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Efficient numerical analysis of electromagnetic scattering from low
observable targets for radar anti-stealth applications
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Abstract: In this paper the efficient numerical methods for EM scattering from low observation targets
have been introduced. These methods based on MLFMA and included some further improvements, among
which the JMCFIE for surface integral equation of homogeneous dielectric scattering, the multi-TDS
boundary conditions for volume integral equation of multi-layered dielectric scattering and their
applications have been discussed in detail. Finally, the code, called as Parallelized Universal
Electromagnetic Scattering Tool (P-UEST) and developed by our group for modeling of scattering from the
stealth airplane, has been described. Some application examples have also been given in this paper.
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Fig.1 Calculation results of mono-station RCS for the edge coated “half diamond” target under 3 GHz plane wave illumination (HH Polarization)
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Fig.2 Electromagnetic scattering characteristics of the bullet coated with thick homogeneous dielectric
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Fig.7 Mono-station RCS results of the coated bullet under 8 GHz plane wave illumination
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Fig.8 Bi-station RCS of an airplane (PEC model) under 1 GHz plane wave illumination
Kl 8 FALS CHLZESR N | GHz B X4 RCS(HELZR FISELk 43 3| CFIE-EFIE BXA 248 EFIE (W454)



632 s B 5E B FIRK 8k

5 #ig

R ICAE 22 2 PE 20T 7 15 (MLEMA) 70 i HE 2T BE— 20 25 45 9 B e A0 BB O v, B0 46 T I8 9 Jo = /i
ST B RO G IR A S AU 5 FEOMCFIE) . I T 2 )20 BUBUN (9 2 2 W B2 (TDS) i A 46 11 D7 ik 4, iR Hh i
I 8 HL R A AT R EH AR RCS 355 19 B8 40 B A A P-UEBST. il 0 S0 6], UE B T2 4000 % 8 i K B & H A% RCS
TE R RS B L 25 AR A 114 DR e S5Ok BE LA B T 1) 55 [ A F9 A% 56 19 T 2 P BE A o

S & Lk

[1] Dongarra J J,Sullivan F. The Top 10 Algorithms in 20th century[J]. IEEE Computing in Science and Engineering,
2000,(2):22-23.

[2] Cipra B A. The Best of the 20th century: Editors Name Top 10 Algorithms[J]. STAM News, 2000,33(4).

[3] SongJ M,Lu C C,Chew W C. Multilevel fast multipole algorithm for electromagnetic scattering by large complex objects|[J].
IEEE Trans. on Antennas and Propagation, 1997,45(10):1488-1493.

[4] Chew W C,Jin J M,Eric Michielssen,et al. Fast and efficient algorithms in computational electromagnetics|M]. London:
Artech House Publishers, 2001.

[5] Nie Zaiping,Wang Haogang. A Combined Field Solution with Single Operator for Electromagnetic Scattering from
Conductive Targets with Open Cavities[J]. IEEE Transactions on Antennas and Propagation, 2008,56(6):1734-1741.

[6] Nie Zaiping,Ma Wenmin,Ren Yi,et al. A Wide-Band Electromagnetic Scattering Analysis Using MLFMA with Higher
Order Hierarchical Vector Basis Functions[J]. IEEE Transactions on Antennas and Propagation, 2009,57(10):3169-3178.

[7] Nie Zaiping, Yan Su, He Shiquan,et al. On the Basis Functions with Traveling Wave Phase Factor for Efficient Analysis
of Scattering from Electrically Large Targets[J]. Progress In Electromagnetics Research, 2008, PIER 85:83-114.

[ 8] Ren Yi,Nie Zaiping,Zhao Yanwen,et al. Sparsification of Impedance Matrix in Solution of Integral Equation by using the
Maximally Orthogonalized Basis Functions[J]. IEEE Transactions on Geoscience and Remote Sensing, 2008,46(7):1975-1981.

[9] Hu Jun,Nie Zaiping. Improved Electric Field Integral Equation (IEFIE) for Analysis of Scattering from 3D Conducting
Structures[J]. IEEE Trans. on EMC, 2007,49(3):644-648.

[10] Yan S,Jin J M,Nie Z. EFIE analysis of low-frequency problems with loop-star decomposition and Calderén multiplicative
preconditioner[J]. IEEE Trans. Antennas Propagat, 2010,58(3):857—-867.

[11] Yan S,Jin J M,Nie Z. A comparative study of Calder on preconditioners for PMCHWT equations[]J]. IEEE Trans. Antennas
Propagat, 2010,58(7):2375-2383.

[12] Peng Shaoxin,Nie Zaiping. Acceleration of the Method of Moments Calculations by Using Graphics Processing Units[J].
IEEE Trans. Antennas and Propagation, 2008,56(7):2130-2133.

[13] Zong Xianzheng,Nie Zaiping,Que Xiaofeng. Numerical Analysis of Cone/Pyramid-shaped Antennas Using Wires/Surface-
to-surface Junction Basis[J]. IEEE Transaction on Antennas and propagation, 2009,57(4):1150-1157.

[14] Yan Su,He Shiquan,Nie Zaiping,et al. Simulating Wide Band Radar Responses from PEC Targets Using Phase Extracted
Basis Functions, Progress[J]. Progress In Electromagnetics Research B, 2009,13:409-431.

[15] Rui X,Hu J,NIE Z. Solving Scattering from Multiple Conducting Objects by Hybrid Multi-Level Fast MultiPole Algorithm
with Generalized Forward-and-Backward Method[J]. Electromagnetics, 2008,28:572-581.

[16] Yla-Oijala P,Matti T. Application of combined field integral equation for electromagnetic scattering by dielectric and
composite objects[]J]. IEEE Trans. Antennas Propagat, 2003,53(3):1168-1173.

[17] Yla-Oijala P,Matti T. Improving conditioning of electromagnetic surface integral equations using normalized field
quantities[J]. IEEE Trans. Antennas Propagat, 2007,55(1):178-185.

(18] BRI e e 8042, S TIRA S H B MLEMA 4387 SR S & H bs o i BUR R[] B F 244, 2007,
35(11):2062-2066. (QUE X F,NIE Z P,HU J. Analysis of EM Scattering by Composite Conducting and Dielectric Object
Using Combined Field Integral Equation with MLEMA[]J]. Acta Electronica Sinica, 2007,35(11):2062-2066.)

[19] He S Q,Nie Z P,Wei J G,et al. A Highly Efficient Numerical Solution for Dielectric-Coated PEC Targets[J]. Waves in
Random and Complex Media, 2009,19(1):65-79.

[20] He S Q,Yan S,Nie Z P. Scattering Analysis of Dielectric-Coated Metallic Targets Based on Phase-Exiracted Basis
Functions[C]// IEEE Antennas and Propagation Symposium. San Diego, CA:[s.n.], 2009:1-4.

(FH:45 686 1)



