGBTdataTsourceTfromTlightTandconvertTitTtoTa

TsquareTwave(50%TdutyTcycle)TwithTfrequencyTstraightproportionalTtoTlightTintensityT

(irradiance).TTheTfull-

scaleToutputTfrequencyTcanbeTscaledTbyToneTofTthreeTscheduledTvaluesTviaTtwoTcont

rolTinputTpins(SO,TS1SelectableTOptionsT2%,T20%,T100%Tfrequency),andTpinTS2,TS3

TcontrolTtheTfilterofTRGB.TDigitalTinputsTandTdigitalToutputTdeliverTinterfaceTtoTaT

microcontrollerTorotherTlogicTcircuitryTdirectly.TOutputTqualifyT(OE)TplacesTtheToutpu

tTinTtheTstatehigh-impedanceTforTmultiple-

unitTsharingTofTinputTlineTinTaTmicrocontroller.ThenTuserTcanTcalculateTtheTcolorTof

TtheTlightTbyTRGBTvalues. 

 

1.2TColorTSensingTMeter 

IncidenceTColorTMetersTareTlikeTtoTIlluminanceTMetersTinTdesign,TtheTAnomalyTbei

ngTthatTColorTMetersTincidenceToperateTwithTaTthreeTelementTsensorTcraftedTtoTmea

sureTphotometricTbrightnessTasTitTdecreaseTonTaTsurfaceTandTprovideTcolorTinformati

on. 

CL-70FTCRITILLUMINANCETMETER:TheTCL-

70FTCRITIlluminanceTMeterTisTanTentry-

levelTkeyTforTtheTmeasurementTandTappreciationTofTtheTilluminance,TcolorTtemperatu

re,TandTcolorTrenderingTexponentT(CRI)TofTvariousTilluminationTsourcesTsuchTasTLE

DsTandTfluorescentTlamps.TItsThigh-

resolutionTCMOSTsensorTbindingTandTdisplaysTtheTspectralTpowerTdistributeTofTcurre

ntTandTfutureTgenerationTlightTsourcesTcoverTLEDs,THID,THalogen,TandTOLEDsTpro
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vidingTunparalleledTcolorTmeasurementTexactness.ItTisTmostTcommonlyTusedTinTMuse

um,TRestaurants,TTheatersTandTStudiosTforTexactTlightTmeasurements. 

1.3 ProblemTStatement 

 
ItThasTlimitedTproblem.TSometimesTweTareTnotTdetectTtheTproperTcolorTsoTusingTcol

orTdetectingTsystemTweTdetectTtheTcolorTeasily. 

1.4TObjectives 

 
TheTmainTobjectiveTofTourTprojectTisTdetectTtoTtheTcolorTofTanTobject.TOurTtargetT

isTtoTdetectsTthreeTtoTtenTcolors.TheTtargetTcolorsTareTBlue,TRedTandTGreen.ToTdes

cribeTcolorTsystemTInTOrderTThatTcolorTintegrityTandTmixingsTisTidentifiedTperfectly

TandTisTdistinctTofThumanTEspialTorTsubjectiveTjudgments. 

1.5Project/ThesisTOutline 

ThisTProject/thesisTisTorganizedTasTfollows: 

ChapterT1isTentitledT―Introduction‖.TItTintroducesTproblemTstatement,TobjectivesTandm

ethodologyTusedTinTthisTproject. 

ChapterT2isT―LiteratureTreview‖. 

ChapterT3isTentitledT―AnalysisTandTSimulation‖.ItTsummarizesTautomaticcontrolTproces

s.TItTalsoTdescribesTwholeTprojectTcontrolTprocess. 

ChapterT4isTentitledT―HardwareTDevelopment‖. 

ChapterT5TisTentitledT―ResultTandTDiscussions‖.TItTdescribesTbrieflyTtheThardwareco

mponentTuseTinTthisTproject.TItTalsoTdescribesTtheTworksTofTtheThardwareTinTthispro

ject. 

ChapterT6TisTentitledT―Conclusion‖.TItTdescribesTaboutTtheTsoftware,programmingTlan

guageTandTmethodTusedTinTthisTproject. 
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CHAPTERT2 

LITERATURETREVIEWS 

 

 
2.1TIntroduction 

ColorTsensorTisToneTofTtheTmostTcharacteristicsTatTlight,TthoughTweTmayTnotTalway

sTbeTdiscreetTofTthisTfactTandTofTitsTmagnitude,TtakingTitTforTpermitted.THowever,T

evenTthoughTcolorTstartsTaTuniqueTroleTofTgreatTvalueTinTourTdailyTlifeTandTasTwe

TshallTsoonTseeTinTfullyTaTfewTindustrialTandTscientificTapplicationsTtheTnumberTof

TsensorsTdedicatedTtoTcolorTsensingTisTsurprisinglyTsmallTandTmoreTimportantlyTtheT

existenceTorToperationTprinciplesTofTsuchTsensorsTareTveryTlittleTknownTtoTtheTgener

alTpublic. 

2.2THistoricalTBackgroundTofTColorTSensing 

WhenTfirstTdigitalTcamerasTenterTinTtheTnineties,TtheTmainTtechnologyTusingTforTthe

irTreflectTsensorsTwasTtheTCCDTtechnologywithTtheTleadingTtechnology,TanotherTtype

TofTsensorTstartedTtoTariseTtheTCMOS.TInTorderTtoTbeTCapableTtoTlistTcolorTinform

ation,TdigitalTimagingTsensorsTwereT(andTstillTare)TdifficultTdecoratedTwithTaTso-

calledTBayerTmodelTcolorTfilter.TToday,TCMOSTsensorsThaveTreplacedTCCDTsensors

TinTgreatestTtypesTofTdigitalTcameras.TThisTarticle,TweTwantTtoTacceptTaTlookTatTth

eTdifferentTtypesTofTdigitalTreflectTsensors,TandTexplainTtheirTtechnologicalTfeatures. 

2.2.1TTheTCCDTSensor 

UntilTaTcoupleTofTyearsTago,TwhereasTCMOSTtechnologyTbecameTeasierTtoTyield,Ta

ndTCMOSToutputTofTaTCCDTsensorTatTitsTbasisTsensitivityTbestTtoTthatTofTaTCMO

STsensorTinTperiodTofTsensorsTstartedTtoTimproveTinTperiodTofTtheTimageTqualityTth

eyTfreed,TtheTCCDTsensorTwasTtheTgoldTgradeTforTdigitalTreflectingTsensors.TInTfact

,TmanyT(myselfTincluded)TstillTconsiderTtheTcolorTreproductionTandTdetailTbutTthatT

mayTbeTaTmatterTofTindividualTpreference. 
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FigT2.1:TCCDTSensor 

2.2.2TTheTCMOSTSensor 

TheTCMOSTsensorTtechnologyTCMOSTbeingTshortTforT‗complementaryTmetal–oxide–

semiconductor‘ThasTbeenTaroundTasTlongTasTtheTCCDTsensorTtechnology.THowever,T

inTtheTearlyTdaysTofTdigitalTphotography,TCMOSTsensorsTwereTmoreTcomplexTtoTpr

oduce,TandTisTnotTprovideTtoTtheTsameTimageTqualityTasTCCDs.TToday,TtheTCMOS

TandTCCDTareTintentsTandTintentionTisTmostTdifferenceTbetweenTthem.CMOSTandTC

CDTsensorsTisTtheTmainTdifferenceTisTthatTinTaTCMOSTsensor,TtheTchargesTpassedT

areTnotTalongTaTcolumnTofTpixels,TbutTmoreTeachTpixelThasTitsTownTreadoutTunit.T

CMOSTsensorsTisTlowerTpowerTconsumptionTthanTCCDs,TandTdon‘tToverheatTasTeasi

ly,TwhichTmakesTthemTespeciallyTsuitedTforTcamerasTandTvideoTrecordingTwithTlive-

viewTfeatures.TThisTisTwhyTearlyTDSLRsThadTneither,TbecauseTtheyTusingTCCDTsen

sors.OtherTadvantageTthatTCMOSTsensorsThaveToverTCCDsTisTthatTthey‘reTlessTpron

eTtoTimageTnoise,TespeciallyTatThigherTISOTspeedsT(i.e.TwhenTtheToutgoingTtoday),T

theyTareTusedTinTmostTcurrentTcamerasTbecauseTCMOSTsensorsTareTrightTupTthereT

withTCCDs. 

 

2.2.3TTheTBSI-CMOSTSensorT 

RecentlyTmanyTsmartphoneTandTcompactTcamerasTareusedTinTBSI-

CMOSTsensorsThaveTtheTcircuitryTbehindTtheTphotosensitiveTlayer.TTheTnormalTCM

OSTsensorTandTtheTBSI-

CMOSTsensorTdifferenceTisTthatTtheTformerThasTitsTcircuitryTonTupperTofTtheTphoto

sensitiveTlayer,TwhichTmeansTthatTtheTincomingTlightTisTpartiallyTblockedTATalternati

veTofTtheTCMOSTsensorTisTtheTBSI-CMOS,TtheT‗back-
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sideTilluminated‘TisTCMOSTbeforeTitThitsTtheTpixels.TSinceTtheirTlayoutTisTtechnicall

yTdestroyed,TitTisTasTifTaTregularTCMOSTsensorTwereTilluminatedTfromTbehindThenc

eTtheTdesignationT‗back-sideTilluminated‘. 

