
9.8 Laboratory Experiment on Signal Processing
Purpose: By performingthis experiment,the studentwill receivea betterunderstanding
of theuseandpowerof theFFT algorithmin evaluatingthecorrespondingdiscrete(time)
Fouriertransforms,continuous-timeFouriertransform,anddiscrete-timeconvolution.As
the computationaltool, we will usethe MATLAB functionsfft andifft.

Part 1. In this partwe usetheFFT algorithm,asimplementedin MATLAB, to find
the DFT of somediscrete-timesignals.In addition,we demonstratethe useof the IFFT
in recoveringoriginal discrete-timesignals.

(a) Considerthe discrete-timesignal
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and find analytically its DTFT.

(b) Use the MATLAB function X=fft(x,N) to find the DFT of the preceding
signalfor ' �)( �!*��+
����+
�,���� ( ���
� . UsetheMATLAB functionx=ifft(X,N) to recover
the original discrete-timesignal. Plot the DFTs and IDFTs, andcommenton the results
obtained.

(c) Considerthe signal
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and repeatparts (a) and (b).

(d) Considerthe signal whose nonzerovalues are between �4�5� and �4� * ,
respectivelydefinedby �/�6� 
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 � �#9 �;: , and repeatparts(a) and (b).
Commenton the resultsobtained.

Part 2. Formula (9.71), <>=@?�A#BDCFEHG�<DI+=@?KJ#B , can be usedfor an approximate
evaluationof the continuous-timeFourier transform.In this formula, E G is the sampling
interval used for sampling the continuous-timesignal � =MLNB into � = � E G BPO �-� ��� , and< I =@?KJ#B is the correspondingDFT.

(a) Considerthecontinuous-timesignalspresentedin Figures3.22and3.23. Sample
thesesignalswith EHG ��� 12
 andfind DFTs of theobtaineddiscrete-timesignals.Calculate
andplot thecorrespondingmagnitudespectrafor theapproximateFouriertransformsand
comparethem to the resultsobtainedanalytically.

(b) Repeatpart (a) with E G ��� 1 � 
 .
Part 3. Discrete-timesignal convolution can be efficiently evaluatedvia the

DTFT and its convolutionproperty. The relation Q � ���R�6�-� ���TSVUW� ��� implies XY=M?
JZB �<P=8?KJ#B![P=M?
JZB . Hence,discrete-timeconvolutionvia DFT can be evaluatedas Q � ���\�]&^V_-`Vab^V_-` = �W�c��� B ^V_-` = U-� ��� B�d . Note that such an obtainedsignal Q �c��� is, in general,



the wrappedsignal, so that the correspondingconvolution is called mod-e circular
convolution [1].

Use the formula to find the convolution of the discrete-timesignals defined in
Problems6.15and6.16. Do theresultsobtainedrepresentunwrappedor wrappedsignals?

SUPPLEMENT:
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FIGURE 3.22: Two Fourier transformablesignals

1(t)x 2(t)x

t

t

20-2

1-1

2

(a) (b)

1

-1
0

FIGURE 3.23: Time domain signals

Discrete-timesignalsin Problem6.15 are definedas
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Discrete-timesignalsin Problem6.16 are definedas
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