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Linear Time-Invariant (LTI) Systems (2)
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COURSE OUTLINE
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The unit sample response and properties of DT LTI systems
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Systems Described with Linear Constant-Coefficient Difference Equations

Prepared by Kazim Fouladi | Fall2017 |2nd Edition

P






Properties of Convolution and DT LTI Systems
1) A DT LTI System is completely characterized by its unit sample response
Ex. #1: h[n] = d[n — ny]
There are many systems with this response to d[n].
There is one LTI System with this response to d[n]:

y[n] = x|n — ng

4

x[n] * 0[n — ngl = x[n — ng|
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yln] = o (K]

Unit Sample response

hin|

k=—o0

- An Accumulator

Z dlk] = un]
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The Commutative Property

yln] = x[n] * h|n] = h[n] * x[n]

x[n]——

™~

hln]  ——>yln] h[n]—— x[n] ——y[n]

Ex: Step response s[n] of an LTI system

N

s[n] = ul[n] * hin] = h|n| * u[n]
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step “input”  Unit Sample response
Input of accumulator
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ﬁ The Distributive Property \

z|n] * (hin] + ha|n]) = x[n| * hy[n] + zn] * ha|n|

Interpretation

x[n] h,[n] + h,[n] yln]
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x[n] (D————= yIn]
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x[n]=0.5"u[n]+ 2" u[—n]
h[n]=u[n]

xi[n]=0.5"u[n]
o[n]=2"u[-n] VU=

1_0.5n+1 2n+1 I’lg O
n|= uin n|=
nln] [ 1-0.5 j [7] »,[n] { o
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/ The Associative Property \
z[n] * (ha[n] * haln]) = (x[n] * hiln]) + haln]
(Commutativity) ||

Implication (Very special to LTI Systems)

h,[n] h,[n]

x[n]

x[n] h,[n] = h,[n] y[n]

|
\ x[n] h 2[n] h,[n] y[n] /
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1) Causality

2) Stability

N

Properties of LTI Systems
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hin] =0 for all n < 0

> |hlk]| < o0

k=—o0
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h[n]= Ko[n]
U
yln]= Kx[n]
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Hn)* h[n] = 8[n)
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BLOCK DIAGRAM REPRESENTATION

)’[n] = a1)’[n - 1]+ azy[n - 2]"' box[n]
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BLOCK DIAGRAM REPRESENTATION

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

X5 1]

P
* The implementation of difference equations 1] xy[n] + x5[n]

requires delayed values of the

— input

— output a
E — intermediate results - >
- x[n] ax[n]
§ {b}
=+ Therequirement of delayed elements
g implies need for storage
—— D —
: + Wealso need means of x[n] x[n-1]
= — addition
- e (c)
g — multiplication
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DIRECT FORM 1

x[n]

x[n -

v[n] = i bkx[n - k]

k=0

slnl=3 ayln-k]+vln]

k=1
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DIRECT FORM II
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DIRECT FORM II

No need to store the same data twice in

previous system x[n]

» So we can collapse the delay elements
into one chain

e This is called Direct Form II or the
Canonical Form

» Theoretically no difference between
Direct Form I and 11

* Implementation wise
— Less memory in Direct II

— Difference when using finite-precision ay b
arithmetic ~
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ALAM V. OPPENHEIM
ALAN S. WILLSKY

WITH 5. HAMID HAWAD

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

Chapter 2
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