CS-1 Signal Processing QE January 2002

Problem 1. {35 points]
Consider the ARMA(1,1) process generated via the difference equation

z[n] = %x[n — 1]+ v[n] + v[n — 1]
where w(n] is a stationary white noise process with r,,[m] = E{v[n|v*[n — m]} = §[m)].

(a) Determine the numerical values of 7;,[0], rzz[1], 722[2], where r,;[m] is the autocorre-
lation sequence rz,[m] = E{z[n]z[n — m]}.

(b) Determine a simple closed-form expression for the spectral density for z[n], Sys(w),
which may be expressed as the DTFT of r,,[m]:

o]

Sez(w) = D reglmle™™

(c) Consider the second-order predictor
Zn] = —ax(V)z[n — 1] — a2(2)z[n — 2]

Determine the numerical values of the optimum predictor coefficients as(1) and ay(2)
and the corresponding minimum mean-square error.

Problem 2. [35 points]
Consider the discrete-time complex-valued random process defined for all n:

x[n] — D+Alej(w1n+®1) _|_A2ej(w2n+@2) +I/[’I’L]

where the respective frequencies, w; and ws, of the two complex sinewaves are deterministic
but unknown constants. The amplitudes, A; and A,, and the constant D are also deter-
ministic but unknown constants. ©; and ©, are independent random variables with each
uniformly distributed over a 27 interval and v[n] is a stationary random process with zero
mean and r,,[m] = E{v[n]v*[n —m]} = §[m]. That is, v[n] forms an i.i.d. sequence with a
variance of unity. Note, v[n] is independent of both ©; and ©, for all n. The values of the
autocorrelation sequence for z[n|, r;,[m] = E{z[n]z*[n — m]}, for three different lag values
are given below.

Teel0] =5, Taa[l] = =147, 7u[2]=2, r[3]=-1-7

Determine the numerical values of w; and ws.
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