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ABSTRACT. Subject and purpose of the work.
During the development and testing of radio engineering
devices, in particular the active antenna sections of the
GURT radio telescope, there is a need for prompt and
efficient processing of experimental data. Large volumes of
measurements obtained from vector network analyzers
require tools for fast interpretation and statistical analysis.
The purpose of this work is to create software that ensures
high-quality processing and visualization of such data,
contributing to improved accuracy in the evaluation of
antenna system parameters.

Methods and methodology. To achieve this goal, the
Graphics v.1.9 software was developed, functioning in the
Windows environment on the .NET Framework 4.8
platform. The program employs the ScottPlot library for
building interactive plots and ClosedXML for handling
Excel data. The architecture of the solution is designed
according to a modular principle, which facilitates the
integration of new functionality. The main methods
include parsing data from the Obzor-103 analyzer,
generating plots, performing statistical averaging of
results, and exporting data into formats suitable for
publications and presentations.

Results of the work. The Graphics v.1.9 program enables
advanced visualization of measurements, the creation of
high-quality graphical reports, as well as the averaging of
data of the same type to detect statistical deviations and
assess the repeatability of results. This makes it possible to
obtain generalized characteristics of the studied devices,
quickly detect instabilities in individual elements, and
perform comparative analysis within a series of identical
components. Practical application of the program in the
testing of GURT antenna sections has confirmed its
efficiency and feasibility for scientific research.

Conclusions. The developed software significantly
increases the efficiency of experimental data analysis in
radio astronomy and radio engineering. Graphics v.1.9 not
only reduces the time required for data processing but also
provides deeper insight into system characteristics and
contributes to its optimization. Prospects for further
development of the program include support for new input
data formats, expansion of processing tools, and the
implementation of advanced visualization features,
making it a universal tool for a wide range of scientific
and applied tasks.

Keywords: GURT radio telescope, active antenna, data
processing, visualization, statistical analysis, averaging.

AHOTALIS. Mpeamer i mera podorm. Ilin uac
pPO3pOOKK Ta BUIMPOOYBaHHSA PaNiOTEXHIYHHX IPHUCTPOIB,
30KpeMa AaKTUBHHMX AaHTEHHHX CEKILiH paaioTenecKkomna
I'YPT, BuHuKae moTpeba B ONEpaTUBHIN Ta eQEKTHBHIN

00poOmi eKcliepuMEeHTAIbHUX JaHUX. 3Ha4HI 00CATH
BUMIpPIOBaHb, OTPUMAHHUX 3 BEKTOPHHX aHaNi3aTOPiB
Mepex, MOTpPeOYIOTh IHCTPYMEHTIB M  IIBUIKOI

iHTepIpeTaNii Ta CTaTUCTUYHOTO aHaii3zy. Meroro poboTu
€ CTBOPCHHSI IPOTPaMHOTro 3a0e3NeUYeHHs, IKe 3a0e3neuye
SKiCHY 00OpOOKY Ta Bi3yaii3allilo TAKUX JaHUX, CIPHUSIIOYH
MIiJBUIIICHHIO TOYHOCTI OIIHKM MapaMeTpPiB aHTCHHHUX
CHCTEM.

Metoau Ta MeTonoJoris. [ peamizamnii moctaBieHol
MeTu Oyno pospobmeHo mporpamy Graphics v.1.9, ska

¢yHKmionye y  cepemoBumii  Windows Ha  0asi
mwratrpopmu  NET Framework 4.8. VYV mporpami
BHKOpUCTaHO 0i0mioTeky ScottPlot mnsgs moOymoBu

iaTepakTiBHEX rpadikiB Ta Closed XML mnsa poGoru 3
Excel-nanuMu. Apxitektypa pilleHHS moOyaoBaHa 3a
MOJYJIbHUM ~TIPUHIUIIOM, IO 3a0e3nedye 3pydHICTh
JMoJaBaHHA HOBOTO (yHKiioHany. OCHOBHI MeToau
BKJIIOYAIOTh MAapCHHT JaHuX 3 anamizatopa Obzor-103,
nobynoBy  rpadikiB,  CTaTUCTHYHE  YCEPEAHEHHs
pe3yNbTaTiB 1 eKcropT AaHuxX y dopmaru, npugatHi s
myOmiKamiid Ta mpe3eHTaIli.

