MexgyHapoHas Hay4dHO-npakTuyeckas KoHepeHLms
«KoMnbloTepHOe NPOEKTUPOBaAHME B ASNIEKTPOHMUKE Y
UDC 621.771 : 669.716

BUILDING A MiniApp TO MODEL MICROSTRIP ANTENNA ARRAYS
USING THE INTEGRAL EQUATIONS METHOD

V. Kizimenko, N. Naumovich

Center 1.6, Belarusian State University of Informatics and Radioelectronics,
Minsk, Republic of Belarus, kizimenko v@bsuir.by

Abstract: This article discusses the development of a MiniApp that models microstrip antenna arrays using the
Integral Equations method. The MiniApp allows users to input key parameters such as the size and
arrangement of radiators, substrate properties, and operating frequency to compute the array’s characteristics.
MiniApp offers an interactive platform for antenna design, providing insights into radiation patterns, impedance,
gain, and directivity. This tool aids engineers, researchers, and students in exploring and optimizing microstrip
antenna arrays in real time.
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[. INTRODUCTION

Microstrip antennas are widely used in various applications, such as communication systems, satellite
technology, and radar systems, due to their compact size, ease of integration with printed circuit boards, and
low profile. These antennas consist of a conducting patch mounted on a dielectric substrate with a ground
plane beneath. The patch can take different shapes, such as rectangular, circular, or even complex
geometries, depending on the design requirements. Microstrip antenna arrays, which consist of multiple
individual radiators arranged in a pattern, are commonly used to improve the performance of antenna systems,
providing higher gain, directivity, and beam steering capabilities.

Modeling the performance of these antenna arrays is a crucial step in antenna design. One common approach
for solving electromagnetic problems in antenna theory is the Integral Equations (IE) method, which allows for
the analysis of radiation and scattering by antennas, especially when considering the interaction between
multiple radiators and the surrounding medium [1]. The IE method is particularly useful for microstrip antennas
because it provides a way to account for the effects of substrate materials, the spacing between radiators, and
other factors that affect the performance of antenna arrays [2-3].

In this article, we will focus on building a Telegram MiniApp using Python that models the characteristics of
microstrip antenna arrays using the integral equations method. The MiniApp will serve as an interactive tool
where users can input various parameters related to the antenna array and receive detailed information about
its performance. Through this MiniApp, users can calculate radiation patterns, impedance, directivity, and other
important characteristics of the antenna array based on specific input parameters.

[I. UNDERSTANDING MICROSTRIP ANTENNAS AND ARRAYS

A microstrip antenna is composed of a conducting patch, a dielectric substrate, and a ground plane. The patch,
typically made of a thin metal layer, is etched into the top surface of the dielectric substrate. The ground plane
lies beneath the substrate. The configuration is designed to radiate electromagnetic waves when an RF signal
is applied to the patch. The performance of the antenna depends on several key factors, including the size
and shape of the patch, the dielectric properties of the substrate, and the frequency of operation.

One of the major advantages of microstrip antennas is their low profile, making them suitable for integration
into compact devices, such as mobile phones, drones, and satellites. Microstrip arrays, which consist of
multiple individual microstrip antennas arranged in a grid pattern, can offer improved performance compared
to single-element antennas. The arrangement of the elements, the spacing between them, and the size of the
individual elements all influence the array’s radiation pattern, gain, and directivity.

The Integral Equations (IE) method is a nhumerical technique used to solve Maxwell's equations for antenna
problems. This method expresses the electromagnetic fields as integrals over the surface of the antenna,
which can be solved numerically. For microstrip antenna arrays, the IE method helps in modeling the
interaction between the different radiators, accounting for the coupling between elements, and analyzing the
overall performance of the array.
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IIl. MINIAPP PURPOSE AND FUNCTIONALITY

The goal of the MiniApp is to provide an intuitive interface for users to model microstrip antenna arrays by
simply inputting a set of parameters. These parameters will include:

Size of Individual Microstrip Radiators: Users will be able to specify the dimensions (length and width) of the
rectangular or other types of patch elements.

Number of Radiators in X and Y Directions: The MiniApp will allow users to define how many elements there
are in the array along the X and Y axes, which influences the total size and configuration of the array;

Spacing Between Radiators: The user can set the spacing between adjacent elements in the array. The
spacing affects the coupling between elements and, therefore, the overall radiation pattern and impedance
characteristics of the array;

Substrate Parameters: The dielectric properties of the substrate material, including its relative permittivity
(dielectric constant) and permeability, will be provided as input. The substrate thickness is another important
parameter that affects the antenna's impedance and bandwidth;

Frequency of Operation: The operating frequency will be an input parameter, which directly influences the
resonant frequency of the antenna and the overall design calculations.

The MiniApp will use these parameters as inputs and model the electromagnetic interactions between the
elements of the array using the Integral Equations method. By solving the associated equations, the MiniApp
will generate predictions for key antenna characteristics such as the radiation pattern, impedance matching,
gain, directivity, and beamwidth.

In addition to these basic parameters, the MiniApp will also allow for optimization of the array's design based
on the user's requirements. For example, users might want to maximize the antenna's directivity while
minimizing its size, or they might seek a specific impedance value for matching to a transmission line. The
MiniApp will use the Integral Equations method to model these trade-offs and provide insights into how
adjustments to the array configuration can affect its performance.

