
213

INTRODUCTION

The issue of internal logistics is one of the 
critical concerns of production managers. The 
suitable raw material, product, and semi-finished 
product must be at the right time and place, not 
forgetting the selection of the proper processing 
technology. This needs particular strategies and 
algorithms to make intralogistics decisions like 
choosing the number of transport trips and their 
organization in time and space required to deliver 
material to specific loading/unloading points [1].  

To fulfill this task, the means of transport and 
production handling, understood as all those el-
ements without which production could not be 
carried out, are necessary. Therefore, the chal-
lenge is internal logistics supporting manufactur-
ing (the main process) and logistics supporting 
auxiliary functions. In this dimension, the issue 
of its optimization is of particular importance. 
This importance is even more significant the 
greater the role these processes play in realizing 
production. Some auxiliary processes are real-
ized sporadically, while others operate in the 
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same regime as the main processes. Moreover, as 
a rule, additional processes do not create added 
value for the customer directly, which causes 
them to focus less managerial attention on them-
selves. On the other hand, the value can only be 
realized with their implementation. In addition, 
it is difficult to determine the impact of the ancil-
lary process on the final value, so there are many 
challenges.

Modern technology opens up many ways 
and opportunities to improve the functioning 
of production systems [2]. Special attention is 
paid to Industry 4.0 and 5.0 technologies [3]. In 
addition, new managerial approaches related to 
lean production are an additional accelerator of 
change within production execution methods. 
Nevertheless, the question arises about how 
these technologies can be applied and in which 
areas tangible benefits can be obtained. Thus, 
the question arises of how modern technology 
can help support auxiliary processes. For these 
reasons, the organization’s internal logistics for 
support processes must be correctly organized - 
i.e., it does not have bottlenecks, does not repre-
sent a high cost, or is overlooked [4]. This ques-
tion is valid both for international context at a 
global scale and for regional growing economies 
in perspective of business models and accompa-
nying risks [5–7].

In today’s dynamic industrial environment, 
the evolving technologies of Logistics 4.0 have 
become a pivotal element in enhancing intralo-
gistics processes. In this context, the discussed 
case study focuses on implementing Autono-
mous Mobile Robots (AMR) to optimize the de-
livery of materials and tools to workstations [8]. 
However, to more clearly present the potential 
of these advanced technologies, the authors may 
contemplate incorporating specific examples. 
These examples may encompass the application 
of advanced tracking and monitoring systems, 
such as Radio-Frequency Identification (RFID) 
or the Internet of Things (IoT), for precise moni-
toring and management of material flow [9]. It is 
also worth considering the presentation of spe-
cific scenarios in which Logistics 4.0 technolo-
gies are introduced into inventory management 
processes, reducing the waiting time for mate-
rial delivery and eliminating overproduction. 
Additionally, the authors may leverage exam-
ples from other industries where Logistics 4.0 
is already applied to illustrate potential benefits. 
For instance, they present a case from the manu-
facturing sector, where implementing advanced 

warehouse management systems has significant-
ly reduced production cycle time or operational 
cost reduction. Integrating specific examples 
within the introduction will allow the reader to 
comprehend better the practical benefits of ap-
plying Logistics 4.0 in optimizing intralogistics 
processes [8, 9].

With this in mind, the authors have attempt-
ed to identify a research gap, which is undoubt-
edly the issue of organizing internal logistics 
for ancillary processes using modern Logistics 
4.0 technologies. The lack of good practices 
and strategies for implementing new technolo-
gies for ancillary processes makes this a critical 
issue for managers and production engineers, 
which justifies considering this topic. There-
fore, this paper aims to provide an implemen-
tation strategy and test it on actual production 
data (case study) based on industry practice and 
a literature review. A strategy that managers and 
production engineers can use in their daily im-
plementation practice. The article describes the 
elements of the strategy and thus creates a co-
herent course of action that can be implemented 
in the company’s intralogistics management. 
The existing body of research on implementing 
Logistics 4.0 technologies in support produc-
tion areas, particularly intralogistics, has dem-
onstrated a significant emphasis on integrating 
Lean Management methodologies. Numerous 
studies have extensively detailed the applica-
tion of Lean Management principles to elimi-
nate waste and optimize processes in Logistics 
4.0 technologies [10–13]. Several case studies 
have been conducted to showcase the benefits of 
applying Lean principles, especially concerning 
introducing new technologies in intralogistics. 
These case studies highlight the successful syn-
ergy between Lean Management and Logistics 
4.0, illustrating how Lean methodologies con-
tribute to the efficient integration and utilization 
of advanced technologies in intralogistics pro-
cesses [14–16].

Integrating Lean Management in the con-
text of Logistics 4.0 has proven instrumental in 
achieving operational excellence, minimizing 
inefficiencies, and enhancing overall process ef-
fectiveness. By incorporating Lean principles, 
organizations have been able to streamline intra-
logistics operations, reduce unnecessary resource 
utilization, and optimize the implementation of 
new technologies, thereby achieving improved 
performance outcomes.
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BACKGROUNDS

Modern intralogistics

Logistics represents a range of company ac-
tivities that continuously ensure the flow of ma-
terials and services throughout the production 
process. These activities support implementing 
strategies such as production, utilization, and oth-
ers. Their form and purpose depend mainly on the 
technology used by the enterprise in the produc-
tion process [17].

The primary aim is to ensure high product qual-
ity and reduce production and logistics costs. Pro-
duction logistics management is central to the en-
tire logistics process. Decisions taken at this stage 
of the logistics process directly impact the level of 
customer service, the company’s ability to compete 
with others, and the level of sales and, consequently, 
profit. For this reason, optimizing logistics process-
es is a topical issue, mainly because of the impact 
on the product’s final price to the customer and the 
level of customer service [18]. In this dimension, in-
tralogistics, where the share of manual work is still 
significant, receives particular attention. This is be-
cause internal transport, packing, or order picking in 
many companies is carried out manually [19]. Au-
tomation efforts focus on both production processes 
and the logistics of these processes to increase the 
efficiency of production systems. 

