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Abstract: Simulation programs have revolutionized the operations of major corporations inStleer2ary. These
programs offer meticulous recording and analysis of processes, enabling the identification and resolution of bottlenecks,
deficiencies, and errors that could arise during real-world production. Simulations provide comprehensive insights into
the entire production process, even before it begins, ensuring optimal efficiency and minimizing downtime and mistakes.
They can be customized to varying levels of complexity, encompassing process-oriented perspectives and visually
detailed representations. To ensure accuracy, analyzing and evaluating available data is crucial, supplementing it with
necessary information to enhance the virtual representation's fidelity. In this discussion, we will primarily explore the
modeling of 3D objects within detailed simulations and their subsequent application and interpretation in diverse contexts.

1 Introduction However, the application and presentation of 3D

The modeling of 3D objects and the methods of thefpodels extend far beyond the boundaries of simulation.
application and presentation have gained significarfitiese models find applications in product design, virtual
importance in both simulation environments and beyon@rototyping, — architectural  visualization, and even
In this era of advanced technology, the ability to creatBYmersive experiences like virtual reality. They serve as
accurate and realistic 3D models has opened up a worldgwerful tools for communicating ideas, showcasing
possibilities for various industries. From engineering angPncepts, and facilitating informed decision-making.
manufacturing to entertainment and architecture, the This study focuses on exploring the utilization of 3D
utilization of 3D objects has become a fundamental aspa¢gualization and the integration of models within the
of visualizing and analyzing complex systems and designkecnomatix Plant Simulation software. Additionally, it
Within the realm of simulation, the modeling of 3D object§Xxamines the application and presentation of these models
allows for a comprehensive understanding of processes daddiverse contexts beyond the simulation environment.
facilitates the identification of potential issues orfhe software provides a comprehensive library of
optimization opportunities. Simulation software, such agredefined models, encompassing basic representations of
Tecnomatix Plant Simulation, provides a platform fofnachinery, conveyor belts, and various types of
integrating these models seamlessly into virtudransportation vehicles. Users have the flexibility to
environments, enabling the exploration and fine-tuning gustomize the graphics of these objects within the

production processes with enhanced accuracy afignulation, allowing for visual modifications according to
efficiency [1]. their specific requirements [2].
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Figure 13D objects available in the TX Plant Simulation Iibrary

2 Development of 3D model

In addition to modifying the graphical representation of
simulation objects using the software's default graphics
there is also the option to connect with CAD software. Thit
connection is essential for obtaining precise dimension
and specifications of individual devices or components i
most simulations. Consequently, it involves the complet
processing of these elements using CAD software
However, the integration between simulation and CALC
software is not direct and seamless. For this particule
simulation, we employed SolidWorks CAD software,

developed by Dassault Systemes SolidWorks Corporatiol
As the production process focused on creating a bearir
puller (refer to Figure 2), each individual part underwen
distortion and was subsequently exported in a compatib|
file format, allowing it to be readable within the simulation
software and integrated into the overall simulation setu
[3]. Prior to the actual distortion of parts within the

software, this process was preceded by creating details

drawing documentation. SolidWorks CAD software alsc Short shoulder A long shoulder
offers the option to generate digital forms of drawing Figure 2 Components of the Puller Body
documentation as one of its output possibilities.

The body of the puller Screw thread

The puller body represents the foundational structure of
the entire part, making it the initial focus of production as
discussed and optimized in the previous chapter. As the
core component, it is the first element to be incorporated
into the assembly process. The second part involves
attaching a screw to the central hole of the body using an
internal thread. This screw applies pressure to the bearing
that requires disassembly. Careful design ensures that the
screw does not damage the surface of the part being
manipulated. It features a hexagonal head, allowing for the
use of a ring or open-end wrench. Six short arms are
attached to the puller body at the assembly site using
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specialized production equipment. These short arms
facilitate movement and overall adjustment of the long.1 Integration of 3D objectsinto the Plant
arms based on the size of the component being Simulation environment

manipulated. The long arm, which is the final part, The distorted 3D models created using CAD software
undergoes assembly just prior to packaging and shippingn be seamlessly integrated into the simulation as part of
Due to its complex shape, the long arm is designed usifie material flow. This process is similar to inserting
casting technology. In the simulation, this component ishjects from the default library of the simulation software.
considered a purchased item delivered directly to thgithin the CAD software, the specific model is exported
assembly site. To simulate the functionality of all parts angl the form of a STEP file, which ensures convenient
identify any potential errors, CAD software is employed t@onversion to other file formats. To facilitate compatibility
assist in the assembly process. Standardized componggits the simulation, the exported file is then converted to

like nuts, bolts, and washers are incorporated into thge JT file format using a readily available online converter
assembly, adhering to ISO standards during the desigy).

