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Abstract

Haar and Shannon wavelets are the simple and fundamental wavelets on L?(R).
On a Euclidean domain, both the wavelets are at poles apart in the way because,
Haar wavelet basis is well localized in space but not in frequency in contrast to
Shannon wavelet basis which is well localized in frequency domain but not in time
domain. In this paper, Haar and Shannon wavelets are constructed on a locally
compact Abelian group GG having open compact subgroup, using multiresolution
analysis and established that both are same on G. Also, the proposed construction
is illustrated using examples of locally compact Abelian groups.
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1. INTRODUCTION

Wavelet analysis is a recent development in the area of pure and applied Mathematics.
It is an exciting new problem-solving tool with a wide range of applications. The main
goal of wavelet theory is to create a collection of orthonormal basis functions which
are used to describe a signal. Alfréd Haar was the first scientist to construct a wavelet.
Then a pool of mathematicians including J. Morlet, A. Grossmann, Y. Meyer, S. Mallat,
I. Daubechies and many others have developed different wavelets.”!!:!7-18 The concept
of wavelets is then extended to R" as well as many other topological groups such as

locally compact Abelian group.!:346.9.14.15

There are two methods to generate a wavelet system, one is using multiresolution
analysis and other is using wavelet sets, in which multiresolution analysis is a key
ingredient in this field. The multiresolution decomposition seperates components of
a signal in a way, that is superior to all other methods. Wavelets are better signal
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representations because of this powerful and flexible decomposition. This is the
motivation behind the application of wavelet transforms in a vast number of areas
including molecular dynamics, astrophysics, quantum mechanics, signal processing,
DNA analysis, climatology, image processing, speech recognition, computer graphics,
etc. Michael W Frazier!® explained the method for construction of multiresolution
analysis and MRA wavelets.

Haar and Shannon wavelet are the basic wavelets on L?*(R). Haar wavelet is a
compactly supported step function in time. It is well localized in space but not
frequency localized. On the other hand, Shannon wavelet is a compactly supported
step function in frequency but not localized in time. That is, Haar wavelet is entirely
different from Shannon wavelet on L*(R). But on a locally compact Abelian group
both are same and this surprising fact is proved by R. L. Benedetto using wavelet sets.’

M. Skopina and E. Lebedeva!® discussed about the Haar basis and it’s multiresolution
analysis on Cantor Dyadic group. In,' the authors presented the Shannon type
orthonormal multiwavelet on a local field of positive characteristic. Yu. A. Farkov®
analysed the basic constructions of MRA-based orthogonal wavelets and tight frames
in Walsh analysis. Also, he mentioned the similarity of Haar and Shannon wavelets.

Since both Haar and Shannon wavelets are MRA wavelets, one can construct
multiresolution analysis corresponding to them. It is much easier to deal with wavelets
in time domain than frequency domain. Since mutiresolution decomposition is more
flexible, it is important to construct multiresolution analysis of these wavelets on a
locally compact Abelian group. This paper is devoted to the construction of Haar and
Shannon wavelets on locally compact Abelian groups having open compact subgroups
using multiresolution analysis. Section 1 contains the basic properties and important
theorems on a locally compact Abelian group G. Section 2 deals with the construction
of Haar wavelet and the multiresolution analysis corresponding to it. Also, it is proved
that Haar wavelet is same as Shannon wavelet on a locally compact Abelian group
having compact open subgroup. Illustration of the developed theory is presented in
section 3 through important examples like Cantor Dyadic group, Vilenkin’s group and
p-adic field.

2. PRELIMINARIES

Let G be a locally compact Abelian group and G be the dual group of G. Let p and v
are the Haar measures defined on G and G, repectively. Denote the action of £ € G on
z € G by x(z,¢§).

The annihilator'? of a nonempty subgroup K of G in G is given by

~

Kt={yeG:x(z,7) =1, Vx € K}.
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Let A be an automorphism of GG. The adjoint of A of G is an automorphism of G
satisfying
X(Ax, €) = x(x, A™E).

The modulus of A is given by

‘m:umw
pl)
for any compact subset U of G with positive measure. Then |A*| = |A|.

Let K be an open compact subgroup of (G. Normalize the Haar measure on G and
G so that u(K) = 1 and v(K+) = 1. Label the open compact subgroup K as the
fundamental domain in G.

