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The algorithmic improvement of the high-speed digital spectral-correlative radiolocation method
represents an innovative project that influences the development of new technologies. This work aims to
enhance the precision and reliability of receiver systems through accurate signal direction, presenting new
methodologies for addressing issues in the radiolocation field by analyzing spectral components of signals
and their correlational relationships.

Applying these algorithmic enhancements allows for significant improvements in the speed and
accuracy of radiolocation processes. This benefits the efficiency of both military and civil communication
systems, paving the way for future developments in radioelectronics and contributing to technological
innovations.
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JKozapul scvlioamobikmvl yugpavly cnekmpiik-Koppesyusiiblk, paouorokayus 20icin areopummoix
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Aneopummuuecroe ycosepuiencmeoganue Memood GblCOKOCKOPOCMHOU YUPPOBOU CHEeKMpPAIbHO-
KOpPenssyuoHHOU paouoiokayuu npeocmasisien coooll UHHOBAYUOHHBIN NPOEKn, KOMOPLIL Gausem Ha
paspabomxy Hogulx mexuonozuti. Llenvio oannotl pabomvl A61Aemcs NogblueHue MoYHOCMU U HAOedic-
HOCTU NPUEMHBIX CUCHEM 3d CHem MOYH020 HANPABIEeHUs. CUSHANA, NPeOCMAGIsisl HOBble MEmMOO0I02Ul
peutenus npobnem 6 obaacmu paduoIoKayuu nymem aHaiu3d CnekmpaibHolx KOMNOHEHMO8 CUSHANIO8 U
UX KOPPEAYUOHHBIX CEA3ElL.

IIpumenenue d3mux areopUMMU4ECKUX YCO8EPUEHCNBOBAHUL NO36ONAEM 3HAYUNENIbHO NOGbICUMD
CKOPOCMb U MOYHOCb NPOYECCo8 pAoUOIoKayuu. Imo noguluiaem ghGekmueHocmsy KaxK 60€HHbIX, MaK
U 2PAANCOAHCKUX CUCTNEM C8:3U, NPOKAAObIBAs NYyMb OJisL OYOYUWUX pa3pabomok 6 0onacmu paouos1eKkmpo-
HUKU U CROCOOCMBYS MEXHOIO2UYECKUM UHHOBAYUSIM.

KuroueBble ciioBa: yugposas paduonokayus, cneKmpaibHO-KOPPeIAYUOHHbLIL AHATU3, ANOPUMMU-
yeckoe YcogepuleHCmeosanie, 06pabomKa CUCHAI08, MAMEMAMUYECKUe MOOEIU.

1. Introduction. The algorithmic improvement of the high-speed digital spectral-
correlative radiolocation method marks a step into anew phase of technological advancement,
leading to significant changes in solving precise issues within radioelectronics and
communications [1]. The primary goal of this technology is to enhance data accuracy and
signal quality by determining the direction of radio signals emitted from specific sources.

In recent years, traditional methodologies, particularly in processing low-frequency
signals, have encountered their limitations [2]. New developments and research, notably
through spectral-correlative analysis, offer the potential to refine these aspects, thereby
increasing efficiency and reducing signal processing times [3].

When focusing on the algorithmic aspect of this research, the main goal is to create
new mathematical models and apply them in software development. This ensures a synergy
between speed and accuracy aspects, which can be utilized in radioelectronic systems of any
configuration [3,4].
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During the course of this scientific work, we will explore ways to enhance the performance
of these algorithms and also attempt to define their practical applications. These improved
algorithms could find applications in areas such as security, monitoring, and protection,
potentially enhancing their potential and unlocking new technological opportunities.

