I_Harmonic Radar Cross-Section
Modeling with Non-linear

Method of Moments

Streamlining production of simulated training data for target
discrimination algorithms for electrically large platforms

To streamline production of simulated training data for target
discrimination algorithms, we are providing an efficient and high-fidelity
modeling capability for non-linear radar response of electrically large
platforms, such as hypersonic missiles, that is unavailable in the current
commercial and government space.

Threats addressed in this IRAD include discrimination of hypersonic
missiles vs. decoys and detection of hostile UAV and nefarious devices.
Procedure

We develop theory and formulation for method of moments with
harmonic balance (MoM-HB). Commercial large language models
were employed to assist in method formulation.

Observations

Our methods development IRAD has been successful addressing
multiple facets of radar cross section modeling;:

_________________________ 10%

® H-matrix ACA N1-33ogN
W IRAD (rNCA)

Electrical Size

RE - an =u 8
Internal ——— NO'98|OQN
e

lectronics
T

N
2

L3

- | Y
Electrically Electrically
large body small antenna

T
1

Matrix Storage (kB/Nunk)

Fine mesh
features

1is ‘
+ Computationally intensive problems
L* Numerically unstable problems 10* 10° 10° 10’
~ Non-linear electromagnetics effects Unknowns o
The success of the nested cross
approximation method in dramatically

reducing resource requirements for
electrically large problems

Non-linear effects due to internal circuitry:
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Key Features

 Capturing non-linear
effects illuminates hidden
internal details of target
circuitry

Hierarchical matrix algebra
coupled with harmonic
balance enables analysis
for large platforms and
high frequencies

Efficient modeling
capability enables rapid
generation of training data
for target discrimination
algorithms
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Target discrimination with harmonic radar

Building on the great success of our previous computational EM
methods development IRADs and CRADs, we began integrating method
of moments with harmonic balance (MoM-HB). An efficient MoM-HB
approach will provide the ability to model harmonic response from
internal electronics in missiles or other platforms. Efficient computation ...
of harmonic radar signatures for electrically large vehicles with multi- DoD Priorities

scale components can provide a wealth of training data for Al target

discrimination algorithms.
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» Develop a prototype code implementation of MoM-HB using our @ @ @ @ Q

Stars MoM tool

- Integrate with additional cutting-edge methods developed on IRAD:
nested cross approximation for larger problems and novel integral
equations for numerical stability