Autonomous internal vehicles in internal lo-
gistics enable the independent transport of mate-
rials in production plants on demand. However, 
implementing these flexible production systems 
efficiently, cost-effectively, and safely is a signifi-
cant challenge. Therefore, simulations of produc-
tion and logistics processes are often used to sup-
port the planning stage (before production), adapt 
further, and optimize existing facilities [20, 21].

Since the first introduction of automated tow 
trucks to automate factory floor processes in the 
1950s, automated guided vehicles (AGVs) have 
been widely used in various industrial sectors, cov-
ering warehouse operations, continuous produc-
tion, and automotive assembly lines. The applica-
tions for AGVs can be divided into two main cat-
egories. Firstly, AGVs act as suppliers, providing 
the necessary material handling equipment, trans-
ferring and delivering packages in warehouses, and 
handling the delivery and removal of production 
components and other tasks. In the second category, 
AGVs are integrated assembly platforms support-
ing operations in the production process [13].

As new practical developments in sensors 
and robot control technology were rapidly adopt-
ed, advanced AGV systems gradually emerged. 
These systems eventually created a new class of 
(driverless) vehicles called autonomous mobile 
robots (AMRs). Autonomous mobile robots in in-
dustrial settings employ a decentralized decision-
making approach to navigate without collisions, 
offering a platform for tasks such as material han-
dling, collaborative activities, and comprehensive 
services within a defined area [22].

The autonomous mobile robot (AMR) is char-
acterized by minimal or no human intervention in 
its movement and is designed to follow a predeter-
mined path both indoors and outdoors. For indoor 
navigation, the mobile robot uses a floor plan, so-
nar, inertia measurement unit (IMU), etc. To per-
form its task effectively, an autonomous mobile ro-
bot must be equipped with various environmental 
sensors, which can be mounted directly on or act as 
external sensors deployed in the environment [23]. 
An AMR is a combination of the capabilities of 
an AGV and a robotic arm. An example of such a 
solution is illustrated in Figure 1. AMRs equipped 
with cameras, light and distance detection (Li-
DAR) sensors, control algorithms, and multidi-
rectional propulsion mechanisms are beginning to 
emerge as the next generation of AGV technology 
for material handling applications [13]. The activi-
ties performed categorize and differentiate AMR 
into three main categories:
1) covering material handling, such as picking, 

moving, transporting, and sorting, 
2) collaborative and interactive activities, and 
3) service like:

− Decentralized control – using intelligent, 
cognitive, and behavior-based control 
methodologies and technologies to maxi-
mize flexibility and efficiency.

− Platform support – a platform to extend 
AMR capabilities and enable applica-
tions beyond standard material handling 
operations.

− Collaboration – the ability to work with hu-
mans or other AMR robots in a swarm.

− Ease of integration: Quick and cost-effec-
tive integration of AMR robots into a fac-
tory or other facility.

− Scalability – ability to increase or decrease 
the number of AMR robots without being 
hindered by structural changes.

− Robustness – ensuring resilience, i.e., the abil-
ity of systems to recover from failure [22].
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AMR systems are often implemented with 
an inter-operational buffer, where products are 
temporarily stocked during changeovers so that 
two consecutive production phases can be de-
coupled [24].

A single autonomous mobile robot (AMR) 
may not efficiently meet transport needs in pro-
duction environments. On the other hand, route 
planning for multiple AMRs is complex, which 
can lead to potential traffic jams and conflicts. 
In addition to the transport tasks themselves, as-
pects such as the characteristics of the functions, 
the number of AMRs, their speed under different 
operating conditions, and their battery state of 
charge are also important factors in optimizing 
the logistics system’s performance [25].

For a complex and comprehensive mate-
rial transport system, there is a need to scale the 
number of AGVs/AMRs efficiently due to oper-
ating and maintenance costs. For these reasons, 
the variety of vehicle models should be kept to a 
minimum to ensure greater redundancy of alter-
nate means of transport. Nevertheless, there are 
times when there is a need to use different types 
of AGV/AMR vehicles depending on the appli-
cation used, especially in the context of different 
sizes and weights of the cargo transported [25]. 
AMRs have opened unique opportunities for au-
tonomizing intralogistics operations [26].

Logistics 4.0

The broad adoption of Industry 4.0 technolo-
gies is bringing fundamental changes to the man-
agement and execution of manufacturing opera-
tions, including logistics. In traditional planning 
and control systems, manufacturing and intralo-
gistics processes are usually organized separate-
ly, leading to less efficient solutions. In reality, 
production and intralogistics operations within a 
single plant are interconnected and interact at dif-
ferent stages of the production process, requiring 
the synchronization of their organization and ac-
tivities [25]. As a result, intralogistics is now seen 
as an area of Logistics 4.0 [27]. This is particu-
larly the case in warehousing, but not only. In ad-
dition to mechanization, digital technologies such 
as software and artificial intelligence enhance 
automation capabilities. The aim is to minimize 
the human role in intralogistics processes through 
system autonomy, which uses computational in-
telligence [28] and machine learning to adapt to 
changing situations. This progressive trend re-
quires diverse artificial intelligence techniques 
[29–31]. These elements are part of the idea of 
Logistics 4.0, where intralogistics is one of its es-
sential parts [19].

