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Abstract

This bachelor thesis focuses on the automated design of planar antennas using the Ansys
HFSS environment and the PyAEDT library in Python. The goal is to develop a tool
capable of designing, analyzing, and optimizing various types of antennas, including
monopoles, dipoles, patch antennas, and SIW horn antennas. The work includes
a theoretical introduction to wireless communication, a description of the software tools
used, and the practical implementation of the design system. The result is an automated
script that simplifies and accelerates the antenna design process.

Keywords

Python, HFSS, PyAEDT, planar monopole antenna, planar dipole antenna, patch antenna,
SIW horn antenna, GUI

Abstrakt

Tato bakalafska prace se zabyva automatizovanym navrhem planarnich antén v prostredi
Ansys HFSS s vyuzitim programovaciho jazyka Python a knihovny PyAEDT. Cilem
prace je vytvofit nastroj umoziujici ndvrh, analyzu a optimalizaci riznych typi
plandrnich antén, jako je monopol, dipdl, flicovad anténa a SIW horn anténa. Prace
zahrnuje teoreticky uvod do problematiky bezdratové komunikace, popis pouZzitych
softwarovych nastroji a praktickou realizaci ndvrhového systému. Vysledkem je
automatizovany skript, ktery zjednoduSuje a zrychluje proces navrhu anténnich struktur.

Klicova slova

Python, HFSS, PyAEDT, planarni monopol, planarni dipol, flickova anténa, SIW Horn
anténa, GUI



Rozsireny abstrakt

Cilem této bakalarské prace je navrhnout a implementovat automatizovany nastroj pro
navrh planarnich antén s vyuZzitim softwarového prostfedi Ansys HFSS a knihovny
PyAEDT v programovacim jazyce Python. Bezdratova komunikace, v niz hraji antény
klicovou roli, je dnes nezbytnou soucasti mnoha technologii — od mobilnich telefonti
po zafizeni internetu véci. Roste poptdvka po anténach s vysokym vykonem,
kompaktnimi rozméry a pfesné definovanymi parametry, coz klade vyssi naroky na jejich
navrh.

V teoretické Casti prace jsou popsany zdklady bezdratové komunikace, principy
fungovani rznych typt planarnich antén a prehled nastroji pouzitych pfi jejich navrhu.
Ditrraz je kladen na vlastnosti jazyka Python, knihovny PyAEDT a schopnosti prostfedi
Ansys HFSS pro elektromagnetické simulace.

Praktickd ¢ast se zamétfuje na vyvoj skriptu umoziujiciho automatizovany navrh,
simulaci a optimalizaci antén. Uzivatel mtize definovat pozadované parametry, na jejichz
zaklad¢ systém vybere vhodny typ antény, namodeluje a optimalizuje jeji navrh pomoci
vestavénych optimalizatort.

Vysledkem prace je jednoduchy nastroj, ktery usnadiiuje a urychluje navrh antén.
Soucasti je 1 piehledna uZzivatelska ptiru¢ka pro snadné pouziti. Na zavéer jsou shrnuty
dosazené vysledky a navrZzeny moZznosti dal$iho vylepSeni.
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INTRODUCTION

Wireless communication plays a key role in the modern world and finds widespread
application in various fields, ranging from mobile networks and satellite links to IoT
devices. This type of communication enables the transfer of information without the need
for physical connection between the transmitter and the receiver, thereby facilitating
the seamless integration of new technologies into everyday life. A crucial component
of wireless communication systems is the antenna, which serves to transmit and receive
electromagnetic waves. Different types of antennas have distinct characteristics and are
designed to meet the specific requirements of a given application, such as gain,
directivity, impedance, or operating frequency.

Due to increasing demands for quality, efficiency, and miniaturization of antenna
systems, antenna design has become an increasingly complex process. It requires not only
theoretical knowledge but also sophisticated tools for simulation and optimization. In this
context, the Python programming language presents itself as an excellent solution
for the automated design and analysis of antennas. Thanks to its simplicity, versatility,
and wide range of available libraries, Python has become a popular tool in engineering
applications, including electromagnetic simulations and high-frequency system design.

This bachelor thesis focuses on the automated design of planar antennas in the Ansys
HFSS environment using the PyAEDT library in Python. The aim of the work
is to develop a script that enables not only the design of specific antenna types but also
their analysis and optimization using built-in optimization methods. Automating this
process allows for more efficient development of antenna structures and faster
achievement of the desired performance parameters.

The thesis is divided into several parts. The first part provides a theoretical
background, describing the fundamental principles of the Python language, the PYAEDT
library, the Ansys HFSS environment, and key aspects of planar antenna design. The
antennas studied include monopole, dipole, patch, and SIW horn antennas, each of which
has applications in different areas of wireless communication.

The second part of the thesis focuses on practical implementation. It details the design
and simulation procedures for individual antennas, including a classifier for selecting
the optimal solution based on specified parameters. This part also covers
the implementation of optimization algorithms and the evaluation of the results obtained.
In addition to the software development itself, a user manual is included to facilitate
practical use of the created tool.

In the final section, the achieved results are summarized, and possible directions
for future development are discussed. The main goal of this work is to demonstrate how
modern programming tools can be used to automate the antenna design process
and thereby contribute to the more efficient development of new communication systems.



