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Abstract

Consider the semidirect product group H =, K, where A and K are two arbitrary
locally compact groups and K is also abelian. We introduce the continuous
wavelet transform associated to some square integrable representations H x K.
Maoreover, we try to obtain a concrete form for admissible vectors of these

integrable representations.
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1. Introdnction and Preliminaries

Wavelet analysis has found a wide range of
gpplications in Physics, Engineering and applied
mathematics in the last few vyears. The comtinuous
wavelet ransfoom on Affine and Heisenberg groups has
heen discussed during the last decade, but in one point
of view these groups are semidirect product of two LCA
groups, Many suthuis have considered, as a general
form, the semidirect product group H = R", whers
A s a locally compact group. -

For the reader’s convenience, we provide a summary
of the mathematical notations and definitions which are
used in the sequel. For detzils we refer the reader to the
general reference [12] or any standard beck of harmonic
analysis.

Let & be a locally compact group and H H, be a
Hilbert space. A unitary representation of G is a
homomorphism 2 : G —» U(H_ ) where U(H_ ) is the

group of all unitary operastors on E, and g 1is

continuous with respect to the strong (or weak) onerator
topology, namely, x —<po{x)ue vy > should be
continuous from G to the complex numbers for each
u,v H, . H, is called the representation space of o,
and its dimerpsion is called the dimension of o. We

shall consider only unitary representations, So when we
say C“representation” we always mesn  "unitary
representation” unless the contrary is explicitly stated.
We now inmoduce some standard terminology
associated to unitary representations. If o, and o, are

representations of & , an intertwining operator for o
and p, is a bounded linear map T : H, —H_ such
that T o, (x )= p, (x )T forall x G . The set of all
such operators is dencred by C{p,.p,). p, and p,
are (unitary} equivalent it C(2, , 0, ) contains a unitary
operator U, so that p, (x)=Up, (x U "'. We shall
write ©(2) for (o, o). This ic the space of bounded
operators on H_ that commute with g(x} for every
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¥ ed7iris ealled the commutant of 2. ©{ 2} is an

algebra, closed under weak limit and adjoint. [0 shor,
Cia) s a weakly closed O -alpebra of opsrators on
H,, that is, a von Meumann algebra. A clesad subspace
M of H, i3 ealled inwariant subspace Tor o if
pix A
s oand
Lot
subsnace
under o If M =H . wu iscalled a eyclic vector.

oM forall x G I 7 is 2 unitary map of
vweH, ., the glosed linear span M, of
r=G; in H, cvelic

generated by w . Clearly M

.15 cdiled  the

is nvariant

it a nan-zers clesed and inwariant
the restriction of o lo A,

Suppose A
subepace of 2,
gy (x)=p{x )|, defincs a representation of ¢ on
M, zalled a subreprosentation of 2. One of the well

known centinuous unitary representaiions of 2 locally
compact aroap i3 the left regular representatisn, which
s cefinec by LG = U(L (G, v = L, where

for  all

L te)y=fir %}

F el (G0, A anitary represealativn @ on a Hilkert

4

spacs

e, and all
H, iz called ireducible if the crly closed
suiapaces of H, lhat arz variant undee, 2(x ) for all
4= oare {0 and B, Usually ‘he it repeler
reoresentaiion s onot imedusible. Tor mers details one
can consuin with [£].

Ler & be s locally cormpaer group, and 2 be a
sirongly conlioueus unitary ireduocible reprasentation of
2 on a Hilber space # . We wish to find a vector

in B, stch il

J'{_ <t els e s plywar =g, WpeH,, (I
whers ar i3 the l2ft Haar measuee of & . Finding such
¢ wvoetor 5 oimpossinle mogereral [13] Nowever,
satisties (17 if and anly iF [ Jew, olrly =" & <m
ar [y lwwooln =l de v for all peH,. Such a
wo is callec an admissible wecfor 3]0 The ireducioie
reprosenlation o s called square integrable if al least
ana nenzere admissible vector in B exists. TEis easy w
show that it g

denge set of afmizsible vectors in H, . Morover i7 G

i square inegrzsle then there exists a

5 unimnodular then every nomeero vestar i scdinissinie
and so (1) helds for 2l w i H

Mow we fix an admssible weclor w on lf; and
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define W, (8, = L* (G} as follows:

