80 Common problems of automobile transport

UDC 629 DOI: 10.30977/AT.2219-8342.2023.52.0.09

A review of the automated guided vehicle systems:
dispatching systems and navigation concept

Bourafa R.%, Siegfried P. ?

! Institute of Technology, MATE Hungarian University of Agriculture and Life Science, Hungary
2 University of Applied Sciences Trier, Germany

Abstract. Problem. As one of the three key elements of flexible manufacturing systems (FMS),
automated guided vehicles (AGVs) play a significant role in material handling systems. They've been
around for more than a decade, primarily in Europe. AGVs were formerly utilized mostly in
production lines, but due to recent industrial development, they now play a vital role in a variety of
different applications and domains, including warehouses, port facilities, transportation systems, and
even the medical sector. Goal. The purpose of the work is to analyze two methods of AGV control and
the paths that the AGV should follow during transport operations, taking into account safety and
limitations for heavy loads that need to be transported in difficult conditions. Methodology. We
attempted to provide a summary of the two existing AGV control methods, centralized and
decentralized control offered by major manufacturers in this study. Almost all function in a centralized
manner, with a single central controller controlling the whole fleet of AGVs. The author sees a
tendency toward decentralized systems in which AGVs make individual decisions in favor of
transportation flexibility, robustness, and adaptability. A brief explanation of well-known and mature
navigation technologies used by AGVs in the industry is also provided, along with both physical and
virtual paths to be followed by the AGV during transportation operations, since these technologies get
to be a key issue given the safety constraints, particularly for heavy loads to be transported in
challenging environments. Results. This paper covers one of the key tasks that must be completed in
order to control an AGV system for a central and decentral architecture, for which we have already
given a broad overview, as well as the differences between the architectures and their benefits and
drawbacks. Originality. The author sees that the merging of various techniques we have will lead to
more and new challenges as well as innovations, however, that practical application of distributed
control still requires further research and studies and has a way to go in terms of taking other sections
such as safety and sustainability into account. Practical value. The primary benefits and drawbacks of
various technologies are discussed, as well as how we might improve the efficiency of some of them.
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Introduction

Today, autonomous load transportation is
critical for timely providing and disposing of
operational units such as machines, plants, and
workspaces. Material holdup or lack of supply
can occur when the material flows [1]. The
AGV, which is a driverless material handling
device used for  horizontal  material
transportation, performs these activities rapidly
and safely. AGVs were first used in 1955 [2].
Since their inception, the utilization of AGVs
has increased dramatically [3]. Around 20,000
AGVs were employed in industrial
applications [3], according to [4]. Although

many of their features, real AGV systems are
still severely limited in terms of adaptability,
reconfigurability, and scalability. This study
addresses two key reasons for these limitations:
centralized control structure and vehicle motion
confinement to a network of predetermined
paths (guide path).

Analysis of publications

Online dispatching systems are classified into
two types: decentralized and centralized.
Existing AGV systems typically have a
centralized control architecture in which a single
central unit performs many complicated tasks
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like mission scheduling, path planning, and
motion coordination as shown in Figure 1. The
central unit connects with each vehicle in the
system, monitors their positions, generates
motion plans, and sends control commands to
them. Centralized control approaches are often
characterized as coupled or decoupled based on
the quantity of information utilized during the
planning process [5]. Coupled techniques [5,6]
consider the entire system to be a composite
system where traditional single-vehicle motion
planning algorithms are utilized. These
techniques are quite resource-intensive in regard
to computation, despite having certain desired
characteristics like completeness and the ability
to calculate optimal motion plans. Decoupled
techniques tackle the coordination problem by
splitting it into two independent phases: path
planning as well as motion coordination; This
reduces computational complexity. Prioritized
planning and path coordination are standard
methods for decoupling coordination [5, 7, 8].
Prioritized planning entails calculating courses
sequentially in priority order while taking higher
priority  vehicles’ motion through their
calculated path into account as moving
impediments that must be avoided. On the
contrary hand, path coordination techniques
determine each vehicle's individual trajectories
first, without taking into account other vehicles,
and instead, modify each vehicle's velocity
profile to prevent collisions. When compared to
coupled planners, decoupled planners are
typically orders of magnitude faster but at the
cost of incompleteness and poor performance.
Other centralized coordination techniques that
fall under the category of being decoupled
include zone control techniques [9], time
windows [10], and multiagent systems [11].

