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CONTROL MODELS FOR MOBILE ROBOT PARKING
USING DISTANCE SENSOR DATA

Abstract. Relevance. The growing demand for autonomous mobile systems capable of independent navigation and parking is
driven by several critical factors. Firstly, the rapid robotization in logistics, security, delivery, and service industries necessitates re-
liable mechanisms for precise positioning of mobile platforms in spatially constrained environments. Secondly, in the context of
autonomous vehicle development, the issue of automatic parking becomes a priority for enhancing safety, reducing energy con-
sumption, and minimizing human involvement in control processes. Currently, a significant number of studies focus on the im-
plementation of automatic parking systems; however, most of them either rely on high-cost sensors (such as LiDARs or deep-
learning-based cameras) or fail to ensure the required accuracy under dynamic or unfamiliar environmental conditions. Against
this backdrop, the use of ultrasonic sensors represents an effective alternative, enabling a necessary level of adaptability and sensi-
tivity while maintaining low system cost. The relevance of this research is further reinforced by the need to develop a universal
control model that is scalable, adaptive, and easily integrable into various types of mobile platforms. This work focuses not only
on the theoretical formulation of the control model but also on its experimental validation using data from ultrasonic sensors that
reflect the physical environment in real time. Therefore, the development of a mobile robot parking control model based on ultra-
sonic sensors is a timely and important task that combines scientific novelty with practical significance for the advancement of au-
tonomous systems. The object of research. A parking control system for a mobile robot that operates based on data obtained
from ultrasonic distance sensors. This system comprises both hardware components, such as ultrasonic sensors, actuators, and con-
trollers, and software that implements algorithms for environmental analysis, decision-making related to parking maneuvers, and
motion control. Purpose of the article. This article presents a comprehensive review of contemporary models for mobile robot
parking control based on distance sensor data. The objective is to identify and critically evaluate effective approaches to sensor in-
tegration, control algorithm design, and architectural implementation of such systems. Particular attention is given to analyzing
their applicability in real-world environments, with the aim of outlining development prospects that enhance system accuracy, reli-
ability, and adaptability under dynamic and constrained conditions. Research results. As a result of the conducted review, it has
been established that modern mobile robot parking control systems encompass a wide range of modeling approaches, varying in
both mathematical complexity and sensor configurations. The analysis reveals that the choice of control model is directly influ-
enced by the availability of computational resources, the robot’s chassis type, and the nature of the operational environment. Par-
ticular attention is given to the comparative assessment of sensors, with ultrasonic sensors remaining dominant in short-range posi-
tioning systems due to their low cost, ease of integration, and reliability in controlled conditions. Conversely, LiDAR sensors have
demonstrated superior accuracy and spatial resolution, although they present higher implementation and maintenance complexity.
Cameras and infrared sensors are regarded as supplementary data sources, functioning effectively only within well-defined condi-
tions and with appropriate software support. The findings of the review confirm that an effective parking control system for mobile
robots relies on a holistic approach that integrates sensor selection, control model design, algorithmic implementation, and system
architecture. Such integration enables high accuracy and operational reliability even in complex, dynamic, or constrained envi-
ronments. Conclusions. Effective mobile robot parking control is based on the integration of reliable sensor systems, particularly
ultrasonic sensors and adaptive decision-making algorithms. Ultrasonic sensors remain the most suitable option for low-cost and
simple systems, whereas hybrid approaches involving LiDAR or camera-based solutions offer higher precision. Among the con-
trol algorithms, finite state machines, fuzzy logic, and machine learning methods have demonstrated the greatest effectiveness. The
most optimal system architecture is modular, with a clear separation between sensing, computation, and actuation layers, which
ensures adaptability, accuracy, and operational stability under real-world conditions.

Keywords: mobile robot, autonomous parking, ultrasonic sensors, sensor system, decision-making algorithms, finite
state machine, fuzzy logic, machine learning, motion control, navigation system.

particularly from ultrasonic distance sensors. These sen-

Introduction sors offer a simple, low-cost, and reliable means of de-

In the context of rapid advancements in autono-
mous mobility, the issue of efficient parking control for
mobile robots has become increasingly relevant. Across
multiple industries — from warehouse logistics to auton-
omous vehicles — robotic platforms must not only navi-
gate through environments but also independently exe-
cute precise parking maneuvers in confined spaces. The
ability to perform automated parking is a critical com-
ponent of full autonomy and a key factor for the safe
and efficient operation of such systems.

