
Citation: Gnap, J.; Kubasáková, I.;
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Abstract: This paper discusses the possibility of deploying automated guided vehicle (AGV) technol-
ogy in a company’s production hall. Chronometric measurements of material handling and people
handling were performed. The handling processes were divided into five sub-processes, which were
analysed in terms of production line operation, distance, and carrying capacity of the automated
guided vehicles. Based on the measurements, we found that it was necessary to use four vehicles for
handling in the foam production hall. The company is applying this automation project to foams,
and after successful testing, plans to continue with automation for leather upholstery. To ensure the
correct chronometric results, we measured the distances between each workstation on the production
floor at the company. Based on an analysis of material handling on the production lines, we evaluated
that there is a possibility of applying AGVs on the entire production floor. We analysed the volumes
of material transfer and the possibilities of interconnection within the existing material handling in
the enterprise. Complications arise when deploying AGVs in the plant because the handling to the
production lines is not only provided by the parent company, but also by the component suppliers
themselves. Based on this observation, we have identified potential collision points within the
operation between automated guided vehicles and other material handling equipment or people. For
this reason, we deployed one more AGV on the handling routes to prevent unwanted collisions. This
means that a human would be able to perform even more processes than a machine and can circulate
80 times, where a machine under the same conditions would only perform the entire circulation
57 times. There is room here to use humans for other processes and to automate the handling of goods,
although it introduces delays that can be eliminated by deploying additional automated guided
vehicles. This opens room for further research questions on how these vehicles can be deployed, even
in a small space, and how existing material handling can be automated.

Keywords: AGV technology; logistics processes; storage; trolley

1. Introduction

The categories of AGVs are indeed diverse and speak volumes about the considerable
technological advances in this field. The basic types of AGVs include the unmanned train,
the unmanned pallet truck, and the unit load transporter. AGVs are primarily used in
warehousing and distribution, assembly lines, and flexible manufacturing systems. Basic
guidance systems include planted guide wires, coloured tape, and self-guided vehicles.
However, their implementation in production is not so simple. Although high-end compa-
nies are quickly mastering them, many systems interfere with guidance. Depending on the
type of application, the way a particular logistics solution is chosen depends on space, load,
and economics. On the shop floor, there must first be space for such a system. You must
consider whether an AGV will carry a part, a component or the whole product. This means
that there must be enough space around the production area for such a vehicle to move
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safely and reliably. The second key factor is the payload. You must know in advance what
you are going to be transporting. For example, if we need to deliver bolts to a production
site, we will use a different AGV than if we need to transport car bumpers or the backs of
television sets. Finally, it is the economics of the solution. AGVs will certainly make produc-
tion logistics more efficient, but the economic return on such a solution is questionable. In
practice, we have already seen solutions that were not very effective. For example, several
dozen vehicles were deployed and many of them sat in the docking bay. They were not
charging, they simply had nothing to do. While the integrator was happy to have sold the
customer more than they needed, the customer lost out. The aim of this study is to provide
further insights into when and where the work of AGVs is more advantageous than human
labour and when it is not. A quantitative in-depth case study method was conducted in
the selected company with data collected using multiple self-reported measurements. In
the framework of internal logistics, we performed an analysis of the current processes and
status in the investigated company using chronometric measurements. We divided the
measurements into five main sections to find out the average distance travelled by employ-
ees in the performance of their work tasks and in what time unit. We compared these data
with the possible application of automated guided vehicles. Based on this information,
we proposed possible variants and finally evaluated each variant by comparing them in
terms of distance travelled and time units between worker and machine or automated
guided vehicle.

