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Backgr ound

;[V\Ave Scattering Probl enj1




FOY FE Met hod : DE Approach

FD node Truncation
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BEM Met hod : | E Approach

Dense Matrix Dlscretlzatlon point
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VEI Met hod : DE Approach

(K. K Mei et al.,1994)

Local linear egation of MEI node,
4

-21 Cip; =0

1=

/ \(scattered ﬁeld)w ///////////////

" MEI coefficients :

1. location dependent,

2. geometry specific, and
! 3. invarient to field excitation;

MEI postulates
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| E- MEI Met hod . | E Approach

(J.MRus et al.,1996 & M Hrose et al., 1999)

7

\.

Surface IE is derived from Reciprocity relation
On surface MEI postulates

Sparse matrix with same number of unknowns as BEM

J

Savings in Computational time,
and Memory needs

1

Suitable for arbitary 2D boundaries, but
not efficient for 3D boundaries

MEI node
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Moti vation of SIE-MeEl Met hod

P IE-MEI method has an improvement to store and solve
the matrix efficiently

& Not suitable for arbitary shape 3D problem

Choice of suitable metrons and mesh generation for 3D,
yet not established

To approach this problem introduce scalar-field IE-MEI
for the 3D boundaries
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S| E- VEI Met hod

Boundary congjtion,

—p
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Scalar-field problem :

(%2 <I‘>
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— ¢o(r)
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Integral Equation formulation:

scattered field = &0 o

combination of equivalent surface = "\ S
source p2 <I‘) and m0n0p0|e Of ¢2fif’ﬂz2 __________________________

dipole moment p, () \
g ( e 5’¢2( ) 0¢1(r)
o+ | 1T

o) a5 — . @)
t

VeV = (d1(r)h(r) —

9] o (e) - 2)dS = 0

on /
equi val ent | ocal sources
near the scatterer




Localization & Discretisation:

Localize the |IE which satisfies MEI postulates |

/ OP1(r) _

/SO(¢1(T),52(1') I fio(r) - n)dS\= 0

" depends on scatterer geometry,

By discretization and expanding depends on position, and
the local sources aroundT, _invarient to incident field

unknown MEI Coefficient\
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Derivation of MEI coefficients :

nt 2 O
~ 1\T"m) ~ A
2 01U ) P20 (Tm) — 8( ) o, (7)1 =0
1q(Tm) = /qu<"°,> G(rm, ') ds’
4 . / Y
[ called I\/Ietrons ] G( ,) o IKT — T
q — 1727 ) maac ; ? 477'")" . ’T‘,’ )
In matrix form, |[A B] 1;1 =0
(¢ x 2M | matrix of column matrix of 2M

scattered field unknown MEI coefficient
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BRI ™
Green'’s function: G(r, 1) cource W
. observer

Green'’s function G(r, ') , is the , /
response at a observerr from a r
unit point source atr.

The total field generated by the distributed source can be obtained
by the integration of the Green’s function weighted by the source

distribution.

Free space Green’s function for the Scalar Helmholtz equation

2D case 3D case
; . /
1 6—]k‘R e—jk\’r —

Glopl) = H (e = p) - Glrr) = o = S
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. Al
Local Matrix
9
a1 G2 -+ a1y bip b o by '
Ay Qo+ Qo bop bag -+ bopy Ty
Qg Qg2 o Ggr by Do e Doy || Mg
Solve this Matrix equation according to ms

Least square solution.

Cofficients for particular nodal point? ,

iy, Ty =0 T and  TIq, M, «++ 1)



Repeat the procedure for each nodal point, n = 1,...,N and
get the Sparse matrix R and M.

Global Matrix

ri1 T2 g U oo Tipo1 T
R _ |T21 T22 723 24 0 rop

| Tn,1 Th2 RS Tnn—2 Tnn—1 Thn |
ForM =5
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Mgl Mgy Mag Mo -+ 0 my,
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Scattered field for Soft Surface:

"r) +o(r) =0 7, € 0V —— Boundary condition

inc 0o Boundary condition
RI[op] +[M] 5’72 = 0 = in Matrix equation
0po(T,) 5’¢mc( n)  O¢‘(ry,) __ Fictitious
on on " 9n Surface sources
__ agbgw(rn) . —1 nc
- (28] g R

w/ v N Opy(ry) Derivation for
0 (1) = X G(r, ry) As = Scattered field
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Nurrer i cal Exanmpl e
Incident field,

¢inc<,r) _ e—jka cos 6

)

Scattered field,
d:(r) = [ pg(r’) G(r,r")ds’

Zonal Harmonics as Metrons,

p(] — Pq<COS(9>7 q — 1727°°'7Nmax
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Localization and Discretization :

dS
“‘ad@

\ asinfdy

Measuring function varies only in
polar direction, &

Local sources expanded into, M = 3

Use rectangular patches for discretization

Discretisized surface area,

dS = a*sinfdh dy

Segment length, = 1—0 A (wavelength)
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Singular value treatment :

/
When " and T are on the same patch, i.e.]] — 7’/

A ]k:
G(ryr') = TR o D(kR), R = P — 7|

zale {v + (V4 1)5}

In {V_l + (v 1)%]

fns, WP (kRy)ds' = a”sin8A0AG +

2asin A
+ L 4

sin A

where, v =

Ab
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Hesul t

v

Plot of Normal derivative of the field on the Sphere
by using SIE-MEI
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Plot of Near Scattered field
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Fictitious Surface Source distribution by using CfMoM
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Hermmar ks & Future Wor k

\¢ SIE-MEI is derived from IE-MEI method,;
g Savings in CPU time and memory requirement

\ Successfully implemented to uniform shape 3D scalar
- figld (Acoustic) problem

e Numerical results hasan excellent agreement with the
g analytical solution

' In arbitary shape 3D problem, SIE-MEI method can be
g applied without any significant difference




