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15 7 CBFM 43 H7 FiL K H A R 8T ) R fiE T
AR H AR RSTHRBSER, CBFs 20 H AWK n,
77 DR P A B A A ORI T, o AR R A 22
TR At 4 VR By RS RAIR 2,

AR SCHE PR R D AL 1 i, o A
SEAE A AR R IR, 3T i IR i o 4%
T RRIE L PR L. 32 FH AW 4 5 v b 1 40 0 R
I, 5B SRl RV 35 PR SOV ARG 56 bR SR R
B, A5 BN A% A B 38 kg BN R R 1) 4 D8
W BT 5 T R ) A D 5 £ 0 T T R s P 4 ik
FEREAR EE, R SRR ) T Ak, a6 AR i 4 vl
M RSRRERS, PR Z TS TS
MLFMM, AIM, P-FFT %8 LG, dE—24 4R
1R TR 3 PR AR A3 B F R RS H b L R S )
HEES].

2 RHAEER W B0k

CBFM 1558 HARKN 328 M A LB A 7388,
PRAG AT IG5 3 NN BTT (0= 1, 2, L, M),
HAR AR — & 2 M R R B R CBFs,
CBFM R ARG J7 s R A B 5l RS 1
TR, RSN R Npws = 2NoNs, No, Ny
IIMFRARAE G, ¢ J7 1) EREUECH , TR TG
[ 3 FLRRAE L PR 2K (primary characteristic basis
functions, PCBFs) RIATid 1 T =k

Z.J’ =E;, (1)

K, B RRY 50009 B, gEBCH
NP X Npws; Zy oy JEF300 09 F BT BF, 4k
B NP x NYey JP R 56 1Y B U R B B
AEELN NP X Nyws, NP 3800 09 R gk
H. @t EEskig (1) X, B2y B0 Il |
TR Z A B B IEAR 20 P MR S B ITURIE R,
HGH 3 27 SAE /3 f# (singular value decomposition,
SVD) H4i JPHiRE B ITAE B, B
U @
K, U VBB, 4E45500 3 NP < NPe
F Nows X Npws; Wi RXF I BE, 4EE0H NP X Npys -
L EAET TR 7, R U R T T TR A
KA H ) it JF L BR AT R 40 3 i e 4
CBFs. &% F 5 i% it SVD f515 %] K, CBFs,
D)3 4 1 TR U VT P X K> OBFs 64l &

TR
K;
Ji :Zaf‘]z’k’ (3)
k=1

St ok HFER I CBFs 280, JF A8 115
kA CBFs. JosR i of (WG 4 o 723 — A4~
ST o HEBR A

Z® .o = E®, (4)
S, ZR 2R BT A TR CBFs 22 i 1 41 4
BB ST K x 5 Koy BRRMIBENRL o WK
CBFs Z 8. S A Iy B b O S
LR BRI, 6 1955 m ~ CBFs 57
1 5 5 n CBFs ZIBIMAHEAEHER N

(Fy L (F0))

N; N
- <Z Ji(p,m) Fip (1), L (Z T (@m) 1 (r)) >

J

N; N
=33 Jipm) (Fip () L (£ (7)) T (0,7)

p=1g¢=1

N; Nj
=33 Jiw.m) Zi; (p.a) I (a,m)

p=1g=1
(5)
K, F, Fio 0 5 3Rs 3008 5 F B m,
n ™ CBFs; fi,(r), fiq(r)53 5 F300 5 B/
% p, ¢~ Rao-Wilton-Glisson (RWG) & pR % .
Zij (p:0) = Zpg = (Fip(r),L (Fg(r))), Zij2 R T
B BT RWG SERBZ M EAER, Z,,
S p A RWG RS ¢ 1~ RWG 3 pREZ 7]
FIMIEAEF. J;(p,m) NEBER T35 m 4> CBFs
FIF 2 p > RWG B Phbn i 2250, X2 R
My i R BE g iy B — %) X — > CBFs;
J;j(g,n) NI RFI 55 n A~ CBFs 738 5 h 58
q ™ RWG &Rt R 5, NN, 20 il KR 1
B TS RWG SEpR B 5 . k3
H1j i CBFs Z [ BAHEAE R nT LIZR K
Z5 = J{'Z;;J;, (6)

[, ZEWAEECN K x K, K K70 o 738
T jH) CBFs ¥t H; ZX 0 ZR (53, JH o I 1Y
Il B . (R EE, T3 r A CBFs X b i34
Jilii & ER 0l RN

ERr = JUE,. (7)
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M (6) AN (7) T LT, 32 PR MG 47 v b s
SRR, B T, 1 R TR L, K
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R R R ai Ei{
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il 1 SR AE (8) FCRI AT 453 2 R BOE I o, 3l H K A
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HFRTR K EreY | I8 Brev e SR 3 R L. (B
AT SVD FEE L A< &, K8
B IR Erv AR R (1) 2, SR RS T
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Z,, " = BV, (10)
BT Li < Nows, AT UL B0/ 5 B SR Al v 8K 38
bR (10) 2, BAFETES] L A4~ CBFs(Jrev).
W Enew R Tnew o3 BIAE SRy R e 4 DR I PG 55 bR
KL R, WU A D8RR I A0 R ZR AT LRy
ZX" = (Br)Z 0. (11)