2. Literature Review

Automated guided vehicle systems have been around for more than fifty years, during
which time various technical advances have been made, ranging from improved drives and
power supplies to completely new sensor concepts. Companies are looking to automate
production, warehouse operations, or other logistics processes [1]. Automated guided
vehicles are most often used for transporting goods in warehouses. Several authors have
addressed the issue of automated guided vehicle trolleys. If companies are in the logistics
business, they may face challenges in recruiting and maintaining a full workforce, which
can lead to difficulties in meeting productivity targets and ensuring compliance with deliv-
ered goods. Recent supply chain trends such as labour shortages and increased demand
appear to be persisting with no signs of abating [2]. In response to these challenges and
the need for better process management, logistics managers are increasingly turning to
the automatisation of warehouses. However, a significant drawback of full warehouse
automation is the substantial investment that is later required, including the installation
of conveyor belts, aisle cranes, and tracking systems [3]. In addition, this installation
process may render the facility non-operational until completion. Nevertheless, there is an
appealing alternative to certain types of human-controlled transportation equipment in the
form of autonomous guided vehicles (automated guided vehicles), which are increasingly
reliable and cost-effective [4]. Automated guided vehicles can be used either on their own
or in conjunction with an automated storage and re-storage system (ASRS—automated
storage and re-storage system) and are highly customisable to different aspects of your
supply chains, whether at the container or load unit level. This adaptability makes au-
tomated guided vehicles a versatile solution to address key challenges in logistics and
supply chain management [5,6]. Automated guided vehicle localisation is very important
when running a whole-lot automation system, so in papers [7,8], the authors propose a
low-cost algorithm for localising automated guided vehicle trucks based on single-camera
landmarks for warehouse operations. The proposed algorithm includes a computer vision
algorithm for landmark recognition and distance estimation between the landmark and
the single-camera automated guided vehicle. The landmark recognition accuracy is 93.26%
overall. The average error of the localisation algorithm was 237.29 mm and the standard
deviation was 184.27 mm. In conclusion, the automated guided vehicle localisation algo-
rithm based on landmarks for warehouse applications has been successfully developed.
The positioning of mobility robots is also addressed by the authors of [9], who define seven
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categories of positioning systems: (1) odometry, (2) inertial navigation, (3) magnetic com-
passes, (4) active beacons, (5) global positioning systems, (6) landmark-based navigation,
and (7) model matching. For each category, the characteristics and examples of existing
technologies are given. The field of mobile robot navigation is active and vibrant, with more
great systems and ideas being developed all the time. The ability to navigate accurately is
one of the fundamental capabilities of a mobile robot to perform a variety of tasks efficiently,
including docking, transport, and handling. Since real-world environments often contain
changing or ambiguous regions, existing features may be non-sufficient for mobile robots to
produce reliable navigation behaviour. According to the authors of [10,11], the goal of the
method is to find the minimum number of landmarks for which a boundary on the robot’s
maximum deviation from its desired trajectory can be guaranteed with high confidence.
The proposed approach incrementally places the landmarks using linearised versions of the
robot’s system dynamics, which allows for an efficient computation of the deviation guar-
antee. There are techniques for navigating an automated guided vehicle in two different
environments to reach a goal. These environments are as follows: (a) normal (unguided)
and (b) guided. An artificial potential function is defined to find the target in the normal
environment. Conducting initial computation of the optimal path from several paths,
from the source to the destination, and pre-pathing the selected path through the nodes
(radio frequency identification tags) is the technique for the controlled environment. The
bottlenecks prevent the desired movement in both environments [12]. The self-localisation
of a mobile robot is always a key aspect of the autonomous navigation task. The challenge
of self-localisation becomes more complicated when the robot has sensors with low levels
of precision and accuracy. These works [13,14] confront this aspect by finding a solution
using the soft sensor paradigm. The deployment of autonomous trucks in warehouses
and the automotive industry is elaborated in [15], where the authors build on the scientific
project “Ex-Coherence Centre for Intelligent Transport Systems”, aimed at proposing a
methodology to calculate the necessary number of autonomous trucks and trucks deployed
in logistics warehouses. The methodology is based on the requirement that autonomous
trucks should have no downtime. To achieve such an objective, the internal dynamics of the
discrete events of these systems should be considered when deriving the model to be used
for simulation, analysis, optimisation, and control. Among the various discrete event mod-
els, Petri nets (PNs) are particularly effective due to several relevant properties. In addition,
several high-level PN models (e.g., colour, continuous, or hybrid) allow for solving complex
and high-dimensional problems that typically arise from real-world applications in logistics
and freight transportation systems [16,17]. The independence of static reading systems
is a subject of current automated guided vehicles research. While variations of the guid-
ance principle based on inductive or optical effects have been the predominant navigation
techniques for decades, currently laser triangulation can be considered as the standard. To
create a laser-based navigation system, the environment must be equipped with reflective
markers. To overcome this drawback, a vision-based navigation system is currently being
developed at PSLT. With this new technology, it will be possible to create an automated
guided vehicle without any prior preparation of the environment [18]. Automated guided
vehicles are ideal for use in repetitive flow applications. After identifying the flows where
automation will create the most added value for the company, the path to automation is
gradually created. Once it is identified which flows need to be automated, lean thinking is
used to eliminate waste and standardise the process for maximum efficiency [19]. Trends in
different markets, and thus the development of automated guided vehicle manufacturers,
are also extremely important for customers’ investment decisions. Customers need to make
sure that the technology being procured is future-oriented and that the manufacturer will
be available in the automated guided vehicles market segment in the long run. The selected
automated guided vehicles manufacturer should be available for service and support of the
system as well as for spare parts supply in the long term [20]. Automated guided vehicles
are often implemented in cross-industry environments, especially in manufacturing centres
that use working methods such as lean manufacturing or just-in-time [21]. This is because
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this transportation solution covers the distance between the warehouse and the production
centre and delivers raw materials to the production lines. However, in facilities with a
larger number of orders, automated guided vehicles may not meet the logistics needs of
the warehouse because these machines have limited carrying capacity. Meanwhile, other
automated solutions, such as pallet conveyor systems, can maintain continuous flows of
goods between two points in warehouses with high load volumes [22]. Automated guided
vehicles typically complement automated warehousing and transport systems to perform
specific functions; for example, moving heavier products between two points in a facility,
loading and unloading product at the entrance of an AS/RS, or linking the warehouse to a
production bin outside the building [23,24]. Automated guided vehicles have gradually
gained popularity in smart manufacturing due to their flexibility, manoeuvrability, and
convenience [25,26]. There are many options for locating the automated truck in space [27].
Navigation on magnetic or fluorescent tape supplemented with RFID tags allows very
precise guidance of the trolley at the cost of limited flexibility, since the path must be
mechanically adjusted when the path is changed. Localisation by a 360◦ LiDAR scanner
on reflectors at the defined height of the production hall offers more flexibility, but the
production hall does not always offer this option. Contour localisation, popular in recent
years, uses safety scanner data and compares them to a virtual map of the manufacturing
floor, significantly reducing the cost of the hardware used [28]. The introduction of AGVs
in enterprises is addressed by several authors. They investigate different methods for
introducing the trucks; for example, the authors of [29] present a logical procedure for
selecting an automated guided vehicle in a production environment for a given application.
The procedure is based on the preference selection index (PSI) method. In the paper [30],
in turn, a semaphore-based traffic control model is proposed to solve the problems in the
application of multiple automated guided vehicles. Even the authors have conducted pro-
totype experiments of the proposed model. Another paper in which the authors discussed
a method for determining the number of automated guided vehicles and the selection of
the optimal intra-company logistics route is [31]. New technologies are fundamentally
changing the in-house logistics, and therefore the in-house logistics are gradually adapting,
which requires changes in the whole concept of future solutions. Their case study resulted
in a simulation of a logistics system in which they considered options for increasing the
utilisation of operational areas, optimising material supply and creating an arrangement
that could respond flexibly to the future requirements of the business. Computer simula-
tion is nowadays very useful in the design of production and logistics processes. It can be
used to optimise and efficiently plan the movement of materials, which improves logistics
performance, leads to savings, and increases the competitiveness of the company [32]. The
economic intensity of AGVs is very important, especially in less developed countries. In
paper [33], the authors develop the idea of producing a low-cost family of robotically con-
trolled vehicles to perform logistics in a quasi-industrial environment. They used test runs
by programming them to manoeuvre along both linear and curved trajectories. They used
steering with tactile sensor feedback to refine their positions at target locations and deliver
cargo in a precise orientation. The research demonstrated the feasibility of developing
automated guided vehicle (AGV) systems for logistics purposes for local industry within
a moderate cost limit. Other studies that focus on the introduction of AGVs in industrial
environments in different countries examine the constraints and necessary conditions that
need to be considered when introducing AGV technology to automate selected logistics
processes. A simulation model of a hypothetical system that has a workplace environment
has been developed based on the JIT philosophy. Based on the data collected through
several observations, a three-phase methodology considering technological, organisational,
and safety aspects is proposed as the main output. The basic scheme also includes the
proposal of some critical success factors and key performance indicators that should be
monitored to evaluate the effectiveness of the implementation of this technology in future
projects [34–36]. In most of the articles we reviewed, the authors focus on the need to
deploy AGVs in different environments. They use a variety of simulation and analysis
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methods to find the optimal solution. These solutions are usually related to the number
of AGVs deployed so that the logistics system operates optimally, vehicle downtime is
reduced, and logistics operations are more efficient [37,38]. Unlike others, our work does
not focus on simulation, but on real measurements in real environments, and then on
efficient designs that consider the technical parameters of AGVs and the environments in
which they move, as well as the temporal interfaces of human–vehicle logistics activities.

3. Materials and Methods

In this section, the time intervals of the internal logistics staff in the company will be
analysed and later compared with the time intervals of the proposed automated guided
vehicle trucks.

We divided the logistic processes in the production hall into several sub-processes,
which we measured sequentially in 5 measurements during peak hours. These subprocesses
have so far been performed by employees with forklift trucks or tow trucks. Since there are
many material transfers from different workstations within the production hall, we tried
to measure these processes and set up a different kind of handling equipment due to the
limitation of clashes between the handling equipment and the human. We cannot eliminate
these manual handling processes because there is a just-in-time supply of the production
line directly by the suppliers in the production hall. The individual handling routes to
or from the goods are described in the following 5 measurements. These measurements,
which we have physically carried out, copy the real condition of the production hall and
the new handling equipment can be adjusted accordingly.

We measured from the beginning of the logical processes, except for the sub-process
of unloading the incoming material to the defined storage area, up to the part when the
material is placed into production. We have divided the individual measurement steps
into several parts, which will be shown in the table below. In this part, we performed the
measurement of the processes where the employees operated the given workstations; the
back-loading will be in the next section, see Table 1.

Table 1. Process measurements considered.

Measurement Part Measurement Description

1. Transfer of uninspected material (coatings) to the quality control workplace
2. Transfer of inspected material (coatings) to the sorting/sequencing workplace
3. Moving empty transport boxes from sorting
4. Moving coatings from the sequencing workstation to the production line
5. Movement of foam from picking by workers to placement on the production line

Based on Table 1, we have divided internal logistics into 5 primary sub-processes,
which consist of even smaller sub-processes. It is in these 5 main areas that we have
addressed the application and application possibilities of automated guided vehicles.

