SGN-2206 Adaptive Signal Processing

Problem set 4
Levinson- Durbin Algorithm and Lattice filters

Consider a signal u(n) generated by an AR process of order 2
u(n) = —aju(n — 1) — agu(n — 2) + vy(n)

where v1(n) is a white noise sequence with variance o2.

6.1 Starting from AR parameters aj, a; and from noise variance o2 compute r(0),r(1),7(2).
Hint: use Yule-Walker equations.

We can write the Yule Walker equations:

r(0) + arru(1) + asru(2) = oy
r(1) + a1m,(0) + agry (1) =0
r(2) + a7y (1) + agry(0) =0
1 a1 ag|]|7r(0) o2
a 1+as 0] |r(1)]|=]0
aa  a; 1 r(2) 0

6.2 Starting from autocorrelation sequence 7(0),7(1),7(2) compute the AR parameters aj, as, and the noise
variance 2.
Hint: use Yule-Walker equations.
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From Yule Walker equations we can write

r(0) r(1) r(2) || 1 o2
r(1) r(0) (1) ||a1 |=| 0O
r(2) r(1) r(0) | | a9 0
r(0) r(1) | | &1 _ —r(1)
r(1) r(0) | | a —r(2)
ar | _ | r(0) r(1) -1 Lé; _ 1 r(0) —r(1)] [ =r(1)
as r(1) r(0) —r(2) r(0)2—r(1)? | —r(1) =(0) || —-7(2)
- 1 —r(O)r(1) +r()r2) ] [ TR
T or(0)2—r1)2 | r()2-rO)r2) | Gﬁmmﬁoﬁﬁmv |

[\

o, = lov + 515 + @wiwv = iov + iC onm _ ij

r(0)® — 2r(0)r(1)% + 2r(1)%r(2) — r(0)r(2)?
r(0)? —r(1)
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6.3 Write the iterations for the Levinson-Durbin algorithm.

Appying directly the Levinson Durbin algorithm we obtain

1.
2.

2.

Initialize Ay = 7(1), Py, =r(0)

m=1
Do ﬁﬁ.v
21 I'1=—7+~=—-+=
! P, r(0)
2.2 aio = 1

ﬁ
—

—
N—r

2.3 ail = ap1 + H,HQPO = —

r(0)

) T r(@r(0) = (1)
2.4 Ay =71(2)+ar(l) =r(2) — r(0) r(0)

p1 19— oy TR 70— (1
25 M =Pl =T =r(O)1 - 565 = =

A @ = (1)
2.1 ﬁm = |M - ﬁAOvm _ ﬁﬁvw
2.2 az,0 = 1

P T @) = (12 —r(O)r(1) + r(1)r(2)
2.3 a1 = ai1 +I's 1,1 ﬁAOV AH Ava _ ﬁAva v ﬁAOvm — ﬁAva

23 azp =a12+Ta19g=19=—

2.4 Ay Don’t needed
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2.5 Py = NVHAH . H,Wv ﬁmovw A v G.vaH . Aﬁﬁﬁwﬁwwﬁov - ﬁAvavwv
r(0)% — 2r(0)r(1)% + 2r(1)%r(2) — r(0)r(2)?
r(0)* —r(1)?

6.4 Starting from the AR parameters aq, as find the reflection coefficients I'y, I's.
Hint: apply the inverse Levinson-Durbin algorithm.
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Applying the inverse Levinson Durbin algorithm

Qm.k — OGmmOmm—k E—1
1 — (amm)* h
m,m

Om—1,k —

we obtain

m =2
'y =asp = as

az1 — Q22021

1 — (as;)?
a1 — apay ay

1—(a2)?  1+a

ay1 =

I'=a11=

6.5 Find the transfer function of the Lattice predictor of order 2, with parameters (reflection coefficients)
I, Ts.

Using the recursions
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we can write

_E:; [ EmL- -x;z; 1 Eﬁﬂé ﬁ 1 ﬂ:ﬁ; Tﬁ:;

@m@@v I I'y gq 1 11 SQ@V - I'y QIH I'y QIH @OAB\V

1 Tegt|[ 1 gt |1 u(n) = 1+ T4leqt (Mgt +Tag?) u(n)
Ty ¢' | |[T1 ¢! |1 | Te+Tigt Tilag ' 4¢72 1

[ 14 (T + Tol'y)g ! + Tag2 | Alg)

| Do+ (T1+ToT)g ' +¢77 u(n) = AB(q) u(n)

6.6 Find the transfer function of the Lattice Inverse filter of order 2, with parameters (reflection coefficients)
Iy, Dy,

1

u(n) = —T1g'u(n) +v(n) — Taq 'g(n)

g(n) = Tiu(n) +q 'u(n) = (T1+q u(n)

u(n) = —I'1g 'u(n) +v(n) — Teg  (T1 + ¢ Hu(n)
(1+T1g " +1Taq " + Tog *)u(n) = v(n)
(14 Ty +T4y)g 4+ Tag Hu(n) = v(n)
1 1
1+ (T +TFy)gt + Ee&ii

u(n) =




