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Question 1: (50%)

The autocorrelation function r(m) of a stationary real-valued signal u(n) can be

r(m)%[[—%jm+[%jm} 042

An m™-order, L-step linear prediction-error filter is to be established such that

formulated as

m+L-1 .
fn, L (n) =u(n) + kzL am, kU(n—k).

(a) Write the Levinson-Durbin algorithm (without the matrix inversion) for this L-step
linear prediction-error filter. Hint: Define the L-step linear prediction-error filter
T

coefficients as a vector: a,, =|1 0---0 am L @mL+l ° @mmel-1
(L-1) zeros

(20%)
(b) Using the Levinson-Durbin algorithm, compute the numerical value of the reflection
coefficient ks and the numerical value of the minimum mean-squared prediction

error P3 when L=3. (20%)

(c) What is the minimum order m to achieve the optimum mean-squared prediction error
when L=3? (10%)



Answer to Question 1:

(a) Define the 8, =|1  0---0 am L
(L-1) zeros
and T, s[r*(l) r*(m)]r.
0 Initialization: ag —{1 0---0
——
(L-1) zeros

(i) m=12, ...

BT

Am—1=TmsL-1 ama

Pn =Pt +KkmAm-1

*
a ={am—l,l +Kmam-1,m+L-1
m, |

0, I=1

am,m+L-1 = Km

(b) Py =r(0)=1; dg=fL 0 Of

T
Am,L+1  Qmm+ L1]

T
} s PO:r(O).

=0, L,L+1--- m+L-2

e L-1



* 1
P, =P, +koA; =1-——=10.9961
2 = F11TKA1 26

ap3=ay3+kpa;p =0
8.2’4 = k2 =-0.0625

a=[1 0 0 0 -00625]

m=3,
Ay =T d=r(5)- —r(1)=0
== a, =rB)-—r@)=
2 5 2 256
k;;—-ﬂ:o
P,

Py = P, + kgAy = P, = 0.9961
agg =ap3 +kzay3 =0

8.3,4 = 32,4 + k3a22 =-0.0625

3.3,5 = k3 =0

ag=[L 0 0 0 -0.0625 O]

k3 = 0, P3 = % =0.9961

(c) m=2 is the minimum order to achieve the optimum mean-squared prediction error.



Question 2: (50%)
A stationary real-valued signal u(n) is generated by an ARMA process such that
u(n) =-0.2u(n-1)+0.15u(n-2) +0.5v(n) +v(n-1),
where v(n) is a real-valued, zero-mean white process with the variance 03. An M™-

order one-step linear forward prediction-error filter is established.
(a) Determine the minimum model order to achieve the optimal prediction error and the

corresponding prediction-error filter coefficients. (30%)

(b) What is the minimum mean-squared prediction error in terms of 03 ? (20%)



Answer to Question 2:

@ St (@) =Sy (a))‘H iy (ejw)‘ needs to be whitened

05+z 1

2
where Sy, (@) = 2702||G(z), ] and G(z)= .
- 7le@); o] 1102271015772
o(7) = 05+27% _(05+27Y (1+0.5z71)
1+02z71-015272 (1+05z7Y) @+0527)1-0.3z7Y)
_(05+z7Y) 1
1+05271) @-0.3z7h)

-1
Since (05;21) is all-pass transfer function,
(1+0.5z27)
2
Syy (@) = 27:03 ;1 = H¢ m(2) =1-0.3z71.
1-03z77)|,_gie

M=1,and a;p =1, a;1 =-0.3.

n io\|2 do
®) Py = | Sw(@)H @) 32=0f
r V4



