
10.7 Communication Systems Laboratory Experiment
Purpose: MATLAB andSimulink ([5], seealso Appendix D) are convenienttools for
studying flows of signals in any system, including communicationsystems. This is
particularlyimportantwhenanalyticalexpressionsfor signalseitherbecomecumbersome
or are not availabledue to the complexity of operationsperformedon signals. In this
laboratoryexperiment,we will useMATLAB to study somebasicproblemsrelatedto
the materialpresentedin this chapter.In addition,we will useSimulink to simulatethe
switchingmodulatorandtheenvelopedetector,that is, to simulatetheentiremodulation-
demodulationprocess.

Part 1. Considerthe signal ���������
	�������� given in Figure 3.22. Find analytically
its Fourier transformand plot its magnitudefrequencyspectrum. Presentthis signal
in MATLAB, using the signal representationconsideredin Example2.11. Take t=-
2:0.01:3. This signal is basically sampledwith 
�� 	���� ��� . Comparethe obtained
results with the frequency magnitudespectrumobtained using X=Ts*fft(x) and
plot(abs(X)), a methodusedin MATLAB for numericalcalculationof the Fourier
transform.

Part 2. Find the Hilbert transformof the signal consideredin Part 1. Use the
MATLAB statementhx=imag(hilbert(x)). Form the amplitudemodulatedsignal
using xmod=x.*cos(wc*t) with wc=100. Find and plot the frequencymagnitude
spectrumof xmod. Form the amplitudemodulatedSSB signalsdefinedin (10.54)and
(10.57)andfind their frequencymagnitudespectra.Comparethesefrequencymagnitude
spectrawith the frequencymagnitudespectrumof thedouble-sidebandmodulatedsignal.

Part 3. Use Simulink to make block diagramsfor the switching modulatorand
the envelopedetector(demodulator)whoseschemesare presentedin Figures10.9 and
10.10. Connecttheminto a communicationsystem.Note that you mustusea relatively
large value for the carrier signal amplitude ��� (as a matter of fact, it is requiredthat��������� ������� � ). Under sucha condition, the outputvoltageof the switching modulator
is equal to � �"! #$�����%	'&(���)����* � �,+.-0/ �)1 � ����243 #6587:9 ;<>= �)����? 
 � 	A@CB1 � (10.61)

where 3 #�5�7"9 ;< = ����� is a periodic pulse train of duty cycle �,� D 
 � and magnitude1 (it is
presentedin Figure 3.18 with 
 � 	 
 and E 	�� ). The Fourier seriesof sucha pulse
train is given by 3 #�587:9 ;< = �����F	 �@ * @B GHI>J � �"KL� � I,M �@ON KP� +$-0/ ��1 � � @0N KQ� ����� (10.62)

Showfrom (10.61)and(10.62)thattheoutputcomponentof thefirst harmonicis givenby���@ R �F* SB � � �������UT +V-0/ ��1 � ��� (10.63)



which representsthe DSB-TC signal.

Part 4. Passthe signal defined in Part 1 through the modulator-demodulator
configurationdevelopedin Part 3. Observeon an oscilloscopethe signal at the output
of the modulator(modulatedsignal)andthesignalat the outputof theenvelopedetector
(demodulatedsignal). Note that the parametersof the envelopedetectormustsatisfyWYX.Z\[^]�_.`"acb�b�d0efhg b�bi]
j�acb�b kl m n\oqp (10.64)

where
X Z

is the diode resistancein the forward biasedregionand
l m nFo"p

approximately
denotesthe largest frequencyin the original signal frequencymagnitudespectrum(the
capacitorcharging time constantmustbeshortandthedischarging time constantmustbe
long). Plot thewaveformof themodulatedsignal. Plot thewaveformof thedemodulated
signal and compareit with the original signal.

Part 5. Performmodulation-demodulationoperationsdefinedin Part 4 using the
MATLAB functionsmodulate anddemod. Comparethe resultsobtainedin Parts4
and 5.

Comment: Reference[6] representsa very comprehensiveguide to the use of
MATLAB in communicationsystems.

SUPPLEMENT:
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FIGURE 3.18: A squarewave signal
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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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