1. THEORETICAL PART

This chapter introduces the theoretical background related to the software tools used and
the design of selected antennas developed within the scope of this bachelor thesis.

1.1 Ansys HFSS

ANSYS HFSS (High-Frequency Structure Simulator) is an advanced simulation software
used for the design and analysis of high-frequency electronic and electromagnetic
devices. Developed by ANSYS, this tool enables engineers and researchers to perform
detailed simulations and optimize the behavior of various electronic components,
including antennas, waveguides, and other high-frequency structures.

HFSS is characterized by a broad range of features, including parametric analysis,
design optimization, and support for real-time simulations. The software allows users
toanalyze electromagnetic fields, currents, and electrical parameters at different
frequencies, which is essential for the development of modern communication systems,
radars, wireless networks, and other high-frequency technologies.

ANSYS HFSS is a widely adopted tool among engineers and scientists involved
in high-frequency system design and development. It provides the tools for rapid and
efficient testing and optimization of designs prior to physical implementation, thereby
accelerating the innovation process and increasing the success rate in the field of high-
frequency technology. [5]

1.2 Python

The Python programming language is a distinctive and widely used language known for
its simplicity, readability, and flexibility. Created in the 1990s by Guido van Rossum,
Python has gained immense popularity among developers thanks to its elegant syntax and
its ability to handle a wide variety of tasks. Its core philosophy emphasizes code
readability and maintainability, making Python an ideal choice for both beginners and
experienced programmers.

Python is an interpreted language, which means that code does not need to be
compiled before execution. This allows rapid development and interactive work, making
it particularly suitable for prototyping and testing. The language supports multiple
programming paradigms, including object-oriented, imperative, and functional
programming.

Python’s extensive standard library offers a wide range of built-in tools and modules,
enabling developers to access many functions without relying on third-party packages.
Additionally, Python is cross-platform, meaning that code written in Python can be run
on various operating systems without modification.
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Thanks to its versatility and strong community support, Python is widely used
not only in web development, but also in areas such as machine learning, artificial
intelligence, data science, and automation. With its continuously growing ecosystem and
active developer community, Python remains one of the most popular and universal
programming languages in use today. [6]

1.3 Library PyAEDT

The PyAEDT library is a powerful tool for integration and automation in the field
of electromagnetic design and simulation. This library is specifically developed for use
with Ansys Electronics Desktop (AEDT), a leading software platform for simulating
electromagnetic fields, antennas, microwave circuits, and other high-frequency
components.

PyAEDT provides users with a Python-based programming interface, allowing them
to create and control projects in AEDT directly from Python scripts. This enables new
possibilities for automating designs, optimizing parameters, and integrating
electromagnetic simulation into broader software and automation workflows.

With PyAEDT, engineers and developers can efficiently implement simulation tasks,
analyze the behavior of electromagnetic systems, and optimize designs without the need
for manual interaction with the graphical user interface of AEDT.

In this way, PyAEDT significantly accelerates the electromagnetic simulation process
and enhances the productivity of developers working in this domain. By enabling
the manipulation of complex simulation tasks directly from Python, PyAEDT provides
developers with the tools needed to fully leverage AEDT in demanding electromagnetic
design and optimization projects. [2]

11



1.4 GUI

Tkinter is the standard Python library that provides an interface to the Tk toolkit, which
is used for creating graphical user interfaces (GUIs). With Tkinter, developers can build
applications that include windows, buttons, menus, and other GUI elements directly
in Python. It is included in the standard Python distribution and is available on Unix,
Linux, Windows, and macOS platforms.

The name "Tkinter" stands for "Tk interface". The library was originally written
by Steen Lumholt and Guido van Rossum, the creator of Python, and later modified
by Fredrik Lundh. Tkinter is distributed under the Python Software License as free
software.

Tkinter allows for the creation of a wide range of GUI components, such as buttons,
menus, text fields, listboxes, and more. These elements can be easily combined and
customized according to the needs of the application. Due to its simplicity and native
integration with Python, Tkinter is a popular choice for developers building desktop
applications with graphical interfaces.

Among the key advantages of Tkinter are its portability—applications developed with
Tkinter can be easily run on different operating systems—and its straightforward, well-
documented API, which makes it easy to learn and suitable even for beginner developers.
[12]

12



1.5 Selected antennas

1.5.1 Patch antenna

The patch antenna, also known as a microstrip antenna, is a compact and efficient type
of antenna commonly used in wireless communication systems. It has gained popularity
due to its simple construction, low profile, and ability to deliver good performance while
maintaining relatively small dimensions.

The basic structure of a patch antenna consists of a metallic "patch" placed
on a dielectric substrate. This configuration forms a resonant structure that enables the
efficient transmission of electromagnetic waves. Patch antennas are most commonly
found in square or rectangular shapes, although various other geometries also exist.

Thanks to their compact size and ability to operate at different frequencies, patch
antennas are frequently used in devices such as mobile phones, Wi-Fi routers, RFID
readers, and other wireless communication systems. Their low profile and ease
of integration into flat surfaces make them an attractive choice for modern technologies
that require compact and high-performance antennas. [7]

G

dwd

Fig.1. Patch antenna

The design of a patch antenna begins with determining the width of the patch, denoted

as W
c 2
W= 5o 0

where ¢ is the speed of light, f is the operating frequency, and ¢, is the relative
permittivity of the substrate.
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For further calculations, it is necessary to determine the effective permittivity e[ 10]:
& 1

—, 2
2 ’1+12%

where ¢, is the relative permittivity of the substrate, h is the substrate height, and W
is the previously calculated width of the patch.

