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CL Multiwavelet Image Coding

HUANG Zhuo-jun, MA Zheng-ming

(Lab. of Information Processing, Dept. of Electronics. Zhongshan Univ, « Guangzhou 510275)
Abstract  CL multiwavelets have some characteristics different from that of other multiwavelets such as the
commanly-used GHM multiwavelets. After the multiwavelet transformation of an image» most energy of the image
is mainly concenrrared on its lowest resolution subimage. As for CL multiwavelets, most energy of the lowest
resolution subimage is further concentrated on irs first component. This implies that the number of most
significant coefficients to be encoded in CL multiwavelet image coding is approximately one-fourth as many as that
in other multiwavelet image coding. However this characteristic of CL. multiwavelets as well as its potential
possibility of application 1o image coding have not been mentioned yet. In this paper. we first reveal this
characteristic of CL multiwavelets from theoretical aspect and experimental data and then apply this characteristic
in CL multiwavelers image coding. We have achieved the results better than that of GHM multiwavelet image
coding published so far in terms of compression ratio as well as PSNR.

Keywords CL multiwavlets, GHM multiwavelets, Image coding

T—#FESFACL 2MBERHAHE D RERRS

il

3 F k.

ENER—FHNOE TSN HEX
FREANDEMEEER 2PBEFQLEHETD
Wz, BAEE - ERREXR ERAEHERE
Mg GHM 2 EREPEREAMENE .
ENABRA T EREMNE o —EENEITRIA
J.CL £#MEIRBHBEHKRERRIN
¥ B XEME CL ENFEREFREER] L8

W B 2000-05-15 1 3 B B 8. 2000-11-09

1 #MEERKTHR

1.1 mRESHENEESR
Ji(m)
—4ABRESF=| | BEIEEHR
fx(Tl)

ARERARNT




BIH

Fio(m)= > Ln—2m)F(n)

T "
FHiqh(m)=Z]H(n—2m)F(Tl)
Jiﬁﬁ F(ﬂ) =
DIH (n — 2m)Fig(m)

HA LM HOERRE K XK HEE. 2114 8%
71 28 0 8 1V 588 R R 5 O O B g R M AT L X L K
ZEPMEFUEHNESTR EEESHED,
GHM £/hERMCL £NBEHRE K=2 0/ ¥, &
TIERBRE B L) F H o) T 25 7 22 S 0 B 2.

MBESHENETHRNETHLT AR 1
F=R.

Frow(n)

e R A ey
()$ }(n)
NI N )

(n)

Bl ARESHEEERARES

DL (n — 2m)Fp, (m) +

1.2 BRMEIRER

ENREHABATARES Hit, ExtER
HATE D E XG0 AR B RAAT R ETAR
B, REhed i BREm BRI, HE—
R RN B 1 AR 5, B AT £/ B .

N e NXN

ayva 4n,e "t AN

HE® P, 0, R R BRME <. <N, 4 HE
RAFTENFERNLBRNT .
() ATRNE R
HEWHANE—

58
Ay (n) = [ i%si = 1,2, ,N
Q.

SRR RT Airow (n) HEFT R R BB TE

FETEHNFXAGRTHR

Qi1

= 1,2,

bin
Bion(n) = >, Pulk)Auonln — k) = { ]
[

’%vi = 1’21'“’N

HAL P ()R 2X2 WM. R R
SO 7 R SR T 0 B AN R B
&L BERT MR E KB GHM £ /0 A
CLEABEFBENNERERTEES WK

n = 1,2,-.-

RAE%.CL 2 HAEAREN 663
F.-TE.SUAWESBE.§

A Ayt Qe

A Qg @y Tt Apw -
Ay, dxs Ay n )
b 1.2 by v

B— IR 2.2 by
by buy v by

(2) PRI B
¥ BHE—F, ETEN AR M RES

b 1 N
Biy(n) = [ 2-'5'2,,,. ],1’! = ]’2’-"'E'i = 1,2, N

C.y
fg"ﬂ.:}'
9%:1.7—1'2‘"‘,”
TE.EUIMNERE.F

by b o b
b by o by

X'T B-cdﬁﬁﬁﬁﬁmﬁ{

Craln) = D P (B)Bi(n — k) =
k

n= 1,2,

bry bug v buy)

