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Purpose. The purpose is to improve the scientific and methodological
framework for planning the employment of an air
reconnaissance unit by developing a formalized method for
selecting a rational approach to its use that accounts for the
operational environment, the technical characteristics of
unmanned aviation systems, and resource constraints.

Methods. The study has a theoretical and applied nature and is based on
analysis, formalization, comparative analysis, and
multicriteria assessment of alternative courses of action.

Findings. An improved method for selecting a tactical technique for
employing an air reconnaissance unit is proposed. The
method involves identifying input conditions, forming a set of
admissible options, calculating effectiveness indicators, and
selecting a rational option according to a generalized
criterion. The numerical example provided is conditional and
serves to illustrate the procedure's internal logic; empirical
validation of the method has not yet been performed.

Theoretical implications. The results develop scientific and
methodological approaches to formalizing the selection of
methods for employing air reconnaissance units.

Practical implications. The proposed method is intended to support
officials of state border protection bodies in decision-making
during the planning and organization of air reconnaissance.
Its practical effectiveness remains to be confirmed through
field, experimental, or simulation studies.

Originality. The originality lies in the transition from empirical selection
of a tactical technique to a formalized multicriteria
assessment procedure.

Future research. Further research should focus on expanding the set of
considered factors, including crew training level, availability
of electronic warfare means, and time of day; improving the
method for calculating detection probability while
considering the stochastic nature of offender movement; and
developing software implementation of the method as a
decision-support module for automated control systems of
border guard units.

Article type: theoretical and applied research.

HaujioHanbHa akagemia [ep»KaBHOI MPUKOPAOHHOI cnyXbu YKpainu
imeHi boraaHa XmenbHULUbKOro, M. XMenbHUUbKNUIA, YKpaiHa
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MeTta pocniaXKeHHA. YAOCKOHA/NUTU HAyKOBO-MeTOAMYHMIA  anapaT
NAaHYBaHHA 3aCTOCYBaHHA NiAPO3A4iny NOBITPAHOI PO3BiAKM
waaxom pospobneHHa dopmanizoBaHoro metoay Bubopy
pauioHanbHOro cnocoby Moro 3acTocyBaHHA 3 ypaxyBaHHAM
YMOB OnepaTMBHOI OBCTaHOBKM, TEXHIYHWUX XapaKTepUCTUK
6e3niN0THUX aBiaLiiHUX KOMNEKCIB | pecypcHUX OBMeKeHb.

AOCNIAKEHHA.  [JOCNifKEHHA Ma€e  TeOpPEeTUKO-NPUKNAAHUIA

XapaKTep i TPYyHTYETbCA Ha MOEAHAHHI METOAIB aHanisy,

dopmanisauyi, NopiBHANLHOrO aHanisy Ta baratokpuTepiasbHOro

OLLHIOBAHHSA anbTepHaTUBHMUX CocobiB Ajit.

PesynbTaTv AocniaKeHHA. 3anponoHOBaHO YA0CKOHaNEeHWI meToz, Bubopy
TaKTUYHOrO MPUIMOMY 3aCTOCYBaHHA NiAPO3A4iNy NOBITPAHOI
po3BiaKM, AKUI nNepepbavae iAeHTUdIKaLio BXiAHUX YMOB,
bOPMYBaHHA MHOMMHWM  JOMYCTUMMUX CMOCOBIB, PO3pPaxyHOK
MoKasHUKiB epeKTMBHOCTI Ta BUBIp paLjioHasbHOrO BapiaHTa 3a
y3aranbHeHUM KpuTepiem. HaBeaeHWI YACNOBUIA MPUKNAL, €
YMOBHUM i iNtOCTPYE BHYTPILLHIO NIOFiKY NpoLeaypu; emnipuyHa
Banigauia meToay Hapasi He NpoBoAMAacA.

Metoau

TeopeTM4Ha LiHHICTb AOChiAXKeHHA. Pe3ynbTaTh  AOCHIAKEHHA
pO3BMBAOTb HAayKOBO-METOAMYHI niaxoan no dopmanisauii
npouecy BuBOpYy cnocobiB 3acTocyBaHHA Nigpo3ainis

NOBITPAHOI PO3BiAKM.

MpaKTMYHA UiHHICTb AOCNIAMEHHA. 3anponoOHOBaHUIN MeToh MOoXKe
6yTM BWMKOpUCTaHWi (nicna BignosigHoi Banigauii) ana
NigTPMMKM  NPUAHATTA  pilleHb NOCagoBUMKM  ocobamu
OpraHiB OXOPOHU [epPKaBHOr0 KOPAOHY Nif Yac NAaHyBaHHA
Ta opraHisauii NoBiTPAHOI PO3BiAKM.