On the other hand, with the advent of Indus-
try 5.0, interest in human-machine collaboration 
has increased. In such an arrangement, a human 
working with a machine to ensure stability, effi-
ciency, and safety is seen as a source of innova-
tion [21, 22]. In addition, Industry 5.0 emphasizes 
the focus on the human through technology and 
equipment to improve and support operator per-
formance in logistics systems and supply chain 
operations [32].

Lean management in the automotive industry

When analyzing the described issue concern-
ing the implementation strategy of an autonomous 
mobile robot to support the auxiliary processes of 
intralogistics, it may be crucial to use a manage-
ment approach to minimize waste in the processes 
supporting production and operational activities 
directly at the production nests. The correct work 
organization at these sites is essential for collabo-
ration between humans and autonomous robots. 
The answer to a problem addressed in this way is 
lean management and the techniques offered by 
this approach, particularly 5S and Kaizen [33, 34].  
Lean management is fully integrated into Industry 

Fig. 1. AMR platform
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4.0 and 5.0 [35–37]. Although it is often associ-
ated mainly with manufacturing processes, it can 
be just as effectively applied to the ancillary func-
tions of logistics, mainly due to its [29–32] pro-
cess optimization, cost reduction, improved pro-
duction quality, flexibility, and adaptability, focus 
on added value, continuous improvements, and 
increased employee engagement. 

The term lean originated directly from the 
automotive industry. Towards the end of the 
20th century, both the US and Western Europe 
saw a significant loss of market share in their 
markets to Japanese manufacturers, which was 
particularly evident in the automotive industry 
in the US market [38]. 

Womack, Jones, and Roos analyzed the phe-
nomenon and concluded that the causes lay on the 
side of business management, as described in their 
1990 book “The Machine that Changed the World”. 
The researchers concluded that the reasons were 
to be found in the tools that were developed and 
systematized in Toyota’s manufacturing plants in 
the 1940s and 1950s, collectively referred to as the 
Toyota Production System (TPS). The Americans 
called these tools lean manufacturing [39]. 

In practice, this means producing the right 
amount of documentation (including procedures) 
or performing certain activities at the right time, 
i.e., only when needed. There is, therefore, a need 
to focus on reducing the three leading causes of 
loss as much as possible [40]:
 • Resources, time, and activities in general that 

do not represent customer value (muda);
 • Excessive workload on employees, machines, 

or processes that lead to frequent downtime 
due to, for example, depletion (muri);

 • Irregularity and inconsistency of operations 
(mura).

Lean management distinguishes between five 
principles that apply to both employees and the 
entire organization at every level [41]:
 • Identification of activities that generate busi-

ness value;
 • Verification of the activities necessary to cre-

ate business value, thus identifying unneces-
sary activities (waste);

 • Creating a value chain free of waste (defects, 
errors). Reducing downtime and possible risks;

 • Performing only those activities that are cur-
rently required;

 • Striving for perfection and continuous 
improvement.

Considering the identified research gap 
based on the abovementioned principles, the au-
thors indicated using Kaizen and 5S approaches 
directly to support intralogistics with modern 
technology.

Kaizen is an expression formed from the 
Japanese words Kai (change) and Zen (good), 
meaning change for the better [42]. The Kaizen 
(improvement, betterment) principle continu-
ously improves and streamlines processes. These 
processes involve all employees, as well as the 
entire organization, at every level of manage-
ment. Kaizen should be seen as the foundation 
of lean management [43]. In market practice, one 
encounters a depreciation of the Kaizen method 
by managers. It has been reduced to a descrip-
tion of a tool that consists of submitting improve-
ment requests, which is a significant irregularity. 
Often Kaizen is wrongly associated with control-
ling the order of the workplace, posting instruc-
tions, measuring working time, and ‘screwing’ 
standards. As a tool, Kaizen enables individual 
employees to manage their organization’s work-
ing time, contributing to its standardization. This 
makes considerable repetition, order, and tidiness 
possible in the work. This, in turn, contributes to 
the easy identification of emerging problems and 
the identification of appropriate solutions. Kaizen 
is used to improve procedures and work organiza-
tion [39] significantly. Practitioners recommend 
that the implementation of changes should start 
with improvements in the sequence of activities 
and the way work is carried out, and then, when 
the changes are insufficient, verify the validity 
of the progress related to the infrastructure part.  
In summary, Kaizen is the continuous imple-
mentation of changes and improvements in small 
steps directly at the workplace.

5S is a group of five practices that help to pro-
mote good workplace organization. 5S involves 
systematic learning, standardization, discipline, 
and the pursuit of excellence. The name is an ac-
ronym for five Japanese words [34]:
 • Selection, tidying up (seiri) – involves sepa-

rating any unnecessary materials at the work-
station, such as manuals and tools, from those 
necessary for the manufacturing process.

 • Tidying up (seiton) – involves tidying up the 
workstation, including labeling tools and ma-
terials and designating a place for them. Each 
item should be assigned an individual storage 
location. Things used most frequently should 
be within easy reach.



218

Advances in Science and Technology Research Journal 2024, 18(1), 213–230

 • Tidying up (seiso) – involves clearing the 
workplace of unnecessary items and taking 
care of the workplace and its surroundings.

 • Standardisation (seiketsu) – keeps the work-
place and its immediate surroundings clean 
and tidy.

 • Self-discipline (shitsuke) – involves getting 
employees to follow the above rules.

