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Abstract

Wavelet transform technique is applied to two important electromagnetic problems:1) to
analyze the frequency-domain radar echo from finite-size targets and 2) to the integral
solution of two-dimensional electromagnetic scattering problems. Since the frequency-domain
radar echo consists of both small-scale natural resonances and large-scale scattering center
information, the multiresolution property of the wavelet transform is well suited for analyzing
such multi-scale signals. Wavelet analysis examples of backscattered data from an open-ended
waveguide cavity are presented. The different scattering mechanisms are clearly resolved in
the wavelet-domain representation. In the wavelet transform domain, the moment method
impedance matrix becomes sparse and sparse matrix algorithms can be utilized to solve the
resulting matrix equation. Using the fast wavelet transform in conjunction with the conjugate
gradient method. we present the time performance for the solution of a dihedral corner
reflector. The total computational time is found to be reduced.
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Fig. 1. Geometry of the open-ended cir-
cular waveguide cavity.
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Fig. 6. Time performance comparison be-
tween LU (direct matrix inversion
using LU decomposition). CG (a
conjugate gradient solver in the
space domain) and CGWT (fast
wavelet transform together with a
conjugate gradient solver in the
wavelet domain).

Waveleteddel| 42| sjadel 3442 OGR(Conju-
gate Gradient)¥4-& Mgk nkEsely A4AZHE
Zo)7] fl3te] o8 4= qlrk. = WkEwle} 43 H=
s} wlefe] & o] (7F opd 49 <ol w)
dgct. 23 6ol vIAgrt F74skar 0.03 AR o|4ks)
g 2w A whalsel] thel waveletd o] sAsids
ol85le] Foldledl AHele HAAZHCG WDE
DLURAE o848k Ay (LU} 2)3AedeelA
AH8E CGRAMEHI(CG)3 vlwslgdet'® cowra
Wolld AMS-¥l wavelet-2 DAUB4eliz QAIR-E
r=10"%01%}t. 2 6ol AXNF A7 VAX
Station 2000014 A Aulelr} olz|3) 23}
off FAIARE s 7z ubge] Ak Fohs ok
ok AP - O(N®), Fgkede] uiiEy
(CG) -~ O(N*Y), waveletdd wFE(CGWT) -
O( N?). Wavelet®d®]e] uhExiof] | cofga} 7+
2 F7A Al =eid 4 Qi) A, dails 8
H [Z]9] 3% wavelet#ge] Axteke O( N?)o]
o} EA. wavelet#ghE =%k (unitary opera-
tion)e]7] wjFoll ¥ 2] £Z4(condition number)
© W] Yk wepd dAA eE e FAFgS
2 27571 ot W) s CGWTellA "e
g Wb Fked ] ukEpe) Ae] o) AR ]
A58 34 (non-oscillatory kernels)el] wsisie,



19954 98 EFIE®HE

wavelet®d ol (o] obd Wis7E O(NlogN)el#]
g0 B e 2E gkl g 8ol
O(NlogN)# O( N?)#| le]el] glc}, HlA, DAUB20
3= DAUB4xch wighshzd] ¥o} of B A7k
de =z 3} a2y DAUB20E AMEsll 34Ado]
Y SRl

V.d B

2ol R waveletH# 7|H-E AHxprigte] &
Folsl oltl wigkA % M} waveletdHe] 2ol
E dho] H-8sl9ict Waveletgha mlzA W=
A2 o] Alsel e Wk 2 fre A3t
49 b A% £ Jellled] ois Zapolct
oy #Helh wEklEE dubgo® Falg 2o
A wEA AFshe TAEAAT ks wlEhe AR
ZAlA2] 2137} £ gt Algelt), g o
Aol H-2E Waveletfgholl s 78 Az-Fala=
dYeljA ZRE(YFL R =3 FE)e 34
BA B @A Al SAlAle] o8] Al wghgo]
HaA BelE 8-S Atk =g wavelet®d
2E uho] H43tgct wavelet g 7IAHTFE
Abgste] F43bE Mg du, of7]¢) CGR(Con-
jugate Gradient) WM& o]&35le] mE PHA4
£ weEA £ £ gA ok HE 2wA Wk
Al FAlol Hgstdon ARy, FAkedge] wkEy
sh owlwaled vl¢ ZHAH ARl E whEA] AAEE
Faslgdct et olel] oigk T of¥ ZRAS]
AR doBw AL pEs|ojol & Aolrl,

to -

FoEH

[1] P. Goupillaud, A. Grossman, and J.
Morlet, "Cycle-octave and related trans-
forms in seismic signal analysis,” Geo-

S PN g |

FRH AR FOR 83

[3]

181

(9]

exploration, vol. 23, pp. 85-102, 1984.

I. Daubechies, “The wavelet transform,
time-frequency localization and signal
analysis,” IEEE Trans. Inform. Theory.
vol. 36, pp. 961-1005, Sept. 1990.

1. Daubechies, “Orthogonal bases of
compactly supported wavelets,” Comm.
Pure Applied Math., 41, 1991, pp. 909-
996.

C. E. Baum, "The singularity expansion
method,” in Transient Electromagnetic
Fields, L. Felsen Ed. Newyork:Springer
-Verlag, 1976, pp. 130-176.

H. Kim and H. Ling, "Wavelet analysis
of radar echo from finite-size targets,”
IEEE Trans. Antennas Propagat., vol.
41, no. 2. pp. 200-207, Feb. 1993.

H. Ling, S. W. Lee and R. Chou,
"High-frequency RCS of cpen cavities
with rectangular and circular
section,” IEEE Trans. Antennas Pro-
pagat., vol. 37, pp. 648-654, May 1989.
H. Kim and H. Ling. “On the appli-
cation of fast wavelet transform to the
integral

Cross

equation solution of electro-
magnetic scattering problems.” Micro-
wave and Optical Technology Letters,
vol. 6, no. 3, pp. 168-173, March 5,
1993.

W. H. Press et al., Numerical recipes
in FORTRAN, 2nd ed. Cabbridge, U.K.:

Cambridge university press, 1992, ch.
13.

G. Beylkin, R. Coifman, and V. Rok-
hlin. “Fast wavelet transforms and

numerical algorithms 1,” Comm. Pure
Applied Math., 44, 991, pp. 18-30.

& I RERR) % 328 AW B2 BH
A gepoiaka Hsjpat)