i1 € v O |

€21 Caz " Cpw
C= x - - +
H : " H

Cxa1 Fng ™ ONN
(3 FTHEHEMEER
BCHE—fT.ETENFRERARES

Cin N . .
Cina () = L : Sei =12, N

g

R Cooon () HEAT B NGB

J;ﬂ = 1,24,

Ch(m) = D L{n — 2m)C,n(n) =

N1

FTR.23TFranEhEER.F

mo= 1,24,




Lt o R R WAk KR

CLi gLt | A 18 R

£ Enoa [P | s Fra Wy
C= >
' i Wy !
=
id LN (SR
' '
i ey "|r' i !-e,_, Wy @, n

.' 4 "o
L bk ““ U3 0 o WL B < o

o Bl 0 e
W T T A A R

|u_. ML
et o g e | T\ LH HH|

o ikt
Clnl ) = O Y = i
[y

o
b

N g
= fRyeeny e 1Ry 2
VR g =1 TR

SRR Cla O A Ol Cay ity 2/ i B

L= |5 mg i | e

Gl
Ll 1 ¢ | pe A 4l
Cistm) = Llrtr.- Pl i) = . It " tx folt
ko H L [ 14
& ‘ LI 1
i - ]
Cid(m) = > Hn 2o 30, ) . | T == HH —
i L LY M H
it [ LU i It L

e L iy i

Cailm) = Ei.iu 2 dCH () =

B, ‘ ERENSHOMEHY HEETERHD
T B A A e, (o R R I R R Y LL

Cmie | S J— ol e b I

E-:I'I,'I!J (m) = j::f“l! = rf.‘:iﬂ](‘.‘,’.ia(ﬂ} — gl : _Fl:g[gtﬂ{-m ‘T'E TTng\ :& &'mﬂ“ ki,
" : B o2 & HOT AR GHM &l fl CL &
i3 ] 5 N A 51220312 J/NY Lena [ 317 5 /Ay i F §6 o)

¥ -~ E
+ iR
1 H iR,

T R A Ay e 2 R B I B R

(a) Lens 8 thy Bt GHM S B8 Lena M () B CL S BT MY Lena 1682
B2 %Es GHM 1 CL S EUFRAY Lena B



Baf%.CLEI HEARNSE 665

2 CL &MEERH

LB IR BN B R A —
NXN RANERELE NGRS SR 4 6
SRR A 6 T
(LL.LH.HL ¥ HH) , A B TR Lo Blif— 4
sy o < Trhes g s

LL(]) LL(Z)]
LL =
LL® LLY|
. [LH® LH®)
LH = e
ILH(B’ LH(A)J

MWHE 2 (B FiEm FE BRed GHM F/h
EHHRGLL TESM 4 D54 BE M EH AT L.
Mg st CL £HEEHRELL TRZM 4 0B
e AEE— 1 REGHIR. XRA ARed
CLENEEHG FERMNERAEHTLRETR
EaBENTFES LL E.MHEM#E— ST ET
LLFEHEME—T4RE LLP k.

