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The G,,,(2) are synthesis filters and together reconstruct the output
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Hy(z) can be made a Butterworth or Elliptic filter with My = 4Mp + 1:

= 0 o =
Mp=1 M=5 H H o g1
2 0 1 &
3 @ 20 <
g4 Py(2) g e 810
o _ 1 = 4 (7}
o -6 A,=1+0.2362 LS T 10 g. T(2)
-8} A =1+0.7157" ZP@) 3 5
o o ]
0 1 2 3 0 1 2 3 TS 0 1 2 3
w W w (rad/sample)

Phase cancellation: £z~ 1P, = /P, + 7 ; Ripples in Hy and H; cancel.
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15: Subband Processing

Option (C): IR Allpass QMF

@ Subband processing
® 2-band Filterbank

@ Perfect Reconstruction
® Quadrature Mirror
Filterbank (QMF)

® Polyphase QMF

® QMF Options

® Linear Phase QMF

o IR Allpass QMF

® Tree-structured filterbanks
® Summary

® Merry Xmas

[7]
x[n] Py(z) '9 l ' Po(z) —yln]
0.5 O_PI(Z)Pl(Z)_O ‘T(Z) ‘ 1

Choose Py(z) and Py (z) to be allpass IIR filters:
ngl(Z) = % (PO(Z2) + Z_1P1 (22)), G(),l(Z) = :|:2H071(Z)

A(z) = 0 = No aliasing
T(2)=Hi — H = ... = 271 Py(2?)P1(z?) is an allpass filter.

Hy(z) can be made a Butterworth or Elliptic filter with My = 4Mp + 1:

- 0 O =

Mp=1 M=5 H H o g1
2 0 1 &
3 @ 20 <

g4 Py(2) g " 810
o _ 1 = 4 o

o -6 A,=1+0.2362 LS T 10 g. T(2)

-8 A,=1+0.7152"% Z°P,(2) 3 s

o o ]
0 1 2 3 0 1 2 3 TS 0 1 2 3
w W w (rad/sample)

Phase cancellation: £z~ 1P, = /P, + 7 ; Ripples in Hy and H; cancel.
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

12:1

Hy(2)
ﬂ[‘[ 1(2)

12:1

tlp) 1:2HGy(2)
.t ey
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves. 1
00 1 X 2 3

Ho(2)H2:1 tlp) 1:2HGy(2)
Mbn(z)-zzl 1 1:2-Gl(z)g>M
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves. .
You can repeat the process on either or both of the signals w1 [p] o XzY
and vy [p] % 1 2 3

Ho(2)H2:1 tlp) 1:2HGy(2)
Mhn(z)-zzl 1 1:2_(;1(2)29@
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

You can repeat the process on either or both of the signals u1 [p]

and v [p].

[HO(Z)
x{] Hi(2)

12:1

Ho(z)l2:1 tolg] 1:20Go(2)
0 1R H (2)}2: 1 valg] 1:20G1(2)
vilp]

X=Y

E}I:Z-

Go(2)

1:2F

Gi(2)

RN
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

You can repeat the process on either or both of the signals u1 [p]

and v [p].

Dividing the lower band in half repeatedly results in an octave

band filterbank.

1

0.5 X=Y
% 1 2 3
1

0 5 Ul X Vl
% 1 2 3
1

05 U2 X V2 X Vl
% 1 2 3

1:2

[HO(Z)
x{] Hi(2)

12:1

Ho(z){2:1 talg]
0 1R H (2)}2: 1 valg]
vilp]

1:2H

Go(2)
Gl(Z)EJ&l:Z- Go(2)

1;2-G1(Z)M
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

You can repeat the process on either or both of the signals u1 [p]

and v [p].

Dividing the lower band in half repeatedly results in an octave

band filterbank.

H2:1

1:2H

Go(2)

Hy(z)
)] H(2)

H2:1

ol L G0

H) Al w2 6,0
H ()1 valg]
vilp]

1:2H

Gi(2)

X=Y

E}IQ-

Go(2)

1:2H

Gl(Z)

R¥.0
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

You can repeat the process on either or both of the signals u1 [p]

and v [p].

Dividing the lower band in half repeatedly results in an octave

band filterbank. Each subband occupies one octave (= a factor
of 2 in frequency) except the first subband.

H2:1

1:2H

Go(2)

Hy(z)
M Hl (Z)

H2:1

ol L G0

H) Al w2 6,0
H ()1 valg]
vilp]

1:2H

Gi(2)

X=Y

E}IQ-

Go(2)

1:2H

Gl(Z)

R¥.0
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Tree-structured filterbanks

A half-band filterbank divides the full band into two equal halves.

You can repeat the process on either or both of the signals u1 [p]

and v [p].

