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Today,mechanicalandelectricalengineeringaretworesearchdomainswhichattractmanyresearches
duetohighlypotentialtoimprovethehumanlife.TheMechanicalEngineeringfieldiscoveredbymany
areasasheattransfer,manufacturing,mechanicaldesign,systemdynamicsandcontrol,thermodynam-
ics,energySystems,andthestudyonthefundamentalsoffluidmechanics.Hence,tounderstandthe
engineeringphenomenonisrequiredacertainknowledgeinmathematics,physics,chemistry.Further,
theElectricalEngineeringfieldnumerousapplicationsaswell.Forexamples,electricalengineerswork
inseveralfieldsincludingaeronautics,biomedical,energy,computer,electricalandelectronicsystems,
aswellastelecommunications.Theyparticipatetotheindustrialdesignandimplementationofprojects.
ThecontentsofHandbookofResearchonRecentDevelopmentsinElectricalandMechanicalEngineer-
ingrepresentstheeffortsofmanyresearchersworkinginelectricalandmechanicalfield.Theobjective
ofthishandbookistoshareexperiencesandresearchstudiesindifferentattractiveareasofelectrical
andmechanicalengineering.

Thestateofartoftheinvestigatedresearchfieldwaspresentedbrieflyineachchapter.Itmakesthis
manuscriptanidealhandbookforuniversitythatfocusinmechanicalcourses,microwaveactiveand
passivecircuitcourses,trainingcourses,engineers,PhDstudents,andresearchers.Thethemescovered
inthisbookaredividedintofourthsections:

The first section is about “Microwave Passive & Active circuits” that presents some studies on
computeraideddesignofplanarcircuits;theintroductiontoelectromagneticmetamaterialsandtheir
applications;someresearchworkonmeasurementtechnique,andmicrowavepassiveandactivecircuits
designasfilters,antennas,poweramplifierandRF-DCrectifiers.

Thesecondoneis“InformationTechnologyandSignalProcessing”thatcontainschaptersaround
AutoencodersinDeepNeuralNetwork.Therewereportedachapterwhichpresentswirelesssensor
networks(WSNs)withacomparativestudyofclustering-basedroutingprotocolsintermsoftheirenergy
efficiency,networklifetime,throughputandstabilityperformances.Theaimofthethirdchapterwere
todescribethedictionarylearningbyfactorizationtechniquesinNonnegativematrices(NMF)forthe
separationofsignals.

Thethirdsectiondescribestheresearchstudiesfocusedon“Solid-statelightingtechnology&Re-
newableEnergy”.Thissectiondealswithsolid-statelightingtechnologyparticularlyLEDs,andother
worksonrenewableenergy.

Thefourthsectionisaboutmechanicalengineering,particularlyachapteronLambwaveswhichare
anattractivetoolusedtocontrollongdistancessuchaspipes.Anotherstudypresentspropagationchar-
acteristicsofanti-planeshearhorizontalsurfacewaveinahomogeneousmicro-polarlayeredstructure
byintroducinginterfacialcomplexity.Wereportedaswellasaresearchworksontheantilockbraking
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system,performanceimprovementofmechanicalcomponentsbyprecisioncoating,3Dprintersand
Thermalimprovementofcuringinresintransfermoldingprocess.

Thebookisorganizedinto18chapters.Abriefdescriptionofeachchapterweremadeinorderto
easyaccommodatethereaderwiththecontentofthismanuscript:

