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The Marlet wavelet density degree of the two-order
polynomial stochastic processes
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Abstract

In this paper, we use the wavelet transform to the two-order polynomial processes
by Marlet wavelet, we obtain some statistical properties about the transform and

density degree and wavelet express.
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1 Introduction

With the rapid development of computerized scientific instruments comes a

wide variety of interesting problems for data analysis and signal processing. In
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fields ranging from Extragalactic Astronomy to Molecular Spectroscopy to
Medical Imaging to computer vision. One must recover a signal, curve, image,
spectrum, or density from incomplete, indirect, and noisy data .Wavelets have
contributed to this already intensely developed and rapidly advancing field .

Wavelet analysis is a remarkable tool for analyzing function of one or several
variables that appear in mathematics or in signal and image processing. With
hindsight the wavelet transform can be viewed as diverse as mathematics, physics
and electrical engineering. The basic idea is to use a family of building blocks to
represent the object at hand in an efficient and insightful way, the building blocks
come in different sizes, and are suitable for describing features with a resolution
commensurate with their sizes. Some persons have studied wavelet problems of
stochastic process or stochastic system (see[1]-[12]). In this paper, we study a
class of random processes using wavelet analysis methods, and study its energy,

the energy express by density degree.

2 Basic Definition

Definition 1  If stochastic processes(see[14])

X(t)=At*+Bt+C (1)
where, A and B and C are independent random variable; E(A)=a, E(B)=Db,

E(C)=c, D(A)=67, D(B)=657, D(C)=02; We call x(t) as Two-order polynomial
processes.

Definition 2 I x(t) is a stochastic processes on probability space (<, p, %), and

E[x(t)|" < +o,
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1 X—t
W(sx)= = .[Rx(t)t//(—)dt ()
S s
We call W(s,x) as wavelet alteration of x(t),Where w(t) is mather
wavelet.(see[5])

Definition 3 Let ¢(t) = e, ueR, Wecall o(t) as Marlet wavelet.

3 Some properties
We have relational function of x(t)
E[X(t)x(s)]=Rx (s,t) = s°t* (&7 +a®) + abs’t + acs” + abst® +
(67 +a®)st +bcs + cat® +cbt + 67 +c?
Let o(t) = e ueR,
then we have the relational function of w(s,x)
R(z) = E[w(s, X)W(s, X+ 7)] = E{ j x(t)(p(—)dt = j x(t ot tl)olt }

X+7—-1

=L ][ Eox @100 Sya
S S

X-t,, X+7-t 2
( )

:Si2 [[LEIx®x@®1e e« dtat,

1
:—ZHRZ [tztf (67 +a%)+abtt] +act] +abt,t? + (57 +b?)tt,
S

S (T

+bctl+act2+cbt+532+cz]e ste s dtdt,

Xt o X+7—1 \2

1 -7 -
:5_2J..L2t2t12(512+a2)e sTe s dtdt +
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e Xy

:Sizijztztf(5f+a2)e's e dtdt, +

X+7—t, X—t X+7—t;
1) )z 1)

(X2 _
e s dtdt, +— jj act’e s e s dtdt +

+ S%J'J‘  abtt’e

—t\2 X+7-1t 2 —t\2 X+7-1 12
) ) 1)

+i2 HRzabtltze_(T) S ddt, +— ﬁRz(5§+b2)ttle_(T e s dtdt, +

—t\2 X+7-1, x—t X+7-t
1) )2 1)2

ﬂ bete C s dtdt1+ I act’e s'e s dtdt+

+7-t, X—t X+7—t,
1)2 )2 —( 1)2

-5y - -
+S—2ij2cbte sTe dtdt1+s—2IjR2(§§+cz)e sTe s dtdt,

=l+l+. . +lg

where

1 e +o0 _u? +o0 _u2
|1:?bcLoe (—s)duUw(xH)e —LO sue du}(—s)

I e I P G

= [[t(7+a%e = dif tfe ° dt
1 2 25\ [** 2 . -u? +eo 2, -u?