One of the most promising approaches to solving
this problem involves the use of real-time sensory data,

tecting obstacles and measuring distances to them, ena-
bling the implementation of adaptive maneuvering algo-
rithms. The primary challenge lies in developing an
appropriate  mathematical model and a software-
hardware implementation that can effectively interpret
sensor signals and use them to execute precise motion
control commands.

This paper presents an approach to developing a
parking control model for a mobile robot based on ultra-
sonic sensors, along with results from experimental
evaluations of the system’s performance in both simu-
lated and real-world conditions.
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Review of recent studies and publications. Con-
temporary research in mobile robot control demon-
strates a growing interest in low-cost and reliable sensor
solutions, such as ultrasonic sensors, to support accurate
positioning, obstacle detection, and autonomous parking
functionality. The reviewed academic sources cover a
range of approaches to sensor integration, algorithmic
control, and the evaluation of autonomous navigation
system accuracy. The first two references are particular-
ly foundational, as they systematize key methods and
examine the potential of ultrasonic systems in real-
world applications, especially in environments with
spatial or resource constraints.

In [1], the authors analyze modern sensor systems
used for obstacle detection in mobile robotics. The
study focuses on comparing ultrasonic sensors, LiDAR,
infrared sensors, and cameras. Ultrasonic sensors are
identified as the most effective for short-range naviga-
tion, especially when computational resources or budget
are limited. The authors conclude that ultrasonic sensors
offer the lowest energy consumption and cost, and high
indoor reliability, but can be affected by surfaces that
strongly absorb sound. The review in [2] explores a
broad range of applications for ultrasonic sensors, in-
cluding robotics, automotive ADAS systems, security
systems, and smart cities. In the context of robotics and
autonomous parking, ultrasonic sensors are highlighted
as the best solution for short-distance measurement and
object detection. The study also notes that combining
them with other sensors (infrared, magnetic, cameras)
significantly improves system stability and adaptability
in complex environments. Studies [3] and [4] focus on
emerging technologies that enhance traditional applica-
tions of ultrasonic sensors in mobile robotics, particular-
ly in the domain of autonomous parking. These works
highlight the transition from simple two-dimensional
systems to volumetric sensing approaches, which open
new possibilities for achieving full autonomy in real-
world-like environments. Study [3] addresses a new
generation of ultrasonic sensors designed to provide
three-dimensional coverage of the space surrounding a
mobile robot. Specifically, it explores Acoustic Detec-
tion and Ranging (ADAR) systems, which enable 360-
degree spatial perception without the need for rotating
mechanisms or complex optical setups. One of the key
advantages of these sensors lies in their significantly
lower cost compared to traditional LiDAR solutions: a
single ADAR module is priced at approximately $1,000,
whereas a conventional 2D LiDAR system may cost
$4,000 or more. In addition to affordability, the authors
emphasize safety advancements — ADAR sensors are
certified under IEC 61508 (SIL2), making them suitable
for use in industrial and commercial autonomous plat-
forms. The experimental section presents results of im-
plementing ADAR sensors in an autonomous mobile
device with a fully integrated obstacle-avoidance system
during parking maneuvers. Even in conditions involving
irregularly reflective surfaces, the sensor demonstrated
stable performance, whereas conventional ultrasonic
modules with single-plane detection suffered from accu-
racy loss or false positives. This publication, therefore,
underlines the relevance of transitioning toward multi-

angle ultrasonic arrays or volumetric solutions for au-
tonomous parking applications in mobile platforms.

Study [4] has a practical focus and provides technical
insights into ADAR system design for mobile robot devel-
opers. It presents the advantages of a new acoustic radar
architecture that relies not on the classic conical emission
diagram, but on analytical reconstruction of the acoustic
wave in space. By minimizing mechanical components and
increasing the data refresh rate (up to 100 Hz in scanning
mode), the system significantly improves obstacle detec-
tion stability during rapid maneuvers. The authors also
emphasize the economic impact: a configuration using four
ADAR modules effectively replaces two full-scale LiDAR
units, resulting in an owverall cost reduction of 60-80%.
Practical examples include configurations for logistics-
class robots, where the parking system operates based on a
3D ultrasonic map of the environment. Unlike traditional
systems that require prior map alignment, the new system
performs local spatial reconstruction and does not rely on
external references. Consequently, this publication not only
confirms the potential of 3D ultrasonic sensors but also
serves as a technical foundation for their integration into
next-generation mobile robot parking control solutions.