OpuriHanbHicTb AocniAKeHHA. OpUriHaNbHICTb AOCAIAXKEHHA NoNArae y
nepexoai Big, eMNipU4YHOro BUGOPY TaKTUYHOTO NpUMomy A0
dopmanizoBaHoi npoueaypu 6araTokpuTepianbHoro
OLLiHIOBAHHSA.

Hanpamu nopganblumx pocnigeHb. MNofanblwi AOCAiAXKEHHS AO0UINbHO
CNPAMYBATM Ha PO3LUMPEHHA MHOMMHU BpPaxoBaHWX ¢aKTopis,
30Kpema piBHA MiArOTOBKM eKinaxy, HasBHOCTI 3acobis
pasioenekTpoHHOI 60poTbbK Ta uvacy A06W; yAOCKOHaNEHHA
METOAY PO3paxyHKy WMOBIPHOCTI BUABNEHHA 3 ypaxyBaHHAM
CTOXaCTUYHOTO XapaKTepy PyXy NPaBonopyLUHUKA; PO3pobaeHHA
NPOrpamHoi peanisauii meToay y BUrAAAi MOAyNA MiATPUMKM
NPUAHATTA pilleHb ANA aBTOMATU30BAHMX CUCTEM YNPaBAiHHA
NPUKOPAOHHWMM NiApOo34inamu.

Twun AocnigKeHHA: TEOPETUKO-NPUKIALHUIA.

Key words: Unmanned Aviation Systems; Operational Environment;
Multicriteria Assessment; Resource Constraints; Decision Support;
Offender Detection; Border Security.

onepaTtuBHa

pecypcHi
noLyk

Knio4oei cnoea:. 6e3ninoTHi  aBiauiiHi  KOMMNieKcu;
06CTaHOBKa; 6araTokpuTepiasbHe OLiHIOBAHHS;
0BMEXKEHHSA;  MIATPUMKA  NPUAHATTA  pilleHb;
NPaBOMOPYLUHWKIB; MPUKOPAOHHA 6e3nekKa.
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Introduction

State border protection in Ukraine under current conditions is characterized by a highly dynamic
operational environment, the growing role of technical surveillance means, and the need to obtain
reliable, timely information on signs of illegal activity. The legal foundations for the functioning of
the state border protection system are defined by the Law of Ukraine “On the State Border of
Ukraine” and the Law of Ukraine “On the State Border Guard Service of Ukraine”, which establish
the legal basis for the protection of the state border and the activities of authorized bodies in this
field (Verkhovna Rada Ukrainy, 1991; Verkhovna Rada Ukrainy, 2003).

An important means of increasing the effectiveness of state border protection is the use of
unmanned aviation systems (UAS), which provide aerial surveillance, monitoring of hard-to-reach
terrain, search for offenders, documentation of signs of illegal activity, and information support for
managerial decision-making. The analysis of the development of unmanned aviation indicates an
expansion of its functional capabilities, particularly in surveillance, reconnaissance, patrolling, and
performing tasks under complex operational conditions (Babii et al., 2022; Chernousov, 2022;
Servatiuk et al., 2024).

At the same time, the effectiveness of employing an air reconnaissance unit depends not
only on the technical characteristics of an unmanned aviation system but also on the selection of an
appropriate tactical technique. While tactical techniques for employing unmanned aviation systems
in state border protection have been systematized (Sitailo, 2023), a formalized procedure for
selecting a specific technique based on the current operational environment, available resources,
and task priorities are still lacking. Consequently, in practical settings, the choice is often guided
primarily by officials' experience, which may reduce the objectivity of planning and limit the
adaptability of decisions.

The organizational and legal foundations for the use of unmanned aviation systems in the
activities of the State Border Guard Service of Ukraine also underscore the need to improve
approaches to integrating them into the state border protection system. At the same time, existing
regulatory and methodological provisions primarily define the general organizational, legal, and
procedural aspects of using such systems, but they do not constitute a comprehensive mechanism
for selecting a tactical technique under specific operational conditions (Administratsiia Derzhavnoi
prykordonnoi sluzhby Ukrainy, 2023; Ovchar, 2025).

