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UNIT-1
(Lecture-4)

Realization of Digital Systems:
Cascade Realization of an IR Systems
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(Cascade Form IIR Digital Filter Structures

* By expressing the numerator and the
denominator polynomials of the transfer
function as a product of polynomials of
lower degree, a digital filter can be realized
as a cascade of low-order filter sections

* Consider, for example, H(z) = P(z)/D(z)
expressed as

P(z) _ R(2)P(2)R(2)

D(z) Dy(z)D,(z)D5(2)

H(z)=
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(Cascade Form IIR Digital Filter Structures

* Examples of cascade realizations obtained
by different pole-zero pairings are shown

below
A(z) P, (2) P(2) A(z) Py (2) F\(z)
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(Cascade Form IIR Digital Filter Structures

* Examples of cascade realizations obtained
by different ordering of sections are shown
below
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* There are altogether a total of 36 different
cascade realizations of

H(Z) — RA(z)P(z)B(z2)

Dy(z)Dy(z)D5(2)
based on different pole-zero-pairings and
different orderings

* Due to finite wordlength effects, each such
cascade realization behaves differently from
others
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Cascade Form IR Digital Fiter Structures

* Usually, the polynomials are factored into
a product of 1st-order and 2nd-order
polynomials

* In this case H(z) i1s expressed as
2

, —1 _
L+ fikz + Pz
H(z)= P{]H , 1 _
k\1+t0qZz  +T0H,Z
* |In the above, for a first-order factor
O = Par =0
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Cascade Form IR Digital FilterStructures

* Consider the 3rd-order transfer function

l'l‘/j]lﬁ_l l'l‘ﬂ]gﬁ_l +ﬁ223_2
l'|‘0f”E_l l'|‘05'123_1 '|‘0f223_2
* One possible realization 1s shown below
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* Example: Direct form 1l and cascade form
realizations of
0.44z7140.36227240.022 7
H(z)= 1 2 3
[+0.4z "+0.18z =02z

(0.44+0.362z71+0.02272 7!
1+0.8271+0.5272 1-0.4z"

are shown on the next slide
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Direct form 11 Cascade form
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