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Agenda

= Antenna Toolbox — Introduction

= Problem Setup

« Feature Review: Installed Antenna
« Feature Review: RCS

= Solvers

= Summary



Vision

To provide one easy-to-use tool for all things antenna
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Recent Feature Review

STL-file checker

Design for plane-wave analysis
Plane-wave analysis using FMM
Access to solver and convergence
Infinite array updates

Min. edge length and growth rate
on all catalog

Slicer capability to visualize mesh
Overlay direction of current flow

oby =

FileName:
Triangulation:
NonManifoldEdges:
NonManifoldvertices:
Slivers:
DuplicateVertices:
NormalTransitionEdges:
FreeTriangles:
TVertices:

ShowLog:
MinimumSeparation:
Minimumirea:

>> obj = stlFilecChecker ('beechcraft kingair_

stlFileChecker with properties:

"beechcraft_kingair 350 blend.stl”
[41884x3 triangulation]

350_blend.stl", "showLog',0)

[4x2 double]
[4x1 double)

I ob] .showNonMianlfoldEdges I

[0x1 double]
8

[0x2 double)
[0x1 double]
[0x1 double)
0
1.0000e-08
1.0000e-11

ob?.showNonManifoldvertices
L lon Manifold Vertices

Non Manifold Edges

S
~ana

Unit cell of patchMicrostrip in an infinite Array

Impedance ()

0

Scan Impedance in az = 0 deg plane

Resish
Reacta

0 20 0 40 5 6 70 &0
Scan Elevation(deg)

z (m}

NumTriangles: 184
NumTetrahedra: 0
NumBasis: 265

1 MaxEdgelLength: 065084
¥ MeshMode: auto

z (m)
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Relative residual
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File import

Import the platform as an STL file

p = platform;

p-FileName = 'tetrahedra.stl';

p-Units =

lml;

Installed antenna analysis

%% Bet-up the installed antenna

ant =
ant.Platform
ant.Element

ant.ElementPosition

figure;

installedAntenna;

= plat;

show (ant)

Platform:
Element:
ElementPosition:
Reference:
FeedVoltage:
FeedPhase:

Tilt:

TiltAxis:
solverType:

installedantenna with properties:

[1x]1 platform]
[1x1 dipole]
[-1.Z000 0 0.5000]
'feed!

1

0

0

[1 0 0]

'MoM-FO'!

dezign (dipole,
[-1.2 0 0.5];

19 ;

Installed antenna

| — =]

fesd
platorm

Platform object

p:

platform with properties:
0.5
FileName: 'tetrahedra.stl'
Units: 'm'
UseFileAsMesh: 0 s
Tilt: 0
TiltAxis:

z (m}
o

Radar Cross Section (RCS)

rcs (plat, f,az,el);
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Detect Bad STL Files

obj.showﬂonH@nifoldEdges

>» ob] = stlFileChecker('beechcraft kingair 350 blend.stl', 'ShowLog',0)

oby =

stlFileChecker with properties:

FileName:
Triangulation:
NonManifoldEdges:
NonManifoldvVertices:
slivers:
Duplicatevertices:
NormalTransitionEdges:
FreeTriangles:
Tvertices:

SshowLog:
MinimumSeparation:
Minimumfrea:

"beechcraft kingair 350 blend.stl’
418843 triangulation]

4x2 double]

4x1 double]

0x=1 double]

D=2 double]
D=1 double]
D=1 double]

1.0000e-06
1.0000e-11

| I on Manifold Edges

C = M
[ I R

=

I on Manifold Vertices
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Installed Antenna Review

» Import a platform (e.g. STL file)
» Define 1 or more antennas around platform
» Use 3 solvers: MoM-PO (default), FMM or MoM

