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Abstract: Low power consumption and thus less implementation complexity should be the major design
goalforRFwirelesstransceivercircuitryforRemoteSensingsensornodes.WSNsaredeployedtosenseone
ormoreparametersconcernedtoaremoteenvironmenti.e.theenvironmentinwhichHumanintervention
isnotallowedorsuggested.Nodesdeployedforsuchapplicationsshouldprolongtheirbatterylifeinorder
toavoidfrequentnodefailurewhichinturncausesundesiredchangesinthetopologyofthenetwork.As
these nodes are driven into sleep mode for most of the time so as to conserve the battery power, the
modulationschemeusedshouldhavequickertransitiontimefromsleepmodetoactivemode.Otherwise,
conservation of battery power becomes useless. As the transceiver consumes its maximum power during
data transmission, the modulation scheme should be less complex to implement. Besides these, the data
sequence is needed to be robust enough to withstand the interference caused by neighbouring wireless
technology or devices with more power factor as well as the harsh behaviour of the channel. In order to
fulfilalltherequirementsasmentionedabove,ReedSolomoncodednonǦcoherentMǦaryFrequencyShift
Keying modulation technique is proposed using Matlab / Simulink. Being Direct Digital Modulation
approach,MFSKhasfastertransitiontimebetweensleepmodeandactivemode.Moreoverasitisoperated
undernonǦcoherentmode,thereisnoneedofcarrierphaserecoverycircuitry.Duetothese,thetransceiver
circuitry becomes less complex and so reduced power consumption.  The phase relationship between
various signal components are plotted in terms of Eye diagram, Signal trajectory and Scatter plot. The
simulation results show that, the phase relationship is clear under multipath Rayleigh and Rician fading
channelconditions.But,whenadditivewhiteGaussiannoisegetsaddedwithRayleigh/Ricianfading,the
phaserelationbecomesworse.AndthismodelgivesitsworstcaseBitErrorRateperformancearound50to
60%.
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Introduction
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Wirelesssensornodesaresuitabletogetdeployedoverthephysicalenvironmentinwhichhumanentryis
not advisable or allowed. In such case, most of the applications for which WSNs are deployed is for
monitoring / sensing the essential physical parameters concerned to that environment, processing the
senseddataandtransmittingthatdatatoaremoteplacei.e.mostoftheapplicationsareconcernedwith
RemoteSensing.Inordertoprolongthelifeofthesebatteryoperatednodessoastoavoidfrequentchanges
inthetopology,thenodesarepreferredtobeoperatedintheirsleepmodeformostofthetime.Butthe
problemiswakingupthesedeviceswhenevernecessarytoactivemode,whichmayconsumemorepower
besidesitsconservation.
Transceivercircuitryofsensornodesisthemostpowerhungrycomponentandthuseffortsareneededto
considerallthepossiblewaysofkeepingthiscircuitryaslesscomplexaspossible.Lesscomplexitynotonly
ensureslowpowerconsumptionandalsoquickertransitionfromsleepmodetoactivemode.
Modulationschemekeepsthetransceivercircuitrynotonlytoconsumemorepowerandalsodrivesitto
takelongertransitiontimefromsleepmodetoactivemodehoweverthetransitiontimeandthusthepower
consumption during the transition from active mode to sleep mode is comparatively negligible. By
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comparing the available pass band modulation scheme, due to its Direct Digital Modulation (DDM)
approach,MǦaryFSKcanbetherightchoice.
AgainwhencomparingitsCoherentandNonǦcoherentcounterparts,itisquiteobviousthatnonǦcoherent
scheme can be considered for reduced power sensor applications. NonǦcoherent scheme requires less
compleximplementationasthereceiverdoesnotrequirecarrierphaserecoverycircuit.Inordertohavea
fairtradeǦoffbetweenperformanceandpowerconsumption,thetransmittedsignalshouldbemaderobust
enough to withstand the rude behaviour the wireless channel, especially when transmitted over a noisy
bandlikeISM.
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Insuchscenario,itisdesiredtoproposesuitableForwardErrorCorrection(FEC)schemeinthesensethat
it should also be implemented with less complexity with convincing performance. The most widely used
FECschemeemploysReedǦSolomoncodes.Withthefeatureoftreatingthecorruptionofoneormorebits
assingleerror,RScodesaremuchsuitedforcorrectingbursterrors.Asthesensornodesaretransmitting
theirdatawhenevertheyaredrivenintoactivemode,thedatawillundergobursterror.Inordertoreduce
theimplementationcomplexityoftheseRScodes,RS(7,3)codewithandwithoutpuncturingisconsidered
inthiswork.
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Code interleaving is another interesting technique to be considered to study the performance of this
Simulink model. Numerous data processing, data transmission and data storage applications require
Interleaved ReedǦSolomon code to overcome burst errors. Permutation of ordinary RS codes provides
Interleaved Reed – Solomon codes, which require classical algebraic decoding algorithms to decode the
codewordsindependently.Interleavingisanencodingmodethatisbeinginstantiatedoveranyfamilyof
codesi.e.interleavedcodesarenotanexplicitfamilyofcodes.InterleavingleavestheRScodes(IRScodes)
tobeasubsetofparallelcodewordsbelongtothesetofequallengthRScodes.Beingahybridapproach,
InterleavedForwardErrorCorrection(IǦFEC)incorporatestherobustnessofFECcodingtorandomerrors
andthesurvivabilityofIǦFECtobursterrorsofhigherdegree.
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QuantitativeanalysisofsignalsusedindigitaltransmissioncanbeanalysedbyusingEyediagramtool.An
eyediagramisrepresentedbelow:




