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Constructing Average Interpolating Wavelets Via Lifting Scheme
ZENG JianHen, M A Zheng-ming
Abstract

(Information Processing Lab, Electronics Dept., Zhongshan University, Guangzhou 510275)

Lifting scheme, the new hotspot of wavelets research, can be used to implement the existent wavelets
and to construct completely new wavelets. Seen from the theory of lifting scheme, any transform constructed by
lifting scheme is some kind of generalized wavelel transform. What’s more, many digital signals are from the
integral average of analog signals over certain interval or area. Considering the above two facts, the concept of
average interpolating is presented in this paper. The average interpolating wavelet of 2 degree is constructed and is

applied to image coding. After the wavelet transform for image data. Optimal Bit Allocation. which combines

resources consumed here is much less.

embedded quantization and entropy coding of binary system arithmetic coding together. is applied to get an optimal
as good as, if not better than, that of the D9/ 7 recommended by JPEG2000 draft. The lifting steps of the average

coding result by reaching the least distortion with the expected bits number. Finally, an image coding result is got

interpolating wavelet is much simpler than that of the commonly used D9/7, which means the computational
Keywords Wavelet, Lifting scheme, Image coding

i}

(1) ¥l GIF

Si+ 1.2k

J-%' E:% $> \/ Ao

/)

Rk, BRI SR EA R A 4 E 5 OF
A, Wi 1 .

BT i858, BE EAE S s 2 B PAN A
I 1Y 6 4y, SR I AE v o B O R, s S
Si+ u’)’}ﬁkﬁﬁﬁ%ﬁ'ﬂﬁ} Si+ 1,26 11 Sj+ 1, 2%+ 1. “‘P%’H:‘” ,’JJ\IU

S+ 12k 1

\ -
A

SRR FN

(2) T
F)‘_I‘,.‘III

lH

JIE s oy R TS 5 W R A S VE. 2 1 38 g #
E‘%%(Merge) , B Sj+ 1, 2 01 Si+ 1, 2k+ KA Sj+ Lke

TOIN, w2 AR 43 i+ 002 SR TIN5 358 49
U5 B H#8: 2001-02-12; 2= H #3: 2001-07-19

siv 2ks 1. W P ] s PO S5~ D) ¥l i 25 Ay
dik= sj+ 12 1= Pl sje v ] T FE 2 T30 1), BIfh



370 b [E B 4 [ e A ik

BT AE(A W)

si+ Lodi  FT P ] AT BAPKES sjs 10200 1
si+ L2 1= djrt Plsie 2]

(3) L

JITUE SR, it B IR 22 oK S A
I3 sie o WER UL ] s BB 51, W S8 J5 145
TN si= sievat+ Ul dye]. [FIFEHD, 585 ok 78 40 /2
ey, BRE s endi o AN UL ) AT RAVKRE v 1, 20

si+ Lu= sj— Ul dj.x]

Pt U s B R AN AR )2 K

(1) 3T 2R S BERAT 1 /) ke A2 46

LT, IAT 1 /NBAR AR Mallar 5 >k
SRR, 75 Mallat F%rh, {5 5@ B RUG, Tk —
(1) PSR T RE, XA, BRIk
TEH . TS AR AEX 7 T M allar BT
Tk, T3 3] JPEG2000 (¥ 8K 24254k H i)
R, S EUAT /N AR A, ST A S — sy
% AG S AN R TR, HEe TR H /s
W, 1055 R A T AR S AN N AT K.

(2) FHAET1HE SCRAL I (1 7N

MBI ERUL, AT AT — P A% Ao A —
AT SO /N NATT AT LIRSS B 0 22, a0 i 4
HE T 2 1R 5 AN B ZOR A 38 B 1) /i T 3R T4
XM AE & Sweldens 115 2K 35 5 /& “ Building
Your Own Wavelets at Home! 7',

F, ST A gia R AR P AE S 1 MR IR
L B TR SOk ST ELIAT 1 /N AR . sz,
T 2 AN E IR IIE R M 5 58, AATTRT LARR A
U i ZORAIE B SN

1 ARG NRER
11 RAERSMAMNE TS

Daubechies W, FrAT H M allat 523252801 2
WAL ] LU I T Ak S JPEG 2000 45

HTSEI DY 7 RREifJ\‘ﬁii‘jEifé}ﬁ%’iﬁ%ﬁ( ] 2):
| -“j+||,2k K Y K p iR
j%’ el A AN R WA AN
A A 4

