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ABSTRACT

In this study it is shown that the orthogonal wavelet functions will be able to got for the space
sequence which gives the multiresolution spesifications in the weighted spaces for exponantial kind

weighted function.
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1. INTRODUCTION

Wavelets are a powerful tool for signa
processing application.  Essentialy  their
properties are ; compact support,vanishing
moments, smooth, fast transform, so that they are
localized in space and frequency and wavelet
coefficients of afunction decay rapidly.

In this study it is shown that there is orthonormal
wavelet basis function in the weighted spaces

L, . (R) with exponantial weight function €.

Our am is to find equations depence on
weighted parameter a It is constructed
multiresolution analysis for weighted spaces so
that it can be obtained wavelet basis for
weighted orthogonal complementary spaces. We
used algebric method for construction .
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2. MULTIRESOLUTION ANALYSIS
IN WEIGHTED SPACES

It was shown that there is multiresolution
analysis for certain function spaces and weighted

spaces[1],[2],[3],[4].
Let L, (R) is space of measurable functions f

where
1
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< o

We define a multiresolution analysis in the space
L, . (R) as a sequence of closed subspaces

Mak,
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This implies there is a scaling function
fona (0}, T Vo, anditiseement of

Vyaand it is Riesz basis set of V,, and

fioa()=22f (2'x-n), i,nl Z ae
basis ofV,, . The scaing function f,(X) is

element of both V,, and V., sothat it is
written refinement equation

F,(0= & hf o (x- 1)

f, (x) =28 h,.f, (2x- n) ©)
where
ha =<fo f 100 >0

= JE &5 (OF, (2x- n)edx @

The Fourier transform of right and left sides are

f, W) =428 h,, J.(2x- nje™dx

f.W 2% ah.e 2" &. We "u @

with

1o - jwn
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"é2g elyp

is obtained. My, (W) is 2p-periodic. The

basis functions that is obtained by translating are
orthonormal to each other in the weighted space

L, . (R) sothat

Ao =<f, (., (X- K) >,

d,o = ¢f. OOF, (X~ k)&~ dx

do = f (X)e? T, (x- K)e? dx
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deo :ezk (?jWk "Aa §N+ J%j dw (1)

wehave for K1 O

P2
I, ?é\em jw%g dw=0 12)
andfor K=0

--2
Cf{;g\e/w j%a dw=1 13)

For k=0 ; integra is splitted into 2 -length
seguences as

Polr e  .a 4’
Af.v+jS+2p3 dw=1 (1
o | e 2

so that
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Substituting (10) into (15)
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1
ana,ag +J—+p$’f - +p$ > (16)
is obtai ned. In this summation, we split into even

and odd index, using periodicity of
m; . (W) and m,, (W), using equation (15)

2 2
Vv, . a( & .a (
+j—1 H  +j—+p+ =1 1
”&agz J4$ %gz 14 p$ 17)
isobtained. Equation 17 is simplyfied as
2 2
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3. WEIGHTED ORTHOGONAL
DIFFERENCE SPACE AND
WEIGHTED WAVELET BASS
FUNCTIONS

Let’s consider orthogonal complemantary space

sequence of space sequence {V, , i,

For aspace in this space sequence

V— la :VO,a A V\{),a 19)
is obtained by direct sum. For a function f which
elements of difference space

fTw,, flv,, "V,

O,a ! -la ?
so that f is represented with basis function of

\4
f = é fn,af

La
(20

-1n,a

The coefficient f,_,
inner product as

f.=<f.f

na -1Lna L2

is obtained with weighted

a

=2 T (2x- n)e™dx 1)
The Fourier transform of the double side of
equationis

f (W) :ﬁé f.o of (2x- N)E ™ dx

fw) = ﬁa i.e 7R
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We define
m :iéf e‘iW”
f.a JE ’ n,a
and
f (W) =m, aeNg: aa;v0 23
e

is obtained. mf a (W) is 2 -periodic.

fAV,, sothatf isorthogonal to basis function
of AV, .

