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SET #12 - Structures of discrete-time systems
o [IRfilters
o FIR filters

e Lattice Filters

1. lIR filters
Example 1

An LSI system is described by the transfer function:

1+0.9z71
(14+0.1z714+0.5z72)(1 - 0.6z71)

(a) Draw the step diagrams of straight form I and II.

H(z) =

(b) For each format calculate the number of multiplications and additions required
to calculate each output sample, as well as the number of delay registers.

Answer: (a) We do the operations on the denominator, so the transfer function is written:
1+09z1
14072714+ 0.442z72 - 0.3z73

The step diagrams of straight form [ and II are shown in the next figure.

H(z) =

(b) According to step diagrams (a) and (b), the number of computations in straight form
[is:

e Multiplications: 5 for each output sample
o Additions: 4 for each output sample
e Delays: 4

and in straight form Il is:
e Multiplications: 5 for each output sample
o Additions: 4 for each output sample

e Delays: 3



Y(z) X(2) A~ 1 Y(2)

Step diagram: (a) Direct form I, (b) Direct form II

2. FIR filters
Example 2

(a) Draw the straight form of the FIR system with impulse response:

_(a™, 0<n<5
hin] = {0, elsewhere

(b) Calculate the number of multiplications and additions required to calculate each
output sample as well as the number of delay registers.

Answer: (a) The impulse response is written:
hn] = a™[u[n] — n[n — 6]] = §(0) + ad(1) + a?8(2) + a®5(3) + a*5(4) + a®5(5)

from which it follows that the straight form step diagram is:

T
Y,
OO

FIR system structure in straight form (N=6)

(b) From the step diagram it follows that the number of calculations in the straight form
is:

e Multiplications: 6 for each output sample
o Additions: 5 for each output sample

e Delays: 5



3. Lattice FIR Filters
L Example 3

The reflection coefficients of a second-order FIR grating filter are K; = 1/4 and K, =
1/8. Find the transfer functions of prime A4, (z) and second order A, (z), which connect
the input x[n] with f; [n] and f;[n], respectively.

Answer: We put m = 1in the relationship 4,,(2) = Ap-1(2) + Ky 27 ™A1 (27 Hand
find:

A1(2) = Ag(2) + Ky 271 Ap(z7h) €]

The initial condition is Ay(z) = 1, therefore and A,(z™1) = 1. Sorelation (1) is calculated
as:

1
Ai(2) =1+ 7 z71 (2)
From relation (2) we find that:
1
Al(Z_1)= 1+EZ (3)

We put m = 2in the relation 4,,(2) = Ay—1(2) + K;p 27 ™A p—1 (2~ 1)and we have:
A@) =A@+ K z2724E) 4
Substituting relations (2) and (3) into relation (4) we find:

1 1 1 9 1
AZ(Z)=(1+Z Z_1)+§Z_2(1+ZZ>=1+3_2 Z_1+§ 772

L Example 4

To find the reflection coefficients of the second order FIR filter with transfer function:

1
Ay(z)=1- EZ_Z

Answer: We putm = 2in the relationship4,,(z) = A;p_1(2) + Ky 2 ™A1 (z™1) and we
have:

Ay(2) = A1(2) + K, 2724, (z71) ey
We putm = lin the relation 4,,(2) = Ay—1(2) + K;p 27 ™Ap—1(z~1)and we have:
A1(2) = Ag(2) + Ky 271 Ap(z7) (2)

Since Ay(z) = 1and Ay(z™1) = 1, relation 1 is written:

Al(Z) = 1+K1 Z_1 (3)
From relation (2) we find that:
Al(Z_l) = 1+K12 (4‘)

We substitute relations (2), (3) and (4) into relation (1) and find:
Az(Z) = 1 + K12_1 + K22_2(1 + Klz) = 1 + (K1 + K1K2)2_1 + KZZ_Z (5)

We equate the corresponding coefficients of the given transfer function A, (z)and relation



(5) and find:

4. Filters Lattice lIR
L) Example 5

Convert the following IIR pole-zero filter to lattice form:

0.25+ 0.5z271 —0.42772
1—-01z714z72

H(z) =

Answer: First we will convert the denominator coefficients to reflection coefficients:
A(2)=1-01z"1 4272

also m = 1setm = 2 in the relationshipA,, (z) = Ap—1(2) + Ky, 27 ™A1 (z71) and cor-
respondingly we get:

Ay (2) = A1 (2) + Kp 27244 (z71) (1)
A1(2) = Ap(2) + Ky 27 Ap(z7h) (2)
Since Ay(z) = 1land 4,(z™ 1) = 1, we find:
A(z)=1+4+K; zt 3
Az )=1+K,z (4)
We substitute relations (2), (3) and (4) into relation (1) and find:
Ay(2) =1+ Kz '+ K,z 2(1+ Kiz) =1+ (K + K1Ky)z7 Y + K272 (5)

We equate the corresponding coefficients of the original function A,(z)and relation (5)
and find:

K, =1, K;=-0.05
The coefficients a,,and b,,given in the pronunciation are:
am = {ag, a1, a5} = {1,-0.1,1}
by = {by, b1, by} = {0.25,0.5,—0.4}

Finally, the coefficients C,are calculated form = 2,1,0 from the recursive relation:

M
yinl = " Cngmln]
m=0

and it is:

m=2: C,=b,=-04

m=1: C; =b;+C,a,[1] =05+ (-0.4)1=0.1

m=0: Cy=by+ Cya,[1]+C,a,[2] =0.25+ 0.1 (-0.1) + (—0.4)1 = —-0.16
Therefore:

Co=-0.16,C;, =0.1,(, =—-04

The figure below shows the straight form and the lattice form of the given IIR filter.
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IIR filter: (a) Straight form, (b) Grid form