phase. SolidWorks CAD software provides access t0 a The JT file format is essential for the successful

library of these standardized parts. To ensufgtegration of the 3D models into the simulation. This
comprehensive project documentation, the software alggrmat allows for efficient data transfer and ensures that the
offers the option to create drawing documentation for th@odels can be accurately represented within the simulation
entire assembly. It is worth mentioning that the exagnvironment. By converting the file to JT format, the
material specifications are defined, allowing for theiecessary compatibility is established, enabling smooth
calculation of the total weight of the manufactured part. and seamless integration of the distorted 3D models into
the simulation workflow.

This streamlined process of converting and importing
the CAD-distorted models ensures that the simulation
accurately reflects the real-world production environment.
It allows for the detailed analysis of material flow and
enables precise evaluation of production processes. By
leveraging readily available tools and file formats, users
can effectively utilize their CAD-created models within the
simulation, enhancing the overall accuracy and
effectiveness of the virtual environment [5].

Figure 3 Assembly - The Puller
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Figure 4 Drawing documentation generated through the utilization of CAD software
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Figure 5 Incorporating models into the simulation environment
The integration of distorted 3D models created in CABefault library, these models become part of the material

software into the simulation is a straightforward procesfiow. The CAD software exports the models as STEP files,
Similar to inserting objects from the simulation software‘&hich can be easily converted to other formats. Converting
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the exported files to the JT format is crucial for seamle:
integration into the simulation environment. The JT forme
ensures efficient data transfer and accurate represental
of the models within the simulation. This streamline
process enables a faithful reflection of the real-worl
production environment, allowing for detailed materia
flow analysis and precise evaluation of productiol
processes. Leveraging available tools and file forma
empowers users to effectively utilize their CAD models
enhancing the overall accuracy and effectiveness of t
virtual environment.

Aplication Oculus

S

2.2 Output and presentation optionsfor the = S
simulated production process VR Headset Oculus Rift S Aplication Steam
Virtual reality (VR) can be effectively employed as ¢ .
means of representing the simulated production process, Figure 6 VR resources and tools

serving various purposes in the realm of training and
immersive  experiences. This widely recognized The Steam application serves as a bridge for facilitating
technology is frequently utilized in training operators whéommunication between the simulated manufacturing
operate specific assembly equipment, offering a realistfocess and the Oculus application. It acts as a mediator,
and hands-on learning environment. The integration of VEnabling seamless interaction and data exchange between
with the simulation process further enhances the over#le two systems. The Steam app plays a crucial role in
experience and effectiveness of the training. establishing a connection between the simulation software
By incorporating VR technology into the simulation,and the Oculus app, ensuring that the virtual reality
users can delve into a virtual world that closely replicatéxperience is effectively synchronized with the simulated
the production environment. They can explore and intera@@nufacturing environment. It handles the transmission of
with the simulated equipment, machinery, and processedifiormation, commands, and feedback, allowing for real-
a highly immersive manner. This realistic representatidime interactions and accurate representation of the
facilitates a deeper understanding of the productiditoduction process within the virtual reality setting.
workflow and enables Operators to gain practica] The integration of virtual reality into the simulated
experience in a safe and controlled setting [6]. production process brings numerous benefits. It offers a
The use of VR in conjunction with the simulationfepresentative and immersive experience, particularly for
allows for a more comprehensive and engaging trainidgining operators. By leveraging VR technology,
experience. Operators can practice and refine their skil@erators can develop practical skills, enhance decision-
familiarize themselves with equipment functionalities, anfaking capabilities, and foster collaboration in a safe and
develop efficient strategies for handling various productiogontrolled virtual environment [7].
scenarios. This immersive approach helps operators build
confidence, improve decision-making abilities, an@.3 3D printing
enhance overall performance. Moreover, VR technology 3D printing technology offers another valuable tool for
provides the opportunity for collaborative training andisualizing the production process and manufactured parts.
remote learning. Multiple users can participatdhis technology serves multiple purposes, including
simultaneously in the virtual environment, regardless @fonfirming precise dimensions and representing the final
their physical location. This feature enables effectiveutcome of the production process. By utilizing additive
teamwork, knowledge sharing, and the exchange of besanufacturing techniques, such as 3D printing,
practices among operators and trainees. practitioners can create physical prototypes that accurately
reflect the intended design. This process enables a tangible
representation of the part, allowing for a thorough
examination of its dimensions and features. Through 3D
printing, the intricate details of the part can be realized,
providing a realistic representation of the final product.
3D printing technology plays a crucial role in
showcasing the entire production process. By printing
individual components or assemblies, stakeholders can
physically observe the progressive stages of production
and gain a deeper understanding of the overall
manufacturing workflow [8].
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Figure 7 3D printing of a bearing puller