In the following sections, we will present measurements from the main 5 sub-processes.

3.1. Measurement 1

This part of the measurement was the shortest, mainly in terms of distance travelled,
where the movement was carried out by a worker on a forklift (Figure 1). The transfer was
either carried out from the storage area near the loading/unloading gates or from closer
storage areas near the quality control workstation, depending on the need of the quality
control staff. The following figure will illustrate the movement of the worker with the
HHW at the quality control workstation.
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Figure 1. Worker movement in Measurement 1.

Based on Figure 1, we can see that in Measurement 1, the worker on the LHV does not
travel long distances. The activity that the worker must perform is to provide the transport
units that have been unloaded from the road vehicles on the ramps (lower right corner of
Figure 1) for quality control. Which transport units are to go for inspection is determined
by the warehouse management system and the planning sheet. Based on this information,
the worker allocates the necessary transport unit by scanning the information sheet on
the unit.

The worker, after scanning the sheet, namely the quick response code, receives infor-
mation as to whether it is the correct transport unit. In addition to the code, the name of
the supplier, the quantity of the material, and the code designation of the material can be
read from the image. Once identified, the worker moves the material in transport units.

The transport unit is also different from the others based on dimensions and payload,
as the weight of the leather covers varies depending on the model currently in production
and the material required for delivery. In the case of the handling unit, the dimensions are
shown in the following Table 2.

Table 2. Dimensions of the transport unit (box).

Indicator Value

High 114 cm
Width 100 cm
Length 120 cm

Net weight (kg) 27 kg
Max. weight 350 kg

Max. stacking weight 1050 kg

The remaining transport units are not significantly different. They have small differ-
ences from each other in terms of weight and height. An example of the other transport
units within the handling in Measurement 1 will be shown in the following Table 3.
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Table 3. Dimensions of transport unit (box) 2.

Indicator Value

High 99 cm
Width 100 cm
Length 120 cm

Net weight (kg) 30 kg
Max. weight 350 kg

Max. stacking weight 1050 kg

Starting from Figure 1, where we illustrated the movement of a worker, we made a
time measurement of how long on average it takes a worker to perform a given task, the
individual measurement will be shown in the Figure 2 below based on the measurement.
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Based on measurement 1, it is possible to define the average times of the individual
manipulation processes in the hall. Based on Figure 2, we can determine that the total
measurements are the following:

- The average time to move the material is 47 s;
- The maximum measured transfer time is 1:09 min;
- The minimum measured time to move is 33 s;
- The lower quartile of 37 s, i.e., that 25% of the measurements had values less than 37 s

and 75% of the measurements had values more than 37 s;
- The upper quartile of 1:01 min, i.e., that 25% of the measurements took more than 1:01

min, where in contrast 75% of the cases took less than the given value.

The intermediate process between Measurement 1 and the next measurement is the
movement of material within the quality control workstation. The worker on the forklift
truck prepares the material that has been inspected for movement to the sequencing
workstation. The movement of the worker is identical to Figure 1, except that the worker
does not go by the loading dock. The average time values of this intermediate process will
be shown in the Table 4.

Table 4. Intermediate chronometry in Measurement 1.

Indicator Value

Average time 0:39 min
Maximum 1:02 min
Minimum 0:20 min



Appl. Sci. 2024, 14, 7467 8 of 31

From Table 4, we can determine that a worker can prepare the inspected material for
the next workstation within a maximum of 1 min and 2 s, where the fastest measured time
is 20 s.

3.2. Real Distances Travelled by Workers in Measurement 1

In addition to chronometry, for the purpose of applying automated guided vehicles,
we needed to find out the distance travelled by a person so that we can compare the
possibilities of applying the technology. Having the company’s scan, the given distances
travelled by the worker and with the intermediate process will be in the following Table 5.

Table 5. Measurement 1 + intermediate—actual distance.

Description Real Distance Detected by Scale (m)

Transfer of uncontrolled material to the
quality control workstation

for de-inspection
15.79 19.77 7.99 18.86 18.01

Moving the inspected material from the
quality control workstation to the
designated area where the quality

control-stamped materials are

0.00 19.65 14.21

The reason for the higher values in the transfer to the quality control workstation is
because the worker of forklift truck only has 1 access on the workstation. On the other hand,
in the case of moving already inspected material to the defined area, we observed that the
worker does not move the given material to the defined area as needed; therefore, the value
of 0 m is because immediately after the inspection the material goes to the sequencing
workstation due to the material being urgently needed.

3.3. Measurement 2

As in Measurement 1, this part was performed by forklift truck; after checking the
material, the worker heads to the sequencing workstation. The following Figure 3 will
show the movement from the quality control workstation to the sequencing workstation.

Based on Figure 3, the worker is already walking a much greater distance than in
Measurement 1. The main task of the worker is to move the transport boxes for the
employees at the sequencing workstation, who will sort the individual covers onto a
separate trolley according to the sequencing sheet. The movement of the worker from
Figure 3 is shown chronometrically in the Figure 4.

The measurement results of the work of a worker who moves goods by forklift truck
from the control quality location to the sequencing location are shown graphically in
Figure 4 and described as follows:

- Average time to move to the workplace 2:32 min;
- The maximum measured time to move 3:58 min;
- Minimum measured time to move 1:45 min;
- Lower quartile 1:56 min, i.e., that 25% of the measurements had values less than

1:56 min and 75% of the measurements had values greater than 1:56 min;
- Upper quartile 3:20 min, i.e., that 25% of the measurements had values higher than

3:20 min and 75% of the measurements had values less than 3:20 min.
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3.4. Real Distances Travelled by Workers in Measurement 2

Similarly, in this case we also found the distance travelled by the worker. By referring
to the observed scale, we arrived at the values that will be shown in Table 6.
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Table 6. Measurement 2—real distance.

Description Real Distance Detected by Scale (m)

Move to sorting 92.22 109.65 93.93 118.62 108.99

According to Table 6, the worker travels varying distances to the sequencing work-
station due to the fact that the prepared material box may be closer to or directly on the
quality control workstation, so in some cases the worker had to travel a slightly greater
distance. We also refer to the possible positions/start of the relocation of the boxes to the se-
quencing workstation in Figure 3. We can only describe these changes in the manipulation
path by measuring the duration over time. It is not possible to characterise them by the
frequency of the occurrence of boxes at other workplaces in the production hall. Therefore,
by using these statistically averaged values, we can generalise these processes and look for
automation possibilities on the shop floor.

3.5. Measurement 3

This part of the measurement is the last part where the forklift truck worker is used.
In this part, the forklift worker takes the empty boxes from the sequencing workstation to
the area near the loading gate, close to where Measurement 1 started. Figure 5 will show
the route from the sequencing workstation to the area for placing the empty boxes.
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According to Figure 5, we can see that the forklift worker is almost returning to the
same place he started from, namely the loading/unloading area near the quality control
workstation. These measurements correspond to the actual state of motion of the sweeper
with the boxes. The primary task, in this case, is to ensure that the empty boxes are ready
for subsequent loading by the contractor, who will fill the boxes with the necessary material,
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where the process is repeated from Measurement 1. The movement of the worker is shown
chronometrically in Figure 6.
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Based on the boxplot in Figure 6, we can determine that the total measurements are
as follows:

- Average time to move from sequencing 1:30 min;
- The maximum measured time to move is 1:50 min;
- Minimum measured time to move 0:56 min;
- Lower quartile of 1:18 min, i.e., that 25% of the measurements had values less than

1:18 min and 75% of the measurements had values greater than 1:18 min;
- Upper quartile 1:40 min, i.e., that 25% of the measurements had values higher than

1:40 min and 75% of the measurements had values less than 1:40 min.