WoaMg)=CJl <nplglw> ,ned,, geG

where 7 —?Inlfiw‘p{g]w’ =F dg W, s called
the continuous wavelet ransfomn associated o o and

has the following propercties [3,8]:
- W is a linear sometry onto a clesed subspace,

denored by B, of L7 (G ).
- W left
represantation L {ie Wyp{g}=L#Ww Y 2l )

intertwines o and  the reoular

- The adjoint of # and B © caincide on H,.
- The Inversion formuia holds 7 e
[, nKz)olglwde =C 5
Dreline (F =g i(x ‘_||_=:Gf (¥g (v 1 \dx whenaver
it makes sense. Fur a locally compact abelian group G,
the et of all continuous characless  (zrouf
homomarphisms fum G lo T={z cTi|z =11} of 3
i= called the dual group of . When il is eguipped with
the wopology of uailorm convergence on compact
subsels of G, it 5 a lecally compact abelian group,

furoall . (M

denated by & . For example:
i Lt [2 be the szt of all real cumbers wiih ioe usasl
topology. (B.+) is a lecally compact unimodular group

-

wihinte Haar measure is e Lebeseye measure, 3 2 2,
so the Lebesoee

b

with the aairing =x,7 »>=#2°
measure is self-deal.

i1} The groups 1" and # are dual to cach other; the
dueal mzasures on them are the normalized
Lebesgue mueasure T5 und counting measure on T,

natural

raspectively.
For 7 = L' (G )M LT Y, the fanction 7 is defined
e GoBy Fied= [F(xdr(x )y and is called the
o
Fouzser transtorm o £ We conclude this section wilh
two wali-known theorems.

Theorem [.1. (Planclicral’s  theorem) The Fourice

transiorm on LVOGONLT 0Ty exvends uniguely o g
A . T o

wrdlary Iawiciry from LO(G )t LU{0). More

I':'-"EL';.I.'E."_'}J. thEre existy o measure LR 7 .:’:h.g et

measire) sueh thar for every F e V00, one has

o - 1 | . - .
Fel {0 wd |Lf ||_ = "} || . Also the inverse Fourier

iransformation iz @ fneare fzamery of BR1GY omie
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5 - . &
L3, Threse fwo fransformalicns are nverses of

gach otaer,

Corollary 1.2, {Fourier  Inversion Farmafo) &
Fol (G and el (G) thew f (2 )= (f )x ™)
Sfor a2 2 that is,

Fled= 1P drieddu (x),
for e el FF is continuous, these relations Rolid
Jurevery x 20,

For example when (7 703 the Affine group {which is
the semidirsct product of the two LCA  groups,

TR ane (R, =), the group operaticns on & are

. \ | =
(a0, d)=(uz o 4ad ) | (b)) =~ —b}.
a a

Sow we deline the quasi regular reprasentation 2 of
G on twe Hilberr space £P(3Y by {aie b Hrd

el (5 Then o oda an iedusible represenczhion

of & . Moreover a vector w2 L7 (E) i an admissible

voctor for o if f} = [%a‘w =, |13). Hencs Sora
]
we fan define the OWT W

wavgicl wachor o by

whaes o LP{R,

B g b=af  alable > !
e R

sE VI A e B oand rawrie the [nversion formula

(77 as follows (for more detaily see [15]F

'
(R

[ J. < olad ) = pla by mfb

davar da “

in this article we sy thess properiivs for the
oroups which are sermidivecl prodoct of twe locally
compael prodps. Ooe should oole that the abowve
representation @ s onol irreducible i general (for
exarale in the Alline group by replacing BSE0} with
pusizive real numbers B0 We can owerceons fhig
praltiem by Iuiitlg z irreducible subrepressntalion o
inszzad. Forthermare we investdigale when this subrepre-
sentarion is syuars iniggrable 20d kow to oblain waveler
veotors, In most cases the general form ol the Aflfme
proup is o semidieect product where is a closad
subzroup (el nevessari’y abelian) of Ho Tubr and 5.T.
Al provide 2 comprebensive study of OWT on rhess
graups [3.17.

The affine groop and Hesenberg group are owo
simple and cssential examples of the semidirest produet
graups, (aee [9 107 In Seclivns 3, we ovorview these
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vases, Alterwards we try to extend the notion of
contiounus wavelet rransform to the semidirect product
of two locally compact topelogical groups.

