HoBEOM Z F I B8 K ¥ ¥ #®AKRHER Vol.6 No.6
2005 4£ 12 H JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY  NATURAL SCIENCE EDITION) Dec. 2005

— T VR K B IR 7T

% %", RES, KER
(L BEATFRIAS WAMCER, BT B 7100712, BHSTFIUSR HERNESHER, /T &K 541004,
3 WEXEER, B WK T10068)

B OEIAT-HAGEFEPIREARATE, ZFEFRAYRRATETRZLALZEA IR &
K. ANTZERP R TEREERLANTNEFREFE TR, R H O F EUBE N
B AFREEHXE TEREAEXARN, EEARFEWAE, REBREGRRET RE®E
MM, A THEEE DR AR EZE, RANDKEHR T, B BY7 Mk, iR TREH #AFE
HREETFHRITEWRFEERTELED

g MR T EREEESRA £

FESHEE. TNOIL.7 FERARINEE A SLEHRS 1009 -3516(2005)06 -0052 - 04

INBIR AR /N R R S AR E, BEREM S ZAHXNMRC RABRE NN IR, NKIE
BRI IEACHE , X PRt , B, RSN ESMEARNLEE R EXEER, Sweldens 5| AT
Lifting scheme /NE AR , HLFR A58 /N e %E%%ﬁiﬁ#%ﬁ%iﬁd\&ﬁﬁ%&"iﬁ“'” , T A
BRBRANIAZAY  EL L, A NERAEEHN EEEEAEMN LAY . HEEREEFN
BN, BT E RS EERXS PR, TE R RBES RS, HFABERKEERLME, F L Lifing
scheme S5 ETHUREA ZAHSS &, T LI ESH#ATRIFRE, H A #ETREER G HTLEE,

A IO ERBURER A BEE TSI A RSB RN R E R/ IEBAR R , 3 W\ b3 H BE A 4 1) DL
RE A TR T MR B/ DR AR o

1 HEUEERS

FEA AR BRI R — A5, R A AT SRS 6] .

o (k),(keZ) RABEAERETEPENME, (k) = [e(b) .. e ' B—HENBHEEGFSF
Flo FAE T HAEH:

EE 1 FHUEERESREN SRR Z - B8R

(142 D) - (-1)"(1-2"1)%
a(2) =2U,(2)e() . Hh U (z) = Qe 71 (1) (1-z)? ,reN

MERF,2U,(2) 557 R 2 WAERE,IEH F,(°) B F,(F) = 2U,(2),

2 Lifting scheme

2.1 Lifting scheme /N T3y 43 %
Sweldens 321 i Lifting scheme X{{5 5 x 2+ f& i 3 AL : © 43 (split) ; @ Fl ( predict) ; @ FF
(update) . FEIRYEX 3 ZHRMERF

W7 B #2005 - 01 -25
HEEWA : BF R FRES Y RIT E (10361003)
{EE@M 4 41965 -) .5 ¥R EMA B, 14, FENF/NEIEIL RIN AR,



%61 ¥ B% . AR AR _ 53

HFABES » R BT
e, =le, (k) =x(2k)} ,d, ={d,(k) =22k +1)} ,keZ
o BEFYIm A TG, SRR FY 8 2 R
di(2") =d,(2*) -2U,(2) e, ()
FERFA TP, MWRZE & () BHRAES M DNERE
RF: AR HFFIRAETFT
() =e (&) +27'B(2)di (+)
Hef e () FRAES « BRI, B(2) FRAHEHIBEHRE, X B RER B(2) RELEM,IFMREL(-2) = -
B(z) ,AT, z7'B(2) & 2* HRHK
2.2 Lifting scheme /NETHRFIEH
M el F dy KRB « AT/ i B e A«
e, () =ej () —z7'B(2)d{(2) 34, () =d}(2") +2U,(2)e, (") ;2(2) =e, (") +27'd, ()

i @, (2) = (14U,(2))72 ,&,,(2) = (1-U,(2)) /2
e () =27, ,(z)  Fg(z) =1+28(2) B, ,(2) (1)
| W(z) =20,(2)  gy(z) =27 (1-28(2) @, (2)) (2)

