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11 convolution
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14 Polyphase
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16 Halfband Filter
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19 Halfband Filters Are a Class of Nyquist Filters
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20 Lazy Filter Bank
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21 PRFB (Perfect Reconstruction Filter Banks)
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e ( implies the coarse ([J (1) component. --- Lowpass channel.
e D implies the detail (. J U ) component. --- Highpass channel.

e A(z)P(z) is referred to as a product filter (U O O O O).



22 PRFB
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1 1
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23 (Distortion-Free Condition)
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24 PRFB
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25 PRFB

e OStartOPRFBO OO ODO0OOO0A() =10P(z)=7'00000000
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e OLiftingD 00000000000 S(xHODOCO
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000 P(z)= PR +A(-2)S ()
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00000000028@) = 15(-z+9+9" 1 -z"5H)0000
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PRFBO OO O
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e Regularity0 0 A()0 00 PEO000z=-100000000000000
WaveletD 0 0000000000000 000000000O0OOO00
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1 18 81 -1
11)-1 09 16 9 0 -1
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816 0ooO
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8 8 |
Ll A'@=50, 1)
1 1 2
1 -1
P 02/6-tap0 0000000000000




27 SSKF (Simple Short Kernel Filters)

DO0o0oooooo3/b-tapld44-tapl D0 OO OOOOOOONOMO

e ]00D0UDOODOODOOOOOODOOODOOUOOOODO
o 1/7-tap: A(z) =1, P(z) = = (-1, 0,9, 16, 9, 0, —1)

2/6-tap: A(z) = 2(1 ), P(2)=3(-1, 1, 8,8, 1, -1)
3/5-tap: A(z) = (1, 2, 1), P(z) = (-1, 2, 6, 2, —1)
4/4-tap: A(z) = 5(1, 3, 3, 1), P(2) = 1(-1, 3, 3, -1)
5/3-tap: A(z) = (1, 4, 6, 4, 1), P(z) = (1, 4, —1)
0000003000 3/5tapSSKFO OO D DODOODODOOOODO
00000000000 O0000O0O0DDOOOQd
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(13, 143
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29 Lifting Once Again for a 9/7-tap PRFB

S(z)=3(1+zH00001/7tapPRFBO A(x) 00000000000
00097-tapPRFBO 0000000 DOOODOOODOOOOOOOO
LBLC (Shinoda/Kikuchi, IEEE ICIP 2006, IEICE Trans. 2008)0 0 0 [

A =AQ+P(-2)S(ZH 00000000 A(ROOOCO

P(—2) 10916 -9 0 1

72P(-z) |+ 1 0 916 -9 0 1
10-8 16 -18 16 -8 0 1

A(z) X 16 x4 |+ 64
10-8 16 46 16 -8 0 1

OO0o0oooooono9/ftap PRFBO O OO OO

(1, 0, =8, 16, 46, 16, -8, 0, 1)

64
(-1, 0,9, 16, 9, 0, —1)

16

A'(z) =

P'(2) =
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e H. Kiya, M. Yae, and M. lwahashi, A linear-phase two-channel
filter bank allowing perfect reconstruction, Proc. IEEE ISCAS,
951-954, 1992.

e H. Honma (Kiya) and M. Yae, ditto (LI I ), Proc. 6th DSP Symp.,
251-256, Atami, Japan, Nov. 1991.

e G. Strang and T. Nguyen, Wavelets and Filter Banks,
Wellesley-Cambridge Press, MA, U.S.A., 1996.
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32 Lifting as a Trick for Reversible Transforms
and In-Place Computation

sH—s () —@
+ -
x(n) \ ,' [ | ‘ | ‘ ‘ ! ‘ ‘ 1T l { l | l y(n)
split | > > I merge ——»
' o h ' +
»(+) »d(n) =(£ I

The above filter bank is a system for Haar wavelet transform. It is
the only one that satisfies both the linear-phase and orthogonality.
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33 000000000 LiftingDd 0000 (5/3-SSKF)