2. Materials and Methods. The key feature of the algorithmic improvement of the
high-speed digital spectral-correlative radiolocation method is as follows (Figure 1) [1,5]:

Figure 1 — Properties of Algorithmic Improvements in High-Speed Digital
Spectral-Correlative Radiolocation Methods

Herein:

1. The primary goal of algorithmic improvement is to increase accuracy and speed.
Similarly, this method is aimed at enhancing the precision and speed of algorithms. The
digital spectral-correlative radiolocation method reduces delays in signal reception and
processing, thereby improving data accuracy;

2. Technical enhancements - utilize complex algorithms. The updated algorithms include
complex mathematical models and statistical methods, which help achieve high accuracy in
signal analysis. They also enhance the ability to operate in noisy environments. Algorithms
are optimized to reduce the effects of noise and other disturbances, which allows for effective
direction of radio signals;

3. Practical applications - have particular use in defense and intelligence directions.
These enhancements are very useful for military and intelligence applications because they
allow for quick and accurate detection of hostile signals. They are also particularly useful in
aviation and space navigation, where improvements in algorithms lead to increased accuracy
of signals in aviation and space navigation systems. These enhancements significantly
improve the quality of radiolocation and expand its applicability across various sectors. The
main features and shortcomings of the algorithmic improvements in the high-speed digital
spectral-correlative radiolocation method are as follows [6]: Features:

» High accuracy - the algorithms used in the digital spectral-correlative method achieve
very high precision in determining the direction of radio signals [7]. This method reduces
the impact of surrounding noise and allows for accurate identification of the actual signal
source;

» Speed - the processing speed of signals through digital processing is increased, which
is crucial for real-time operation [8];

» Expanded scope of application - this method can be used in military, aerospace, and
telecommunications fields, which broadens the range of its application. Shortcomings:

» Complexity - the digital spectral-correlative method is very complex, which increases
the cost of equipment and complicates its production and maintenance [9];
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» High resource requirements - processing high-precision signals requires substantial
computational resources, which in turn increases operational costs [1,8];

» Technological limitations - there might be situations where it does not operate effec-
tively in all environments and conditions, for example, in extremely noisy environments or
at very low frequencies [5,9]. These are the main characteristics and shortcomings of this
scientific research work. These are important aspects for the scope of research conducted in
this field and its applicability to production.

3. Results and Discussions. The main goal of the study is to enhance the efficiency
and speed of radiolocation systems. Such systems are typically used for military and
civilian purposes, for example, to determine the positions of aircraft and ships. The main
methodologies and scientific results used in this study are presented below (Figure 2).

Figure 2 — Algorithmic Improvements in Digital Spectral-Correlative Radiolocation Methods

This article presents research results as shown in Figure 2. The results obtained during
the study demonstrated significant improvements in the accuracy and speed of radiolocation
systems. The enhancements in algorithms reduced the error rate of the systems and improved
their response time. This study represents a significant progress in radiolocation technology
and has great future potential. Future directions include expanding the scope of algorithms for
further research and testing them in various radiolocation scenarios. Additionally, exploring
the application of new algorithmic solutions in both military and civilian technologies is
considered important.

3.1 Theoretical Basis of the Correlation Function Used for Directing the Source of
Radio Signals. The calculation of the correlation function of a signal - the correlation function
Ry/(t) in a radiolocation system between two signals X(t) and y(t) is defined as follows:

Ry(1) = E[X(D) - y(z + 7)] (1
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where E[X(t) - y(¢ + 7)] — represents the expected mathematical value, and 7 is the delay
time.

Transitioning from correlation to spectrum — using the data obtained through the
correlation function, we apply the Fourier transform to find the spectral composition of the
signal:

Sy(N)=] R (0 dr @)

The Relationship between Speed and Accuracy — we determine the optimal param-
eters of the algorithm to ensure both speed and accuracy. For example, let the length of the
signal in discrete time be N and the sampling frequency be f,. Using these parameters, we
can evaluate the processing speed and accuracy.

a) The relationship between speed and sampling frequency. As the sampling frequency f; in-
creases, the speed increases. The change in speed is represented as 1/f;, which is the inverse of the
sampling time.

b) The relationship between accuracy and the number of samples. As the number of samples
N increases, accuracy also increases. This indicates that a higher number of samples improves the
spectral resolution of the signal.