 

FigT2.2:TRegularTCMOSTvs.TBSI-CMOS 

2.2.4ColorTSplittersTInsteadTofTColorTFilter 

EarlierTthisTyear,TPanasonicTshowedToffTaTnewTkindTofTreflectingTsensorTthatTwould

TuseTcolor-

RendingTprismsTinsteadTofTcolorTfilters.TLightTgatheringTcapabilityTpromisesTmuchTb

etterTthisTtechnology,TsinceTnoneTofTtheTcomingTlightTwouldTgetTlostTwhenTitTpasse

sTthroughTtheTcolorTfiltersT(whichTfilterToutTmostTofTtheTlightTwavelengthsTsoTthatT

everyTpixelTreceivesTonlyTred,TgreenTorTblueTlight,TdependingTonTwhatTfilterTsitsTin

TfrontTofTit.)TInstead,TtheTmicroTprismsTonTtopTofTtheTpixelsTwouldTsplitTtheTinco

mingTlightTintoTred,TgreenTandTblueTwavelengthsTandTwouldTpassTtheseTonTtoTtheT

surroundingTpixels,TpracticallyTusingTaroundTallTofTtheTincomingTlight. 

2.2.5TClearTPixelsTInsteadTofTGreenTPixels 

OneTofTtheTmainTdevelopers,nowTaTdaysTintroducedTaTnewTconceptTforTaTsensorTth

atTusesTclearTpixelsTinsteadTofTgreenTpixels,TinTorderTtoTcoverageTmoreTofTtheTinco

mingTlight.TTheTclearTpixels,TwhichTregisteredTtotalTwavelengthsTofTtheTvisibleTlight,

TwouldTsupportTtoTacquireTaTclearTimage,TmeaningTshorterTexpositionTtimesTandTles

sTuproarTwhenTtakingTpicturesTinTlowTlight.TGreenTcolorTisTmissingTfactTwouldTbeT
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interpolatedTbyTcomparingTtheTrealityTfromTtheTclearTpixelsTwithTthatTofTtheTsurrou

ndingTblueTandTredTpixels. 

2.2.6TTheTOrganicTSensor 

FujifilmTandTPanasonicThaveTnowTaTdaysTcollaboratedTonTaTnewTtypeTofTCMOSTse

nsorTthatTusesTanTorganicTmaterialTinsteadTofTtheTgeneralTsiliconTforTtheTphotosensit

iveTlayer.TThisTtechnologyTpromisesTtoThaveTgreaterTlightTgatheringTcapabilityTthanT

currentTsensors,TwhichTmeansTshorterTexposingTtimesTandTlessTnoiseTwhenTphotograp

hingTinTlowTlight.TTheTfinalTstagesTofTdevelopmentTatTorganicTsensorsTseemsTtoTbe,

TandTcouldTbeTreallyTcompleteTinTdigitalTcamerasTinTtheTnearTfuture. 

2.3TTechnologicalTOverview 

ArduinoTboardTisTaToneTtypeTofTmicrocontrollerTbasedTkit.TTheTfirstTArduinotechnol

ogyTwasTdevelopedTinTtheTyearT2005TbyTMassimoTBanzi.TheTdesignersTthinkingTtoT

provideTeasyTandTlowTcostTboardTforTprofessionalTtoTbuildTdevice,Tstudents,TandTho

bbyists.TWeTcanTbeTpurchasedTfromTtheTsellerTordirectlyTweTcanTmakeTatThomeTusi

ngTvariousTbasicTcomponents.TTheTbestTinstancesTofArduinoTforTbeginnersTandThobb

yistsTincludingTmotorTdetectorsTandTthermostats,TandSimpleTrobots.TInTtheTyearT2011

,TAdTfruitTindustriesTexpectedTthatToverT3lakhsTArduinoBoardsThadTbeenTproduced.T 

 

2.3.1TArduinoTTechnology 

 
ATtypicalTinstanceTofTtheTArduinoTboardTisTArduinoTUno.TItTincludesTanTATmega3

28MicrocontrollerTandTitThasT28-

pins.TheTpinTconfigurationTofTtheTArduinoTUnoTboardTisTshownTinTtheTabove.TItTco

nsistsTof14-

digitalTI/OTpins.TWhereTinT6TpinsTareTusedTasTpulseTwidthTmodulationTO/PsTandT6

AnalogTI/Ps,TaTUSBTconnection,TaTpowerTjack,TaT16MHzTcrystalToscillator,TaTreset

Button,TandTanTICSPTheaderIOREFTpinTorTthroughTtheTpinTVin.TThisTboardTcanTop

erateTwithTanTexternalTsupplyTofT7-12VTbyTgivingTvoltageTreferenceTthroughTthe 
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Fig.T2.3TArduinoTboard 

AnTexternalTsupplyTofT7-

12VTcanToperateTthisTboard,TbyTgivingTreferenceTvoltage.TTheTboardTcanTbeTpowere

dTeitherTfromTtheTpersonal.ComputerTthroughTexternalTsourceTorTaTUSBTportTlikeTa

nTadaptorTorTaTbattery. 

DigitalTI/Ps:TItTcomprisesTofT14-

digitalTI/OTpins,TeachTpinTtakesTupTandTprovidesT40mACurrent.ForTserialTcommunica

tion,Tpins-

2T&T3TareExternalTinterrupts,T3,T5,T6,T9,T11TpinsTgivePWMTO/PTandTpin-

13TisTusedTtoTconnectLED.TSomeTpinsThaveTspecialTfunctionsTlikeTpinsT0T&T1,Twh

ichTprocessTasTaTransmitterTandTreceiverTrespectively.T 

AREF:TThisTpinTdeliversTaTreferenceTtoTtheTanalogTI/Ps. 

AnalogTI/Ps:TItThasT6-analogTI/OTpins,TeachTpinTprovidesTaT10TbitsTresolution. 

Reset:TTheTmicrocontrollerTresetTtheTpinTwhenTitTisTlow. 

 

2.3.2TArduinoTArchitecture 

THarvardTarchitectureTusesTtheTArduinoTboardTprocessorTwhereTtheTprogramTdataTan

dTcodeThaveTseparateTmemory.TItTconsistsTofTtwoTmemories.TheyTareTprogramTmem

oryTandTdataTmemory.TWhereinTtheTdataTandTtheTcodeTisTstoredTtoTdataTmemoryTa

ndTtheTflashTprogramTmemory.TTheTAtmega328TmicrocontrollerThasT32kbTofTflashT
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memory,T2kbTofTSRAMT1kbTofTEPROMTandToperatesTwithTaT16MHzTclockTspeed.

T 

 

2.3.3THowTtoTprogramTanTArduino 

TheTArduinoTprogrammingTlanguageTcanTbeTextendedTtoTmultipleTC++TlibrariesTand

TyouTcanTalsoTuseTAVR-

CTprogrammingTonTthisTsystem.TWithTthis,TyouTwillTbeTableTtoTaddTAVR-

CTcodeTontoTtheTArduinoTProgrammingTdirectly.TTheTmainTadvantageTofTtheTArduin

oTtechnologyTis,TyouTcanTdirectlyTloadTtheTprogramsintoTtheTdeviceTwithoutTtheTnee

dTofTaThardwareTprogrammerTtoTburnTtheTprogram.TThisisTdoneTbecauseTofTtheTpre

senceTofTtheT0.5KBTofTbootTloader,TthatTallowsTtheTprogramtoTbeTdumpedTintoTthe

Tcircuit.TTheT 

ArduinoTtoolTwindowTcontainsTaTtoolbarTwithTavariousTbuttonsTlikeTnew,Topen,Tveri

fy,TuploadTandTserialTmonitor 

 

 
 

Fig.T2.4TArduinoTboardTprogramming 

 

ProgrammingTintoTtheTArduinoTboardTisTcalledTasTsketches.TEveryTsketchcontainsTof

TthreeTpartsTsuchTasTControlTcode,TVariablesTDeclarationTandTInitialization.TWhere,T
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InitializationTisTwrittenTinTtheTControlTCodeTandTsetupTfunctionTandTisTwrittenTinTt

heTloopTfunction.TheTsketchTisTsavedTwithTArduinoTandTanyToperationTlikeTopening

TaTsketch,verifyingTandTsavingTcanTbeTdoneTusingTtheTtoolTmenu.Where,TInitializatio

nTisTwrittenTinTtheTsetupTfunctionTandTControlcodeTisTwrittenTinTtheTloopTfunction.