Er
Eef = ?"‘

In the final step of the manual calculations, the length L of the patch is determined:
Cc

27 e 3)

where ¢ is the speed of light, f is the operating frequency, and & is the effective

I =

permittivity calculated in the previous step. [10]

1.5.2 Planar monopole

A planar monopole is a simple yet effective type of antenna used in wireless
communication systems. This antenna is characterized by a single active element placed
on a flat substrate, which simplifies its construction and allows for easy integration into
modern technological devices.

The basic design of a planar monopole consists of a feed line forming one side
of the antenna and a planar sheet that serves as the ground plane. The active element
is typically in the form of a narrow strip or patch extending above the substrate. This
configuration enables the antenna to radiate electromagnetic waves into the surrounding
environment.

Planar monopoles are widely used in various wireless applications, including mobile
devices, wireless networks, RFID readers, and other communication systems. Their
simple design, low profile, and ability to operate over a wide range of frequencies make
them an attractive option for modern electronic devices, where efficiency and
compactness are essential.[8]

Fig.2. Planar monopole
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Regarding the basic design, the first step is to calculate the length of the monopole,
denoted as L, using the following formula:

= (4)
4 £,/0,5 (+er)
where c¢ is the speed of light, f is the operating frequency, and &, is the relative
permittivity of the substrate
The initial width of the monopole is determined using the following formula:

) (5)
10]

W =

N |~

where L is the calculated length of the monopole.

—

1.5.3 SIW Horn

Substrate Integrated Waveguide (SIW) is a technology that enables the implementation
of waveguide structures within a dielectric substrate using two parallel rows of metallized
via holes that connect the top and bottom conductive layers. This configuration creates
a structure that combines the advantages of traditional waveguides—such as low loss and
high signal transmission quality—with the benefits of planar circuits, including low
weight, compactness, and ease of integration with other microwave components. SIW
technology is widely used in microwave and millimeter-wave engineering, including
antenna systems, filters, and other passive elements.

One type of antenna that utilizes SIW technology is the SIW horn antenna. This
antenna is designed to provide high gain and wide bandwidth, which is achieved through
a gradual flaring of the waveguide structure that enables efficient radiation
of electromagnetic waves. SIW horn antennas are popular in applications such
as automotive radar and unmanned aerial systems due to their planar structure, low cost,
and ability to integrate with other circuits.

However, these antennas may exhibit limited bandwidth and gain compared
to conventional horn antennas, which requires careful design and optimization to meet
the desired performance parameters. [11]

=

Fig.3. Siw Horn antenna

15



The operating frequency is selected sufficiently above the cutoff frequency of the SIW
waveguide in order to avoid signal attenuation during transmission. The modeling
of the waveguide begins with the calculation of the cutoff frequency, which defines
the minimum frequency at which electromagnetic wave propagation is possible:

fo= =X 02 + (e, (6)

where m represents the number of half-wavelengths of the electromagnetic field along

the w-dimension of the rectangular waveguide, and the mode number n indicates
the number of half-wavelengths along the h-dimension. The constant ¢ denotes the speed
of light, and &, is the relative permittivity of the substrate through which
the electromagnetic wave propagates.

When designing an SIW waveguide, it is necessary to meet certain geometric
conditions regarding the placement and dimensions of the vias that form the sidewalls
of the waveguide. The diameter d of vias, pitch p of vias, and the distance between
the opposing rows of vias wg,, must be selected in such a way as to minimize the leakage
of electromagnetic energy outside the waveguide and to achieve the desired transmission
characteristics. In general, the following design conditions apply:

d<%, p<o2d (7)

Wers = wsiw — d / (0,95p) )

The wavelength in the waveguide is then calculated using the following formula (9):

Ay = —— )

-3

where Ay = ¢/ f, is the wavelength in vacuum, and Ac is the wavelength
at the cutoff frequency of the waveguide.

The expansion of the SIW structure into a horn antenna — narrowing into
an exponential or linear “tube” — enables higher gain and improved directivity.
The geometry of the horn section is designed as an extension of the waveguide output,
expanding to the aperture width Wap over the length L_h [11]

For linear expansion, the following applies:

Wap—a
W)= a + ((Lp—h))* X (10)
where x ranges 0 to L_h.

Typically, the following values are chosen:
Wap = 1,540 - 310 (11)
L_h = A0- 210 (12)

16



1.5.4 Planar Dipole

The dipole antenna is a simple yet effective element in the field of radio communication
and electromagnetic wave transmission. Its basic structure consists of two identical,
symmetrically positioned conductive elements that together form an electric dipole. This
type of antenna is widely used in radio technology and wireless communication systems.

Dipole antennas offer several advantages, including simple construction, low cost,
and the ability to operate at different frequencies depending on the length of the elements.
They can be used as standalone antennas or as part of more complex configurations, such
as dipole arrays in antenna systems.

