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EEE 5502 (Fall 2022) — Practice Two-Channel Filter Banks, 2022

Question #1: Consider the following 2-channel filter bank shown below.
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Let the filters be defined by
ho[n] = a (8[n] + d[n — 1)) go[n] = a(8[n] + d[n + 1])
hi[n] = a(6[n] —d[n—1])  giln] = a(4[n] —d[n+1))

N

(a) Compute the Z-transform of the filter responses and find the value of « that satisfies the alias
canceling filter bank conditions. Show why.

Solution:

Ho(z) =a (14271 Go(2)
Hi(z)=a(l-271 G1(2)

The alias canceling filter bank condition is:

« (1 + z“)

« (1 — z“)

H()(Z)Go(z) + Hl(Z)Gl(Z) =2
H(](—Z)Go(z) + Hl(—z)Gl(z) =0

For the first condition:

a(l—l—z_l)a(1+z+1)+a(1—z_1)a(l—z+1) =2
o (I+z 42+ ) +a?(1—2t =2t 1) =2
A+ +a®(14+1)=2
a’4=2
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For the second condition:
oz(l—z_l)oz(l—l—zH) +a(1+z_1)a(1—z+1) 0
a? (1—Z_l+z+1—1)+a2 (1+z_1—z+1—1) =0
0=0



(b) With this value of «, determine all of the intermediate signals (X, (2), Yim(2), Zm(2), Vin(2),
and V(z) for all m) in the time domain for excitation X (z) =14 271 — 272 4 273,

Solution:

X(2)=14z2zt—224,73
zn]=14+6n—1]—dn—2]+d[n— 3]

Xo(2) = X(2)Ho(2) = (1 + 227"+ 271
Yo(z) = % [X0(21/2) +X0(_Z1/2)}
= % [a(l 49,712 1 2—2) +a(l+ 2(_21/2)_1 n (_21/2)_2)]
% [Oz(l + 2_2) + a(l + 2_2)]
= a(l + 2_2)
Zo(z) = Yo(2?)
= Oé(l + 2_4)
Vo(z) = Go(2)Zo(2)

= ao (1 + Z+1) (1+2z7h
= a2 (1 + Z+1 4 274 + 273)

Xi(z) = X(2)Hi(z )=a(l—22"242:3 - 274
X1(2Y%) + X1 (- 1/2)}

l\.’)\b—*l\)\»—\

[a(l — 2724 27 bl - 2(—22) 7+ (—z1/2)72)]
=a(l—-2:"1-272)
Z1(2) = Yi(2°)
=a(l—2:2—27%
Vi(z) = G1(2)Z1(2)
= aa (1 _ z“) (1— 9,2 _ 274)
—a? (2414271 —272 4278 oY)

V(z) = Vi(z) + Va(2)
= 202 (1 4224 2—3)
:1—’—271_272_’_2*3



So the time-domain responses are

zo[n] = (1/v/2)(8[n] 4 26[n — 1] + d[n — 4])
yoln] = (1/v2)(8[n] + 6[n — 2])

z0[n] = (1/v2)(8[n] + 6[n — 4])

voln] = (1/2)(6[n + 1] + d[n] + é[n — 3] + 6[n — 4])

and
z1n] = (1/v/2)(8[n] — 26[n — 2] + 26[n — 3] — d[n — 4])
yiln] = (1/v2)(8[n] — 26[n — 1] + 6[n — 2))
z1[n] = (1/v/2)(8[n] — 20[n — 2] + d[n — 4])
vi[n] = (1/2)(=d0[n + 1] + d[n] + 26[n — 1] — 20[n — 2] + d[n — 3] — d[n — 4])
v[p] =1+ d[n—1] —d[n—2] + dn — 3|



Question #2: Consider the following 2-channel filter bank shown in Question #1. Let the filters

be defined by the following frequency responses
G, ()

G, ()
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=27 -1=0.57  0.57 1w 27 =27
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(a) Assume Hy(z) = Go(z7!) and Hy(z) = G1(27'). Do the filters satisfy the orthogonal filter

bank conditions? Show why.

Solution: The orthogonal filter bank condition is

Go(2)Go(z™) + Go(=2)Go(—2z1)

1
G1(2)G1(z7Y) + G1(—2)Gi (=271
Go(Z)Gl(Z_l) + Go(*Z)Gl(*Z_l

2
2
0

These terms become either 2 or 0 in their respective regions, which leads us to satisfying the

orthogonal filter bank conditions.

(b) Sketch all of the intermediate signals (X, (2), Yin(2), Zm(z), Vin(z), and V(z) for all m) in

the frequency domain for excitation X (z) = 1.

Solution:

"

=27 -1m=0.57  O0.57 1w 2T

X, (@)

H

414

=27 -1m0.57  O0.57 1w 2T



Y (w)
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-1m0.57  O0.57 1w
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Y, (w)
0.707
-2I7T -]:71'—0.'57'(' 0.;57r 1I7r 2I7r
Zy(w)
0-767
—2I71' —1|7T—0.I57r 0.|57r 1I7r 2m
Z,(w)
0.767
-2I7T -1'7T-O.l57r 0.'57r 1l7r 2I7T
V()
%
-2I7r —i7r—0.57r 0.57 1I7r 2I7r
V, ()
1
-2I7T -iﬂ-0.5ﬂ | 0.57 1I7r 2w




V(w)
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-2 -1m0.57  O0.57 1w 2T
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