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Abstract A novel design for a two-channel IIR quadrature mirror filter (QMF) bank with near-perfect reconstruction
was presented in this thesis. The analysis filter bank was given by an efficient poly-phase network implementation based
on all-pass filters. The arising phase distortions were almost compensated by the synthesis filter bank, Based on the theo-
ry of the perfect reconstruction of QMF, the synthesis filter bank was also given by the stable all-pass filters, designed
via analytical closed-form expressions,so the design of IIR QMF was transformed into the design of the phase equali-
zer. The simulation results show that the aliasing and amplitude distortions are completely canceled, and phase distor-

tions minimized at the expense of an additional signal delay. The proposed IIR QMF banks have a lower algorithmic

complexity and are always stable.

Keywords QMTF bank, IIR filter, All-pass filter, Poly-phase network

JE4E 3k , PRQMF (Perfect Reconstructed Quatrature Mir-
ror Filte) IEB SR EARTE B S HG. ERLHGEFRFESL
H EXEHFMER T ZNA, #i PRQMF g4 M F
B R Bk mE. SHEITFEREESESREHE,
FefREE AR A T E , B K B E S BB R A MR ERIE
BERE, BRI EMITERS T EHTH.

i FEE QMF RSN —B R ER A FIR 38
FEHRHRATMESEEREARIRHD, BAREREMNIE
T 2% 4 E RGBT N I IS BE LR A S B P B NE B S
RAATIE BEWS o B, XBLER T B E s X
BORIE™S . AR T —FETLEBERHLHMER
R, XMETLEBESMN IR QMF BEBHERES
BAEBEEMREERE MARETL HSENERIERRD,

1 78I QMF IRk ANELRRE
PIEIE QMF IS A MEAL WA 1 TR, &5

FR H #8.2008-11-17 3&{& HHH:2008-12-04

WREP S OB EE B Ho (O MR ERKES H
(DG BFANTFHEES 0@ 0 ), BAMTHES o (D
TREH 2 FHMB., EZARET, THES oW v
P EREE B 2 FEHE . REELHFEABER R (D F
DBBFNTFHES 3o WM 3 (0, ZEEBAEHNES
¥n), EHETEERENE U y( =kz(n—d), P d K
fEEntEzER",

B 1 wilE QMF B SENELLEN
Wit QMF BERHM KRB ER R RS/ Z68
B BRERGESIMETRES. AWESAEAT, ¥
PMRENBA /LR RTRRHE

AXZER B RPIFEE No. 60672064) , RIURH K EP PR R RE S (No. 2006X73) 9 8),

BREERR(1978—), &, i@ TR0 4, YHIP , L BB M 215 5 43 $7 F14L B, E-mail: chenhuali0222@163. com; BEHE (1947—), B, #1814+ 4

S0, FEBIFTT N R E VLR — R TR R

0920



Y@ =T@DX(+ADX(—2) ' €Y
Heft, T =5 [Ho (D Fo () + Hi (D F (D I W K HAEH

B A =4 [Ho (0 Fo (D +Hi (— D F () I 0 R &

it Ck 8
AEXDF,BBEFTLUMEBRE. YEE8EHES F ()=
H (—2),Fi (2)=H,(—2) i, A() =0, Q) AT H :
Y(2)=T(2)X(2) =X()[Ho () H, (—2)—

Hy(—2)H ()] (2)
XE¥ Ho (21 Hi () X F n/2 GEIER, B Hi(2) =
Ho(”‘z%ET‘U

Y(2)=X()[Ho () Hy () —Hy (=) Hy(—2)]  (3)
BREASr#T/ 66 B 28 40 RO B T R 4o B DR B 1 0
/BT,
2 ETF2BEREBAOMIEE QVF B FHFRE

ET2EBEANPEE QVF BESHKSHWINE 2
B, 2 2 P, BHATBESER RSB BES, — 2
i B LA A RN -

.
Hd(z)=£—7%79|ail<|2| @
a;, 2

H—1<a;<\1;a;,€R;i€ {0,1},

B2 ETFEBERaREE QMF B FHNEH

XtRE 1A 2, TREIT R IE R AR A LS
P AR B 5 IR R

Ho(z)"—‘—%-[H,,o ()2 Hay (22)] (5)
Hi (=4 [Hao () —2" Ha ()] (6
Fo(®) =4[ By )+ B, ()] %)
F (z)———%[z_lBo(zz)—B; ()] ®
BB BALERER o HEFERR/ N ERE, ]

E, =ij“ | Ho (™) |2dw I

s @g
RELH RBAESEHBRE N

-1
T(z)zzT[Hao(zz)Bo(Zz)+Hal(ZZ)BI(ZZ)] (10)

—1
A(z)=zT[Hao (22)By (22)— Ha (2*) B, (%) ] an

HFRAO QD , B LHBRBEEREMBELRE, 4
FUWEIE Hy (2) =B, (2), Ha (2) =B, (), bt A(2) =0,
T(2)=0.527 ' Ho (Z)Ha () ER EWHR MM R K, % 2
TEEMRM, LA

H, (2)B;()=z"%;d>=0;i€ {0,1} a2

BN Ha () RAEIEF AR, BT LI S MG &M B AR 4
REAR— MO ERE. TEITSEMHE QB SA
B, ()it Ik .