Thanks to their versatility, dipole antennas are popular in a wide range of applications,
including home wireless networks, radio transmitters, and amateur radio broadcasting.
Their straightforward design and reliable performance make them an attractive choice
for engineers and technicians in communication technologies who seek efficient and cost-
effective solutions for wireless transmission infrastructure.[8]

Fig.4. Bowtie dipole

The design of a bowtie antenna (a planar dipole antenna in the shape of a butterfly) is
based on the classical principles of dipole antenna design, adapted for broader bandwidth
and planar implementation. Due to its geometry, the bowtie antenna exhibits wideband
characteristics and is often used in high-frequency applications such as UWB (Ultra-
Wideband) and television reception.

The total length of the antenna (both arms) is approximately equal to half
the wavelength:

L_total =~ A1/2 (13)

17



Each arm, therefore, has the length:

L= A1/4, (14)
where A is the wavelength. If the antenna is placed on a substrate with relative
permittivity &, the effective wavelength is reduced as follows:

derr = A/ Veoss (15)
where A is the wavelength and .6 is the effective relative permittivity

of the substrate. The flare angle is typically between 30° and 90°. A larger angle results
in a wider bandwidth but lower gain. [1]

Empirical guidelines:

- 60° is a compromise between bandwidth and gain.
- 90° provides the widest bandwidth but lower directivity.

18



2. PRACTICAL PART

According to the assigment of this thesis, the goal is to develop an automated selection
process for a suitable antenna, followed by its implementation and optimization.

This chapter focuses on the basic design of selected antennas, the development
of a classifier, and the subsequent implementation and optimization of the antenna
structures.

2.1 Basic Antenna Designs and Optimization

All antenna types were modeled using a similar approach. The process began with
designing the antenna dimensions based on theoretical formulas, followed by their
implementation in the simulation environment. In this subsection, an example
of modeling a patch antenna is presented.

2.1.1 Example of Patch Antenna Modeling

The first step involved importing the library and creating a new project.

import pyaedt
hfss = pyaedt.Hfss(

projectname="Patch python",
designname="Patch python",
solution type="Modal"

Next, the substrate was created with dimensions equal to twice the width and twice
the length of the patch. The material used for the substrate was defined by the user.

Sub = hfss.modeler.create box(
position=[ "-$sub x/2-$feed x", "-S$sub _y/2", 0],
dimensions list=[ "$sub x","S$sub y","$sub h"],
name="substrat",
matname=f" {submat}",

To proceed with the modeling, it was necessary to create the active patch area and
the ground plane. All square or rectangular surfaces are created in a similar manner.
For example, the ground plane was created using this approach.

gnd = hfss.modeler.create rectangle (
csPlane="XY",
position=["-$sub x/2-S$feed x", "-$sub y/2", 0],
dimension list=["Ssub x", "Ssub y"],
name="gnd " + antenna name,

19



Next, it was necessary to create a model of the coaxial cable. For the conductive parts,
PEC (perfect electric conductor) was selected, and Teflon — a commonly used material —
was chosen as the dielectric. The model was created by defining all necessary parameters,
resulting in a complete coaxial cable model.

coaxial = hfss.modeler.create coaxial (
startingposition=[0, "Sfeed y", O],
axis="Xy",
innerradius=hfss["$coax inner rad"],
outerradius:hfss["$coax_outer_rad"] + "+" + "O0.1lmm",
dielradius=hfss["Scoax outer rad"],
length="-" + hfss["Sfeed length"],
matinner="'pec',
matouter="pec',
matdiel="'Teflon (tm)"',

Finally, it was necessary to define the conductive parts as conductors and to create
a wave port on the coaxial cable. The commands used to define conductive areas vary
depending on whether the conductive structure is created as a solid object or as a surface
(See [2]). To create the wave port, a virtual circle was defined and subsequently assigned
as the wave port.

pl = hfss.modeler.create circle(
cs_plane="XY",
position=[0, "Sfeed y", "-S$feed length"],
radius:hfss["$coax_outer_rad"],
name="port " + antenna name,

)

portl = hfss.lumped port (
signal=pl, # Nazev sheetu
integration line= [[0, feed y, -feed length],
[0, feed y - coax outer rad, -feed length]],
impedance=50, # Impedance
name="1" # Name of port

For accurate simulation, it was necessary to model an air region to represent
the antenna operating in free space. This can be created in a similar way as the substrate.
Vacuum was used as the material. In this case, the air region was implemented using this

simple method.

airbox = hfss.create open region(Frequency=f"{fsetup}GHz")
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2.1.2 SIW Horn

The modeling of the patch antenna, monopole, and dipole was carried out using a largely
similar approach. All of these antenna types required comparable steps in geometry
design as well as in setting up the simulation conditions. Even in the case of the planar
horn, the basic modeling principles did not differ significantly. However, this type
of antenna introduced a specific challenge—it was necessary to create a large number
of vias.

Manually defining each individual via would have been extremely time-consuming
and would have resulted in inefficient and cluttered code, occupying a considerable
number of lines. For this reason, automation was implemented using a for loop, which
allowed the vias to be generated automatically. The loop was designed to first create
the vias along the length of the SIW section and then continue placing vias
in the expanding horn section, according to a predefined flare angle.