Fig.1RepresentationofEyeDiagram

Itprovidesaninsighttothechannelimperfectionsduringthesignaltransmission.Inthepresenceofinter
symbol interference and noise, the system provides closed eye pattern otherwise i.e. open eye diagram
patternindicatesthatthesignalistransmittedwithminimaldistortion.Impactofnoiseaddedtothesignal
can be measured from the opening of eye i.e. height and peakǦtoǦpeak. Overshoot or undershoot of eye
pattern is to measure the peak distortion caused to the signal. Width of the eye is to measure timing
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synchronizationandjitter.Themostwidelyopenedpointoftheeyediagramisthedecisionpointwhilea
demodulatedsignalisdeǦmappedtorecoverthedigitalmessageatthereceiver.
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Fig.2BasicBlockDiagramfortheproposedscheme
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The basic block diagram for this simulation scenario is shown in Fig.2. As shown, the data input is first
encoded and the encoded data bits are permutated in a predefined manner by the inter leaver. The
spectrum of this interleaved cum encoded gets spreaded using Direct Sequence Spread (DSSS) Spectrum
technique. After spreading, the data sequence modulates the carrier. Modulated data is transmitted
through the suitable channel. Upon receiving the modulated carrier, the first step at the receiving end is
demodulation i.e. detection of modulated carrier so as to filter it out. After demodulation, the data
sequencegets despreadedby itsspectrum.And thenit is deinterleavingso as to arrange thebits in their
originalorderbeforedecoding.Finally,thereplicaoftheoriginaldataattheinputsidewasgot.Asthemain
objective is low power consumption, the phase relationship between the signal components is much
essentialtogetherwiththebiterrorrateperformanceofthismodel.Soitisdesirabletocomparethefinally
received replica of originally transmitted data to get the amount of corrupted bits during transmission –
reception process. Phase relationship between the components can be observed with suitable display
devices.
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Therestofthispaperisorganizedasfollows:
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SectionIIelaboratesthesimulationmodel.SectionIIIdetailsthesimulationsetup,parameters.SectionIV
givesthedetailedsimulationresults.SectionVconcludesthispaper.

II.

SimulationModel
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MATLAB / SIMULINK is used to develop the simulation model as it is convenient to convert it into its
equivalentVLSIarchitecture.
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Fig.3BlockDiagramforSimulationSetup
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The randomly generated data from Random Number Generator is encoded by the Binary Input Reed
Solomon Encoder. This encoded data sequence is multiplied with a randomly generated pseudoǦrandom
noise sequence from PN sequence generator so as to spread its spectrum. After spreading, the data
sequence modulates the local carrier generated inside the MFSK Modulator Baseband block. This
modulated data is transmitted via either a multipath Rayleigh fading or Rician fading channel. The data
receivedgetsdemodulated,deǦspreaded,deǦinterleavedandfinallydecoded.Thedecodeddatasequenceis
compared with the original data sequence to calculate the number of erroneous bits or corrupted points
usingErrorRateCalculationblock.Errorratewithreferencetothenumberofbitstransmitted,numberof
erroneous bits is displayed. This displayed result is used to analyze the performance of the proposed
scheme in terms of Bit Error Rate. The data being transmitted is displayed using separate scopes for Eye
Diagram, Signal Trajectory and Scatter Plot so as to get the phase relationship between InǦphase and
QuadratureinǦphasecomponents.