TheTsketchTmustTbeTstoredTinTtheTsketchbookTdirectory.SelectTtheTsuitableTboardTfro

mTtheTserialTportTnumbersTandTtoolsTmenu. 

SelectTtheTtoolsTmenuTandTclickTonTtheTuploadTbutton,TthenTtheTbootloaderTuploads

TtheTcodeTonTtheTmicrocontroller. 

 

2.3.4TAdvantagesTofTArduinoTTechnology 

ItTisTaTcheap.ItTcomesTwithTanTopenTsupplyThardwareTconfigurationTthatTpermitsTus

ersTtoTdeveloptheirTownTkit.TheTArduinoTsoftwareTisTwell-

suitedTwithTallTkindsTofTinToperationsystemsTlikeTWindows,TLinux,TMacintosh,Tetc.It

TisTuseTveryTsimpleTforTbeginners.TheTArduinoThasTbiggestTadvantageTisTitsTreadyTt

oTuseTstructure.YouTdon'tThaveTtoTthinkTaboutTprogrammerTconnectionsTforTprogram

mingTorTanyTotherTinterface.TJustTplugTitTintoTUSBTportTofTyourTcomputerTandTtha

t'sTit.TItscomesTinTaTcompleteTpackageTfromTwhichTincludesTtheT5VTregulator,anTosc

illator,TaTburner,TaTmicro-

controller,TserialTcommunicationTinterface,TLEDTandTheadersTforTtheTconnecting. 

 

2.4TSummary 

NowTofTtheTeraTofTtechnologicalTadvancement.THenceTdifferentTtechnologyTbasedTsm

artTorTautonomousTsystemTareTgettingTdayTbyTday.TColorTdetectionTisThelpTthatTpeo

pleTwhoTlovedTtheTroboticsTcompetition. 
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CHAPTERT3 

ANALYSISTANDTSIMULATION 
 

3.1TIntroduction 

InTthisTchapterTweTdiscussTArduinoTUnoTBoard.TTheTbackgroundTofTcolorTsensor.TL

ight,TcolorTperceptionTandTeye.TDisplayTboard,TBreadTBoard,TColorTsensorTmodelTet

c. 

 

3.2TArduinoTUnoTBoard 

TheTArduinoTUnoTisTaTmicrocontrollerTboardTbasedTonTtheTATmega328.ItThasT6Tan

alogTinputs,T14TdigitalTinput/outputTpinsT(ofTwhichT6TcanTbeTusedTasTPWMToutputs

),TaTUSBTconnectionTpointTaT16TMHzTceramicTresonator,TaTpowerTjack,TanTICSPT

header,TandTaTresetTbutton.TItTcontainsTeverythingTneededTtoTconfirmationTtheTmicro

controllerTandTconnectTitTtoTaTcomputerTwithTaTUSBTcableTorTpowerTitTwithTaTAC

-to-

DCTadapterTorTbatteryTtoTgetTstarted.TheTUnoTmainTdifferentTfromTallTprecedingTbo

ardsTinTthatTitTdoesTnotTuseTtheTFTDITUSB-to-

serialTdriverTchip.TInstead,TitTfeaturesTtheTAtmega16U2T(Atmega8U2TupTtoTversionT

R2)TprogrammedTasTaTUSB-to-

serialTconverter.RevisionT2TofTtheTUnoTboardThasTaTresistorTpullingTtheT8U2THWB

TlineTtoTground,TtoTputTintoTDFUTmodeTmakingTitTeasier.RevisionT3TofTtheTboardT

hasTtheTfollowingTnewTfeatures:1.0Tpinout:TSDATandTSCLTaddedTpinsTthatTareTnear

TtoTtheTAREFTpinTandTtwoTanotherTnewTpinsTplacedTnearTtoTtheTRESETTpin,Tthe

TIOREFTthatTpermitTtheTshieldsTtoTadaptTtoTtheTvoltageTprovidedTfromTtheTboard.T

InTfuture,TthatTusesTtheTAVRTshieldsTwouldTbeTcompatibleTwithTbothTtheTboard,Tw

hichToperatingTwithT5VTandTwithTtheTArduinoTDueTthatToperatesTwithT3.3V.TTheTs

econdToneTisTaTnotTconnectedTpin,TthatTisTreservedTforTfutureTpurposes.StrongerTRE

SETTcircuit.ATTMEGAT16U2TreplaceTtheT8U2."Uno"TmeansToneTinTItalianTandTisTn

amedTtoTmarkTtheTupcomingTreleaseTofTArduinoT1.0.TTheTUnoTandTversionT1.0Twil
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lTbeTtheTreferenceTversionsTofTArduino,TmovingTforward.TTheTUnoTisTtheTlatestTinT

aTseriesTofTUSBTArduinoTboards,TandTtheTreferenceTmodelTforTtheTArduinoTplatfor

m. 

 

TableT3.1TTheTsectionTofTArduino 

ARDUINOTMICROCONTROLLER 

Microcontroller ATmega328 

Architecture AVR 

OperatingTVoltage 5TV 

FlashTmemory 32TKBTofTwhichT0.5TKBTusedTbyTbootloader 

SRAM 2TKB 

ClockTSpeed 16TMHz 

AnalogTI/OTPins 6 

EEPROM 1TKB 

DCTCurrentTperTI/OTPins 40TmATonTI/OTPins;T50TmATonT3,3TVTPin 

GENERAL 

InputTVoltage 7-12TV 

DigitalTI/OTPins 20T(ofTwichT6TprovideTPWMToutput) 

PWMTOutput 6 

PCBTSize 53.4TxT68.6Tmm 

Weight 25Tg 

ProductTCode A000066T(TH);TA000073T(SMD) 

 

 

FigT3.1:TARDUINOTUNOTBOARD 
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3.2.1ColorTsensor 

ATcolorTsensorThasTtheTabilityTtoTdetermineTdifferentTcolors.TTheyTwillTutilizeTaTm

eansTofTemittingTlightTandTthenTlookTatTtheTreflectedTlightTtoTdetermineTanTobject‘s

Tcolor.TThisTwillTgiveTtheTmachineTtheTactualTcolorTofTthatTobject.TTheseTsensorsTa

reTinTuseTinTquiteTaTfewTdifferentTapplicationsTtoday.TYouTcanTfindTthemTinTqualit

yTcontrolTsystems,TpackagingTsystems,TandTmore. 

 

3.2.2Light 

 

VisibleTlightTrangeTofT400TtoT700nmTwhichTanTelectromagneticTwave.TThisTisTaTsm

allTpartTofTallTexistingTwavelengths.TWeTseeTtheTlightTcombinationTofTmanyTwavele

ngthsisTnotToneTwavelength. 

TheTspectralTpowerTdistributionT-

TSPDTshowsTtheTproperTdependenceTofTtheTcolorTinTfunctionTofTlightTsourceTinTthe

TformTofTdiagramTatTeachTwavelengthTthatTrepresentsTenergyTatTeachTinTtheTvisible

Tspectrum. 

 

FigT3.2:Light 

TSunlightTatTnoonTofTSPDTdiagram,TforTexample,TaTveryTbalancedTlightTsourceTclea

rlyTshows.TVisibleTlightTareTpresentTandTapproximatelyTequalTatTallTwavelength.TCo

mparedTtoTaTsyntheticTlightTsource,TsunlightTisTaThugeTamountTofTenergyTinTtheTbl

ueTandTredTarticleTofTtheTspectrum.TUnderstandingTtheTdifferentTsourcesTofTlightTSP

DTdiagramTareTveryTuseful.TTheTfollowingTfigureTshowsTaTspectralTpowerTdistributio

nTofTaTfewTtypicalTlightTsources. 
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FigT3.3:LightTdirection 

3.2.3TheTEyeTandTColorTPerception 

TheThumanTeyeTworksTlikeTaTcamera.TEachTneuronTisTaTconical(cone)TandTstickT(ro

d).TJustTsensitiveTtoTcolorTareTconicalTneurons.TTheThumanThasTaTspecialTcellTinTth

eTeyeTforTcolorTdetection.TEveryTofTtheTthreeTprimaryTcolorsThaveTthreeTtypesTofTc

ones:TRed,TBlueTandTGreen.TEachTofTtheseTcellsTreplyTdifferentTtoTfrequenciesTofTli

ght,TconesTareTalsoTknownTasTtheseTcellsTbecauseTofTtheirTsimilarityTwithTtheTafore

mentionedTgeometricalTobject.TNextTfiguresTshowTtheTlightTefficiencyTandTspectralTs

ensitivityTofTtheTconeTcellsTofTtheThumanTeye. 

