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Outline: 3 topics

1. Vegetation and Forests (Huanting Huang and Weihui Gu)

ANumerical Solutions of 3D Maxwell Equations: Hybrid
Method

2. GNS® : Land SurfacedgokuiXu andliyueZhu)
AKirchhoff Numerical Simulator (KA simulator)
APatch Model

3. Accurate Numerical solutions of Scattering by Rough
Surfaces JyueZhu andYanleiDu)

ANystrom/NIBC/SMCG
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Huanting Huang-andweihui Gu

H. Huang, L. Tsang,@ollianderand S. HYueh "Propagation of Waves in Randomly Distributed Cylinders Using-T]
Dimensional Vector Cylindrical Wave Expansions in EladoyEquations,” ilEEE Journal on Multiscale and
MultiphysicsComputational Techniqugesol. 4, pp. 214226, Dec. 2019.

H. Huang, L. Tsang, ENjokuy, A.CollianderT:H. Liao, and KH. Ding, "Propagation and Scattering by a Layer of
Randomly Distributed Dielectric Cylinders Using Monte Carlo Simulations of 3D Maxwell Equations with Applice
Microwave Interactions with VegetationlEEE Accessqgl. 5, pp. 119882003, 2017
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Radiative Transfer Equation (Distorted Born

Approximation) : 30 years

Radiative transfer: Assumptions:
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(., dy: absorption and scattering Model Picture of RTE / DBA

cross section of singkatterer

Frequency dependence is same as frequency
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Heterogeneous

Vegetation/Forests

A not statistical homogeneous

Picture o Do not fit the physical
Nhavend K picture of RTE
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1. Shielding Effects:

Extended cylinders not uniformly illuminated

RTE use uniform illumination to calculate
Cross sections

Uniform Non-uniform

2. Gap Effects in Vegetation/Forests:

W
A Rays either hit the

cylinder or hit the gap

A No attenuation rate

Gap effect



Geometry Setup for Vegetation field (Wheat)

A Wheat field geometry

Wheat field

A Input parameter
Volumetric water content:o 0 ¢ ¢& "QOre

Number of stems per meter squargé: G L U

Cylindersizas ¢ dddx X m®a

A Single wheat plant geometry
Number of cylinderst .t

%o uniform distribution Tio @ Tt
—gnormal distribution Tty

Enclosing cylindem. 8 3¢ i &0 |

A Wheat field geometry Single wheat plant
Gapsize® 1 O

Row distanceQ PULU WA

Gap percentage (brown): 8 p



Solving Maxwell Equations : Hybrid Method

A Single wheat plant 1. 1 : Single Object-Matrix

Fvdt 1 Mo
] Relate incident wave to scattered wave
o \ /

A T-matrix extraction based on full wave

/v "|| \ simulation of single plant

A T matrix much simpler than internal fields

_ - 2. FoldyLax multiple scattering equations
A Multiple scattering J
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A Multiple scatteringbetween different
plants

A Coupling through T matrices

Top view of wheat field 5




C bands : HFSS Full wave Simulation of

Wheat Plant

A Incident field E Field
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HFSS Simulation of Wheat Plant

Fields on Enclosing Cylinder

A Incident field

Plane wave, Yol

T ¢, %0

pym

Magnitude of scattered E field on enclosing cylinder

A Enclosing cylinder
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