Purpose and Tasks

The purpose of the work is to analyze two
methods of AGV control and the paths that the
AGV should follow during transport operations,
taking into account safety and limitations for
heavy loads that need to be transported in
difficult conditions.

Centralized and decentralized control
structure

Given the above-mentioned computational
restrictions of centralized control methods, as
well as their high communication requirements
and limited level of tolerance to fault
requirements, there is an immense practical

request for developing effective decentralized
control techniques [5]. This is one of the key
features of the Industry 4.0 approach [12], and
much research has already been done on
decentralized algorithms and methodologies to
coordinate multiple processes [9]. Studies on the
advantages of this architecture in comparison to
present central and hierarchical arrangements
have been conducted. Distributed computation
and now a high degree of vehicle autonomy
define decentralized techniques. Decentralized
control systems may easily scale to applications
with a high number of vehicles and are more
robust since they don’t have a single point of
failure because the vehicles automatically plan
their pathways and decide how to move, a simple
model is presented in Figure 1.
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Fig. 1. Centralized and decentralized control
structure

Many scholars [10, 13] note the necessity for
decentralization in the future, acknowledging
the limitations of the present central
architectures as unsuitable for managing flexible
manufacturing, custom products, and complex
product specifications. Meissner et al. [14]
compare the current central and decentralized
control systems in manufacturing and make it
clear that centralized and hierarchical structures
are incompatible with the requirements of new
systems and that decentralization is the most
likely path to take to deal with the current
circumstances. According to them, decentralized
control works well in dynamic contexts because
it may alter quickly. Nevertheless, they clearly
outline the negatives of such a decentralized
architecture.

The fundamental disadvantage of
decentralized control is really the extra work
required to coordinate all of those autonomous
entities as they compete for attention. This won't
always result in the system's overall global
optimum. The optimality and adaptability of
decentralized control structures in
manufacturing processes will always be
compromised. Although less ideal than a
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centralized architecture for little systems,
decentralized technigues can nonetheless ensure
greater robustness and flexibility. For larger
systems, however, this will still be far from ideal
due to the limits of the central architecture,
whereas decentralized techniques can still

Table 1. Comparison between the two structures [12

ensure robustness and adaptability even in very
large systems. A small comparison is presented
in Table 1. Over the past few years, various
methods for integrating decentralization into a
control architecture have been created.

Centralized approaches

Decentralized approaches

Deeply rooted in the industry
Well-known algorithms
Access to global information
Global optimum
Small scaled systems
Simple systems
Not robust in dynamic situations

Hardly implemented in the industry
Well-known algorithms
Access to local information
Sub-optimal
Large scaled systems
Complex systems
Robust in dynamic situations

These methods are offered for use in
standard manufacturing but can also be applied
in more specialized fields such as autonomous
guided vehicles, self-driving autos, and
unmanned air vehicles (Drones).

The fastest feasible  fulfillment of
transportation requests while preventing AGV
conflicts is one of the control policy's primary
goals. Therefore, a controller of the network
must carry out several tasks [15]: Task
allocation, Path planning, Localization, and
Motion planning..., but in this study, We will
only look at localization as a navigation concept.
The AGV's ability to successfully traverse its
surroundings is crucial. Therefore, localization
is one of the crucial core AGV tasks as well. An
AGV may not be able to follow the shortest path
determined by the path planning algorithm
without encountering difficulties. The path
might be blocked by an unexpected object or
person, or other AGVs might require a part of
the path at the same time. Localization is among
the most important responsibilities to take into
account for any vehicle going inside, including
AGV controls. Contrary to the other activities,
this one is already largely decentralized because
all the necessary software and hardware for
localization are already present. A central
computer or nearby devices may receive
information about the location on the
environment’s 2D map for the purpose of
additional control. We won't go through whether
each localization solution is appropriate for a
specific control architecture because this basic
task comes independently of the control
architecture. But in order to make the paper
comprehensive, we will discuss the current
localization techniques and evaluate their

robustness and adaptability. The localization
systems have undergone significant
development during the past few decades
[16,17]. Some traditional methods are still in
use, while others are more recent and will
receive greater focus in the future. Among the
most established, antiquated methods are:

1. Physical path localization;

2. Virtual path localization.

Physical path localization

Wire or inductive localization: First-generation
AGVs employ this kind of localization as a
primary technique [18,19]. The wheels of
wire/inductive guided vehicles are controlled by
an onboard sensor that is made up of coils that
pick up the magnetic flux produced by the wire
that is embedded in the floor and powered by
electricity. This sensor allows a controller to
adjust the speed of the wheels. A frequency
generator is built on each floor of a building,
and guide wires are placedin a loop in the
ground there.