Definition 2.1. 5 Let G be a locally compact abelian group and K be the fundamental
domain in G. An automorphism A of G is said to be expansive with respect to K if,

1. AK D K

2. Nu<oA"K = {0}.

Since p(K) = 1, |A] = p(AK) > 0 and hence du(Az) = |A|du(x). Similarly, since
v(K+) =1,|A| = |A*| = v(A*K?), so that dv(A*€) = |A|dv(€).

Definition 2.2. 5 Let G be a locally compact abelian group. The operator D : L*(G) —
L?*(G) defined by,
D(f)(x) = |A|'?f(Axz)

is called the dilation operator on L*(G).
Definition 2.3. > Let G be a locally compact abelian group and C' be the collection of

coset representatives for the quotient group G /K*. Define functions « : G — C and
B:G— K+ by

a(€) = the unique o € C such that ¢ — o € K+, and

B(&) =& — a(§).
For any [s] € G/ K, let wiy (€) = x(s, B(€)). Define 7y : L2(G) — L*(G) by,

~ -~

i) () (§) = wi (§) f(E),

where f is the Fourier transform of f. Then the translation operator 75 on L*(G) can
be defined as:

-~

75 (f) () = (W * f)(x), v € G.
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Remark 2.1. 1. |wy(€)| =1, V¢ e@.
2. Forte K, wy(€)=1, Véed.

3. wisn(§) = x(s +1,1(8)) = x(s,7(E))x(L,1(€)) = wig (E)wp (€)-

Definition 2.4. Let G' be a locally compact Abelian group and K be the fundamental
domain in G. Let A be an expansive automorphism of G. Then a multiresolution
analysis of L?(G) is a sequence {V};cz of closed subspaces of L?(G) such that,

LoV CVyC Vi C -
2. UZ . V;=IL*G) and NZ__V; = {0}.
3. f(z) eV; & f(A(x)) € Vit .

4. f(x) e Vo & 1qf(x) € Vo, V[s] € G/K.

5. There exists ¢ € L*(G) so that {7[y¢}[sjec/x is an orthonormal basis for V4.

Since contractive automorphisms are special cases of expansive automorphisms, the
theorems in'® can be restated as follows :

Theorem 2.1. Let G be a locally compact Abelian group with fundamental domain K
and A be an expansive automorphism of G. Let ¢ € L*(G) and {V;};ez be a sequence
of closed subspaces of L*(G), where Vi = span{ty¢ : [s] € G/K}, V; = D'V, j €
Z.. Then

~

UjezV; = L2(G) < Ujez (supp ¢Aj) =G, a.e.,
where ¢p; = D¢, j € 7.

Theorem 2.2. Let G be a nondiscrete locally compact Abelian group with fundamental
domain K. Let ¢ € L*(G) and {V;};ez be a sequence of closed subspaces of L*(G),
where

Vo =span{ry¢: [s] € G/K}, V; = D'V, j € Z.
Suppose that {1iq¢ : [s] € G/K} is an orthonormal basis for V. Then

NjezV; = {0}

Theorem 2.3. Let G be a locally compact Abelian group with fundamental domain K
and A be an expansive automorphism of G. Let ¢ € L*(G) and {V;};ez be a sequence
of closed subspaces of L*(G), where Vy = span{ty¢ : [s] € G/K}, V; = DiV,, j €
Z. Suppose that {1q¢ : [s] € G/K} is an orthonormal basis for V. Then V; C V4
if and only if ¢ is a scaling function.
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3. HAAR AND SHANNON WAVELETS

In Euclidean space Haar and Shannon wavelets are entirely different. In this work, the
authors proved that both the wavelets are same on a locally compact Abelian group
with a fundamental domain by constructing the corresponding multiresolution analysis.

Theorem 3.1. Let G be a locally compact Abelian group and K be the fundamental
domain in G. Let A be an expansive automorphism of G and N be the modulus of A.
Define ¢ to be the indicator function of K. That is,

b= lg.

Then ¢ is a scaling function with mask

Proof. We have

3y = / o)X (@) dul) 3.1)
— /K @ )dp(z) (3.2)
= 1g1. 3.3)

Since A is expansive, AK D K.

Let AK/K has N distinct coset representatives {ko, ki,...kny_1} withky =0 € K.
That is, (k; + K) N (k; + K) =0 and AK = UZ ) (k; + K).

Forz € K, Ax € k; + K forsome j = 0,1,...N — 1. Then Ax — k; € K and
Ax —k ¢ K forl # j.