The techniques described above are aimed at 
agreeing and maintaining a high-quality work-
place. The 5S practices are essential to lean 
manufacturing techniques and can be applied at 
any point in production [44]. They are, therefore, 
the basis for implementing the lean concept and 
undertaking improvement activities (Kaizen de-
scribed above). They also form the basis for im-
plementing more advanced solutions of the lean 
philosophy. Another advantage is the low cost 
of implementing 5S techniques [45]. Correctly 
implementing this technique means implement-
ing the concept of “a place for everything and 
everything in its place.” It is important to note 
that the above methods, tools, and concepts are 
also offered from a different perspective as World 
Class Manufacturing Practices [46]. They have 
become part of the core of project management 
concepts and methods. They are used today by 
global and multinational corporations that are 
leading in terms of technology and organization. 
Using lean management, including tools such as 
5S and Kaizen, in ancillary production processes 
(logistics) is critical in pursuing efficiency, qual-
ity, and competitiveness [47]. The 5S tool helps 
to organize the workplace, eliminate waste, and 
provide a safe and ergonomic environment. This 
increases productivity, reduces access time to the 
tools needed, and minimizes the risk of accidents. 
Introducing Kaizen, or a culture of continuous 
improvement, stimulates employee involvement 
in identifying and solving problems on an ongo-
ing basis. This leads to constant process improve-
ment, improved product and service quality, and 
waste elimination. The Kaizen approach is criti-
cal to competitiveness in today’s dynamic busi-
ness environment.

In the study, Kaizen and 5S are cited as in-
tegral elements of the lean management ap-
proach implemented in introducing autonomous 
mobile robots to optimize intralogistics. Kaizen 
commences with establishing Specific, Measur-
able, Achievable, Relevant, and Time-bound 
(SMART) goals. The study’s primary objective 

was to adjust the number of autonomous vehicles 
to optimize the material and tool delivery process. 
Kaizen involves, among other things, making 
data-driven decisions. In the examined case, data 
on implemented strategies are extracted from the 
simulation of the production system for analysis, 
aligning with Kaizen’s emphasis on utilizing data 
to identify areas for improvement. The simula-
tion in the case study exemplifies Kaizen in prac-
tice, enabling the assessment of various scenarios 
(variants I, II, and III with different numbers of 
robots) to determine the most efficient process.  
In the case of 5S, particular attention should be 
paid to workplace organization. From the per-
spective of the study, the principles of 5S should 
be understood as follows:
 • Seiri – involves separating necessary items 

from unnecessary ones, ensuring that only es-
sential materials are present in designated ar-
eas for cobots.

 • Seiton – cobot loading and unloading points 
are organized according to lean principles, en-
suring efficient material management.

 • Seiso – maintaining order in the workplace is 
crucial. The case study underscores the impor-
tance of standardized workspaces to ensure 
the smooth operation of cobots and prevent 
obstacles.

 • Seiketsu – involves creating and maintaining 
standardized work practices. Lean manage-
ment is integrated into the robotic system, 
ensuring consistency and standardization of 
practices in the material handling area.

 • Shitsuke – sustaining improvement over the 
long term is a crucial principle of 5S. The case 
study suggests that 5S practices are continued 
as they are part of the applied lean approach to 
optimize intralogistics.

Kaizen and 5S are interconnected in the case 
study. Kaizen’s philosophy of continuous im-
provement complements the structural and sys-
tematic approach of 5S, ensuring that introduced 
enhancements are sustained over time. Collec-
tively, these methods contribute to the effective 
implementation of cobots in intralogistics, im-
proving stability efficiency and reducing waste.

In the context of optimizing intralogistics 
and implementing Autonomous Mobile Robots 
(AMR), it is crucial to delve into the principles 
of lean management, especially those directly 
impacting intralogistics processes. Several lean 
tools are essential to improving efficiency and 
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minimizing waste in intralogistics [48]: the pull 
system, continuous flow, just-in-time, and the 
Kanban system. The pull system is a fundamen-
tal concept in lean management, emphasizing the 
production of goods and services in response to 
actual demand. In intralogistics, the pull system 
ensures that materials and tools are delivered to 
workstations based on current needs, eliminat-
ing overproduction and reducing unnecessary 
inventory. Implementing the pull system in the 
supply chain of materials and tools enhances re-
sponsiveness and removes the accumulation of 
excess goods [49]. Continuous flow is another 
lean principle focusing on the smooth movement 
of materials or products through the production 
process or supply chain. In intralogistics, the con-
tinuous flow approach ensures constant and un-
interrupted delivery of materials to workstations, 
minimizing disruptions and optimizing the over-
all workflow. This is particularly crucial when 
considering the integration of AMRs, as their ef-
fectiveness is maximized in an environment char-
acterized by continuous and optimized material 
flow [50]. Just-in-Time (JIT) is a lean strategy in 
production and inventory management aimed at 
producing items exactly when they are needed in 
the production process. In the context of intra-
logistics, JIT principles contribute to the timely 
delivery of materials and tools to workstations, 
aiming to minimize waiting times and reduce ex-
cessive inventory. The implementation of AMRs 
enhances JIT strategies by providing timely and 
precise deliveries in response to dynamic produc-
tion process needs [51]. The Kanban system is a 
visual management tool that facilitates inventory 
control and ensures a smooth production flow.  
In intralogistics, the Kanban system can be ap-
plied to signal the moment when materials or 
tools need replenishment at specific workstations. 
Integrating this system with AMRs improves the 
automated and visual management of materials, 
contributing to the efficient functioning of the 
supply chain [52].

In conclusion, a comprehensive understand-
ing of lean tools is crucial for positioning the pro-
posed strategy of introducing AMRs in optimizing 

intralogistics processes in the automotive reman-
ufacturing industry. The mentioned tools con-
stitute theoretical foundations for achieving the 
goals of stability, efficiency, and waste reduction 
presented in the study.

AMR SYSTEM DEPLOYMENT MODEL

Within the scope of the article, based on in-
dustry practice and a literature review, the authors 
formulate an implementation strategy for an AMR 
solution for ancillary intralogistics processes that 
managers can use in their implementation prac-
tice. The developed system consists of five steps 
(Figure 2.).