Inchapter1,theplanarbranch-linecouplercircuitswerereviewedandanalyzedcomprehensivelyin
termsofanalyticalmodelingdevelopment,numericalsimulationusingcommercialsoftware,therecent
trendofmodifiedstructuresofthebranch-linecoupler,anditsapplicationsinmicrowavedevices.The
analyticalanalysisistheeasiestmethodinsimplebranch-linecouplerdesign.Theanalyticalequations
areexplicitandcapableofdeterminingthecharacteristicimpedanceofeachbranchlineforthecoupler
atthedesiredcouplinglevelaswellasthesuitabilityofbroadbandS-parametersanalysis.However,
nowadaysmostplanarbranch-linecouplershavebeenmodifiedtominiaturesize,betterbandwidth,thus
alotofmodifiedstructuresofcircuit’sbranchlinehavebeenproposed,suchasslowwavestructure,
meanderingline,cascadingcircuit,andproximityfeedgap-coupled.Tomodifythebranch-linecoupler
circuit,thenumericalmethodusuallytakesoverfromtheanalyticalmethodindesignworkduetoanalyti-
calanalysisisunabletosolvethecomplicatedmodifiedbranch-linecircuit.Typically,microwaveoffice
software(AWR),AdvancedDesignSystem(ADS),andComputerSimulationTechnology(CST)areused
inmodifiedbranch-linecouplerdesign.Infact,thebranchlinecouplercircuithasmanyapplicationsin
microwavedevices,suchascomplexratiomeasuringunit,2-way90-degreepowersplitter,3-dBcoupler,
anddoublebalancedmixer.Inthischapter,thebranch-lineapplicationswillalsobebrieflyreviewed.

Chapter2dealswithMetamaterialswhichareartificialengineeredmaterialsthatpossessunique
properties not found in natural materials. The properties are derived from the structural designs of
metamaterialsandtheyallowthestructuretomanipulateelectromagneticwavesandachievedesired
responsesincertainfrequencyrange.Thischapterreviewspastachievements,recentdevelopmentand
futuretrendonelectromagneticmetamaterialsinmicrowaveregime.Thechapterfirstbrieflyintroduces
electromagneticmetamaterials fromageneralprospect including thedefinition,historicaloverview
andclassificationofmetamaterials.Furthermore,fiveselectedapplicationsofmetamaterialswhichare
microwaveabsorbers,filters,sensors,antennasandenergyharvesterswillbediscussedindetailsbased
ontheirdesigns,characteristicsandoperationtheories.

Chapter 3 discusses various types of Microwave complex ratio measurement (MCRM) circuits.
Theyhavebeendescribedindetailthatincludespreviousstudies,basictheory,andgeneralcalibration
methodsforMCRMcircuits.Thischapterattemptstoprovideconciseandcomprehensiveinformationto
researcherswhoareinvolvedintheconstructionofMCRMcircuit.MCRMisusuallyusedtoconstruct
RFreflectometer.TheadvantagesoftheMCRMcircuitaresimple,inexpensive,noteasytodamage,do
notneedtousemanyelectroniccomponentsintheconstructionofthereflectometer.Inaddition,MCRM
allowsthesignalthroughitsteadilyandinsensitivetooperatingtemperature.Normally,thetemperature
ofMCRMcircuitdoesnotincreasesignificantlywhenthecircuitisoperatedforalongperiod.

Chapter4 introducesWirelesspower transmission (WPT)whichhasbecomeanovelalternative
technologytosolveallthesepowersupplyproblems.Awirelesspowertransmissionsystemconsists
ofablockthatconvertscontinuousenergyintomicrowaveenergycapableoftransmittinginfreespace
throughatransmittingantenna.ReceptionisprovidedbyareceivingantennafollowedbyanRF-DC
rectificationsystem.EachelementoftheWPTsystemcanbecharacterizedbyitsefficiency.Thekey
elementofaWPTsystemiscalledRectenna(forrectifyingantenna),aconventionalrectennacircuit
consistsofareceivingantennafollowedbyanRF-DCconversioncircuitwithanon-linearcharacteris-
tic.ThiscircuitusuallycontainsoneormoreSchottkydiodes,anHFinputfilter,aDCoutputfilterand
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aresistiveloadthatmodelstheconsumptionofthepoweredsystem.Thechallengeistooptimizethe
entirerectenna,withtheobjectiveofmaximizingtheDCoutputandefficiencyofRF-DCconversion.
Optimizationmustbecarriedoutovertheentirecircuit,hencetheneedtouseglobalanalysismethods
combiningelectromagneticsimulationandcircuit.Numericalmodelingpresentedisafundamentaland
decisivetoolthroughoutthiswork.Themainaimbeingtotakeintoaccountallpossiblecouplingsbe-
tweenthedifferentpartsofthecircuit.Further,theobjectiveofthischapterwastopresentexperimentally
aninnovative,compactandhigh-efficiencyrectifiercircuitat2.45GHzforthepowersupplyoflow
consumptiondevices.ThisrectifierhasbeendesignedbyusingAdvancedDesignSystem.Thebridge
topologywasemployedonanFR4substratewithdielectricconstanter=4.4,substratethicknessh=1.6
mmandthelosstangentis0.025.Agoodmatchinginputimpedancewasobservedandhighconversion
efficiencywasobtained.Simulationresultshavebeenvalidatedthroughrealizationandmeasurements.

