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Analysis of Microwave Inverse Scattering Usingthe Broadband Electromagnetic waves
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Abstract

In this paper, we proposed a new algorithm of the inverse scattering for the reconstruction of unknown dielectric
scatterers using the finite-difference time-domain method and the design sensitivity analysis. We introduced the design
sensitivity analysis based on the gradient for the fast convergence of the reconstruction. By introducing the adjoint variable
method for the efficient calculation, we derived the adjoint variable equation. As an optimal algorithm, we used the steepest
descent method and reconstructed the dielectric targets using the iterative estimation. To verify our algorithm, we will show
the numerical examples for the two-dimensional TM® cases.

Key words : inverse scattering, FDTD, Design sensitivity, optimization

.M 2

[

stelaedg o]gE UBEA(Inverse Scattering  Ayoz NAYY FAJEYUF APIY fEasy

Problem)= w148} @A) &F BAshe] WA HE-&
2435k HAAY 1A 54 Y4 BYSHE Aoz A
AYALS Hists) A 59 PR Y H2 T AAYR
9 =% (Cancer Tumor) $& F& AP Hojo] 7
A PR 2852 Qe

GRVEAY AP A FHsg AP A
EE EREE RS ER U ML RES
B HEE ol T 4 7] Wgo] HA 289 A
#40] ¥, o|d e volzz vt AUAEAY AT 94

(FETD:Finite Element Time Domain Method) %90] AHS5
AAR2H3], olF ATFH FAEYl AN AHAHG
BE £% F9 o2 %ol A&Hx Yt

JUAREAS A8 AN HHE Hdo BAPS
(Objective Function) &-& b]-&g4(Cost Function)E %9
37 Aot ol 5A§SE v] A9 Ao o) yhAbuig}
FRE A g3 WAt Zojo] At oA Fo
2 399 4 Uk oluf] FHE A3t 4 AdA o At
AAE ol g X5 e FAF A Ha F AP

—169 —



20054 BIRAXHIES| SeelsdH )|

==& Vol.15, No.1 2005.11.5

Ao Bgol YA}A olEHoE ZAPS Y ol ‘Po] &
. 2eg qAFEAY A4ge J3A Y F4E 9
EAYS] 2370l & 4 ok o] FdH e
S 9519 ojiistd BYYGY 4 2494 BoHE o
AEA4S AFE 43T F Aok o AW B Fs
€ H|4Y &§4(Nonlinear Implicit Function)¢] #e= ¥
o2 BRG] Hags 7] AN BEAS ¢
aejEol st =g v Aso] g S35 Hh
B}HAL 7129 A3} o227 FYT Aoz HFRPES
9431 2] 5(Undeterministic Algorithm)3} 24 &3 ¢ E
(Deterministic Algorithm)o] ot W APEF ¢nFL
AR E T4 2 EAUS5 g o83 A
o HE Fe Ao ZAYSY EPRE 7R g
o APEF S5 HUPAE (Steepest Descent
Method) 53 Zo] B2342] vPPRE o &3t 33
£ 2= WyoR AP 2454 (Quadratic Function)
o P g Zerhd v ME 3 S22 HHHE 2L
F Atk & dFAgME EJT vEPRE T8 9%
o} BA 7= (DSA: Design Sensitivity Analysis)S &4
AT AADVFEYL 71AFTEoNA FHLAYE o
43 JFPLAE JF 7ML g H2 So] GAAEA Y 3
Ayee #ds FLHD Qo 53] AR Y FraAEy
< o8 AAUAE YL JHYS 2A g AnYY
FEEY e FHo2 A 4/t g Aded &
AFdMe FLHLE o)listE ARGy 24334 S
o] &3t A AANZRE #4& oJ&F oz =&
EAANZEY 583 AXE Aste] R4 (Adjoint
Variable Method)[4}-[5]& =3tz o8| @ RE¥S: &
2AE 71E AA 3 FYSA ARG FaEY
o2 A4 ¢ A< 1A

¥ 479 834 E 4537 A5to 2439 T™M §A4)
A ZAAHE AASG o) HAAPS AT ¢
FE02 HdFALEH(Steepest Descent)S o]-§-3} g1t}

Il. FDTD-DSAZE 0|23} H A=l

rlo) 325} A A EA NN GutFe
U] gaje] 2o YARE YAlsiar, A s @
A8 g A3 A9 Xl S olu) P
BE A1 7} $131e] Total Field / Scattered Fielde] @3

5S¢ AHLAAT WAL Y] A48 WAtute] 4o A
A B8 F38 43NS Hste] $3F5A (PML:
Perfectly Matched Layer) S 3 9) %o} w4 & 3lo] wialnE
FrHES SQH6)

21. 2XF9|

FAAo) g JUAEA H4 A BHFFHE AAd
T &L qUIEA A9 F52 BEAG], pE 7
&9 ARE 2= EHz A8 o B3 O
Zo] vehd 4 gt

e

a2 1. T BRiss Zggeln gAtsE PML £33 72
Fig. 1. Numerical configuration of problem. The TM"

plane wave is incident at each direction
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Fig. 2. Reconstruction algorithm using the FDTD
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Table. 1. Parameters of multi-scatterer model
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Table. 2. Parameters of complex-scatterer model
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Fig. 4. Reconstructed shape of scatterer after the

50th iteration
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