In [5], the authors propose a fundamentally novel
approach to sensor integration: instead of mounting ul-
trasonic sensors on the robot body or masts, the sensing
elements are embedded directly into the wheels of the
mobile platform. This configuration creates an acoustic
canalization system that combines contact-based and
contactless sensitivity. The paper presents a technical
description of the sensor architecture: a piezoelectric
element embedded in the wheel rim generates acoustic
waves that propagate through the tire and reflect from
the surface with which the wheel makes contact. By
analyzing the acoustic response, the system can deter-
mine the type of surface, detect micro-obstacles, and
even localize the initial point of contact with a wall or
other object. Experimental results demonstrate that the
robot was able to accurately detect changes in ground
material without the assistance of cameras or conven-
tional sensors. This opens new prospects for parking
systems operating under low-light, dusty, or confined
conditions, where ultrasonic reflection from walls offers
advantages over optical systems. The authors emphasize
that such tactile ultrasonic sensing could serve as a
backup system for registering real contact with obsta-
cles during parking maneuvers, significantly reducing
the risk of mechanical damage to the platform.

In [6], the authors investigate the deployment of
multiple ultrasonic localization systems in a single envi-
ronment without prior calibration. A common challenge
for autonomous robots relying on ultrasonic beacons is
the need for precise manual placement and calibration of
those beacons. In response, the authors propose the
SCAN algorithm, which enables a robot to simultaneous-
ly build an environmental map and automatically cali-
brate beacon positions based solely on signals received
from the ultrasonic sources. To process signals and esti-
mate position, the study employs Extended Kalman Fil-
ters (EKF), Weighted Least Squares Error filters, and
Unscented Kalman Filters (UKF). A series of indoor ex-
periments using a TurtleBot platform demonstrated that
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the SCAN approach reduces localization error by half
compared to traditional ULPS without self-calibration. In
the context of parking, this system enables the mobile
robot to adaptively orient itself even in environments
with dynamic spatial configurations — such as temporarily
relocated or occluded beacons — which is especially valu-
able in settings like warehouses, parking areas, or logis-
tics hubs. In [7], the authors present an loT-based park-
ing system that integrates various sensors (IR, ultrason-
ic, DHT22, MQ-2), an OLED display, and a mobile
application connected via MQTT. The system provides
real-time monitoring of parking slot availability and
supports automation features.

The reviewed publications illustrate current trends
in the development of sensor systems and control algo-
rithms for mobile robots in the context of autonomous
parking. The combination of traditional ultrasonic sens-
ing principles with novel architectural and algorithmic
approaches significantly extends the capabilities of au-
tonomous parking, enhances system adaptability, and
brings mobile robots closer to fully independent opera-
tion in complex and dynamic environments.

The purpose of this work is to generalize, sys-
tematically analyze, and critically evaluate contempo-
rary approaches to the design of mobile robot parking
control systems based on distance sensor data. Special
attention is given to the comparison of sensor configura-
tions, control model types, decision-making algorithms,
and system architectures, with the aim of identifying
their advantages, limitations, and potential for practical
implementation in real-world environments.

Main part

In contemporary scientific and technical literature,
several principal approaches have emerged for develop-
ing models of parking control for mobile robots. These
approaches differ in terms of the level of mathematical
formalization, the type of input data used, algorithmic
structures, and adaptation to specific technical condi-
tions such as chassis configuration, environmental char-
acteristics, and sensor types. Despite their differences,
all methods share a common objective: to ensure stable,
accurate, and safe insertion of the robot into a prede-
fined parking position within a constrained and obsta-
cle-filled environment.

One of the most prominent categories includes kin-
ematic models with feedback control. These models de-
scribe the motion of the mobile robot using differential
equations that account for orientation and velocity. Based
on a typical model (e.g., x = cos(x), y = sin(x), 0 = w) a
controller (proportional, fuzzy, model predictive control,
or neural network-based) adjusts the robot's trajectory by
computing the deviation from the desired parking pose.
This method offers mathematical precision but is sensi-
tive to sensor noise and irregular parking area geometry.

Another widely used approach is the motion-
pattern-based model. In this case, predefined maneuver
templates — such as arcs, reverse curves, or pivot turns —
are selected based on the geometric layout derived from
sensor input. This method is especially suitable for low-
computation environments or systems with limited de-
grees of freedom.