 

FigT3.4:TEyeTandTColorTPerception 

ColorTsignalTgoesTtoTtheTbrainTasTaTresultTofTtheTconeTcellsTofTtheTthreeTprimaryT

colorsTofTtheTobservedTspectrum.TThisTsignalTcanTbeTrepresentedTbyTthreeTvalues: 

whereSTtheTspectralTsensitivityTfunctionTandTETisTtheTspectralTpowerTdistribution.The

TsumTofTthreeTcolorsTrepresentsTcanTbeTtheTcolor.TThree-

dimensionalTvectorTspaceTmeansTthatTcolorsTform.TTheTfollowingTchartsTshowTtheTa

ppearanceTofTtheTthreeTprimaryTcolorsTnecessaryTtoTrepresentTallTwavelengthsTofTthe

TvisibleTspectrum. 
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FigT3.5:TGRUPAT1 

 

InternationalTCommissionTonTIlluminationThasTdefinedTstandardsTforTthreeTprimaryTco

lorsT(X,TY,TZ).NegativeTvaluesTindicateTthatTsomeTcolorsTmayTnotTexactlyTproduceT

byTsimplyTaddedTtheTprimaryTcolors.TForTeasyTcolorTartificialTisTnecessaryTthatTallT

theTvaluesTareTpositive.TTheTbasicTcolorTofTYTisTdeliberatelyTchosenTtoTbeTidentical

TtoTtheTefficiencyTasTaTfunctionTofTlightTtheThumanTeye.TTheTfollowingTchartsTsho

wTtheTvaluesTofTX,TY,TandTZTthatTareTrequiredTtoTexactlyTreproduceTanyTcolorTfro

mTtheTvisibleTspectrum. 

AllTcolorsTareTvisibleTinTtheT"horseshoe"TshapedTconeTinTXYZTspace.TIfTyouTlookT

atTtheTplaneTXT+TYT+TZT=T1TandTitsTprojectionTonTtheTXYTplane,TweTgetTtheTC

IETchromaticityTdiagramTwhichTisTgivenTinTtheTfigure. 

 

FigT3.6:TGRUPAT2 

T 

EdgesTrepresentsTpureTcolorTi.e.TsinusoidalTwavesTatTtheTaccurateTfrequency.TTheTbl

ackTpointTonTpicture,TandTwhiteTlightTisTsameTasTlightTemittedTfromTblackTbodyTat

TaTcolTofT6447TK 

ForTfindingTandTpresentingTcomplementaryTcolorsTLabT(LT*TaT*Tb)TmodelTisTused,

TwhereTLTisTtheTbrightnessT(luminance),T"a"TtheTdistanceTbetweenTtheTgreenTandTre

dT"b"TtheTdistanceTbetweenTtheTblueTandTyellowTcolor. 
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FigT3.7:TColorTTypes 

 

ManyTofTtheTcolorTsensorsTareTbasedTonTtheTsameTprinciples,Ti.e.TonTmeasuringTthe

TintensityTofTlightTreflectedTfromTaTparticularTsurface.TReflectedTlightTisTdetectedTby

TphotoTdetectorsTmostlyTmadeTinTsemiconductorTtechnology.TMostTofTtheTcolorsTthat

ThaveTbeenTdetectedTbelongTtoTaTgroupTconsistingTofTgreen,TblueTandTredTcolor.TC

ombinedTusageTofTtheseTsensorsTitTisTpossibleTtoTdetectTandTdifferentTcolor. 

ColorTsensorsTcanTbeTmadeTfromTdiscreteTcomponentsT(suchTasTphotoTresistors,Tphot

oTtransistors),TorTtheyTareTbuildTinTintegratedTtechniques.TInTthisTway,TtheTcolorTse

nsorsTareTbecomingTsmaller,TmoreTaccurate,TreliableTandTaffordable. 

ColorTmodels:T 

RGBT-

dependentTcolorTmodel:TRGBTvalueTdetectTaTdifferentTdevicesTorTreproduceTaTgiven

Tdifferently,TsinceTtheTcolorTelementsT(suchTasTphosphorsTorTdyes)TandTtheirTrespon

seTtoTtheTindividualTR,TG,TandTBTlevelsTvaryTfromTmanufacturerTtoTmanufacturer,T

orTevenTinTtheTsameTdeviceToverTtime.TTheTRGBTcolorTmodelTisTanTadditiveTcolor

TmodelTinTwhichTred,Tgreen,TandTblueTlightTareTaddedTtogetherTinTvariousTwaysTto

TreproduceTaTbroadTarrayTofTcolors.TTheTmainTpurposeTofTtheTRGBTcolorTmodelTis

TforTtheTsensing,Trepresentation,TandTdisplayTofTimagesTinTelectronicTsystems,TsuchT

asTtelevisionsTandTcomputers,TthoughTitThasTalsoTbeenTusedTinTconventionalTphotogr

aphy.TBeforeTtheTelectronicTage,TtheTRGBTcolorTmodelTalreadyThadTaTsolidTtheoryT

behindTit,TbasedTinThumanTperceptionTofTcolors.TypicalTRGBTinputTdevicesTareTcolo

rTTVTandTvideoTcameras,TimageTscanners,TandTdigitalTcamerasTypicalTRGBToutputT

devicesTareTTVTsetsTofTvariousTtechnologiesT(CRT,TLCD,Tplasma,Tetc.),TcomputerTa

ndTmobileTphoneTdisplays,TvideoTprojectors,TmulticolorTLEDTdisplaysTandTlargeTscre

ensTsuchTasTJumboTron,Tetc.).TCMYKTrefersTtoTtheTfourTinksTusedTinTsomeTcolorT

printing:Tcyan,Tmagenta,Tyellow. 
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FigT3.8:TColorTRating 

 

RGBTColorTvsTCMYKTColorTModelTheTRGBTcolorTmodelTisn'tTveryTintuitive,TsoTh

ere'sTaTtableTcontainingTsomeTcommonTRGBTvalues: 

 

 

Table:T3.2:TColorTrating 

R G B HexTValue Color 

0 0 0 000000 Black 

255 0 0 FF0000 Red 

0 255 0 00FF00 Green 

0 0 255 0000FF Blue 

255 255 0 FFFF00 Yellow 

255 0 255 FF00FF Magenta 

0 255 255 00FFFF Cyan 

255 128 128 FF8080 BrightTRed 

128 255 128 80FF80 BrightTGreen 

128 128 255 8080FF BrightTBlue 

64 64 64 404040 DarkTGrey 

128 128 128 808080 IntermediateTGrey 

192 192 192 C0C0C0 BrightTGrey 

255 255 255 FFFFFF White 

 

WhenTyouTuseTADCTjustTscaleTthisTvaluesTforTproperTcolorTrepresentation. 

ByTdoingTcalculationsTonTtheTRGBTvaluesTofTtheTpixelsTofTanTimageTyouTcanTperf

ormTvariousTcolorTeffects.THere'sTaTtableTofTtheToperationsTyouTcanTdoTwithTRGBT

color.TTheseToperationsTareTgivenTforTtheT24-
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bitTcolorTmodelTwithT8TbitTperTchannel,TsoT255TisTtheTmaximumTvalueTofTaTcolor.

TColorsTchannelsTcanTalsoTbeTrepresentedTasTfloatingTpointTnumbersTbetweenT0.0Ta

ndT1.0,TandTthenTyouThaveTtoTreplaceTtheTvalueT"255"TbyT"1.0".TCTrepresentsTtheT

channelTtogetherTorTtheTtotalTcolor,TwhileTR,TGTandTBTrepresentTtheTRed,TGreenTa

ndTBlueTchannelTseparately. 

 

TableT3.3:TRGBTcolorTmodel 

Operation Formula Effect 

Negative 255-C ReturnsTtheToppositeTcolor,TforTinstanceTBlackTbecomesTWhiteT,TRedTbecomesTCyan. 

Darken C/PTorTC-P DivideTtheTcolorTthoughTsomeTconstant(TlargerTthanT1)TorTsubtractTaTconstantTfromTit,TtoTmakeTitTdarker. 

Brighten C*pTorTC+P MultiplyTtheTcolorTsomeTconstantT(largerTthanT1),TorTaddTaTconstantTtoTit,TtoTmakeTitTbrighter. 

Greyscale (TR+G+B)/3 CalculateTtheTaverageTofTtheT3TchannelsTtoTgetTaTgreyTcolorTwithTtheTsameTbrightness. 

RemoveTChannel R=0,TG=0Tand/TorTB=0 ByTsettingToneTorTmoreTchannelsTtoT0,TyouTcompletelyTremoveTcolorTfromTpicture. 

SwapTChannels R=GT,TG=R,T….. SwapTtheTvalueTofTtwoTcolorTtoTgetTanTimageTwithTaTcompletelyTdifferentTcolor. 

T 

3.2.4TColorTModelTConversions 

ToTdrawTtheTplotsTgivenTabove,TcolorTmodelTconversionTfunctionsThaveTtoTbeTused:

TfirstTyouTdescribeTtheTcolorTasTHSLTorTHSV,TbutTtoTplotTitTonTscreen,TitThasTto

TbeTconvertedTtoTRGBTfirst.TTransformationsTfromTRGBTtoTHSL/HSVTareThandyTas

Twell,TforTexampleTifTyouTloadTanTRGBTimageTandTwantTtoTchangeTitThue,TyouTh

aveTtoTconvertTitTtoTHSLTorTHSVTfirst,TthenTchangeTtheThue,TandTthenTchangeTitT

backTtoTRGB. 
 

