9.8 Laboratory Experiment on Signal Processing

Purpose: By performingthis experimentthe studentwill receivea betterunderstanding
of theuseandpowerof the FFT algorithmin evaluatingthe correspondingliscrete(time)
Fouriertransformscontinuous-timd-ouriertransform,anddiscrete-timeconvolution. As
the computationakool, we will usethe MATLAB functionsfft andifft.

Part 1. In this partwe usethe FFT algorithm,asimplementedn MATLAB, to find
the DFT of somediscrete-timesignals.In addition,we demonstratéhe useof the IFFT
in recoveringoriginal discrete-timesignals.

(a) Considerthe discrete-timesignal

1, k=0123
x[k]:{o

otherwise

and find analytically its DTFT.

(b) Use the MATLAB function X=fft (x, N) to find the DFT of the preceding
signalfor N = 4,8, 12, 16, 24, 32. Usethe MATLAB functionx=i f ft ( X, N) torecover
the original discrete-timesignal. Plot the DFTs and IDFTs, and commenton the results
obtained.

(c) Considerthe signal

1, k=012..11
x[k] = {0, otherwise

and repeatparts (a) and (b).

(d) Considerthe signal whose nonzerovaluesare betweenk = 0 and k£ = 8,
respectivelydefinedby z = [1,2,3,4,5,4,3,2,1], L = 9, andrepeatparts(a) and (b).
Commenton the results obtained.

Part 2. Formula(9.71), X (jw) ~ TsXs(j§2), can be usedfor an approximate
evaluationof the continuous-timd-ouriertransform.in this formula, 7§ is the sampling
interval usedfor samplingthe continuous-timesignal z(¢) into z(k75) £ z[k], and
X5(7€) is the correspondingdDFT.

(a) Considerthe continuous-timesignalspresentedn Figures3.22and3.23. Sample
thesesignalswith T, = 0.1 andfind DFTs of the obtaineddiscrete-timesignals. Calculate
andplot the correspondingnagnitudespectrafor the approximate-ouriertransformsand
comparethemto the resultsobtainedanalytically.

(b) Repeatpart (a) with 7, = 0.01.

Part 3. Discrete-timesignal convolution can be efficiently evaluatedvia the
DTFT andits convolutionproperty. The relation y[k] = z[k] * h[k] implies Y (;2) =
X(jQ)H(jQ). Hence,discrete-timeconvolutionvia DFT can be evaluatedas y[k] =
IDFT{DFT(2[k])DFT(h[k])}. Note that suchan obtainedsignal y[k] is, in general,



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

Use the formula to find the convolution of the discrete-timesignals defined in
Problems.15and6.16. Do theresultsobtainedrepresenunwrappedr wrappedsignals?
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FIGURE 3.22: Two Fourier transformablesignals
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FIGURE 3.23: Time domain signals

Discrete-timesignalsin Problem6.15 are definedas
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0 otherwise 0 otherwise
Discrete-timesignalsin Problem6.16 are definedas
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