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Antenna Design – Where To Start?

Antenna Designer / Array Designer

▪ Select an antenna / array based on the desired specifications

▪ Design the antenna / array at the operating frequency

▪ Visualize results and iterate on antenna geometrical properties

▪ Generate MATLAB scripts for automation

https://www.mathworks.com/help/antenna/ref/antennaarraydesigner-app.html

https://www.mathworks.com/help/antenna/ref/antennaarraydesigner-app.html
https://www.mathworks.com/help/antenna/ref/antennaarraydesigner-app.html
https://www.mathworks.com/help/antenna/ref/antennaarraydesigner-app.html
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Antenna Catalog: Available Parameterized Geometries

▪ Dipole and bowtie antennas 

▪ Monopole antennas 

▪ Patch antennas

▪ Spiral, helix, and loop antennas

▪ Aperture and cone antennas

▪ Fractal antennas

▪ Dielectric resonators

▪ Other common antennas

▪ Backing structures

https://www.mathworks.com/help/antenna/antenna-catalog.html 

https://www.mathworks.com/help/antenna/antenna-catalog.html
https://www.mathworks.com/help/antenna/antenna-catalog.html
https://www.mathworks.com/help/antenna/antenna-catalog.html
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Building your First Antenna

p=design(patchMicrostrip,10e9)

impedance(p,linspace(9e9,11e9,21))

pattern(p,10e9)

current(p,10e9)

g=fractalGasket

g.NumIterations=4

s=sparameters(g,[800e6,1.1e9],...

 "SweepOption","interp")

rfplot(s)

l=design(linearArray,12e9, ...

 patchMicrostripCircular)

l.NumElements=4

pattern(l,12e9) 
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Useful Tips and Tricks …

▪ p=design(patchMicrostrip,10e9)

▪ methods(p)

▪ s = sparameters(p,[9e9 11e9],"SweepOption","interp")

▪ info(p)

▪ memoryEstimate(p)

▪ mesh(p)
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Enabling Antenna Design Automation

Benefits of a MATLAB-based catalog-driven approach:

▪ Rapidly evaluate different type of antennas

▪ Explore the design space programmatically

▪ Integrate with optimization / AI algorithms
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Pretrained AI Antenna Models

▪ Unique solution

▪ Based on subset of antenna catalog

– Ready-to-use models

– Tunable parameters

– Dipole, dipoleHelix, horn, waveguide, patch antennas (8 types)

▪ Enable AI-based analysis

– Rapid characterization

– Design space exploration

– Resonant frequency, bandwidth, beamwidth, peak radiation

https://www.mathworks.com/help/antenna/ref/em.ai.aiantenna.html

https://www.mathworks.com/help/antenna/ref/em.ai.aiantenna.html
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Rapid Design Exploration Using Pretrained AI Models

https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html

Iteratively repeat 

this after modifying 

tunable parameters!

https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
https://www.mathworks.com/help/antenna/ug/ai-for-rapid-analysis-and-design-of-microstrip-patch.html
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Train your AI Antenna Model

Train Machine Learning Model for Analysis of Custom Antenna

https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html

Evaluate
ML model vs
EM simulation

Train
machine learning 
model (use AutoML)

Prepare
and preprocess data 
for training

Generate
data using full-wave 
EM simulation

DOE
(design of 
experiments)

Identify
predictors and 
responses

Specify
parameterized 
antenna structure

https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
https://www.mathworks.com/help/antenna/ug/train-mlmodel-for-analysis-of-custom-antenna.html
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Dielectric and Metal Material Properties

Dielectric materials:

▪ Use the dielectric catalogue of existing materials

▪ Define your own: relative permittivity, loss tangent

Metal materials:

▪ Perfect Electrical Conductor (PEC)

– Zero thickness, infinite conductivity

▪ Specify the metal material from the catalog 

▪ Define your own: thickness, conductivity

Dielectric Relative permittivity Loss Tangent

Air 1 0

Other >1 (typically <10) >0 (typically ~1e-3)

https://www.mathworks.com/help/antenna/material-catalog.html 

https://www.mathworks.com/help/antenna/material-catalog.html
https://www.mathworks.com/help/antenna/material-catalog.html
https://www.mathworks.com/help/antenna/material-catalog.html
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Antenna Electromagnetic Analysis

▪ Full-wave solver: Method of Moments

▪ Analysis-driven automatic mesh generation: triangles for surface, tetrahedra for volume

– Manual control on meshing for advanced use cases

▪ Validated against state-of-the-art results

https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html 

https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
https://www.mathworks.com/help/antenna/ug/method-of-moments-metal-and-dielectric.html
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Design Custom Planar 2D Elements

▪ Define the boundary of your custom planar (2D) metal layer

– Basic shapes: rectangle, circle, ellipse, polygon

– Import boundary from photo

– Operations: intersection, union, difference

plate   = antenna.Rectangle('Length',0.16,'Width',0.16);

notch1  = antenna.Circle('Center',[0,0],'Radius',.01);

notch2  = antenna.Rectangle('Length',0.15,'Width',.005);

b       = plate-notch1-notch2;

https://www.mathworks.com/help/antenna/custom-antennas.html 

https://www.mathworks.com/help/antenna/custom-antennas.html
https://www.mathworks.com/help/antenna/custom-antennas.html
https://www.mathworks.com/help/antenna/custom-antennas.html
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Design Custom Planar 2D Elements