= (67 +a")[ (x—su)’e™ (-s)du[ (x+7—su)’e™ (-s)du
S ® —

oF + az)f:(su - x)ze’“zduf:(su —x+7)%"du
=(67 + az)j_:)(szu2 — 2SXU + xz)e"‘zduJ'_:O[szu2 —2(x+7)su+(x+7)2]Je " du
=(5 +a )D s?ue ™ du - J' 2sxue™ du +I x%e™ du}
Uj:szuze‘“zdu —2(x+ r)sf:ue‘uzdu + f:(x + r)ze‘uzdu]
=(5; Jraz)[szj'+:—%ude”2 —stf:ue"‘zdu + xsz x’e™ du}

[sszuze‘uzdu —2s(x + r)fwue‘uzdu +(x+ r)Zfc e‘“zdu}
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:(512+a2){ \/_—O+\/_x } {\/_s —0+\/_(X+T)}

—(52+a)7z( s? + X )[ S +(X+r)}

1 Sy Xy
lzzs—zﬂRzabttfe sTe s dtdt

X+7-t 5

- Siz [ abte at[ e+,
= Sizr: ab(x—su)e™ (—s)du[: (x+7—su)%e™ (-s)du
=abf[ " (x—su)e " du][[ " (x+7-su)’e"du]
= ab Uj: xe ™ du —J‘j: sue“zdu}[f:(x +7)%e ™ du—
- J-j: 2s(x+7)ue" du + f: stuZe™’ du}

=ab[\/;X—0]{\/;(X+r)2 —O+%sz}

SZ
= abﬁX{(X +7)° +?}

X—t., R tl)

3——” act?e * e s dtdt,

X+7-1 2
_(71

=ij ace Xt)Zdtj_:ftfe s Tt

2

wv

iz CI e (- s)duj' (x+7—su)’e™ (=s)du

= \/;aC|:(X+ )27 +5° %} = nac[(x + 7)2\/E+§}

X—t., X+7-t 2
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X+7-1 2

= [ abt’e )Zdtf:tle * ot

1
s?

izabf:(x —su)2e™ (—s)duf:[(x +7)—su]e™ (-s)du

abj (x—su)’e™ dufw(x+r—su)e‘“2du

+00 2 00 2 00 2 2
ab“ x%e™ du—2xsj' ue™ du+szj' ue du]

“x+r)2edu—[ sue™du
I¥ [T

ab{\/_x O+£S}[\/_(x+r) 0]

ab;z(x+%sz)(x+r)

X—t,2 X+7— tl

1 -(—=)
I5:s—2”R2(522+b2)tt1e e s dt,

x 2 . - X+7—1; 5
-1 (52 +b? )j te | )dtj te ¢ d,
S —0
== 52+b ).[ (x—su)e™ (- s)duj (x+7-su)e™ (=s)du
s?

=(57 + bz)[f:xeuzdu - f: sue”zdu} Uj:(x + r)e’u2 du— f: sue™"’ du}
= (82 +b?)[Nax—=0][(x + )/ 0]
= (67 +b*)x(x + 1)

1 -(=) )?
I6=S—2_[R2bctle se c o dtdt

—t,
1 oo ot ety
<2

bee | dtjt s dt,
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xt

G
izbcj e ° dtJ' (X+7—su)e™ (-s)du

2

:S—lzbc [“e (—s)du[ [ (x+ e au- f:sue‘uzdu}(—s)

= bez[(x + )V — 0] =bez(x +7)

1 Sy Ty
|7=—2I ,act’e s'e s dtdt
S R

:ij' act’ e dtj o tl)

cj (x—su)’e” (—s)duf: eV (-s)du
= ach (x—su)’e™ duj'j: edu

- acU_sze“Zdu - ZSxfaoue’uzdu + ssz uzeuzdu} fw e du
:ac{\/_x —o+\/— }/_ acr(x? —=s?)

1 -5 (HThy
Igzs—szzcbte s e 5 dtdt
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1 L G )
—S—Zj cbte dtfwe sodty
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1 x+t tl)
=S—2(5§+c2)j e dtj

1 -u? —u?