Chapter5introducesthedesignofnewstructuresofbroadbandpoweramplifierswhichspanawide
rangeofareas,amongwhichmicrowavecropdryingandquarantineinagriculture,medicaldiathermy,
medical imaging,heating,electronicwarfare, telecommunications, trackingandnavigationsystems.
ThedesignofBPAs,asthatforanyotherpoweramplifiercircuit,isbasicallysubdividedinachainof
methodicalsteps,fromtheidentificationofBPAspecificationsuptotheconcludingcharacterizationand
measurementsofthefabricatedcircuit,toprovefulfilmentofthedesignrequirements.Throughoutthe
designofBPAs,essentialandcommonlycontrastingspecificationshavetobeatthesametimefulfilled.
Ontheonehand,widebandwidth,highoutputpoweraswellashighpowergainaretypicallyneededto
minimizethenumberofPAstages,andconsequentlyreducethesizeofthewholeunit.Furthermore,in
ordertoensureadequatesignalamplificationunaccompaniedbyaffectingthedatacontent,aswellas
preservethesuitablequalityforthetransmittedsignal,highlinearitymustbeassured.Thereareseveral
techniquesandcircuittopologiesdeployedtorealizebroadbandpoweramplifiers.Inthischapter,the
broadbandpoweramplifierconsiderationswillbebrieflypresentedanddescribed.Then,thebroadband
impedancematchingtechniqueswillbedescribed.Finally, theproposedbroadbandpoweramplifier
circuitdesignaswellasthesimulatedresultswillbepresented.

Inchapter6,anoverviewofcoplanarwaveguidetechnologyispresented.Varietiesofdefectedground
structurewiththerecentDGSunitswhichdevelopedtoreplacetheElectromagneticBandGap(EBG)
circuitsinthegoaltoimproveresponseandcharacteristicsofmicrowavecomponentssuchasfilters
areintroduced.Inthischapter,acirculardefectedgroundstructure(DGS)withshapedcoplanarlineis
investigatedforcompactstopbandfilter(SBF)formicrowaveandmillimeterwaveapplications.With
thisstructure,thefirstproposedresponseofresonantelementin20GHzexhibitsthebandstopfunc-
tion.TheproposedDGSisalsomodifiedbyintroducingfoursymmetricalslotswithL-configurationin
conductorlineofacoplanarcircuittoimproveseparatelythestopbandandpassbandperformances.The
insertionlosscanbereducedbyintroducingfoursymmetricalslotswithL-configurationinconductor
lineofacoplanarcircuittoimproveseparatelythestopbandandpassbandperformances.Additionally,
theoperatingfrequencyrangesareextendedtomillimeter-waveswithlittleincreaseinradiusofcircular
defectedground.Itcombinedbetweenthoserequirements:simplestructureanddesign,easyfabrication
andgoodperformance.