Trajectory-planning algorithms represent a third
class of models, where the robot's path is generated us-
ing search-based techniques such as A*, D*, RRT, Hy-
brid A*, or their heuristic-enhanced variants. These
methods operate in either coordinate space or configura-
tion space, accounting for kinematic constraints, and
enable the construction of smooth, optimal, or safe paths
in complex environments. However, they often require
considerable computational resources.

Decision-making in uncertain or noisy environ-
ments is frequently addressed through fuzzy logic,
where behavior is governed by a set of “if-then” rules.
While highly adaptive and robust to incomplete data,
such systems are less amenable to formal optimization.

An increasingly popular direction involves deep
learning-based methods, where the robot’s behavior is
trained on large datasets. These include neural networks
for situation classification, regression models for coor-
dinate estimation, and reinforcement learning for ac-
quiring parking maneuvers through trial and error. Hy-
brid models aim to combine the strengths of the above
techniques — for example, initiating entry with motion
templates and refining the final trajectory using A*
planning or fuzzy controllers. The choice of a suitable
parking control model for a mobile robot largely de-
pends on the platform type, environmental complexity,
required precision, reaction time constraints, and availa-
ble sensor data. Ultrasonic sensors, although limited in
spatial resolution, enable effective implementation of
adaptive or fuzzy control strategies under constrained
computational budgets. Next, we turn to the compara-
tive analysis of sensors used for autonomous parking of
mobile robots. Sensor selection plays a critical role in
obstacle detection, spatial awareness, and accurate envi-
ronmental mapping. The most common types in such
systems are ultrasonic sensors, infrared sensors, LiDAR,
and cameras — each with distinct advantages, limita-
tions, and performance characteristics that directly im-
pact overall system accuracy and reliability.

Ultrasonic sensors operate by measuring the time-
of-flight of acoustic waves reflected from surrounding
objects. They perform well for short-range obstacle de-
tection, offering low cost, ease of integration, and stable
performance in indoor environments. Ultrasonic systems
are less affected by lighting conditions, making them
reliable for shaded or enclosed spaces. However, their
accuracy is limited, particularly when detecting soft or
angled surfaces that absorb or scatter the sound waves.
They also have a wide field of view, which complicates
precise localization and may cause false positives due to
multipath reflections in cluttered environments.

Infrared sensors, which detect reflected or ab-
sorbed thermal radiation, offer high accuracy at very
short ranges. They are suitable for detecting nearby ob-
jects or edges, but their performance degrades under
variable lighting or when interacting with materials that
poorly reflect IR radiation (e.g., glass, dark, or shiny
surfaces). As a result, IR sensors are rarely used as pri-
mary components in complex parking systems but may
serve as auxiliary sources of localized information.

LiDAR systems provide significantly higher dis-
tance-measurement precision using laser beams to con-
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struct point clouds of the environment. They can capture
detailed 2D or 3D models, making them indispensable
in autonomous vehicles and robots operating in dynamic
or unstructured environments. However, LiDAR is ex-
pensive, energy-intensive, and requires advanced data
processing. Moreover, performance may be affected by
adverse weather, dust, moisture, or glass surfaces,
which scatter or attenuate the laser signal.

Camera systems, including RGB, stereo, or depth
cameras, offer the most versatile means of environmen-
tal perception. They capture object contours and colors
while enabling scene interpretation, marker recognition,
spatial estimation, and object classification. When com-
bined with computer vision or deep learning algorithms,
cameras become powerful tools for navigation. Never-
theless, their range estimation is limited without special-
ized processing (e.g., stereo vision), and they are highly
sensitive to lighting conditions. Poor illumination, glare,
backlighting, or shadows can degrade image quality and
compromise algorithmic performance.

Sensor Type Infrared
Operating Principle | Sound wave reflection | Infrared light reflection | Laser scanning
Range (m) 0.02-3 0.01-0.8 0.1-100+
Accuracy Low-Medium High (short range) High
to High (indoors) Low
Cost Low Very low High
ility for Parking Good Limited

Image processing
0.5-10+
Medium-High
Low—-Medium

Medium

Medium
Excellent (hybrid use)

Excellent

Fig. 1. Comparative analysis of sensors

Fig. 1 presents a comparative table of four types of
sensors commonly employed in mobile robot parking
systems. It summarizes the key technical characteristics
of ultrasonic, infrared, LiDAR sensors, and visual cam-
eras, focusing on parameters that influence system accu-
racy, stability, and operational efficiency.