Sje 1,2+ 1 1/

B2 DY 7 XUEAS /N $ETHRE )
Hrf o= - 1.5861, B= - 0.0530, ¥= 0. 8829,
£=0.4435, p= 1.230".
FEAIE V-SRI B T Haar /N

A g, ST SOKR SEDL Haar DA, H i 75 K
1 7R AROHEZR v, ST 3R S S B

Pl']mn'l Sj+ ],Ekl = 8+ 1,2, Ul'laarl dj..ﬂ-l = dg&
XA
()fj"k = S+ L2+ 1 — PII:mrI Si+ |,2£'| = S+ L2+ 1 — 8+ L2

Sjik = Sj+ 1,2 + UH;..-.-I dj.kl = Sj+ L2+ d‘;
_ Sie L%+ Sjw ) 2k
- 2
1.2 #EABKE NRESR
AT I PR R 8, AT AT — T i T s 2K
RS B A (B W E T — AN NG RN
SCANEE T LA BT T ) 20 R Af 2 -
(1) Wxo0< x01< < xox HEHIEK+ 1AM
BEFEAS KL, I 3 RIS e R A X SR AC A
| x00< xod</ - < vou |

|j:j+ ],K:2K|

L

(2) X FaE—AMREA R

Xj+ L2 = x;_XAyL 0,1, .--,K |
v

|ﬁfi)\.tj.k< Xje 1,2 1 < X 1, k= 0,1,

K- 1]

K3 FEA RN

Xjgkys 0= ko= 2ok,
1 k= ko

YA
0 k#ko A, 7

3T M A (WL 1), 3B E 4 Fros i
Sk, AN B IREAE. T, 24 + oo I,
BEAAE 57 )40 265 22 T AR 2R 1 eR B0 52 SN 5 FEA
K %0k T R BRI By (1) -

\\ Sk
Si+ 1Lk

=
d}-_‘. Synthetic Part of Lifting Scheme

jo=0,1,2,.

% Sigh= Ok k=

Bl 4 B2 T SR AN 10 4 i

(3) TR — AN FE A T Xjgkys 0= ko= 20K,
1 k= ko

‘=0!l!21"'9 . Sig k=
a 0 kZhk """

2 digk= Ok-ry= 0.




554 0 W@ 55 5 AR T R 3 — YT SR /N 371

ARG, AR TR U A2 (I 1), kA5 258
PIREAAR 500 10, TR, FFEAS KL a0y FHOR I SCAN
B e XA

;o"o(x) = ZSJO LB,

iﬁ&xﬁfH$HMWH%%meﬂ%
Pl o | gy ul o | (i 8 K s A5 e
(RS, T AN 2 2% FEIX AL I 8 B 2 77 A — M A fE
) SCoNBE . S BRI 2l FH, AT 06 R 25 3R 5T
A /N ?

2 FHERENETR

2.1 FHBEOBS

-S89 3554 10 ABR 2 B0 T 5K R 1 52, B VF 2 BT
15 T A ERIR T BERUAE 5 10 K AF, 17 A2 S I T B4
{5 B AR AN [ BN R R PR, i,
VE £ () R B MBS 5 g R f () 7F

perl| £, | gy rat

ek x)

=l
Sjk = 2"Jlf(x)dx
:
A RR £ () 1 s R,
%ﬁﬁﬂiﬂ’]ﬂi‘ﬁl%%%ﬁﬁ—ﬂ\h’ X2 p (x)
e £, AN F
enlh FEH’J}JE%MB;J_.
e
Siken= 2 p(x)dx,n= 0, £ 1,..., £ Aé"
L, oz
¥ 2
SRJG, B p (x) R TW £ (x) 762 X [
ey m]zﬂ+ Al Lyt
ey
siera= 2" p(x)dx
%
Fl
sjie k1= 27 'Lp(x]dx

2.2 OREHIRENKE TR
SRR /N AR et A B ST X ok sk
PG, B 5 R PR /N AR S i FE R 4

A
FhY
A
A
P 5 SIS AN I TS =X A5 4)
o7 pal o | it L

P.-\ll s;.x—l = S+ L2kt 1 — Sj+ L2%
T, M d= O, f
J:é’-:tj: Sj k= Ul{;u'rl Si+ 1L 2k+ 17 §j+ I.Zkl