That is, p(Ax — k;) = 1 and ¢(Az — k;) =0, VI # j. Thus we have,

N-1
o(Ax — k;

j=0

.
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Then
R N—-1
36 = / S(Az — ky)X(@, €)dp()
¢
N-1
_ / o(Ax — k;)x(@, E)dp(x)
i=07¢
N-1
N /¢($—kj)X(A‘le75)dﬂ(A_1f)
j=0 "G
N—-1
1 -
_ > /Gﬁgb(x — kj)x(z, (A") 1) dp(x) (G.4)
1 N-1 /\
=¥ T, P ((A") )
j=0
1 N-1 N
=¥ Wiky) (§)D((A") 7€)
j=0
1 N—-1 .
= (1 +> mm(ﬁ)) o((A")7he),
j=1
since ko = 0, w, = 1. -

Definition 3.1. Let
Vo = span{tyy¢ : [s] € G/K},

and define the sequence {V;},cz by, f(-) € V; & f(A™:) € 14,

Then {V;},cz satisfies the conditions,

flg) € Vi & f(A(9)) € Vi,

and
fg) € Vo = 19f(9) € Vo, Vs| € G/K.
The following two theorems proves that {V;}cz is a multiresolution analysis for

L2(G).

Theorem 3.2. Let G be a locally compact Abelian group and K be the fundamental
domain in G. Let ¢ = lx and Vy = span{ry¢ : [s] € G/K}. Then for any
[s] € G/K, the translation of ¢ by [s] is,

T (1) = Loy k().

Moreover, {11¢ : [s] € G/K} is an orthonormal basis for V.
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Proof. Here g/g = 1xu1, so that,

790(€) = x(s, B(€))9(£).

Also, for £ € K+, B(¢) = €.
/Kl 3.5)

Since s + K are disjoint, {7;j¢} is an orthogonal set in L*(G).
Now ||7(4|| = 1. Hence {79¢ : [s] € G/K} is an orthonormal basis for Vj. O

Theorem 3.3. Let G be a locally compact Abelian group and K be the fundamental
domain in G. Let A be an expansive automorphism of G. Define ¢ = 1x and
{Vi}jez be a sequence of closed subspaces of L*(G), where Vy = span{ry¢ : [s] €
G/K}, V; = DiVy, j € Z. Then the sequence {V;} jcz, form a multiresolution analysis
of L*(G).

Proof. From the definition of the V; and using Theorem 3.2, {V;};cz satisfies the
conditions 3,4, and 5 of multiresolution analysis. From Theorem 2.3 and 3.1, we have

""/j—l CV} CV}'-H C---
Using Theorem 2.2 and 3.2,
NjezV; = {0}

Now it remains to prove that
UjGZ‘/} - L2<G)

By Theorem 2.1, it is enough to show that

~

Ujez (supp ¢;) = G, a.e.,

where ¢; = Di¢, j € Z.
Here ¢ = 1x and D(f) = |A|2 f(Az). So,

6;(x) = DIg(x) = |A|F¢(Alz) = |A] 15 (Aix).
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Then
Gi(6) = /G A 14 (W)X (@, E)du(x)

J

Tt /G 1 () (AT, €)dp( A7)
T /K X (@ (A 7E)dp(x)

= 1417 1icx (A7)

= [A] 7 1 gy (9)-

Hence suppq?j = (A*)I K. Therefore, Ujcz (supp d;]) = Ujez(A*) K+ = G. O

(3.6)

Remark 3.1. Since the scaling function defined in Theorem 3.1 is the characteristic
function of fundamental domain, it is the scaling function associated with Haar wavelet.
Thus Theorem 3.3 yields the multiresolution analysis corresponding to Haar scaling
function. The following theorem explains a novel method for construction of wavelet
corresponding to the multiresolution analysis.

Theorem 3.4. Let G be a locally compact Abelian group and K be the fundamental
domain in G. Let A be an expansive automorphism of G and N be the modulus
of A. Let ¢ = 1y so that (&) = mo((A")71E)S((A*)7E). Let {0y, o1, ...on_1}
be the distinct coset representatives of A*K*/K* with 0o € K*. Define v;, j =
1,2,...N —1 as,

b =1y k1.
Then . R

(&) = m;((A)7')e((A") 7€),

where SN Pm(€) = 1.

Jj=0

Moreover, {iy,1y,...0N_1} is the wavelet system for L?(G) corresponding to ¢.