2. Wavelet Transform on Scmidirect
Product Groups

Throughout this section we assums that ff and &
are lwo locally compact tepelogical groups and £ i3
abelian, Mow if there exists a homomaorphism & — T

fram & to Adwr (K ) such that ”l,.'[ﬂ}l-ifh (x) is

cortinuons from A =& imo K, then XM =K under

OpSTAlONS:

(horiih' ey =(hh" x5, (x")

Chor Y =R r L G TV

- is 2 locally compact tepelogical group with the praduct

topology, This group, denoted by & =, K s called the
semidirsct product of & and &, respectively. Tzke
G=Hu K IFdpih)=dh and dvix )=dr arethe
left Hazr measurcs on [f and & | respectively and A
iz the medular function ol &, then &k pdhde s the
lett Huar measure of G where 818 —+ (4] i a
monomorphism such thal: .

JOF oy 0w et =AY 7 e b

£ ¥
YheH 5 sC dK )

Almn Alhxi=dlf}A, (A} 15 the modular

functiom of G, (for more dewails see [12])

Lemma 2.1, With the nomiions 2s above, the action of
G oon K owhish is given by T, -(y)=r, (¥)x for
{irc e, induces a unitary representation (is called
rhe quas! regular representalion} g of G oo LK),

that is delined by

plhx 3 (¥ )= 800 f(T, Y () W e L7(K).

Proof. Firstnote that 7, {p)=r_. (¥x 7). Sowe
l o~
kave olh.x ) (p =8B F(r (px ')} far all

F =K Thus

1al
TR e : 2 i e N e e e A
oo s : e e e S e e e o e

Bl o o
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.-'?{'F]:1x| ]p(h‘e e }f (,F:I
ST AGINEIS CICN VA C R STy
=d{h 1 80hy T (e, (r, (e 0eE )
=0y ) (o (2 ey )
=§ ki (e, e (200

—glth x Wy x 0 (v)

Momeowasr

2o

s = [ty
= [atm)f (v, )
K
= _”" [ WK - :||1 dy = J!}r gL }l3 av
s &

=il
Definition 2.2. A nonzero vector & W LF{K ] is
called a wavsls (ar enuivalandy an admissible wector
for gyift «f ol es L0 (G ferall f < LXK,
When K is a LA
Sk ‘|,r'? =tk )f ,u defipes the Fourer lransform

erqup, ile  identiy

of the quazi ragular ~epresentation o, Moereover fizr any

Felt K ) wehave

Az (ey=(plhx ) Xx)

L
.-"_r__l)"l_/__.rlll..:,v

o

=GRV [F (e L v Wy (om

—alf} .‘*"'._I: I;.:'I: N :’ NI :EJ'I/L'

K

I £ .
SRy e F e L, WP

k

Mow ot wavelel vestor o and f = LT (KD, we

define the continunes wavelet transiorm of by

Arefijamaal zrd Kamyabi-Gal
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It is easy to see that (A x )W 7(hx) s 4
continueus mapping on G, Also B miertwines g and
the left regular rcepresemtatien L of G, fe
W ot e )=Linx @, loral {f.x e, Now we
are Teady Lo abtain a concrete Jorm for admissibility of
g In the following theorem;

Theorem 2.3, Let .
representation of G = < K oand e f L7 (K)

& ae  the  quasi o regalar

B8 w5 g wavelat vector and ey v the Hear

meayure of K, Men

W hx )= S0 [ (e, W e dy
i

i) @ is g wavelet  vector i )=

_”-'.;}l:ra'e', ) dh e, Moreover,  in this cave
a

W.rl. =c. ¥l..

Proof. {1 Applying the Plancherel theorem  for
F oL (K ) we have:

wl,,._.l l'!' T.I' .;l'-rp|_|!"'(':].\r.r
s=8(k) L (vt Ky pix)dy.
(0 I wi  deline 7= #(war 17 when

g lsy—gis dand (g7)=¢ forany g el (K)

Then F =f “wer e U000 fama Proposition

4173 of [4]) Also by Tacerem 432 of [2] we patain

Fixp= [F{zirix)dy . Hence for any /e L7 (K]
&

we have:

Wi e

¥ 7 (5, 37 O
&

SO0 [ [ I 1w e, ¥ (o)
L

¥

U—‘ e EE»{ Yo (x 3 pd oy

a‘rm]’ (A frp{x )F (e (x o pd wde
LT

W ke = ol x
s ALY £ T, O D -
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=80k) ﬁf"[x | e
X

=80 [ | Jwwer, ) (nrar
L1

A stmmightforward caleulation aives:
(Far,- Hpl=d0h) " f (ror, L ¥ e LK) (3)
S that;

Worli= | Wor e 3k )dean
Hek

= [60r) [W o (ko) dxan

ose | d

= ;ﬁl:.l!rJ: '-I;:.r]
; sﬂj

i Jz.l"- [0
£
—cIl L.