3 RABEBARLITHE

3.1 RAEMWKMWAN FIR &ITZ%

B A2 A, YUK |21 >1/1a: |, Bi (2) =Hz' (2),
i€{0, 1} i, Bid LR e S EM AR, BB 0, HEM
BB L7 R & () R TR K B, 3 R IEERE . EH
RIBPEAREE LT R EL R, S ERERE
KERFHEAIT,FAIFBRRNESER. —FFERR
TH—> FIR JEH AR LISL B BRI 28, H FIR B

RUFEBELRALBE,
FESCERL6 ]9, FIR MBI 2R AIFR AN
di—l
Bk (2)=(z—a) ;oz"_di (a;)" a3
MR A2)%EH
H. (2)B,(2) = Hy () Blfk (0 =% + (z—a))
d'«—l
S 2% (@) =2 % — (@) 14)

B (14) A48, X Fp FIR M &R RE — M REER 2
Sh B A FBARRE, XRBRITIAFEN.
3.2 ZEREJMAMN ORGHE

X B R —F2H K QMF IR Mt bk, ik
R Al MR AR R A (12) h BARLE G IR B8 4 B AR AL
WHERE. &7 ERE ARG BMIT kG 28 s K
i (B XR 7 2k BB R A X, A A R B RER BIE
ERIEFLAS. 0T FEMRX Se I, 3 R T A P Rk R
Feiit— MR B4 ARG 2% -

N'-—l . 2"
B}HQ(Z)Z H L%;N.‘e(l,z,:?n"') (15)
n=0 %" 44t
MR 2R,
1—(a;2)%

H, () B:(2) = H; () Biffk ()= pr2 »di=2": (16)

zdi —
B la | <1, FrLA 2@ M ¥ AR Bik BRBEN, A
Ed BT Mg 24, [ R TRESWE
B AR, AT REFJATUE—RIIW -2
1B IE AR IR, AT LA AT R AR R A B W3S
PP ALSER TR BG4 — 1 INSE-E IR,
NFE 2loged: MEPORER. 2logd;, TLEIMBEIFM 4 —
1A FERT2S. Wi FIR BB HER 4 —1 B S BEaR
H,BE d NEHRIRERE d— 1 DNk f 4. — 1 1~
AR, TEXFITEAIESE SRR EE BN, 8
RFLERESVFEMRARE FHXMHETFL2EIEH
TR AL RS BB th FIR MOb S SR AR AR .
3.3 HENGAER
BN RERER BB
1 1—afe 22 1—ah 224
2% —af 21 —ah
ZERBESNNER 2(d +d)+ 1, BB A EE &
HMEBRE BN EEFNMECENEE d,d H¥XT
KUK, B ai=a1=0.5,do=d, =8, LIgE St M
P 3 B . BRI (4).(5) . (6), n[B M@ B I A R
FI e 2 P RE B I 28 Ho O MIEBEER H ()W
(F#% 115 1)
. 93

an

T(x)==z



BAME BT A TR Z G 73X AN B 4 iR 0 2 R 4 B 1 5
ETEABTRBRERZBR G- ETERRMN 3T, RE
T THEBZE B P RmE R B IE.

BRIE ET Petri M ITIEW I BAR 7 MBI
TAER= AT IEE Web RE B R BB RETET
ECA #L#) Web Service TAERI IR, J45 i TR AL
X . ETF ECA SN S B R LIS IR 3 TAER LI
HEBE , 3 FERE RE SO B SORGRIE TAE R M IE B T T H0
WEIH R TAEREETTH BB,

2% XM

[1] Chen Lin, Li Minglu, Cao Ian. ECA Rule-Based workflow Mo~
deling and Implementation for Service Composition[ ] . IEICE-
Transactions on Information and Systems, 2006, E89-D(2) ; 624~

630

[2] Cery S,Daniel F, Facca F M. FACCA. Modleling web applica-
tions reacting to user behaviors[J]. Computer Networks: The
International Journal of Computer and Telecommunica-Tions
Networking, 2006,50(12) :1533-1546

[3] Liu Dongsheng , Wang Jianming , Chan SCF. Modeling workf -
low processes with colored Petri nets[ J]. Computers in Indus-
try,2002,49(3):267-281