Each sensor type demonstrates specific strengths
and is most effective under operating conditions. Ultra-
sonic sensors are optimal for basic parking tasks in en-
closed or structured environments. Infrared sensors are
well-suited for short-range object detection and can
serve as auxiliary detectors. LIDAR offers the highest
spatial resolution, but its use is justified primarily in
resource-intensive systems capable of advanced data
processing. Cameras provide the most comprehensive
scene understanding but are highly sensitive to envi-
ronmental factors and computational demands. In prac-
tice, hybrid sensor configurations — combining multiple
modalities — prove to be the most effective, as they al-
low compensation for individual sensor limitations and
enable system adaptability in dynamic or complex envi-
ronments.

The classification of decision-making algorithms
used in mobile robot parking systems constitutes an
important analytical task. It allows researchers to evalu-
ate how sensor input, particularly distance measure-
ments, is transformed into specific actuator commands
and to assess the adaptability of each approach to differ-
ent environmental conditions. Based on complexity,
adaptability, and logical structure, decision-making al-
gorithms can be categorized into several conceptual
types.

One of the simplest yet most widely adopted ap-
proaches is the rule-based system. In this case, the ro-
bot's behavior is described through predefined condi-

tional statements, such as: “if the front distance is < 30
cm, then stop; if the right sensor detects free space, then
initiate a right turn.” These systems are easy to imple-
ment and computationally inexpensive, but they offer
limited flexibility and perform poorly in unpredictable
scenarios.

A more structured approach is the finite state ma-
chine (FSM), in which the parking process is divided
into discrete states, each associated with specific transi-
tion conditions based on sensor data. FSM-based sys-
tems enable the development of logically structured,
stable, and predictable algorithms. However, their
scalability is limited, as the number of states and transi-
tions increases exponentially with scenario complexity.

Fuzzy logic systems offer a more adaptive ap-
proach by formulating rules with linguistic variables
and fuzzy sets, rather than strict numerical thresholds.
For instance: “if the distance ahead is short and the left
distance is moderate, then gently steer right.” Such sys-
tems provide flexible responses to sensor input and per-
form well under conditions with high measurement
noise. However, they require manual tuning of member-
ship functions and rule validation, which can be com-
plex and time-consuming.

A contemporary trend in decision-making for ro-
botic systems is the use of machine learning methods
[8], including deep neural networks and reinforcement
learning algorithms. These models learn decision-
making strategies from extensive datasets or through
environmental interaction. They can recognize spatial
patterns, evaluate the suitability of parking spots, and
predict optimal maneuvers based on historical experi-
ence. Their advantages lie in generalization capabilities
and adaptability to novel situations. Nevertheless, they
demand large training datasets, significant computation-
al power, and often lack interpretability compared to
traditional logic-based systems.

Hybrid approaches are increasingly adopted to
combine the advantages of different paradigms. For
example, rule-based logic may be used to govern safety-
critical behaviors, while machine learning components
handle adaptive planning. Alternatively, FSMs may
incorporate fuzzy control modules within individual
states. Such integration ensures both stability and pre-
dictability while enhancing flexibility and the capacity
for autonomous learning.

Fig. 2 presents a table of effectiveness criteria for
mobile robot parking control systems. It summarizes
four key parameters used to evaluate the performance
quality of such systems. Positioning accuracy is meas-
ured as the deviation from the target parking location,
with deviations under 5 cm considered indicative of
high-precision platforms. Energy consumption refers to
the power used per parking maneuver, where values
below 10 W are acceptable for battery-powered robots.
Adaptability reflects the system’s ability to respond to
changing environmental conditions — an especially criti-
cal requirement in hybrid systems operating in dynamic
or unpredictable spaces. Response time denotes how
quickly the system initiates action following a command
trigger, with values under 2 seconds deemed suitable for
real-time operation.
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Criterion Evaluation Method Typical Values Relevant System Types.

<5 cm deviation
<10 W per task

High in hybrid systems
<2 s transition

Distance to parking target
Power usage per maneuver
Ability to handle environment changes
Time from trigger to action

High-precision robots
Battery-powered platforms
Dynamic environments
Real-time systems

Energy Consumption
Adaptability
Response Time

Fig. 2. A table of effectiveness criteria
for mobile robot parking control systems

The classification of decision-making algorithms
illustrates the evolution from simple logical constructs
to intelligent, adaptive systems. Each approach occupies
its own niche of effectiveness, and the selection of an
appropriate algorithm depends on the complexity of the
operating environment, the types of available sensors,
computational capabilities, and the reliability require-
ments of the parking control system.

