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. Gauss-Newton
( )
) -
, 1 FDTD
3 4
6
1 FDTD( )
Maxwell TM
8a_EL OH, OH. o -
o 0z T ox T T
o, OB . oM. OB
i TR PR U TR M
E|t<0= H|t<0= 0;'
JE PE__1 QE gJia_E_
0201t J?liaz+2max2—2 e 01~ Y
O’E O E 1_JE QJEG_E_
0xdt @52+2J?uaz2_2 e o~ °
O’E E 1 QE o [LQE
8x5t+@at2_2 @t 2lea Y
E(x,0,t) = f(x,t);
Sf(x,t) , O(x,y) , &(x,y)
&ux,y) Muxy) - E(x,y,t) H(x,y,t)
X . O(xay)a E(x,y), ll(x,y),
8(%}”), p'(xvy) s O(x,y).
(1) :
B 28(i.j) - O(i.7)
8

(z= 1),

(x=0),

(x= h);

cBx,y)
E H.
Yeo 1M

2T

[H’,ff 2= 1/2) - H - 1/2)
1, -

_ T, -
i) = erig) e ofi T bI)* S o)t
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HE V20w 1/2,) - HY V20— 1/2,1')}

™ (7)

T :

wev % G R % F B U= B (8)

HE Vi ) = HE Vi e g B L= BN (9)

E|t<0= H|15<0=0,' (10)

Eo= fh (1
hx; lz X Z ’ T , m X , n ¥y
7p I . M

(i,j)= (ihejl.), (12)

E(ih.jl. kT) = E*(i,j). (13)

A(m)u- b= 0, (14)
A(m) Maxwell — ( ), m= lg(0) ,u b

m, A ,
m.

obs

d” = Qu+ ¢ (15)
Q 2 8 2 2

min 3 11Qu- d™ 17+ BR(m), (16)

A(m)u- b= 0, (17)
. B>0 cR(*) ; : ; m

R(*) ~'m [el7n
. 1

R(m) = L Ol ml)de + YE‘LQ(m— M) “da, (18)

P Huber , Miref , ¥ R
Dirichlet : ,
Hessian
: (16) (17)
1

min |1 Qu - d™ 117+ BR(m), (19)
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A(m)u- b= 0,
u,m b .0 A

M axwell

min % ||QA(m)_lb— a7+ R(m).
Euler Lagrange

g(m)= J(m)' (QA(m) 'b= d™)+ BRa(m)= 0,

J(m)=- QA(m) 'G(m),

G(m) = LALmIn]
J(m) " Ru(m) = 0R/Om.
Newton (22)

(J(m)' T (m) + BRun)s == g(m),
s . (conjugate gradient, CG)

CG

1 f(x) € LYR),
Wr(a, b) = .[:f(x) by p(x)dx.

oM@ oo 2
f(x)= C?bIJ; _[w“TW-(a, b) ¢[xf b] dadb.

2 L*R) (multiresolution analysis, MRA )

{v.j€1.

)V C Vi, Vj€Z

2 0= {0}

3 (o) = 1R

4) f(x) €V of(2x) € Vier;

5) $€V {Hr-wn €2y W

Vj B x) Mx)

bu(x) ¥x) . MRA

(20)

(21)

(2)

(2)

()

Gauss-Newton

(25)
(25) . cG

(2)

(27)

Wi



974 Maxwell
Vi= Vi1t OWpei= Viea OWe2 OWjmi= Vo OWo O ...
J-1
f= Danti(x)+ 2 Ddibi(x)
- £
J J-1 Vi-i ,
W]— 1 2 ‘/j— 1 K
, Vi
s Maxwell
s , Newton
. (
Gauss Newton ) . . ,
Gauss-Newton
Gauss Newton
s Daubechies 4
Gauss-Newton
R (0) 1
S(0)
P \NH (0, 1) Ha,0)A | ,
2
, S(0) 0 ,
—y R(J-1) H(0, 1) S(0)
SWU-1)
Sl HJ-1L,HW\NH U I-1)

R(J) -
H(0,1):S(0) ~ S(1).

1 S(1) -,

O Wy-1. (2)
()
Vi-1
Vi
Vi
Vi-1 5
Newton
3 1
3
1
S(1)
(30)
(
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Gauss Newton( R(1))) , H(1,0)
S(0)
H(1,0):5(1) ~ S(0). (31)
1 Maxwell ,
2 (0 J).
3 Gauss-Newton
4 , 3.
5
5
, 3
1 , e= 4.86x 10 *F/m, U= 2.73H/m,
m = lg(0)= 2.35, 5. Gauss-Newton
2
1 Gauss-Newton
cup t/s /(%)
1 0.3000 2.3500
2 0.50 0 2.3500
3 1.900 0 2.3500 2.266 185 15.25
4 23000 2.3500 2.424 4 129 10. 17
5 2.900 0 2.3500 2.24417 172 14. 48
6 35000 2.3500
7 4.300 0 2.3500
2
CUP t/s e/ (%)
1 0.3000 2.3500 2.2320 92 5.02
2 0.50 0 2.3500 2.234 8 89 4.39
3 1.900 0 2.3500 2.2609 71 3.79
4 23000 2.3500 2.4153 65 2.78
5 2.900 0 2.3500 2.268 9 73 3.45
6 3.500 0 2.3500 2.2458 81 4.43
7 4.3000 2.3500 2.285 81 517
1 2 , ( 1,2,6,7), Gauss-
Newton s s 34 5,

Gauss-Newton



976

Maxwell
2 2 10 3
-5-21, 30 m% 30 m.
6( ) x 32( ) x2( ) x3( )=1132.

30x30x% 32 28 800

2(a) - 1 ( 3.00 GHz)
, 5 min 30 ,
100 min , Gauss-Newton 5 min
(o)

2(b)

(a) (b) (¢) 25dB

FLAE AR Y

Z/m

20x 20x 50x 32

DREAPN

Z/m

() ()
20 m %20 m x 20 m.
640 000

3

90
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Wavelet Multiscale Method for the Inversion
of Maxwell’ s Equation

DING Liang, HANBo, LU Jiaqi
( Department of Mathem atics, School of Science, Harbin Institute of Techn ology ,
Harbin 150001, P. R. China)

Abstract: The estimaion of the electrical condudivity in Maxwell s equation is concerned with. The
primary difficulty is the presence of numerous local minima in the objective functional. A wavelet mul-
tiscale method was introduced and applied to the inversion of Maxwell equations. The inverse problem
was then decomposed to multiple scales by wavelet transform and hence the original inverse problem
was reformulated to a set of sub-inverse problems corresponding to different scales solved successive-
ly according to the size of scale from the shortest to the longest. On each scale, the stable and fast reg-
ularized Gauss-Newton method was carried out. The results of numerical simulation showed that this
method is an available method, especially on aspects of wide convergence, computationa efficiency
and predsion.

Key words: Maxwell s equation; wavelet multiscale method; inversion; regularized Gauss-Newton

method; FDTD( finite difference time domain) method



