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Lecture 23
Phase Response
All-Pass and Minimum Phase
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Phase response

Example: H(e’¥) = ¢e/“™ < hin] = §[n — ng

H(e)| = 1

ARG is the wrapped phase
arg is the unwrapped phase

arg[H (e’%)] = —wny
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Group delay

To characterize general phase response, look at the group delay:

ard[H ()] = —~{arg[H ()]}

For linear phase system, the group delay is nqg
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Group delay

ard[H ()] = — - {ara[H ()]}
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For narrowband signals, phase response
looks like a linear phase
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Group delay math
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Group delay math
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Look at each factor:
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Look at a zero lying on the real axis

Geometric Interpretation! for 8-0)
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* These effocts are more marked when r-4.
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2nd order

IR example

Exomple :
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3nd order |IR example o

Unit circle z-plane
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Phase raponse of ah oﬂﬂfﬂﬂ_r 0)
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Minimuim-Phase  Systems &
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minimum phase maximum phase -
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minimum phase maximum phase
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Minimum-phase VS Linear Phase
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1 Magnitude Frequencyresponse of 9 *" order TBW=6 filters
. 1 1 1 1 1 1

Minimum phase
== Linear phase
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