: A
H[.,-,a ot L Mp) dhdy
"

Lo wbrain 2n irreducible susvepresentarion of o, we

-

dafine 2n action from A on K by (A )k per,.
-This action
follow, we
Haar mzasure of &

plavs an essential roe in owr work, In what
consider only this action on K, and the
is dual of the Haar measure o & .

Nutation 2.4, For any measurable subser 4 of & with
posiive measune, put

N
L

(K)={f el’(K) ; Sunp |;.':J'§_.4 }.

It is ezay to show that &5 (&) s 2 closed subspace
af £ (&1 and is ‘nvariant cnder trznslaton. Mow we

arz zoing 1o show the converse.

Lemma L5, Let & be a LCA group and & a closed

subsnace of L{7 ). For a mezsurable function & let
P
i

RS
&

be the multiplication operatar by & 10 F ds an
srihoganz| projection ont & such that PW, =& F
for all bounded measumable function b then A =M
for some measumable subser A of &

Proof. Cheosz o bdunded function & L7007 such

Arglijamaal and Kamyabi-Gal
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Ll BN
LIES!

that A(x)=0 for all x , and define @{x)=
Then FA L =M M, h for all measurablz etz £

baving finite measure. Thus the idemtity P =i,
the fact that linear combinations of
L, 1 is dense in L3{C ). On the other hand # is an

follows  from
M
orthogenal projection and hence P =Mh for some

measurable set 4 of ¢ with positive measure, ad

Thearem 2.6, § Transfation invarian closed
subspaces of LYK ) are precisely Lf, (K, for
measurable subsets A of K .

il If A is a measurable invariant ser in K | Then
I; (&) a5 o—invariaal (5o in this cose the restriction
£&oun Lj (&), denciad by p, . & a subrepresentation

of o).

Proof, (1) Lzt & =M . where M is a trenslation

invariant closed subspace of L7 (K ), then & s
invariane under the oerators __i"::'-b U.T_."'j, for all
x e i  Moreover if hel' (K then

B ()= [ (5 (r)ek
i
= [tz " WL W)

Now by Theorem 312 of [4] every multiplication
onarator M tL (F1 LK) where hel'(K)
can be  weaklv
comaination of the operatars _fﬁ = (L F J and 30 A&
M. A=l (K}, By

i imvariant wnder

approximated by &  finite linear

i3 inveriant  undsr for all
continuity of Fourier cransform, &
M,

Crsary, A is inveriant ander A5, for all bounded and

forall A=, L‘f 1. Hence by the approximation

measurable functions & . 50 by lemma 2.5, with & = 'y
N=fy,f et (&) for some
measurable set A4 of K with positive measure, Thus
Moo= L% (K1) Bollows immediaraly feom (3). B

wiz  hawve

Definition 2.7. An invariant measurable subset A of
K
invariant subset of A is null or conull,

Recall thal ergodicity can be defined for actions on
mezsure spaces and thers is a well-known fact related to

with positive measuwre 15 callec ergodic iF every
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existence of imeducible subrepresentations. In fact
ergodicity of A and Theorem 2.7 guarantze that there
isn't any nontrivial invariant closed subspace of

L1 (K) under representation g,
irreducible. Hence we have proved the following result.

and so0 It s

Corollary 2.8. A nonzero closed subspace M of
Lj (K ) is invariant under the representation o il and
only if M =02 (K ) for some measurable invariant
subset A of K with positive measure. Morgover the
subrepresentztion o, is irreducible if 4 is ergedic.

Mow we have an irmeducible representation and the
next theorem shows when an admissible vector exists,
This wvector will be a wavelet and s0 we can define
continuous wavelet transform.

By the orhit of p we mean the ergodic set

O, ={yer, s hefl}. An ergodic set cannot contain
two disjoint orbits with positive measure, 50 1if 4 13
ergedic such that @ has positive measure for some
yed . then 4 =0 2z Now we can summarize some

results in the fellowing theorem:

Thegrem 2.9. Lot G =H =, K be the semidirect

product of H and K, afso ler 4 = K be an ergodic
set with positive measure such that 4 =02 a2 for
same ¥ . Them

i} The reprocomfoiion o 5 sopare ,'_r'rre%rlrr‘-,&,fe {.i‘-
! reprorentoiio: LRy i

