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3 REEE

FHL J0 390 0 ) A — R 3 5 ) 25681
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T S BT o 2 HUrE 8 B H bR 2 8 % AR
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W E. (v, t) Ml Hy (v, t), Hy(r,t) 3 22D % 5
W (Maxwell) J7 4 (12,

3.2 IE|oRafid%

KA TSR HFRIX S x (), A0k
HIFDTD 5 vh ST AR 1F 7, v 55D R FRLR 3
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R 2D ik e A v 5 (2750 B 5) B L H AR X
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FAAC T, TiHE (Ta) BHCYFEFE T
Hp,=-g,: (15a)

o, Hessian MifF H, € R*72P (7550 F Rk
AHEEOE, FX).GN Jiiatp, € R*7
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(15b)
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o, J) € CPXQ LAk “H Ron S L4
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H Ar e £ 58 7 2 (8a), (8b) AHRM. B HL A

X;LH = X; + aiAX;, (16a)
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FH & 24 1 3 BBk E (conjugate gradient,
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Iri] .
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) L
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SRR FOR 0] B R FH R S 4 R Bk Ho
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RIS H AR @ (1 AHXS S HL B B el () FH L 3 2R

ol(r) s An. R T HCBE S sk R (R SR R e, s X
a2 (32) AR A AR 98 42 U2 7 (relative residual
error, RRE) AH XA HL & £ 1 77 i 5% 22 (mean
square error, MSE) FlHL 3K ) MSE 435 4 12

RRE (4)
A 1
- M N T
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- ez (). (152
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SR PSR SR (G LI 93 55 2 S AR B, SRAUSTHR
(7]); 2) IR F AR (1 H0 25 003 A ief i D6 T A AR e T
T8 (X G 5 15 105 SRR [2], 1 4FE™ ks
MECARES); 3) W RBUFOR aE LS (8o
BESR) AN Al A FEBET; 4) BUE OB B RS2
B Y, RIS R e A o A S 38 I b 0 11 78 23 FL
fi. b, AT SRR BOE W AR SR (R i
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1) Wl BRI T R UWB ki oy )

w(t) = T% [(if e—tﬁl , (19)

) 7 HU1.25 x 10710 s d Ak L T f
F), BU1.00 x 10710 s B30 b bk vk 2(1H T 5
Ja 5. Jkeh 1.2 U3 ) B ek i T RN A G
Kl 3 .

o) SRR R IR T = 4.86 ns, SIS
FE B K AR B 22 K 20 5% I, Tk v 1. 2 43 591 36k 15
0.02—3.8 GHz, 0.03—5.0 GHz 453 75 [, 2> 51
TEMGTE R 51K, SRAEI R W = 20.

2) B S i H AR X BRI A K 7 8, RS
PR E B M = 3, N = 9; B5E KR53
W TR e #8350 50 43 A 00 A T 2 1K T H AR IX I (76
EVF) S0 (A2 R, H A R B H BRIX R 2
FHAE; M R 2R 1) EL AR AR (BDAL A s i), ehtk
7R IR R P 5 22 AR S i B M RE i 1O,

3) 4% W] 2 o I B 4k GNT v i, 3k AR
S ECH H AR X @ IR XS A B B e (r) FTHL R 2R
o(r) s, A TAET LA R S90 fr) d A AR, 3k
PO AR ECR 2l B8 FIR R NIk R &
KIKELII A imax = 20, kmax = 30. BALRE,
Ab B IE ) 1K) FDTD JF il 45 B ECE 8 H AR X & 24
P = P, P, = 40 x 50 NS R, T I [ i
H 8 2 Hiih 58 £ ITHCLE (uniaxial perfectly matched
layer, UPML) W iciZ 5 (121 Ab B3 ) JU RN, Sk GN
75 1] [i1) 4 3% JT] Polak-Ribiere-Polyak(PRP) JL4uk:
vk, JLSEBLAN TS 2 DL STk [14).