F T30 RS B SR PGSR, BT LA (o) Epey =
I TRHEAAERE. N (11) SRATAE Y, 240 = ji,
zZ%" =1, (8) AT LIFE 5 W

i~ i a, E}
I Z e Z
R 12 %{% ER
zy I - zZy ay 2
= i
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A, BRY = (B B B4R MR i i

B A VBUHE R ZR B A R e 3 1 A D B
DAL T 28 D8RR M 2R PF R, X e R XTI CBF's
ZAROT LUK A PR i3 R, S0RE T bR o e
TR EAOR A W SCH

4 HEEH

B UE A SCJ5 15 (novel characteristic basis
function method, NCBFM) 48 &4 74 F1 A% o v |
1D AR | HEBRA S AR B X RCS DL R A~
&y B RCS#EAT T 3F 5. Fr A 5 0 ¥ 78
Intel(R) Core(TM) i5-6200U 2.30 GHz, 48 GB
RAM 19 PC #L 58, 4iid#s K H Visual studio
2013, BiCGStab i X 1% 22 & 0.001, & T % ik
NCBFM NG E, & SCHE I R B iR E R
0.5

% 100%,

=1

Err= (1 i JCBFM, _IFEKO‘2/|IFEKO’2
I i i i
(13)
A, 168 ] NCBFM fil CBFM 5 H Y
LU R B, TTEKO Sy i H Rl ¥ 4F FEKO(CR H
MLFMM K fif) 845 20 i R4
BH 1 HE AR NS R ER A X
RCS, A S 4 % & 300 MHz, A 5/ & 0 = 0°,
¢ =0° N =M onH Bk E, R AECH
17278, H¥r¥I N 8 T8, NCBFM #l CBFM
REAF I 1E 800 MR, Bl 1(a) 4 T 2 Fp
FRAEARTR SVDITRR R A HL I IR 25 A & CBF's %L
H. WK 1(a) FTLAE i, R SVD 4R3I, H
TIRZWSIGEEF L 5548, CBFM 7E AT KA
Z HARA, Sihgt H AR IR 2 ik, fAfE K
TOASH A, T SVD X 3R IR AT 5 46, 2
BB ARG SVD 1B, 5t AT AZE SRR BE 155 Ol
T TR T AR R R 22 40, CBFM Al
NCBFM W TTBR 743 515 0.005 F1 0.008, [l 1(b)
S5t T A PERTE 4 A8 SVD J5 A SHE 5 i
2. W 1(b)rT LA, 2 PO ik e A ik ey 5
EECH 80 BRI A 2 TRR i B 2ok, CBFM 14
#| 653 1~ CBFs, 4k FEAEECH 653 x 653, HiFF
S8l 5282, SR ] BiCGStab 1248 1 3R Ak 4 ek
FERE TR, 24X 26 RRIAT LS. NCBFM $:45 %)
649 1~ CBFs, 4 I B 4500 649 x 649, ik 5%
P4 1785, 4 W By R s AR 17 IR B AT e 8k,
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TR R E T 34.6%. 4 BN CBFM Fl
NCBFM 5 7§48k HH #4k X RCS, 5
g Jw E 1) Broas, B 1(c) AT BLE
NCBFM 5 CBFM 11345 W) &84, AR E
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B2 T NHEERA AR IR BB RCS,
JUfAME 78 UL SCRiR 28], ASHH%E R 6 GHz, A
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(a) AT SVD ITBRF 2 Fl oy i (34 15% 2% K CBFs $0H ; (b) Z22B BRI 4 A T30 3 S 16 1285 (c) SRR RCS

Fig. 1. (a) Calculation error and numbers of CBFs under different SVD thresholds of two methods; (b) singular value distribution

curve in four sub-domains of the left hemisphere; (c) bistatic RCS of PEC sphere.
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F, 153 124685 S ARFNEL, HIRHIH 48 A~
5, 2 FOTEAE R T E 1600 N, CBFM
) SVD [ JFR >4 0.001, F:4551] 7829 > CBFs, #k
FHELHEVE (LU 23 ) K i 4 Dol 5B [ 7 R 2 FE T
1239.6 s, 1 R FH 326 A7 SR ik 4 ol 2 W 7 2, AR
86 YK B AT it 8%, #EMT 104.5 s. NCBFM #J SVD ]
FR A4 0.002, 24531 7775 A~ HE AL, 408 R AR
LR AR 45 WRIFTSR SR, #ERT 57.3 s, THRARCRHE
1 45.2%. 2 Rk A ) HE B A B0 RCS
wmE 2 fras, IWIE 2 7] LA H NCBFM 1158 1 45
H5 CBFM Hl FEKO W& 8 F-

RCS o4/dBsm

0 . 30 . 60 . 90 . 120 . 150 . 180
®/(°)(0=90°)
B2 BRI AE IR RCS
Fig. 2. Bistatic RCS of cone-sphere with gap.