Modern scientific literature pays considerable attention to unmanned aerial vehicle route
planning, autonomous navigation, coverage of designated areas, improving flight energy efficiency,
employing groups of unmanned aerial vehicles, and multicriteria planning of flight missions. These
studies provide an important basis for the development of aerial surveillance; however, they
primarily focus on routes, trajectories, technical parameters, and flight algorithms. In contrast, for
the border security domain, it is important not only to construct a route but also to determine which
tactical technique is rational, taking into account the available information about the offender,
terrain characteristics, the number of available unmanned aerial vehicles, meteorological
conditions, time of day, and resource constraints.

Therefore, a relevant scientific task is to develop a method that enables the transition from
the empirical selection of a course of action to a formalized multicriteria assessment of alternative
tactical techniques. Such a method should take into account the operational environment, the
admissibility of individual employment methods, the probability of offender detection, task
execution time, and the resource consumption of an unmanned aerial vehicle. This problem serves
as the basis for the proposed scientific result, which formalizes the selection of a method for
employing an air reconnaissance unit.

The purpose of the study is to improve the scientific and methodological framework for
planning the employment of an air reconnaissance unit by developing a formalized method for
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selecting a rational approach to its use that accounts for the operational environment, the technical
characteristics of unmanned aviation systems, and resource constraints.

To achieve this purpose, the following tasks were set: to analyze modern scientific
approaches to the use of unmanned systems in surveillance, patrolling, and flight mission planning
tasks; to determine the main conditions influencing the selection of a tactical technique for
employing an air reconnaissance unit; to develop the logic for selecting admissible methods of
employment depending on the parameters of the operational environment; to substantiate
indicators for comparing alternative tactical techniques; and to develop a formalized procedure for
selecting a rational course of action according to a generalized criterion.

The study's scientific novelty lies in the development of a method for selecting an air
reconnaissance unit. In contrast to the empirical selection of a tactical technique, the proposed
method enables the sequential identification of operational environment conditions, the formation
of a set of admissible courses of action, the calculation of effectiveness indicators, and the selection
of a rational option based on a multicriteria assessment. The proposed approach enables adapting
the selection to task priorities: maximizing the probability of offender detection, minimizing task
execution time, or optimizing the use of the unmanned aerial vehicle resource.

Literature Review

The issue of employing unmanned aviation systems in security, defense, and state border protection
is addressed in the works of Ukrainian and international researchers.

In Ukrainian scholarship, D. O. Chernousov (2022) examines the experience of using
unmanned aerial vehicles by units of the Ministry of Internal Affairs of Ukraine in modern warfare.
Yu. O. Babii et al. (2022) analyze the development of unmanned aviation in the world and in Ukraine,
as well as its specific features and technical characteristics. V. Servatiuk, M. Lysyi, and A. Mostovyi
(2024) summarize scientific approaches to the development and employment of unmanned aerial
vehicles in modern military conflicts. M. M. Ovchar (2025) reveals the organizational and legal
foundations for the use of unmanned aviation systems by the bodies of the State Border Guard
Service of Ukraine.

Of particular importance for this study is the research report by O. V. Sitailo (2023), which
substantiates the main tactical techniques for employing unmanned aviation systems in state
border protection: the “expanding box” pattern, parallel sweeps, cross sweeps, the “comb” pattern,
actions by direction, and actions along a predefined route. Each of these techniques has its own
purpose and appropriate conditions for use. At the same time, existing studies primarily describe
tactical techniques as possible courses of action, whereas a formalized mechanism for selecting a
specific technique based on the operational environment remains underdeveloped.

In international studies, the main focus is placed on border surveillance, autonomous
patrolling, route planning, area coverage, group employment of unmanned aerial vehicles, and
decision support. N. Ahmadian et al. (2022) consider a model of border patrolling using drones and
wireless charging systems. P. Bansal et al. (2024) analyze the challenges of modeling drone-based
surveillance in open border areas. B. Biskin, J. Fliege, and A. Martinez-Sykora (2025) study
autonomous navigation of unmanned aerial vehicles for border patrolling while taking into account
the uncertainty of offender movement. V. S. Nikiforenko (2024) substantiates the conceptual
framework for the use of unmanned aviation systems in state border protection, which is important
for understanding the role of such systems in modern border security.