[4] Choil,Jeong H,Song M, et al. IPM-EPDL; An XML-based exe-
cutable process definition language[J]. Computers in Industry,
2005,56(1) .85-104

(5] FEMW,R¥ —HEBREEEOTIERERTEHRI]) &
33 ,2002,13(4) :833-839

[6] B, 85CHK, kiR, % TN CHEINHRSKALD] &i#t
2#3%,2003,14(6):1013-1016

(L#% 93 /)

WA AR AR (o =00 =0. 5,3 B, 0/ 4.1 5 BTR.
By XD (®OFS), F R B REFHRNE S RS
HAPRBIRIESS Fo (D MREBIES Fo () MR
PrFfE (a0 =a1 =0. 5, N; =2,7 B, n & 6 f1@® 7 fin. W
Bl 4—E 7 W15, BB K TR, 38 A% A I8 SRR
HERERARTIE , SO R A/ . MK B B B AT B W
Ait, IR SR R K X LR R EH — S BRAEE. B
B 3—F 7 #H—HU388 T Hh 258 i B8R T QMF IR A IE
ZHEMBITFERAE.

& 2
2 05 £ 2000
L3 &0

20 3

B0 g 000
b & -6000!

olr

B3 EIMRANBEREESHEMSE

- 0 -~ OR
a20 g :
' g
Pop] g
I T S S N A W -600l
-6000.10.2030.40.50460.70.80.91

00.102030405060.708091
olr olx

B4 SrHrdRB R P AGE SR P B B AR R AOAR A A 1

[,

) NP ssuniin é .
= 0. N\
k| 2

E 40 2 200} -
20 2

b Y, IR A B 400!

00.102030405060.708091
wlr

B 5 SRHraB T AR o ol I AR B R SR A AR SRR 1

= 0 - 0

g 7

32900 & -500

g 3

g 401 "2 -1000

o3 § Dol P

2_60 ¥ I SO SO S T T S T I EE-]S I T S S DU S S W |
00.102030405060.70809 00.10203 0.4075 06070309

I

olr

B 6 LiE BNt rp %S 08 B2 Y B AR AR AU R 1

-~ 0 _ T T T T

g | T g .......

o -20} -500¢-

E 2

‘5-40- o -1000- -

E; Do 4 5

= N Co = Lo N
60 P R YY" IR R S R SN S S

00.10203040.5060.70809 00.1 020.30.40750.60,70.80.91
air

wolr
Bl 7 SREMEAR A il aR AR SRR RO AR A

B¥iF AR —F I PLEE QMF IR B HEF4H
BB . AITIERABESH, /R AR B HSRA
EIEPAE. SEGH FIR i TEML, RN H R
BNMRZ BARBAE BHBMERRANERELRATUZ
BATHERES HREMER AL L), BRI K
FHRER B ESABE RGNV, AT LUEZN.

8 X X W

(1] Ex,#/0%. S EREEMFEMNERL] HRENRE,
2000,27(8):80-82

[2] NguyenT Q, Vaidyanathan PP. Two - channel Perfect - Recon -
struction FIR QMF Structures Which Yield Linear-phase Anal-
ysis and Synthesis Filters [J]. IEEE Trans, on Acoustics,
Speech, and Signal Processing,1989,37(5) :676-690

[3] Vaidyanathan P P , Hoang P Q. Lattice Structures for Optimal
Design and Robust Implementation of Two-channel Perfect-re-
construction QMF Banks [ J]. IEEE Trans. on Acoustics,
Speech, and Signal Processing,1988,36(1):81-94

[4] Lowenborg P, Johansson H , Wanhammar L. A Class of Two -
channel IIR/FIR Filter Banks [C] // Proc. of European Signal
Processing Conf, (EUSIPCO). Tampere, Finland, Sept. 2000;
1897-1900

[5] Zhu W-P, Ahmad M O, Swamy M N S. An Efficient Approach
for the Design of Nearly Perfect-reconstruction QMF Banks
[J]. IEEE Trans. on Circuits and Systems I1,1998,45(8);1161-
1165

[6] KloucheDjedid A,Lawson S S A General Design of Mixed IIR-
FIR Two-channel QMF Bank [C] // Proc. of Intl, Symp. on Cir-
cuits and Systems (ISCAS). Geneva, Switzerland, May 2000:
559-562

[7] Galija E. Allpass-based Near-perfect-reconstruction Filter Banks
[D]. Kiel,Germany ; Christian Albrechts University, 2002

{8] LangM, Laakso T I. Simple and Robust Method for the Design
of Allpass Filters Using Least-squares Phase Error Criterion
[J]. IEEE Trans. on Circuits and Systems 1I,1994,41(1) ; 40-48

+ 115 -



