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Agenda

* Transform Analysis of LTI Systems

* The Frequency Response of LTI Systems

* System Functions

* Relationship Between Magnitude and Phase
* All-Pass Systems

* Minimum Phase and All-Pass Decomposition



Transform Analysis of LTI Systems

co

yln] = x[n « hln] = )" x[klh[n - K]

k=—o0

Y(z) =H(2)X(2)
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The Frequency Response of LTI Systems

Y(e/®) =H(e/*)X(e/®)
Y (e/®)| = [H(e/®)[|1X(e/?)|

«¥(e/?) = «H(e/?) + «X(e/®)



Phase Distortion and Delay
haln) = 31 g
H;y[n] = e /@M
|Hia(e’®)| =1

<H(ej“’) = —wng, lw| <
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System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations



System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

Y(z)  Yk=obxz™"
X)) YN _,apzk

<b0> 1}\{4:1(1 - CkZ_l)

II¥=1(1 —dgz™1)



System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

> Ihin]| < oo

k=—o0
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System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

Inverse Systems

G(z) =H(z)H;(z) =1

1
H;(z) = H@)

glnl = hin] * hi[n] = &[n]

1
H(el®)

H;(e/®) =
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System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

Inverse Systems

H(z) = <ZO> (1 —cz™))

If H(z) is causal, its ROC: |z| > max |d
0 da ) () 21 > max |y

H.(z) = (Clo) h=1(1—dpz™h)

bo 1}g=1(1 —cxz™1)
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System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

A First-Order Ifinite Impulse
Response (lIR) System
Unit circle

ylnl —ayln —1] = x[n] \

H(z) =

Iom

1 — System Function
—az

ROC: |z] > |a]

Condition for Stability: |a| < 1

Pole-zero plot

hin] = a™u[n] Impulse Response
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System Functions for Systems Characterized by Linear
Constant-Coefficient Difference Equations

M=7
A Simple Finite Impulse Response
(FIR) System
7th-order pole m  olane

h[n] — Cl O < n < M - \\D p

O otherwise , R

M M+1Z—M 1 m \\, R
HE) = ) e = ; «

— 1 - aZ ‘\ !

k/(M+1 8, o’

Zeros: z, = ae J2TR/MFD) |k =01,.., M g

ROC: |z] > |a]
a: Real and positive Pole-zero plot

The pole at z = a is cancelled by a zero.

Ankara University Electrical and Electronics Eng. Dept. EEE328



Relationship Between Magnitude and Phase

|H(e/®)|? = H(e/®)H*(e/?) = H(z)H*(1/2")] ,_ jw

bo) =11 —cxz™h)
Ao 1]2,:1(1 — de_l)

H(z) = <

* *\ bO HII\C/I=1(1 _C;éz)
/)= <a0> k=1(1 — dj2)

Y (1 - oz )1 - ¢2)
(1 —dez (1 - di2)

C(z) = H(z)H*(1/z*) = (2 Z)



All-Pass Systems

H(2) z 1 —qg*
Z = —-—
ap 1—az 1
. e J0 — g* 1 —qatel®
H, (e/?) = — = J¥ :
ap( ) 1—ae™ /@ 1—ae J®

Ur -1 _ g, 1% 1 _ Ny, —1_
Ho (2) = A 1—[ z Kk (27" —ex)(z""—ex)
ap 1 11— djz1 L 1 (1—ezH(A—ezz™1)



Minimum-Phase and All-Pass Decomposition

H(z) = Hmin(Z)Hap(Z)

H(z) = Hy(2)(z™' — ¢*)

ozl =¢*
H(z) = Hi(z)(1 —cz™) T~y 1
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