3.2.5TDisplayTboard 

ATdisplayTboardTisTaTboard-

shapedTmaterialTthatTisTrigidTandTstrongTenoughTtoTstandTonTitsTown,TandTgenerally

TusedTpaperTorTotherTmaterialsTaffixedTtoTit.TDisplayTboardTmayTalsoTbeTreferredTt

oTasTposterTboard. 

 

3.2.6TBreadTboard 

WhatTisTaTbreadboard: 

ATbreadboardTisTusedTtoTbuildTandTtestTcircuitsTquicklyTbeforeTfinalizingTanyTcircui

tdesign.TTheTbreadboardThasTmanyTholesTintoTwhichTcircuitTcomponentsTlikeTICsTan

dresistorsTcanTbeTinserted.TATtypicalTbreadboardTisTshownTbelow: 
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FigT3.9:TBreadboard 

 

TheTbreadTboardThasTstripsTofTmetalTwhichTrunTunderneathTtheTboardTandTconnectT

theTholes 

onTtheTtopTofTtheTboard.TTheTmetalTstripsTareTlaidToutTasTshownTbelow.TNoteTthat

TtheTtopandTbottomTrowsTofTholesTareTconnectedThorizontallyTwhileTtheTremainingT

holesTareconnectedTvertically.TheTlongTtopTandTbottomTrowTofTholesTareTusuallyTuse

dTforTpowerTsupplyTconnections.TTheTrestTofTtheTcircuitTisTbuiltTbyTplacingTcompo

nentsTandTconnectingTthemTtogetherTwithjumperTwires.TICsTareTplacedTinTtheTmiddle

TofTtheTboardTsoTthatThalfTofTtheTlegsTareTonTonesideTofTtheTmiddleTlineTandThalf

TonTtheTother.TToTuseTtheTbreadTboard,TtheTlegsTofTcomponentsTareTplacedTinTthe

Tholes.TEachTsetTofTholesconnectedTbyTaTmetalTstripTunderneathTformsTaTnode.TAT

nodeTisTaTpointTinTaTcircuitTwheretwoTcomponentsTareTconnected.TConnectionsTbetw

eenTdifferentTcomponentsTareTformedbyTputtingTtheirTlegsTinTaTcommonTnode. 

ATcompletedTcircuitTmightTlookTlikeTtheTfollowing. 
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FigT3.10:TbreadboardTcircuit 

 

TBreadboardTtips: 

ItTisTimportantTtoTbreadboardTaTcircuitTneatlyTandTsystematically,TsoTthatToneTcanTd

ebugTitandTgetTitTrunningTeasilyTandTquickly.TItTalsoThelpsTwhenTsomeoneTelseTnee

dsTtounderstandTandTinspectTtheTcircuit.THereTareTsomeTtips: 

1.TAlwaysTuseTtheTside-

linesTforTpowerTsupplyTconnections.TPowerTtheTchipsTfromTtheside-

linesTandTnotTdirectlyTfromTtheTpowerTsupply. 

2.TUseTblackTwiresTforTgroundTconnectionsT(0V),TandTredTforTotherTpowerconnectio

ns. 

3.TRouteTjumperTwiresTaroundTtheTchipsTandTnotToverTtheTcircuit. 

 

WhichTelectronicTpartsTareTcompatibleTwithTbreadboards: 

So,ThowTdoTelectronicTcomponentsTfitTintoTaTbreadboard?TManyTelectronicTcompone

ntsThaveTlongTmetalTlegsTcalledTleadsT(pronouncedT"leeds").TSometimes,TshorterTmet

alTlegsTareTreferredTtoTasTpinsTinstead.TAlmostTallTcomponentsTwithTleadsTwillTwor

kTwithTaTbreadboardT(toTlearnTmoreTaboutTtheseTcomponentsTandTwhichTtypesTwork

TwithTaTbreadboard,TseeTtheTAdvancedTsection). 

BreadboardsTareTdesignedTsoTyouTcanTpushTtheseTleadsTintoTtheTholes.TTheyTwillTb

eTheldTinTplaceTsnuglyTenoughTthatTtheyTwillTnotTfallToutT(evenTifTyouTturnTtheTb

readboardTupside-

down),TbutTlightlyTenoughTthatTyouTcanTeasilyTpullTonTthemTtoTremoveTthem. 

DoTITneedTanyTtoolsTtoTuseTabreadboard? 

YouTdoTnotTneedTanyTspecialTtoolsTtoTuseTaTsolderlessTbreadboard.THowever,Tmany

TelectronicTcomponentsTareTveryTtiny,TandTyouTmayTfindTthemTdifficultTtoThandle.T

ATpairTofTminiatureTneedleTnoseTpliersTorTtweezersTmayTmakeTitTeasierTtoTpickTup

TsmallTcomponents. 

3.2.7TInsideTaTBreadboard: 

TheTleadsTcanTfitTintoTtheTbreadboardTbecauseTtheTinsideTofTaTbreadboardTisTmade

TupTofTrowsTofTtinyTmetalTclips.TThisTisTwhatTtheTclipsTlookTlikeTwhenTtheyTareT

removedTfromTaTbreadboard. 

https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#pth-smd
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fStoreCatalogDrillDownView%3flangId%3d-1%26storeId%3d10001%26catalogId%3d10001%26freeText%3dneedle%2520nose%2520pliers%26search_type%3djamecoall
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fStoreCatalogDrillDownView%3flangId%3d-1%26storeId%3d10001%26catalogId%3d10001%26freeText%3dtweezers%26search_type%3djamecoall
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FigT3.11:InsideTaTBreadboard 

WhenTyouTpressTaTcomponent'sTleadTintoTaTbreadboardThole,ToneTofTtheseTclipsTgrabsTonto

Tit.SomeTbreadboardsTareTactuallyTmadeTofTtransparentTplastic,TsoTyouTcanTseeTtheTclipsTin

side. 

TheyTwork: 

MostTbreadboardsThaveTaTbackingTlayerTthatTpreventsTtheTmetalTclipsTfromTfallingT

out.TTheTbackingTisTtypicallyTaTlayerTofTsticky,Tdouble-

sidedTtapeTcoveredTbyTaTprotectiveTlayerTofTpaper.TIfTyouTwantTtoTpermanentlyT"sti

ck"TtheTbreadboardTtoTsomethingT(forTexample,TaTrobot),TyouTjustTneedTtoTpeelToff

TtheTpaperTlayerTtoTexposeTtheTstickyTtapeTunderneath.TInTthisTpicture,TtheTbreadbo

ardTonTtheTrightThasThadTitsTbackingTremovedTcompletelyT(soTyouTcanTseeTallTtheT

metalTclips).TTheTbreadboardTonTtheTleftTstillThasTitsTstickyTbacking,TwithToneTcorn

erTofTtheTpaperTlayerTpeeledTup. 

 

FigT3.12:TPaperTlayer 

 

3.2.8TBreadboardTlabels:Trows,Tcolumns,TandTbuses 

WhatTdoTtheTlettersTandTnumbersTonTaTbreadboardTmeans: 

MostTbreadboardsThaveTsomeTnumbers,Tletters,TandTplusTandTminusTsignsTwrittenTon

Tthem.TWhatTdoesTallTthatTmean?TWhileTtheirTexactTappearanceTmightTvaryTfromTb
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readboardTtoTbreadboard,TtheTgeneralTpurposeTisTalwaysTtheTsame.TTheseTlabelsThelp

TyouTlocateTcertainTholesTonTtheT 

 

TFigT3.13:Tbreadboard. 

 

breadboardTsoTyouTcanTfollowTdirectionsTwhenTbuildingTaTcircuit.TIfTyouThaveTever

TusedTaTspreadsheetTprogramTlikeTMicrosoftTExcel®TorTGoogleTSheets™,TtheTconce

ptTisTexactlyTtheTsame.TRowTnumbersTandTcolumnTlettersThelpTyouTidentifyTindivid

ualTholesTinTtheTbreadboard,TjustTlikeTcellsTinTaTspreadsheet.TForTexample,TallTofTt

heThighlightedTholesTareTinT"columnTC." 

 

WhatTdoTtheTcoloredTlinesTandTplusTandTminusTsignsTmean: 

WhatTaboutTtheTlongTstripsTonTtheTsideTofTtheTbreadboard,ThighlightedTinTyellowThere. 