3.6. Real Distances Travelled by Workers in Measurement 3

In this case, the worker with the forklift returns along much the same route, except
that he goes around the foam work area and heads to the empty box drop-off area, which
is close to the loading dock area where Measurement 1 began. The distance travelled by
worker is shown in Table 7.

Table 7. Measurement 3—real distance.

Description Real Distance Detected by Scale (m)

Empty boxes are taken from the sequencing 103.62

According to Table 7, the worker performs the given route in one direction only;
therefore, we have only one distance, namely 103.62 m.

3.7. Measurement 4

In this measurement, the workers performed the coating sequence according to the
requirements of the sequence sheet and based on the light signal, they move the material
to production. The sorting area is divided into 2 parts, namely front and back line/seat
part. These differences are due to the different quality requirements of the components that
must be considered in production. The movement of the workers and the division of the
area is shown in Figure 7.
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Based on Figure 7, we can see that the front-line worker (green) makes 2 stops at the
front-line workstations, while the back-line worker (blue) goes directly with the prepared
material to only 1 workstation.

The movement of workers from Figure 7 is shown chronometrically in Table 8 below.

Table 8. Measurement 4—chronometry of workers.

Name of Workplace Average Time Max. Time Min. Time

Front-line FC 01:11 min 01:25 min 01:01 min
Front-line FB 00:33 min 00:46 min 00:19 min

Front-line summary 01:44 min 02:01 min 01:29 min
Back-line RB 02:12 min 02:46 min 01:30 min

According to Table 8, we measured the front line as 2 separate workstations, we first
measured the time interval per labelled FC workstation. Then, we restarted the timing
measurement and measured the movement from the labelled FC workstation to the labelled
FB workstation. Consequently, as shown in Table 8, we then merged the given measurement
into 1 circuit, i.e., the complete time to service the entire front line, i.e., workstations labelled
FC and labelled FB. The reason for merging these into 1 circuit is also that a worker with
1 load and sequenced material serves both workstations, where in the case of the back line,
a worker with 1 trolley serves 1 workstation of the back line, labelled RB.

3.8. Real Distances Travelled by Workers in Measurement 4

In the following Table 9, the real distance travelled by the employees in servicing the
line is shown.
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Table 9. Measurement 4—real distance.

Description Distance Travelled as Measured by Scale (m)

From sequencing to front-line FC 59.74
From sequencing to front-line FB 35.63

Front-line summary—1 whole circulation 95.37
From sequencing to back-line RB 99.04

According to Table 9, we can see that the workers comprising the front and rear
production line travel almost the same distance, with the difference that 1 workstation is
required to service the back line and 2 workstations for the front line.

In addition to moving the trolleys of prepared material after servicing the workstation
on the lines, the employees return with empty trolleys back to the sequential workstation.
The movement of the employees is thus identical to their movement towards the line,
referring to Figure 7. So too is the distance travelled, referring to Table 9.

3.9. Measurement 5

The fifth measurement is slightly different due to the fact that there is also a different
material (foam for the seats), and the job is performed by a worker manually pulling a
trolley from the foam assembly workplace to the production workplace. Figure 8 below
shows the movement of the workers.
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We have colour coded the movement of the workers in Figure 8, as the foam worksta-
tion serves what we call 4 seats, namely 2 front seat/line seats and 2 rear seat/line seats.
The main task of the workers is to complete the foam according to the requirements of the
sequence sheet and to move the already prepared trolley into production if production is
needed (light signal). The following will explain the colours and names of the workstations
to be serviced:

• Purple is for the FC front-line;
• Dark blue is for the front-line FB;
• The red colour is for the rear-line RC;
• Light blue is for the back-line RB.

By dividing the workplace into four parts, each worker covers a different distance in a
different time unit, so we have plotted the chronometric data in Table 10 below.
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Table 10. Measurement 5—chronometry of workers.

Name of Workplace Average Time Max. Time Min. Time

FC 00:18 min 00:25 min 00:13 min
FB 00:47 min 00:59 min 00:34 min
RC 00:38 min 00:49 min 00:31 min
RB 00:47 min 00:55 min 00:39 min

Based on Table 10 and Figure 8, we can see that the FC workstation is the closest to
the foam workstation and therefore takes the shortest time to service, whereas on the other
hand, the FB and RB workstations take the longest time to service. The main reason for
this in the case of the RB workstation is the travel distance itself, but in the case of the FB
workstation, it is also the necessity of the worker to remove the trolleys of the production
workers so that the worker can move the required material.

3.10. Real Distances Travelled by Workers in Measurement 5

As with the measurement of time, the distance travelled varies considerably depending
on the workplace from which the worker starts. The individual distances will be shown in
Table 11, which are different production operations.

Table 11. Measurement 5—real distance.

Description Distance Travelled as Measured by Scale (m)

Movement to the FC workplace 16.64
Movement to the FB workplace 44.02
Movement to the RC workplace 40.09
Movement to the RB workplace 55.81

Comparing with the chronometry in Table 10, we can see later in Table 14 that the FC
workstation is both the closest and the fastest served, whereas on the other hand the RB
workstation is the furthest away. Time is on average the longest with the FB workstation,
which although closer, takes the worker longer to unload the foams due to the removal of
the trolleys in the route.

3.11. Results: Design of Automated Guided Vehicle Trolleys—Foam

After analysing the systems and processes, we concluded that a tractor-type automated
guided vehicle would need to be applied to handle the foam transport units as part of the
application of the AGV system for the foam material case. We came to this conclusion based
on the company’s requirement to eliminate manual handling of goods and the deployment
of modern and more foolproof technology for automatic handling. The company wants
to apply this project to foams that have been analysed by the measurements, and it has
been determined that it is possible to deploy automated guided vehicles on the production
floor. The premises are sufficient and the deployment of the number of carts is dealt with
in the next part of the paper. Since there are different types of goods handling and different
constraints such as weight, distance, and time to service a given route, we must choose
two types of automated guided vehicles, drawn and towed. The towed AGVs will be used
for measurements in production hall 1, 2 and 3. Towed AGVs will be used for handling
process measurements 4 and 5.

When applying the automated guided vehicle trolleys mainly in the weight loading,
we considered the weight of the transport units, but also the weight of the trolleys from
the loading of the foams at the workplace. We processed the individual information based
on the observed weights of the individual units, starting with the weight of the foams, the
weights of which will be shown in Table 12.
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Table 12. Average weights of foams.

Type of Foam Average Weight (kg)

FC1/FC2 1.23 kg
FB 1.2 kg
RC 5.180 kg
RB1 1.140 kg
RB3 1.140 kg
RB2 1.080 kg

Legend: F—front foam; R—rear foam.

Based on Table 12, we can see that each foam is different because some series require
the application of technical devices (seat warming or inclusion to warn the driver that he is
not wearing his seat belt, etc.). To calculate the average weight of a trolley, it is necessary
to establish that there are four categories or groups of trolleys at the foam site going into
production (see also Figure 8).

The four groups/corridors of carriages into production are RC, FC, RB, and FB. A
separate worker operates the above-mentioned group according to the information sheet
and at the light notification (red) the worker pushes the already loaded trolley to the
respective production workstation.