Once the user inputs the required parameters into the MiniApp interface, the Python-based backend will
process these inputs and use the Integral Equations method to compute the antenna's characteristics. The
method typically involves the discretization of the surface of the antenna and the surrounding medium into
small elements. These elements are then used in integral equations to represent the electromagnetic fields. A
numerical solver will process these equations, often using methods like the Method of Moments (MoM), to
compute the antenna's impedance matrix, radiation pattern, and other parameters.
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Figure 1. User interface of MiniApp and geometry of the microstrip antenna array
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The results will be displayed in a user-friendly format, providing the user with valuable information about the
antenna's behavior. For example, the radiation pattern can be visualized in polar or 3D plots, while other
parameters like gain and directivity can be presented in tabular form or graphical plots. This allows the user to
quickly understand the impact of different design choices on the antenna’s performance.

149



MexgyHapoHas Hay4dHO-npakTuyeckas KoHepeHLms
«KoMnbloTepHOe NPOEKTUPOBaAHME B ASNIEKTPOHMUKE Y

V. ADVANTAGES OF USING A MINIAPP FOR ANTENNA MODELING

A key benefit of building this MiniApp within Telegram is the accessibility and ease of use. Users don’t need
to download or install any specialized software; they can simply interact with the bot within Telegram itself.
The input process is designed to be intuitive, with clear prompts guiding the user through the required
parameters.

Additionally, the MiniApp will allow for rapid prototyping of different antenna designs. Users can experiment
with various configurations and quickly visualize the effects of different parameters on the antenna’s
performance. This makes it a valuable tool for antenna engineers, researchers, and students learning about
microstrip antennas.

By leveraging Python’s scientific libraries and Telegram’s Bot API, the MiniApp can also be easily integrated
with external databases and tools, such as material property libraries or online frequency calculators. This
integration can provide additional value to users who wish to include real-world material data or compare the
performance of their designs against theoretical or experimental benchmarks.

V. CONCLUSIONS

Building a Telegram MiniApp to model microstrip antenna arrays using the Integral Equations method
represents an exciting intersection of engineering, mathematics, and modern communication tools. By using
the MiniApp, users can explore the characteristics of microstrip antenna arrays, experiment with different
design parameters, and gain valuable insights into the performance of their antenna systems. This tool will be
especially useful for engineers and researchers working in the field of antenna design, as well as for students
learning about the theory and application of microstrip antennas.

Using this application, users will gain an understanding of the key factors that influence the performance of
microstrip antenna arrays, such as element spacing, substrate properties, and array configuration. Moreover,
the ability to interact with this powerful modeling tool directly through Telegram provides an intuitive and
convenient way to explore the design space of microstrip antennas.

As you experiment with this MiniApp, you'll gain hands-on experience in both antenna theory and the practical
aspects of implementing computational methods. The integral equations method offers a powerful way to
model and analyze electromagnetic systems, and by applying it to microstrip antenna arrays, the MiniApp
serves as an accessible, real-time platform for antenna design and simulation.
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PA3PABOTKA MiniApp NMPUNOXEHWA ANA MOOENMPOBAHNA MUKPOMOJIOCKOBbLIX AHTEHHbIX
PELWLIETOK METOJOM MHTEMPAJIbHbIX YPABHEHN

KusmmeHnko B.B., Haymosu4d H.M.

LleHTp 1.6, Benopycckuin rocyqapCTBeHHbIN YHUBEPCUTET MHOPMATUKN U PpaguO3NIEKTPOHMKM,
MuHck, Pecnybnuka Benapycs, kizimenko v@bsuir.by

AHHOTaums: B cratbe obcyxpaetca paspabotka MiniApp nNpunoxenusl, npegHasHayeHHoro [Ansi
MOZENUPOBaHUSI XapaKTEPUCTUK MMUKPOMOMOCKOBbLIX aHTEHHbIX PELIETOK C WCMOfb30BaHMEM MeToaa
WHTerparnbHbIX ypaBHeHM. MiniApp NO3BONSET NONb30BaTENSM BBOAUTL Takue KroYeBble MapamMeTpbl, Kak
pa3mep W pacnorioxeHve usnydaTenein, CBONCTBA AMIMNEKTPUYECKOW NOANIOKKM M paboyyo 4acToTy Ans
pacyeTa xapaktepucTuk. PaspaboTaHHoe npunoxeHne MiniApp npeacTaBnseT coboll WHTEPAKTUBHYHO

150



MexgyHapogHas Hay4dHOo-npakTnyeckasl KoHpepeHuna
«KoMnbloTepHOE NPOEKTUPOBaHME B ANIEKTPOHUKEY

nnachopmy ONnAa NpoeKTupoBaHUA aHTEeHHbIX peLlleToK, KOTopad Nno3BONAeT paccyutaTb AuarpamMmmy
HanpaBneHHOCTN, MneaaHc, KOS(*)(*)I/ILI,I/IGHT ycuneHuna n HanpaeleHHOro OEencTBus. MHCprMeHT nomoraet
NHXEeHepaMm, uccrnegoesarteridM U CtygeHTaM B aHanm3e U ontuMunsaumm napameTpoB MUKPOMNOJIOCKOBbIX
AdHTEHHbIX PELWETOK B pEXXME pealibHOro BpeMeHu.

KntoueBble crnoBa: MUKPOMNOMOCKOBbLIE PELUETKM, aHTEHHbIE PELUETKU, METO[ MHTErpanbHbiX YpaBHEHWUN,
Python, MiniApp, guarpamma HanpaBfieHHOCTU, YNCIIEHHOE MOLENTMPOBAHNE aHTEHH.
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