FA T (%)

<ffa>,, =0 (24)
of (F, (x- K)edx =0 5)
O (Ve T, (x- Kje? dx=0 (26)
Using equation (26)
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is obtained and conclusion
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is obtained. This equation is splitted 2D -length
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substituting (10) and (23) into (28)

am g—+1—+|d9fg/v+1—+|d—+

(29)
v .a 0 ree .a 0
MaGo+i+A= f.vkj—+0==0
e2 "4 g ¢ 4 g
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is obtained. We split the summation into odd and
even index and using periodicity of m; , (W)
and My, (W) (15)

and using equation

LA bl o e
e2 4y 20

&2
- - (30)
& .a 0 & .a 0
—+]— Ho= »+j—+p=C
magz J4+|O;j naagz 12 p;
is obtained and witht :E
mA$+J__:naa$+J_++
e dg é 2g
(31
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is obtained . For this equation, we can find a
function | (t) with 2 -periodic as

M.+ 2= Om. e+ iS+p) @

and we substituting | (t)

.a .
lOm+iZ M )+
- a (33
| €+ M+, +i2 4P =0
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t+j— t+j=
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and | (t) satisfies
I t)+I ({t +p)=0 (35
| (t) is choosenas
I (t)=¢"g(2) (30)
substituting (32) and (36) into (23)
iw=eredfe S Bt 0 @)
e 20 €2 geo

is obtained. In thisformulawe define

Weighted Multiresolution Spaces And Weighted Wavelets

R w ET. VO
y,W=e2e'm, +pf, 52 @
€2 g e2g
and we rewrite fA(W) as
f w) :ggz%v- j%gia (W) (39)
where
a, o - 152
g(w- JE)=ag(k)e = %o (40)
k
Hence
n X, -jkgv"v-ji?QA
f(w) =§ag(k)e A (4)
k 7]
. o A - - 20
fW) =8 gy, we ¢ 2 @)
k

and using inverse Fourier transform ,we obtain
f (X) with weighted wavelet basis functions

— 1 \ 2 ~ - jky K jwx
f(x)—z—(ﬁg(k)ya(w)e' e 2e™dx
P "«

F(0 =8 oke "z 2 ¢y, (et U
: %

K&
(0 =8 g(ky . (x- ke 2 @)
k
this implies that a function  f (X)which is

element of W, isrepresented withy , (X) .

4. ORTHOGONAL WAVELET
BASISFUNCTIONS

Analysing orthonormalty of wavelet, we have
a, . ac 2
— 2 Xainkis LAl
<ya(x)ya(x_ k)>L2‘a_e2 GJ Pagl\ﬁjzgd\m

<ya (X)!ya (X- k) >L2ﬁ =

a® ol|~. & .a f (44)
ez cg't +j=+20 3 dw
58y 5

substituting (38)
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space sequence which gives the multiresolution
spesifications in the weighted spaces for

[ exponantial  kind weighted function. The
Myeighted wavelet functions can be used for the
rapid numerical solution of certain integral
equation and degenerate differential equations
with boundary conditions.

= G* a‘naag— J—+|d‘p$ ¢t~ +F‘ REFERENCES

[1] wim Sweldens, “The Construction and
Application of Wavelets in Numerical
Analysis’, PhD Thesis, May 1995

[2] Ingrid Daubechies, "Ten Lectures on

<3/511 ()9 ya (X- k) >L2;,l =

3F o v .a
e '« "& @, ;2 +p$ o+ j—+

Wavelet", Capital City Press, Vermont
splitting sum into odd and even index and using 19
periodicity of M, , (W) and m,, (W) fand [3 Ingrid Daubechies, "The Wavelet

using equation (17)
<ya (X)’ya (X - k) >L2,a = dK,O
is obtained. Hence we show that we obtain

orthonormal weighted wavelet basis function for
weighted spaces which satify condition of

[4]

Transform, Time-Frequency Localization
and Signal Analysis', IEEE Transactions on
Information Theory vol 36, no 5,
September 1990, pp 961-1005

Stephane Mallat, "A Theory for
Multiresolution Signal Decomposition: The

Wavelet Representation”, IEEE
Transactions on Pattern Analysis and
Machine Intelligence, vol 11,no 7, July
1989, pp 674-693

weighted multiresolution with weight €.

5. CONCLUSON

In this study it is shown that the orthogonal
wavelet functions will be able to got for the
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