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Example - All Pass Filter (1)
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A non-minimum phase system can always
be decomposed into H,,(s)- H,/(s)
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Example - All Pass Filter (2)
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All Pass Filter

) Flat Magnitude
) A Pure Phase Shifter

zero s, | ' Hyls)
:> not complex conjugate
pole s,
X—K—X OO O ——
s; = ta+jb :> only differ in the signs M
5 = —a+jb of their real parts
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All Pass Filter

] ) Flat Magnitude
l-az A Pure Phase Shifter
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All Pass Filter

Flat Magnitude
A Pure Phase Shifter

Cascade form of all
pass system for real-
valued impulse
response system a

Conjugate symmetric [ (e'")
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All Pass Filter (4)

x(t) = - p(t) }—Py(t)

Parseval's Theorem

T worac= [ iyiof a

X() =B H,(f) HY(f)

Parseval's Theorem

+o0
| Ix(o)f dt
- o0

Energy Compaction = [ |X(f) dt

—0o0

) to

[ x(e)fFde = [ |y(e) dt Y(f) = H,(f)X(f)

— 00 —0o0

|Hall(f)|:]'
x() =B hy(0) Hym C

Allpass Filter [ |x(¢)fdt = [ |y(e)f dt

= = [ | HLEX(F d
-

= [ () a

The_energy build-up in the input
is more rapid than in the output
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All Pass Filter (5)

x(t) =g h(t) }—P y(t)  Truncated input
<[X(t) (t < t,)

0 (t >t

Xl(t) =

Parseval's Theorem
+f° x(e)f de = T () dt For t < tt0 ) x,(t) = x(¢) m
: E yilt) = _fh(t_'f>x1('f)d'f = [ h(t-1)x(x)dt = y(t)

Energy Compaction

: to [ pterac= § o a
_fw x(e)f dt = J" (o) de For ESTE) m x()=0 m

) +o0 to +oo
| (efde = [ |p(ef de=[ |y (c)fde + [ |y, (c)f de

x(t) = p(t) )—V)’(t)

The_energy build-up in the input
is more rapid than in the output

t, t,

[ x(OFde = [ |y(ofdt For t

— o0 —0

IA
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All Pass Filter (6)

non—min phase

X(t) — h,,(t) )—Fy(t) x(t) A_Qm;nifzgém )/7> h(t) )T»y(t)
rapid energy |

+o0 +o0 build-up than the output

[ W(eFde = [ |y(ef a

— 00 — 00

Parseval's Theorem

The signal energy until t of the minimum phase

= any other causal signal

t £, with the same magnitude response

J k(@Fde = [ |y(of dt . |

—oo —eo Thus minimum phase signals

ﬂ maximally concentrated toward time O
when compared against all causal signals

having the same magnitude response
) = () () 9 9 P

minimum phase signals
m) minimum delay signals

Energy Compaction

The_energy build-up in the input
is more rapid than in the output
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Properties of a Minimum Phase System
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Properties of a Minimum Phase System
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Properties of a Minimum Phase System
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Properties of a Minimum Phase System

All Pass (ZA) 14 Young W%r}3|7i1r2



Properties of a Minimum Phase System
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