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The unit sample response and properties of DT LTT systems
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Systems Described with Linear Constant-Coefficient Difference Equations
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Properties of Convolution and DT LTI Systems

A DT LTI System 1s completely characterized by its unit sample response

Ex. #1: h[n] = d[n — ny

There are many systems with this response to o[#n].
There 1s one LTI System with this response to o[n]:

yln| = xn —ny)

4

x|n| % d|n — ngl = xn — ng
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Y [n] — ZZ:_ oL [/f] - An Accumulator

Unit Sample response

hin]= ) d[k] = uln]

k=—o0




Ex:
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The Commutative Property \

yln| = xln] * hin] = hin| « z[n]

x[pl—— ] ] Alnl——  x[n] ——yln]

Step response s[n] of an LTI system
sin] = u[n| x hin] = hln] * u[n]

T T

'step “input”  Unit Sample response
tnput of accumulator

4

sln] = > Ak
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Interpretation

x[n]

x[n]

The Distributive Property

yln]

™~

z|n] * (hi|n] + ha[n]) = x|n] * hi|n] + x[n| * ha|n]
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x[n]=0.5"u[n]+2"u[—n]
h[n]=ul[n]

x[n]=0.5"uln]

x,[n]=2"u[-n]

. n+l 2n+1 _O
yl[n]{l — ju[n] yz[n]={ "

1-0.5



/ The Associative Property \
[n] * (han] * holn]) = (z[n] * han]) « haln]
(Commutativity) ||

x|n| * (he|n| x hin]) = (x|n] * ha|n|) * hqn|

Implication (Very special to LTI Systems)

x[n] h,[n] h,[n] yln]

x[n] + h,[n] * h,[n] y[n]

i
\ x|n] hz[n] h,[n] y|n] /
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h[n]=sin (Sn) h[n]=a"u [n]
x[n]=0[n]—ao[n—1] y[n]="7?

y[n]=sin (871)
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1) Causality

2) Stability

-

Properties of LTI Systems

—

hin] =0 for all n < 0

> k]| < o

k=—0o0
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Hn]* h[n] = 8[n]






\O

~

Ll i b ol LBl caYalas b sudicius 5 (slaaiuu

‘\ Prepared by Kazim Fouladi | Spring 2024 | 6th Edition

o
&

Zaky[n kl= ib x[n—k]
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BLOCK DIAGRAM REPRESENTATION

)’[n] = aly[n — 1]"’ azy[n - 2]+ box[n]

D

(

-« v[n-1]
D

s

- y[n-2]
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BLOCK DIAGRAM REPRESENTATION

e LTI systems with rational system function
can be represented as constant-coefficient
difference equation

» The implementation of difference equations xq[n]
requires delayed values of the

— input
— output |
— intermediate results > »
x|n] ax|n|
(b)
» The requirement of delayed elements
implies need for storage
» D -
 We also need means of x|[n] x|n—1]
— addition
o (c)
— multiplication

P
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DIRECT FORM 1
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by v[n] -
—p{ | r -
x[n] Y Q_)Q Y y[n]

x[n—-1] +

x[n=2] :

x[n-M] I—hyw—

X ’.? _l’_ f
|
=
=
I
[
=~
=
S
|
K

D k=0
| N
p 2 oy[n=-2] y[n]z Zaky[n—k]+v[n]
N N-1 k=1
D
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DIRECT FORM II
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w |n] b,
r T P
| | yin]
D D
{2 wln—1] E;.—l
Y Y
l ay by
w[n]=2akw[n—k]+x[n] @‘ Ai_l wln-N+1] f;n_l b@
k=1 Y Y
M
ylnl= bowln—k]
k=0 ay N by
- wln—N] -
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DIRECT FORM I

* No need to store the same data twice in > i 2
previous system x[n] i
D
« So we can collapse the delay elements
into one chain o b
Y
e This is called Direct Form II or the D
Canonical Form
* Theoretically no difference between
Direct Form I and 11 ay_1 by_1
-0
* Implementation wise !
— Less memory in Direct 11
— Difference when using finite-precision ay by
arithmetic ~ >

y[n]
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ALAN V. OPPENHEIM
ALAN S. WILLSKY

WITH 5. HAMID HAW.A R

A.V. Oppenheim, A.S. Willsky, S.H. Nawab,
Signals and Systems,
Second Edition, Prentice Hall, 1997.

Chapter 2
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