» Compute and visualize Far-field Pattern, Port parameters, surface
currents
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Installed Antenna Review
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Installed Antenna Example

plat = platform{'FileName', 'glider.stl", 'Units', 'm'};
figure;
show(plat);

nose_ant = design(dipole,le9);

wing_ant = design(dipole,5e9);

ant = installedAntenna;

ant.Platform = plat;
ant.ElementPosition(l,:) = [-1.2 @ 6.5]
ant.ElementPosition(2,:) = [-3 -8.5 -8.15];
ant.Element = {nose_ant,wing_ant}

figure;
show(ant);

ant.FeedVoltage = [1 @H;
figure;
pattern{ant,le9d}
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Overiay Antenns v

20

Output - Dicectivity
Frequency : 5 GHz
Max vaive - 9.3 dBi
Min value : -35.3 dBi
Azimuth - [-180°, 180°]
Elevation : [-90° , %0°)

Overlay Antenna v

ant.FeedVoltage = [@ 1];
figure
pattern(ant,5e9)

s = sparameters(ant,linspace(5868e6,6e9,188));
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Scattering Solutions

Parabolic reflector
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Reflector Analysis from Pattern Files

= Pick/Import reflector definition
= Import pattern data from file
= Calculate overall pattern using physical optics

%Define the measuredAntenna object

Qutput : Directivity
ms=measuredAntenna; Frequency : 10 GHz ]
B | Max alueil’.-b.s Bl_ 35
ms.E=Einc.”; T
a . . ation : [-90° , 80°] 30
ms. Direction=0ir; ,
5
ms.PhaseCenter=[0 0 FJ; 20
=>> Ms 15
10
[an]
&
5
ms = X y 0

measuredAntenna with properties:

E: [3536x3 double] /

Direction: [3536x 3 double]
PhaseCenter: [0 0 0.1500]

y (mm) ® {mm}
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3D Pattern Reconstruction

Original 2D Azimuthal Pattern Original 2D Elevation Pattern Original 2D Azimuthal Pattern Original 2D Elevation Pattern
105 9% 75 105 9 75 105 9 75 105 90 75
120 5 ® 120 60 120 60
135 . 45 135 0 45 135 0 45
150 ~20 30 150 4 30 150 g 30
%0 ~10 0
165 15 165 -2 15 165 -2 15
. . . 180 0 180 < o 180 0 0
Work with slices of pattern in 8 B S .
210 330 210 330 210 330
225 315 25 315 225 315
2 D 300 240 300 240 300 240 300
255 579 285 255 570 285 255 579 285 255 570 285
Reconstructed 3D Pattern - Summing algorithm (“classic")
R e CO n St r u CtS a 3 D atte r n Reconstructed 3D Pattern — Summing algorithm ("classic")
P :
. . 5
[wo choices for reconstruction :
algorithm ‘5
g
x y
B -15
20
-25
30
Reconstructed 3D Pattern - Cross-weighted method Reconstructed 3D Pattern - Cross-weighted method
10
5
0
5
-10
X y
-15
-20
25
-30
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RCS Review

Monostatic, Bistatic RCS functionality for antenna, arrays and custom
shapes(STL file)

PO, MoM, and FMM solver choices for calculating RCS
Shadow region detection
Supports VV, HH, VH, HV, Vtotal, HTotal polarizations

Results available in complex and dBsm
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RCS Benchmarking — NASA Almond @ 7GHz

z (m}

-0.02 x {m)
-0.04 0

y{m)

rcs(p,f,az,el, 'Solver’,"PO"',
'Polarization’,"HH',

'CoordinateSystem', 'rectangular');

rcs(p,f,az,el, 'Solver', '"MoM',
'Polarization’,"HH',

'CoordinateSystem', 'rectangular');

rcs(p,f,az,el, 'Solver',"FMM',
'Polarization’,"HH',

'CoordinateSystem', 'rectangular');

Magnitude, dBsm

-15

-70

RCS Comparison, MoM vs. PO vs FMM

HH-pol, MoM
HH-pol, PO
HH-pol, FMM

20 40 60 80 100 120 140
Azimuth, deqg.

Azimuth sweep — 0:180 deg.
Elevation — O deg.

