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ADAPTABILITY OF THE AIR TARGET IDENTIFICATION ALGORITHM UNDER
UNCERTAINTY

AHnomauin: 6 yMoeax 6eOeHHsI CKOPOMEHHUX O0Uosux Oili 8 NOGImpi OOHUM 3 BAICIUBUX
NUMaHsb € c8oeYaAcHa ioenmuixayis nogimpsuux yineu [1]. B x00i eupiuienns 3a3HA4eH020 NUMAHHS
0yno po3pobaeno ancopumm i0eHmu@ixayii muny nOSIMpAHUX yinell, wo 003601UMb HPUUHAINU
CBO€HACHEe PiUleHHsl Ol BUSHAYEHHS eheKMUBH020 8U0Y 030POEHHS, sKe Oyoe 3aCmoco8y8amuch no
yini, wo eusieiena. [ns 3abesnevenus cmitukocmi i HAOIUHOCMI (DYHKYIOHY8AHHS PO3POOIEHO20
aneopuUmMy SUHUKAE HeOOXIOHICMb 11020 a0anmayii 6 yMoeax HeGU3HAYEHOCMI M 3AULYMACHUX OAHUX.
s yeniwnoi pobomu 6 makux ymMoeax HeobOXiOHo, W00 aneopumm  Mie  OUHAMIYHO
nIOAAUMOBYS8AMUCS 00 3MIH ROGIMPAHOI 0OCMAHOBKU, Y MOMY YUCAI MAKUX 5K 3ACMOCYSAHHSL
NPOMUBHUKOM PAOIOCICKMPOHHUX 3A6A0, MAHEeSPYEAHHs yYilell ma HemO4HICMb GUMIPIOGAHHSL
napamempie yineti. Tpaouyiini nioxoou 4acmo GUAGIAIOMbCS HEOOCMAMHbLO eQEeKMUSHUMU Yepe3
CB0I0 0OMEIICEHY SHYUKICMb | HeBUCOKY CIIUKICIb 00 ULYMY.

3anpononosanuil nioxio suxopucmosye nocouanns Qinompa Karmana ma neuimxoi noziku,
wo 003801€ 3abe3nedumu A0anMueHiCmMb aleopummy 6 Ounamiunux ymoeax. Dinemp Kanmana
ehexmusHO 3HUNICYE BNAUE WYMY HA SUMIPIOBANHS, 003801804 U OMpuMamu OLbut Mo4Hi Oani npo
napamempu yini, a Heuimka 102iKa 3abe3nevye eHYUKicmb i MOJNCIUBICMb NPULMAmMu pileHHs 8
yMoeax Henosnoi abo Heuimkoi ingopmayii. Taxuii kombiHosanuii nioxio 0038014€ ANCOPUMMY
npayiosamu  eeKmueHo HAGIMb y CKIAOHUX | HeCMmAaOIIbHUX YMO8AX, NIOSUWYIOYU MOYHICMb
i0enmughixayii nogimpsiHux yineu.

Knrouosi cnoea: aoanmusnicms, aneopumm, ioenmughixayis, uiym.

Abstract: In the conditions of short-range air combat operations, one of the important issues
is the timely identification of air targets [1]. In the course of solving this issue, an algorithm for
identifying the type of air targets was developed, which will allow making a timely decision to
determine the effective type of weapon to be used against the detected target. To ensure the stability
and reliability of the developed algorithm, it is necessary to adapt it under conditions of uncertainty
and noisy data. To operate successfully in such conditions, the algorithm must be able to dynamically
adjust to changes in the air situation, including the use of electronic interference by the enemy, target
maneuvering, and inaccurate measurement of target parameters. Traditional approaches are often
ineffective due to their limited flexibility and low noise immunity.

The proposed approach uses a combination of the Kalman filter and fuzzy logic to ensure the
adaptability of the algorithm in dynamic conditions. The Kalman filter effectively reduces the influence
of noise on measurements, allowing for more accurate data on target parameters, and fuzzy logic
provides flexibility and the ability to make decisions in conditions of incomplete or fuzzy information.
This combined approach allows the algorithm to work efficiently even in complex and unstable
conditions, increasing the accuracy of airborne target identification.
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In order to ensure adaptability to changing environmental conditions, an algorithm for
identifying the type of air targets based on a combination of the Kalman filter and fuzzy logic has been
developed. The main input parameters for identifying the type of air targets are: effective scattering
area, speed, flight altitude, and target maneuverability. The MATLAB environment was used for
modeling, in particular, the unscentedKalmanFilter function to reduce the impact of noise and the
Fuzzy Logic Toolbox library for fuzzy inference.

In the modeling, the type of target was determined based on the linguistic variables selected
for each input parameter. For example, for speed, fuzzy sets with such linguistic categories as “low”,
“medium”, and “high” were used. For maneuverability, categories such as “stable rate and/or altitude”,
“moderate change in rate and/or altitude”, “sharp change in rate and/or altitude” were defined. Fuzzy
logic allows you to classify targets even if the parameters are at borderline values or are changing in
real time. The algorithm decides on the type of target based on fuzzy logic rules of the “IF - THEN”
type. For example:

if the speed is high and the course and/or altitude is stable, it is a missile;

if the speed is medium and the course and/or altitude changes abruptly, it is an airplane.
After processing the input parameters, the algorithm performed defuzzification, converting



fuzzy values into a clear result - the type of air target.

The simulation was conducted in conditions close to the real air environment, including high
noise levels and the use of electronic interference. In particular, several scenarios were tested in the
simulation:

low noise level - up to 10 dB; medium noise level - up to 20 dB;

high noise level - up to 30 dB, which corresponds to active electronic jamming.

The use of a Kalman filter significantly reduced errors in measuring the speed and height of
the target, andfuzzy logic ensured the algorithm'’s resistance to rapid changes in the target's trajectory
and parameters [2]. For example, at a noise level of up to 10 dB, the classification accuracy was 85%,
and when the noise level increased to 30 dB, the accuracy dropped to only 75%. These results
demonstrate the algorithm's high resistance to external interference and measurement inaccuracies.

In addition, the results were compared with known target characteristics, which confirmed the
algorithm's ability to accurately identify types of objects such as missiles, unmanned aerial vehicles,
and airplanes. The system's response time allows the algorithm to be used in real time for effective
target identification.

The proposed air target type identification algorithm, which combines a Kalman filter and
fuzzy logic, has demonstrated high adaptability and noise resistance in the face of electronic
interference and complex air conditions [3-4]. Simulations have shown that the algorithm maintains
high target identification accuracy even at high noise levels, which is critical for modern air defense
systems where decisions need to be made in real time.

The combination of a Kalman filter for data processing and fuzzy logic for decision-making
under uncertainty allows the algorithm to effectively adapt to changing conditions while maintaining
high classification accuracy and response speed. This makes it a reliable tool for solving identification
problems in modern combat.
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