Figure 3 — Graph illustrating changes for evaluating process speed and accuracy

Let's consider the process of using the Fourier transform to determine the spectral
composition of a signal from its correlation function. For this purpose, we model the
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autocorrelation function, then transform this function using Fourier transform to obtain
the spectral composition. Let's use a simple cosine signal for this. Calculation of the
autocorrelation function:

Let the signal be x(t)=Acos(27fyt), where 4 is the amplitude and f; is the fundamental
frequency. The autocorrelation function of this signal is:

2

&m=%wwmn 3)

Applying the Fourier transform. The Fourier transform of the autocorrelation function reveals
the spectral composition. The Fourier transform from equation (2) can be written as follows:

S(NH =] Ru(me " dr )

Now, let's implement these processes using a Python program and visualize the results.
First, in the Python program, let's model the signal and its autocorrelation function, then use
the Fourier transform to plot the spectrum. Let’s execute the code.

Figure 4 — General Representation of the Autocorrelation Function

This figure shows the autocorrelation function Rxx(t), which is in the form of a cosine
and related to the fundamental frequency f; of the signal. The autocorrelation demonstrates
cosine oscillations dependent on the time delay. The spectral density S(f) - this graph shows
the spectral composition obtained from the Fourier transform. There are two peaks near
the frequency f,, illustrating the spectral representation of the signal’s cosine form. These
graphs help us understand what the signal and its autocorrelation look like, and how the
spectral composition of that signal appears.

3.2 Discussion of Scientific Research. The scientific research encompasses significant
innovations in radiolocation technology and its algorithmic aspects. To analyze this topic,
it’s necessary to highlight the following key aspects:



20 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonuxu Kazaxcman. 2024. Xe 3 (93)

1. Essence of Digital Spectral-Correlative Radiolocation Method - The digital spectral-
correlative radiolocation method uses spectral analysis and correlation measurements to
determine the sources of radio signals. This method is employed to identify the spatial
direction of radio signals and also assists in pinpointing the location of the signal origin;

2. Algorithmic Improvements - Typically, algorithmic improvements involve increasing
computational speed, enhancing accuracy, and expanding capabilities. Such enhancements
allow for faster and more precise processing of signals, thus increasing the efficiency of
radiolocation systems;

3. Technical Applications - These improvements are crucial in both military and civilian
applications. For example, in the military, radiolocation systems are used to detect enemy
radio sources during combat operations. In civilian sectors, this technology is beneficial in
aviation, maritime navigation, and rescue operations;

4. Future Directions - In the future, enhancements to these technologies will be linked
to the development of new sensors and algorithms. Additionally, the integration of artificial
intelligence and machine learning methods will further refine radiolocation techniques.

The research and improvements in this topic help to understand how technological
progress is being implemented in the field of radiolocation.

The authors express their gratitude to the leadership of project BR20280990 “Devising
and developing methods for solving fundamental problems of fluid and gas mechanics, new
deformable bodies, reliability and energy efficiency of machines, mechanisms, robotics” for
their assistance in conducting this research, as well as writing this article.

Conclusion. The development of modern radio electronics and radiolocation systems
is rapidly accelerating each year, with new technological solutions and algorithmic
improvements being introduced. In this research, we analyzed innovations in the algorithmic
improvement of the high-speed digital spectral-correlative radiolocation method and their
applications in radiolocation systems.

Our studies have found that algorithmic improvements significantly enhance the speed
and accuracy of processing radio signals. These improvements allow for precise identification
of the spectral composition of radio signals and highly accurate direction-finding of their
sources. As a result, the efficiency of radiolocation systems across various applications
has increased. Additionally, by enhancing the speed and efficiency of algorithms, we have
managed to reduce errors in locating radio sources in both military and civilian applications.
These enhancements are particularly important in military operations and in search and
rescue operations during disasters.

The conducted research and the results obtained demonstrate significant advancements
in the development of radiolocation systems and suggest a promising future for this field.
Moving forward, efforts will continue to further develop these technologies and introduce
new algorithmic solutions aimed at enhancing the efficiency of radiolocation systems and
expanding their range of applications.
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