Inchapter7wehavereportedsomestudieson“BlindAudiosourceSeparation(BASS)”.Inthis
way,thischapterisdedicatedtostudytheBSSasasolutionforhumanmachineinteraction.Theob-
jectiveconsistsinrecoveringoneorseveralsourcesignalsfromagivenmixturesignal.Mixturescan
beclassifiedaccordingtothenatureoftheenvironment(instantaneousorconvolutive),thenumberof
sourcescomparedwiththenumberofacousticalsensorswhichdeterminesthenatureofthemixture
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(over-determined,determinedandunderdetermined)andtime-varyingortime-invariantconditions.The
purposeofBSSstillremainsthesame,whichistorecoverthesignalssources,withoutknowledgeof
themixture,usingonlytheobservations.Therearealotofmethodsthatcansolvethiskindofproblem,
liketheIndependentComponentAnalysis(ICA)andtheFAST-ICAalgorithm.

Chapter8dealswithwirelesssensornetworks(WSN)whichbecameanemergingtechnologysince
itsincreasingusageinvariousdomainsanddifferentapplicationssuchmedicalsystems,environment
monitoring,militaryapplications,surveillanceandrecentlytheyareinducedtorespondtoseveralIn-
ternetofThingsapplicationsrequirements.Thatisallbecauseoftheiradvantageswhichareprincipally
reflectedintheabsenceofinfrastructure,theeasedeploymentofthenetwork,lowmaintenanceandfaster
communication.Thischapterpresentsalistofcomparativestudiesofcertainclustering-basedrouting
protocolsintermsoftheirenergyefficiency,networklifetime,throughputandstabilityperformances.
Inonehand, itwill focusmainly in the recentbased routingalgorithmsbelonging to twodifferent
clusteredroutingprotocolsfamiliesdedicatedforheterogeneousWSNsnamelyrespectivelySelected
ElectionProtocol(SEP)andDistributedEnergyEfficientClusteringProtocol(DEEC).Itisabouteight
protocolsnamedSEP,E-SEP,T-SEP,Z-SEP,DEEC,E-DEEC,D-DEECandT-DEEC.Inotherhand,
anewapproachinspiredbytheSEPprotocolfamilyispresented.

Chapter9isfocusontheNMFmethods.Theaimistofactorizeanon-negativeobservationma-
trixXastheproductX=G.Fbetweentwonon-negativematricesGandF,respectivelythematrixof
contributionsandprofiles.Although,theseapproachesarestudiedwithgreatinterestbythescientific
community,theyoftensufferfromalackofrobustnesswithregardtodataandinitialconditionsandcan
presentmultiplesolutions.TheworkofthischapteraimstoexaminethedifferentapproachesofNMF,
thusintroducingtheconstraintofsparsityinordertoavoidlocalminima.TheNMFcanbeinformedby
introducingdesiredconstraintsonthematrixF(respG)suchasthesumof1ofeachofitslines.Applica-
tionsonimagesmadeitpossibletotesttheinterestofmanyalgorithmsintermsofprecisionandspeed.

Chapter10focusesontheSolarenergy,whichistheoneofthemajorreliablerenewablesources.
Solarphotovoltaicsystemisusedtoconvertthelightenergy(photons)intoelectricalenergyfromthe
sunlight.AsimplesolarPVsystemconsistsofsolarPVpanelandinvertertoconvertthesunlightinto
electricity.SolarpanelisadevicethatusedtoconvertthephotonsinthesunlightintoDCelectricity
andinverterisusedtoconverttheDCelectricityintoACelectricity.Thischapterwillintroducesome
standardsinthisfieldandanintroductionofsolarmicroinverterwhichisdesignedforsinglesolarPV
moduleinsteadofgroupofsolarPVmodules.Eachmoduleshallbeequippedwithamicroinverterto
converttheDCelectricityintoACelectricityandthemicroinverterisplaced/installedbelowthemodule.