This approach offers several advantages,
such as:

1. Itis quite durable;

2. It can track paths with a very high degree
of accuracy (3 mm);

3. It has emergency stop mechanisms built
into it;

4. 1t has been around for more than 60 years.

This method has been shown to work,
especially in narrow aisles, to maintain
accuracy. It is acknowledged that this method's
capacity to handle route alterations is severely
constrained. Access to the facilities and
rerouting of wires buried in the facility floor
would be necessary for this [12,20].
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Optical localization: In this kind of
localization, a colored tape or painted line that
contrasts sharply with the color of the floor is
placed there [21].

The AGV is equipped with an optical sensor
that performs the same function as inductive
guidance and offers the same advantages. Just a
few improvements over before, such as [20]:

1. It is built on a physical pathway that is
independent of a power source;

2. Since it does not necessitate rerouting
wires and the channels where the wires flow, it
is relatively adaptable to accommodate path
changes.

The negative pointin this situation is that
when the AGV runs continuously on top of
painted or taped lines, the tape may get unclean,
scratched, or damaged. The lines may therefore
need to be periodically repaired, replaced, or
protected with a cover. But compared to the
above wire technique, it is simpler to adapt. Due
to the tape and the single usage of an optical
sensor, this approach is also economical [12,20].

Magnetic tape guidance: On top of the floor
is placed an adhesive magnetic tape. Sensors on
board are able to detect the tape's invisible
magnetic field. Both dirt and lighting conditions
have no effect on this approach. In addition to
providing the path for the AGV to follow, it may
also have floor markers affixed to direct the
vehicle to change lanes, accelerate, decelerate,
or stop. As opposed to the wire, which
necessitates energizing the medium, this
technology is passive. It is simple to lay and
change the tape.

However, track switching at intersections is
more challenging compared to the wire,
inductive, or optical guidance approaches. The
magnetic tape will eventually need to be
replaced because of the continuous AGV
operation's degradation of it [20].

Virtual path localization

Magnetic-gyro grid navigation: Between the line
guiding and the free-roaming techniques, there
is a group of navigational methodologies with
similar fundamentals. On the one hand, they
don't have any physical path established at the
floor level, while on the other, they depend on
dead-reckoning and inertial measurement
sensors to estimate absolute localization (The
practice of establishing an object's current
position by projecting trajectories and speeds
from known historical positions, as well as

predicting future positions by projecting the
current trajectory and speed, is known as dead-
reckoning). Because of accumulated
inaccuracies, dead-reckoning, as well as inertial
measuring methods need periodic correction
during a normal day. This can be achieved by
sensors or devices installed on the floor,
typically in a grid pattern [20].

On particular (x, y) coordinates on the area
map, a structure or line of points is indented into
the ground. The points may be transponders or
passive permanent magnets [22]. The vehicle
has a magnetic sensor inside that can find the
points.

The AGV can identify its precise location on
the map by identifying the points. The encoders
attached to the wheels collect relative positions
from the locations between the spots to calculate
the distance traveled (odometry). This is a fairly
precise strategy since it combines absolute and
relative localization [12].

