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Abstract In this paper the vector-valued m ultiresolution analysis and the orthogonal vector-valued wavekt are intro-
duced The defniton of them ultivariate vectorvalied w avelet packets is given and a procedure ©r constmucting then
B presented The poperties for the vector-valied w ave kt packets has been nvestigated by using alzebra theory oper
ator theory and ntegral transbhm atbn Furthem ore new orhonom albasis of space L> (R?, €' ) is obtained by usng

the orhogonal vector-valued w ave kt packets

K ey words orthogonal multvarate vectorvalied multiresolutn analysis vectorvalied scaling finctions vector-

valued w avelet packets rmefineanent equation

0 515

4 Coifnan
el a(2<a€ 7) ,
Shen' " s
Xia '
Fowler ' [10]
al(2€a€ 7) , .
L’(R, C) :
GRZ , . Z. = {n n€ Z n 20 dr€ Z,
d, r 2 2Rd d , C r Zd = {(z1, 220+ 20 ) € Z,
: 2005-09-10
(0211044800).
(1971-), s . Email kfxd@ kfi. edu en



V=12 ., d/l, Zi = [(zl, zZ...’z]).' zVE Z.,Vv=12 .. d} X, Yc Rd, aX = {ax:
xEX)LX+ Y= [x+3rx€EX,y€E Y, X-Y=fx-yx€EX yE Y

,Zi a Py B Ry Zd:pel_go(p+ (lzi)a (Q+aZi)ﬂ (A +
aZ')= @,  Ty= (PP, P,/ 7' JaZ! ’ a= o
0z ). B, B Ly . P=Tr,-Q LT
L' (R, C) F(t)

L(R,C)=(F()= (fi(th fi(th ~ fi()s () EL(R ), V=12 sr), T

FEL (R, C) F ||F||=[V2,J|fv(t) |2d]7. F(t)

J;Wdt - [Jfl“)dé szdc erd] F(y) F(o) =
t .

JF(t)exp{— i o)) d (4 ©) d
F,GE L*(R', C) F(t) G

@

[F,G] = JF(t)G(z)* dt (1)
1 (Fi(t)}en CUCL (R, C) U

[F.F,] = §,1. kn€ Z (2)

I, rxr o G Kronecker , &o=Wk=n)&.,.Z 1 (k&n)

2  F(y) €L (R, C) , (F(t—k)}cn

[F(*-k),F(-n)] = 8,1, kn€EZ (3)
3 {Fi.(t))ewn C UC L(R', C') U , (2)

G(1)E U rxr {Q }ie 2,
G(1) = 20F: (1) (4

1 ZIuHEEZ ST
4 LY(R,C) ’{vj},ez

(a) -~ C V..C VoC ViC .oy
(b) ,QZVJ = {9}, clog o r, C")(pz V) — LQ(R,L, Cs);
(¢) F(t) € VieF (at) € V., jE€E T

(d) h(t)€ Vi (h(t=Fk)}wcu Vo Riesz . h(t) €V,
cV, rXxr (A Jx€ 24,
(1) = kEZZlAm (at- k) (5)
(5) , (1) . A(w) = [—ld] DA &
a ) k€ zd
N (5) N
Ti(w) = A(0/a)h(0/) @€ R (6)
W.(j€Z) VvV, Vi , da-1 To(t) € L’ (R, C'), PE
r To(t) W, (j€ Z) Riesz ,



( ) 6 1 (2006 )

W, = closomic) Tp(dt- ki k€ Z, PET) € Z (7)
To(t) € WoC V,, PET, ) a' -1 rxr (B Jicu
To(1) = 2B (ai- k) PET (8)
(8) Fourier , (p) (@) = [a] AEZz:lB(p) g'h ,
To(w) =B (0/a)h(w/a) ©€R, PET (9)
To(t) EL* (R, C ), PE T ()
{To(t-k): k€ Z,PET) W, Riesz ,
[h(-) To(=k)] =0, k€ Z, PET (10)
[To(* )Tu(*= k)] = §u1, k€ Z, Q BE T (11)
W = closario) (To(d*-k): k€ Z') PET, jE Z (12)
W; (10) - (12),
1 To(t) € L*(R, C'), PE T H(t)
®
L (R C)= @,EZW Oz ( Ox W ). (13)

