ol % 5§51 HF B2 2 T Vol.21 No.1
1999 4 1 H JOURNAL OF ELECTRONICS Jan. 1999

FITCPRA = B PTTFE A B AR R R RH % !

9 % 7K F W £ B
(hAsEFETRE L 201800)
*(ERISSE A RS SR AT M 610031)

W OE AR A A B A B U R BT e JORR A 18] R Y JCRE 4 L R E ARt
T AR Y 357 7 i — B AR 43148 (time-domain variational iterative method, TVIM) ,
TR —FET AR, AN FEAE I A B R, SREAREHTEIE &M
WK, IEMBR B BTG R 224 (finite-difference time-domain) Frikibs, F(gET —&
WMBPBERE TR, HEFXRCEERET LE, B8T TVIM flsvErE. RESERER
REH. PRV % ROBEMERE, JENE LM ESW T A TVIM BiFREAEGERIRE.
XEiE  MEARE, EXRKETH, TEZHEBRER

S 0441

1 g

il

HLBE ST (OB 24 4l R T 9 b Y P RSB I BT iR 7L 3R
ERFHMHWRENNRE—MREEN NG S, X—FEWYERRTTNME 1 R
A TORR A2 18] 4k BB AR SR R, AR EL B = BARR IR TS, X KR
HORMBERES L. AR, BAMRMT —Fork B, 5T ERAB. Zr ke
FREEAR LB, ARSI B AR, BRI RE, BRRENAS, EROHER
YWHL P B A TR

- .1 T
P 5.8 R X 2 B % 2 HAEE
HHBZE e¢ Mo
HRIER nRE EERIME 1 iR, HE R ER
oo B, e F e(z,y) SRR B A
KEERHARER, T RT 2 BT
WA U, R A T
B R E TR S E.(p,t),
F1 fEEss
V2E.(p,t) — poe(p)0*E:(p,1) /08" = podJ:(p,t)/0t. (1)

' 1997-03-03 W F|, 1998-05-25 EHi
EXRE R/ RSP HE



1 34 gk g, e FEPR K 2 Al TR 4k LRl B ARAO B R IO 105

RS R A B, = ES + B¢ AR M TS R4
E,(p° °.p bt ! 32E ! pttdp'dt
z(pvt)_EO/tl//Sgl(papvtv )a(p)at_lz z(p:pv ) P
= EX(p%,1), (2)
it = [ [[ we o t)alp) o(p) 2oz B0l ', 1)t 3)

H pr 5 p° S BIAALT H BB E PR ERARTS, ot (2, y) FBFHRLE, aolp) =
[ (p) _61]/60] jﬂXTl:KJEEEﬁ, gl(p apvtvtr) *ﬂ g2(p 7p’t7t ) )@E‘J‘ﬁﬁﬁ‘ﬁ%%@ﬁ, XT (2) _t
1 (3) ARXT alp) &S,

0=40E.(p° t—€0///91 0t t") [504( )8t2E”(p p't)

+alp) 2.9, 0,1 )| v, @
SES (o7 t)—e()///gz(p p',t,t") [éa a7z E.(p', ', 1)
+a(p 8t’ (SE (p,p } dp'dt". (5)

Xt (4) X (5) REHrt KR, 5§
0=6E.(p° w) +w260/ Gi(p°, p',w)
S
x [6a(p)E.(p', p',w) + a(p')SE-(p', p', w))dp, (6)
6E~§cat(pr,w) — _wzﬁo/SGz(Pr,Pl,w)
x [ba(p')E-(p', p'w) + a(p)SE.(p', pt,w)]dp, (7)

b Gy (p, 0, w) M Galp, p'ow) WIS ES, EATTh TEERFE © #a8,
%4 a(p) = Yh anPa(p), ﬁw( ) Mfkoh &S, R AR, W

JEz(pm, )+ w? €0 Z ‘san (P, P ,w) + an(SE,,(pn,pt,w)]

JEscat(p W) = —we Z[(San (p,,, pt,w) + andE, (P> £',w)]

<[ [ Guof. o hap (9)

B (8) A (9) XUEBE A EETBER A
Aba+ (I+ B)-0E, =0, (10)