A separate area of research comprises studies on routing, area coverage, and multicriteria
flight mission planning. X. Fan et al. (2024), S. Ghambari et al. (2024), and i. Giiven and E. Yanmaz
(2024) examine various aspects of route planning, search operations, and area coverage using
unmanned aerial vehicles. S. Kazemdehbashi and Y. Liu (2025), Y. Lyu et al. (2024), and T. Quadt et
al. (2024) address issues of area coverage, cooperative optimization, and the consideration of
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multiple criteria in flight mission planning. D. J. Duxbury, N. W. Paton, and J. A. Keane (2024)
consider methods of dynamic decision support using drones, while K. Osmani and D. Schulz (2024)
summarize modern approaches to the design and functioning of avionics systems for unmanned
aerial vehicles.

The key difference between existing approaches is that most studies focus on legal
foundations, technical characteristics, route planning, area coverage, or optimization of flight
mission parameters. At the same time, for an air reconnaissance unit of state border protection
bodies, it is essential to select the appropriate tactical technique. The insufficient formalization of
this selection, given available information on the offender, terrain characteristics, meteorological
conditions, the number of unmanned aerial vehicles, and resource constraints, underscore the
scientific relevance of this study.

Materials and Methods

The study applies a set of general scientific and special methods. The methods of analysis and
synthesis were used to summarize scientific approaches to the employment of unmanned aviation
systems for surveillance, patrolling, offender search, and flight mission planning. A comparative
analysis was conducted to evaluate air reconnaissance tactical techniques based on their
appropriate use, expected effectiveness, time indicators, and resource expenditure. The
formalization method was used to present the process of selecting an air reconnaissance unit as a
sequence of logical stages: identification of input conditions, formation of a set of admissible
courses of action, calculation of effectiveness indicators, and selection of a rational option.

The multicriteria assessment method was applied to compare alternative tactical techniques
using indicators that characterize the probability of offender detection, task execution time, and
resource consumption by an unmanned aerial vehicle. This approach allows consideration of the
decision-maker's different priorities, including maximizing the probability of detection, minimizing
task execution time, or ensuring the rational use of resources.

The study's materials include scientific works on the employment of unmanned aviation
systems, flight mission planning, border surveillance, and multicriteria decision-making, as well as
legislative, regulatory, and scientific-methodological sources that regulate or describe the use of
unmanned aviation systems in state border protection.

Results

As a result of the study, an improved method for selecting a rational tactical technique for
employing an air reconnaissance unit in state border protection was developed. The method aims
to formalize the selection of a tactical technique for employing unmanned aerial vehicles (UAVs),
based on the operational environment, available information about the offender, terrain
characteristics, the technical capabilities of UAVs, meteorological conditions, and resource
constraints. In contrast to the approach in which a tactical technique is selected mainly on the basis
of the experience of an official or external crew, the proposed method provides for the sequential
formation of a set of admissible courses of action, calculation of effectiveness indicators, and
selection of a rational option according to a generalized criterion.

The improved method for selecting how to employ an air reconnaissance unit is based on a
multicriteria comparison of the effectiveness of possible tactical techniques under specific
operational conditions. The method includes the following stages.

Stage 1. Identification of input parameters, or conditions of employment.

At this stage, the following parameters are determined:

the nature of the available information about the offender: the presence or absence of data
on location, the presence or absence of data on direction of movement, and movement speed,
classified as high, low, or zero;
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terrain characteristics: open terrain, closed terrain such as forested or mountainous areas,
water surface, and the boundaries of the search area, including its length and area;

technical characteristics of UAVs: flight range, flight endurance, speed, and target detection
range;

meteorological conditions: visibility, wind speed, and precipitation;

resource constraints: the number of available UAVs and the time remaining before task
completion.

Stage 2. Formation of a set of admissible methods of employment.

From the six known tactical techniques (Table 1), a subset is formed S = {51,52, . sk} that
is permissible for given conditions. For example, the “comb” technique is permissible only if there
are sufficient UAVs; the “expanding box” technique is permissible only if there is location data on
the offender for a certain period.

From the six known tactical techniques, a subset § = {sl,sz, ...,sk}is formed that is
permissible under the given conditions. Admissibility is determined according to the matrix
presented in Table 1. The matrix formalizes the main logical rules: the “expanding box” technique is
admissible only if data on the offender’s location are available; the “by direction” technique requires
information on the axis or direction of movement; the “comb” technique is admissible only if a
sufficient number of UAVs is available; parallel and cross sweeps are generally admissible under low
target speed and adequate resources; actions along a predefined route remain admissible in most
information conditions. Techniques that do not meet the corresponding conditions are excluded
from Sadm before calculating effectiveness indicators.