He, hy(2) g (2) S BIFR R AHARAGE AR IR B RO B R, 1 (2) 0 g (2) M BIRR N EAMEE A
BB REBE R, X4 MERSER— T EEEREEARA,

3 EHIIEE AR

MR(L) FR(2) TR, hp(2) Fl g (2) 5 B(2) BR,ERT AR B(2) ,EEBM T ARMEREF.
BER (1 +27" ) A — B, (1-27")"h—mEE R, F b (2) Fl &' (2) RELRMEML, BAEEW

BRHHNRRATEN, ITRFS A (2) T ¢ (z) AARRIMER , S5 5507 kR LR
UG 1+ )T - (-1 =271
B(z) = ) (1 +z—i)2r+( —1)(1 _z-])Er
F FHRTTE Z0 , IR A J7 B R L B/INB R e , R SRR A ek 78
di () =d, () -2U,(2)e (2) (3)

e (#) =e,(z) +%—Fp(z)z'ld,"(z) (4)
B, AR pr B MARBIRELS, CREARINTNE FREHREF. AT, R LRZHA(3)

A (4) I MERLRR, T e LR B A BB B T B R B
HEE 1M, Yr =18, F,(2) =(1+2)/2 & FIR B, RIMEAESR T,' RIEFR 058 RECH

2 -2 -1 2
g = Ui () =SB AOAR S g i, B () R TIR SRR, AT RSO

SCER
z (k) =4aix(k) - oin (k-1), ayy(k) =x,(k-1) +2, (k) -y(k-1)

Hip ol =3-22 , HTASATRER F.(2),
4 UEPARRIPERET AT

FAXUES/NE BY/T X —BRK/NA N x N KB GIE—L 0, BN RETE 84 +4M (84 Fom 8 Whnik,
4M FR 4 WHRIE) YOS B, TR H T, Wl T IR AR -
di(k) =d, (k) -F.e(k+1) , e€/(k)=¢(k)-F,di(k+1)
BT pr W AR RIRE, TR AREREOF B T SR X 20 8, TR s BB AR, Fign, F 38



54 FETERFFR(BRABEFER) 2005 4

Begk F'(2) = (1 +2)/2 }KEEH N2 BMES IR, TEMEERER (14 +1M) /N2, 5E/r,p=1,2,3
%t B RS — R E RSB E OB EREINE 1 R, Z# LN GRRESHET T 7 T HKE. &
F1RCRARSEHR, T, T8 THIERRE L BY/7 2. MR, 7R 2 33 MUERMITER S, 7TH
Btk BY/7 BRI IFATAL B, £ 2 FIH TR 1 PRI AR 287 8/ (AHFW) ML & B/ K
(SHFW) (TR R A%, B B9/7 B5fsm SR -G I 49/ N B IE a8 O TH R AR 4, — O, e /DR E R AL
HRGH, SRR ARSI A ER AR IR MR, — R , 2 sm TR B I R A, ME R B A
AR E R, 5 — T, HARFEARK, /DRI SRR N, A T HRE TR, @ MR R R R E
FITH SR AE MM, BB THRE 7 A2 rh B vk 4% , B B3k B 110 B9/ 7 AR HER
#1 MNEEREELHN

A B9/7 T, T’ T’ T, T,
MR 84 «4M 84 +6M 64 +4M 104 +8M 124 + 10M 44 +2M
FHEE 6A +4M 54 +3M TA +4M 84 +4M 44 +2M
%2 SFERMNERMSSERMNEEEZNEREY
T, T, r? T’ T,’ ' T’ T’
AHFW 2 2 4 4 4 6
SHFW 2 2 2 4 4 4
5 BENTE

FEHAFE P, REEAREAR A() =o()/2logN (Hp N ZRFEAN, o’ RGFEFE,) #HTHEH
EAbE K o () RGFEERE j LS, M AG)BRE ] EMNRE. SHE—FRAER 7 /ERERE
REER, BRJE FIALHEJG MO R R B 7, SRR R BOR T A B M M AR