The utilization of 3D printing technology serves as apatial information, as they are interpreted and displayed
practical solution in this context, aiding in the confirmatioron a flat surface, such as a desktop. While there are
of dimensions and providing a tangible representation téchniques, such as those used in 3D cinema, that attempt
the production process. It enables practitioners to validate overcome the flatness of a two-dimensional image, they
designs, assess functionality, and identify potential arease not truly spatial in nature. Although they can create the
for improvement. By leveraging the benefits of 3Dllusion of depth by making certain parts of the image
printing, stakeholders can enhance their visualizaticappear closer than others, they lack a crucial element
capabilities and make informed decisions throughout ttkmown as parallax. Parallax refers to the positional
production journey. difference of two distinct points within an image when

viewed from different angles. In a typical 3D cinema
3 Theapplication of holographicimaging e_xperience, even if you were to move several seats to the
in smulated production rlght or left, you wc_)uld still perceive the same image

In addition to their applications in simulation, 3DW|thout any change in perspective. However, if the image

printing, and virtual reality, holographic projectors offer af/e"€ @ hologram, you would observe the scene from a
alternative method to visualize and present created moddiidhtly different viewpoint, allowing you to partially see
Unlike conventional two-dimensional images captured bREnind displayed objects. Holograms possess the unique
cameras or video cameras, holographic projections provigl@racteristic of providing a more immersive and dynamic
a spatial representation that goes beyond the flatness'IVing experience. They enable viewers to perceive the
traditional images.While techniques like those used in 3pptire scene fro_m different gngles, creating a sense .O.f depth
cinema can create the illusion of depth, they lack trg@d @llowing glimpses of hidden details. Unlike traditional
spatial characteristics such as parallax. Parallax refers! {§9€s: holograms offer a more realistic representation of
the variation in the position of different points within an ree-dlmensmnal_ space e_md enhance the overall visual
image when viewed from different angles. In contrasE"92gement and interactivity for viewers.

holographic projections offer a more immersive experience A true hologram is a holographic image captured from

by allowing viewers to observe scenes from differerivo different perspectives, resulting in a visual experience

perspectives and even glimpse objects from behind. TrY}&I€re each viewpoint offers a slightly different perception,
embling a real scene. While there are various techniques

holographic methods are based on specific conditions a A e i . . .
specialized tools. The fundamental process involvédd illusions that mimic three-dimensionality, genuine
directing a laser at a semi-transparent mirror, which splif9!ographic methods are limited and require specific
the light into two beams. One beam interacts with threondltlons and specialized tools for their creation. To
' plify the process, a laser is directed at a semi-

object being recorded, while the other reflects off anoth&l™ . » s ¢
ansparent mirror, splitting the light into two beams. One

mirror. The two beams eventually intersect on ; . . ) -
photographic film, creating an interference pattern th am illuminates the object and is reflected, while the other
' eam reflects off another mirror. Eventually, the two

forms the hologram. ; e .
Conventional images captured by cameras or vidd@ms intersect on a photographic film, generating an