Table 1: Matrix of permissibility of tactical techniques depending on the operational
situation

Operational situation Predefined | Parallel | Cross Comb Expanding By
condition route sweeps | sweeps box direction

There is data on the location + + + + + +
of the object
There is no data on the + + + + - +
location
There is data on the + + + + + +
direction/axis of movement
There is no data on the + + + + + -
direction of movement
The object is static or low + + + + + +
speed
The object has high speed + + * + + +
Sufficient number of UAVs (2 + + + + +
2-3)
One UAV + + + - + +
Open area + + + + + +
Closed area (forest, * + * + + +
mountains)
Limited time/resources + + + - + +

Source: Sitailo, 2023.
Symbols: “+” — reception is acceptable; — reception is inadmissible; “+” is permissible
under additional conditions (to be specified expertly or according to additional parameters).

“u_n

Stage 3. Calculation of effectiveness indicators for each permissible method.
The detection probability (P; ) in formula (1) is generally defined as a function of the
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detection range d, the width of the viewing strip, accounting for overlap, terrain type, weather
conditions, UAV sensor characteristics, and the behavior of the search object. For operational
application of the method, calibration is required based on field tests (controlled search scenarios
with a known position of the “offender”); experimental data (statistics of successful/unsuccessful
detections using various tactical techniques); simulation modeling (Monte Carlo simulations of the
object’s movement and the sensor model). Until such data are obtained, the values P, in the
examples should be interpreted exclusively as conditional. Also, the parameters (T , R) need to be
specified based on the actual parameters of the UAV (endurance accounting for wind, temperature,
U-turn costs, etc.).

The following indicators are calculated for each method (s; € S ):

a) the probability of detecting the offender (P; ) — depends on the detection range, the
nature of the terrain, the width of the viewing strip, and the flight pattern. For the reception of
“even sweeps”:

Py =1-T1%.,(1-p)), (1)
where  p; - isthe probability of detection on the j-h tack, which is defined asp; = %, where

d is the detection range, b is the distance between the sweeps (taking into
account 25% overlap b = 1.5d);

b) task completion time (T,,)— the total flight time of the UAV, taking into account the route
length, flight speed, and, if necessary, the time to replace the batteries.
To receive “even sweeps”:

n-L-tg
m = V+(n-1) (2)
where n - isthe number of sweeps;
L — isthe length of one tack;
V - Visthe speed of the UAV;
tr is the turn time.

c) resource consumption (R,;) — a relative value characterizing the consumption of battery
charge (or fuel) during the flight:

E Trkykek
Rab — fact — fRw'it load’ (3)
Enorm Tmax
where Tax — is the maximum flight time of the UAV under given weather
conditions (taking into account correction factors for wind and
temperature);
kw, ki, Kioaa — wind, temperature, and payload influence factors (independent of

the prime T).

Formula (1) is based on the assumption of statistical independence of object detection
events on individual passes. This assumption is a simplification and is valid only under the following
conditions: the absence or insignificant overlap of the viewing lanes; a uniform (or nearly uniform)
distribution of possible object positions in the search area; and the absence of strong spatial
correlation between neighboring passes. With significant overlap in routes and spatial dependence
in the object's position, the formula may overestimate P, .

Limits of application of model (1): the overlap of the viewing lanes does not exceed 20-25 %;
the search object is considered static or moving slowly relative to the speed of the UAV; the
observation conditions (visibility, camouflage, flight altitude) are relatively uniform within the zone.
In the case of significant overlap, complex terrain, or active maneuvering of the object, it is advisable
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to use models taking into account conditional dependence (for example, based on the theory of
coverage or Markov processes).

The assumption of independence and the accuracy of formula (1) need to be verified by
simulation modeling (Monte Carlo simulations with spatially correlated object position) and field or
experimental tests with a controlled position of the “offender”. Until such data are obtained, the
values P; calculated by formula (1) should be interpreted as approximate (upper) estimates.

In further studies, it is worth using a model that takes into account the dependence of
events, for example:

Py =1-1I} (1 —Dpj- (1 - Pj,j—1)), (4)
where  p;;_4 — spatial correlation coefficient between adjacent passes or for using
coverage models taking into account overlap.

Stage 4. Selection of a rational method by multi-criteria evaluation. The selection is made on
the basis of the generalized efficiency indicator E (s):
E(s) = wyPg(s) — woT,(s) — waRue(S), (5)
where  wj, wy, wz — are the weight coefficients determined by the decision-maker (head
of the unit), depending on the task priorities (maximizing the
probability of detection, minimizing time, or minimizing resource
consumption).

