7.10 MATLAB Experiment on Discrete-Time Systems

Purpose: In this experimentwe analyzetime responsesf a higher-ordetineardiscrete-
time systemusing MATLAB. We study systemimpulse, step,and sinusoidalresponses.
In addition, systeminternal and BIBO stability are examined. By performing this
experiment,the studentswill realize how simple and easyis to analyzehigher-order
linear discrete-timedynamic systemsusing MATLAB.

Considerthe linear discrete-timesystem
ylk + 5] + 2.2833y[k + 4] + 1.2500y[k + 3] + 0.0625y[k + 2]
—0.0833y[k + 1] — 0.0126y[k] = f[k + 2] + L.6f[k + 1] + 0.15f[k]

Part 1. Examinethe system’sinternal stability by finding its eigenvalues. Use
the MATLAB functionr oot s. Find the system’stransferfunction zerosand polesand
checkwhethercommonfactorsof the transferfunction numeratorand denominatorcan
be cancelled. Commenton the system’sBIBO stability.

Part 2. Usingthe MATLAB functiondi npul se find the systemimpulseresponse.
Plot the systemimpulse responsefor k=0: 1: 14 and k=0: 1: 40. Commenton the
differencesof the two plots, and explainthe reasonfor the time behaviorof the system
impulseresponse.Find the impulse responseanalytically using the methodologyfrom
Section7.3. Plot the obtainedanalyticalresultusing MATLAB and compareit with the
obtainedsimulationresult(usingthe MATLAB functiondi npul se). Formthereduced-
ordersystemby cancellingthe zeroat —1.5 andthepoleat —1.4999, andfind theimpulse
responseof the reducedorder systemfor k=0: 1: 40.

Part 3. Find the stepresponsaisingthe MATLAB functiondst ep. Plot the step
responsek=0: 1: 14 and k=0: 1: 40. Commenton the differencesof the two plots
and explainthe reasonfor the time behaviorof the systemstepresponse Find the step
responseof the reducedorder systemfor k=0: 1: 40. Checkthe obtainedsteadystate
valuefor the stepresponseof the reduced-ordesystemusing formulas(5.49-50).

Part 4. Find and plot the systemsinusoidalresponse.(Hint: Use the MATLAB
functiond! si m{ num den, f) with f =si n( k) fork=0: 1: 14 andk=0: 1: 40.) Find
and plot the sinusoidalreducedorder systemresponsdor k=0: 1: 40.
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