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WHAT IS A DIGITAL FILTER

A filter is a system that is designed to remove some component or modify some
characteristic of a signal

A digital filter is a discrete-time LTI system which can process the discrete-
time signal.

There are various structures for the implementation of digital filters

The actual implementation of an LTI digital filter can be either in software or
hardware form, depending on applications
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BASIC ELEMENTS OF DIGITAL FILTER STRUCTURES

e Adder has two Inputs and one output.
e Multiplier (gain) has single-input, single-output.

e Delay element delays the signal passing through it by one sample. It is implemented
by using a shift register.

a
I

-
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BASIC ELEMENTS OF DIGITAL FILTER STRUCTURES

x(n) by, y(n)
SN 4

V.
A

y(n) = box(n) + ay(n — 1) + ay(n — 2)
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FIR (FINITE IMPULSE RESPONSE) FILTER STRUCTURES

The characteristics of the FIR filter

FIR filters have Finite-duration Impulse Responses, thus they can be
realized by means of DFT

The system function H(z) has the ROC of 1z[>0 | thus it is a causal
system

An FIR filter is a non recursive system
FIR filters can be designed to have a linear-phase response

It has N-1 order poles at z=0

N—1
H(z)= ) h(n)z™ ,
’ ; b and N-1 zeros in 1z| >0

The order of such an FIR filter is N-1
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FIR FILTER STRUCTURES

Direct form

In this form the difference equation is implemented directly as given:

N-1
y(n) = z h(m)x(n —m) It requires N multiplications
m=0
x{n) = x(n-1) = x(n-2) o[ 7 x(n-3) o 71 | x(n-4)
y(n
- »( + - o+ &
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FIR FILTER STRUCTURES

Cascade form

In this form the system function H(z) is converted into products of second-
order sections with real coefficients

N1 3] It requires (3N/2) multiplications
H(z) = h(n)z™™ = | |(box + b1zt + byrz™2)
2 l_[ ok + bz ™ + by

) Doy Do, Doy Y
71 b,y 71 0 71 by,
1 1 1
Z Dy b, z b,y
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EXAMPLES

Draw the direct form structure for the FIR filter represented by the following difference equation

y[n]= x[n]-2x[n-1]-2x[n-2]+3%x[n-3]




EXAMPLES

Draw the direct form structure for the FIR filter represented by the following transfer function

H[z]= 4+2z71-2 z72+3 z73

Sol: Y(2)
H(z)=—==4+2z7"-277%+37"
w X(z)

Y(2)=4X(2)+27'X(2)-2z7X(2)+32°X(2)

Taking Inverse z-Transform




EXAMPLES

Using cascade structure realize the FIR filter represented by the following transfer function

H[z]= (1452714 z72) (1452724 272)

Sol: H(z)=H (z).H,(z)
| | I
H@)=(0+=z"+27) H,(z2)=(+—-2z2"+27)
2 4
iz f 5. Y@ 1 4 L,
H (z)=- =(1+—7z2 +7° H,(z)= =(1+-2z2"+27")
(2) X,(z) ( 2 ) X,(2) 4
|
1 1 A (I\) ' | oo (20 1l [
Yl(z)zX](z)+§z_'X1(z)+z_2X1(z) Yz(z)=Xz(z)+Zz"X2(z)+z‘2X2(z) T 2"—ﬁ£! . iz" - ;‘Z"!'_"
! ' |
' | R I [
1 - Lg
N =X REDERE=D) )= xy )+ g HO-D+x(n-2) : , 1 | iill vl 4 YL v !
| e -_‘_.®__,\(9’! r "", L
) ' kt‘ e o & o 1
g, ()40 =Y )
\ ot i |
1 Stage. 2™ Siage
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[IR(INFINITE IMPULSE RESPONSE) FILTER STRUCTURES

The characteristics of the IIR filter
e |IR filters have Infinite-duration Impulse Responses
e The system function H(z) has polesin 0<|z| <o
e An lIR filter is a recursive system