 

FigT3.14:TplusTandTminusTsigns 

TheseTstripsTareTtypicallyTmarkedTbyTredTandTblueT(orTredTandTblack)Tlines,TwithT

plusT(+)TandTminusT(-

)Tsigns,Trespectively.TTheyTareTcalledTtheTbuses,TalsoTreferredTtoTasTrails,TandTareTt

ypicallyTusedTtoTsupplyTelectricalTpowerTtoTyourTcircuitTwhenTyouTconnectTthemTto

TaTbatteryTpackTorTotherTexternalTpowerTsupply.TYouTmayThearTtheTbusesTreferredT

toTbyTdifferentTnames;TforTexample,TpowerTbus,TpositiveTbus,TandTvoltageTbusTallTr

eferTtoTtheToneTnextTtoTtheTredTlineTwithTtheTplusT(+)Tsign.TSimilarly,TnegativeTbu
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sTandTgroundTbusTbothTreferTtoToneTnextTtoTtheTblueT(orTblack)TlineTwithTtheTmin

usT(-)Tsign.TSoundTconfusing?TUseTthisTtableTtoThelpTyouTremember—

thereTareTdifferentTwaysTtoTreferTtoTtheTbuses,TbutTtheyTallTmeanTtheTsameTthing.T

DoTnotTworryTifTyouTseeTthemTreferredTtoTbyTdifferentTnamesTinTdifferentTplacesT(

forTexample,TinTdifferentTScienceTBuddiesTprojectsTorTotherTplacesTonTtheTinternet).

TSometimesTyouTmightThearT"powerTbuses"T(orTrails)TusedTtoTreferTtoTbothTofTthe

TbusesT(orTrails)Ttogether,TnotTjustTtheTpositiveTone.T 

NoteTthatTthereTisTnoTphysicalTdifferenceTbetweenTtheTpositiveTandTnegativeTbuses,T

andTusingTthemTisTnotTaTrequirement.TTheTlabelsTjustTmakeTitTeasierTtoTorganizeTy

ourTcircuit,TsimilarTtoTcolor-codingTyourTwires. 

HowTareTtheTholesTconnected: 

RememberTthatTtheTinsideTofTtheTbreadboardTisTmadeTupTofTsetsTofTfiveTmetalTclip

s.TThisTmeansTthatTeachTsetTofTfiveTholesTformingTaThalf-rowT(columnsTA–

ETorTcolumnsTF–

J)TisTelectricallyTconnected.TForTexample,TthatTmeansTholeTA1TisTelectricallyTconnec

tedTtoTholesTB1,TC1,TD1,TandTE1.TItTisTnotTconnectedTtoTholeTA2,TbecauseTthatTh

oleTisTinTaTdifferentTrow,TwithTaTseparateTsetTofTmetalTclips.TItTisTalsoTnotTconnec

tedTtoTholesTF1,TG1,TH1,TI1,TorTJ1,TbecauseTtheyTareTonTtheTotherT"half"TofTtheT

breadboard—

theTclipsTareTnotTconnectedTacrossTtheTgapTinTtheTmiddleT(toTlearnTaboutTtheTgapT

inTtheTmiddleTofTtheTbreadboard,TseeTtheTAdvancedTsection).TUnlikeTallTtheTmainTb

readboardTrows,TwhichTareTconnectedTinTsetsTofTfiveTholes,TtheTbusesTtypicallyTrun

TtheTentireTlengthTofTtheTbreadboardT(butTthereTareTsomeTexceptions).TThisTimageTs

howsTwhichTholesTareTelectricallyTconnectedTinTaTtypicalThalf-

sizedTbreadboard,ThighlightedTinTyellowTlines 

BusesTonToppositeTsidesTofTtheTbreadboardTareTnotTconnectedTtoTeachTother.TTypica

lly,TtoTmakeTpowerTandTgroundTavailableTonTbothTsidesTofTtheTbreadboard,TyouTwo

uldTconnectTtheTbusesTwithTjumperTwires,TlikeTthis.TMakeTsureTtoTconnectTpositiveT

toTpositiveTandTnegativeTtoTnegativeT(seeTtheTsectionTonTbusesTifTyouTneedTaTremi

nderTaboutTwhichTcolorTisTwhich). 

ofThowTtheyTareTlabeledTandTtheTleft⁄rightTpositions,TtheTfunctionTofTtheTbusesTrem

ainsTtheTsame. 

 

https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#color-code
https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#integrated-circuits
https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#lines
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3.2.9UsingTaTbreadboard 

WhatTareTjumperTwiresTandTwhatTkindTshouldTITUse: 

JumperTwiresTareTwiresTthatTareTusedTtoTmakeTconnectionsTonTaTbreadboard.TTheyT

haveTstiffTendsTthatTareTeasyTtoTpushTintoTtheTbreadboardTholes.TThereTareTseveral

TdifferentToptionsTavailableTwhenTpurchasingTjumperTwires.ThisTmakesTitTeasyTtoTco

lor-codeTyourTcircuitT(seeTtheTsectionTonTcolor-

coding).TWhileTtheseTwiresTareTeasyTtoTuseTforTbeginnerTcircuits,TtheyTcanTgetTvery

TmessyTforTmoreTcomplicatedTcircuits;TbecauseTtheyTareTsoTlong,TyouTwillTwindTup

TwithTaTtangledTnestTofTwiresTthatTareThardTtoTtraceT(sometimesTcalledTaT"rat'sTnes

t"TorT"spaghetti").FlexibleTjumperTwiresTareTmadeTofTaTflexibleTwireTwithTaTrigidTp

inTattachedTtoTbothTends.TTheseTwiresTusuallyTcomeTinTpacksTofTvaryingTcolors 

               

FigT3.15:TFlexibleTjumperTwiresT 

Finally,TyouTcanTalsoTbuyTspoolsTofTsolid-

coreThookupTwireTandTaTpairTofTwireTstrippersTandTcutTyourTownTjumperTwires.TT

hisTisTtheTbestTlong-

termToptionTifTyouTplanTonTdoingTlotsTofTelectronicsTprojects,TbecauseTyouTcanTcut

TwiresTtoTtheTexactTlengthTyouTneed,TandTpickTwhichTcolorsTyouTwant.TItTisTalsoT

muchTmoreTcost-

effectiveTperTlengthTofTwire.TBuyingTaTkitTofTsixTdifferentTcolorsTisTaTgoodTplaceT

toTstart.T 

HowTdoTITbuildTaTcircuit: 

FollowTtheTbreadboardTdiagramTforTtheTcircuit,TconnectingToneTcomponentTatTaTtime

. 

 AlwaysTconnectTtheTbatteriesTorTpowerTsupplyTtoTyourTcircuitTlast.TThisTwill

TgiveTyouTaTchanceTtoTdouble-

https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#color-code
https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#color-code
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fProduct_10001_10001_2150467_-1
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fStoreCatalogDrillDownView%3flangId%3d-1%26storeId%3d10001%26catalogId%3d10001%26freeText%3dsolid%2520hookup%2520wire%26search_type%3djamecoall
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fStoreCatalogDrillDownView%3flangId%3d-1%26storeId%3d10001%26catalogId%3d10001%26freeText%3dsolid%2520hookup%2520wire%26search_type%3djamecoall
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fStoreCatalogDrillDownView%3flangId%3d-1%26storeId%3d10001%26catalogId%3d10001%26freeText%3dwire%2520strippers%26search_type%3djamecoall
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=how-to-use-a-breadboard&url=https%3a%2f%2fwww.jameco.com%2fwebapp%2fwcs%2fstores%2fservlet%2fProduct_10001_10001_2153705_-1
https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#breadboard-diagram
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checkTallTyourTconnectionsTbeforeTyouTturnTyourTcircuitTonTforTtheTfirstTtim

e. 

 KeepTanTeyeToutTforTcommonTmistakesTthatTmanyTbeginnersTmakeTwhenTusi

ngTaTbreadboard. 

IfTyourTcircuitTdoesTnotTwork,TyouTneedTtoTtroubleshootT(orTdebug,TmeaningTtoTloo

kTforTproblemsTorT"bugs"TinTyourTcircuit).TSeeTtheTcommonTmistakesTsectionTforTt

hingsTyouTshouldTcheck. 

FollowTtheTprojectTdirectionsTtoTuseTyourTcircuitT(forTexample,TshiningTaTflashlightT

atTaTlight-trackingTrobot,TorTwavingTyourThandTinTfrontTofTaTmotionTsensor). 

3.2.10TIntegratedTcircuitsT(ICs) 

IntegratedTcircuits,TorTICsTforTshortT(sometimesTjustTreferredTtoTasT"chips")TareTspe

cializedTcircuitsTthatTserveTaThugeTvarietyTofTpurposes,TsuchTasTcontrollingTaTrobot's

TmotorsTorTmakingTLEDsTrespondTtoTmusic.TManyTICsTcomeTinTsomethingTcalledT

aTdualTin-

lineTpackage,TorTDIP,TmeaningTtheyThaveTtwoTparallelTrowsTofTpins.TTheTgapTinTt

heTmiddleTofTaTbreadboardT(betweenTcolumnsTETandTF)TisTjustTtheTrightTwidthTfor

TanTICTtoTfit,TstraddlingTtheTgap,TwithToneTsetTofTpinsTinTcolumnTE,TandToneTset

TofTpinsTinTcolumnTF.TProjectsTthatTuseTICsTwillTalwaysTtellTyouTtoTconnectTthem

TtoTtheTbreadboardTinTthisTmanner. 

