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Abstract: The Method of Moments(MoM) combined with Multi-Layer Fast Multipole Algorithm
(MLFMA) and Adaptive Cross Approximation(ACA) is proposed to calculate the electromagnetic
characteristics of the target. The computation of the scattering of electrically large composite targets is
speeded up and the memory requirement is reduced. For the near-field region of self-acting target, MoM
and MLFMA are combined to speed up the matrix vector multiplication, reduce the storage and decrease
the complexity of calculation. The far-field impedance matrix has a low rank characteristic and can be
compressed by ACA to speed-up the filling rate of the matrix. Matrix filling is stored sequentially
according to the interaction among the blocks divided by tree structure. ACA algorithm is utilized to solve
the problem of the compression of matrix between each block and block. The proposed hybrid algorithm
based on ACA can compress the impedance matrix of the coupling between two targets, reduce the filling
time and the required memory of the matrix. At the same time, the computation time of matrix vectors can
be shortened in the iterative process, thus the total time of electromagnetic scattering calculation can be
reduced greatly. Numerical simulation results show that the algorithm is more efficient than the traditional
method, and the accuracy of electromagnetic scattering is consistent.
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Tablel Performance metrics of bistatic RCS from double ball

unknowns rank of impedance matrix number of iteration iteration time/s filling time/s total time/s
960 24/30 14 <1.0 <1.0 1.5
3 840 35/36 15 2.6 4.8 7.6
15360 65/61 17 16.0 29.0 46.0
61440 82/96 20 86.0 160.0 250.0
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PUEFE A MLFMA-ACA B3k J5, % AQET ) Kk BE 38 s isf [a) (9 3+ 55 52 2% B AL Ge 7 s AR, WERH I B vA 1
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RS T RE R bR . AT 100 MHz B, 50 B (9 326 48 B 8] R 29 46 40 8 Bk 19 1/55 1 300 MHz 19 A 5 40 %6
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Fig.7 Comparison of computational complexity
Bl 7 ZIEXI L

Fig.8 Bistatic RCS polarization for scattering of defected rail
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Table2 Comparison of electromagnetic scattering calculating time with different algorithms for defected rail

frequency numerical method number of iteration iteration time/s matrix filling time/s total time/s
100 MH MoM-MLFMA 3252 1414 79 1494
: MoM-MLFMA-ACA 3 190 287 43 332
300 MH MoM-MLFMA 3586 1456 48 1504
? MoM-MLEMA-ACA 3 665 138 9 148
%:Z 3 él/fl\ Hj T 7[: IEJ )\Eﬂ‘ }J;ﬁ %3 2 ﬁl:l %: /£ ‘F:H‘ 20 IO*MOM*MLFMAC’ M*MLFMA*ACA
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MoM K B () 38 78 isf (] DL R 2% AR sk ) B 38 4

20 40
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pitch angle/®

(a) incident frequency 100 MHz

20 40 60 80 100 120 140 160
pitch angle/®
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Fig.9 Bistatic RCS diagram for scattering of nondestructive rail

& 9 TEIANBLELES X0 RCS 2 fb A

s, HohkACETE 46 %5 8 MoM-MLFMA B350 1/10, FEFEIE AT RIZEE 0 1/5 Db A5kl B e EE T
JERRYERE R 3 3023 398, M ACA FR4MERETHRAET, MEEEMECH 2, FAME5E M 342 MB 4 E R E 1 MB,
KAOFEEFEAR T BT i CPU f#fit . BDFRIH ACA 5335 X BH BT B4 19 e 4 5 45 300 e o (R R AIG L B R o ) ik 3 v AH 3
B >, B AR BRI A R . WA B O T 200 A4, X B S A BN L



552 4 FEEMZE

ETRE ACA HWERFRINH S B ER 253

RUBERRYE, 25 I8 B LT AR i S 2 BRI, i ISR 04 ) 20 2 B e — JB 1 DL

3 AL A TR N U R AT L

Table3 Comparison of electromagnetic scattering calculating time with different algorithms for nondestructive rail

frequency numerical method number of iteration iteration time/s matrix filling time/s total time/s
- 1892 840 44 885
100 Mz MoM-MLFMA
MoM-MLFMA-ACA 1953 194 45 239
300 MH MoM-MLFMA 2970 1172 9 1182
? MoM-MLFMA-ACA 3056 121 9 131

F 4 BIFMALEXG, RCS PEREXT L

Table4 Bistatic RCS performance comparison between two algorithms for defected rail

numerical method unknowns size of matrix CPU memory iteration time/s filling time/s total time/s
MoM-MLFMA 6700 3302x3 398 342 MB 1456 48 1504
MoM-MLFMA-ACA 6700 3302x3 398 <1 MB 138 9 148

F 5 PIFRIERIXLG RCS PEREXS HL

Table5 Bistatic RCS performance comparison between two algorithms for defected rail

numerical method unknowns generation of density iteration time filling time total time
MoM-MLFMA 85968 206 >5h >1h >5h
MoM-MLFMA-ACA 85968 206 1452s 128 s 1586
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MLFMA 53569 1/10, I Hak QU5 B v AR KRR ERRAR T BT 5 CPU fefilt, itk iRy 5y . 5343k
WY, A AT UMD AE vk B o R R AR, A O S R T SAORG 0 R A T B T RO R R i A G R RE
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