cameras are limited to a two-dimensional representatidterference pattern that forms the hologram [9].
This means that they lack the ability to convey depth and
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However, this process solely captures the hologram @amage suspended in space. However, it is important to note
the film. To display the hologram, a similar illuminationthat this setup does not produce genuine holograms but
technique is employed, recreating the original recordimgither two-dimensional images with a sense of depth. The
conditions. However, it's important to note that currenbtation of the arms creates a surface-like effect, limiting
holographic technology is not yet capable of capturing artde projection to a flat plane instead of true three-
reproducing moving objects with convincingly sharp andimensional representation [10].
smooth results. As a result, alternative technologies are
used to create spatial images, even though they hae Conclusions
limitations  and cannot produce true holograms. The simulation aspect of the project aims to enhance
Nevertheless, these techniques can create compellifg visualization of the production process for improved
illusions that are often sufficient for various applications. efficiency. By leveraging the capabilities of simulation

software and combining various inputs and outputs, it

Rotating holographic projector becomes possible to design and comprehend proposed

One common method used to create a holographic-likbanges in the manufacturing process more effectively.
effect is through the use of a rotating projector. Thikitegrating custom 3D objects into the simulation creates a
"holographic projector" typically consists of rotating armgligital twin, allowing for a realistic representation of a
with RGB diodes attached. As the arms spin rapidly, theoduction line, which is particularly advantageous
LEDs emit flashes of light. The rotation speed is carefullgonsidering the limited library of machines and their
synchronized with the blinking of the LEDs, making sureomponents in the Tecnomatix Plant Simulation program.
that the colors are always displayed in specific positions The practical part of the study focuses on the
within the circular "display area." The resulting effecintegration of custom 3D objects, designed using
gives the impression of a transparent image floating Bolidworks modeling software, with the simulation. This
space. However, it's important to note that this approaskction covers the creation of custom objects, the
lacks true spatiality. The movement of the "holographidocumentation of these objects, and their subsequent
fan" arms only creates a surface, resulting in a twaonversion into the required file format for seamless
dimensional image. Consequently, these fans do nategration with the simulation. Moreover, these models
generate actual holograms but rather transparent twean be utilized for 3D printing, enabling the physical
dimensional images. production of objects, or showcased on various
holographic projectors to visualize and present them in an
immersive manner.

Overall, this research explores the potential of
combining simulation, custom 3D modeling, 3D printing,
and holographic projection to enhance the understanding
and implementation of manufacturing process
improvements.
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Abstract: This article deals with the use of manufacturing process simulation as a verification tool. Simulation proves to
be a valuable tool for testing and evaluating production processes and their effectiveness in a controlled virtual
environment. The authors discuss the advantages that simulation brings, such as the identification of defects, the
optimization of production parameters, and the prevention of problems even before the start of the real production process.
The use of simulation of the production process enables the acquisition of valuable knowledge about the influence of
various factors on the final product quality, the optimization of production procedures, and the minimization of the risk
of errors. The authors emphasize that the simulation provides accurate information that helps in the decision-making
process and allows the prediction of possible problems and their solutions before they arise.

1 Introduction complete production processes and machine-oriented

Simulation is a powerfu| tool used to address Comp|é&mU|ati0n focusing on individual manufacturing cells [3]
problems that cannot be effectively solved using simple The primary objective of the first type, simulation of
mathematical models. The dynamic nature of the§@mplete production processes, is to support the planning
problems and the presence of uncertainties maRé specific production processes or improve existing
simulation an appropriate approach. Different types dfrocesses by analyzing key performance indicators such as
simulation can be categorized based on the specifi¥cle times or Overall Equipment Effectiveness (OEE).
problem they aim to support. For instance, managerial 6he goal is to optimize these processes and identify areas
strategic problems can benefit from simulation method8r improvement. This type of simulation is crucial for
that are tailored to management-oriented scenarios, sucteggancing efficiency and productivity in manufacturing
Monte Carlo simulation or scenario analysis. Theseperations (Figure 1).
methods can be further enhanced by incorporatina

visualization techniques or historical data. One practici

application of simulation is in supply chain planning, )| s e

which involves tasks like optimizing warehouse @

positioning or selecting suppliers. Simulation can provid

valuable insights and aid in making informed decisions i ® maximisation of profit @

such scenarios [1,2]. I equipment cost 4 -
The other type of problem that simulation can addres | satonof :> Ay o <: ol

is technical in nature, specifically operational problem | s ~ due date delay cost 4 ventory