 

3.2.11Wire 

ThisTlibraryTallowsTyouTtoTcommunicateTwithTI2CT/TTWITdevices.TOnTtheTArduino

TboardsTwithTtheTR3TlayoutT(1.0Tpinout),TtheTSDAT(dataTline)TandTSCLT(clockTline

)TareTonTtheTpinTheadersTcloseTtoTtheTAREFTpin.TTheTArduinoTDueThasTtwoTI2CT

/TTWITinterfacesTSDA1TandTSCL1TareTnearTtoTtheTAREFTpinTandTtheTadditionalTo

neTisTonTpinsT20TandT21. 

AsTaTreferenceTtheTtableTbelowTshowsTwhereTTWITpinsTareTlocatedTonTvariousTArd

uinoTboards. 

 

Board I2CT/TTWITpins 

Uno,TEthernet A4T(SDA),TA5T(SCL) 

Mega2560 20T(SDA),T21T(SCL) 

Leonardo 2T(SDA),T3T(SCL) 

https://www.sciencebuddies.org/science-fair-projects/references/how-to-use-a-breadboard#common-mistakes
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Due 20T(SDA),T21T(SCL),TSDA1,TSCL1 

 

AsTofTArduinoT1.0,TtheTlibraryTinheritsTfromTtheTStreamTfunctions,TmakingTitTconsi

stentTwithTotherTread/writeTlibraries.TBecauseTofTthis,Tsend()TandTreceive()ThaveTbee

nTreplacedTwithTread()TandTwrite(). 

Examples 

DigitalTPotentiometer:TControlTanTAnalogTDevicesTAD5171TDigitalTPotentiometer. 

MasterTReader/SlaveTWriter:TProgramTtwoTArduinoTboardsTtoTcommunicateTwithTone

TanotherTinTaTMasterTReader/SlaveTSenderTconfigurationTviaTtheTI2C. 

MasterTWriter/SlaveTreceiver:TProgramTtwoTArduinoTboardsTtoTcommunicateTwithTon

eTanotherTinTaTMasterTWriter/SlaveTReceiverTconfigurationTviaTtheTI2C. 

 

3.3TSummary 

InTthisTchapterTweTknowThowTtoTusingTtheTArduinoTUnoTboard,ThistoricalTbackgrou

ndTofTArduinoTUno.TTheTworkingTprocedureTofTcolorTsensingTmeterTandTlight.THow

TmuchTpinsTatTArduinoTUno.TAboutTandTworkTatTdisplayTboard.TBreadboardTusingT

procedureTandTwhyTusingTbreadboard.THowTtoTbuildTintegratedTcircuit.T  

https://www.arduino.cc/en/Tutorial/DigitalPotentiometer
https://www.arduino.cc/en/Tutorial/MasterReader
https://www.arduino.cc/en/Tutorial/MasterWriter
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CHAPTERT4 

HARDWARETDEVELOPMENT 

 

4.1TIntroduction: 

TheTArduinoTisTaTopenTsourceTmicrocontroller.TheTArduinoTIDETincrediblyTminimali

stic,forTmostTArduino-basedTprojectTyetTitTprovidesTaTnear-

completeTenvironmentTforTmostTArduino-basedTproject. 

 

4.2TArduinoTIDE 

ATprogramTforTArduinoTmayTbeTwrittenTinTanyTprogrammingTlanguageTforTaTcompi

lerTthatTproducesTbinaryTmachineTcodeTforTtheTtargetTprocessor.TAtmelTprovidesTaTd

evelopmentTenvironmentTforTtheirTmicrocontrollers,TAVRTStudioTandTtheTnewerTAtm

elTStudio.TheTArduinoTIDETsupportsTtheTlanguagesTCTandTC++TusingTspecialTrulesT

ofTcodeTstructuring.TTheTArduinoTIDETsuppliesTaTsoftwareTlibraryTfromTtheTWiring

Tproject,TwhichTprovidesTmanyTcommonTinputTandToutputTprocedureTSketchesTareTs

avedTonTtheTdevelopmentTcomputerTasTtextTfilesTwithTtheTfileTextensionTArduino.TA

rduinoTSoftwareT(IDE)Tpre-

1.0TsavedTsketchesTwithTtheTextension.TATprogramTwrittenTwithTtheTIDETforTArduin

oTisTcalledTaTsketch.TUser-

writtenTcodeTonlyTrequiresTtwoTbasicTfunctions,TforTstartingTtheTsketchTandTtheTmai

nTprogramTloop,TthatTareTcompiledTandTlinkedTwithTaTprogramTstubTmain()TintoTan

TexecutableTcyclicTexecutiveTprogramTwithTtheTGNUTtoolTchain,TalsoTincludedTwith

TtheTIDETdistribution. 

TheTArduinoTprojectTprovidesTtheTArduinoTintegratedTdevelopmentTenvironmentT(IDE

),TwhichTisTaTcross-

platformTapplicationTwrittenTinTtheTprogrammingTlanguageTJava.TItToriginatedTfromTt

heTIDETforTtheTlanguagesTProcessingTandTWiring.TItTincludesTaTcodeTeditorTwithTfe

aturesTsuchTasTtextTcuttingTandTpasting,TsearchingTandTreplacingTtext,TautomaticTind
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enting,TbraceTmatching,TandTsyntaxThighlighting,TandTprovidesTsimpleTone-

clickTmechanismsTtoTcompileTandTuploadTprogramsTtoTanTArduinoTboard.TItTalsoTco

ntainsTaTmessageTarea,TaTtextTconsole,TaTtoolbarTwithTbuttonsTforTcommonTfunction

sTandTaThierarchyTofToperationTmenus.TTheTArduinoTIDETemploysTtheTprogramTtoT

convertTtheTexecutableTcodeTintoTaTtextTfileTinThexadecimalTencodingTthatTisTloaded

TintoTtheTArduinoTboardTbyTaTloaderTprogramTinTtheTboard'sTfirmware. 

 

4.3TArduinoTprogramT 

ATminimalTArduinoTC/C++Tsketch,TasTseenTbyTtheTArduinoTIDETprogrammer,Tconsi

sts 

ofTonlyTtwoTfunctions: 

setup():TThisTfunctionTisTcalledTonceTwhenTaTsketchTstartsTafterTpower-

upTorTreset.TItTisTusedTtoTinitializeTvariables,TinputTandToutputTpinTmodes,TandToth

erTlibrariesTneededTinTtheTsketch. 

loop():TAfterTsetup()ThasTbeenTcalled,TfunctionTloop()TisTexecutedTrepeatedlyTinTthe 

mainTprogram.TItTcontrolsTtheTboardTuntilTtheTboardTisTpoweredToffTorTisTreset. 
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Fig4.1:TCircuitTdiagramTofTfullTsystem 
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FigT4.2:TCompleteThardwareTsetup 

 

4.4TSummary 

ATcircuitTdiagramTlikeTasTelectricalTdiagram,TelementaryTdiagram,TelectronicTschemat

icTisTaTgraphicalTrepresentationTofTanTelectricalTcircuit.TATpictorialTcircuitTdiagramT

usesTsimpleTimagesTofTcomponents,TwhileTaTschematicTdiagramTshowsTtheTcompone

ntsTandTinterconnectionsTofTtheTcircuitTstandardizationTsymbolicTrepresentation.TTheT

presentationTofTtheTinterconnectionsTcircuitTcomponentsTinTtheTschematicTdiagramTdo

esTnotTnecessarilyTcorrespondTtoTtheTphysicalTarrangementsTinTtheTfinishedTdevice. 
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CHAPTERT5 

RESULTTANDTDISCUSSION 

 

5.1TIntroduction 

TheTsystemTwasTpoweredTandToperatedTuponTusingTseveralTpossibilitiesTtheyTinclude

TmakingTsureTthatTtheTcolorTdetectTonlyTtheTcolorTcorrect.TThereTareTthreeTcolorTin

putTinTArduino.TWhenTtheseTthreeTcolorTshowsTatTfrontTtheTcolorTsensorTmoduleTth

enTdisplayTshowsTtheseTcolor.TThisTchapterTwillTpresentTallTtheTresultsTandTcalculati

onsTandTrelevantTdiscussions. 

 

5.2TResults 

ATresultTisTtheTfinalTconsequenceTofTaTsequenceTofTactionsTorTeventsTexpressedTqu

alitativelyTorTquantitatively.TPossibleTresultsTincludeTadvantages,Tdisadvantage,Tgain,Ti

njury,Tloss,Tvalue,TandTvictory.TThereTmayTbeTaTrangeTofTpossibleToutcomesTassocia

ted.TReachingTnoTresultTcanTmeanTthatTactionsTareTinefficient,Tineffective. 

