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Abstract

In many investigations, multi-wavelets outperformed scalar
wavelets in decreasing signal and image noise. Multi-
wavelet conversion has also been used in signal processing
to reduce noise. This is due to the fact that multi-wavelet has
crucial qualities such as orthogonality, short support, and
symmetry, whereas scalar wavelet does not have such

a stunning and modern contribution to the wavelet theory.
The goal of this work is to discover the relationship between
CL(2) multiwavelet shrinkage and second-order nonlinear
diffusion equation in multi-level. The results presented here
can help to improve the use of wavelets in communication
applications.

properties at the same time. In addition, the multi-wavelet is
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1. Introduction

Wavelets are highly useful in image and signal processing [ 2. Several studies have found that multi-wavelets outperform
scalar wavelets in terms of signal and image noise reduction [ 4. Before using the discrete multiple wavelets transform in
multiple wavelets, data must be handled. This is one of the main differences between them and single wavelets [*. Recent
studies have shown that multivariate shrinkage on multi-wavelet transform coefficients further enhances the performance of
conventional wavelet methods. This is due to the fact that the multiwavelet transforms, when properly initialized, gives a
superior representation of signals, enabling a clear distinction between them and noise.

Nonlinear diffusion filtering, on the other hand, can efficiently perform signal and image. Recently, nonlinear diffusion filters
have become a powerful and trustworthy technique for multiscale image processing. Actually, various nonlinear diffusion
filters have been proposed since Perona and Malik [ described the nonlinear diffusion [ 8. Alkhidhr P! demonstrate that the
multiwavelet shrinkages of the widely used CL(2) and DGHM multiwavelets are related to a second-order nonlinear diffusion
equation. Further, nonlinear diffusion filtering has interesting theoretical properties, such as well-posedness results, average
grey value invariance, the maximum-minimum principle, and the presence of Lyapunov functionals, which are associated with
and support the excellent quality of the produced images !,

In the ongoing work, we demonstrate the relationship between CL(2) multiwavelet shrinkage and second-order nonlinear
diffusion equation in multi-level. Namely, we discover demonstrate that a second-order nonlinear diffusion equation is
connected to the multiwavelet shrinkages of the widely used CL(2) and DGHM multiwavelets. In fact, this correspondence
opens the door to several crucial and more suitable applications in computer vision software, like shape from shading 1.
Furthermore, the majority of the publications are concerned with modeling rather than numerical implementation.

This study is arranged as follows. Section 2 presents the CL(2) multiwavelet shrinkage in multi-level. Section 3 displays the
second-order nonlinear diffusion equation in a multiwavelet shrinkage field in multi-level. Finally, the conclusions are
introduced in Section 4.

2. Chui-Lian CL(2) multiwavelet shrinkage in multi-level
Consider H and G be the orthogonal multifilters with nonzero x, Gy given by [*4:

545



International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

_B -
be the Chui-Lian $CL(2) multifilter bank, and = [1 3 ] is an orthogonal matrix. Then,
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Consider a signal that is provided by Ya [“Zqﬂ] With Chui-Lian $CL(2)$ multiwavelet coefficients, the shift-invariant multi-
level multiwavelet decomposition algorithms are given by:

A M, _1 64+ vT 124207 [uapas 19 37 uay
o g o 0|2 =37 A—6T | |1ena J.i] 11| | #an4a
1 12-2vT —6+ V7] [uznez
Y0 a46vT —2—3vT] |vanea
(6 + VT Juanms + (12 4+ 2T tanas + 10020
[”i’ ] ] + Btiag gy + (12— Eﬁ]’lﬁ_mq.'_l + -6+ ﬁ]’uzuwa
it
A2

An

W0 1 3T iznns + (4 — 6/ Thizncs + 31t
+ Muzngs + (4 + 69T fuznga +(—2 — 397 Juznga