=— (0, Z+c )J' e s)duf e (-s)du
S
=52 +c*)rx

Then, R(7) = (52+a)7z( S +x)[ S +(x+r)}

s s’
ab;:x{(x +7)° +?} + ﬂac{(x +7)° +?} +
abz(x+ % $Y)(X+7) + (57 +b*)ax(x+ 1) +bex (X +7)
+acr(x’® —%sz) +chax+ (57 +¢*)x
Then , R'(r)=(&? +a2)7r(%sz +X2)2(X +7) + 2ab (X + 7)
+ 27a0(X+7) + ab;z(x+%sz) + (52 +b)) X+ bex
R"(z) = 2(67 + az)fz(%s2 +X?) + 2abzx + 27ac
R"(z) =R“(z)=0
Then,

R(0) = (82 +a%)z(s +x){ s +X}+abm{x2+%sz}
+7zac{x2 +%sz}+ab7r(x+%sz)x+ (67 +b*)zxx +beax + acx(x? —%sz)

+chax + (67 +c)x

= (67 + az)(%s2 +X%)? 7 + 2abrrx(x +%sz) + 27racx’

+ (62 +b*) ax? + 2bcx + (87 +¢°)x
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R(0) = 27(57 + az)(%sz + %) + 27a(bx + ¢)

The use above, we can obtain the zero density of w(s,x):

R"(0)
7°R(0)

The same time, we have:

Theorem The averge density of w(s, X) is zero.

Because(see[6])

R(4) (0)
7*R?(0)

4 Wavelet representation

Let real function ¢ is standard orthogonal element of multiresolution
analysis {V;}jeZ (see[13]), thenexist h, € 1%, have
o) =23 p(2t-K)
Let w(t) =2 (-1)*h_ p(2t-k)
K

Then wavelet express of X (t) in mean square is

X (t) = ZJZZCnJgo(Z’Jt—n)+22éZdrft//(Z’jt—n)

j<d neZ
i i

where, CJ =2 ? J-RX(t)(p(Z‘jt—n)dt, di=27 IRX(t)w(Z‘jt—n)dt

Let

o [L oSt
= 0, other
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Then have

- ; I ez
E[C/1=2%[ Ex(p(2 't-mdt=22""" (a’ +bt+c)at
3j

=22 {a2 13[(n+1)%272 —n32‘2j]+%2‘j (2n+D+c }

E(d)) = 2’% jR E[X(®)]w (2 't —n)dt

Edjd¥]= 2t [ EIXOX ()@ 't -ny(2*s - m)dsdt
We can obtain the value on above. We may also can analyse C/ as above.

Now we consider function w(t) that exist compact support set on
[k..k,].k;, Kk, =0, and exist enough large M, have

J'Rtmz//(t)dt =0,0<m<M -1,

then @ exist ~ compact  support set on [-k;.Kk,] satisfy
k, +k, =k, +k,,ky,k, 0.

Let

b(j, k) =< X (), >, a(j,k) =< X(t),p, >

Let J isa constant, then
&) i
{22 o2’ x-k),k e Z}u{ZZW(ZJt -k),k e Z}
j23
are a standard orthonormal basis of space L?(R), then have

X (t) =2;Za(J,K)gp(2“‘t— K)+222;b(j, Ky (2't - K)

Kez j2J Kez

Therefore, the self-correlation function of b(j, m)
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Ry (j, Ksm,n) = E[b(j, m)b(k,n)]
j+K
| j [X ()X ()] (2t —m)y(2¥ s —n)dtds
Let
F(2I™ )= jR w(27 s —t)y(s)ds.
If w(t) have (M —1) -order waning moments, then F(2'7* t) have
(2M —=1) order waning moments. In actual,

[ W@ s -ty (s)dsdt=—[[ (2" s=0)"p (O (s)dscl
= _”Rz ZC; (2775 8)™ " (=) "y () (s)dsdt =0, m < 2M

Therefore we have:

Theorem Let X(t) is solution process of system (1), w(t) have compact
supported set on [-K,,K,], K,,K,>0, and w(t) have (M —1)-order waning
moments, and w/(t) is standard orthonormal wavelet function. Then stochastic

process b(J,m) are stationary process.
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