The maximum capacity of such a transport unit is 20 pcs of foam (we consider the
maximum under load in the automated guided vehicle application). From Table 12, based
on the weights of the individual foams, we were able to determine the average load that
the AGV would have to manage. We calculated the individual loads based on four groups
as follows:

• A total of 24.6 kg for the front foams of the FC category only;
• A total of 24 kg for the front foam only in the FB category;
• A total of 103.6 kg for the RC rear foams only;
• For RB rear foams only, the range is from 21.6 kg to 22.8 kg.

Based on the data, we can consider that the applied automated guided vehicle must
have a mass loading in the interval from 21.6 kg to 103.6 kg. As the transport unit is pushed
by employees, we considered a type of pulling automated guided vehicle trolley from
the CEIT (Centre for Eco-Information and Terminology). The CEIT offers several AGV
solutions and a quick return on investment.

Based on the CEIT’s available catalogue, we are considering two models, namely the
1300 L-A and 1300 A (Asseco CEIT, Žilina, Slovakia). The main indicator in the selection
of the mentioned models was the limited space in the building, so in this case we tried to
apply an automated guided vehicle trolley with the smallest possible dimensions, in our
case the width. A comparison of the two trolleys will be presented in Table 13.

Table 13. AGVs considered for foams.

Indicator/Model Type 1300 L-A 1300 A

Maximum load 1.3 tonnes 1.3 tonnes
Average speed 1.3 m/s 2 m/s

Dimensions (L × W × H) 117 × 67 × 127 cm 141 × 90 × 115.5 cm
Turning radius 1.1 m 1.1 m

Navigation Contour/laser/magnetic Contour/laser/magnetic
Charging Automatic Automatic

Product add-on - Out-door (outdoor use)

From Table 13, we can see that the trucks are very similar in terms of load and turning
radius. However, the indicator we were most interested in was the dimension or width, as
the premises of the company are limited, so the 1300 L-A model with a width of 67 cm will
be considered in the application.
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Once we know what model we are going to apply, it is necessary to determine the
place in the company warehouse where the trolley would start the route. By using this
model only for foams, the closest possible location would be taken into consideration. The
highlighted location would be in Figure 9.
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Figure 9. Considered AGV stationing—foam.

As the company does not have a very free area for possible automated guided trolleys
within the staging/charging area, we have considered areas that are currently used, e.g.,
for storage of empty transport units/trolleys or storage of small parts/materials. The
individual highlighting of possible areas is highlighted in red and dark yellow. According
to Figure 9, we can see that the first considered (dark yellow) zone would be located directly
in front of the foam work area, which would have a huge advantage. If the employees
would receive a light notification of the need for material, the trolley would immediately
start and be directly at the units heading to production; whereas compared to the second
(red) zone, which is more accessible due to the reason that there is no racking and stock,
there seems to be a better solution, and more importantly it is quicker without the need to
move racking and allocate stock to another accessible location.

An example of the routes for both variants will be shown in Figure 10 (the highlighting
of both routes has been performed, because later we will refer to only one figure when
comparing the two variants).
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Suggesting the routes from Figure 10, we can see that both trolley options would
follow an identical route after handling, with the only difference being that the red route
would have to cover the distance and time to reach the foam work site. Based on the marked
stationing of the trolleys for the two options, we made measurements of the scaled distances
and time intervals for a later comparison of automated guided vehicle versus human.

1. Variant—Design of Automated Guided Trolleys—Foam—Red Station Variant

In that section, we perform the same analysis as in measurements 1–5. The individual
measurement of distances and times will be shown in the tables below. The following table
will show the distance travelled by the trolley when the workstations are serviced.

Based on Table 14, we have left the workplaces identically colour coded to give a
better idea of the processes. In the case of the red site for AGVs, the trolley would have to
travel a considerable distance just to reach the foam site and then afterwards to serve the
production sites. For comparison, the distance travelled by the FC workstation is four times
larger (comparing Table 11) under human vs. automated guided vehicle.

Table 14. AGV distance travelled considered.

Description Distance Travelled as Measured by Scale (m)

FC workstation operator 67.66
FB workstation operator 96.74
RC workstation operator 88.49
RB workstation operator 109.19

Table 15 follows with the time intervals—that is, the time it would take for a given
automated guided vehicle from a given site to cover each distance.

Table 15. Considered bridging distances AGV.

Name of Workplace Detected Time

FC workstation operator 00:52 min
FB workstation operator 01:15 min
RC workstation operator 01:08 min
RB workstation operator 01:24 min

Based on Table 15, we can see from Table 10 where the average time to operate the
FC workstation is around 18 s, this would be more than 30 s if automated guided vehicles
were applied with the red station. This provides the possibility that a given time interval
would not be problematic, since employees would not leave the workplace immediately at
a traffic light, whereas in the case of automated guided vehicles, the trolley would start
immediately after the signal from the factory. The calculation of the times was based on
Table 15, where the technical speed of the trolley 1300 L-A is 1.30 m/s.

2. Variant—Design of Automated Guided Trolleys—Foam—Dark Yellow Variant

We refer to Figure 10, where we show a station that would be immediately opposite
the foam workstation where employees assemble carts for production needs. The following
Table 16 shows the distance travelled by the carts in performing the workstation servicing.

Table 16. AGV distance travelled considered if the stationing were immediately opposite the workplace.

Description Distance Travelled as Measured by Scale (m)

FC workstation operator 21.22
FB workstation operator 46.90
RC workstation operator 42.84
RB workstation operator 60.92
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We see in Table 16 that if the stationing were immediately opposite the workplace, the
distances are much lower compared to the red stationing (Table 14) by a factor of almost
three. We can even see that the distance of the trolley would be almost the same as if the
given task was performed by the worker (see Table 11); to operate the FC workstation the
worker travels 16.64 m, and the trolley from the stationing and pulling the trolley travels
21.22 m.

Table 17 follows with the time intervals, or the time it would take for the towing
automated guided vehicle to cover each of the distances in Table 16.

Table 17. The considered bridging distances AGV.

Name of Workplace Detected Time

FC workstation operator 00:16 min
FB workstation operator 00:36 min
RC workstation operator 00:33 min
RB workstation operator 00:47 min

In Table 17, we can see that the closer allocation of automated guided vehicle stationing
has a significant impact on the recalculated times. If we compare that it takes a worker 18 s
to operate the FC workstation (see Table 10), the automated guided vehicle truck would
perform a given route 2 s faster, i.e., in 16 s. We have calculated the same proposed trolley
1300 L-A with a speed of 1.30 m/s.

3.12. Evaluation and Comparison of the Application of Optimal Variant Automated Guided
Trolleys—Foam

By knowing what distances and what time intervals it takes workers and how long
it would take an applied automated guided vehicle tow truck within the foam, we are
able to make comparisons. We made the individual comparison as an amalgamation of
all foam-handling activities, creating one circulation which will be shown in the following
Table 18.

Table 18. AGV application comparison for foams.