N — N, _ 1 [-r 1] [uzeea 1 18+ 7T 6—-3vT] [ uan
TN T W[ 2 ] [z T W 6—3vF 2+ 9T |uzpa
— Tagms — Mtizgmy + (1854 \"'IF]"-"_JH -|

i + (6 — v Ttanss — Witansa + Sapaa
‘f] it = l
N 40

Uapmz + 2oy + Eﬁ - Hﬁ}l"—‘lt
+ (24 VT gy — Weiagys + Stizpys

and the Shrunk data id defined as:

c1q] _ G447 2-3 Mign| 1 [19 : Mo
e2g] W0 (124247 46| (M| 0|3 M
L L[12-2vT a6t ] [ ﬁ_“]

0| -6+vT —2-3vT] (M,

Y | om0

w14 2| |p, ( ‘f:,?-.t} + D, (_».; ,?-.t}

D ..."],-?-It + Dy \"4.1--“
.D'J] II"l' 1gmn + .D'u "r;l?_“
L L[~ —m] Dy (:‘Ff,¢-.t+ Dy, [-Wf,?-.t}

0] & b s 7 [:_.'-.;ilﬁ_“} + D ('\,,d_“}
c1q] _ 64+vT 2-3 M. + Lo .' M,
cag] A0 (124247 467 (M| 0|3 M

12-2y7T 446 ][ JA,_“]

+
0| -6+vT —2-3vT] (M,

1 [18++7T 6-3

T PN ‘2+‘.Jﬂ

546


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

35 i) o)
|

0|14 2 Du(w,#_,t}+ﬂu(‘hq-u}
. '—m _m][ﬂ,, ,,,_u+m:("u,;-..}]_

:I.q—lt + Dy

1 [184++F 6-3 Dy ].q-lt + Dy
+—=
40 [6 =37 24947 | Dy,

+ —
’L" -D]} ],q—lt + -D'ﬂ ( I"'I.E,ta—lt
Hence,
[ (6+ VT gy + (2 -3WT)ME oy, + 100 '|
El —
[""'1"*] _ L M, (1 }\f?}”m-l + (44 GvT)Ae 13 g1
el W o Lo M L, + (- 6VTIME,,, + 3001,
|+ 1M+ (6 4+ V)M Ly + (=2 = 3VT)MD
— D1 (N 41 ) + D (Vi) +(m+ﬁ}ﬁ,, (¥ ,,}
- a Y . 3
] + (6= 3T)Da (N, ) — 1004 (V) — 1000 (N3, _,)
tm
_]LD]}(‘\'JQ+]}+ Djj(‘\'lﬁq_]}ﬁ-({]—i\r}ﬂjj( }+‘.|.Du( 1,g= }
+ﬁﬁ-ﬂ(\-2#_]} +(;+1]v’_}ﬁ.ﬂ[:\- )+=..Du (\-,#_,} +3D-zz(\- [ ,}

If there is no shrinkage apply, then

(320 4 30V Tharsgms + (360 — 10V T Yuzgms — 1M0ttsgms — Guage s + 920uzg

[ﬁ ,;] 1| Pung + (390 — 10V T tagqa + (— 110 — 200/ T Jatng 4 + Glagyy + J0usgyy

eag| 1600 ) )
A (40 — 90 Yergemy + (—80 — 203/ T)tiggms + ltigmy + Hhitggey + Ny

-+ fﬂ]tu?.p] - I:.'{'J] -+ ﬂ]]’lﬂzq.ﬂz -+ («JI] — '.-]'\."II?}tuqq.a — ]ﬂ]tﬂqq..; -+ ﬂ]tluﬂ..:,

1 [ —7(—Tuzg — Tduzgen + (18 + Tz + (6 — 3v/T hugaa — Llizga +5m¢+:.}‘|

1600 .
_—]"L {—?'HIH — ]"LHIA;.',] =+ I:]E - \f“?’}ﬂwﬂ - I:{:I — q{ﬁ}ﬂl&g.',;! — ]']ﬂlﬂ.',_; - -Elﬂm.',:,}

[ (eag + 2uagg + (6 — 39 Tuagys + (2 4+ 0T uagya — Wiingy s + Stizgys)
* Te00 =
|2 (g + Zurngy 1 + (6 — 30T huzg g + (2 4 00 Tluagpa — Wingya + Suages)
1