The following are this
drawbacks:

1. The position and heading mistakes are
accumulated, i.e. the size of the error grows
along the trajectory [20];

2. It takes a long time to install and for
modifying [12].

Some new techniques which are rapidly
gaining attention are:

1. Laser localization: This remote sensing
technique illuminates a target with a laser and
examines the reflected light to determine the
target's distance and reflectivity. Laser-based
localization is frequently used in the industry,
where vehicles are equipped with on-board
lasers and passive reflecting markers are placed
on the walls. To be able to navigate, at least
three points must be visible because the
localization is determined using triangulation
[12,20]. Off-board lasers positioned within the
immediate environment can be used in the same
way as laser technology. They pick up passive
markers placed in precisely defined AGV
locations. AGV localization is approximated in
the on-board computing unit with on-board
lasers. Obstacle detection can also be done using
these sensors. The data collecting is carried out
off-board thanks to lasers positioned in the
surrounding area for AGV localization [5]. The
collected data is transmitted via a connected
system to the control center, where the data from
several laser sensors is combined to determine
the AGV's localization. The AGV receives the
motion commands from the off-board controller

option's  key
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in the control center via the wireless
communications system. Complete localization
of the AGV can be made possible by laser
technology, either on-board or off-board, with
an updating rate of 0.1s and an accuracy of
about 2 cm. Accuracy is increased by combining
localization data with information from the
AGV wheels’ odometers. Lasers have a good
range (about 80 m) that is appropriate for large
buildings. Path tracking in either virtual path,
predetermined or not, is supported by laser-
based navigation. This method may therefore
fully support any kind of motion needed for
rescue operations. Off-board lasers are capable
of supporting operations with any other sort of
vehicle, such as rescue vehicles, as well as the
various AGV typologies that have already been
taken into consideration. Remotely testing and
calibrating off-board lasers is simple and doesn't
require involving any people in the process. In
contrast to wire guiding, which is more
established, laser guidance is more recent.
Despite this, it is nonetheless well-known and
widely utilized in industry, and many AGV
systems today employ it as a standard [20,23].

2. GPS localization: In this localization
technique, satellites that have been assigned
known positions on the world map release
signals that the GPS receiver picks up [21].
Then this receiver can calculate the separation
between each satellite. Trilateration is employed
using this information to establish the receiver's
precise location. For navigation to be possible, a
minimum of four satellites must be visible. It is
necessary to have a clear sight line to the sky for
this approach. In industrial and commercial
applications, it is challenging to get this. Instead
of satellites, a Local Positioning Radar (LPR) in
the workplace could be utilized. The issue with
the LPR is the precision range of 10 cm, which
is not particularly accurate but might be
enhanced by sensor fusion.

3. Natural localization: This method of
localization scans the entire area around the
vehicle with a Light Detection and Ranging
(LIiDAR) sensor [21]. There is no need for
permanent landmarks like reflectors. The AGV
navigates by utilizing elements of the current
environment. This eliminates the need for
additional infrastructure, which makes this kind
of localization incredibly flexible.
Unfortunately, because of reflections and drift,
the method is not very accurate and reliable. The
vehicle may create a 2D map of its environment
by using the scanned map of the area, including
any readily visible elements like walls, barriers,

and pillars. The robot may use Synchronous
Localization and Mapping (SLAM) to determine
its location on the map by comparing this local
map with the factory's map [24]. The robot uses
SLAM to investigate the surroundings while
updating a local 2D map using laser scans,
making the system much more adaptable in
dynamic environments. The pricey sensors and
the inability of some transparent materials to be
detected by lasers are the drawbacks. Sonar
sensors, for example, can be utilized as an
alternative.

4. Vision-guided localization: This approach
resembles contour localization. A stereo camera
is applied to create images out of which 3D
point clouds can be constructed rather than
LiDAR. The camera's pixels are translated into
points in 3D space that are placed in front of the
camera. This 3D point cloud is made up of
points that represent the various features seen
by the camera. It is then possible to project this
point cloud onto a 2D point cloud, which is a 2D
translation of these features. The local
environment map can be represented using an
occupancy grid scheme [25]. A cell-decomposed
depiction of the environment is an occupancy
grid. A grid of tiny squares divides the entire
region. Each square is labeled as ‘Unoccupied’,
‘Occupied’, or ‘Unvisited’. The likelihood of
occupation can also be used. The camera-
observed features are converted into occupied
cells by reflecting the 2D-point cloud of the
previously seen features onto the occupancy
grid. Moving around while continually
projecting the visible 2D point cloud onto the
occupied grid allows for the construction of an
environment  map. Similar to  natural
localization, a person utilizing SLAM to explore
the entire area will need to create an initial map
of the robot's surroundings. The fact that this
approach is susceptible to light conditions,
which are frequently present in real-world
settings, is a negative point.