2 ZoulEEMEERE SR

Wo(t) =h(t) Wo(t)= Te(t) P* =4, P”=B" PpET,

k k

KE Z, h(t)  Te(t) (5) (8)
Wo (1) = 2P Wy(ar k) (14)
A W (1) = (1)
W, (1) = Waup(t) = D2 P Wo(at— k), PE T, (15)
kE Zd
0€ Z, a=a0+Q PET,
5 {W. +p(t)OEZpEF} T(t)
Weoop(t) (15)
(15) Fourier :
Woo(w) = P (0/a)W, (0/a), ©€ R, PET, (16)
P(p)(co) _ [_I(J ZP;P). e—i(lgm), PE T, (17)
P(O)(w) A((O), P(P) ((,O) — B(P) ((,0)’ pE F
1 F(t)€EL*(R, C), F(1
EZF(@+ UT)F (0 + %) = T, (18)
F(t) (3) :
&1, = F(~ )L F(-k)) = (zﬂ) JF( O)F (0) * expfitk ©))dw =
(2n) oy DF (94 TR (04 2m)" « 57 dw
(18) .
2 QUET, , Wo(1) EL* (R, C) h(t)



>

2P a7 (04 wn) PV a7 (0 )] = Gl (19)

1161"0
(10, (11) , {Wo(t-k), kE Z, PE Ty} _ > "
Gul, = D, Wo(w+ 24T)Wy(w4 24T) =
k€ Zd

D P [a (0+ UN)JTofa (X + %P)]7o[a (X+ 2%P)] PV [a (X + 2%P)] =

k€ Zd

. P(@[H zuﬂ A EEET IR P RS- 2”} P(L)[X v Zuﬁ )
ul # a nl Zd a a a

E PV a ' (X+ uP)]P" [d ' (X+ uP)] .

2 (TA(D)}Au () ,
[7A# ), 7TA#=n)] = R nl Z, Al Z. (20)
( ) A=0 , 7¢(t)="h(t), (3) ,(20) . A= (A, Ay, Ad)
d
1 Z., [ Al= g aw< G (6L Z-(0])] . Al Z, 1Al=G
A= aR+ Q R Z. QI #, a\ 2 | RI<1 Al ., : E 7R
(X+ 2RP)7R(X+ 2RP) =),
. L 2 (16)
£ 7 (X+ %P)7A(X+ 2kP) =
P(@[x + ZkA 71{X+ 2ka 71{X+ QkA P(@[x + 2kﬂ* _
IJEZJ a J a J a J a -
p P(O)[X + 2”%{15 ) [ + uP Zk% ”{m P Zk% *}P(O)[X + mﬂ _
u #0 a kI Zd a a a
g PV (a (X+ 2uP) )P (¢ (X+ wP)) = ).
[7A#). 7A#-n)] = B, nl Z, Al Z .
3 (T7A(), AT Z)) 7o(1) :
nl Z, LM #¢ [7ai®), 7 wen®=n)] = Dowan).
R' = Hriz([Q 2aP)' + 2akP), N= X/a , kXm hkmlI Z' , ([0 2aP] +
2akP) H ([Q 2aP]' + 2mP) = . (16) 1
[7aR+I (#) 7aR+VI(#_ n)] = aR+I(X)7al\+VI(X) # exp{ﬁm X4}dX—
1 4 . ~
e *i A3 (vt v
STt e (VTROVTROY P (N ax
1 L * M * i3n, X4
227 e { N g 7RONs 26P)7 RN+ 2kP) TP (N o & aX =
1 (L) (M * Bn X4 _
T ZIP (a " (X+ uP))P" (¢ (X+ uP)) + " dX =
(2[1))4 N)ZP]'/DI’M)'# exp{i3n, X4} dX = lLMng)r
L’ (R, C) , DF(t) = F(at), F(t)l
L’(R, C). D8 = (DF(1):F(1)1 8), 8< L (R, C). RI Z,
BR={F(t)F(1)= E M7 (= k), (M) 1 I(Z, C@’)} (22)