The weight coefficients satisfy the condition w; + w, + w3 = 1.

Weight coefficients w;, w,, ws that satisfy the condition are determined by the decision-
maker (w; + wy, + w3 =1, w; = 0), depending on the priorities of the task. Possible ways of
setting them: direct expert selection (the head of the unit sets the priorities directly); pairwise
comparison method (for example, according to the Saati scale) with subsequent normalization;
scenario approach — predefined sets of weights for typical situations:

maximizing the probability of detection: w = (0,6; 0,2; 0,2);

time minimization: w = (0,2; 0,6; 0,2);

minimizing resource consumption: w = (0,2; 0,2; 0,6);

balanced option: w = (0,4; 0,3; 0,3).

Before calculating the generalized E indicator, the criteria to be minimized (Tr and R) are
subject to normalization to the interval [0; 1]. Linear normalization is used

min i
Tnorm _ TrTy RnoTMm _ R—R™" (6)
f = rmax_pmin’ — gmax_pmin
f f
where T, Tmax R RMAY — minimum and maximum values of the corresponding

indicators among the permissible methods S;4,, in a
specific situation. The probability of detection P,
already belongs to [0;1] and does not require additional
normalization.

The generalized indicator (5) will then look like:
E(s) = wiPy(s) — Wsznorm — wgR™O™™, (7)

The rational method is considered to be the method s* that maximizes the value of the
generalized indicator:

s x= arg max(E(s)). (8)
The full balance of the mission time Tf is:
Tmission = Ttransit to + Tsearch + Ttransit back + Treservef (9)
where  Tiransit to/pack — time of arrival and return;
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Tsearch — time of the actual search route (formula (2));
Treserve — safety margin (it is recommended to take > 20-25% of T, 4x)-

Then the condition for the admissibility of the route is:

Tmission = Tmax- (10)

Methods that do not satisfy this condition are excluded.

Example of method implementation.

To demonstrate the logic of the proposed method, a conditional calculation example is
provided, reflecting a typical situation in which an air reconnaissance unit is employed during the
search for offenders within a designated area.

All numerical values in the given example are conditional (illustrative). They serve only to
demonstrate the logic of the method application (formation of an admissible set, calculation of
indicators, multi-criteria selection) and do not claim to be empirically reliable. The values of the
probability of detection P; , execution time T , and resource R intensity were obtained by expert
assessments and simplified calculations according to formulas (1)-(3) without prior calibration on
real or simulated data.

Input conditions: information has been received about the presence of a group of offenders
in forested terrain within an area of S = 5-5 km. Data on the direction of movement are absent. One
DJI Matrice 300 RTK UAV is available, with a flight endurance of 55 min, a speed of 15 m/s, a
detection range of 800 m in open terrain, reduced to 400 m in forested terrain due to limited
visibility. Meteorological conditions: daytime, no precipitation, wind speed 3 m/s.

Additional operational constraints (condition): transit time to the search area Tiansic = 4 min;
return time Tretwrn = 4 min; mandatory battery safety reserve Rreserve = 20 % (= 11 min); available time
for pure search T 4x., = 55 —4 — 4 — 11 = 36 min.

Flight time for pure search: Tsearch = 52 min. Total mission time Tfotar = 52+4+4 = 60 min > 55
min (and exceeds the available 36 min after reserve). Conclusion: the “parallel sweeps” technique
is operationally inadmissible under the given constraints (violates battery reserve and return
requirements), even though the pure search time was mathematically calculated.

According to the admissibility matrix (Table 1), the “comb” technique is excluded due to an
insufficient number of UAVs, and the “by direction” technique is excluded due to the absence of
movement axis data. The remaining admissible methods are the “expanding box” technique (when
location data are available) and “parallel sweeps” (when targets have low speed).

Before calculating the generalized indicator, the values of task execution time and resource
consumption are normalized to the interval [0; 1], enabling comparison with the probability of
detection.

Under conditional (illustrative) assumptions, calculation for the “expanding box” technique:

basic detection range d = 400 m;

the area covered by the first “circle” depends on the step of the expanding grid;

approximate task execution time is about 45 min;

the probability of detection is conditionally accepted: P4 = 0.65 (estimated by experts,
accounting for the reduction in detection range to 400 m in the forest and limited overlap).

