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A Study on the IIR/FIR QMF Banks

with Approximately Linear Phase Characteristic

Sang Jun Lee

Department of Control and Instrumentation Engineering
Graduate School of

Pukyong National University

Abstract

According as modern society develops to multimedia and
information society, digital signal processing become important.

Various digital filter is used to analyze and compress useful
informations such as audio and image etc..

QMF bank is applied in various field such as audio and image
compression, because of the advantage that can remove aliasing
distortion that happen at analysis process, in synthesis process. The
classical design of analysis filter and synthesis filter designed using
most FIR structure. But, there is shortcoming that is difficult to remove
effect about magnitude and aliasing distortion.

Then, [IR structure is effective to minimize magnitude and aliasing

distortion. But, therc are used such as methods that used anti-causal



filtering and applied double buffering structure to process signal of
infinity length, because of weakness that phase distortion is not
removed.

The recent research appropriates synthesis filter banks which mix IR
structure and simple FIR structure, because complex synthesis filter is
required in classical methods.

Therefore, in this thesis we designed near perfect reconstruction
[IR/FIR QMF filter bank which used allpass filter and FIR filter of
simple form comparing with other access methods to compensate phase
distortion.

This thesis introduced three steps of analysis-synthesis filter banks
and designed 2-channel IIR/FIR QMF filter banks, which used FIR
linear phase filters and allpass filters.

Also, in this thesis, we designed 4-channel [IR/FIR QMF filter banks
which is expanded 2-channel IR/FIR QMF filter banks.
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Fig. 3. Two-channel allpass filter banks.
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Fig. 10. Distortions and Group delay by d,, d; value.



-100
-120
-140
-160
-180
-200
220
240

Magnitude distortion's ripple (dB)

Aliasing distortion's average value (dB)

200 T T T T T T T
180
160
140
120

Grorp delay

(¢) Group delay

Fig. 11. Transformations by d,, d, value.

- 23 -



Magnitude distortion's ripple (dB)

Grorp delay

200
180
160
140
120
100
80
60
40

20

1 1 1 L 1 1 1

10 20 30 40 50 60 70 80
d

1

{a) Magnitude distortion’s ripple

] 1 1 1 i 1 i

10 20 30 40 50 60 70 80
d

1

{(b) Aliasing distortion’s average ripple

Fig. 12. Transformations by d;, d, value.

,24,



54 2-Ad IIR/FIR QMF W= A7

o] "ol oA HAeE Adaire H4Y 94 FIR ¥HE ol &5t
322483 32344 AAFT 24 Dee 4 Heo] gid A S
b Adeas I8 113 2 12004 2pzbe) =27] st A A Aol 9
5 Jmsle] A7) R3E HAR A, ZAA A4S FFE 7
e Adesrs Adsig, B =M 53449 vEld 49 4,9
HAE o) &3, d7F 4yl 4] ool & whEetke s dEsiy, 321
Mo Aol Axfe} vlustr] 9] AA_AE dy=06, 4, =242 AHNA
om AdAase] sk A3 ¢4 FIR ZeiE 2 357 2 36)S AP&3
th 2% 13elME 322HolA A& d,=6, d,=24F AEste] B
A BA-gAd Egulag Ar] 939 FAGE vEhdae Ao ¥
13a)dl A W) 27 5 3218002 A7) 33 FAEY K28
Haste] dejoj S A3 AAFAS, ot Nz dFow FAA
& Aoy TS AAGT] Ao D=490Ed4H D=061Y¥EE F7t
d AL 28 13holA #FHAE 4 Slth 323ddAq AHEE EEFelA
QAEL 32248004 AMRE ZHdeolAd a4e 3y, 4 2Yet &
A dE7l sApA o R A RS ThReE Zhrbe] Zedely 84 E
QOMF #AE UEsnz Qd7ds Feeolrnz, HA Al~gle] ar] o=
3 FAAe 3224 M9 FAdsth 1y 149 39 15914 FAH MY
A HE ol dHA dEo 3y Suta oA SdkS 7z} el
Wtk =227 S 4 @32 Aaeh el 1y 99 s12AQ A Ay
o 27 &I} FAEY, B4 dHe 34 " Sel A AHAY
Ao ZAEQ A 94E HAE AE #3059k 1y 163 1
P 1791 = ztde] A Ade vehdlen], Aded deet n9F 2
7t £ Es BRe Aol 7hzte] Bapqdoa] F4bA A fEelE