= 8= (Sj+ 1.2+ 1= Sj+ 1.2%) = Sj+ 1.2k
N s 120 1— sj+ L2 Pttacd] Sj+ !
= Sj+ L2+ 1— §j+ 1.2kt Sj+ 1.2k= S+ 1. 2%+ 1
XL, 2 R OIS AR /N D AR e, A %
W)
pl(x) = o’ + Bz + ¥
IS TR PP PHE R N o p?
—/NHAT) BT
|

sig-1=|p(x)dx = ':IS'O(+ é‘ﬁ+ y
%0
sik=|p(x)dx = %OH 'g'ﬁ+ y
i
( 19
3
sike1=|p(x)dy = FA B+
! 4, 3 2
5
0.5 = 15 0.5 Sjk-1
= -2 3 -1 Sj.k
1.8333 - 1.1667 0.3333! 15 4.1
T3, A p (x0) w7 EATIUINAS 576 DX TR) RS B2 _E A AR
7P H:
l+J2'
19 35
Sjv 1.2 = 2_[ p(x)dx = 1‘
| I 12 4
Sjk-1
=[0.125 1 - 0.125]
Sik+ 1
[ 37 1
Sj+ 1,2+ 1 = ZI;J(x)dx = I 1‘
21 12 4

=[- 0.125 1 0.125]

S k=1
Si.k
S k+ 1



372 b [E B 4 [ e A ik

BT AE(A W)

&

P.—ul S;‘a-l

Si+ 1L2%k+ 1 — Sj+ 1.2

Sj k-1

[- 0.25 0 0.25]

Sjk

8. k+ 1

L
Sj+ 1.0 = 2jp(x)(ix: '115 _411- I||§

55,0

[1.375 - 0.5 0.125]

Si.1

2

Sj.
1
2jp(x)(1x= }75 'i' l||a
L
IB

Si+ 11

§j.0

[0.625 0.5 - 0.125]

Si. 1

8.2
7}

P.-\II Sj‘kl = S+ 11— S+ 1,0

=I- 075 1 - 0.25]

MR A LS R, i

B2

3

Sj‘jf- 2

2+J.)'
Si+ L2M-2 = 2.[ p(x)dy =
2

Sj‘jf- 1

[- 0.125 0.5 0.625]

Sj.M

3
91 11
2jp(x)dx= ’ 2 4 1‘

2+J2‘

o
B
Y

Sj M- 2

Si+ 1,2M- 1

Sj M-

[0.125 - 0.5 1.375]

o, M R I AL B
XA T RS A5
£1 Pu[* |HTEER

S k=2 S k=1 Si.k Sik+ 1 Spk+ 2

K F (k= 2) -0.75 1 -0.25
Sl -0.25 0 0.25
AN (k= M- 2) 0.25 -1 0.75

3 FH/HRENEERRS

SR /N P B i) TN e P R . /)N
G2k (P S 7 AL — S BB /N A ey, — 2
GNP B ARt AL AT R R BN
BN FH A R B E RS R SAE) |

e Lena EZ( WL 6(a)) il Fruits BEI%( W
K 7(a) ) 73 REAT R /INEAZ BT D9/ T XUEAL
AN, AR SR AR A RECIEAT G, LI YA ) i
AR A E (K 2) . AT 2T, XS
AN [ /NI A 45 2% TR R (R i) 7 3, BRI 188
It LR e dm b A X R gt vk e — A
H AR A, AR 5 i H Fr it 32 220 % A EARe 2 i 7
&, IR PRIGAE A5 e LU 5 R ) EERF 20 B 7 6. AT
SAE— i LA 0 C 7 S8 IR AR £ e LU I, R i
e B R B RS AR G i S5 1 . IX R 7 VR
W J% 1% QN I o =4 ( http:”www. cs.
dartmouth. edu/ ~ gdavis/ wavelet/ wavelet. html) .