Proof. Here,

—

THE)X(, €)dv(€)
/ (@, €)du(€)

O’j—i—KL

Y;(x)

I
S5

| oy + v o
(0. ) (€)
KL

X)) [ X &ane

X(xa Uj)lK'
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Let AK/K has N distinct coset representatives {ko, k1, ... ky_1} withky =0 € K.
Define B; = A~!(k; + K). Then

K=UY,'Byand B,N B; =0, forl # j.

Also, for each © € By, x(z,0;) = ¢, a constant does not depand on x, such that
coo = 1. For fixed [, ¢;; are N™ roots of unity.
Then we have,

77/}](1‘) = Cojgb(Al’) + Clj¢(A$ — k‘l) + 4 C(N_l)jgb(AZL' — kN—l)

Nl 3.8
= Z Clj¢(A$ — kl) ( )
=0
Y N-—1
556 = [ 3 as(As — )Xz Gdu(o)
G =0
N-—1
=Y e [ 6(As — WXz, Gdu(o)
1=0 G
N—-1
= clJ/¢(x—kl)X(A Ly, &)du(A )
1=0 G
N-—1 1
— N —k A*)-16)d 3.9
| ot =BG (AT S dnta) (39)
1 N—-1 /\
= T P((A*) 1)
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Thus m;(§) = + (1 +y ! cljw[kl](f’)). Now
N-1 1 1 N-1
> mi8) N (”Z% ) + (HZCMW[M 5)> e
=0

] N-1
+ N (1 + Z CZ(N—l)W[k:z](f)) (3.10)

=1

1 N-1 N-1
N N+ Zw[;ﬂ] ) ( Clj)]
I=1 =0
=1,
since Z;\:Ol c; = 0. O

Proposition 3.1. Let G be a locally compact Abelian group having fundamental
domain. The Haar and Shannon wavelets can be constructed on G. Moreover, both
the wavelets are same on G.

Proof. By Theorem 3.1, the scaling function is the indicator function of compact subset
K of G. Also, by Theorem 3.4, each v; is constant on each 5;, [ = 0,1,... N — 1,
disjoint subsets of K. Therefore, the functions v; constitute the Haar wavelets on G.

On the other hand, by Theorem 3.4, the Fourier transform of 1); is the indicator function
of o; + K*. Thus, the functions t; also forms the Shannon wavelets on G.

Hence on a locally compact Abelian group, Haar and Shannon wavelets are identical.
Furthermore, both the wavelets are well localized in space and frequency domain. [

4. ILLUSTRATIONS

The preceding section gives a complete theoretical discussion of construction of Haar
and Shannon wavelets on a locally compact Abelian groupwith a fundamental domain.
The proposed thoery is illustrated using important examples in this section.

Example 4.1. Cantor Dyadic Group

Let Fo = {0,1} be the finite field of two elements. Let G = Fy(¢) be the group of all
infinite formal sums
G = {Cnot™ + Cogpat™ T+ 1,

where ng € Z, ¢, € Fy. Define the addition and multiplication on G by,

but"™ + c,t™ = (by, + cp)t",
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(but™) (cpt™) = (bpcy )t

Then the group G under addition is called the Cantor dyadic group.’ Let |g| = 27,
where n is the least integer so that ¢,,, # 0, be the absolute value of g € G.

The dual group of G is G itself and the duality pairing on G is x(g1,g2) = €™ 1,
where c_; is the coefficient of t~! in g; - go. The group G contains a discrete subgroup
I' and a compact subgroup K,

F={c t7"+ c,an"H + - c,ltfl},

K:{Co+clt+02t2+"'},
sothat K NI'={0} and K + T = G.

Let ;1 be the Haar measure on G such that u(K) = 1. Here, K is the disjoint
union K = (1 + tK) U tK, where tK = {cit + cot?> + ---}. Also by translation
invariance, p(tK) = p(1 + tK). So p(tK) = p(l +tK) = L. Similarly, t 'K =
{c_1t7 ' +cy+eit+- -+ } isasubgroup of G with measure 2 andt 'K = (t '+ K)UK.

We have
Dt 2K Dt K DK DtK D2 K D - - 4.1)

and
mnzotnK = @ and UnZO tT"K =(. (42)

Define A : G — G by A(g) = t~'g. Then by (4.1) and (4.2), A is an expansive
automorphism with modulus |A| = y(AK) = 2 and A* = A. Now
Kt={keG:x(g9,k)=1,Vg€ K}
={keG:c 0fg-k=0} 4.3)
=K.