This approach significantly simplified the modeling process and enabled quicker
adjustments to antenna parameters—such as the length of the SIW section or the horn's
opening angle. See. Chyba! Nenalezen zdroj odkazi. Source Code

2.1.3 Optimization

For the optimization process to function correctly, it was essential to ensure that all
quantities intended to be influenced by the optimization method were defined as variables
within the HFSS environment. Only under this condition the optimization algorithm could
freely manipulate their values and adjust them throughout the iterative process of finding
the optimal solution.

If any of these quantities were defined as fixed values (constants) rather than
variables, they would not be included in the optimization loop, and the algorithm would
be unable to modify them — resulting in a significant reduction in the overall efficiency
of the process. Therefore, before launching the optimization itself, it was necessary
to thoroughly verify and correctly configure all relevant parameters — such as antenna
dimensions, feed point position, or material property values — so that they were defined
as parameterized variables in HFSS.

hfss["$patch_x"] = £"{L}mm"
hfss["$patch y"] = £"{W}mm"

The antenna design optimization was carried out using a simple yet effective method,
in which key parameters required for the optimization process were clearly defined. These
parameters included, above all, the selection of variables to be optimized, the setting
of the frequency range, and, if necessary, the precise definition of a target frequency
at which the S11 parameter minimum should be as close as possible. Additionally,
a specific optimization goal was set — such as minimizing S11 below a given threshold.
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Based on practical experience, it proved beneficial to set more ambitious targets, such
as a lower S11 value around —25 dB. This approach led to better overall results, as stricter
optimization criteria pushed the algorithm to explore more optimal solutions that might
otherwise be overlooked under less demanding conditions.

In addition to the optimization targets, it was also essential to choose an appropriate
optimization method. HFSS offers a wide range of optimization algorithms, from basic
techniques to advanced evolutionary and stochastic methods. Based on the results
obtained and repeated testing, the Quasi-Newton method proved to be the most effective.
This method, which is based on approximating the second derivative (the Hessian matrix)
to accelerate convergence, demonstrated the best balance between optimization speed and
the quality of the final solution within the defined parameter space.

#optimization
opti = hfss.optimizations.add (
calculation=" (dB(S(1,1)))",

variables=["Spatch x", "$patch y"],
optimization type="Optimization",
condition="<=",
goal value=optiDeep,
goal weigh t=1,
name="S11",
ranges={"Freq":f"{fsetup}GHz"},

)

opti.props["Optimizer"] ="Quasi Newton"
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2.2 Antenna Selection

The first step in designing the algorithm for selecting a suitable antenna was to conduct
extensive simulations of individual antenna types over a wide frequency range.
The objective of these simulations was to collect a set of relevant data describing
the performance of each antenna at various frequencies, such as gain, bandwidth, and
physical dimensions. The results of these simulations were carefully recorded and served
as the foundation for the next stages of the algorithm.

Based on the collected data, an interpolation method was developed to estimate the
behavior and parameters of antennas at any given frequency within the simulated range.
This method eliminated the need to simulate each individual frequency separately and
instead allowed reliable approximation of results, thereby significantly reducing
the computational complexity of the entire process. See Appendix B -Source Code.

Since each of the analyzed antennas demonstrated different dominant characteristics
— such as smaller physical dimensions or higher gain — it was necessary to introduce
a system that would allow user preferences to be taken into account when selecting
the most suitable antenna. For this purpose, a priority function was developed, in which
the user specifies their preferences in the form of weight coefficients for individual
parameters. For example, the user can define whether maximum achievable gain,
minimized physical size, or a balance between multiple criteria is the key selection factor.

After entering the input parameters and user-defined priorities, the interpolation
method is used to compare the available antenna types. The algorithm then evaluates
which antenna most closely matches the desired values based on its characteristics.
The result is a recommendation of a specific antenna that offers the best compromise
among parameters under the given conditions and priorities.

2.3 GUI Development

To improve the overall user experience of the project, a simple and intuitive graphical
user interface (GUI) was developed, which significantly simplified the operation
of the application compared to the original method of entering values via the console.
The GUI was designed to allow users, even those without deep technical knowledge,
to easily input parameters and run specific system functions. The interface was created
using the Tkinter library, which is a standard part of Python and provides a wide range
of tools for rapid development of simple desktop applications.

Based on the requirements derived from the objectives of this bachelor thesis, two
key buttons were implemented in the main menu of the application. The first is
the Selector button, which opens a new window designed to assist in selecting a suitable
antenna using interpolation methods. To improve clarity and make data entry more user-
friendly, this part of the interface combines traditional text input fields with interactive
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sliding controls (sliders). These sliders allow users to adjust values quickly and
conveniently with a simple mouse drag, enhancing usability and efficiency.

An essential element of this window is also a dropdown menu that enables the user
to define selection priorities — such as whether to prefer an antenna with higher gain,
smaller physical size, or other specific features. This functionality ensures that
the selected antenna best matches the user's individual needs and preferences.

f Antenna_selector — a X
MENU
Frequency (GHz) vPriority:
0.00 mix v
0.0
Gain (dB)
0.00 Find best antenna
0.0
Dimension x (mm
0.0
0.0
Dimension y (mm
0.0
0.0
Bandwidth (MHz)
0.00
0.0

Fig.5. Window for selecting a suitable antenna

To continue with the antenna design process, another key section of the graphical
interface was developed, titled Creator, which is used to input all necessary parameters
for subsequent modeling and simulation in the HFSS environment. In this section,
the user can precisely define all input values required to generate a specific antenna
structure.