The business analysis defines the objective to 
be achieved by the AMR, and this objective does 
not have to be purely technical. This objective 
should realize a business case. It could include 
reducing logistics costs, improving safety, or in-
creasing productivity. The next step is to identify 
the area in which the robot will be used. In this 
step, an inventory and identification of auxilia-
ry processes is necessary. It is recommended to 
analyze the foundational sources, such as orga-
nizational regulations, production descriptions, 
guides, technology sheets, process registers, or 
process maps. These activities aim to identify 
which auxiliary processes are carried out within 
the main production processes. An identification 
of potential new additional strategies should then 
be carried out. Given the analysis, a decision must 
be made regarding which auxiliary processes will 
be improved and to what extent. Adequate to 
this choice, an attempt should be made to reduce 
wastage and improve the process using the lean 
management techniques mentioned.

The next step is to select the parameters of an 
autonomous mobile robot suitable for the organi-
zation’s intralogistics specifications. This choice 
should consider size, load capacity, speed, reach, 
and other technical parameters. In addition, the 
implementation of the robot should comply 
with applicable laws and regulations, including 
those related to data protection and security. The 

Fig. 2. AMR system deployment model
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accumulated range of data, both in terms of the 
business case and the choice of solution param-
eters, allows simulations to be carried out.

In this area, it is possible to analyze the op-
tions and select a suitable solution for the com-
pany’s circumstances. Nevertheless, it is neces-
sary to describe the process chosen to the level 
of the simulation requirements. An appropriate 
characteristic should represent each phenomenon 
in the area of the realized process. The simula-
tion should respond directly to the business ob-
jective. According to its results, further steps will 
be implemented. If the results are unsatisfactory, 
it is necessary to conduct the business or technical 
analysis again.

Depending on the simulation results, a solu-
tion is recommended for implementation. The im-
plementation includes all the usual elements, in-
cluding the purchase of the target AMR and test-
ing. At the same time, based on the simulations, 
the possibility of design as well as organizational 
errors is significantly reduced. The implementa-
tion is followed by the operation and maintenance 
of the solution, including regular software and 
technology updates to keep the robot fully opera-
tional and practical.

Case description

To illustrate the strategy identified from the 
literature and industry practice, the authors con-
ducted a case study. A company involved in the 
remanufacturing of automotive parts, also known 
as remanufacturing, was chosen as the test case. 
This process focuses on restoring used or used 
parts to a condition that matches new ones in 
quality and performance. The process is an inte-
gral part of the closed-loop economy, as it helps 
reduce waste and raw material consumption by 
reusing existing materials and components. The 
process consists of eight activities presented in 
Figure 3.

The remanufacturing process is complex, 
and due to the realized scope and variability 
of the work performed (resulting from quality 
control), it is challenging to attempt automa-
tion. For these reasons, it requires a significant 
involvement of the human factor. Neverthe-
less, this case study focuses on automation 
opportunities available in auxiliary processes 
within intralogistics. Regeneration takes place 
in a work cell. Each cell has its own specific 
work and material needs. Production staff are 
supplied with the necessary tools and materials 
depending on the processes.

The main process is supported by an auxiliary 
process of supplying tools and materials. Opera-
tors at each work cell have a list of the tools and 
materials they need to carry out their remanufac-
turing tasks. A material and tool warehouse on 
the shop floor feeds the entire production. The 
internal transport process is carried out manually 
by the bench workers. This means that when the 
necessary components (e.g., tools) are missing, 
this fact is reported, and a person stops working 
to retrieve the relevant part. A variety of products 
are supplied to the workplaces, such as:
 • personal protective equipment – safety glass-

es, gloves, masks, protective headphones, and 
other items that workers must wear to pro-
tect themselves from potential hazards in the 
workplace.

 • chemicals – chemicals such as cleaners, lu-
bricating oils, paints, or other chemical prod-
ucts used in manufacturing or maintenance 
processes.

 • tools – cutting tools, hammers, screwdrivers, etc.
 • consumables – adhesive tapes, paper, packag-

ing, cleaning products, etc.

The availability of these products at work-
stations is crucial to ensure the continuity of the 
main process and the safety of workers. At the 
same time, the way they are delivered generates 

Fig. 3. Remanufacturing process
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redundant traffic and can cause defects and down-
time because a worker has to stop working for a 
certain period. Therefore, timely access to the 
necessary materials and tools is a critical factor 
for the efficiency of the main process. The an-
cillary process of supplying tools and materials 
determines the final quality of the delivered prod-
uct. This is all the more important as the remanu-
factured parts are certified, which confirms their 
quality and compliance with industry standards. 
For this reason, this process has become the sub-
ject of further research.

Case implementation

The ancillary process of supplying materials 
and tools is characterized by high variability and, 
above all, a high volume of delivered products. For 
this reason, it has become subject to automation. 
In the case study under consideration, in line with 
the proposed strategy, it was determined that the 
primary objective would be to adjust the number 
of AMR vehicles used to carry out the auxiliary 
process of supplying materials and tools. A busi-
ness case was made in the first stage in line with 
the strategy. To this end, meetings were held with 
stakeholders regarding the processes in place.  
A process book was analyzed, and the purpose of 
the planned AMR system was established. It was 
determined that this objective would be to main-
tain stability in the delivery of materials to sites. 
This choice is due to staffing problems as well as 
external circumstances. For example, during the 
pandemic COVID19, a significant proportion of 
staff could not perform their duties due to sick-
ness or quarantine.

Given the above findings, the acquired data 
on the implemented processes were imported. For 
this purpose, the data was extracted from the MES 
(Manufacturing Execution System). The system 
stores the data of the primary function but also the 
additional data of the auxiliary functions. Due to 
the large variety of supplemental materials, it was 
determined in the case study (as implementation 
of the first phase of the research) that the simu-
lation would be carried out for the material with 
the highest consumption volume. Furthermore, 
this material is supplied to several workstations 
or production cells.