Object of Measurement Distance Travelled—Full
Circulation (m)

Time Interval—Whole
Circulation (min)

Human Employee 466.229 05:36

AGV
Red variant 671.77 08:36

Dark yellow variant 612.172 07:49

We averaged the data from Table 18 across the sub-processes (where there was more
data for a single task, we averaged to have a single value, as well as across time intervals)
and created as one circulation, i.e., from the very beginning of the measurement where
the worker/vehicle starts the task until the worker/automated guided vehicle returns to
his/her workstation/station awaiting the next task from production. We can see that even
if the stationing was directly in front of the workstation for assembling and preparing the
carts for production and then performing an unnecessarily empty route from moving the
empty cart from production back to its station, it would take less time if the cart started the
route opposite the place where the empty carts would be deposited. However, by currently
having inventory at the location where the dark yellow variant would be able to be staged,
we considered just moving that inventory to the location where the red variant would be
staging the automated guided vehicle carts.
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4. Results
4.1. Automated Guided Vehicle—Collision Detection

Finally, as part of the evaluation of the designs, we considered the scenario that if the
individuals at the staging site were to activate and begin their circulation, whether or not
the automated guided vehicles would clash and slow down their circulation due to the
need to eliminate collisions.

Highlights of the potential collision locations and problem aisles with all routes
highlighted are shown in Figure 11.
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Figure 11 shows the most critical collision point if the automated guided vehicles were
triggered at the same instant. This is generally the most frequented aisle with a width to the
right of the foam workstation of 3.144 m and to the top (from the first workstation of the
front line) of only 2.882 m. The collision was arrived at by chronometry using the speeds of
the different types of trolleys (towing and forklift), which will be shown in the Table 19.

• 1st variant (if the foam trolleys were at the back—red variant)
• 2nd variant (if the foam trolleys were opposite—dark yellow variant)

Table 19. AGV collision point.

1st Variant (If the Foam Trolleys Were at
the Back—Red Variant)

2nd Variant (If the Foam Trolleys Were
Opposite—Dark Yellow Variant)

Step Distance (m) Time (s) Distance (m) Time (s)

From front-line sequencing to
collision lane 79.78 61.37 79.78 61.37

From back-line sequencing to the
collision lane 76.77 59.05 76.77 59.05

From QC fork to front/rear sorting on
collision lane

23.71 11.86 23.71 11.86
38.91 19.45 38.91 19.45
22.01 11.00 22.01 11.00
39.43 19.72 39.43 19.72
38.78 19.39 38.78 19.39

Forklift from sequencing with empty
trolleys from the front line 104.51 52.26 79.78 39.89
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Table 19. Cont.

1st Variant (If the Foam Trolleys Were at
the Back—Red Variant)

2nd Variant (If the Foam Trolleys Were
Opposite—Dark Yellow Variant)

Step Distance (m) Time (s) Distance (m) Time (s)

Forklift from sequencing with empty
trolleys from the back line 76.77 38.38 76.77 38.38

From foam FB lower 68.71 52.85 18.47 14.21
From foam RB lower 65.83 50.64 17.03 13.10
From foam FR upper 62.68 48.22 15.59 11.99
From foam RR upper 60.85 46.81 14.54 11.19

From Table 19, if the automated guided vehicles were to perform their tasks, the
collision lane in Figure 11 would result in automated guided vehicles being confused
or slowed down as another automated guided vehicle would be in their path. We have
divided the table into two parts; in the first we considered if the towing trolley stationing
for the foams is as in the red variant shown in Figure 11. In the second, we considered if
the foam trolley stationing would be immediately opposite the employees. The times when
the trolleys would meet and slow down are highlighted in red (we considered a minimum
separation of at least 4 s when the trolleys would not meet and slow down). The other
colours highlight the manipulation processes within each unit.

4.2. Automated Guided Vehicle—Capacity Detection

Furthermore, as part of the evaluation, we measured the real capacity of individual
stations for each automated guided vehicle starting with the following:

• A forked automated guided vehicle, the width of which is 0.937 m, but the dimensions
of the boxes are 1 m. So, within the marshalling, if one automated guided vehicle
was to be scrapped, the free marshalling would be 3.275 m, i.e., within the automated
guided vehicle alone this would work out as the following:

o A total of 3.275/0.937 = 3.49, respectively, three automated guided trolleys
within the width;

o Within the length, if the length of the habitat area is 5.371 and the length of the
trolley is 2.386, then we have obtained two trolleys per length by the ratio;

o For a total of six forklifts for the entire area, towable automated guided vehicle,
the width of which is 0.67 m.

• In the case of a red station:

o With a width of 6.157 m, this would result in 6.157/0.67 = 9 automated guided
vehicles;

o A length of 8122 m would result in 8122/117 = 6 automated guided vehicle
trolleys;

o This would add up to a total of 54 automated guided vehicle trolleys for the
whole area.

• In the case of yellow station:

o With a width of 7.89 m, this would result in 7.89/0.67 = 11 automated guided
vehicles;

o With a length of 1.179 m, this would be 1.179/1.17 = 1 automated guided trolley;
o A total of 11 automated guided trolleys for the whole area.

• In the case of the towing trolley on the coatings, we considered that the stationing
would be from the same place to save space provided:

o That if the width of the area is 3.93 m, this would work out to 3.93/0.67 = 5 au-
tomated guided trolleys;
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o If the length of the area is 3.275 m, this would be 3.275/1.17 = 2 automated
guided trolleys;

o A total of 10 automated guided vehicles for the whole area.

Knowing the capacities of the applied trolleys within a station, we determined what
the optimal number of trolleys at each station would be. The optimal quantities of trolleys
will be shown in the Table 20.

Table 20. Proposed quantity of automated guided vehicles.

Type of Workplace/Handling Number of Proposed AGV Trolleys

Foam (red variant)—pulling 4
Foams (dark yellow variant)—pulling 4

Based on Table 20, we have considered the complete number of automated guided ve-
hicles in the company as eight units. We have colour coded the different units/workplaces
within the application of automated guided vehicles by referring to the previous chapters.
The reasons for the final number of units will be illustrated as follows.

In the context of the towing trolleys at the foam workplace, we have considered four
units in both cases, due to the reason that each workplace or preparing employee has
its own automated guided vehicle trolley. In the case of applying and comparing the
turnaround times, the application of automated guided vehicles in both cases would result
in a slight slowdown compared to if the turnaround was performed by a human. In this
case, the solution would fall into consideration if the automated guided trolleys were
opposite the workplace with employees (i.e., the dark yellow variant), taking into account
that this particular variant has a lower circulation time than the red variant, i.e., 07:49 min
compared to the human 05:36 min, but also due to the fact that the material would be
moved faster by the automated guided trolley than compared to the red variant, which
would first have to cover the distance from the station to the workplace where the material
would be prepared.

The following Figure 12 will illustrate the final design of the routes and the staging of
the automated guided trolleys of the system.
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Figure 12 shows the final design of the stationing and routes of the proposed automated
guided vehicles. In Figure 12, we have also added one more route (dark yellow) to minimise
the waiting time during the reverse movement of the returning trolleys. Thus, the hauling
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carts with foams would not be blocked and would not have to wait unnecessarily for
one automated guided vehicle to return at the empty cart drop-off; by having one more
route there, unnecessary downtime would be minimised. Based on the suggestion in
Figure 12, we also performed an analysis to determine if the individual aisle widths would
be sufficient for that many automated guided vehicle routes. The individual analysis will
be shown in Table 21.

Table 21. Analysis of the free space of the aisles.