To simplify and accelerate the process, certain values — particularly the antenna type
and operating frequency selected in the previous section (Selector) — were automatically
prefilled. This minimized the risk of input errors and improved efficiency, as the user
no longer had to re-enter these critical parameters manually.

Since modeling in HFSS also requires specification of the substrate material, this
section includes a material database containing clearly organized values of relative
permittivity (&) for commonly used materials. Based on this database, an algorithm was
implemented that allows the user to enter a desired permittivity value and retrieve a list
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of matching materials. The search results are presented to the user via a dropdown menu,
from which a suitable material can be easily selected for the design.

INPUTS

Antenna type

| Frequency (GHz)

Substrate Height (mm)
0.0

Epsilon_r

Find material

i

Optimization: S11 <= ...

Create

Fig.6. Window for creating antennas

2.4 Examples of Simulations and Implementations

2.4.1 Planar monopole 2.4 GHz

For the design of the planar monopole antenna, an operating frequency of 2.4 GHz was
chosen. This frequency is widely used in wireless communication technologies such
as Bluetooth, Wi-Fi, and other short-range systems, making it a practical choice
for designing an antenna intended for general-purpose applications.

Considering material availability and manufacturing constraints, Arlon 25N was
selected as the substrate, as it is available within the university’s facilities. This substrate
has a thickness of 1.5 mm and a relative permittivity of 3.38. These values were then
entered into the simulation software, serving as the basis for initial calculations and
simulations.

The simulation results of the planar monopole antenna are presented
in the corresponding figure: Fig.7.
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Fig.7. S11 characteristic of planar monopole — simulated
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Fig.9. 3D design of planar monopole

After fabrication, the antenna was tested by measuring the S11 parameter, which
reached a value of —25 dB at 2.4 GHz — a result that matched the expectations based
on previous simulations.

After measuring the reflection coefficient S11, the next step was to measure
the radiation characteristics of the planar monopole antenna.

To obtain a comprehensive overview of the antenna’s spatial radiation, measurements
were conducted in three principal planes: specifically, the E-plane, the E-plane rotated
by 90°, and the H-plane.

The radiation pattern measurements were carried out in an anechoic chamber
at the Radioelectronics Laboratory. The tested antenna was mounted on a rotating
platform driven by a stepper motor controlled from a connected computer. Along with
the antenna under test, a receiving horn antenna was connected to a vector network
analyzer, which recorded the measured data and transferred it to the control computer.
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To capture a complete radiation pattern, the antenna and its mount were gradually
rotated through 360°, allowing for the collection of radiation data in the E-plane.
The antenna was then repositioned vertically (perpendicular to the ground) and again
rotated through 360°, during which the radiation characteristics in the H-plane were
measured. [11]

measured
antenna

Pa] B
...... — )
» motor -
PC Vector
= Network
l_‘_l—b—)
- Analyzer
Eﬂmﬁ

Fig.10. 2D model of measure in anechoic chamber 39[11]

In Fig.11. Radiation pattern of a planar monopole at 2.4 GHz, the measured radiation
patterns of the tested planar monopole antenna are shown. The measurements were
performed in three planes: the E-plane at angles ¢ = 0° (red curve) and ¢ = 90° (green
curve), and the H-plane (blue curve).

It can be observed from the graph that the radiation patterns are not ideally
symmetrical, which is typical for real-world planar monopole antennas. The radiation is
influenced by both the antenna’s construction and surrounding elements, such
as the supporting structure and the feeding cable. A maximum gain of approximately 2.28
dB was achieved in the H-plane (blue curve), while gains of 1.96 dB (¢ = 0°) and 1.94
dB (¢ = 90°) were measured in the E-planes.

These values and radiation patterns indicate that the antenna exhibits directional
radiation with slight anisotropy.
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1.94 dB
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Fig.11. Radiation pattern of a planar monopole at 2.4 GHz

Fig.12. Fabricated planar monopole
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2.4.2 Patch antenna SGHz

Another antenna that was realized as part of the practical section was the patch antenna,

which was designed for an operating frequency of 5 GHz. As with the previous antenna,
the Arlon 25N substrate was used, with a relative permittivity of €, = 3.38 and a thickness

of 1.5 mm.

Based on the specified input parameters, the basic dimensions of the antenna were

automatically calculated in the design software. Subsequently, a complete design was

created, including simulation and further optimization of the antenna geometry to achieve

optimal impedance matching in the desired frequency band around 5 GHz.
As a result of the simulation, the S11 characteristic was generated, showing a value
of =25 dB at the operating frequency, with a corresponding gain of 7.1 dB.

dB(S(1:1,1:1))

-20

-25 4

Fig.13. 3D design of patch antenna
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Fig.14. S11 characteristic of patch antenna — simulated
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After the successful completion of the simulation phase, the measurement of
the reflection coefficient and radiation characteristics was carried out once again.
The measurement was performed using a vector network analyzer, which was used
to precisely determine the impedance and matching of the antenna element within
the desired frequency range.