PesyasTaTn podorm. Ilporpama Graphics v.1.9
JO3BOJISIE ~ BUKOHYBAaTH  PO3IIUpPEHY  Bi3yallizaIlito
BHMIipIOBaHb, CTBOPIOBATH rpadiuHi 3BiTH BUCOKOI SKOCTI,
a TaKoX 3IIHCHIOBaTH yCEepeAHEHHS NaHUX OJHOTO THITY
JUIS  BUSBIIEHHS CTATUCTUYHMX BIOXWIEHb 1 OI[HKHA
HOBTOPIOBAHOCTI pe3yibTaTiB. lle mae 3mory orpumaru
y3arajibHeHl XapaKTepUCTUKHU JOCHIIPKYBAaHUX MPUCTPOIB,
UIBHIKO BHUSBJISTH HECTAOUILHOCTI B OKPEMHUX €IEMEHTax
Ta TMPOBOJUTH TOPIBHSUIBHUH aHami3 y Mexax cepii
IIGHTUYHUX KOMIOHeHTiB. [IpakThyHe 3acToCyBaHHs
nporpamMu 'y BHUNpoOOyBaHHSIX aHTeHHHMX cekuii ['YPT
mATBepAmwIo  ii  e(QeKTUBHICTP Ta  JOULIBHICTH
BUKOPHCTAHHS B HAYKOBUX JOCIIJKEHHSX.

BucnoBkn. PozpobineHe mnporpamue 3abe3neueHHs
3HAYHO TIiIBHIILY€ e()eKTUBHICTD aHaJi3y
eKCIIEpUMEHTAJIbHUX ~JaHUX Yy PpajaioacTpoHOMil Ta
paniorexsini. Graphics v.1.9 He numie ckopouye yac Ha

00poOKy BHUMIpIOBaHb, aje ¥ 3a0e3nedye TIHOIIE
PO3YMIHHA XapaKTEepHUCTHK CHCTEMH Ta CHpuse il
ornrtumizamii. IlepcekTHBH  MOJANBIIOTO  PO3BHUTKY

nporpaMHM MNOJATAaOTh Yy MIATpUMIN HOBHX (opmaris
BXIJHUX JIlaHMX, PO3LIMPEHHI I1HCTpyMEHTapilo JuIs
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porpamMy IOJSraloTh y MIATPUMII HOBHX QopMmariB
BXITHUX JIaHMX, PpO3LIMPEHHI IHCTPYMEHTapilo Ui
00poOKM Ta peami3amii JOAATKOBHX MOKJIHBOCTEH
Bi3yamizamii, mo poOuTs i yHiBepcasbsHUM 3aco00M ISt
IIMPOKOTO CHEKTPa HAYKOBUX 1 MPHKJIATHUX 3aBIaHb.
Kurouosi ciioBa: pamgioreneckon I'YPT, akTuBHa aHTeHa,
00poOka maHWMX, Bi3yamizallis JaHUX, CTATHCTUYHUMA
aHai3, ycepeTHeHHs.

1. Introduction

New-generation radio telescopes play a key role in
modern radio astronomy, enabling high-sensitivity
observations across a wide frequency range. One such
instrument is the Ukrainian radio telescope GURT, built
on the principle of a phased array antenna (PAA). Its
design is based on the use of active antenna elements, in
which the amplifier is integrated directly into the dipole
structure. This approach provides preliminary signal
amplification at the reception stage, reduces losses, and
increases the overall sensitivity of the system.

Each section of the GURT consists of 25 cross-oriented
dipoles (Fig. 1), forming 50 independent active channels
for two mutually perpendicular polarizations. For the
telescope to work effectively, all channels must be highly
identical. Even slight differences in parameters, such as
impedance, gain coefficient, or phase characteristics, can
cause distortion of the directional pattern and deterioration
of observation quality.

The analysis of such multichannel systems requires
obtaining a large amount of experimental data from vector
network analyzers, such as Obzor-103. However, manual
processing of dozens and hundreds of measurement files
is difficult, time-consuming, and prone to errors. In these
conditions, there is a need for specialized software capable
of automating the processing, visualization, and statistical
analysis of results.

For this purpose, Graphics v.1.9 software was
developed to provide comprehensive processing of
experimental data. Its use reduces analysis time,
minimizes the risk of errors in manual processing, and
improves the accuracy of active antenna system parameter
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Figure 1: Diagram of a single polarization of the GURT
sublattice

2. Implementation of Graphics v.1.9

Graphics v.1.9 software was created as a tool for
efficient processing of experimental data obtained in the
course of research on the active antenna sections of the
GURT radio telescope. The main task was to ensure the
possibility of quick interpretation of measurements with
minimal time expenditure by the researcher. The choice of
the Windows development environment in combination
with the .NET Framework 4.8 platform was dictated by
both technical and practical reasons. This solution made it
possible to combine performance, a wide range of
libraries, and ease of integration with hardware.

The key implementation language was C#, which is the
standard for creating modern desktop applications in the
Windows environment. The language provides both an
object-oriented code structure and advanced capabilities
for working with graphics, multithreading, and interfaces.
The program has a modular architecture: each component
performs its own set of functions, but they interact closely
with each other, allowing the user to obtain a complete
result without the need for complex additional settings.

