8.7.3 Experiment 3—Response of Discrete Systems
Part 1. Considera discrete-timdinear systemrepresentedy its transferfunction
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(a8 Find the impulseresponsausingthe MATLAB function di mpul se.

(b) Find the stepresponsaisingthe functiondst ep andplot both the stateand output
responses.

(c) Find the systemoutput responsedue to a unit step function, f[k] = u[k], and
initial conditionsspecifiedby y[—1] = 0, y[-2] = 1. Use the function dl si m
and specify input at every time instant of interest. Take k=0: 1: 20 (definesk
at0,1,2,...,19,20). Checkanalytically that the results obtainedagreewith the
analyticalresultsfor & = 10.

(d) Obtainthe statespaceform for this systemby usingthe functiont f 2ss. Repeat
parts(a), (b), and (c). Usethe MATLAB statements

[y, x] =di npul se(A, B, C, D
[y, x] =dstep(A B, C, D)
[y, x]=dl si(A B,C D,f,x0)
respectivelywith f andz[0] asdefinedin (c). Comparethe resultsobtained.

Part 2. Considerthe discrete-timdinear systemrepresentedy

ylk + 2] + %y[ﬂ 1]+ éy[k] = flk+1],

fIE] = (0.8)Fulk], y[-1]=2, y[-2/=3

(a) Findthe systemstateandoutputresponsedy usingthe MATLAB functiondl si m
(Hint: Use[y, x] =dl si m( A B, C, D, f, x0) with k=0: 1: 10.) Note that the
initial condition mustbe found. This can be obtainedby playing algebrawith the
state spaceand output equations. Comparethe obtained simulation results with
analytical results.

(b) Find the zerosand polesof this systemby usingthe functiont f 2zp.

(c) Find the systemstateandoutputresponseslueto initial conditionsspecifiedin Part
2(a) andwith the impulsedeltafunction asan input. Usethe dl si mfunction.

(d) Solvethe problemin (c) analytically using the Z-transform. Plot resultsfrom (c)
and compareresults.

Part 3. Considera dynamicsystemrepresentedh the continuous-timestatespace
form in Section8.7.2, Experiment2, Part 3.

(a) Discretizethe continuous-timesystemusingthe MATLAB function c2d. Assume
that the samplingperiodis 7" = 1.
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Find the eigenvaluesgigenvectorsand characteristicpolynomial of the obtained
discrete-timesystem.

Find the statetransitionmatrix at time instantk = 5.

Find the unit impulseresponseand plot output variables.

Find the unit stepresponsend plot the correspondingoutputvariables.

Assume that the initial system condition is x(0) = [-1 0 1 —0.5]".
Find the system state and output responsesdue to an input given by
flk] = sin[k], 0<k < 1000. Take k=0:10: 1000. Use the dl si m func-
tion. Comparethe obtaineddiscrete-timeresultswith the continuous-timeresults
for the samesystemstudiedin Section8.7.2, Experiment2.

Find the systemtransferfunctions. Note that you have oneinput andtwo outputs,
which implies two transferfunctions. The matricesC andD are not changeddue
to discretization. (Hint: Use the function ss2t f .)

SUPPLEMENT:
Continuous-timestatespaceform from Section8.7.2

—0.01357 —32.2 -46.3 0 —0.433

A 0.00012 0 1.214 0 B - 0.1394

~ | —0.0001212 0 —1.214 1 ' T —0.1394

0.00057 0 -9.1  —0.6696 —0.1577

100 0 1 ol
€= [1 0 0 0] , D=0