Another critical aspect is the choice of system ar-
chitecture and the criteria by which its effectiveness is
evaluated. In mobile robot parking control systems, ar-
chitecture defines how sensors, computational modules,
and actuators are integrated to implement the full per-
ception-to-action cycle. The most common design fol-
lows a three-layer structure: the sensing layer (data ac-
quisition), the decision-making layer (processing and
planning), and the actuation layer (command execution).
The effectiveness of such systems is assessed based on
several criteria, including positioning accuracy within
the parking space, maneuver execution speed, adaptabil-
ity to environmental changes, energy efficiency, and
fault tolerance. The closer the integration between sen-
sory and computational components and the more re-
sponsive the system is to dynamic changes, the more
effective the architecture is considered.

Conclusions

During this study, a comprehensive analysis was
conducted on current approaches to modeling mobile
robot parking control systems based on distance sensor

data, with particular emphasis on ultrasonic sensors. The
review synthesizes system architectures, algorithmic
strategies, types of sensor configurations, and key criteria
for evaluating the effectiveness of autonomous parking. It
has been shown that ultrasonic sensors, due to their sim-
plicity, affordability, and reliability in short-range detec-
tion, remain a core component of many parking systems,
especially in constrained environments and platforms
with limited computational resources. At the same time,
other sensors, such as infrared detectors and visual cam-
eras, offer significant advantages in terms of accuracy,
sensing range, and adaptability, making them essential for
integration into hybrid or high-precision systems.

The review has examined key decision-making
methodologies, including rule-based logic, finite state
machines, fuzzy logic, and machine learning techniques.
Each of these has proven effective in specific applica-
tions, ranging from simple reactive behaviors to self-
learning strategies suitable for complex, dynamic envi-
ronments. Hybrid models that combine classical logic
with adaptive elements are particularly promising for
achieving autonomous parking in real-world settings.

Furthermore, system architectures were analyzed
with a focus on how effectively sensory input, pro-
cessing logic, and actuation are integrated. Key perfor-
mance indicators include parking precision, robustness
to external disturbances, response speed, energy con-
sumption, and adaptability. The most effective architec-
tures are those that support real-time responsiveness,
tolerate uncertainty, and ensure operational robustness.

In conclusion, the development of an intelligent,
flexible, and reliable mobile robot parking control mod-
el constitutes a multi-layered engineering challenge. It
encompasses both hardware and algorithmic compo-
nents and requires an interdisciplinary approach to
achieve a robust and deployable solution.
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MogpeJi ynpasJliHHsI IapKyBaHHAM MOOLILHOIO podoTy
HA OCHOBI JaHUX BiJ AaT4HKa BixcTaHi