A
o .Ir"!kﬂ stabilizer (.},"' ¥ )8 eomaact
i) well(K) i admissible it A @(mer, ) is

in L' (H Y for almost alf we A

Proof. (i) By Corollary 2.8 the subrepresentation o, is
irreducible. the Fourier transform  from
LK) onte L} (K) intertwines o, with dnd »f

Moreaver

where [ is the identity operator and pf(f.x )

=¥(xr ) is a represemiation on subgroup &) =
H "= K. Mowsince t(4)=>0, by Theorem 2 of [2]
the representation o, is square integrable if and only if
f is square integrable or equivalently the subgroup
K7 is compact.
ity Far any

ﬂrﬁ{m oT, }J: da | then
M

wed we define F(w)=

Flwer, )= [li(wer, or,)| da
M

Arefijamaal and Kamyabi-Gal
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= ﬂu}{mnf_ )| da=F ().

Hence & is constant on A . So there i3 a constant
C} =0 such that

ﬂsﬁ[mur, }f:da=C': ae. on A,

H

Mow Thearem 2.3 completes the proof, O

Remark 2.10. Theorem 2.9 gives a necessary and
sufficient condition for the existence of admissible
fwavelet) vectors, and if w e L) (K ) is a wavelet then
we can rewrile the reproducing formula (1):

J'ﬂ <f ol x> plh,x dw d(h)dhde =C_f

finterpreted in the weak sense) for all f € L: (K ). The
direct construction of admissible wectors will be
difficult, in fact these are nor compactly supported in
general  Although for a square imtegrable repre-
sentalion  on  wnimodular groups every vector s
admissible (Exampled. 4), see also Theorem 7.29 of [7].

3. Applications and Exam ples

We preseni a list of examples to illusirate when the
quasi regular represencation has 2 scuare integrable
subrzpresentation and how our result can be applied.

Example 3.1, Affine sroups
Assume that G =({RY{0})=_X is a class of Affine

groups such that homomorphism A — r, from E\{0]
onta Aur(R) r,{x)=~rAs . Then

d{hy=#h"" and the quasi regular representation o is

is defined by

by p{h,x}_ﬁ"{y,-!.‘::?_"L =y, for all

F e L (R). Moreover @ e L' (R) is a wavelet vector

oive
aiven

fifc

SLocow or  equivalently
o b

it [ lef othx sl
W wihy .
I:,. - I —‘ﬁ—rﬂfhiﬂ

T

In this case X is an ergodic sets in itself, hence
Corollary 2.8 implies that the represenmation g s
irreducible. Also for any nonzero y € B the stabilizer
of y is compaet and the orbit of » has positive
measure, hence o 15 square integrable. Furthermore if
we replace B.[0} with B” then o is not irreducible,
since L) (R) and L) (R) are invariant closed

P :-.-_Eu'-..nqiu.?f'_.

L1
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A, =(—=.0].But in this case it can be similarly shown

subspaces  of where 4. =[0,1=) and

thal the subreprezentatinns o, and £, &re square

intezrabde | 11].

Example 3.2 AMorfan growp

For any AeSO0(n E) assume Lal @, an

automorphism on 27, is defined 4y 7, (v 1= Ar |, then

the semidireet product & SO (n,B)x, B" s
Bumarphic o the greep of motion of the -

dimensional Euclidean space. It is casy to see that for
every ¥ =(R7 ) Ihe orbit 0, is a noll set and rhere

gxists no grgecic subset in (B" ), s0 the quasi regular
representation 2 dossn't have any such irmecuciblz

subrepresantation.  However, in this case  invasiam

subscts of (27} exist, and se o have reducible
Laugeser in [14] showed thar the

whers Aoz a

subrepresentatinns,
quasi ceguiar represeiraicn an H v BT
compacl group, s 0ot square nresmehle,
Exgmple 3.3,

Lot & =E 0=, F ke z ovpe of Affne sooup, one

cex define the semidieet product & — FF = 27 whers

automarphism £, .. on #°0 Qs dulined by
Ty b0 J=lame e + 330 Motoover  for any
FTLF L BEURT Y we haves
Ho e b) el i (r o, = (05
={ig sl lay by vy, ) =(p.5, 1
lH for y, =0
(1,00 for ¥ =0
Alss

(¥}

[ BrRiy =Y lorp 20

lhus A 7 is compact z2ad (2, has pociive measure

acyeile” ) und s for almos: gl pc{E’) the

sabrepresentationg  associzted to 0 are  squars

s
intagrablz.
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Example 3.d. Hefsewberr progp

let H{R")=M"x, (R"ij be the Heizsenberg
group on K
r—71, fJom 2" into Aw({(E" ixT_‘J is defined by

when the continuous homomorphism

roipLSi=0e, Ee ™R This proup is wnimodular
isex [L1]) and a type of the suzsi regalar representsiun

of & (Z") on L: CIE Y s miven Dy
}T[i.‘.,.f?.! J_i‘r 1:.-'!.' :|=|"-E lak T ;ll-jr- (x —BTJ.