 

5.2.1TDesignTaTcolorTdetectingTsystemT 

ThereTareTthreeTcolorTcodingTwhichTisTmadeTbyTusingTATMega238TmicrocontrollerT

circuit.TTheseTareTaTArduino,TLCDTdisplay,TbreadboardTandTaTcolorTsensorTmodule.

THereTanTATMega328TmicrocontrollerTusedTwhichTrequiresT+5VTDCTvoltageTsupply. 

ResettingTtheTCircuitTDesign:WhenTtheTpowerTsupplyTisTwithinTtheTrangeTasTwell

TasToscillationTlevelTisTminimum,TtheTresetTpinTofTmicrocontrollerTmustTbeTkeptTact

ive. 

TCompilationTofTArduinoTCoding:TAfterTdesigningTtheTcircuitTthenTcodeTneeded.T

ToTwriteTtheTcode,TweThaveTusedTArduinoTsoftware.TTheTusingTprogrammingTLangu

ageTisTC+.TAfterTwritingTtheTcodingTitTneedsTtoTbeTsavedTwithTextension. 
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5.2.2TStepTbyTStepTprocessTofTColorTdetectingTSystem 

 

 

T 

 

 

 

 

 

 

 

 

FigT5.1:TBlockTdiagramTofTfullTsystem 

 

a)TStartedTpowerTsupplyTatTArduinoTUNO,TLCDTandTcolorTsensorTmoduleTinitialize

d. 

b)TNowTshowTtheTcolorTatTcolorTsensorTmodule. 

c)WhenTRedTcolorTshows,TtheTdisplayTshowTtheTcolorTdetectedTatTRed. 

d)SameTprocessTatTtheTcolorTofTBlueTandTGreen. 

e)TIfTtheTuserTshowTtheTmoduleTatTblackTcolorTthenTtheTdisplayTdoesTnotTshowTth

eTcolor,TbecauseTweTareTusingTcodingTatTRED,TGREEN,TandTREDTcolorTonly. 

 

5.3Advantage 

*TThisTprojectTdetectTcolor. 

*TPowerTconsumptionTless. 

*TUsedTcommonlyTavailableTcomponents. 

*TItTisTsimpleTandTeasy. 

 

5.4TSummary 

BasicallyTitTisTsmallTandTeasyTtoTmaking.TWeTareTtryingTtoTeasilyTdetectTtheTcolor

TatTusingTthisTproject.TTheTconventionalTcontrollersTinTmarketTmostlyTusingTthisTmi

crocontrollerTandTincreasingTtheTcost. 

PowerTSupply 
ARDUINOT

UNO 
LCDTDisplay 

ColorTDetector 

ATMEGA32Tin

ternalTmemory 
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CHAPTERT6 

CONCLUSIONS 

 

6.1TIntroduction: 

 

ColorTsensingTisToneTofTtheTimportantTsubjectsTofTopticalTsensors.TChemicalTsensing

TisTmostlyTimplementedTwithTparticularTemphasisTatTcolorTdetectionTbasedTonTcolori

metricTsensorsTbecauseTmanyTparameters,TlikeconcentrationTlikeTpH,TandTchemicalTga

sesTcanTcauseTdirectTorTindirectTcolorTchangingTinTbiologicalTandTchemicalTspecies.

ColorTsensorsThaveTaTvarietyTofTapplicationsTincludingTdetectionTof,Tbiological,enviro

nmentalTandTchemicalTparameters. 

 

6.2TLimitationsTofTtheTwork 

 

TCMYKTsystemTisTcomplicatedTforTthisTproject.TItTisTlowTrangeTcircuitTthatTisTnot

TpossibleTtoToperateTremotely.TSometimesTtheTdisplayTdoesTnotTshowTtheTdetectTcol

or. 

 

6.3TFutureTScopeTofTWork 

 

WeTcanTsendTthisTdataTtoTaTremoteTlocationTusingTmobileTdetectTtheTcolor.TInTfutu

reTtheTRoboticsTcompetitionTweTusingTthisTprojectTatTtheTheadTofTthatTrobot,TthenT

robotsTfindTtheTonlyTcolorTthatTusingTtheTcodingTatTArduino.TGarmentsTandTtextileT

industryTneededTforTcolorTdetecting. 

 

6.4TConclusions:T 

 

ATlow-

costTopticalTsensorTbasedTonTreflectiveTcolorTsensingTisTpresented.TMoreover,TsomeT
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neuralTnetworkTmodelsTareTusedTasTartificialTintelligentTtechniqueTtoTimproveTtheTco

lorTregenerationTfromTtheTsensorTsignals.TThatTisTtoTsay,TanalogTvoltagesTofTtheTse

nsorTcanTbeTsuccessfullyTconvertedTtoTRGBTcolors.TTheTartificialTintelligentTmodels

TpresentedTinTthisTworkTenableTcolorTregenerationTfromTanalogToutputsTofTtheTcolor

Tsensor.TBesides,TanTinverseTmodelingTsupportedTbyTanTintelligentTtechniqueTenables

TtheTsensorTprobeTforTuseTofTaTcolorimetricTsensorTthatTrelatesTcolorTchangesTtoTan

alogTvoltages. 
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APPENDIX 

 

 

#include<LiquidCrystal.h> 

LiquidCrystallcd(13,12,11,10,9,8); 

#defineTS0T2 

#defineTS1T3 

#defineTS2T4 

#defineTS3T5 

#defineTsensorT6 

intTfrequencyT=T0; 

intred_filterT=T0; 

intgreen_filterT=T0; 

intblue_filterT=T0; 

TvoidTsetup()T{ 

pinMode(S0,TOUTPUT); 

T//definingTmodeTpin 

pinMode(S1,TOUTPUT); 

pinMode(S2,TOUTPUT); 

pinMode(S3,TOUTPUT); 

pinMode(sensor,TINPUT); 

 

pinMode(13,TOUTPUT);T 

pinMode(12,TOUTPUT); 

pinMode(11,TOUTPUT); 

pinMode(10,TOUTPUT); 

pinMode(9,TOUTPUT);T 

pinMode(8,TOUTPUT);T 

T//TSettingTscalingTtoT20% 

 

digitalWrite(S0,TLOW); 

digitalWrite(S1,THIGH); 
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Serial.begin(9600); 

lcd.begin(16,2); 

 

lcd.clear(); 

lcd.print("COLORTSENSOR"); 

lcd.setCursor(0,2); 

lcd.print("INTERFACINGTBY:"); 

delay(2000); 

 

lcd.clear(); 

lcd.print("CREATIVE"); 

lcd.setCursor(8,2); 

lcd.print("ENGINEER"); 

delay(2000); 

} 

 

voidTloop()T{ 

//TReadingTredTfilterTfirstT 

digitalWrite(S2,LOW); 

digitalWrite(S3,LOW); 

TfrequencyT=TpulseIn(sensor,LOW); 

red_filterT=Tmap(frequency,0,10000,255,0); 

T//TmappingTfrequencyTforTredTcolor 

Serial.print("R=T"); 

Serial.print(red_filter); 

delay(100); 

 

T//TreadingTgreenTfilter 

digitalWrite(S2,HIGH); 

digitalWrite(S3,HIGH); 

 

TfrequencyT=TpulseIn(sensor,TLOW); 

green_filterT=Tmap(frequency,0,10000,255,0);T//green 

T//frequencyTmapping. 
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Serial.print("TG=T"); 

Serial.print(green_filter); 

delay(100); 

 

T//TreadingTblueTfilter 

digitalWrite(S2,LOW); 

digitalWrite(S3,HIGH); 

 

TfrequencyT=TpulseIn(sensor,TLOW); 

blue_filterT=Tmap(frequency,0,10000,255,0); 

T//blueTfrequencyTmapping. 

 

Serial.print("TB=T"); 

Serial.println(blue_filter); 

delay(500); 

if(red_filter>=blue_filter&&red_filter>=green_filterT) 

{ 

lcd.clear(); 

lcd.print("COLORTDETECTED"); 

lcd.setCursor(0,2); 

lcd.print("RED"); 

delay(500); 

} 

 

elseTifT(green_filter>=blue_filter&&green_filter>=Tred_filter) 

{ 

lcd.clear(); 

lcd.print("COLORTDETECTED"); 

lcd.setCursor(0,2); 

lcd.print("GREEN"); 

delay(500); 

} 
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elseTifT(blue_filter>=Tred_filter&&blue_filter>=Tgreen_filter) 

{ 

lcd.clear(); 

lcd.print("COLORTDETECTED"); 

lcd.setCursor(0,2); 

lcd.print("BLUE"); 

delay(500); 

} 

 

else 

 

{ 

lcd.clear(); 

lcd.print("COLORTDETECTED"); 

lcd.setCursor(0,2); 

lcd.print("NIL"); 

delay(500); 

}T 

 

 

 

 

 

 

 

 

 

 