Among the main elements of the architecture, it is
worth highlighting the data loading and pre-processing
module, the analysis module, the visualization block, and
the export module. This structure allows users to flexibly
manage the processing process: from opening source files
from the Obzor-103 device to creating reports in the form
of graphic materials or spreadsheets.

Special attention was paid to working with input data.
As is well known, files generated by measuring equipment
may contain not only arrays of useful values, but also
service information, uneven measurement intervals, or
formatting errors. Graphics v.1.9 takes these factors into
account and automatically converts the data into a unified
format suitable for further analysis. This eliminates the
need for manual editing and significantly reduces the risk
of errors.

3. Features and functional characteristics

One of the key advantages of the program is the
function of averaging measurement results. When
studying antenna channels, where each element must have
the same characteristics, averaging allows you to obtain
generalized indicators and evaluate repeatability. This is
especially relevant when the results of different
measurements differ slightly due to external factors such
as electromagnetic interference, temperature changes, or
equipment errors. Using the averaging function makes it
possible to identify systematic deviations and form a more
reliable model of the device's operation.

The program provides extensive data visualization
capabilities. Graphing is implemented in such a way that
the user can not only see static curves, but also interact with
them. Zooming, scrolling, highlighting individual sections
of the spectrum, and overlaying multiple graphs on a single
screen create a flexible working environment that far
exceeds the standard capabilities of measuring instruments.
For example, when analyzing antenna channel parameters,
you can simultaneously display amplitude and phase
graphs, allowing you to quickly assess compliance with
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Figure 2: Example of data visualization on a plot

requirements. There are a significant number of settings
for graph axes, axis value limits, etc. Figure 2 shows an
example of data visualization on a plot.

The input file does not always contain all the necessary
parameters. The functionality for calculating additional
values was developed specifically to solve this problem.
Thanks to this, even with only a few parameters from the
input file, the program allows the user to access a much
larger set of physical quantities. All calculations are
performed automatically while reading the files, after
which these new parameters can be used for statistical
research and visualization.

The user interface (Fig. 3) was designed with the needs
of engineers and researchers in mind, who do not always
have extensive programming experience. Therefore, the
main functions are displayed on the control panel in the
form of buttons and drop-down menus, allowing key
operations to be performed quickly. At the same time,
more complex parameters remain accessible through the
settings system, allowing the program to be adapted to
specific tasks. Selecting data for visualization is simplified
by convenient filters, sorting, and search functions. All
names, captions, and titles on the graphs are dynamic, so
the user can customize them to their needs at any time.

The export module is equally important. Saving data in
Excel spreadsheets simplifies further processing using
statistical methods and report generation. In addition, the
ability to save graphs in PNG, JPEG, SVG, and other
formats allows you to prepare materials for scientific
publications and presentations without additional effort. In
this way, Graphics v.1.9 effectively integrates all stages of
processing: from obtaining raw measurements to the final
result, ready for presentation.

4. Practical application

The Graphics v.1.9 program found its main application
during testing of the active antenna sections of the GURT
radio telescope. When working with a large number of
channels, each with its own characteristics, researchers
needed to quickly assess the quality of the identity. Using
traditional manual processing methods, this process took
many hours, and sometimes days, especially when ana-
lyzing tens of thousands of measurement points. The use
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Figure 3: Graphical user interface
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Figure 4: Average data and error bars

of Graphics v.1.9 reduced this time several times over and
also reduced the likelihood of human error.

The actual use of the program has proven its
effectiveness in tasks such as determining the average
characteristics of group delay time, as well as identifying
errors in the measurements of this parameter on individual
components. For this purpose, the average values and error
bars were calculated (Fig. 4). These data make it possible to
find phase shifters whose settings need to be adjusted.

Although Graphics v.1.9 was primarily developed for
the needs of the GURT radio telescope, its functionality is
universal. The program can be used to study and test other
radio engineering devices: amplifiers, antennas of various
configurations, filters, and resonant systems. Thanks to its
ability to process large amounts of data and support
various formats, it is a universal tool for engineers and
scientists working in related fields.

5. Conclusions

The developed Graphics v.1.9 software has proven its
effectiveness in analyzing experimental data obtained
during research on the active antenna sections of the
GURT radio telescope. It reduces the time required to
process results, minimizes the risk of errors that arise
during manual analysis, and provides a deeper
understanding of the system's characteristics.
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The program will be useful for a wide range of users:

» scientific laboratories engaged in research in the field
of radio astronomy and radio engineering;

 educational institutions, where it can be used as a
teaching tool for training future engineers and researchers;

* engineering companies engaged in the development
and testing of antenna systems and radio engineering
devices.

Future development plans for Graphics v.1.9 include
expanding the range of supported input formats,
integrating new processing algorithms, improving the
interface, and adding advanced visualization capabilities.
This will make the program a universal platform for
analyzing large amounts of experimental data not only in
radio astronomy, but also in related scientific and
engineering disciplines.
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