Chapter11presentssomeof the recent technologicaldevelopments in the fieldofLEDlighting
technologyandchallengesthatlimittheirperformance.Solid-statelightingtechnologyisrapidlygain-
ingacceptanceinlightingindustrywithagrowinglistofapplications,suchas,streetlighting,traffic
lighting,decorativelighting,projectiondisplays,displaybacklighting,automotivelightingandsoon.
Itdiffersfromconventionallightsourcesthatusetungstenfilament,plasmaorgasestogeneratelight,
solid-statelightingisbasedonorganicorinorganiclightemittingdiodes(LEDs),andhasthepotential
togeneratelightwithalmost100%efficiency.LEDlightingfixtureshavelonglifetimeandareenviron-
mentalfriendlywithnotoxicmercurycontained.However,thesuccessofthesefixturesdependsonthe
systemdesign,whichcomprisesanunderstandingofelectricalandphotometricalcharacteristicsunder
temperatureeffectondeviceperformance.

Chapter12 is focusedon the studyofLambwaves’propagation. In this chapterFiniteElement
Method(FEM)isusedtostudytheLambwaves’propagationandtheirinteractionswithsymmetric
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andasymmetricdelaminationinsandwichskin.Firstly,atheoreticalmodelisestablishedtoobtainthe
equationoflambmodespropagation.SecondlydispersioncurvesareplottedusingMatlabprogramfor
thelaminate.ThesimulationswerethencarriedoutusingABAQUSCAEbyexcitingthefundamental
A0Lambmodeinthefrequency300kHz.Thedelaminationwasafterthatestimatedbyanalyzingthe
signalpickedupattwosensorsusingtwotechnics:TwoDimensionalFastFourierTransform(2D-FFT)
toidentifythepropagatingandconvertedmodesandWaveletTransform(WT)tomeasurethearrival
times.TheresultsconfirmedthatthemodeA0issensibletosymmetricandasymmetricdelamination.
Besides,basedonthesignalthatchangeswiththedelaminationedges,alocalizationmethodispro-
posedtoestimatethepositionandthelengthofthedelamination.Inthelastsectionofthischapter,an
experimentalFEMverificationisprovidedtovalidatetheproposedmethod.

Inchapter13ispresentedtheconceptofMicrogrid.Fromwhichthemainresourcesofthesesys-
temsaretransformedinrenewableenergyresources.Ontheotherhand,theuseofDC-basedsystems
potentially has significant efficiency and cost advantages to a range of power system applications.
OneofthesystemswhichareusedfromDCpowerisDCMicrogrids.IntheMicrogrids,theloadsare
suppliedfromthelocalDistributedGenerations(DGs)sources;also,themajorityofloadsandDGsin
MicrogridsareDC,hence,usingDCpowerinMicrogridsismoresuitable.Besides,themainproblems
ofthesesystemsaremodelingandprotectionofDCMicrogrids.Thischapterstudydifferentmodeling
techniquesofDCMicrogridcomponentssuchasPhotovoltaic (PV),WindTurbine(WT), linesand
converters.Therefore, thechallengesanddifferentmethods for identifying the locationof faultand
methodsforreliableandsecureoperationofthesystemisintroduced.Moreover,oneofthechallenging
problemsofDCMicrogridsislocatingthefaultlocation.Therefore,differentfaultlocationmethodis
proposedinthischapter.

Chapter14includesthetheoreticalinvestigationofthepropagationcharacteristicsofSH-typewave
andanewtypeofdispersivesurfacewaveinanirregularlayeroverlyingahalf-space,bothconstituted
bydistincthomogeneousmicropolarisotropicelasticmaterials.Atthecommoninterfaceofthelayered
structure,twotypesofirregularitiesviz.rectangularandparabolicshaped,arestudiedintwodistinctcases.
Existenceofnewtypeofdispersivesurfacewavealongwithitsdispersionrelationhasbeendeducedin
theclosed-formbyadoptingadistinctmathematicaltreatmentforvariouscasesconcernedwiththepres-
enceandabsenceofmicrorotationalcomponentsinthecompositestructure.Itisalsoexaminedthatthe
dispersionequationofnewtypeofdispersivesurfacewavevanishesidenticallyinclassicalelasticcase.

