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Z TRANSKFORM

LLTTITITIONS

» Z transform Is used for the analysis of discrete time signals.
* [tIs more broad compared to Discrete Time Fourier Transform
* [tis very much useful in discrete time signals as well as system analysis

» X(n) and X(Z) is called Z transform pair

X(n) <= X@) .
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f—
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LTI DT SYSTEM

LLTTITITIONS
« System Transfer Function: Ratio of the output to the input.

Y(Z)
X (Z)

H(Z) =
* Frequency Response:

Y(w)

Hw) =

X(w)
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DIFFERENCE EQUATION

LLTTITITION S

» Difference Equation: It is an efficient way to implement discrete time

systems

* The convolution of Input sequence Xx(n) and unit sample response h(n)

gives the output y(n)

ym) = ) x(k) h(n— k)

k=—wx

» Two types of systems depending upon the length of unit sample response
h(k)
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LTI DISCRETE TIME SYSTEMS

LLTTITITIOS

* Finite Impulse Response (FIR) Systems: Unit sample response (or)

Impulse response h(n) has finite no. of terms

M-1
y@) = > h(O x(n — k)
k=0

* Infinite Impulse Response (IIR) Systems: Length of Unit sample

response (or) Impulse response h(n) is infinite

ym) = ) hk) x(n — k)
k=0
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LTI DISCRETE TIME SYSTEMS

LLTTITITIONS

* Recursive Systems: Output y(n) depends on present and past inputs as well

as past output

* Non Recursive Systems: Output y(n) depends on present and past Input.

+ —
x [re] l v [r]

One-sample
delay

M
y) = ) h(k) x(n - k)
k=0

v — 1]
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BLOCK DI&AGRAM

LLTTITITIOS

* The discrete time systems are represented by block diagrams.
» They are also called structures of discrete time systems.

» [t can be classified into four types

1. Direct Form |

2. Direct Form ||

3. Cascade Form and

4. Parallel Form
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21-Jan-25

ELEMENTARY BLOCKS

xz>[Ln]
Adder - s
x4,[Nn] xq4Ld =+ Xal
Constant - =
Multiplier x[n] ax[n]
Unit Delay > 771 | >
Element x[n] xLn— 1]
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ELEMENTARY BLOCKS

Signal *4(N) -f.:"“, yin) = :-::.{D] Xa(m)
- .- %, /
Multiplier ‘zlr
Xz(n)

Advancing A

Element '

X(n) y(n)=x(nt1)
x1(n
Multiplication

‘2_(_’_/" y(n)=xl(n)*x2(n)
xall
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BLOCK DIAGRAM REPRESENTATION

y(n) =y(n-1) x(n-1) + 0.5 x(n)

S @( 7 e
y(n-1) X(n-1)
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BLOCK DIAGRAM REPRESENTATION

H(z)=1/1-az!
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BLOCK DI&AGRAM REPRESENTATION 5

LISTITUTION S

yln| = ary[n— 1] + ayy[n — 2] + box|n|

v[n) L—@ =yl

,.'E_l
al
@‘ Y
E’_l

21-Jan-25 REALIZATION STRUCTURES FOR IIR FILTERS 19ECB212 - DIGITAL SIGNAL PROCESSING/].PRABAKARAN/ECE/SNSCT 12/25



GENERAL DIRECT FORM I

LLTTITITIONS

x(n) =ix4(n) jo yo(n)i= Y(l\)
“ __K Z-‘l Z.._1
= by % .
1 —89
-0 _ 2 (D :
H(i) » - N Y% = -
Ax Z Ay % z | z
K=\ bi ° ;82
bl v 1
R -1
W@ = = b % : | =
*=o = =
N 3 .
W, (Z) = N —~
2 AvY = Q% . - B
K’.'.\ v —.M—“ 1N-1
il “&1) = \\‘QL) ‘“2%‘) . ' 2—1 | 7 2—1
bm ' —ap
> R
All zero system | All pole system
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DIRECT FORM 11

> b 2V
W@ . k= %
N ¥
A Y z— Ay %
=)
W &) Y("Z
(- 3B e @ P ¢
VLG S S—
“\V}z - = N -X
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DIRECT FORM 11

LLTTITITIONS
b .
- wi(n) 0 (+) - y(n)
w(n—1)

x(n)

= b
—AN-1 bpm—1
it —
—an b
sl =
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DIRECT FORM I

y(n) = 3/4 y(n-1) - 1/8 y(n-2) + x(n) +1/2 x(n-1)

) O "
B
Y

(&) PN
Sl

co|—
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DIRECT FORM 11

y(n) = 3/4 y(n-1) - 1/8 y(n-2) + x(n) +1/2 x(n-1)

x(n) ° 1 ° y(n)
B

|
2

&Slw
ol —
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DIRECT FORM 1 & 11

LITTITITIONS

Consider  Sudwm  Funddn : Ddeck Tovm 1 £ W

A+ 2,'::."‘ + ‘2.-2' '
HE = — -
A - 0152z 4 0125 Z 2
N @ 2z +Z
D - _ Ay 2z v=2
X2 A - OASL' ¥ 025Z

_\ S
X(@® 4 22 x@ % Z %@ = Y@ - 015 JD IS @)

o) + 2 xhD + Tl = 3 -075 Q- +012530D

— 0-125 Y02
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DIRECT FORM I

1 ) & B8 ® )
x[n] y[n]
2" 2~

2
#® @ @
271 ;-1
-0.125
@ ®
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DIRECT FORM 11
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CASCADE & PARALLEL FORM

Cascade fown :=-—

(POU\OALA formm - -\ _
5 =
A - O ISZ N O.\25Z
S T 2 7:\
= S N — Y _
A -O-\SZ 5y V\2H
= B~ b be © T s ~
- A-Q-SZ " A -0-2D=%
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0- —0— B e ¢ e (R A e e S e e e ¢
x(n] yin)
=y Yz" "'y .
O <« O—> ——0
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x[nl yin)
Y Y2
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PARALLEL FORM

8
g —
18
O— — —— - e — -
xin) vin]
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LLTTITITIOS

1. Define block diagram.
2. Mention the structures to represent block diagram.
3. The system transfer function of LTI DT systemis  ------------—----

4. List the summary of elementary blocks to represent discrete time systems.

O P ;} - O P O
x[n] y[n]

5. ldentify the difference equation:
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