)35



( ) 6 1 (2006 )

r

'z, c") ={f.-z",, c” (N !rih) =g, |a,;,(k)|2<+]},

ij= 1k Zd

8= Vo 80= W, QI #. (P (a"'(X+2PL)))Qu »,

3 RI Z, D8R 8.ur
DSR-= @#98 aR+Q (23)
I Z.— {0}, j$= (A= (A Ay, AT Zi- {0):a"'\ 2y d=1i=12, ,.d)

4 [7A#-k), Al j$, kI Z')  D'W,
[7TA#-Fk), AT Z.,k1 Z') L (R, C)
(23) D8y = Q#s o

D8y =8y a#saq (24)

8o=Vo Wo= @#Wo" = @#8Q .DSy =V, W, (23) (24)

> B

D'so=D""sy ( Assa) jl Z.—- {0 (25)
Vii=V, W, D'so=D""sy, D 'W.
, Jjl Z,D'Wo = Ass. (25 L
L'(R,C)=Vo ( 2D'Wo) =8y ( ol Assa))= Ays, (26)
2 (7 A#- k), AT j$ kI Z') D'W, . (26) .,
[7TA#- k), Al Zo, k1 Z') L' (R, C)
[ ] (References)
[1] CHUICK [M]. , 1994

CHUICK An Introductbn to W avelets|[M ]. CHENG Zhengxing Translatbon Xi ar Xi an Jantong University Press
1994 ( in Chinese)

[ 2] TOKIYAT H, ABBASZADEH A K, RAHM ANM M, etal Raildefect diagnoss using wavelkt packet decompositon [ J].
IEEE Trans Industry Appli 2003 39(5): 1454- 1461

[3] MARTINM B BELLA E New mage compression techn ijue us ng mu ltivave bt packets [ J]. IEEE Trans In age Process ng
2001, 10(4): 500- 511

[4] DENG H, LNG H. Fast soluton of electran agnetic ntegral equations using adap tive w ave-let packet transfom [ J]. I[EEE
T rans on Antennas and Propagaton, 1999, 47(4): 674— 682

[5] COIMAN R R, MEYER Y, W CKERHAUSER M V. W avelet analyss and signal processing [ C] // Beylkin G W avelets and
Ther Applicatons Bosonr Jones and Barlett MA, 1992 153—- 178

[6] , . a [J]. , 2000, 13(1): 61— 65
YANG Shouzhj CHENG Zhengxing Orthogonal mu ltiv avelet packets w ih scale a[ J]. M athen aticaA pplicata 2000, 13(1):
61— 65 ( nn Chinese)

[7] SHEN Z Nontensor productwavelet packets nL”> (R') [ J]. SIAM M ath Ana] 1993 26(4): 1061- 1074

[8] XA X G, SUTER B W. Vectorvalued wavelets and vecor filter banks [ J]. IEEE T rans Signal Processng 1996 44( 3):
508- 518

[9] FOWLER J E HUA L. W avekt transfom s for vector fields using omn directonally babhnced multivavekts [ J]. EEE T rans
Sienal Processing 2002 50( 12): 3018- 3027

[ 10] TURCA JOVA R. An akoritm ©r the constucton of symm ety orhogonal multivavelets [ J]. SIAM M atrk Anal Appl
2003, 25(2): 532-550

[11] , , . [J]. , 2003, 25(1): 91-96
YANG Jamwej CHENG Zhengxing YANG Shouzi Orthogonal wavelet packets of abitrary integervalued dilhtion matrix
[J]. Joumal of H igher School Can putingM athem atics 2003, 25( 1): 91— 96