[(184-v/T) (—Tuzgma—1duezgm + (184 vThuzg + (6—3vThuagn — Wuage + 5%}]

600 | = _
| (6 — 3T (=Tt — Lty g + (18 4+ /T httag + (6 — 30T ttagps — 1t agyn +Sittag4.a)

] [(6 — 3v'T) (tags + Doagy + (6 — 3/ Thang + (2 4+ 90/ Thingys — 10uagys +5%+3}j|

160 =
(2 +9v/T) (uzgmz + Zuzgmr + (6 — 3v/Thuzg + (2 + O/ Thuzgsr — 10uzgia + Sruzgsa)

1 [0 (—Tuagmz — Mumgmn + (184 VT )uzg + (6 — 30/Thuzgsr — Wuzgez + fmma}]

1600 = _
| 0 —Tarages — Mgy + (184 /T, + (6 — .hﬁ]-uq_,,, — Mty ya + Grrggys)

1 [0 (g 4 2urags 4+ (6 - 3T gz + (2 + 9T hizgmy — Mhing + Suizgya }]

160 . =
| 5 (uagmt + 2usg—s + (6 — 3v/Thuggmz + (2 + 90/ Thuzgm — 10u2g + Suagya)
i.E‘., I:C]'q:| = mq ]
Gj# u-j“.]

3. The second-order nonlinear diffusion equation in a multiwavelet shrinkage field in multi-level
The second-order non linear diffusion formula of c(x, t) with noise is given by:
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with original condition c(x, 0) = f(x). The approximation = c(x, t) at (2qg s, r T) is:
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and the approximation of ax c(x,t)at (2 [g+1] s, rT)is:

St 25001 + (6= 3TN0 + 2+ V) = 10654 + 55y

Cp R

(1-3v7)s
2 U :[ (Zas,11) ] L . .
Then the value of ax c(x, t) at @ l(2q + 12 r )] by using high-pass filters can be written as:

d c(2gs,r7) - % 0 ] c(2(qg +n)s,r7)
at [ e([2q + 1]s,r7) } - 28-*—0 40 ) ZB [2(q+n}+ 1]s,r7)

L 1—3vT)s
r__ 4o 0 7 o
_ (23—3/7 i 0 z B, r?(q-%—n ]
L (1-3vT)s | 2g+n)+
- 1 h
_ | @ {1) {[ -7 14 } [ ch }
L 0 1-3vD)s | 1 2 "§q+l
+[18+ﬁ 6—3\/?} [cgm } N [ —10 5} [r.{,q“ H
6—-3vVT 2+9VT7 || chyis =10 5 | | s

(2gs,r1)

and the approximating partial derivatives of F(x, t)= g((‘:x) \Cx at L([2q +1]2, I‘T)] is defined as:
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After one-step diffusion, the second-order nonlinear diffusion equation looks like this:
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551


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

www.multiresearchjournal.com

1 rq (2 + Zuagps + (6 — 39T uagpe + (2 + 0T uogpq — Wiagyq + ﬁuhH;,:l!
{m T {16 = 3V T)(1 = 3y/7)s2 [ (L= 3y/7)2s2 } }
{u,q + Puzgyr + (6 = 3vT)uzgea + (2 + OV T)uzges — 10usgs + ﬁugq_'._r.)
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i (u,q_, + gy + (6 = 3vT)usg + (2 + VT uagys = Wuagys + 51.1‘]“)
[ {__m _ 10+g [ (=Tatagms = 1tigges + (18 + v/ Thugges + (6 = 33 Tuagey = 10ug, + ﬁuml)“]}
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1600 ~ (=3 +9VT)(28 + VT)s* | (28 + /)% ] }
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4. Conclusions

The correlation between CL(2) multiwavelet shrinkage and second-order nonlinear diffusion equation in multi-level has been
examined in our research. In reality, this connection offers various nonlinear diffusion equation types. Multi-wavelet
conversion has long been used to minimize noise in signal processing. The results of the current study may assist wavelets be
used more effectively in communication applications.
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