Therefore, AK/K = A*K* /K" and both has the coset representatives {0,¢'}.
Here G /K+ = G/K and the coset representatives for G/K is the discrete group I
So, for any

k=c_,t7"+ c_n+1t_”+1 +e gt gt at+ett+--- €G,

Oz(k) = C_nt_n —+ C_n+1t_n+1 + - C_1t_1,

and
ﬁ(k?) :Co+01t+62t2—|—"' .

Then for any s € T, x(s, 8(k)) = x(s, k). Thus,

wis (k) = x(s, k) = x(s, k),
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and Wiy (9) = 1a(g — ). Then,

~ -~

T (/) (K) = x(s, k) f(k) and 7159(f)(9) = f(g — 5).

Define ¢ = 1. Then 5: 1g1 = 1k. Also, define 12 = 1;-1, k. Then
wlg) = [ BN R)du(r)
G
- / x(g, k)dpu(k)
t1+K
=/ x(g,t™" + k)du(k)
K

= x(g,t7") /K x(g, k)du(k) (4.4)

= x(g,t )1k
1 ;g €K
=q-1 ;9g€el+tK.

0 ; otherwise

Thus we have,

¢(g) = ¢(t'g) + ot g —t7),
and

W(g) = ot g) — ot g —1t7").
Hence, ¢(k) = mo(tk)d(tk) and (k) = my (tk)d(tk), where

mo(k) = 5 (1w (k) = 5 (14 X0 8) = 3 (14 x(LE78))
and
1 1 . 1 .
my(k) = 3 (1 — wy-1(k)) = 5 (1—x(t" k)= 3 (1—x(1,t7'k)).

This is the required Haar and Shannon wavelets on the Cantor Dyadic group.

Example 4.2. Vilenkin Group
Let G = {(y;)} be the group of all sequences,

Yy = (yj> = ( .. 7070aynayn+17yn+2> .- ')7

where y; € {0,1,...,p — 1} forj € Z and y; = 0 for j < n. Define the addition
operation on G by,

(y;) © (25) = y; + 2z;( mod p) for j € Z,
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with © the inverse operation of @. Then the group G together with the addition
operation is known as Vilenkin’s group.’

G is self-dual with character on G' given by,
2me
x(z, &) = exp —Z:pjfl_j ,ve G Eed.
P
JEZ
G contains a discrete subgroup I' and a compact subgroup K given by,
I'={(z;) € G:x; =0forj > 0},

K ={(z;) € G:z; =0forj <0}

Denote the Haar measure on G by p so that u(K) = 1. Here K is the disjoint union
K = A[) UAl U... UAp_l where Aj = {(ZL’]) e K: T, = j} Then ,U(AJ) = 1/p

Let U, = {(z;) € G:2; =0for j <n}, then K = U, and
DU DU 1 DUy DU DU, D -+ 4.5)

and

mnonn = @ and Unzo U_n =G. (46)
Define A : G — G by A(z); = xj41. Then by (4.5) and (4.6), A is an expansive
automorphism with modulus |A| = u(AK) = u(U-1) = p and A* = A. Now

K+ ={¢€G:x(,€) =1, Y(x;) € K}

={{eG: exp (% Zl’j&—j) =1, V(z;) € K}

JEL

> 4.7)
={{€G:) z&;=0Va; =0,1,...p—1}
j=1
={(eG:§ =0forj <0}
= K.
Therefore, AK/K = A*K'/K' and both has the coset representatives

g il=0

{00,01,...05_1}, Where (0;); = { .
o ; otherwise

Here G/K* = G/K and the coset representatives for G/K is the discrete group I'.
So, for any

é": (gj) = (...,O,x_k7...,l’l,{Eo,l‘l,l'g,...) GG,
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and

and Wiy (z) = 1g(x — s). Then,
7 (f)(2) = f(z = s).

Define ¢ = 1. ThenqAbz lgr =1k. Also,forj =0,1,...p—1 deﬁnez/ﬁ; =lo,1 k-
Then

/dg A, €)du(€)

L+K<x®w&>

! 4.8)
= x(7,0)1k

exp <2’Zﬂ) ;€ A

0 1 ¢ K

Thus we have,
o(x) = ¢(Az) + ¢(Ar —01) + - + ¢(Ax — o),
and
V() = p(Az) + P G(Ax — o) + - 4 2P DPY( AL — 5, ).