FIRLowpass 1 000 A@UI000D0ODODOOOOOOOOOOOOOn
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FIROODDDDOOOA(RDOOOOOOO {a), al), a2), ---}00
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-1 =2 T
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\ 1 0 1 O)...DDDDZ_”DDDD
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Reversible 5/3-tap FB via a factorization of the polyphase matrix

(1461 _,—2 I = 1 T
(Ao(z) Al(z)): T == py| _1+§1 [ 5—
By(z) B1(2) 2+28z_1 By 1 0)| 1 0
_’# Z—l”_% 1‘_’# 1 (o 1)(0 1)_% I
1 o)l 1 o) | 1 o )\l O\ 0 1 0
-1 \( ( -1y, _
o P PSR e o P ST
+7 +7
[ 0 I J=-—=— 1 o 1 0 Di-—5— 1
-1
D—s (1) T
L - l l
X(l’l’) A > 7! 7! 7! )-’(’7)
— . split 14z 14z 14z 1+2_ merge ——»
2

:é/ T >d(n) T té) I




34 Reversible 9/7-tap Filter Bank

1+0z7 ' —8z72+1677° +46774+167°-87°+0z77+77°
64 ’
—149z7%2+1673+97%-7°
16 '

A(z) = Ap(22)+7 'A{(z>))0000000000000000000000000000
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35 Reversible Wavelet Transforms
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37 The DSL technology turns copper into gold
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38 Over-sampled One-bit A-to-D Converter

Oversampled Sigma-Delta A/D and D/A Converters, H. Inose and Y. Yasuda, “A unity bit coding
method by negative feedback,” Proc. IEEE, pp. 1524-1533, Nov. 1963.
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39 Over-sampled D/A Conversion

OO0OD/AODO0OOODOOOOO f(s00000xn) DO OO0 O0OO MO
Jobobogtuootdoootdtg
JobbottdtdAtbtdbooiddotddooootoodtd
oottt oootd
OO00o0oooo0oooooobooooooooo b/A000Oooooan

Joooogtd

Juobobogtdoootdbobootddootdbobotootbboogdd

ERNENRNRN

) o Cror

at fg interpola

- -
to—r_o_imj

]

ﬂ—?tOA

L

analog

digital 2 A modulator at the rate of Mfg

y(t)

. LPF 7,



40 ODO00DO0000O000O000

D000 AD0D00OO0D0O0DOO0SsAODOOOOOOOOOoOOn
000000000 (loopfitle)D 000000000 OOO0OODOOO
O000000000000o000ooDoooo0noooooononon
OO00O00000000ooooDOoooOoooooon
0000000000000 O000Oo0oooOl/s0000o0ooooon
1 1+z7!
[umwmmmmmmmmmml _IDIZADDDDDDDDD
—Z —Z
O0000000000000oo00oo0oooooooooononon
00000 OA/D,DAODODODDDNDODOOOOOO
0O Odeltald sigmal 0000 delta-sigmal D 00000

AR

1st-order switched capacitor integrator, 1/(1-z1)




41 000000z A000000000000

- 0 +—  (1-zDE@

X(z) /L Y(2)

>

1

0000000000z AO000000O0O0O0O0ODOOOOOO
Y2)=X(2)+(1-z7HE(x 000000000000 000000000
000000000000 00C0O0O000=:AO0O0O0DOOOO
(1-z7HYE(x 0000000000000 0000000

(-z")E(z)

£(2)

A

»

0 @ 0 (;)

oottt botdboboodd
Jboboottdootgtdboogtdbootgtdbobbotdbooddyn




Juobobogtddootdoodddoogddy

single-loop /L
—%ﬁﬁ A " % =z

[]
[]

000000000 A0D0O0O0O0O0OO00
000 Y@ =X@+(0-zYExDOOOCO

(1-z-1)2E() s ’f[ I l

X(z)

vN




42 (T. Nguyen 1993)
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