In Fig.15., the measurement of the reflection coefficient is presented, showing that
a value of approximately —20 dB was achieved at the operating frequency of 5 GHz.
The measured result indicated that the antenna was well matched, and the majority
of the signal was radiated properly, with minimal reflections. The outcome was found
to match the expectations and confirmed that the design also performed effectively
in practice.

®

Tre dB Mag 10dB/ Ref0dB Calint 1
822
—0
—-10
—-20
—-30
— -40
—-50
— -60
—-70
—-80
Ch1 Center 5GHz Pwr -10dBm Span 2 GHz

Date: 13.DEC.2007 00:31:21

Fig.15. S11 characteristics of a patch antenna

In Fig.16. a) E-plane radiation of patch b) H-plane radiation of patch, the measured
radiation patterns of the fabricated patch antenna are shown in the E-plane (a) and the
H-plane (b). Both patterns were obtained by rotating the antenna through 360° in the
respective plane, while the gain as a function of angle was recorded.

31



From the graph, it can be seen that the antenna exhibited directional radiation, with
a maximum gain of approximately 6.34 dB in the E-plane and 6.35 dB in the H-plane,
with the maximum oriented at 0° (i.e., perpendicular to the antenna surface).

The pattern has the typical shape of a patch antenna radiation diagram, with
a distinct main lobe and suppressed radiation in other directions.

Both planes exhibited a relatively narrow main lobe, which confirmed that
the antenna had a directional radiation pattern, suitable for point-to-point links or other
applications where energy needs to be focused in a specific direction.

The nearly identical maximum gain values in both planes also indicate good
symmetry in the antenna's construction.

Radiation E-plane Radiation H-plane
0° 6.34 dB 0° 6.35 dB

Radiation pattern

Radiation pattern

o Max:6.34dB Max: 6.35 dB
@ 1.0° @® -1.0°
180° 180°
Angle (degrees) Angle (degrees)
a) b)

Fig.16. a) E-plane radiation of patch b) H-plane radiation of patch
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Fig.17. Fabricated patch antenna - active

Fig.18. Fabricated patch antenna — gnd
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2.4.3 Planar dipole 8 GHz

As the next design, a planar dipole was simulated, which was designed for
a demonstration operating frequency of 8 GHz. To illustrate the versatility
of the program, Cuclad Arlon 217 was chosen as the substrate, featuring a relative
permittivity of 2.17 and a thickness of 1.5 mm.

Fig.19. 3D design of planar dipole

In Fig.20, the resulting S11 characteristic can be seen, from which it is evident that
this antenna features a wide bandwidth and achieved a reflection coefficient of —19 dB
at 8 GHz.
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Fig.20. S11 characteristic of planar dipole — simulated

Hifeantes)

Fig.21. Gain 3D plot — planar dipole

As part of this work, both a planar monopole antenna and a planar dipole antenna
were designed. However, for practical reasons, only the planar monopole variant was
fabricated, while the dipole antenna remained at the theoretical design stage
as a demonstration model.
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2.4.4 Siw Horn 10 GHz

As the final design, a model of an SIW horn antenna was created and simulated.
The antenna was optimized for an operating frequency of 10 GHz. For its design,
the Arlon 25N substrate was selected, with a relative permittivity of & = 3.38 and
a thickness of 1.5 mm, the same as in the previous designs of the planar monopole and
patch antennas.

During simulations at different frequencies, it was observed that the design algorithms
produced meaningful results only from 7 GHz upwards. This behavior was likely caused
by the low slope of the transmission characteristic near the cutoff frequency, which was
used as the basis for calculating key dimensions — such as the width of the SIW line.

In Fig.23, the reflection coefficient characteristic is shown, where a minimum value
of —27.5 dB was achieved at 10 GHz. However, the bandwidth was significantly narrower
than theoretically expected. This discrepancy may have been caused by the linear flare
profile used in the horn instead of an exponential one, or possibly by an insufficient horn
length.

Fig.22. 3D design of siw horn
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Fig.23. S11 characteristic of siw horn — simulated

Unfortunately, this antenna was not fabricated due to time constraints resulting from
complications that were encountered during the design process. While the part utilizing
SIW technology performed very well, certain functional deficiencies were observed
during the transition to the horn section.

As a result, adjustments had to be made to the dimensions — specifically the lengths
and widths of the SIW section and the horn structure — and the flare angle of the horn was
optimized in order to achieve the desired outcome.

2.5 User manual

In the final part of this bachelor thesis, a user manual was created to help users
navigate the application and use it correctly.

The manual provides a step-by-step description of all essential functions — from
the selection of a suitable antenna to its implementation in the HFSS environment.

The manual can be found in Appendix A - User manual.
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3. CONCLUSION

This bachelor thesis focused on the automated design of planar antennas using the Python
programming language in cooperation with the HFSS simulation environment.
The objective was to develop a system that enables fast and repeatable design of several
antenna types — specifically, the planar monopole, planar dipole, patch antenna, and
planar horn (SIW horn) antenna. The work built upon a previous semester project, which
primarily addressed the basic integration of Python with HFSS. In this thesis, the concept
was further expanded and brought to the stage of practical implementation of selected
designs.