In [IL] it
intzgrable and every g < LYCR™ Y is admissinle, To see

is dirzetly shown that = is squars

how our machinasy works, fiest we recall that the dual
group of (K" )=T is isomorphic with 2" xZ, hence
foracy (p.mieB" =Z%40} we have:
B =gy e BT (v, m)eT,
=y ml=iceR" prmr =y}
=
Doy “Wyamer, iz ek}
=f{{y+mxy m):x cR"}
— A" mfm}

compact and She-orbits have
B =E Now fix m and pu
Thearem 2.9 2, 08 square

Sa the stabilizers ars
PUsilive Mussure doe. omn
wim} then by

A=

integrabie and for every woe L5 (R 12 T we have:

T J'g.-}[{_]: o der, ¥k
A

=

B

i z
- Pl - -
H N &
.1|||'l 1

1wy —mr m J iy

feowe is anoadmissihlz vector oy Thearem 2.5, therefore

we pel e saroe results o6 we consider every element of
POET N as the element of LP(E™ 12Ty that is

constant on T .

Acknowledgements
We would like to thank 5. Twarsque ali for
stimufating  discussions  and  poieting oot warious

relzreroes o us. Tha authors would like 2o acknowladge
(rancial support from the Deparment of Mathemarics,
Ferdowsi University of Mashhad and the Center of
Excellency in Analysis on Algebraic Structures,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Wol. 18 No. 2 Spring 2007

el

References

_oali 5T, Antoineg LP, and Gareau 1P, Coheront Stores,

Wavelets cnd Their Ueneralizations. Springer-Verlag,
Sew York (20000,

Aniello P Cassinelli .. Do vito B, and Levriro A
Square iztegeebility of Induced  Represeataticns of
Semidiresl products. Review e Motk Phes, 1003 301-
313 (2003).

antgine [P, Murenzei R, Vandergheynst P, oand AlST
Two-Dimersional  Wavelowr  amd Their Belofroes
Cambeidge Lniversity Prass (2003).

. Folland O.B. A Cowrse in dbsract Hurmonds Arzlesis.

RS Press, Boca Baton (19%3).

Furr H. Wavelzt Fames snd adeissibility in igher
dimentiong. J Math, Phys., 3T 63335366 (1996

Fuhe H. and Mayer M. Continuous Waowler Trangforms
froni Semidirect Products, Cyelic Repressmaticn and
Plarchars! Measure, To appear in 1 Fowrier Anad Appd.
Gaal 5.4, Linear Analysis ond Represemiarion Themm
Springer-Verlag, Mew York [1973),

Arefijamaal and Kamyabi-Gol

166

. Heil C.E and

e T et R e

Grochenig K. Aspects of Gabor analysis on locally
compact Abelian groups. In: Feichtinger H.G. and
Srohmer T, (Eds), Gabor Anafysis and Afporiteis:
Theary and Applications, Birkhauser, Boston {1998
Grossmann  A., bordet 1, and Paul T, Frongbems
mesceinied to square Integrable group reprepemtation
Generdal results. £ Marh Phys., 260 24732478 {1985).
Grossmann A, Maorlet L, and Faul T. Tronsfoces
Associared to Square (miegrable Group Represemtution 1
Examgdes. Ann fnst. Hewd Poincare Phys. Theor., 45
203309 [ 1985].

Walnur D.E, Consinuows and discrels
wavelet fronsfoems. Siam Review, 31 628-666 (1989).

“Hewitt G and Ross KA Absreacr Sarmonic dnalvsis

Yals 1 & 2, Springer-Yerlag, Berlin {1970},

Kaamwinder T.H, Waveleis! An Elementary Traatment of
Theory and Applications. Word Sclentific, Singapors
(1903, ;

Laugesen B.5., Weaver L, Wiess Gl and Willson Bl
A ghuracterization of the higher dimension  groups
gssocisted with continuous wavelers. £ (feam Anal, 13:

894102 (2002).

PDF created with pdfFactory Pro trial version www.pdffactory.com

J.Sci. LR Iran -

L3



http://www.pdffactory.com
http://www.pdffactory.com