Also still there are two other localization
methods: Motion capture systems and Inertial
navigation, but we’re not going to speak on
them because they are not usable and still need
more development to be suitable for being
implemented and challenging the previously
discussed techniques in several fields.

Research methodology

The paper's main objective is to evaluate prior
research and studies on AGV systems, including
their integration with the industry 4.0 paradigm,
impact on various industrial sectors, and
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extension into new fields, including health care
and human services. Research resources like
Google Scholar and Science Direct have been
used with the help of manufacturers’ websites to
find journal articles, book chapters, and relevant
information on the topic to provide
more understanding.

Results and discussion

In this paper, we clearly want to take some steps
towards the two available controlling
approaches: Centralized and decentralized
systems, in addition to one of the indispensable
tasks during the AGV control.

Beginning with the most common control
architecture, centralized control, it cannot handle
the increasing AGV numbers, the complexity of
the structures, and upcoming applications and
innovations due to its memory, communication,
and computation limitations. Decentralized
control, on the other hand, is capable of meeting
all of these challenges. It can ensure sturdiness,
adaptability, and flexibility. Because
overcoming, the prior drawbacks of centralized
authority and adapting to the conditions and
problems of the present world are likely to be
accomplished through decentralization. The
decentralized control is appropriate for dynamic
situations since it swiftly adjusts to changes and
is necessary for the future, according to a
number of studies conducted by [26-28].
Meissner et al. [14] contrast the central and
decentralized control structures wused in
production  today and  explain  that
decentralization is the future because centralized
and hierarchical structures are incompatible with
the  requirements of  future  systems.
Decentralization, however, can ensure more
robustness and flexibility while being less
effective than a centralized architecture for
small systems.

By moving to the localization work, which
has two primary sectionsand is widely
decentralized. Despite the benefits it provides,
physical path localization has begun to fade and
eventually disappear because the demands of
future flexible systems cannot be met by
physically rigid circuits. Virtual localization
techniques are frequently used because of the
adaptability of the circuit. The disadvantage of
these latter methods is that they are not very
precise and susceptible to disturbance,
particularly from the surrounding elements like
vibrations, and ambient light in addition to the
uncertainties in measurements.

Finally, in order to resolve the above
problems more effectively, new research and
inventions are required. The optimum course of
action should be a gradual shift that can go from
a central to a more hybrid and ultimately to a
distributed design. The same is true for
localization techniques, combining them could
be the best approach to get over their current
limitations and downsides. For example, the
future of AGV localization may involve
combining vision-guided and natural methods
with extremely precise and reliable laser
localization.

Conclusions

This paper covers one of the key tasks that must
be completed in order to control an AGV system
for a central and decentral architecture, for
which we have already given a broad overview,
as well as the differences between the
architectures and their benefits and drawbacks.
There are many central and decentralized
algorithms and methodologies for controlling an
AGV fleet that is described in the literature.
More adaptable techniques that don't rely on
actually specified circuits are preferred for the
localization challenge. In decentralized systems,
virtual path localization techniques will be
applied more frequently. The authors see that
the future of localization will be a combination
of extremely precise laser localization and
adaptable and data-rich contour or vision-based
localization.

In the real life, we observe that practically all
of the AGV systems currently in use operate
entirely centrally, but we also notice a definite
interest in decentralization as a component to
satisfy future requirements like flexibility,
openness, scalability, and robustness. The
world’s industry is in continuous growth and
development with trying to be more efficient
than before, now we have the industry 4.0
paradigm which is one of the big industrial and
efficient revolutions in this century that will
force AGV manufacturers to consider
decentralization as a key component to meet
these requirements as systems get larger and
more complex.

The author sees that the merging of various
techniques we have will lead to more and new
challenges as well as innovations why not, however,
that practical application of distributed control still
requires further research and studies and has a way
to go in terms of taking other sections such as safety
and sustainability into account.
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Limitations and study forward

This paper didn’t cover some other tasks that
complemented the localization task, in addition,
to flow path layout, either virtual or physical
path localization. The AGV moving along the
facility is done by tracking a guide path. Aisles
are used in flow path design to connect
equipment, processing hubs, stations, and other
fixed structures. A directed network that
includes aisles, intersections, pickup, and
delivery sites as nodes typically depicts this
arrangement. The effectiveness of the system is
directly impacted by the flow path design.