▪ Define the boundary of your custom planar (2D) metal layer

– Basic shapes: rectangle, circle, ellipse, polygon

– Import boundary from photo

– Operations: intersection, union, difference

▪ Add arbitrary dielectric and metal layers to PCB stack 

– Define vias and feed structures

p = pcbStack;

p.BoardShape     = b;

p.BoardThickness = 3e-3;                

p.Layers         = {ant,d1,d2,b};

p.FeedLocations  = [0.02 0.05 1 4;0.02 -0.05 1 4];

p.FeedDiameter   = 1e-3;

p.ViaLocations   = [-6e-3 -0.046 1 4;-10e-3 0.042 1 4];

p.ViaDiameter    = 1e-3;

Metal and dielectric layers
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PCB Antenna Designer App

PCB Stack

Boolean operationsShapes

Vias, Feed, Load

Export

Variables
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Surrogate-Based Optimization
Collaboration with Prof. Bo Liu, Univ. Glasgow

Surrogate model Assisted Differential Evolution for Antenna synthesis 

(SADEA) is an AI-driven antenna design method

Generate α design samples from [𝑎 𝑏]𝑑
α design for reflector length from [0.1 1] meter 

1. Select the β best candidate designs

2. Generate β child solutions

3. Prescreen β child solutions using 
Gaussian process surrogate model

Initialization

Iteration

Stopping 
criteria

• The specifications are met

• Objective values does not improve for 
a certain number of iterations
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SADEA: Yagi-Uda Optimization Example

https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html

E-plane H-plane

https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
https://www.mathworks.com/help/antenna/ug/optimize-yagiuda-using-custom-objective-function.html
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AI for Surrogate Based Optimization

Individual modelling

• Very accurate prediction

• Too many models hence 

time-consuming

Sample to be predicted

GP model

Adaptive modelling

• K-means clustering, adaptive 

number of GP modelling

• Reduced time consumption 

while maintain accuracy

TR (Training-cost Reduced) – SADEA 

▪ Faster, while converging to a good solution

▪ Adaptive Gaussian Process predictions

▪ Handle up to 80 design variables

▪ Enabled in apps and command line
SADEA TR-SADEA
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Antenna Optimization - Summary

▪ Standard objective functions available in the apps

– SADEA, TR-SADEA, Surrogate optimization 

– Support for geometric constraints and integration with RF PCB Toolbox

▪ Custom objective functions can be defined at the command line

– Interface for SADEA and TR-SADEA available 

– Can be used with 3rd party EM tools (*)
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Integrating with RF PCB Components

https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html 

https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html
https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html
https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html
https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html
https://www.mathworks.com/help/rfpcb/pcb-components-catalog.html
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Example of RF PCB Design and Analysis: Branchline Coupler

c = couplerBranchline;

methods(c);

c = design(couplerBranchline,2.4e9);

show(c);

s = sparameters(c,[1e9 3e9],...

 "SweepOption","interp")

rfplot(c);
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Cascading PCB Components 

▪ Modular approach to building PCB assemblies

▪ Automatic port assignments

▪ Combine components (shapes) and antennas

+ + =

c = design(couplerBranchline,2.4e9);

mc = design(coupledMicrostripLine,2.4e9);

mc.Spacing = c.ShuntArmLength;

w = design(wilkinsonSplitter,2.4e9);

r = pcbcascade(c,mc); 

r = pcbcascade(r, w, 3, 1);

r = pcbcascade(r, w, 3, 1);

show(r)

https://www.mathworks.com/help/rfpcb/ref/pcbcascade.html 

https://www.mathworks.com/help/rfpcb/ref/pcbcascade.html
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PCB Design Using Basic Shapes

▪ Design new components based on arbitrary shapes

▪ Modify the geometry of existing components

1. Define the geometry of the basic shape

2. Use variables for parametric analysis and facilitate design exploration

3. Perform Boolean operations (add, subtract, intersect)

4. Add layer to a PCB components

https://www.mathworks.com/help/rfpcb/custom-geometry.html 

https://www.mathworks.com/help/rfpcb/custom-geometry.html
https://www.mathworks.com/help/rfpcb/custom-geometry.html
https://www.mathworks.com/help/rfpcb/custom-geometry.html


24

Fabrication with Gerber File Generation

Design your PCB antenna / antenna array

▪ Chose the manufacturing service

▪ Chose the connector

▪ Generate Gerber files
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Summary: Design Planar Antennas and RF PCBs 

▪ Use a catalog of components (antennas and PCC elements)

▪ Build and optimize your own planar geometry 

▪ Perform EM analysis and speed up with AI

▪ Integrate with feed and matching networks

▪ Generate Gerber files for fabrication
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