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Question 1: (45%)

A stationary real-valued signal u(n) is generated by an ARMA process such that
u(n) =-0.2u(n-1)+0.5v(n) +v(n-1),

where v(n) is a real-valued, zero-mean white process with the variance (53 . Determine

r(k) = Efu(n)u(n—k)}, k=0,1,2.



Answer to Question 1:

r(0) =-0.2r(1) +1.25¢2 —0.15:2

r(0) = 0.04r(0) +1.2562 —0.202 = r(0) = %cf& =1.093807

r(1) =—0.2r(0) + 0.562 = r(1) = 3%03 = 0.281257

r(2) =-0.2r(1) = —%03 = —0.05630:2



Question 2: (55%)
A stationary real-valued signal u(n) is generated by an ARMA process such that
u(n) =-0.2u(n-1)+0.5v(n) +v(n-1),

where v(n) is a real-valued, zero-mean white process with the variance 03. Design an

adaptive filter to minimize the mean square error such that

M -1
y(n)= > Wy v(n-k)= v‘vg\7(n) and the desired signal is u(n),
k=0

where Wy = [WO’O Wo1 o+ Wo M _1] and
vin) =[v(n) v(n-1) - v(n-M+D] .
(a) Determine the minimum mean square error in terms of 03 for M=1. (15%)

(b) Determine the minimum mean square error in terms of a\? for M=2? (20%)

(c) What is the minimum model order M to reach the optimum mean square error? (20%)



Answer to Question 2:
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(c) Since the input u(n) is an ARMA process,

-1
U(z):&le(z)H(z),
140.22"

where U (z) = Z{u(n)}, V(z) = Z{v(n)} and 1(z) is the response due to the initial

conditions. Then, u(n)= Y0.5(-02)Kv(n—k)+ > (~0.2)Kv(n—k)+i(n), where
k=0 k=1

i(n) = Z {1 (2)}. Hence the mean-square error will keep decreasing as the model M

increases. There is no minimum model order to achieve the optimality.