In the first part, a selection algorithm was developed, which uses interpolation
methods and simulation data to help determine the appropriate antenna type for a given
frequency. Furthermore, an automated script was created, capable of calculating antenna
dimensions (such as length and width) from the input frequency and generating
a complete 3D model in HFSS using the PyAEDT library. This approach significantly
simplified and accelerated the design process while minimizing errors caused by manual
modeling.

To make the program more user-friendly for non-expert users, a graphical user
interface (GUI) was added, allowing convenient input of parameters and execution
of the entire design process without the need for knowledge of Python programming
or the HFSS environment itself.

In the final stage of the thesis, several of the designed antennas were physically
fabricated and measured in order to verify that the script indeed generated functional
designs. A planar monopole was implemented, achieving a reflection coefficient of —25
dB and a gain of approximately 2 dB, as well as a patch antenna, which reached a similar
reflection coefficient and a gain of 6.35 dB. These results largely matched the simulations
and confirmed the correct functionality of the entire system.

The dipole antenna was not fabricated due to the prioritization of the planar monopole,
while the SIW horn antenna was not completed due to design complications. Although
these issues were resolved toward the end of the project, there was not enough time
remaining for physical realization.

Based on the achieved results, the work can be evaluated positively. In the future,
the graphical interface could be improved, support for different feeding types could be
added, and the system could be extended to include other types of antenna structures.
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SYMBOLS AND ABBREVIATIONS

Abbreviations:

Symbols:

FEEC
BUT
HFSS
PyAEDT
RFID
GUI
10T

API

2=l ol o N B

Faculty of Electrical Engineering and Communications
Brno University of Technology

High-Frequency Structure Simulator

Python Ansys electronics desktop

Radio Frequency Identification

Graphical User Interface

Internet of Things

Application Programming Interface

voltage V)
current (A)
permittivity (-)
outer diameter of coaxial (mm)
inner diameter of coaxial (mm)
substrate width (mm)
antenna width (mm)
antenna length (mm)
frequency (GHz)
substrate height (mm)
reflection coefficient (dB)
wavelength (mm)
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Appendix A - User manual

This user manual serves as a guide for operating the application developed as part of this
bachelor’s thesis. The application enables the selection of a suitable antenna type based
on specified parameters and subsequently allows for the design implementation
in the Ansys HFSS simulation environment via the PYAEDT interface.

System Requirements

- Python —version 3.10.11

- PyAEDT — version 0.13.2

- Ansys Electronics Desktop — Student version 2024 R2 / Full version 2024 R2
- Ram-4 GB

Launching the Application

To run the application correctly, the tools listed above must be installed.
The recommended development environment for writing and running Python scripts is
Visual Studio Code.

Once the tools have been successfully installed, the application can be launched
by inserting and executing the source code in Python.

Selecting a Suitable Antenna

After launching the application, the main menu contains a button labeled “Selector,”
which is used to initiate the antenna selection process.

@ Antenna_selector_creat... — O X

ﬁ Antenna selector |
Antenna creator |

Exit
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A window with a form for entering the required antenna parameters is then displayed.
The user also selects the priority of individual parameters, which influences the decision-

making process of the algorithm.

After filling in all the fields, it is necessary to click the “Find best antenna” button.
Based on the entered data, the application evaluates and displays the most suitable
antenna. All fields must be completed - otherwise, an error message will be displayed.

f Antenna_selector

MENU

Frequency (GHz)
5.00
oo 5
Gain (dB)
6.00
_L[Fle
Dimension x (mm
100.0
| 100.0
Dimension y (mm
100.0
| 100
Bandwidth (MHz)
500.00
| 500

INPUTS

Priority:

[gain VI

Find best antenna

The most suitable antenna is:: Patch
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Antenna Design

To proceed with the antenna design in the HFSS environment, click the “Creator” button
in the main menu. In the opened window, the selected antenna type and the operating
frequency are displayed automatically.

¢ Antenna_selector - m} X
MENU

Exit
< INPUTS
Frequency (GHz) 'Priority:
5.00 "gain v ‘
L1 5

Gain (dB)

6.00 Find best antenna

_L ™6

Dimension x (mm

100.0

100.0

Dimension y (mm

100.0

| 100

Bandwidth (MHz)
500.00

mm] 500

The most suitable antenna is:: Patch

The user then enters the relative permittivity of the substrate, searches for a specific
material using the “Find material” button, and specifies the substrate height.

Finally, the user must define the desired value of the reflection coefficient (S11),
which will be used as the optimization target for the resulting antenna performance.
By clicking “Create”, the creation of the antenna model in the HFSS environment
is automatically initiated based on the entered parameters.
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¢ Antenna_creator - ]

MENU

INPUTS

Antenna type
[Patch V]

Frequency (GHz)
5.0

Substrate Height (mm)
1.5

Epsilon_r
3.38

Find material
Materials

Arlon 25N (tm) v

Optimization : S11 <= ...
-25

Create e

Summary

This user manual has been created to enable end users to operate the application in a clear
and straightforward manner. The application is designed for selecting and designing
antennas in the HFSS environment. The described steps cover the entire process — from
entering input parameters to the automated implementation of the antenna model.
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Appendix B - Source Code

Due to its large volume, the source code is included with the other files in the BUT
Information System.
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