Hence, ¢(£) = mo(A~1¢)d(ALE) and 1 (€) = m; (A1) H(A1E), where
1 L
= 5 (1 + Zw[gl](f)> ,
=1

1 = TiJ
]
=1

Here wi,,(§) = e ?™41/P where & = (&;). This is the required Haar and Shannon
wavelets on the Vilenkin’s group.

and
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Example 4.3. p-adic field

Consider the completion field of Q with respect to the norm |-|, defined by,

0 ;=0
[zl =9 _ m
p’y 3$7é07$:p7g7

where v = v(z) € Z, m,n € Z not divisible by p. Denote the above field as G = Q,."*
The canonical form of z € Q,,, x # 0 is,

x = (20 + T1p + T2P* + -+ +),

where v € Z, x; € {0,1,...p — 1}, xy # 0. Then for this x € Q,, the fractional part
of x is,

(2} 0 ;y(x) >0o0rz =0
s = .
’ p(@o+zip+-+x_ymp ) s y(z) <0

The dual group of GG is GG itself and the character on G is defined as,
X(x,€) = 2,
where {-}, is the fractional part of a number. Here G contains a compact subgroup X,
K={xeQ,:|z|, <1}
Let ;1 be the Haar measure on G with pu(K) = 1. For any z € K with x =
P (o + 21p + Top?® + -+ ), x|, < 1=~ > 0. So we can write,
K ={x=p/(xg+ap+ap°+---) € Q,: v >0}
Put Ay ={xr e K:7>0},Aj={re K:y=0andz, = j},forj=1,2,...p— 1.
Then K = AgUA, U...UA, 4.
Denote B, (a) = {z € Q, : |x — al|, < p"}. Then K = B,(0) and
-+ D By(0) D B1(0) D By(0) D B_1(0) D B_5(0) D - -~ 4.9)

and

Np<oBr(0) = 0 and U,>o B,(0) = G. (4.10)
Define A : G — G by A(x) = %m. Then by (4.9) and (4.10), A is an expansive
automorphism with modulus |A| = u(AK) = u(B1(0)) = p and A* = A. Now

Kt={¢cG:x(z,8) =1,Vr € K}

—{£eG et =1 Vo € K}

={eG: {28}, =0V € K} 4.11)

={{=pC+&p+ ) EG:A>0}

=K.
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Therefore, AK/K = A*K1/K* and both has the coset representatives
{00,01,...0p_1}, Wwhere 0; = ;.
Here G/K+ = G/K ~ I, where

I,={a=p (ag+ap+-+a,_1p ") :veN, a; €{0,1,...p—1}}.

So, for any
ész(fojL&p—i—---)EG,
04(5):{5}10,
and
§ :A>0o0rz=0
B§) = .
) {f—x+€—x+1p+“' ; A<0

Then for any a € I, wi(§) = x(a, 5(&)) and 714 (f)(x) = (wi * f)(2).

Define ¢ = 1. Theng/b\: lgr =1k. Also,forj =0,1,...p—1 deﬁnez/ﬁ; =lo1k-
Then

/ T OX (@, £)dp(€)
- /+K (2, €)dp(€)

= x(z,05)1x (4.12)
1 ;x € A

= exp(%@) s €ALI=1,2,...p—1.
0 ;e ¢ K

Thus we have,
6(x) = 6(A1) + 6(Ax — 01) + -+ + 6(Az — 0, 1),
and
V(x) = p(Ax) + TP G(Ax — o) + - - 4+ ETICVPG(Ax — 0, ).
Hence, ¢(€) = mo(A™1E)$(A71¢) and 1;(€) = m;(A71€)p(AE), where

1 e
- (1 + Zw[011<§)> ;
p =1

1 =l
o (1 +2 e p%l](g)> |
=1

This is the required Haar and Shannon wavelets on the p-adic field.

and
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S. CONCLUSION

A novel method with sufficient theoretical background is proposed to construct a
scaling function ¢ and a multiresolution analysis for L*(G), where G is a locally
compact Abelian group having a fundamental domain. Further, using the developed
scaling function and multiresolution analysis, the authors constructed the corresponding
wavelet system and proved that the Haar and Shannon wavelets are same in the present
context. Finally the developed method is illustrated through examples.
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