#1EBHTHYAEGHM £AhEMCL B/
Xt 512X 512 K/H) Lena BI& AT 4 IRE/NHER
EREABRTER LL K 4 T BNERRE.
M1 A GHM # CL &/ B3 Lena B #HT 4 XL I

RHERHLL FEREER 4 3RO RNIE

L FEpme LLTEHREMHRNERZH

LEEE HELBERY
BN LLEY  LL{®  LLP L

GHM & /Mg 97,31 44,76 21.80 22.24 11.20

CL #/ME 97. 36 96, 53 2.51 0.62 0. 34

AEBIHEHBRETUEI A REMER
GHM #/hEFRRERCL /0¥, BEEX 4 KE
NEBHRE, XU LR RRR P E LL FEAR
Fi MBI ETURE, IMREHCL E/hELL T
BEEHEXHIBRIXF—LEFOKULE
LL FHRRHE 1 T2 RELLY £ XRHCL £
MEELBERCENEHRZE N GHM £/ K
B,MEMEARKERL §FHREREARNER
SHRLEBAEHEERE CLE M RELRER
CROBAEE . RERABELMELERBYR

Ao WERESE LSRG K.

B CL £/ BRI EMNS BETCLE
AEEREBTIE HBECRERESMRES#H
BRTEEMAToBENAFE HBE 5RO LR
SESENMERSHFRER. CL £ ERRS
BHERFESBRUT,

O HEASEH#TERENETR. BRENE
THRHKEHL KBRS BRTHSORTHRK
B HE CHATHERLEMZH>. Bk, £
METFRHRBEFAFRAEMT. T 4@ 512X
512 KAVKHESR, EDEERMKEU I ~1 WAE
CFF CL &NEFRIR XS T 4~5 WADED
#.

(D MTFREIBEFEHENE—SR LL" 4
A E M TR, & TR A, J ol
R K R RN RIS R R AT SRS,

(D EBRAIBBETFEHEAREI MR
(LL® LLY #i L) MR b SR TR
(LHl-HLnHHl‘-")—E?ﬁﬁ%. X»TEX%?EI%%E‘%
HEMNEEREFRERYAEEE B, AFEY
BUE B R RYOA 1T RIS, T T4 e B R # X
SRR RTESHITRENESERE.

3 AEOXRBRER

(1) Lena ERGL2XIDRBEIBRER

B3 &t THCL /B ERKHETEX 512X
512 KDY Lena FIRBITHRVPOER. R2 HHF
XHEHRBERSE Strela FAR MK GHM £4h
BFENEASSBERT LR AR 2 8. R E
HHAGRETE. AXFTENRBEERELT
Strela % ANRBFEHHHRBER.

$2 BRI MG

R 431 8+l 16+1132¢1 6411 128+1

® L 3:4

(dB) 35,3 3.8 29.4 27.1

ZR[11MF

EXMFE f%;)bt 42.5 3B.7 35.1 31.9 25.0 26.5

(2) Playboy Bl (512 X512) B ETRE R

M 48mT CL 2 EERKWEITER 512X
512 K/M#) Playboy B R HHIT MBI 4 2, LR
REEERMER.




WoedpiA B

(e FESFLE 128 0 1 pof M EE by MRS 40 | At Ced VEERI R M ER

[BINB= 16, §dB) (S NR=Pudp) LPENE=11. 0415

) HREEE 150 1 MR A Ce) FRAREL 80 1 ROIEHES U R 40 | it SR

(PENR=33. |d8) PSR =38, TdB) [(PENR={1, Sdisy

B 3 Lens B & A CL 2ol s ds o sl il fr S it

B : N AT 4 =
fn) PLAYHOY 38 (bt JEHiEL 640 1 PORM A & fod JREEIE 42 4 | oty W B R
TSN R 2y 6B CPENE = 20 8B

Gy BHEH: 150 1 e B fed JHETIE B 1 PR MR (0 TEHE e | B R
(PENR=43. 5B [PENR=38, 7dE) (PENR=14. 4dB)