Another thing is guidance, which is one of
the three main elements that support the AGV's
proper motion together with navigation and
control. For the AGV-allocated tasks, guidance
entails creating the best possible routes and
velocity profiles while taking into account the
limitations of the navigational environment.

The splitting of the system into several parts
makes it easy to distribute each task or section
for the actual suitable controlling architecture.
This process is the faster way to get the
transmission from centralization to
decentralization control, which is our goal.
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Orusig aBTOMATH30BAHNX KEPOBAHUX
TPAHCIIOPTHUX CHCTEM: CHCTEMH JUCHIeTYepHu3amii
Ta KOHIENiss HaBiramii

Anomayia. Ilpoénema. byoyuu oowmum i3 mpvox
KAIOUOBUX eNleMenmi6 SHYUKUX GUPOOHUYUX CcUCmeM
(FMS), asmomamuszosani Kepoami mMpaHcnopmHi
sacoou (AGV) sidieparoms 3nHauHy poias y cucmemax
00podKu mamepianie. Bonu icHyromwv 8dxce Oinviue
decamu pokie, nepesadxcio 6 €sponi. Paniwe AGV
BUKOPUCIMOBYBATUCA  30€0iNbUi020 HA  BUPOOHUYUX
JUHIAX, ane  3a80AKU  HEOABHbOMY  PO3GUMKY
NPOMUCIOB0CMI 60HU Menep 8i0iepaioms HCUMMEBO
sadxcnugy — poab y  pisHOMauimuux — cghepax
3acmocyeanns ma cghepax, GKIOUAIONU CKAAOU,
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nopmosi  cnopyou, MpAHCROPMHI ~ CUCHEMU  Md
Hasimb meouunuti cekmop. Mema. Memoio pobomu €
ananiz 080x memooie xowmpoaro AGV ma wirsxis,
axumu AGV nogunewn iimu nio uac mpamcnopmuux
onepayiti, epaxogyiouu besneky ma obmedcenHs Ois
BAINCKUX 8anmacis, AKL Heobxiono
mpancnopmysamu 8 CKAAOHUX YMOBAX.
Memooonozia. YV  yvomy  00CniOdceHHI  Mu
cnpodysanu Hadamu  NIOCYMOK 080X  ICHYIOUUX
memooie xoumpomo AGV, yewmpanizosanoco ma
0eyenmpanizo8ano020 KepyeamHs, SKi NPONOHYIONb
OCHOBHI  supobnuxu. Maiidce 6ci  pyuryionyromo
YenmpanizoeaHo, 3 €OuHUM YeHmpanoHum
KOHmpoaepom, Axuu Koumponoe eecb napk AGV.
Aemop b6auums meHOenyito 00 OeyeHmpariz08aHUX
cucmem, y sakux AGV nputimaioms iHOU8iOyanbHi
pilleHHs Ha KOpucmv MPAHCNOPMHOL 2HYYKOCHI,
Haodinocmi ma adanmuenocmi. Takodc nadaemvcs
cmucie NOACHeHHA  000pe  gi0omux i 3piaux
HagieayiliHux MexHON02il, 5AKi BUKOPUCMO8YIOMbCA
AGV y eanysi, pasom i3 Qisuunumu  ma
BIPMYANbHUMU WAAXAMY, AKUMU Ma€ cridyeamu AGYV
ni0 uac mMpaHcnOpmMHUx onepayit, OCKIIbKU Ui
MexHoN02I cmarms Kio408UM NUMAHHAM 3 02180
Ha 6e3neky 00MedCeHHs, O0COOUB0 ONs BANCKUX
8anmadicie, SAKi  NOMPIOHO  MPAHCNOPMYSAMU 6
cknaonux ymosax. Pesynemam. Ileii Odoxymenm
OXONIIOE OOHE 3 KIIOYOBUX 3A60aHb, AKe HeOOXIOHO
sukonamu 0 Kepygauua cucmemoro AGV ons
YeHmpanbHoi ma OeyeHmpanizoeanol apximexkmypu,
071 AKOI MU 80fce HAOANU WUPOKUL 02TIA0, A MAKOHC
BIOMIHHOCIT MIdIC apXimeKmypamu ma ixHi nepesazu