SE™ = Céa+ D - SE., (11)



106 BOF OB % ¥ 7 1%
Hoelt T i, ]
2 (10) A (11) K& 6E. MR 15
§ES™ = {C - DI+ B)"'A}éa & Msa, (12)
(12) EI - TVIM W BGE 2. Higw
b = [Re(M* - M)| [Re(M* - 6 B,™)], (13)

Ho EAR + BrREBILHEE, Re HRBEEW
3 HEER
E ST BB EAF I BRI M S 5 25 RN E R MBS 2 B A XHR Z B 5E

¥ Fla),

Fn(a) HEscr{;teas - Escat

A R, 4 VF, <3 x107* BHE ISR,

2

Escat , (14)

z,Imeas

/|

He EGeas 1 EXG hF0E R, S RIBEFRIRENE n YOERE BRI BRI, W3

cat
H Es ,meas

cat
‘ - <Es meas

-~

w1111
10 12 14 16

M2 dstkee

E2) = (B2)

Escat

,Imeas?

HERVMER =R T, %—
FRAL S PO IE AMEE R €0 B e
5= P N R AR — SR 10 AR Eﬁmiﬁ
WIME, RCRASE R BuERRIE.

HASEWSERE, B A BEEEH
H25 ., 4.0 ft 8.0 =1 EBHR, £ 4.
51 15 IRERBRFIR L FH 2.5000 |
4.0000 1 8.0001 , #£ IBM 350-P75 b4k 1%
fCEERT 108s . HXTIRZ(E VF, FEIERIRE
n AL RME 2 iR, BAR, TVIM &
REgE, WHERE, RIESEMER.

€1 =2.0¢ .

THER TVIM JGEEEEREFMEES, RITET mxETE, 28, WEX

RoP A 4LR B A7,

ZHEMKERFARBBITHEHEREROE LM, B 3FFREHE

F, HARNBSHAMRANS, HFEESRYZREBHRMY, e RERGAFE.
TEEZ TVIM B FTIRAE A, IREARXT B H0h 2.5 BT R R A B AT, TEHH

B2 ST HEIE A HIFIA 0.1% |

056% . 1% . 2% . 5%.

10% ., 20% . 50%

T 100% & OhBEALIRAS THE, RIELRME 1 Fraf X BiEE, TVIM sl HERTE

DRI 20% HIREALIMRFE T4E.



1 3 WA e R K 23 18] DO RE 4k B B B AR BB LR BT

107

R T FEEBHE TVIM B B IF R
RE, FATHF TVIM 530k (8] FATR 7 1k
—RIBH . HEBARM B R/
R®OH 2.5 WA BEARFITRE, SCHR (8] Fridt s
2 38 6 Wik E VF, BE/NF 3x1072,
TVIM £ 4 8 5 ®KERE VF, BET/NT
5x 107", TRANMY B RN 4 FF 2 7
N

ERIEHKRE, Bk 8] Frid ik RaE
S H B AR R R TR B AN SR B B
PR, MERERAAITNEEHRNT 20
B, AR IE.

(a)-(d) H&E 1.

3.

5. TUEHER

4
Al

1L

\ —— HEH#R, TVIM
------ FAE, TVIM

L+ M EAR k(8]
b R, SCER(8]

]

+

|

1
6

n

1
8 10 12 14 16 18 20

B4 TVIM 53R (8] Prid ik

B S BE EL R



108 BT B ¥ % T 21 %

&1 HEYLREERE
BAIERE (%) | 01 0.5 1 2 5 10 20 50 100
(VF.(x107%) | 0.028 | 0.083 | 0.166 | 0.333 | 0.837 | 1.675 | 3.168 | 5.555 | 10.60

%2 TVIM 53K [8] B F AR

iR 1 H#r 2
SCHR (8] TVIM SCHR [8) TVIM
HEAKE 3 4 6 5
/N (VF.(x1072) 2.5268 < 7.466 x 10~° 0.7720 < 2.149 x 10~°
SR 2.4652 2.5000 - -
BHGEFER (s) 74 108 74 108