160

180
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Dielectric NASA Almond — Monostatic RCS@ 2.98 GHz

O Product Solutions Open Source Pricing

H UTAustinCEMGroup / AustinCEMBenchmarks  Public

<> Code (O Issues 1 Pullrequests (® Actions [ Projects 00 wiki @ Security |~ Insights

P master +  AustinCEMBenchmarks / Austin-RCS-Benchmarks /

Platform object

€ =2.96,
tand =.032

X (mm)

-40 .
y (mm) 100

Points: [73941x3 double] e
Tetrahedra: [405624x4 double]
Triangles: [2405€&x3 double]

Magnitude {dBsm)

Magnitude {dBsm)

-30

o
m

HH-pol RCS at el =0 deg.

Antenna Toolbox
Ref [3] Measured

Ref [3] Simulation | 7

VVpol RCS @ el = 0 deg.

Antenna Toolbox
Ref [3] Measured
Ref [3] Simulated

30

80 a0 120
Azimuth angle (deg.)
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Sqlvers Method of
Moments (MoM)

?)

g Hybrid

S MoM-PO

PO/GO/UTD
Solution t[me

»

RCS Comparison, MoM vs. PO vs FMM

-15

%/\ Time /angle

E
g V ' PO Low
MoM High
NASA Almond, 7 GHz, PEC target | o |
RCS Setup: Monostatic, HH pol I | =
32k unknowns 0 20 40 60 Az?rﬂuth’lgzg, 120 140 160 180
16




Summary

= Antenna Toolbox supports installed antenna
and RCS workflows

- STL and MAT file import with more on the way
- 100+ antenna types in catalog

= Pattern analysis of reflectors with custom
excitation pattern

= Pattern reconstruction from 2D slices
= 4 solvers — MoM, MoM-PO, FMM and PO
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Examples

Documentation

Getting Started with Antenna Toolbox

4\ MathWorks-

Help Center
= CONTENTS

«Documentation Home

«Examples

«RF and Mixed Signal

Category
Antenna Toolbox

Get Started with Antenna
Toolbox

Antenna Catalog
Array Catalog
Material Catalog

Custom Geometry and PCB
Fabrication

Analysis, Benchmarking, and
Verification

Antenna and Array
Optimization

Import, Export, and
Visualization

Installed Antenna and Large
Structures

Type
@ al
O MmaTLAB

O simulink

2

31

10
22

22
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Products

THANK YOU

Solutions  Academia  Support

Documentation  Examples

Functions

Community  Events

Apps  Videos  Answers

Antenna Toolbox — Examples

Get Started with Antenna Toolbox

More options

Port Analysis of Antenna

Quantifies terminal antenna
parameters, with regard to the
antenna port. The antenna is a one-
port network. The antenna portis a

Infinite Array Analysis

The use of infinite array analysis to
maodel the behavior of a sinale

Current Visualization on
Antenna Surface

Visualize surface currents on the
half- wavelength dipole and how to
observe the individual current
components. Finall, it shows how to

Plane Wave Excitation -
Scattering Solution

Explains how to excite an antenna
usina a plane wave The antenna in

Antenna Far-Field
Visualization

Visualize the far fields for antennas
and antenna arrays. Radiation
patterns can be plotted in Antenna
Toolbox™ using the pattern function.

Loading Using Lumped
Elements

Load an antenna using a
ou can load an

e gt Pl

Antenna Near-Field
Visualization

Calculate and visualize the near-
fields for antennas. Near fields can
be plotted in Antenna Toolbox™
using the EHfields function. This

Using PCB Stack
Use the pbstack to design basic,
narasitic d led and CP

Get MATLAB. 0 :

Field Analysis of Monopole
Antenna

Conduct the field analysis of
monopole antenna using pattern
function.

Trial Software

Create Antenna Model from
Gerber Files

Create an antenna model from
Gerher files and

HelpCenter + Q

Product Updates

R2023a
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STOP BY BOOTH 2541 TO LEARN MORE
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https://www.mathworks.com/help/antenna/examples.html?s_tid=CRUX_topnav
https://www.mathworks.com/help/antenna/index.html?s_tid=hc_product_card
https://www.mathworks.com/help/antenna/getting-started.html
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