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ABSTRACT

Powerlinechannelspresentaveryharshenvironmentforhighspeeddatatransferwhichdegradesthe
datatransmission.UsingproperchannelcodingcanenhancethedatatransmissionoverPLCsystems.
Thepurposeofusingchannelcodingistoencodetheinformationtransmittedovercommunication
channelinsuchawaythatinthepresenceofotherinterferencesandnoise,theerrorcanbedetected
andpossiblycorrected.Thispaperinvestigatesthebiterrorrate(BER)performanceofPLCsystems
basedonorthogonalfrequencydivisionmultiplexing(OFDM),inthepresenceofMiddletonclassA
noise,andapplyingTrellisCodedModulation(TCM)/RectangularQuadratureAmplitudeModulation
(QAM) TCM as a channel coding. Simulations are undertaken in Matlab. The obtained results
illustratethatalthoughtrelliscodesproduceimprovementsintheSNRinthepresenceofadditive
whiteGaussiannoise(AWGN),theydonotperformwellwithmultipathpowerlinechanneland
MiddletonclassAnoise.Therefore,theRectangularQAMTCMhasbeenusedtoenhancetheresults.
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INTRodUCTIoN

PowerLineCommunication(PLC)exploitsanexistingelectricalinfrastructuretoprovidehigh-speed
broadbandtocustomerswithnotrequiringnewwiringinfrastructurewhichisagreatcostsaving
(Hosseinpournajarkolaeietal.,2012).Thedevelopmentofbroadbandpowerlinecommunication
systems forprovidingbroadbandapplications requires anadequateknowledgeof thepower line
channelcharacteristics(Najarkolaeietal.,2012).Attenuation,varioustypesofnoiseandmultipath
affectsaresomeofthemainfactorsofpowerlinesystemswhichneedtobeconsideredcarefullyin
designingPLCsystem.Particularly,aneffectofimpulsivenoisewithahighamplitudeandshort
durationsisidentifiedasoneofthemajorimpairmentinPLCsystems(Najarkolaeietal.,2015).In
ordertoachievereliablecommunicationthroughachannelaffectedbynoiseinthecommunication
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system,thecodewordsrequiredtobedifferentfromeachotherconspicuouslyenough.Thisdifference
reducetheprobabilityofeachsinglesymboltobetakenforanothersymbol.

The conversion of the message with this purpose is defined as a channel coding in digital
communication system (Yang et al., 2009). However it might cause some side effects such as
an increase in needed channel bandwidth, decline of data transmission rate and an increase of
complexityintheencoder/decoder(Yangetal.,2009).Oneoftheavailablechannelcodingfordigital
communicationsystemisTrellisCodedModulation(TCM)whichisacombinationofcodingand
modulation(Ngetal.,2006).Itisbandwidthefficientmodulationbasedonconvolutionalcoding
systembydoublingthenumberofconstellationpointsofthesignalthatresultsanincreaseinbit
rateandkeepingthesymbolrateatthesame(Ngetal.,2006).TCMwasoriginallyproposedfor
transmissionoverAdditiveWhiteGaussianNoise (AWGN)channels,but its later itwas further
developedforapplicationssuchasinmobileandwirelesswhereitiscapableofachievingacoding
gainwithoutbandwidthexpansion(Ngetal.,2006).

InMlyneketal.’s(2010)work,differenttypesofPLCnoisesourcesaremodelledinMatlab/
Simulink,amongthese thebackgroundandimpulsivenoisesare themainsourceof interference
resultinginsignaldistortion.ThebackgroundnoisecanbemodelledasanAWGNandtheimpulsive
noiseisbasedontheMiddletonClassAnoisemodel(Bahattietal.,2009).InWangetal.’s(2012)
worktheperformanceofusingOrthogonalFrequencyDivisionMultiplexing(OFDM)modulation
foraPLCchannelisanalyzedandcomparedwithasinglecarriermodulationsystemandisfound
thattheOFDMenhancestheBitErrorRate(BER)performance.

InSekhararaoetal.’s(2009)work,theBERperformanceusingOFDMmodulationinpresence
ofimpulsivenoiseisgivenandisshownthatconvolutioncodingwithaViterbidecoderimproves
thetransmissionperformance.InHongchun’s(2012)work,acomparisonbetweenTCMandRead
Salman(RS)codingformid-voltageelectricdistributionlinecarriercommunicationsystemshowed
thattheTCMcanhaveagreatadvantagescomparetoothercodingmethodssuchasRSwhenitis
fittedtothemid-voltagedistributionsystem.ConvolutionalcodeandTCMbasedonOFDMfora
Ricianfading(Satellite)channelwasconsideredinAnushruti’s(2013)work.TheBERperformance
comparisonbetweenthesetwoillustratedthattheTCMOFDMprovidesbetterperformancecompared
totheconvolutionalones.

ThispaperbeginswithabriefoverviewofthebasicconceptofPLCchannelinsectionII.In
sectionIIIthedifferenttypesofnoiseinthePLCchannel,mainlytheMiddletonClassAimpulsive
noiseisdiscussedfollowedbyquickintroductiontoOFDMasamulticarriermodulationtechnique
beingusedinPLCsystemsinnextsection(IV).TCMandRectangularQAMTCMasaconvolutional
channelcodingarediscussedinsectionV.LateroninthesectionVIaproposedSimulinkmodel
followedbysimulationresultsfortheOFDMPLCforTCMandRectangularQAMTCMaregiven
inMatlab/Simulink2013binsectionVII.FinallyconclusionsaregiveninsectionVIII.

PLC CHANNEL

AccordingtoZimmermann&Dostert(2002),therearevariousmodelsavailableforPLCchannel
suchastheZimmermannandDostert’smodel,PhilippsmodelandtheAnatoryetal.model.The
multipathmodelproposedbyPhilppsandZimmermannisawidelyusedmodelforinvestigatingthe
datatransmissionoverpowerlinesandisgivenby:
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