HAR 1 X s ion 2.5 (9 BEfR BiR 2. X ECY 2.5 Bork

4 A AT
P 0T P B BT A 0 T S R

2 2

Fa() = | B = B/ | B = B - B[ [Eoeas][ 09
Hobt B s M ED 9 Fimeas M B W fSLIA B,
HESCIal’lteaS ’ Epclilteas Escf:eas> (Eﬁcfntea.s) Eiciltea.s
K Fulo) WBE, §
g, = Vhu(@) = 2Re{ [0 (B2) | 5 - |9 ()| s}/ [Bomen] - 00
EAXE 2 FRATE St 6™ = Moo, B
VES = M. (17)
¥ 7 KA (16) A&
= "QRe{ ]\4)+5Eﬁcat}/| zc;arfeas (18)

P, = —g, % Fula) WRETHHM, t (13) 1 (18) RITR 6o S P, MAKAS, X
MRE AN F(o) (RS FHF AT, U2 TVIM SRy £ 2R,

(12) ST TVIM AR ER—Flk ik, HIE HOT R R B R AU VL 5
B R BN L2 FRE MR R R, HBAHSS B S22 MR R R,
WA U 5 LR RS TS, TR TVIM p SR A, TEL, WA ACait
7, RIFTRM T AR EAE, 25 RIS DR, MATEE TVIM 2088 T BA ke H
7 RSP RO L BE L 2P0



1 3 Mpge Ak . 6 TE PR R 2 T o O o R B B AR R R BT 109

FEAFREREAZ A AT ERBEMEFABSEHM. HXR B+ B = E
W Q) RX—AENE, 5 Q) X8, WHHAEEET EEHRE, RENT %
i, BT EAEREE, YRET ERGSTREE, /LT SRR,

5 & #®

AR T B R 4 TORE AL E AR R TVIM %, B BUES A
T EWSRE. R, RIESREMER, ENE&ERIRIR, TIRBEILRE T,

& ¥ X M
1] Wang Y M, Chew W C. An iterative solution of the two-dimensional electromagnetic inverse

scattering problem. Int. J. Imag. Syst. Technol., 1989, 1(1): 100-108.

[2] Kleinman R E, Van den Berg P M. Nonlinearized approach to profile inversion. Int. J. Imag.
Syst. Technol., 1990, 2(1): 119-126.

[3] Moghaddam M, Chew W C. Study of some practical issues in inversion with the Born iterative
method using time-domain data. IEEE Trans. Antennas Propagat., 1993, AP-41(2): 177-184.

[4] Lin H T, Kiang Y W. Microwave imaging for a dielectric cylinder. IEEE Trans. Microwave
Theory Tech., 1994, MTT-42(8): 1572-1579.

(5] Wk, F M, £ B —FEW_ERBEROF L BE¥ER, 1997, 18(6): 19-24.

6] Mk, 2= M, £ 8. BRTEAHFEEMREOMERG BT¥R, 1997, 25(12): 25-29.

(7] Wk, mEEHEGHSHEGH [MEends] S EREKE, 1997

[8] Qing A Y, Jen L. Microwave imaging of dielectric cylinder in layered media. J. Electromag.
Waves Appli., 1997, 11(2): 259-269.

A NOVEL METHOD FOR MICROWAVE IMAGING OF
TWO-DIMENSIONAL LOSSLESS ELECTROMAGNETIC TARGET
IN HALF SPACE

Qing Anyong Li Jing* Ren Lang*
(Department of Communication Engineering, Shanghai University, Shanghai 201800)
*(Inst. of EM Theory and Microwave Technol., Southwest Jiaotong University, Chengdu 610031)

Abstract A novel method, time-domain variational iterative method(TVIM), for microwave
imaging of two-dimensional lossless electromagnetic target buried in half space using time-
domain scattering data is presented in this paper. It is an iterative method derived using volume
equivalence principle, variation principle and Fourier transform. The direct problem is solved
by finite-difference time-domain(FDTD) method and the inverse problem is solved iteratively.
Some typical results are given to show its performance, such as converging property, ability to
invert arbitrary targets, tolerance of random noise, etc. Comparision with the former methods
is also done. Those factors which make TVIM performs better are also investigated.

Key words Microwave imaging, Half space, Two-dimensional lossless electromagnetic target
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