As a result of the analysis of the available 
data volume, a material was selected, and the av-
erage material consumption times of the working 
cells where it is used (S1 – used every 11 minutes, 

S2 – used every 16 minutes, S3 – used every 33 
minutes) were established. Currently, materi-
als are only distributed at the start of the shift.  
If there is a need for more materials, it is neces-
sary to replenish yourself. A delegated employee 
from a particular work cell takes over the task 
of intralogistics. According to the company, this 
process usually takes between 15 and 30 minutes. 
However, it can take even longer if staffing levels 
remain low. The employee also takes a break from 
work. This has an impact on the performance of 
the position.

Next, as a result of the technical analysis, it 
was determined that a transport AMR would be 
implemented, which would move at a speed of 1 
m/s. There are no narrow passageways or many 
curves in the AMR’s movement range. There-
fore, the AMR will move within the scope of 
the main transport road within the hall. The ro-
bot will deliver materials to specially designated 
zones within the production cells. The AMR will 
independently load and unload the cargo. It has 
been assumed that this time will be fixed due to 
the use of bulk containers for transporting materi-
als, and it will be a total of 5 minutes. The loading 
and unloading points will be organized according 
to a lean approach, where employees using the 
described group of five practices (5S) and con-
tinuous improvement (Kaizen) will influence the 
correct operation of the AMR robot.

The machine can carry out its tasks provided 
that there are appropriately grouped and arranged 
materials, both used and new, in the designated 
areas within the working cells. AMR’s path of 
movement must be free of obstacles. Thus, the or-
ganization and standardization of the workplace 
based on lean management will significantly im-
pact man-machine cooperation. The proper orga-
nization of the workstation takes on particular im-
portance, as it is assumed that with the increase in 
the number of AMRs, it will be possible to trans-
port diverse loads.

In the next step, the collected data and de-
scribed conditions were used to determine the 
simulation parameters, which are the evaluation 
and decision components of the assumptions 
made. The model was drawn up using the Tech-
nomatic Plant Simulation system. The simula-
tion included three working cells, an internal 
warehouse, and an order waiting track (Figure 
4, Figure 5). It should be noted at this point that 
the presented model is a close representation 
of a natural production line of an automotive 
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company specializing in the professional re-
manufacturing of parts. As mentioned above, 
the data (including times and volumes) are also 
actual and come from the company.

The technical analysis showed that a maxi-
mum of three AMRs can be parked (loading, 
maintenance). This is due to the positioning pos-
sibilities in the production hall. A larger number 
of AMRs would mean a need for more space or 
the construction of a new part of the hall. The 
same reason was used to select the criteria for 
evaluating the research. It was decided that the 
AMRs would have to be mobile most of the 
time. This would allow them to carry out pro-
duction tasks without blocking communication 
routes. Therefore, their adequate working time 
was used as the evaluation and decision crite-
rion for the number of machines implemented. 
The longer the working time, the better the com-
pany’s requirements for the hall can be met. The 
higher the number of machines, the better the 
fulfillment of the company’s hall requirements 

and, consequently, the greater the success in 
implementing the strategy under analysis. For 
this reason, the simulation was carried out for 
three variants of the number of AMR for produc-
tion realization: variant I – 1 AMR, variant II – 2 
AMR, and variant III – 3 AMR. It was assumed 
that the number of AMRs increases in each vari-
ant while their parameters remain the same (the 
same robot model was used).

RESULTS

In order to represent the actual industrial 
conditions in the company, the simulation was 
run four times and lasted 16 hours as two 8-hour 
shifts. The processing times of the tasks at the 
workstations were generated using a negexp dis-
tribution, while the distance of the paths corre-
sponded to the actual dimensions of the compa-
ny hall. The experimental results for each vari-
ant are presented in the following Tables 1–3.

Fig. 4. Intralogistics auxiliary processes – model 3D

Fig. 5. Intralogistics auxiliary processes – simulation model



223

Advances in Science and Technology Research Journal 2024, 18(1), 213–230

The results obtained were normalized to make 
a comparative analysis of the results obtained in 
the subsequent variants. As a result of the stud-
ies, it was observed that as the number of AMRs 
increased, on average the working time for each 
successive AMR decreased while the waiting 
time increased significantly.

Thus, it can be predicted that, by executing 
the process with an increasing number of AMRs, 
on average the robot would spend a significant 
proportion of its time waiting (Figure 6).

The structure of waiting time shows that on 
average both means and standard deviation in-
crease with growing number of AMR in each 
variant (Figure 7). In other words, the AMRs 
have a longer waiting time between each task.

To deepen the research, a summary was pre-
pared regarding the distance realized by each 
AMR (Figure 8) and means and standard devia-
tions (Figure 9). Interestingly, as the number of 
robots increased, the dimension of the recognized 
length also increased. The result obtained is con-
sistent with the range of waiting times. After com-
pleting its work, the AMR returns to the waiting 
track rather than constructing a new order. Thus, 
an empty run is generated.

Thus, for the analyzed case, the efficiency of 
robot operations based on the increased number 
of AMRs changed significantly to the number of 
robots. The results show that the increase in the 
number of robots reduces the working time for 
each AMR. In addition, it increases the waiting 
time. The results obtained transparently indicate 
that, in terms of use (relevant to actual production 
data), one AMR will fully accomplish the task. 
The simulation shows that increasing the number 
of AMRs (in the described company) does not re-
sult in a significant increase in value but, on the 
contrary, can generate increased usage and oper-
ating costs. 