For the “parallel sweeps” technique:

number of sweeps: n =S/b =5000 / (1,5:400) = 9 sweeps;

sweep length L = 5000 m;

flight time: Tf=(9-5000)/15 + 8:tR = 3000 s + 120 s = 52 min;

the probability of detection, taking overlap into account, is conditionally 0.85 (according to

the formula withp; = %and 25% overlap).

The given conditional example demonstrates that even with formally acceptable calculations
of the “pure” search time, accounting for transit, return, and safety margin can render the route
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operationally infeasible. This emphasizes the need to include these constraints from the outset
when forming the admissible set of methods.
Selection: when the priority is the probability of detection (w = (0,6; 0,2; 0,2)), the
“parallel sweeps” technique is selected:
E~ 085-06—-087-02—-095-0.2=0.51-0.174 - 0.19 = 0.146
against
0.65-0.6—-0.75-0.2—-0.82-0.2=0.39 -0.15—-0.164 = 0.076
for the “expanding box” technique.
When the priority is to minimize time (w;=0.2, w»=0.6, w3=0.2), the “expanding box”
technique is selected:
E~065-02-0.75-06-0.82-0.2=0.13—-0.45-0.164 = — 0.484
against
0.85-0.2—-0.87-06—-095-0.2=0.17 - 0.522 — 0.19 = — 0.542.
To test the stability of the ranking, a sensitivity analysis was conducted to assess the effects
of changes in weighting factors. Four priority scenarios were considered (Table 2).

Table 2: Sensitivity analysis of weighting factors

Scenario Wy wy w3 | E (“parallel sweeps”) | E (“expanding box”) The chosen
method
Max. Py 0,6 0,2 0,2 0,146 0,076 parallel
sweeps
Min. time 0,2 0,6 0,2 -0,542 -0,484 expanding box
Min. resource 0,2 0,2 0,6
Balanced 0,4 0,3 0,3

The results (Table 1) show that the ranking varies with the task's priorities, as expected for
the method. Additionally, the effect of small variations in the weights (£0.05...0.10) around the
baseline scenarios was tested. Across these variations, the selected method remains stable,
indicating acceptable solution stability in the vicinity of the given priorities. A full sensitivity analysis
(including a change in the normalization scale) should be performed after calibration Py, Tr, and R
on empirical or simulated data.

The conditional example illustrates the internal logic of the proposed selection procedure
and its adaptability to different task priorities. It shows how the ranking of admissible techniques
can change depending on the chosen weights, but does not constitute empirical confirmation of the
method’s operational effectiveness.

Limitations of the numerical example and directions of its validation. The given conditional
calculation confirms only the method's internal logic and adaptability to different task priorities
(wq, wy, ws). It is not a validation of operational efficiency. To confirm the practical suitability of
the method, the following are required: field or experimental studies with recording of actual P,
Tr , and R for each tactical technique in typical conditions of the state border; simulation modeling
(agent or Monte-Carl) taking into account the stochastic nature of the offender's movement;
comparison of the results of the method with decisions made by experienced officials (expert
validation); further software implementation as a decision support module with the possibility of
updating calibration coefficients.

Discussion

The proposed method addresses a problem that remains insufficiently formalized in existing
approaches to the use of unmanned aviation systems in state border protection. Its essence does
not lie in describing a new tactical technique, but in creating a procedure for selecting a rational
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course of action from among already known techniques, depending on the operational
environment, available resources, and task priorities. This makes it possible to consider the
employment of an air reconnaissance unit as a controlled process of selecting alternatives, rather
than as a decision made exclusively on the basis of an official's practical experience.

The study's findings extend prior work examining the use of unmanned aerial vehicles in
security and defense. D. O. Chernousov (2022) focuses on the experience of using unmanned aerial
vehicles by units of the Ministry of Internal Affairs of Ukraine, while Yu. O. Babii et al. (2022) analyze
the development of unmanned aviation and its technical characteristics. V. Servatiuk, M. Lysyi, and
A. Mostovyi (2024) examine scientific approaches to the development and use of unmanned aerial
vehicles in modern military conflicts. Unlike these works, the present study focuses not on the
general potential of unmanned aviation or the characteristics of technical means, but on the
procedure for selecting a specific tactical technique for the actions of an air reconnaissance unit.

An important basis for the proposed method is the research report by O. V. Sitailo (2023),
which systematizes tactical techniques for employing unmanned aviation systems in state border
protection. At the same time, in that work, such techniques are presented mainly as possible courses
of action under defined conditions of their application. The approach proposed in this article
complements these provisions with a formalized selection mechanism that determines which
techniques are admissible under specific conditions and compares them based on the probability of
detection, task execution time, and resource expenditure.

