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Applications Cover a Broad Range

Data Link

Multifunction AntennasMultifunction Antennas

Radar Radar 
ImagingImaging

Satellite CommunicationsSatellite Communications

Mobile CommunicationsMobile Communications

TxTx RxRx

Floor LayoutFloor Layout

Integral Equations and Fast Solution Techniques

Surface Integral EquationsSurface Integral Equations
Hybrid Hybrid 

Finite ElementFinite Element--Boundary Integral Boundary Integral 
SystemsSystems

Volume Integral EquationsVolume Integral Equations
VolumeVolume --Surface Integral EquationsSurface Integral Equations

Fast Integral Equation Solver:Fast Integral Equation Solver:
Multilevel Fast Multipole Method Multilevel Fast Multipole Method 

RCS Evaluation/ReductionRCS Evaluation/Reduction
Target Recognition/Database ConstructionTarget Recognition/Database Construction

RF Circuit Analysis/DesignRF Circuit Analysis/Design
EMI/EMC EvaluationEMI/EMC Evaluation

Wireless Communication Link DesignWireless Communication Link Design
Multifunction Antenna DesignMultifunction Antenna Design

Conformal/Wideband Large Antenna Conformal/Wideband Large Antenna 
ArraysArrays

Biological Tissue SOR PredictionBiological Tissue SOR Prediction
Inverse ScatteringInverse Scattering

Almost all EM areas require general Almost all EM areas require general 
purpose analysis tools: (CEM)purpose analysis tools: (CEM)

Integral equations Integral equations 
provide robust fullprovide robust full--

wave characterizationwave characterization

MLFMM provides MLFMM provides 
fast and efficient fast and efficient 

solution of large realsolution of large real--
life problemslife problems

Examples and Performance

Volumetric Integral Volumetric Integral 
Equations for Equations for 
Material Modeling Material Modeling 

Dielectric ShellDielectric Shell

Normalized radiation patterns of a vertical Hertzian dipole on a
sphere: Computed using the same mesh and MLFMM clustering at 3 
different frequencies.

10 elements/λ 5 elements/λ 3.5 elements/λ

Closed Form 3 Level FMM

Surface Surface 
Integral Integral 

Equations for Equations for 
Radar Imaging Radar Imaging 

and Surface and Surface 
ModelingModeling

N=172,872: Fill Time: 4.5 Hours
Solve Time: 2.8 Hours, 

Converged in 50 CGS iterations 
for 10–3 error using 700 MBytes

Dielectric Coated Dielectric Coated 
PEC SpherePEC Sphere

FE-BI
VSIE

MLFMM for Fast SolutionMLFMM for Fast SolutionHigher-order elements minimize geometry modeling error, thus may reduce system size.
Conformal basis functions require careful singularity treatment.
MLFMM can easily be adapted for conformal modeling.
Parallel implementations of MLFMM enable solutions of large real-life problems.

Conformal Geometry Modeling
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Contravariant projection 
edge based basis functions: 

VIE Basis Functions:
Tri-quadratic Volume Elements
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SIE Basis Functions:
Bi-quadratic Surface Elements
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