R T Ak R RCR  MARHERAET B (5 B #1 Dopper 55 B MEHTEHRA (0 =6, SNR mpue =4, T
1.4 fiR. Fi BY/7 MBS HURMERKIBI/ N TS T) 756 RE L HREMEE XS, RS FREMNER
H.fnge 3 fim. FI BY/7 #I T,” 43 BIXHAETEH (55l Dopper {55 M5 W E BN 2.3.5.6 Fim. MK
GRE BT BREHHIREAER LG %E, FEHRIFREE TESREDPNESSE, S
R ERE S ELE, BRI T RES4 5 MR, KIS E T RS RO, REL IR

FHANE AR I AT IR D
#3 EESNERILER

BY/7 T?
5e - T ‘ —
¥IhRE TEM L YiHiRE (=L Y4
HIEHE 7.201 4 6.293 6 7.194 7 6.314 9
Dopper {55 6.924 5 5.714 8 6,820 3 5.7717
20 20
10
0
0
~10 I 1 I -20 1
0 500 1000 1 500 2000 0 1000 2000
1 E&E{ES B2 BT EBRENEMFES
20 - 10
0 W |J L“_.\ 0
-20 . 10, : :
o 050 =00 200 400 600 800 1000 1200

B3 T, xREHENER 4 FWF Dopper {55



HmoM B %S —FR IR ART T 55

10 10
0 0
-10 s 1 1 ] 1
0 200 400 600 800 1000 1200 -10 L . . — 1
0 200 400 600 800 1000 1200
5 BY7 EREHEMES e T ZREHENES
6 i

AR CUHE T BT B R AR A R T/ AR e, B 07 B FTR IARS F5 IR JEICARRESEI, FF AT R Bk
FFBRALER , HHEAESR L . (ERRANE, BT RS ERETHEN , (I RES KR, TATERAESR
AR, XMERMES AN RLERIER T EN, RN ERTEXREIE TREROERE, HEiRE
FEARTH/NEE BT A F S MEGREE T E, MERELS, XA THE—SHTR.

SENM:

[1] Sweldens W . The Lifting Scheme; A Custom Design Construction of Biorthogonal Wavelets[ J]. Appl. Comput. Harm. Anal.
1996, 3(2) ,186 ~200.
[2] Chui C K, Wang J Z. On Compactly Supported Spline Wavelets and A Duality Principle[ J]. Trans. Amer. Math, Soc. 1992,

330,903 -915.
[3] Unser M, Aldroubi A , Eden M. A Family of Polynomial Spline Wavelet Transforms{ J]. Signal Processing 1993, 30, 141 -
162. ‘

[4] Malozemov V N, Pevniy A B. A Fast Wavelet Transform for Discrete Periodic Signals and Images[J]. Problems Inform. Trans-
mission , 1998, 34(2) ; 161 —168.

(5] SR, M0, ETT. —MEFTEH/NEERYEENBEFEE]. EETBRREEHR( ARBEMR) ,2004,5
(5) :49 - 53, '

[6] Averbuch ,Amir Z,Alexander B. Butterworth Wavelet Transforms Derived From Dscrete Interpolatory Splines: Recursive Imple-
mentation{ J ]. Signal Processing, 2001, 80(11), 2362 -2382.

(%4 | dr4)

The Lifting Scheme Based on the Recursive Filtering
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Abstract : This paper develops a lifting scheme based on the recursive filtering of signals. The lifting scheme pro-
posed operates with IIR filters and is different from the conventional lifting scheme. The lifting construction exploits
prediction operator and update operator design based on the interpolation discrete splines in a spatial domain. The
proposed scheme is based on interpolation and, as such, it involves only samples of signals and does not require
any use of quadrature formulas and is more suitable for signal processing. Finally the performance of the algorithm
is discussed by comparing the transform with the wavelet transform B9/7on denoise of two — dimension test images
according to soft threshold of wavelet coefficient. The former outperforms slightly the latter. The advantages of lift-
ing scheme lie in its flexibility in design and the lower cost in computation.
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