6.6 MATLAB Laboratory Experiments on Convolution

Purpose: In this sectionwe designtwo experimentsdealing with continuous-and
discrete-timeconvolutionsandtheir applicationsto linear continuous-and discrete-time
dynamic systems. The purposeof the first experimentis to presentthe convolution
operatorandto demonstratessomeof its propertiesn both continuous-anddiscrete-time
domains.By writing andmodifying the correspondindATLAB programs studentswill
masterevery stepof the convolutionprocess.In the secondexperimentthe convolution
method will be usedto determinethe zero-stateresponsesf both continuous-and
discrete-timelinear dynamic systemsby using the famousformula that statesthat the
response of a linear system at rest due to an arbitrary input is the convolution of that
input with the system impulse response.

6.6.1. Convolution of Signals

In this experiment,studentsmust verify the commutativity and distributivity properties
of continuous-and discrete-timeconvolutions.

Part 1. Continuous-Time Signals
The convolutionof two signalsis definedby

oo

fl(t) * fg(t) = / f (T)fg(t — T)dT, —oo <t < oo (630)

Considerthe continuous-timesignals
) =pa(t), fat) = An(t),  fa(t) = [u(t) —u(t = 5)]

Write a MATLAB program to perform and verify the continuous-timeconvolution
commutativity and associativityproperties:

fi@) x f>(t) = f2(t) * 1(2)
Jr(@) = (fa(t) + f3(2) = fu(t) = f2(t) + fo(t) * fs(t)

While writing the programyou mustdiscretizethe convolutionintegral givenin (6.30);
thatis the integralin (6.30) must be approximatedoy a finite sum of the form

k
FL(ET) x fo(kT) = T Z [T f2](k — )T (6.31)

i=ko



TakeT = 0.1, plot the resultsobtained,and commenton the durationsof the signals
obtainedthroughthe convolutionprocedure Observethatthe commutativityanddistribu-
tivity propertieshold for the approximatecontinuous-timeconvolution,andconcludethat
whenT — 0 thesepropertiesalso hold for the convolutionintegral (6.30).

Part 2. Discrete-Time Signals
In the discrete-timedomain, the convolutionof two signalsis definedby

frlk] * folk] = i film]folk —m],  —oco<k < oo (6.32)

m=-00

Considerthe discrete-timesignals

K] = sine[k{ulk +35] — ulk 5]}
falk] =1 —polk], 0< k<5
falk] = ulk] — ulk — 5]

Write a MATLAB programto perform the operationsdefinedin (6.1718). Plot the
resultsobtainedand commenton the convolutionsignal durations.

Verify the resultsby usingthe MATLAB function conv.

Hint: Usethe MATLAB programgivenin Section6.5 and write its modifications.
The programcan be usedfor calculating both the continuous-timeand discrete-time
convolutions.Note thatyou mustplot the convolutionresultsobtainedin the propertime
intervals. Usepl ot (t, fapr) with t=t 1+t 2: T: T1+T2, where [¢;,T;],i = 1,2,
definethe durationintervalsof the signalsbeing convolved.

SUPPLEMENT:
1) Commutativity

filk] * falk] = falk] * fik] (6.17)
2) Distributivity

filk]* {f2[k] + falk]} = fulk] * folk] + fu[k] * f5[k] (6.18)