Dividing the lower band in half repeatedly results in an octave

band filterbank. Each subband occupies one octave (= a factor
of 2 in frequency) except the first subband.

The properties “perfect reconstruction” and “allpass” are

preserved by the iteration.

H2:1

1:2H

Go(2)

Hy(z)
M Hl (Z)

H2:1

ol L G0

H) Al w2 6,0
H ()1 valg]
vilp]

1:2H

Gi(2)

X=Y

E}IQ-

Go(2)

1:2H

Gl(Z)

R¥.0
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15: Subband Processing

Summary

@ Subband processing
® 2-band Filterbank

@ Perfect Reconstruction
® Quadrature Mirror
Filterbank (QMF)

® Polyphase QMF

® QMF Options

® Linear Phase QMF

o IR Allpass QMF

® Tree-structured filterbanks
® Summary

® Merry Xmas

Half-band filterbank:

o Reconstructed outputis 7'(z) X (z) + A(2) X (—=2)

o Unwanted alias termis A(z) X (—z)
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Summary
15: Subband Processing e Half-band filterbank:
@ Subband processing .
o 2-band Fierbank o Reconstructed outputis T'(2) X (z) + A(2) X (—=z)

@ Perfect Reconstruction

® Quadrature Mirror O Unwanted a|IaS term |S A(Z)X(_Z)

Filterbank (QMF)
® Polyphase QMF
® QMF Options

® Linear Phase QMF filters H;(z) and synthesis filters G;(z).
o IR Allpass QMF

® Tree-structured filterbanks

® Summary

® Merry Xmas

e Perfect reconstruction: imposes strong constraints on analysis
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Summary
15: Subband Processing e Half-band filterbank:
@ Subband processing . .
o 2-band Fierbank o Reconstructed outputis T'(2) X (z) + A(2) X (—=z)
" uasraure rtor o Unwanted alias term is A(2) X (—2z)
Filterbank (QMF)
8 Polyphiase OME e Perfect reconstruction: imposes strong constraints on analysis
® QMF Options
o Linear Phase QMF filters H;(z) and synthesis filters G;(z2).

o IR Allpass QMF

® Tree-structured filterbanks

o Summary e Quadrature Mirror Filterbank (QMF) adds an additional symmetry
® Merry Xmas constraint Hy(z) = Hy(—2).
o Perfect reconstruction now impossible except for trivial case.
o Neat polyphase implementation with A(z) = 0
o Johnston filters: Linear phase with T'(z) ~ 1
o Allpass filters: Elliptic or Butterworth with |7'(2)| = 1
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15: Subband Processing

Summary

@ Subband processing
® 2-band Filterbank

@ Perfect Reconstruction
® Quadrature Mirror
Filterbank (QMF)

® Polyphase QMF

® QMF Options

® Linear Phase QMF

o IR Allpass QMF

® Tree-structured filterbanks
® Summary

® Merry Xmas

e Half-band filterbank:

o Reconstructed outputis T'(2) X (z) + A(2) X (—=z)

o Unwanted alias termis A(z) X (—z)

e Perfect reconstruction: imposes strong constraints on analysis

filters H;(z) and synthesis filters G;(2).

e Quadrature Mirror Filterbank (QMF) adds an additional symmetry

constraint Hy(z) = Hy(—2).

o Perfect reconstruction now impossible except for trivial case.
o Neat polyphase implementation with A(z) = 0

o Johnston filters: Linear phase with T'(z) ~ 1

o Allpass filters: Elliptic or Butterworth with |7'(2)| = 1

e Can iterate to form a tree structure with equal or unequal

bandwidths.
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15: Subband Processing

Summary

@ Subband processing
® 2-band Filterbank

@ Perfect Reconstruction
® Quadrature Mirror
Filterbank (QMF)

® Polyphase QMF

® QMF Options

® Linear Phase QMF

o IR Allpass QMF

® Tree-structured filterbanks
® Summary

® Merry Xmas

e Half-band filterbank:
o Reconstructed outputis T'(2) X (z) + A(2) X (—=z)
o Unwanted alias termis A(z) X (—z)

e Perfect reconstruction: imposes strong constraints on analysis
filters H;(z) and synthesis filters G;(2).

e Quadrature Mirror Filterbank (QMF) adds an additional symmetry
constraint Hy(z) = Hy(—2).
o Perfect reconstruction now impossible except for trivial case.
o Neat polyphase implementation with A(z) = 0
o Johnston filters: Linear phase with T'(z) ~ 1
o Allpass filters: Elliptic or Butterworth with |7'(2)| = 1

e Can iterate to form a tree structure with equal or unequal
bandwidths.

See Mitra chapter 14 (which also includes some perfect reconstruction
designs).
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Merry Xmas
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