Table 1. Variant I – I AMR

Variant 1
AMR:1

[% of total 
simulation time]

Sum of traveled 
distance [m]

Working 50.80
29 262

Waiting 49.19

Table 2. Variant II – II AMR

Variant 2 AMR:1
[% of total simulation time]

AMR:2
[% of total simulation time] Sum of traveled distance [m]

Working 26.99 25.74
30 373

Waiting 73.00 74.25

Table 3. Variant III – III AMR

Variant 3 AMR:1
[% of total simulation time]

AMR:2
[% of total simulation time]

AMR:3
[% of total simulation time]

Sum of traveled 
distance [m]

Working 18.57 17.25 17.60
30 767

Waiting 81.43 82.74 82.38

Fig. 6. Comparison of average working vs. waiting time
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Fig. 7. Mean values and deviations of total waiting time

Fig. 8. Sum of travel distance

Fig. 9. Means and standard deviations for travel distance in each variant
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On the other hand, compared to the initial 
state, the implementation of AMRs has meant 
that support materials are always available. There 
is no need for the selected employee to leave the 
work cell. In addition, the process is not condi-
tioned by the number of employees present on a 
given shift. Thus, the stability of the process has 
been significantly increased – even though, ulti-
mately, only one AMR can perform the required 
tasks successfully. 

In summary, the above results can be used to 
implement the system in a production setting or 
as a basis for further business or technical analy-
sis. Nevertheless, in the case of the case study, the 
objective was to ensure the stability of internal 
delivery. The last goal will be achieved using a 
single AMR (Variant I).

DISCUSSION

The authors have presented strategies and 
concepts that can be used by managers in man-
aging the intralogistics of a company. The issues 
discussed, such as intralogistics, AMR, and lean 
management, are relevant for organizations seek-
ing to increase productivity, quality, and competi-
tiveness in a changing industrial environment. 
The authors emphasize that internal logistics in 
the modern industrial context is a critical element 
of industrial production. Adequate flow of raw 
materials, products, and semi-finished products 
is essential to ensure the smooth functioning of 
production processes. Internal logistics plays an 
even more significant role in the era of Industry 
4.0 and Industry 5.0, where digital technologies 
and automation play a crucial role in process opti-
mization [53,54]. The presentation of AMR as the 
future solution for internal logistics is interesting. 
The authors point out that the autonomy of AMR 
and the ability to perform transport tasks can con-
tribute to a significant increase in efficiency and 
flexibility inside production facilities. 

However, there still seem to be challenges 
in planning and managing AMR fleets in large 
plants. The role of lean management, including 
tools such as 5S and Kaizen, is also an essential 
aspect of the problem. Organizations can mini-
mize waste, streamline operations, and strive for 
excellence by adopting a lean approach to logis-
tics support processes. This approach is essential 
in both Industry 4.0 and Industry 5.0, where ef-
ficiency and quality play a significant role [55].

In this respect, performing an economic anal-
ysis, part of the business analysis described as 
part of the proposed AMR implementation model 
will be crucial. The analysis will show a given in-
vestment’s payback time (ROI) in view of current 
prices. In this dimension, it is necessary to con-
sider both investment costs (purchase of equip-
ment, installation, and adaptation of infrastruc-
ture or training) and operating costs (maintenance 
and servicing, updates). 

As well as the expected benefits such as in-
creased production due to more efficient logis-
tics, shortening the time of delivery of products 
to customers, or reduction of labor costs thanks 
to automation. At the same time, the choice 
should also consider strategic issues in the scope 
of the entire company. An AMR solution is the 
answer to uncertain times in production. AMR 
may attempt to fill the gap as part of emerging 
problems with staff availability. Therefore, the 
economic analysis should be adjusted for costs 
related to the reduced volume of production or 
its complete disappearance (observed during 
the pandemic) – in the event of a staff shortage. 
Therefore, the decision to implement an AMR 
should be embedded in the cost analysis, but it 
should also depend on the business strategy of 
a given company. In addition, AMR, as a flex-
ible tool, can be implemented to perform several 
tasks for the company’s benefit – in this way, its 
ROI will increase. 

The challenges of applying modern technol-
ogy to internal logistics [56]. Route planning for 
multiple AMRs, fleet scaling, and managing dif-
ferent types of AGVs/AMRs are all critical issues 
that may require further research and develop-
ment. On the other hand, there are many advan-
tages to using autonomous mobile robots (AMRs) 
in industrial intralogistics. For this reason, the au-
thors identify benefits such as:
 • Elimination of confusion during the imple-

mentation phase
Safety and quality, expressed through intro-
ducing an AMR system, eliminates the risk of 
human error in the material handling process, 
resulting in higher safety and quality of ser-
vice. Moreover, autonomous vehicles work 
according to specific algorithms, ensuring con-
sistent quality of tasks performed regardless of 
fatigue or emotional instability of employees. 
Eliminating human intervention in the trans-
port process eliminates errors resulting from 
unclear communication between employees.
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 • Accelerated implementation
Faster deployment, as AMR systems are rela-
tively easy to implement in a production facil-
ity. This is because there is no need to rebuild 
infrastructure. Autonomous vehicles are flex-
ible and do not require costly infrastructure 
changes, unlike traditional solutions with belts 
or fixed routes.

 • Clarifying the scope of implementation
AMR systems are scalable, allowing com-
panies to start with a small deployment and 
gradually scale it up. Customizable to speci-
fication, as selecting and configuring the suit-
able types of autonomous vehicles and tailor-
ing them to the unique needs of a production 
facility allows the deployment scope to be 
fine-tuned to meet specific requirements.

 • Planned feedback
Implementing an AMR system can be pre-
ceded by advanced simulations that help de-
termine what changes will be necessary and 
what benefits can be achieved. Simulations 
allow the route plan, vehicle deployment, and 
other parameters to be optimized before full 
implementation. Based on the results of the 
simulations, modifications can be planned to 
minimize risk and ensure the success of the 
implementation.