BH 3 15— 252.3744 mm 75 RAY R
Ui RCS, ABHH N 20 GHz, A SN 6 = 90°,
©=0°—180°. F = ffHooxf HAnZR #1754,
A5 5] 153690 AR FE, HARK K 5241 5.
20 5 B Y B B0 1600, CBFM FI
NCBFM 1 SVD ['JFR 5351k 0.001 F1 0.002, 5351
55 1141070 11362 4~ CBFs, # % JH B 38 R fig
AR T AR, T B FERT 5387.3 5. Ml CBFM R
il A Wl R I 5 AR, AR 10 128.2, FLK 4

VKR [ 7 R SR M S Y FE R 237.8 s; NCBFM 48
WHCE¥1R 63.5, SR EQR T 50.4%, HRIK 46
T B 7 ORI FERT 1212 s B3Rt T
2 FOr AR HH Ak 5t RCS, WKL 3 AT LR
i, NCBFMPiTHH455 5 FEKO W) &84, HA
e BT AR B

—20

|
i
)

RCS 04/dBsm
|

o

<

780 1 1 n 1 n 1 n 1 n 1 n
0 30 60 90 120 150 180
#/(°)(6=90°)
Bl 3 Ak HH B b2k RCS
Fig. 3. Monostatic RCS in HH polarization of NASA al-

mond.

#1441 T CBFM Ml NCBFM 7 FH.3t 46 4
JEUFE | PRESCRA 15 | 4 Dol R P A s LA B A4 Dl A B
TREF KA. AR 1 ATLAA i, NCBFM 7E5:
PRIEFA 1 7 T RCRA T /MBS 5, 7648 R
D7 REEACSK A 7 T R ACRAAT B T R .

5 & %

ASCE Y T — RO BRI MR i, 7
R 127 S S M B A TR ORD S, I 2E7 )
TRt T B R AE SRR, W T IO
TEH AUV, i F O BR ORIV 25 6 41
A 0 BRI BRI O 1
D MR, S5 T I 7 R R A

F 1 IRER A

Table 1.  Comparison of computation time.
RV &S ki Tk FHEUHERFISE /s JReRBONE /s SRUBUEMRIOIG /s 480806 R /s THETRTIE] /s

CBFM 239.9 1081.4 41.7 0.44 1375.6

EBR(17278)
NCBFM 239.1 979.4 40.8 0.31 1267.9
\ i CBFM 3297.5 27736.4 1535.7 104.5 32740.1

HEERHT 4% 4 (124685)

NCBFM 3289.2 26985.1 1506.6 57.3 31889.7
CBFM 4097.8 33173.5 3553.7 237.8 83936.8

AR (153690)
NCBFM 4098.4 31832.3 3524.1 121.2 61437.9

170201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 17 (2019) 170201

BER. BUASTRUEN] T AR SO7 AR PRUERS BE A R
N, ARCHAR T 48 08U R 5 R SR AR R
ARSCT5 ik v T i R 7 R R AR AR, (3
TEEAGS R TP R AR ) LSS, S a2
B IORE Z R P S Tk ISRk
UGS TE DR L i A e | PR A Tk A A
FIABRZITE N, I I ) BUE 5, LIR s
T HE RO AT LR b PR SRR PE IR

S 30k
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Abstract

The characteristic basis function method is known as an effective method to solve the electromagnetic
scattering problems, but the convergence of the iterative solution of the reduced matrix equation is slow when
the characteristic basis function method is used to analyze the electromagnetic scattering characteristics of the
electrically large target. In order to mitigate this problem, a new reduced matrix construction method is
proposed to improve the iterative solution efficiency of characteristic basis function method in this paper.
Firstly, the singular value decomposition technique is used to compress the incident excitations, and the
characteristic basis functions of each sub-domain under the new excitations are solved. Then, the new
excitations and the characteristic basis functions are defied as the testing and basis functions to construct the
reduced matrix. The diagonal sub-matrices of the reduced matrix constructed by the new testing and basis
functions are all identity matrices, thereby improving the condition of reduced matrix. Thus, the total number
of iterations to achieve reasonable results is significantly reduced. Numerical simulations are conducted to
validate the performance of the proposed method. The results demonstrate that the efficiency of the iterative
solution of the reduced matrix equation constructed by the new method is significantly improved. Furthermore,
the characteristic basis functions’ generation time required by the proposed method is noticeably less than that

by the traditional characteristic basis function method due to the reduced number of matrix equation solutions.

Keywords: characteristic basis function method, reduced matrix, singular value decomposition, characteristic

basis functions
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