gaa 4 gl

o
il
o

=

i3
oz
1o
3
i
-{E



T2

Group delay

1.0001

1.0000 1
0.9999 .
0.0 0.2 0.4 0.6 0.8 1.0
Normalized frequency
{a) Magnitude distortion
$1.004 T T T T
61.002 T
1.000 H
60.998 - .
60}996 1 I 1 i 1 1 1 L
0.0 0.2 0.4 0.6 0.8 1.0
Normalized frequency
(b) Group delay
Fig. 13. Distortion and group delay by d, = 6, d, =24

in 2-channel IIR/FIR QMF banks.

- 26_



T T ) T
0
o o0 |
3 20
()]
e
=
T 40 |
(o]
0]
=
-60 i
-80 . 1 : . : 1 M 1 2 1
0.0 0.2 0.4 06 0.8 1.0
Normalized frequency
(a) Magnttude response
5 T T T

Phase

0.0 0.2 04 06 0.8 1.0
Normalized frequency

(b) Phase response

Fig. 14. Frequency response of analysis filter
in 2 channel IIR/FIR QMF banks.

,2’77



Magnitude (dB)

-80
0.0

0.2 04 0.6 0.8
Normalized frequency

(a) Magnitude response

1.0

1

1 . 1 L ] i 1

Fig.

0.2 0.4 0.6 0.8

Normalized frequency

(b) Phase response

15. Frequency response of synthesis filter

in 2-channel IIR/FIR QMF banks.

1.0



18

—_
[=2]

Group delay
S

12

0.2 0.4 0.6 0.8
Normalized frequency

Fig. 16. Group delay of analysis filters
in 2-channel IIR/FIR QMF banks.

1.0

Group delay
o
~

s
(341
T

44
0.0

0.2 0.4 0.6 0.8
Normalized frequency

tig. 17. Group delay of synthesis filters
in Z2-channel IIR/FIR QMF banks.

,29_

1.0



55 4-Ad IIR/FIR QMF ® =1 A A

of e M= 323%NAM dA9 2-A2 [R/FIR QMF WA g 373t
Aol A dAR eg 39 4-A2 [R/FIR QMF W o] gk Al & o4l
F Fdgh 2-Ad OR/FIR QMF ¥ 3ol Aol o585 ¢4
AR, B4 dE st 34 dEr 24" 48 H4s e Ae 8
sttt olefst AARE o] &8ted thAld IR/FIR QMF wWlzise] 33 7}
TS eyt g8 2-Ad HR/FIR QMF Wael ARE9 stebr e 2 4-
Ad IR/FIR QMF W =o] A -&3t9ch 1% 18l M= 4- Ay dejw =
ol AA Axgle A7) gaE vebdgien, Oy 18l e TA9E

VERN QT 2- A Belw st wsstel [v] oI FAAe] Zobel A
g oheld = vk ZADAe W 3w F7kE 212 BAF & Atk ¥ 1
oI 4 A AEwae) 7 Adel A B AR S A FRse) A

oltlelel WoE i Fob B FE 7 Ade aw Zxs

B!

Ve, RSt AF,, 4P 7 Adeldel deldele] weE ey
o7 Ao e Aellig el Ml A4F AL qAF 5 A 1
el s 7 A a7 SREHS e, 19 0 E WA 40
A ey Ee A A Regac 20§99 249 egen,

Lol s 914 shEe) mAHoR AAY AL el & ook

N

=

olo

mlo ®

Table. 1. Characteristics of 4-channel filter bank.

T F(F,) AF(4F) | F, AF,
CH 1 0.3125 0.0625

"cH2 | o185 | oo | o06m0 | 01250 |
CH3 | 030 | 0I%0 08135 | 0065 _
CH 4 06875 1 0065
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