A. C.T'yk, B. O. [lsuenko, M. 1O. Limnapionos, €. C. TitoBa

AHoTauisi. AKTyajbHicTh. 3pocTaioua norpeda B aBTOHOMHHUX MOOIIBHUX CHCTEMaXx, 3aTHUX JI0 CAMOCTIHHOTO Opi€H-
TyBaHHS 1 HapKyBaHHsA, 00yMOBIIeHa KijlbkoMa BaroMumu (akropamu. [lo-mepie, akTuBHa poOoTH3alis y cdepax JOTiCTUKH,
OXOpPOHH, TOCTAaBKH Ta 00CITyroBYBaHHS NOTpeOye HAAIHUX MEeXaHI3MiB Ul TOYHOTO MO3HI[IOHYBaHHS MOOUTBHUX IUIATHOPM y
IIPOCTOPOBO OOMEKEHUX cepeNoBHIIaX. [1o-Apyre, y KOHTEKCTI pO3BUTKY OE3MIJIOTHOTO TPAHCIIOPTY HpoOiIeMa aBTOMaTHYHOTO
MapKyBaHHS Ha0yBae MPIOPUTETHOTO 3HAYCHHS IS IMiBHIICHHS PIBHSA OC3IMECKH, 3HIDKCHHS CHEPTOCIOKUBAHHS Ta MiHIMi3allii
ydacTi JIOAVHM B yrpaBiiHHi. HuHI iCHye BelMKa KUTBKICTh JOCITIDKEHb, CIIPSIMOBAHAX Ha peali3alilo CHCTEM aBTOMAaTHYHOTO
MapKyBaHHs, OJTHAK OUTBIIICTh 3 HUX a00 0a3yroThCs Ha BUCOKOBAPTICHUX CeHcopax (Jigapax, kKamepax 3 MIMOOKHM HaBYaHHSM),
a00 He 3a0e3Me4yyroTh HeOOXiqHOI TOYHOCTI B YMOBaxX JAMHAMIYHHUX a00 He3HalloMuX cepenoBuil. Ha 1boMy Tii BUKOPUCTAHHS
YIABTPA3BYKOBUX JTATYUKIB CTAHOBUTH CPEKTHBHY aJIbTEPHATHUBY, IO JO3BOJISE 3a0€3MEYUTH HEOOXIIHUI piBeHb aJalTHBHOCTI
Ta YyTIUBOCTI MpH 30epekeHHI HU3bKOI BAPTOCTI CUCTEMH. AKTYalbHICTh HOCHIIKEHHS MiAKPITUTIOETHCS HEOOXiqHICTIO CTBO-
PeHHSL yHiBepCaJbHOI MOJENI YIpaBIiHHS, sSKa MOria 6 OyTH MacmTabOBaHOIO, aJalTHBHOK Ta JIETKO IHTETPYBATUCS B Pi3Hi
TUNX MOOUTEHUX TIaTGopM. Y poboTi NPHUIIISEThCS 0COONIMBA yBara He JIMIIEe TEOPETUYHOMY OIHCY YHPaBIiHCHKOT MOJIEI, ale
1 eKcriepiMeHTaIbHIl nepeBipli i e)eKTUBHOCTI Ha OCHOBI JaHMX BiJl yJIbTPa3BYKOBHX CEHCOPIB, II0 BiOOpaxaroTh (i-3udHe
CEpPEIOBHIIEC Y PEKUMI PEabHOTO Yacy. TakuM YMHOM, po3poOKa MOJeNi yNpaBliHHS MapKyBaHHSAM MOOITEHOTO po-00Ta Ha
OCHOBI yJIbTPa3BYKOBHX JaTUMKIB € aKTyaJIbHUM 3aBJaHHSM, SIKE IMOEAHYE B COOI SIK HAYKOBY HOBU3HY, TaK i IPaKTUUHY 3HAYY-
OIiCTh IS TOJAIBIIOTO PO3BUTKY aBTOHOMHHUX cUCTeM. O0'€KT AOCHiIKeHHs: CICcTeMa YIPaBIiHHS MapKyBaHHAM MOOITBHOTO
pobora, mo QyHKIIOHYE Ha OCHOBI JIaHHMX, OTPUMAHUX BiJ yIBTPa3BYKOBUX NAaTYHKIB BifcTaHi. L[ cucrema BKitodae B cebe K
amaparHi KOMITIOHEHTH (yJIbTPa3BYKOBI CEHCOPH, BHKOHABYI MEXaHi3MH, KOHTPOJIEPH), TaK 1 IporpamMHe 3a0e3MeueHH s, 10 peai-
3y€ aJrOPUTMHU aHajli3y HABKOJIHMIIHBOTO CEPEeIOBHIIA, IPUHHATTS PillleHb 1100 MapKyBaJIbHOTO MAaHEBPY Ta KEPyBaHHS PYXOM.
MeTa cTaTTi IOCHI/KEHHSI Cy4aCHUX MOJeNiel yNpaBIliHHSA MapKyBaHHAM MOOLTEHOTO poOoTa, Mo (GyHKIIOHYIOTH Ha OCHOBI
JaHHUX BiJl CEHCOPIB BiJCTaHi, 3 METOIO BHSBICHHS €(pEKTHBHHX IIiIXOJIB 10 CEHCOPHOTO 3a0e3NEeUYEHHs, aTOPUTMIUYHOTO Kepy-