Comparisons with international studies show that most current work focuses on border
patrolling, route planning, autonomous navigation, area coverage, or the use of unmanned aerial
vehicles in groups. N. Ahmadian et al. (2022) consider the use of drones in border patrolling tasks,
taking into account budgetary and resource constraints. B. Biskin, J. Fliege, and A. Martinez-Sykora
(2025) study autonomous navigation of unmanned aerial vehicles for border patrolling, taking into
account the stochastic nature of offender movement. S. Ghambari et al. (2024) systematize modern
methods of unmanned aerial vehicle route planning.

In the works of X. Fan et al. (2024), i. Giiven and E. Yanmaz (2024), and Y. Lyu et al. (2024),
attention is focused on search routes, area coverage, and cooperative flight mission planning. S.
Kazemdehbashi and Y. Liu (2025) and T. Quadt et al. (2024) address the issues of area coverage,
consideration of external conditions, and the combination of several optimization criteria. D. J.
Duxbury, N. W. Paton, and J. A. Keane (2024) examine dynamic decision support using drones. A
common feature of these approaches is their orientation toward optimizing flight mission
parameters or supporting the choice among alternative decisions. The difference of the proposed
method is that it is aimed not only at route planning but also at selecting a tactical technique for
employing an air reconnaissance unit under state border protection conditions.

The example of method implementation confirms that the rational course of action may
change depending on task priorities. If the main priority is to increase the probability of detecting
an offender, one tactical technique may be preferable. If the primary priority is to reduce task
execution time, another course of action may prove to be rational. This demonstrates the practical
significance of using weighting coefficients, which enable the selection procedure to be adapted to
a specific operational situation and the decision-maker's priorities.

At the same time, the proposed method has certain limitations. Within the scope of this
study, the main parameters of the operational environment, the technical characteristics of the
unmanned aerial vehicle, meteorological conditions, and resource constraints were considered.
However, further consideration should be given to the crew training level, the availability of
electronic warfare assets, the time of day, the offender's behavior, and the degree of uncertainty in
the initial information. A promising direction is also the software implementation of the proposed
method as a decision-support module for automated control systems of border guard units.
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All conclusions regarding the method's practical significance at this stage are hypothetical.
They are based on the formal logic of the procedure and a conditional example, and require
confirmation using field, experimental, or simulation data.

Conclusions

Thus, the study improves the scientific and methodological framework for planning the employment
of an air reconnaissance unit by developing a formalized method for selecting a rational tactical
approach to the use of unmanned aviation systems in state border protection. The proposed
approach provides for the sequential identification of operational environment conditions, the
formation of a set of admissible courses of action, the calculation of effectiveness indicators for each
admissible method, and the selection of a rational option according to a generalized criterion.

The scientific novelty of the obtained results lies in proposing that the selection of a tactical
technique for employing an air reconnaissance unit be carried out not on the basis of an official's
empirical experience, but through a formalized multicriteria assessment procedure. Within the
proposed method, three interrelated groups of indicators are considered: the probability of
offender detection, task execution time, and the unmanned aerial vehicle's resource consumption.
This allows selecting a course of action based on the priorities of a specific task: maximizing the
probability of detection, minimizing task execution time, or ensuring the rational use of resources.

The potential practical significance of the proposed method lies in providing a formalized
procedure that could increase the validity of decisions made by officials of state border protection
bodies when selecting a technique for employing available unmanned aviation systems. Subject to
empirical validation, the method may help reduce the influence of purely subjective factors, support
more consistent planning of air reconnaissance, and facilitate adaptation of the chosen technique
to specific task priorities. At present, however, these expected effects remain hypothetical and
require confirmation through field experiments, simulation studies, or operational testing. Its use
may reduce decision-making time, unify approaches to air reconnaissance planning, improve the
efficiency of unmanned aerial vehicle resource use, and reduce the influence of subjective factors
when selecting a tactical technique. The method may be implemented either as an algorithm within
the automated workstation of a unit commander or as a table or decision matrix for use under field
conditions.

Further research should focus on expanding the set of factors considered when selecting a
tactical technique, in particular, crew training level, availability of electronic warfare assets, time of
day, and the degree of uncertainty in the initial information. Special attention should be paid to
improving the method for calculating the probability of detection, taking into account the stochastic
nature of offender movement, as well as to developing software implementation of the proposed
method as a decision-support module for automated control systems of border guard units.
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