 • Implementing AMR systems is not only an ef-
fective tool for automating intralogistics but 
also enables the solution to be perfectly tai-
lored to the specific needs of the production 
facility. Eliminating errors, rapid implementa-
tion, flexibility, and planned feedback make 
these systems an innovative solution for the 
industry, increasing its productivity, com-
petitiveness, and service quality. However, 
the study and simulations carried out on the 
implementation of AMR in industrial intralo-
gistics are promising, but they are subject to 
certain limitations, in particular:

 • The implementation of AMR systems can 
require a significant initial financial outlay, 
which can be difficult for smaller companies 
to meet.

 • The systems are technically advanced, which 
can be challenging to operate and maintain. 
This requires specialized knowledge and 
skills.

 • The introduction of autonomous vehicles 
may affect changes in work organization and 
require staff training, which can be time-con-
suming and costly.

 • In some cases, existing infrastructure may 
need to be adapted, for example, by adding 
signage or changing the layout of premises.

 • Although AMR systems are designed with 
safety in mind, there is a risk of collisions with 
people or other objects, requiring sophisticat-
ed safety and monitoring systems.

 • Introducing different types of AMRs from oth-
er suppliers can lead to problems with interop-
erability and managing them.

 • The internal conditions of a production facility 
may change, which may affect the ability of 
an AMR system to navigate and perform tasks 
effectively.

 • Employees may be concerned about job losses 
or a reduced role due to implementing auto-
mation, which may affect employee motiva-
tion and engagement issues.

 • In the short term, implementing an AMR sys-
tem may have benefits; long-term gains may 
be more challenging to predict, and the invest-
ment may require patience.

Despite these limitations, implementing AMR 
systems still represents a promising direction in 
intralogistics automation [57]. It brings significant 
benefits to businesses, as demonstrated in the case 
study. It is essential to carefully consider these 
limitations and tailor the implementation strategy 
to an organization’s unique needs and capabilities.

The discussion summarises the critical as-
pects of the article, with many issues that could 
be further explored and analyzed in the context 
of increasingly advanced industrial technologies. 
The article’s authors point to the importance of 
optimizing the ancillary logistics processes in the 
era of Industry 4.0 and Industry 5.0, which poses 
many exciting research and practical challenges 
for researchers and practitioners. Particular atten-
tion is paid to aspects such as integrated AGV/
AMR systems, extensive AMR fleet management, 
artificial intelligence in intralogistics, the role of 
humans in the context of Industry 5.0, cost-ben-
efit evaluation, ethical aspects of automation, the 
concept of the digital twin in intralogistics or the 
use of blockchain in logistics data management.

CONCLUSIONS

This paper aims to provide an implementation 
strategy and test it on real production data (case 
study) based on industry practice and a literature 
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review. To achieve this, the paper analyzed the in-
dustrial automation process in the context of tool 
and material supply in a company specializing in 
remanufacturing automotive parts. This process 
is a critical component of the remanufacturing 
industry, which plays a vital role in the circular 
closed economy, reducing waste and raw material 
consumption by reusing existing materials and 
components.

In the case study, a simulation was conducted 
to evaluate the effectiveness of introducing mo-
bile robots (AMR) to deliver tools and materials 
to workstations. Findings suggest that with one 
AMR, it is possible to ensure the stability of in-
house deliveries with minimal waiting time for 
delivery. Increasing the number of AMRs, al-
though reducing the operating time of each robot, 
significantly increases waiting times, which can 
lead to increased operational costs.

The study concludes that, in the case studied, 
a single mobile robot is sufficient to maintain the 
stability of the internal supply. However, these 
results can be a starting point for further pro-
cess optimization research and provide valuable 
business and technical analysis input. The study 
illustrates how process analysis and simulations 
can help companies make decisions regarding 
automating and optimizing internal intralogistics 
processes. This opens up the perspective for new 
research. Therefore, future research perspectives 
comprise several crucial areas that deserve in-
depth exploration to advance our understanding 
and implementation of Logistics 4.0 technologies 
in intralogistics. The following key areas will fo-
cus future research:

Future research endeavors should compre-
hensively examine safety aspects associated with 
integrating Logistics 4.0 technologies in intralo-
gistics. This involves an in-depth analysis of safe-
ty protocols, risk mitigation strategies, and com-
pliance with industry regulations. By scrutinizing 
the safety implications, researchers can contrib-
ute to developing robust safety frameworks that 
ensure the well-being of human operators and 
the seamless coexistence of autonomous systems 
within industrial settings.

The advent of Logistics 4.0 technologies, par-
ticularly the integration of autonomous systems 
like AMRs, necessitates a paradigm shift in work-
force skills and competencies. Future research 
should focus on designing and implementing effec-
tive training programs that equip employees with 
the requisite skills to collaborate with automated 

systems. Investigating the most efficient methods 
for workforce upskilling and addressing potential 
challenges in the transition to computerized envi-
ronments will be crucial for successfully integrat-
ing Logistics 4.0 technologies.

As technology evolves, future research 
should explore the potential integration of emerg-
ing technologies in the intralogistics landscape. 
This includes investigating the applicability of 
technologies such as artificial intelligence, ad-
vanced data analytics, and blockchain in conjunc-
tion with Logistics 4.0. Understanding how these 
technologies can complement and enhance the 
existing framework will be essential for staying at 
the forefront of innovation and ensuring sustained 
improvements in intralogistics processes.

Addressing these future research perspectives 
will contribute significantly to the ongoing evo-
lution of Logistics 4.0 in intralogistics, fostering 
safer, more efficient, and technologically adept 
industrial environments.
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