BaHHS Ta apXiTEeKTypHOI peasri3alii TaKMX CHCTEM, a TaKO)XK BH3HAUCHHS MEPCIEKTUB iX PO3BHUTKY JUIs 3a0€3MeueHHs] TOYHOCTI,
HAIIHHOCTI Ta aJJaNTHBHOCTI B YMOBAX PEAbHOTO cepeoBuINa. Pe3ybTaTh HoCHinKeHHsA. Y pe3ybTaTi MPOBEICHOTO OTJISI0-
BOTO JIOCTI/KEHHsI 0yJI0 BCTAHOBJICHO, IO B CYYaCHHX CHCTEMaX yIpPaBIiHHS MAapKyBaHHAM MOOUIBHUX POOOTIB iCHY€ IIUPOKHIA
CHEKTpP MiAXOMIB 10 MOJIETIOBAHHS, SIKi BIAPI3HAIOTHCS SK 32 PIBHEM MAaTEMaTHYHOI CKIIaJHOCTI, TaK i 32 THUIIOM CEHCOPHOTO 3a-
Oe3nedyeHH. BuspieHo, mo BuOip Moeni 6e3rmocepeiHbO0 OB’ I3aHUH i3 piBHEM JIOCTYITY 1O OOYHCITIOBANLHIX PECYPCiB, THIIOM
maci po6oTa Ta IPUPOIOI0 CEPEeNIOBHIIA, B sIKOMY BiH (yHKIioHye. OKpeMy yBary HpHJIUICHO NMOPIBHSHHIO CEHCOPIB, 3 SAKHX
caMe yJIbTPa3ByKOBi CEHCOPH MPOJOBXYIOTh TOMIHYBaTH y CHCTEMax KOPOTKOJMCTAHIIHHOTO MO3MIIOHYBAHHS 3aBISIKH CBOTH
HM3bKIi BapTOCTI, IPOCTOTI iHTerpauii Ta HaAIHHOCTI B KOHTPOJILOBaHNX yMoBaX. BoxHouac cencopu LiDAR nponemoHncTpyBa-
JI HaMBUIY TOYHICTb i MPOCTOPOBY iH(OPMATHUBHICT, X0Ya il 3aJMIIAIOTHCS CKIAAHIMINMHU Yy peaji3aiii Ta 00CIyroByBaHHi.
Kamepu Ta iH(ppauepBOHi ceHCOpU PO3IIISTHYTO SIK ITOJATKOBI JpKepena iHpopMaiii, siki eGeKTHBHO MPAIIOIOTh JIHMIIE B MEKax
YiTKO BH3HAYEHHX YMOB i IIPH HAJIGKHOMY IPOTrpaMHOMY 3a0e3neueHHi. Pe3yabTaTy orisiy MiJTBepANIHs, o eeKTHBHA CHC-
TeMa YIpaBIiHHS MapKyBaHHSIM MOOLTBHOTO poOoTa 0azyeThcs Ha KOMIUIEKCHOMY MiIXOJi 0 BHOOPY CEHCOPIB, MOJETI Kepy-
BaHHS, aJTOPUTMIYHOTO 3a0e3MEeUeHHs Ta apXiTeKTypHOI peamizamii. Lle mae 3Mory HOCATTH BHCOKOI TOYHOCTI Ta HamTiHHOCTI
(YHKIIOHYBaHHS HaBiTh Y CKJIIaJJHHUX, HECTAOUIBHUX a00 0OMeXeHUX cepenoBuinax. BucHoBku. EdexTrBHE yrpaBIiHHS TapKy-
BaHHJIM MOOIJIBHOTO poOOTa IPYHTYETHCS Ha MOEAHAHHI HAIITHOTO CEHCOPHOTO 3a0e3MeueHHs, 30KpeMa YIbTPa3ByKOBUX JaTUH-
KiB, 1 aJaNTHBHUX QJITOPUTMIB NPUHHATTS PillleHb. YIJIBTPa3ByKOBI CEHCOPH 3aIMINAIOTHCS ONTUMAIBHUMH JJIS HEAOPOTHX i
HPOCTHX CHCTEM, TOJI K TiOpuaHi migxonu 3 Bukopuctanusam LiDAR a6o xamep 3abe3nedyroTs Buily To4uHicTb. Cepen anropu-
TMIB HalOiIbII edekTHBHUME BUsBIINCh FSM, HewiTka jorika Ta METOJu MAIlIMHHOTO HaBuaHH;. ONTHMAaJIbHOI € MOIYJIbHA
apxiTeKTypa 3 YiTKUM IOIIJIOM CEHCOPHOTO, OOYHCITIOBAIFHOTO Ta BHKOHABYOTO PiBHIB, IO 3a0e3Meuye alalTHBHICT, TOYHICTD
1 CTaOLIBHICTh POOOTH CHCTEMH B PEaTbHUX YMOBaX.

KawuoBi cioBa: MoOinbHHI poOOT, aBTOHOMHE NAapKyBaHHs, yIbTPAa3BYKOBI JaTIUKH, CEHCOpHE 3a0e3IeUeHH s, ajro-
PUTMH NPUHHATTS PilleHb, CKIHYCHHHUI aBTOMAT, HEYiTKa JIOTiKa, MalllMHHE HaBYaHHs, KEPYBaHHS PyXOM, CHCTEMa HaBirarii.
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