Y(z) ¥ obrz™* by + biz=t + -+ byz™
Xz 1- N agzk 11— (az7l+ -+ ayzN)

H(z) =

M

N
y(m) = ) @y —k)+ ) bx(n k)
k=1 k

=0

The order of such an IIR filter is called N if a, # O
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IR FILTER STRUCTURES

Direct form

In this form the difference equation is implemented directly as given. There
are two parts to this filter, namely the moving average part and the
recursive part (or the numerator and denominator parts). Therefore this
Implementation leads to two versions: direct form | and direct form Il
structures

M N M b Z—k
y(n) — kx(n o ) + aky(n _ ) 1 — I]g=1 akZ_k
k=0 k=1
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IR FILTER STRUCTURES

e Direct form |

M N
y(m) = ) bex(n—k) + ) @y k)
k=0 k=1

hli
r(n) [ -'Q ""Q - y(n)
e
AR
—

V&

Y
@

JAN

o
\ 2
-
ma

N S
£
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IR FILTER STRUCTURES

e Direct form Il

For an LTI cascade system, we can change the order of the systems
without changing the overall system response

vin) = z(n)—avin—1)—aw(n—2)
y(n) bpv(n) + byv(n — 1) + brv(n — 2)
off [rh]
£(n) —w(P2 I:El > y(n)
— ' b
-] [ -
-
— by
-]
e
v(in — 2)
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IR FILTER STRUCTURES

Cascade form

In this form the system function H(z) is written as a product of second-
order sections with real coefficients

Ticobez ™ _ Mt —pez D2, (= qez (1~ qiz )

H(z) =
L=Fpaiaez™ L, = ez D2, (- dez (1~ djz™)
M — M — — —
_ ko1 (1 =0z D12 (4 + byyez™" + byyz™?) M =M, +2M,
H(z) = A N = N; + 2N,

N _ N _ _
Hkil(l —cxz™1) Hkil(l —a1xz7t — axrz™?)
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IR FILTER STRUCTURES

Cascade form

x(n) = x,(n) xo(m) Xy(n)
H,(2) r—— Hy(2) — - Hyl(2) [t
¥)(n) ¥2(n) W)
(a)
xylm) l bio yilm) = x4 y(m)
+ - - + ——
[z
—ag by,
|
:—I
~ay bﬂ

(b)
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EXAMPLE

Draw the direct form Il realization of the following transfer function

0.44z7140.362272+0.022>

H(z)=
( ) 14+0.42714+0.18272-0.22>
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IR FILTER STRUCTURES

Parallel form

In this structure, the input signal is processed separately by a different

subsystems.
An IIR Transfer function can be realized in a parallel form by making use of the

partial fraction of expansion of the Transfer function.

Yo brz ™k . M, (1-Brz™1)

N -k =~ 1IN -
1+Zf{:lﬂkz . R:ll::l_a.l!{z l}

H(z) =
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EXAMPLE

Obtain Cascade and parallel structures for the following system:

y() = 2y =D 5y = 2) +x() +3x(n—1)

Taking Z-Transform on both sides results in

Y(z) - %z'll’(z) + %z'zl’(z) =X(2) + %z'lk’ (2)

 The corresponding Transfer Function is




EXAMPLE

Cascade Form:
| 1.
} +§Z 1 _ 1 +§'Z : . 1
1 -%—z"l +%z’2 (1— %z‘l) (1 = %z"l)
= H1(Z)-H2(Z)

" 0O~
_w_ \\\ .
" b -

H(z) =




EXAMPLE

Parallel Form:

By using partial fraction expansion
1

1+§E_l A B
H(z) = —3 T L~ 1 . . 1
1—12'_1"‘@3_2 (1—§Z_l) (1—13_1)
Solving for A and B,
10 1 7 1
H(Z) — 1 S 1

x(n)
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