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1. Vegetation and Forests  (Huanting Huang and Weihui Gu)
ÅNumerical Solutions of 3D Maxwell Equations: Hybrid 

Method 

2. GNSS-R : Land Surfaces (HaokuiXu and JiyueZhu)
ÅKirchhoff Numerical Simulator (KA simulator)
ÅPatch Model 

3. Accurate Numerical solutions of Scattering  by Rough 
Surfaces  (JyueZhu and YanleiDu) 
ÅNystrom/NIBC/SMCG
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Outline: 3 topics 
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Hybrid Method of 3D
Maxwell Equations for Vegetation/Forests

Part 1

H. Huang, L. Tsang, A. Collianderand S. H. Yueh, "Propagation of Waves in Randomly Distributed Cylinders Using Three-
Dimensional Vector Cylindrical Wave Expansions in FoldyςLax Equations," inIEEE Journal on Multiscale and 
MultiphysicsComputational Techniques, vol. 4, pp. 214-226, Dec. 2019.

H. Huang, L. Tsang, E.G. Njoku, A. Colliander, T.-H. Liao, and K.-H. Ding, "Propagation and Scattering by a Layer of 
Randomly Distributed Dielectric Cylinders Using Monte Carlo Simulations of 3D Maxwell Equations with Applications in 
Microwave Interactions with Vegetation",IEEE Access.,vol. 5, pp. 11985-12003, 2017

HuantingHuang and WeihuiGu
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Radiative Transfer Equation (Distorted Born 
Approximation) :  30 years 

Radiative Transfer Model: Homogenization

Model Picture of RTE / DBA

Radiative transfer:

ὨὍ

Ὠί
ⱥ▄Ὅ ὨǶίᴂὴ ǶίȟǶίᴂὍǶίᴂ

ÅAttenuation rate:

‖ ὲ „ „

Å Optical Thickness:

† ‖ Ὠ

Å Transmission: 

ὸ Ὡὼὴ†ίὩὧ—

Assumptions:

ÅUniform random positions of 

scatterers 

Å Uniform illumination of entire scatterer

▪ : number density per ά .

Ɑ╪, Ɑ▼: absorption and scattering 

cross section of single scatterer

Frequency dependence is same as frequency 
dependence of single cylinder/disk.
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Heterogeneous

Do not fit the physical 
picture of RTE

Picture

Vegetation/Forests 

Ånot statistical homogeneous 
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Issues with RTE/DBA: 
Extended Cylinders and Gaps

RTE use uniform illumination to calculate 
cross sections

1. Shielding Effects: 

Extended cylinders not uniformly illuminated

2. Gap Effects in Vegetation/Forests:

ÅRays either hit the 

cylinder or hit the gap

ÅNo attenuation rate 

Ⱳ

Uniform Non-uniform

Gap effect
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Geometry Setup for Vegetation field (Wheat)

Geometry Setup

Top view

Å Input parameter

Volumetric water content:  ὠὡὅ ςȢυὯὫȾά

Number of stems per meter square: ὔ συυ

Cylinder size: ὶ ςάάȟὰ χπὧά

Å Single wheat plant geometry

Number of cylinders: ▪╬

‰: uniform distribution πȟσφπ

—ȡnormal distribution πȟφ

Enclosing cylinder: ►╬ Ȣ ╬□ȟ▐ ╬□

ÅWheat field geometry

Gap size: ▀▌╪▬ ╬□

Row distance: Ὠ ρυὧά

Gap percentage (brown): Ȣ Ϸ
Wheat field 

Single wheat plant 

ÅWheat field geometry
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Solving Maxwell Equations :  Hybrid Method

ÅSingle wheat plant 1. ἢ: Single Object T-matrix

╔▼╬╪
▪ ╣▪╔▄●

▪

Relate incident wave  to scattered wave

ÅT-matrix extraction based on full wave 
simulation of single plant

ÅT matrix much simpler than internal fields

2. Foldy-Lax multiple scattering equations

╔▄●
□ ╔░▪╬

▪
▪ □

╝

╖□▪╣▪╔▄●
▪

Ὃ֞Ґ DǊŜŜƴΩǎ ŦǳƴŎǘƛƻƴ ǇǊƻǇŀƎŀǘƻǊ

Å Multiple scattering between different 
plants

Å Coupling through T matrices  

Å Multiple scattering

╣
Ὁ Ὁ

╔░▪╬
Ὁ

ὉὉ

...
Top view of wheat field 
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L, S, C bands : HFSS Full wave Simulation of
Wheat Plant

Magnitude of scattered E field

Å Incident field

Plane wave, V-pol

— τς,‰ ρψπ

Å Cylinder size

ὰ χπὧάȟ ςάά

Ὧ

Frequency ὒ ρȢτρὋὌᾀ Ὓ σȢπςὋὌᾀ ὅ φȢωπὋὌᾀ

Wavelength ‗ ςρȢςφὧά ‗ ωȢσχὧά ‗ τȢστὧά

Relative Permittivity  φψȢχτψȢςςὭ φυȢτωρρȢωρὭ υωȢςσρωȢπφὭ
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Magnitude of scattered E field on enclosing cylinder
Å Incident field

Plane wave, V-pol

— τς,‰ ρψπ

Å Enclosing cylinder 

Ὤ χςὧάȟὶ φȢυὧά

Ὧ

Å Fields on Enclosing Cylinder

Å T-matrix much less complicated 

Frequency ὒ ρȢτρὋὌᾀ Ὓ σȢπςὋὌᾀ ὅ φȢωπὋὌᾀ

Wavelength ‗ ςρȢςφὧά ‗ ωȢσχὧά ‗ τȢστὧά

Relative Permittivity  φψȢχτψȢςςὭ φυȢτωρρȢωρὭ υωȢςσρωȢπφὭ

HFSS Simulation  of Wheat Plant 
Fields on Enclosing Cylinder