Chapter15isfocusedontheAntilockBrakingSystem(ABS).Itisanactivesafetysystemthataims
toreducethenumberofroadaccidents.TheABSinvestigatedisanelectronicallycontrolledsystem
thatallowsthedrivertokeepupcontrolofthevehicleamidcrisisbrakingwhileatthesametimekeep-
ingthewheelsundercontrol.Besides,bykeepingbrakeweightjustunderneaththepointofmakinga
wheellockup.TheABSguaranteethatthemostextremebrakingpowerisutilizedtostopthevehicle
whileensuringtheminimumpossiblebrakingdistance.Theformalmethodsaremathematicallybased
techniquesthatallowstospecifyandverifythesystems.Theuseofthosemethodscangreatlyincrease
ourunderstandingofasystembyrevealinginconsistencies,ambiguities,andincompletenessthatmight
otherwisegoundetected.TheformalmethodusedinthispaperisEvent-B,whichisbasedonsettheory
asamodelingnotation.

Chapter16presentsthesummaryoflatestperformanceforImprovementofMechanicalComponents
byPrecisionCoating.Here,wepresentthemaincoatingtechnologiesandtheirpracticalapplications.
Furthermore,thequalityandprecisionaspects,aswellastheapplicablestandardsarediscussed.Some
practicalexamplesregardingtheperformanceimprovementofdifferentmechanicalcomponentsbyap-
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plyingprecisioncoatingsareadditionallypresented.Thefinalgoalofthischapteristoenablethereaders
tochoosethepropersystemfortheirapplication,byprovidingalltherelevantinformationregarding
variouscoatingtypes.

Chapter17presentstheAdditiveManufacturingprocess.Itisathreedimensionalprintingmethods
thatpermitstomanufacturelighter,strongerthree-dimensionalpartsbyusingsocallingmanufactured
layerbylayersofmaterialdeposition.TheAdditiveManufacturingusesacomputerandCADsoftware’s
whichpassestheprogramtotheprinter tobuildthedesiredshape.Metals, thermoplasticpolymers,
ceramicsarethepreferredmaterialusedforadditivemanufacturing.Fuseddepositionmodelingisone
theadditivemanufacturingtechniquethatinvolvestheuseofthermoplasticpolymerforcreatingdesired
shape.Carbonfiberscanbeaddedintopolymertostrengthenthecompositewithoutaddingadditional
weight.ThepresentchapterdealswiththemanufacturingofCarbonfiberreinforcedPolylacticAcid
compositespreparedusingfuseddepositionmodeling.Mechanicalandthermo-mechanicalproperties
ofcompositesarestudiedasperASTMstandardsandusingsophisticatedinstruments.Itisobserved
thatthereisenhancementinthermo-mechanicalpropertiesofcompositesduetoadditionreinforcement
whichisdiscussedindetail.

Chapter18isfocusedontheResinTransferMolding(RTM)methodwhichhasbecomeoneofthe
mostefficientprocessestomanufacturemediumsizereinforcedcompositeparts.Amongthemainsteps
inprocessingthecompositepartsisthecuringreaction.Inthemajorityofcasesthisreactionisofexo-
thermicnatureandaccompaniedbyariseintemperatureinthecenterofthelaminate,thisleadstothe
appearanceofathermalgradient.Thischapterpresentsastudyontheeffectofincreasingtemperature
ontheoptimizationofthecuringcycle,furthermore,andanotherstudyontheeffectofthicknessvaria-
tionontemperaturedistributioninthecomposite.Further, thisresearchworkaimsalsotoelucidate
thethermalgradientphenomenongeneratedasaresultofacrosslinkingreaction.Theobjectiveisto
minimizethetemperatureexcessinthecompositelaminate.
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