Aisle Width (m) AGV Width (m) AGV Suitability Remaining Space (m)

3.013
0.67

2.34 0.6731

2.882
0.67

2.34 0.5421

3.144
0.67

3.01 0.1341

3.406
0.67

2.34 1.0661

3.013
0.67

1.34 1.673-

3.275
0.67

1.67 1.6051

3.406
0.67

1.34 2.066-

4.716
0.67

2.34 2.3761

3.799
-

1 2.7991

3.013
0.67

2.34 0.6731

3.144
-

1 2.1441

4.061
-

1 3.0611

In Table 21, we performed an analysis of the free space of the aisles if automated
guided vehicle carts were applied as suggested in Figure 12. We performed the analysis
through conditional formatting, i.e., if the cart occupied a larger space than the dimension
of the aisle itself, the value of the 3rd column in Table 21 would be red; on the contrary, if
there was free space left, the given cell is coloured green. Seeing from the 3rd column, the
individual aisles would still have free space after the automated guided vehicle is applied.
We can see in the table that the largest space in the aisle after the application of automated
guided vehicle is 3.061 m and the smallest space is 0.134 m.

The calculation in the table was determined using the width of the individual auto-
mated guided vehicles, in the case where the towing automated guided vehicle is 0.67 m
and in the case of the forked automated guided vehicle, we considered the dimension of the
box, which is larger than the trolley itself, i.e., 1 m. The suitability column was determined
as the sum of the width of the individual deployed automated guided vehicles, e.g., for an
aisle with a width of 3.013 m (the aisle at the material-sorting workplace, it is also the same
aisle where the push carts for coating should be stationed) we consider the deployment of
2 lanes for pulling automated guided vehicles, i.e., 2 × 0.67 and 1 lane for fork automated
guided vehicles, so the total space occupied is 2.34 m. The reason for deploying two lanes
is due to the reason that if a towing trolley would perform an action on the front line and
come back to the workstation, where at the same moment a back-line trolley would want
to start performing the action, the back-line trolley would have to wait for the front-line
trolley to come back to the sorting workstation.
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To complete the evaluation, we performed an analysis of how many processes or cir-
culations would be performed by the applied AGVs compared to a human. The individual
comparisons are shown in the Figure 13 below.
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For Figure 13, we assumed that the model company operates in three shifts. We have
divided the result into two parts, namely how many processes/turns would be performed
by a human and how many by an automated guided vehicle during one shift of 7.5 h. The
next part of the figure defines how many processes would be performed in 1 day during
three shifts of 22.5 h of pure working time.

Figure 13 states what was also highlighted in the time measurements within
one turnaround for Table 18 within the foam, that is, it would take a human less time
to perform a turnaround than an automated guided vehicle. This means that a human
would be able to perform even more cycles than a vehicle, namely 80 times, whereas a
vehicle would only perform the entire cycle 57 times under the same conditions. Only the
case of money shows a lower number of cycles when comparing human and machine.

Regarding the automation of goods handling, we can say that we have chosen a good
procedure for the selection of handling equipment. We considered the quantity and time of
the goods to be delivered to the production line, their size, weight, and the width of the
handling aisle to determine the right number of automated guided vehicles needed. Based
on the five measurements we evaluated, and after measuring the lengths and widths of
the aisles, we found that we had one aisle that was very narrow. We identified collision
points where automated guided vehicles and people could collide. Based on all these
factors, we chose the dark yellow variant as the way to optimise the automation of the
goods handling. When we compared the performance of automated guided vehicles and
people, we found that people can be faster than vehicles. Here, there is room to implement
additional automated guided vehicles so that simple tasks can be performed by vehicles
and more complicated tasks in production or quality can be performed by humans.

5. Discussion

Based on our case study, we proposed a methodology for the implementation of AGVs
in a production hall. Our methodology consists of an in-depth analysis of the existing
logistics processes required for a 24/7 material secure production hall. This is a very specific
environment of an existing production, complemented by the supply of the production
line. Based on the analysis of the existing material handling, we divided these processes
into five sub-processes, which we examined separately. The measurement conditions were
set in the same way. The material handling was studied under the same conditions and
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the measurement results were analysed in detail. The detailed procedure in the individual
steps of our research is presented in the flow chart in Figure 14. Based on the results of the
measurements, we asked ourselves three basic questions, which we tried to answer.
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Is there enough space in a production hall to install an AGV, given the width of the
aisle and the load it will be pulling behind it? The answer to this question can be found in
the results of the measurements in Table 21.

What will the AGV pull in terms of load capacity?
Based on the data we have analysed we can assume that the AGV used must have a

load mass between 21.6 kg and 103.6 kg.
We have left the question of economic payback to the company’s automation manager.

However, we expect a positive answer, as the request came directly from the company.
As this was a very specific environment, we discussed two options for stationing

the AGVs in the production hall. This concerns possible collision points during handling.
The AGV will interact with other handling equipment and with other employees working
for subcontractors. The other handling equipment will eventually be replaced by AGVs,
but the contractors will remain in the logistics process. They cannot be eliminated in the
future either.

This approach is general enough to be applicable to any manufacturing company
facing an automation problem.

Many companies are currently in the process of automating their logistics processes.
In many cases, this is the result of the manufacturing company’s rapid response to customer
demands. Robots and automatic guided vehicles (AGVs) bring greater efficiency, speed
and accuracy to logistics. AGV technology has evolved from floor-mounted, electrically
powered drones to optical sensor navigation. The guidance systems are flexible. Many such
installations of AGVs in companies have had problems with the visibility of the drones,
with the response of the AGVs to changes in direction at junctions. The coloured tape
in AGV navigation in production is more flexible, where electrical noise cancels out the
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guidance system of guide wires [39,40]. The latest self-guided AGVs go without prepared
runways. The tracks are programmed from the central control system. However, the
implementation of this type of AGV is not so simple, as multiple control systems meet
here. Many companies want to automate their processes, but financial considerations
are also driving these decisions. That is why, in terms of functionality, error rate, and
economic return, coloured tape or electric drones are often left behind. Of the other criteria,
guidance effectiveness or safety is certainly one to consider. Even today’s most advanced
AGV guidance systems still require environmental modification. They are not wires in
the ground, but calibration markers of sorts, and safety is, after all, the limiting factor
for the excavation automation manager. It is necessary to address the issue of the safety
of workers moving in the production, on other handling equipment, their intersections—
collision points—and also the possibility of charging these vehicles. Therefore, from the
point of view of safety, it is important to provide regular training for the operators of
such machines [41]. Many manufacturing plants have their operations in confined spaces
where they want to automate their logistics processes. It is not only the width, length, load
capacity, and guidance system of the AGV that are limiting factors, but also the towed
loads of trolleys, crates and boxes that the AGV pulls behind it. Because the AGV sees an
obstacle and stops, but if it does not see the obstacle and pulls a load that is, e.g., wider
(see our case study), the AGV can collide with other goods, other handling equipment,
racks. . .. The result is a delay in delivery and a logistical breakdown in production. It is
therefore necessary and urgent to address this issue in the production facilities of each
manufacturing company. Again, AGVs can be used in a factory, but only in one where they
have a job to do, to handle, not to stand on a rack and load as if for no reason [24].

Production logistics in terms of the use of AGVs can be approached from two per-
spectives, either by developing new production halls with AGVs or by adding AGVs to
existing production halls. The first solution, the use of AGVs in production, is very simple,
as it allows you to optimise the logistics and set up the production system. In the latter
case, we need to adapt to the production capacity of the machines and equipment, so as
not to reduce it, and use AGVs. In production halls where there is already more handling
equipment, more production workers, and more suppliers to the production line, it is not
possible to install the latest guidance systems [42]. They require additional space and could
cause signal interference, so a simple solution such as installing magnetic tapes or electric
wires, as in our case study, is beneficial.