% 2 Lena #0 Fruits B & BRI R

Pl %k 4ii tE
8 1 161 32 1 64 1

DY/ 7 AUEZE/ANIE(dB)  33.85  33.66  31.09  28.97

Lena TR F6(e) E6(d) E6(c) E6(b)
AN (dB) 34.45  33.64  31.41  28.20

DY/ 7 AEAE/NB(dB) 41,58 38.45 36.40  33.94

Fruits S | K 7e) E7(d) E7e) EI(b)
AN (dB) 40.83 37.74  35.80 33.15

Sj.M

P.-\|| Sj..{-l = Sjs L2M- 1 — Sj+ 1,202
SjM-2

=[0.25 -1 - 0.75]

Sj. M- 1

Si.M

R 25T DY T RUEASAINBA Y- ddi i
INEEX] Lena B H Fruits I %317 46 04 1) &5 .
M 2 F1 S R Es vT UG 31, — IR 46 (8 /N i 1]
St 45 5 DT RUEAS /N P 5 2 bt 1) 45
BEAR S A, MIRTH& A R A, —FE
AL /NP AR e 1R S I LI 5) 2D EE D9/ 7 BUIEAL
NP ) SEBL(ILE 2) T A 2, IR T
T .



55 4 3] W 8155 A8 P T e AR 3 T S A A e 373

(c) Cr= 32, PSNR= 31.41dB

(d) Cr= 16, PSNR= 33.64dB (e) Cr= 8, PSNR= 34.45dB
Bl 6 — TS/ i 2 450 P 5 2 h 11 445 2R

N -
-n- - Py \. ﬁ‘ ..
T ot AL A NS e

(d) Cr= 16, PSNR= 37.74dB (e) Cr= 8, PSNR= 40.83dB
Pl 7 OT YA /N e A 4 Pl 5 A i 1) 5 SR



374 [ 5] 5 B 27 R

97 H(A R)

4 45 it

(1) $ETHAE IS /N P FE 8T 4 i BRI
FEARAL, PETHE X0 T /N (P, D11t gk
KKHRE T /BTG VTR I SE Br B >R add, ML
F M allat 53325 S0 1) /)N 38 A2 4 40wl DL A 4 T #
ARSI, 17 HA AT ik S R, R
H T AN, 8 T R0 BB 1) P % g i 1] B A 74
JPEG2000 firi%k H.

(2) $&THHs s A A A IR, B
PETHAE 2R ST AT 1 /N A8 B A F B2 T A ke
BN RS LR UG, AT AT —Fh b A% )
PG (BCH U E T ) — AN ARSCE T R AR
TH& 2 e B e SR/ PEIRGEFE. ANk, 3 T
MRS B B R AAT IR 6, 2 B i — g1l
BRI U, SR T E T 5 /N e 2

(3) ASCH) 48 T A% 3k S B KT 3 4 4,
o, B P 48 T b 2R M i — UG /N, R A
IXHE /NN T S ga i, BUAS T 5 JPEG2000
HEXE T DO/ T XUIE AL /NP B 5 G it 56 A — 3501 45
B ARG, OO N R R T A% SR L DY/ 7
RUIEAE /N R FE T 2T A 22, I kA LY
THE Bt £

% X #

I Wim Sweldens. The lifting scheme: A construction of second
generation wavelets[J]. SIAM J. Math. Anal., 1997, 29(2):
511~ 546.

2 Wim Sweldens. The lifting scheme: A new philosophy in
biorthogonal wavelet construction| A]. Wavelet Applications in
Signal and Image Processing Ill, Proc. SPIE[C], 1995, 2569: 68
~79.

3 Wim Sweldens, Peter Schroder. Building your own wavelets at
home [ R/OL ]. Wavelets in Computer Graphics, ACM
SIGGRAPH Course Notes, 1996, http://em. belldabs. com/

who/ wim/

4 Mallat S A. Theory for multiresolution signal decompositions:

The wavelet representation| J]. IEEE Trans on PAMI, 1989,
11(7): 674~ 693.

5 FCDI15444-1, JPEG2000 [ S/OL], hup://www. jpeg. org/
FCD15444-1. htm

6 Ingrid Daubechies, Wim Sweldens. Factoring wavelet

transforms into lifting steps[ J]. J. Fourier Anal. Appl., 1998,

4(3): 247~ 269.

BEF 1977 4 Pl R S
R BRG Lt L wF 5. WES 05 1 %
BB Ak B A K

%8 1957 E4E. 1989 “E3KA B K
22 R S 5 4 R ol B Mk R A A, B
el K A L AR B R, R Y
KNS A T JLART RN N A 48 TG Y 4.