4) TR A g A% A T B, T 1 B ) e
Yyt F FDTD 075 SL 8 B4R D T ik B 45
FEET P B, R e i TR A, KRR L
PR 1) LA B AL SR LR RS 4 1) P A, R
P' = PP} =80 x 100; 2) 7E4 HAHE A5
SR AR BRI 75 O, 58 LEERCA 20 dB.
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4.1 NiBSEELST

S 1 45 T TR E 5% IO T 59 U1 B
HI b B A H o 25 LG S BT e K H 10% £,
HAsH SRR R A3.6 x 1072 S/m. HARX
K.l Ay = 47.0 cm, x = 37.6 cm, KZ[E
JGHE 5.0 cm, FDTD 1F fif 2% 25 HL kg J~F 4

x10-3

y/cm

y/cm

10 20 30
x/cm

5 HLSHRIM

0.35 Y
i .=~ MSEg,
0.30 1 ...v-. MSEg
! —s=— RRE
0.25 |1
44 !
= 020§ 4
3
Y
0.15 t\ &
7\
0.10 it'AA
’ Vga
58
0.05 R L RSP |

A}
2 4 6 8 10 12 14 16 18 20

S/

6 EARZE

Az = Ay = 9.4 mm, FLERADN A L SR
S AT B UG 2 T 4 (a) B 5 (a) TR, B4 (b)s
K5 () 23 5l A ARG A B 5 S R IR AR
a3, B4 () B5 () 23 ) kA R 1) 3 43 AT,
K4 (d) 5 (d) aralg iy = 23.5 cm AMAH N IF
BT AN ELSE AT RN G P 6 0k E R 2 I AR
BRI R,

y/cm

(a) HIAH; (b) EAYNME; (c) THAE; (d) y = 23.5 cm AN EE

XTI BURE E, R i sl Lk
Bl 1) WK, 2D I8 GNT S s, ik
SR SE IR, 2) BEA BRI N, R
ZERATIN, WRRE K, 20 UIEAR SR N i
ISR, R ZEZ 1.2 x 1074448, £
ot 2, vF SRR R, SRR TREN H AT
DA 8 — AN L R R L S i A A EL P O],
SR MSE WA R, 5 R 152 B N A, O H
B (6 2052 ML B 5000 AT R AR S 50 Jnniwe B MoAR S g
H MSE AR LA 2 & 3) a5 UL A R
(A% RS Az = Ay ~ 0.020, i Ao HE 2
HEK).

034102-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No

. 3 (2014) 034102

y/cm

y/cm

y/cm

y/cm

(a)

10 20 30
z/cm
()
40 4.0
30 3.5
20 3.0
2.5
10
2.0
10 20 30
z/cm

y/cm

10 20 30

z/cm
4.0 (d)
3.5

¥ 3.0

>0 e

O HEai
ZOC

10 20 30
z/cm

7 A EEE AT (a) FAE; (b) EAHIE; (o) HEUE; (d) y = 23.5 cm ALHIXSEL

0.020

0.015

0.010

0.005

10 20 30

0.020
0.015
0.010
0.005
0
10 20 30
z/cm

o/Sm~1

0.020

0.015

0.010

0.005

0.020

0.015

0.010

0.005

R

10

20 30
z/cm

K IR (a) HIHE; (b) BAWME; (c) EREM; (d) y = 23.5 cm LLHXTLE

034102-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 034102

JE T8 I ALY

245 el = 2.0 (W TERELE b (¥ 1E 54 2%
JEHT SRECH I T BN B ARARR A i L i
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A time-domain Gauss-Newton inversion algorithm for
solving two-dimensional electromagnetic inverse
scattering problems”

Liu Guang-Dong'  Zhang Kai-Yin

(College of Physical and Electronic Science, Fuyang Teachers College, Fuyang 236037, China)

( Received 23 August 2013; revised manuscript received 28 September 2013 )

Abstract

The Gauss-Newton inversion (GNI), an iterative algorithm, is developed from the frequency domain to the time
domain in order to simultaneously reconstruct the electrical permittivity and electric conductivity of a two-dimensional
object of interest by directly using the ultra-wideband time-domain measurement data. The resulting forward problem
is solved by the finite difference time domain method, while the ill-posedness of the corresponding inverse problem
is restrained by an adaptive regularization technique at each iteration. Furthermore, the modified GNI algorithm is
applied to four types of numerical examples where a noise model is considered, and the simulated results preliminarily
demonstrate its feasibility and robustness. The reconstructed images present super resolution, thus it is expected to be

used in the engineering practice such as the detection of the early-stage breast cancer.

Keywords: electromagnetic inverse scattering, Gauss-Newton inversion (GNI), finite difference time

domain (FDTD), regularization
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