AGVs in manufacturing are just the beginning of the automation system within the
elements of Logistics 4.0. Other expectations are the interconnection of AGVs with robots,
with extendable arms, with conveyors, whether belt or roller, in mass production.

Another constraint that we have addressed in our case study, in addition to the
aforementioned width of the handling aisle, is the load capacity of the AGV, the collision
points of the AGVs in the production hall, but also the possibility of the loading stationing
of the AGVs in production. Even for this activity, it is necessary to allocate space in the
existing premises. In most cases, AGVs with 8–12 h batteries are used. It is possible to
change them (requiring a human operator), automatically recharge along the route, or
employ an automatic battery change. This is one of the most modern and latest ways of
recharging/replacing the battery [43].

The basic questions an automation manager should be asking on any production floor
are the following:

If we are going to use AGVs, do we have enough space for them?
What loads will the AGV carry?
What is the economic payback of the AGV?
AGVs are worth using for repetitive material handling over long distances, regular

deliveries of non-changing loads, medium production volumes where on-time delivery is
critical and delays in logistics cause production inefficiencies, operations with at least two
shifts, and production where tracking of material movement is important.
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Last but not least, the human factor is a big problem. With COVID-19, many companies
have learned that you cannot succeed without the human factor, so any kind of automation
on the factory floor is welcome and extremely cost-effective compared to losing a customer,
compared to having a company in the market [44]. It is harsh, but firms are trying to
eliminate humans from manufacturing. Common operational issues such as sick days, PTO,
or employee holidays in 24/7 production are undesirable. However, robots can completely
replace some logistics processes. Humans will always be needed in manufacturing, but in
a slightly different way. For repairs, machine control, setting up production lines, etc.

The safety of the human factor in production is also important. Collisions between
AGVs, handling equipment, and people is undesirable; so various legislation, standards,
regulations, and training of employees in such automated production halls are important.
For AGVs in Europe, EN ISO 3691-4:2023 Industrial trucks—Safety requirements and
verification—Part 4: Driverless industrial trucks and their systems [45], is particularly
relevant. Finally, our case study compared the performance of a human and an AGV
during 7.5 or 22.5 h of operation handling goods in a production hall.

In our case study, we wanted to show the possibilities of implementing AGVs in
an existing production process. The production hall has limited aisle widths. We had
limiting loads that we wanted to manipulate within the production hall. We divided these
processes into five sub-processes as a result of an emergent methodology—chronometric
measurement. In this measurement, the production output of the production line cannot
be changed. The production lines had to work for 24 h without a break. When the FTS
was commissioned, we answered three basic questions, namely whether there was enough
space. We have the answer in each of the five measurements and in the yellow variant of
the AGV stationing in the production hall. What loads will the AGV pull/carry in order to
choose the right model? On the basis of the information gathered, the AGV 1300-LA model
was chosen. It is now up to the automation manager to determine the cost-effectiveness
of using the AGV in the plant under consideration. This case study is an answer, a guide
to how to approach automation in a manufacturing company. It is the answer to many
questions that many manufacturing companies are facing today. It is possible to present
our results for further automation possibilities and finally, if this automation is successful
and the company is determined to go to the next step, the introduction of AGVs for a
different product range, the only question left would be the supply chain, which cannot be
eliminated within this existing production. The case study is an example of how this can
be achieved, despite the many limiting criteria.

6. Conclusions

This paper was prepared as a proposal for the solution of automated guided vehicle
application in the selected company (production hall) regarding the amount of material
supply to individual production sites, stationing options, collision point options, and safety
in production. The mentioned company currently performs internal logistics processes
using material handling equipment (primarily manual handling—forklift trucks), and
human labour in the form of pushed trolleys in the operation of production lines. Our
research’s primary objective was therefore to find a suitable solution in minimising such
human labour.

Based on measurements 1, 2, 3, 4, and 5 taken in the production hall during the peak
period in November 2023, we came to the following conclusions. These procedures and
research conclusions can be implemented in any other production hall. The procedure of
measurements, the dependencies on the weight of the goods and the load capacity of the
AGV, the speed of operation of the production line, the distances of the individual stations
to be serviced, can be used in any other production hall. As a result of measurements and
observations of human handling in measurements with forklifts or trolleys in measurement
5, we found that it is possible to use the 1330 L-A automated guided vehicle from Asseco
CEIT. It is also possible to choose another supplier based on the parameters of the weight
of the goods, the width of the vehicle and the handling aisle, and the speed of operation of
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the individual stations. In our research, the limiting factor was the width of the handling
aisle, where we had to adapt to the existing logistics processes. Therefore, the resulting
optimal solution is the dark yellow variant, which considers the use of four automated
guided vehicles in the production hall to supply the production line with foams. If this
solution is accepted by the company as safe and logistically efficient, the company has a
vision in continuing research and the possibility of implementing additional automated
guided vehicles for leather upholstery. The only exception will be handling, which will be
provided by suppliers directly to the production line. In this way, the company will be able
to save on manual handling and use this potential in another area, such as quality control.
The proposed solution is therefore based on a combination of fork and tow AGV systems.
In the case of the towing solution, we have retained the type of handling, i.e., the proposed
automated guided vehicle would tow the loaded transport trolley to the destination as
required. The same is the case for the forked automated guided vehicle, which would
transport the inspected material from the quality control workstation to the sequencing
workstation and take away the empty transport boxes.

We chronometrically and remotely compared the two systems with human sources.
We found that in the final automated guided vehicle application solution for foams, the
dark yellow variant chosen by us, i.e., stationing versus the foam workstation, the trucks
would travel a greater distance in a greater time compared to a human, and by one-fourth.
However, the given difference does not represent a significant risk as for the foam sites
we have considered one trolley for each site, and a double route when returning empty
trolleys to the staging area, minimising unnecessary downtime for trolleys to complete
the circulation.

With the final number of trolleys being considered, namely four, we outlined the risk
of free space and the possible slowing down or blocking of trolleys in the handling aisles,
where both trolleys and employees would be moving. In the analysis of the layout of
production hall, we found that the smallest available space within the aisle width would
be 0.134 metres. Such a narrow space would necessitate a redesign of the aisle within the
business, possibly changing the direction of flow of workers to their workstations. Also,
another potential problem would be that if automated guided vehicles were applied to both
the foams and other segments, human labour would be eliminated, but internal migration
of workers would still be present as they change jobs. Thus, it would also be necessary to
determine the direction of movement of such workers.

In addition to the problem, there is also the issue of training the workers and estab-
lishing internal regulations that would determine, for example, who should have priority
to drive in the aisle, the worker or the machine. Although the automated guided vehicle
would detect and slow down or stop the trolley if there were an obstacle in front of it in
the form of a worker, such blocking would slow down the circulation of the trolley, which
could affect the efficiency of moving the material to the required location.

The proposed solution would provide an acceleration of internal handling processes
and overall modernisation, and move towards a modern manufacturing enterprise within
the industry 4.0 concept. The company is thinking of running this project as a pilot and
is considering researching and then applying it to the leather upholstery it supplies to
the production line. If the results of our research prove successful, the company will also
introduce automated guided vehicles on leather upholstery throughout the production
floor. This would eliminate manual handling, leaving only automated guided vehicles
and handling by suppliers delivering goods directly to the production line. Production
safety would be improved, and the workers performing these handling operations could
be reassigned to production or quality control.
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