SimulationSetupandParameters

s.i
n
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ExceptfortheAWGNchannel,thesetofvaluesforMǦarynumberis{2,4,8and16}i.e.foreitherunder
AWGNonlychannelorunderAWGNalongwithRayleigh/Ricianfadingchannelcondition,thevalueofM
is restricted to 2 as the phase relationship becomes worse for higher values of M. Even under either
Rayleigh fading only or Rician fading only, the phase relationship gets disturbed which becomes much
severe for M=16 i.e. the eye diagram gets closed which indicates that the inter symbol interference goes
high.ThisisduetotheincreaseintheorderofsignalconstellationwiththeincreaseinMvalue.

lib
.

as

RandomlygeneratedoutputfromtheRandomIntegerGeneratorblockissettoFrameǦbasedmodewiththe
valueofSamplesperframevaryingintermsofpowerof3,whichisthelengthofmessageinRS(7,3)code.
Eachintegeroutputfromthisblockisrepresentedby3bitsandfedintotheBinaryinputRSencoderblock
bytheintegertobitconverter.BinaryinputRS(7,3)encoderblockissetwithprimitivepolynomial,
P(p)=p3+p+1........................(1)

G(x)=x6+1.............................(2)

w



.e
d

anddefaultgeneratorpolynomial.Thebitsinthisencodeddatasequencearepermutatedinapredefined
manner defined for Convolutional interleaver. Then the output from RS encoder is multiplied with PN
sequence so as to spread the spectrum of encoded cum interleaved data sequence. The generator
polynomialalongwithsuitableinitialconditionsis,

w
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ThecarrierofMFSKModulatorBasebandblockisbeingmodulatedbythisdatasequence.Themodulator
block is set with Integer input type, ‘Continuous’ phase continuity, 12 samples per symbol and frequency
separationbetweendifferentmodulatedcomponentsas534Hz.
Rayleigh fading channel block is set with the lowest value for Maximum Doppler Shift i.e.1, Doppler
SpectrumtypeasBiǦgaussianandtherelevantstandarddeviation,centrefrequencyvalues.
AsRicianfadingchannelblockiswithadditionalparametersrelevanttolineǦofǦsightcomponents,Doppler
Shift of LOS component (in terms of Hz.), initial phase of LOS components (in terms of radians) and
MaximumdiffuseDopplershift(intermsofHz.)aresetwiththeminimumvalueas1.Thekeyparameter,
kǦfactor,theratiobetweenLOScomponentanddiffusedcomponentissetas0.1i.e.LOScomponentis10
timesmoreinquantitythanthediffusedcomponent.AfterbeingtransmittedviaeitherRayleighorRician
fading channel with above mentioned parameters, the data received is appropriately demodulated, deǦ
interleavedanddecoded.
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IV.

SimulationResults
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BesidesitsbestBERperformance0%andworstperformancerangingover50–60%,thismodelprovides
thephaserelationshipbetweenInǦphase(I)andQuadratureinǦphase(Q)componentasrepresentedinthe
following Figures under different channel conditions. Fig.4 is the eye diagram display between I and Q
componentswithoutinterleavingthe
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Fig.4EyediagramforIǦandQǦcomponentsunderRayleighfadingforRS(7,3)code
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RǦScode.Fig.5isthesignaltrajectoryploti.e.continuousplotofsignalcomponents;correspondtotheeye
diagramplotshowninFig.4.

w



w

Fig.5SignaltrajectorybetweenIǦandQǦcomponentsunderRayleighfadingforRS(7,3)code
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AsshowninFig.4,theeyediagramiswideenoughinthesensethatthesetsimulationsparametersenable
the Simulink model to undergo appreciably lower inter symbol interference. Fig.5 is the corresponding
signaltrajectoryplotforFig.4.