M ¢ Playboy B8 CL &/ 850 B ok F7 S 65 a0 5 3



B8 EAf%.CLEZ ) EERHD 667

4 & it MiR.S/NERER. ERIEER
(WHERMES/ EEHEEEROCANETS (1) GHM #/NEFRBEMN LOOF HGOMT
B2 B BN T EAME bE. —EESS 3 4 -
N BT AP 484 R R 25 6 A7 1 R R R L0y Lx vz 5
SAWERMTES. THETERLERRAN R L 1 __ 3
%, 5 E R R T & 0% B 0k AR T LU 20 1x 'z
TR B0 F 0 4 e 7 ) ) B 8 R T L 56 o L 3 0
31 T .89 7 7 B ) 5 I 4 A SRS (R L= {”X i
BEi#REAAGIFERA RO ZRESTE N % 7
I 3 4 0 8038 " .
()RR AT IR AT R G R B T R R =1 g ; }
B R L RSN R AR SRR, 4 X 20 low vz
SHNBERE I ETHEE RN EERN TR S0 07
B AT B i R LIRSS A 4R 3R 10 L(B)ﬂ—i OJ
X FMEL DB ARROAIREE —ZNSH 20 . \
#r 1. = :
(DESEECL FNEESROE . FERE Hch 0 wxv/z
AXBAERBRFERESRETHROF 1 —
ARE ATRE I BRFEENER, 58— S .
A BB AL B GE L, R B R R B (L 0 7
D, E EERHBN, ML ERESRETER H(D= 9
HE— A ESHA 3 A4 RE I TARRE hox ST
BEHBRRTES S — AR, EREE s 3
XREMCL ENEERFBHRMNERBE. B gare| 2 10 .fz‘J
ShEEN K FERTRS BEENRRB, LS L 9 3
RTHR N LH HL A HED W& B AR lox /2 10
57 % AR . ( ~% o
H(3)=
g EIM B L oJ
10X+ 2

1 Geronimo J S, Hardin D P, Massopust P R. Fractal functions (2) CL %,\hﬁ};ﬁ.%%m L)% H(n)Il[l"F

and wavelet expansions based on several functions, ]. Approx.

1 1
Theory, 1994.78(4):373~401. T _—'_—]
2 Chui C K, Lian J A. A study of orthonormal multiwayalens. LD = 2 ﬁ 2 ﬁ
Applied Numerical Mathematics. 1996,20(2);273~298. ﬁ _ ﬁ J
3 Strela V, Heller P N, Strang G et al. The application of 4 ﬁ 4 ﬁ
multiwavelet filter banks to signal and image processing. IEEE L 0 1
Trens. on Image Processing, 1995.8(4);548~563. Ng2
4 Strang G, Strela V. Short wavelets and marrix dilation L(1)= 1
equations, TEEE Trans. on Signal Processing, 1993,43(1): 0 2 ﬁ

108~ 115.

5 Shapiro ]. Embedded image coding using zerotrees of wavelet
coefficients. IEEE Trans. on Signal Processing, 1993,41(12).
3445~—3462.




%6 BA R

668 TEESEPEE
1 1 0 0
VT T L5 10
42 4 2J WOECLENERARENRTEEEE P
[ 1 B P )G RIS
22 2/2 Y 1
H()= \ 4 1
~1 1 P.(0y=
L 42 442 | L 1 1
1 0 1++7 1+ v 7
Ve } IPZ 1+v7 |
H(l1)= :
0 \/7 Pnsl(o): 2
L 2 /7. {2 1+/T7
2
{ 1 1
2vV2 2J2
H@=|" .
' WEE 1974 4 B L KR
a2 477
(3) 5 GHM £ /Mg AL 0N BRI P.OnR z;gﬁ ;:j;f;f L BRI
FEERE P.(OWT '
3 10
| P,E(O)—{sxfz_ 8X v 2
0 0 ,
BRI 1957 FE. 1980 EHWERX

FRANISEREH T WL EM R
RPLKERTFRRUMBE TERAAKE

3
P.(—1)=8xX+/2
0

Sp/NESH BT 4P LA A M8 TR 4.

1

0 1
PWl(l)z{O 3}

10




