10.7 Communication Systems Laboratory Experiment

Purpose: MATLAB and Simulink ([5], seealso Appendix D) are convenienttools for
studying flows of signalsin any system,including communicationsystems. This is
particularlyimportantwhenanalyticalexpressionor signalseitherbecomecumbersome
or are not availabledue to the complexity of operationsperformedon signals. In this
laboratoryexperiment,we will use MATLAB to study somebasicproblemsrelatedto
the materialpresentedn this chapter.In addition,we will use Simulink to simulatethe
switchingmodulatorandthe envelopedetector thatis, to simulatethe entiremodulation-
demodulationprocess.

Part 1. Considerthe signalz;(¢) = z(t) givenin Figure 3.22. Find analytically
its Fourier transformand plot its magnitudefrequencyspectrum. Presentthis signal
in MATLAB, using the signal representatiorconsideredin Example2.11. Taket =-
2: 0. 01: 3. This signalis basically sampledwith 7; = 0.01. Comparethe obtained
results with the frequency magnitude spectrumobtained using X=Ts*fft (x) and
pl ot (abs( X)), a methodusedin MATLAB for numericalcalculationof the Fourier
transform.

Part 2. Find the Hilbert transformof the signal consideredin Part 1. Use the
MATLAB statementx=i mag( hi | bert (x) ). Formthe amplitudemodulatedsignal
using xnmod=x. *cos(wc*t) with we=100. Find and plot the frequencymagnitude
spectrumof xrmod. Form the amplitudemodulatedSSB signalsdefinedin (10.54)and
(10.57)andfind their frequencymagnitudespectra.Comparethesefrequencymagnitude
spectrawith the frequencymagnitudespectrumof the double-sidebandhodulatedsignal.

Part 3. Use Simulink to make block diagramsfor the switching modulatorand
the envelopedetector(demodulator)whoseschemesre presentedn Figures10.9 and
10.10. Connecttheminto a communicatiorsystem.Note that you mustusea relatively
large value for the carrier signal amplitude A. (as a matter of fact, it is requiredthat
A, >> |z(t)]). Undersucha condition, the outputvoltage of the switching modulator
is equalto
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where pgrjin(t) is a periodic pulse train of duty cycle 0.57. and magnitudel (it is
presentedn Figure 3.18with 7, = 7" and £ = 1). The Fourier seriesof sucha pulse
train is given by
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Showfrom (10.61)and(10.62)thatthe outputcomponenbf thefirst harmonids givenby
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which representghe DSB-TC signal.

Part 4. Passthe signal definedin Part 1 through the modulator-demodulator
configurationdevelopedin Part3. Observeon an oscilloscopethe signal at the output
of the modulator(modulatedsignal) andthe signalat the outputof the envelopedetector
(demodulatedsignal). Note that the parameter®f the envelopedetectormust satisfy
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wherer; is the diode resistancen the forward biasedregionand f,ma.x approximately
denotesthe largestfrequencyin the original signal frequencymagnitudespectrum(the
capacitorchaging time constanimustbe shortandthe dischaging time constanimustbe
long). Plotthe waveformof the modulatedsignal. Plot the waveformof the demodulated
signal and compareit with the original signal.

Part 5. Perform modulation-demodulatiomperationsdefinedin Part4 using the
MATLAB functionsrmodul at e anddenod. Comparethe resultsobtainedin Parts4
and 5.

Comment: Reference[6] representsa very comprehensivgguide to the use of
MATLAB in communicationsystems.
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FIGURE 3.22: Two Fourier transformablesignals
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Figure 10.9: Switching modulator
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Figure 10.10: Envelope detector
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Smod(t) = 585254(0) — 3858ma(0) (10.54)
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where
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S5ima(0) = (1) sin (wot) — L X (j(w + wo)) — LX(j(w — wo)