Fig.6EyediagramforIǦandQǦcomponentsunderRayleighfadingforRS(7,3)code
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Fig.6istheeyediagrampatternforinterleavedRScodeunderRayleighfadingchannel.Asshown,thiseye
diagram is comparatively wider than that obtained for nonǦinterleaved RS code. With reference to the
correspondingsignaltrajectoryshowninFig.7forFig.6,itisobservedthatthereisasmallreductioninpeak
valueofthesignalcomponentsi.e.SimulinkmodelwithinterleavedRScoderequiresreducedpeakpower
factor.So,thismodelprovidesfairenoughtradeǦoffbetweenpowerandhardwarecomplexityoftransceiver
circuitry.
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Fig.7SignaltrajectorybetweenIǦandQǦcomponentsunderRayleighfadingforRS(7,3)code
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Fig.8EyediagramforIǦandQǦcomponentsunderRicianfadingforRS(7,3)code


Fig.9SignaltrajectorybetweenIǦandQǦcomponentsunderRicianfadingforRS(7,3)code
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Fig.8andFig.9aretherespectiveeyediagrampatternandsignaltrajectoryforthecaseofnonǦinterleaved
RS code under Rician fading channel. As shown, when compared with the eye diagram shown for nonǦ
interleaved RS code under Rayleigh fading channel, this eye diagram is widely opened i.e. it is with
comparatively less inter symbol interference. The main reason is that, Rician fading deals with LOS
componentsbutRayleighfadingdealswithnonǦLOScomponents.
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Fig.10EyediagramforIǦandQǦcomponentsunderRicianfadingforRS(7,3)code



w

Fig.11SignaltrajectorybetweenIǦandQǦcomponentsunderRicianfadingforRS(7,3)code
Fig.10 and Fig.11 are the respective eye diagram pattern and the corresponding signal trajectory for
interleavedRScodeunderRicianfadingchannel.Theeyediagrampatternismuchclearthanthatshown
fornonǦinterleavedcodescenario.(Fig.8)i.e.interleavedRScodeenablesthisSimulinkmodeltodeliverits
signalwiththelowestintersymbolinterferenceoverthewirelesschannelwithmultipathRicianfading.
The next simulation scenario is for higher values of modulation order, M. As its value increases from its
default lowest possible value of 2, the phase relationship gets affected in the sense that, the best time to
decodethedataisnotclearandsoitbecomesmuchdifficulttorecovertheinformation.Fig.12showsone
such eye diagram for M = 16. The corresponding signal trajectory is shown in Fig.13. The point to be
consideredhereisthat,themodelgivesitsmodulatedsignalwithminimalintersymbolinterferenceforthe
leastpossiblevalueofMi.e.2,whichispreferredforlowpowerscenario,asithelpstodesignthemodulator
–demodulatorwithlesshardwarecomplexity.
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Fig.12EyeDiagramofIǦandQǦcomponentsunderRayleigh/RicianfadingforRS(7,3)codewithM=16
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Fig.13SignaltrajectorybetweenIǦandQǦcomponentsunderRayleigh/RicianfadingforRS(7,3)codewith
M=16
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Fig.14EyeDiagramofIǦandQǦcomponentswithAWGN+Rayleigh/RicianfadingforRS(7,3)code(M=2)
Even though AWGN channel is very general and not wise to be considered for WSNs and multipath
Rayleigh or Rician fading channel is the exact channel condition to be considered, AWGN can be
considered just as a reference. In that context, the eye diagram and its corresponding signal trajectory
showninFig.14andFig.15respectivelyisthescenarioinwhichtheimpactofadditivewhitegaussiannoise
alongwithmultipathRayleighorRicianfadingchannelisobserved.Itisclearthat,itisalmostimpossible
torecoveranyinformationfromsuchatransmittedsignal.Moreover,thissimulationisrunjustforM=2.
Theperformancegoesstillworseforhighervaluesofmodulationorder,M.Butapointtobenotedisthat,
AWGNchannelwithalargervalueofsignalǦtoǦnoiseratiotypicallyintheorderof32dBandnumberofbits
persymbolas64,theeyediagramcanbemadesimilartothatonegotunderthechannelsundergoRayleigh
and Rician fading alone. But such values are practically much difficult to keep, especially in low power
scenario.
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V.

Conclusion
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Fig.15SignaltrajectoryofIǦandQǦcomponentswithAWGN+Rayleigh/RicianfadingforRS(7,3)code
(M=2)
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Aspacketretransmissionsaretobeavoidabletothepossibleextentinlowpowerwirelessapplications,eye
diagram is essential performance measures as it clearly indicates the level of inter symbol interference in
thetransmittedsignal.Soastoreducethenumberofdatapacketretransmissions,theeyepatternshould
beaswideaspossible.Eventhough,theeyepatternofthismodelissufficientlywide,effortsareneededto
reduce the BER performance. In future work, the role of data rate over the BER performance is to be
studied.
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