ma nedonixu. Opuzinanvricme. Aemop dauume, wo
00 €OHaHHsL PI3HUX MEXHIK, SKI 3aCmoCO8YIombCsl
Cb0200€HH s, Npu3eede 00 HOBUX BUKIUKIB, A MAKOIC
00 iHHOBaYIl, nNpome NPAKMUYHE 3ACTMOCYBAHHSL
PO3NOOINEH020  KepYBaHHs  6ce  uje  BUMA2AE
nooanbuwiux 00CAIOJNCeHb mMa HANPAYlo6aHs, SKI
basyeamumymsca Ha 0Oe3neyi ma eKoI0IMHOCMI.
Ilpakmuune 3nauennsa. (002080peni  OCHOBHI
nepesazu ma HeOONIKU PI3HUX MEXHON02IU 0038015Mb

6  MaubOymHvomy — nioguwyumu  egexmuenicmy
suxopucmannsi AGV.

Kntouoei  cnosa:  asmomamusoeani  KepoeaHi
Mpancnopmui  3acobu;  mexHika — KOHMPOTIO;

JIOKANI3aYIsl; YeHMPanizayis; 0eyeHmpanizayis.

Pami Apada’, Texnonoriunmii iHcTHTYT, YrOpCHKHii
YHIBEpCUTET CLIBCHKOTO rOCIIOJIapCTBa Ta
npupogauunx Hayk MATE,

ORCID: https://orcid.org/0000-0001-7229-427X
Marpix 3irdpin®, 1.1.H., VHiBEpCHTET NPHMKIAIHHX
Hayk Tpipa,

e-mail: p.siegfried@hochschule-trier.de

ORCID: https://orcid.org/0000-0001-6783-4518

TexHonoriunuit iHCTUTYT, YTOPCHKUH YHiBEPCHTET
CITbCBKOTO TOCIOAAPCTBa Ta HPUPOIAHUYMX HAyK
MATE, Byn. ITarep Kapouny, 1, I'emenno, YropiuHa,
2100.

2V HiBepcuTeT MIPUKJIATHAX HayK
Inaiinepcxod, Tpup, Himeuuuna, 54293.

Tpipa,

Automobile transport, Vol. 52, 2023


https://orcid.org/0000-0001-7229-427X
mailto:p.siegfried@hochschule-trier.de
https://orcid.org/0000-0001-6783-4518

	The purpose of the work is to analyze two methods of AGV control and the paths that the AGV should follow during transport operations, taking into account safety and limitations for heavy loads that need to be transported in difficult conditions.
	Given the above-mentioned computational restrictions of centralized control methods, as well as their high communication requirements and limited level of tolerance to fault requirements, there is an immense practical request for developing effective ...
	Table 1. Comparison between the two structures [12]
	28. Bortolini M., Galizia F.G., Mora C., (2018) Reconfigurable manufacturing systems: Literature review and research trend, J Manuf Syst. 49, 93–106. https://doi.org/10.1016/J.JMSY.2018.09.005.
	Bourafa Rami1, Institute of Technology, MATE Hungarian University of Agriculture and Life Science,
	ORCID: https://orcid.org/0000-0001-7229-427X
	Siegfried Patrick2, Dr. Dr. habil., University of Applied Sciences Trier,
	e-mail: p.siegfried@hochschule-trier.de
	ORCID: https://orcid.org/0000-0001-6783-4518
	1Institute of Technology, MATE Hungarian University of Agriculture and Life Science, Páter Károly u. 1, Gödöllö, Hungary, 2100.
	2University of Applied Sciences Trier, Schneidershof, Trier, Germany, 54293.
	Рамі Арафа1, Технологічний інститут, Угорський університет сільського господарства та природничих наук MATE,
	ORCID: https://orcid.org/0000-0001-7229-427X
	Патрік Зігфрід2, д.т.н., Університет прикладних наук Тріра,
	e-mail: p.siegfried@hochschule-trier.de
	ORCID: https://orcid.org/0000-0001-6783-4518
	1Технологічний інститут, Угорський університет сільського господарства та природничих наук MATE, вул. Патер Кароли, 1, Геделло, Угорщина, 2100.