that arise in engineering. These problems require technic NIt

simulation methods to make informed decisions. They a e Lty

often associated with the concept of the digital factory ﬂ

which emphasizes the use of simulation in the engineeril

and manufacturing domains. This paper distinguishe ® Pl ot

between two types of technical simulation: simulation ¢
Figure 1 Goals of process simulation [3]
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Horizontal and vertical extension of simulation and its interdependencies. This integrated approach
modelsin an enterprise enables a more comprehensive analysis of the enterprise as
The traditional simulation tools have been effective i Whole and allows for better decision-making across

modeling various aspects of manufacturing, includingfifferent functional areas. _ _
manufacturing lines, flexible manufacturing systems, and Secondly, the development of new simulation systems
manufacturing cells. However, the future development ¢ also directed toward enhancing the capabilities of
simulation systems is focused on advancing integrat&@edeling complex interactions and dynamics within the
enterprise modeling in two main directions (Figure 2). ~ enterprise. This includes considering factors such as supply
Firstly, there is a push toward integrating simulatio§hain networks, resource allocation, and information flows

models with broader enterprise-level systems. This mealfisa more interconnected and realistic manner. The goal is
that simulation is not limited to individual components of0 create simulation models that can capture the intricacies

processes, but rather aims to capture the entire enterpiéehe entire enterprise system, enabling more accurate
predictions and evaluations of its performance [4].

A Vertical Integration — j
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Pa
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Figure 2 Integration of simulation modeling in enterprise [4]
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Horizontal integration involves the integration of
manufacturing and assembly processes with the entire
logistics chain of the enterprise, including external
processes with suppliers and various supply strategies,
distribution networks, market dynamics, demand
forecasting, and other related factors. This integration aims
to create a seamless flow of information, materials, and
resources throughout the entire manufacturing
environment.

On the other hand, vertical integration pertains to the
integration of decision-making processes at strategic,
tactical, and operational levels within the production
planning and control system. At the strategic level, an
aggregate system is modeled without including detailed
operating or control logic. Strategic-level decisions involve
long-term plans for production requirements and
production resources. The objective is to align planned and

actual requirements and resources to the greatest possible

extent, ensuring effective utilization of resources and
meeting production goals.

2 SolidWorksanimation

SolidWorks is a professional software for 3D modeling,
design, and technical documentation. Its many features
include the ability to create animations. SolidWorks
Animations allow users to create moving visualizations of
their 3D models (Figure 3), allowing them to better
understand the design and operation of the proposed
product.

SolidWorks offers a variety of animation methods,
including component animation, part animation,
condensed assembly animation, and camera view
animation. Users can define movements, rotations,
transitions, and other parameters to create smooth
animations. In addition, effects such as lighting, shading,
and textures can be added to enhance the visual quality of
animations.

SolidWorks Animations are useful for presenting and
communicating designs with other people, as well as for
verifying the functionality and movement of designed
parts. They allow designers and engineers to visualize and
analyze their projects before they are physically created,
contributing to faster and more efficient product
development [5].

SolidWorks Animations include:

* Setting a Timeline: When creating animations in
SolidWorks, you can set a timeline that
determines how movements and changes occur
over time. You can define different animation
stages and assign specific time intervals to them.

them. In this way, you can create smooth
movements of objects or components.

Physical animations: In addition to animating
the components themselves, you can also use
physical animations in SolidWorks. This means
you can use physical properties like gravity,
elasticity, friction, etc. to make objects behave
according to the real laws of physics.

Camera and view animations. SolidWorks
Animations also allow for camera and view
animations. This allows you to create dynamic
tours of your models from different angles and
perspectives.

Export animations: After creating animations in
SolidWorks, you can export them to various
formats such as AVI, MP4, WMV, etc. You can
then use these animations for presentations,
websites, or other projects.

Interaction with other SolidWorks features:
You can easily integrate SolidWorks Animations
with other features in SolidWorks. For example,
you can create animations for collapsing or
expanding components within a drawing or
documentation. It is also possible to create
animations for simulations within the SolidWorks
Simulation module, which shows deformations
and movements of materials.

Setting animation properties SolidWorks
Animations provides various setting options that
affect the visual output. You can adjust the
animation speed, transitions between movements,
control the duration of individual sections, and
other parameters to achieve the desired effect.
Communication in assemblies: Animations in
SolidWorks allow you to display movement and
interaction between different components in an
assembly. This is very useful when examining the
movement of individual parts and their proper
functionality.

Motion and Collison Verification: SolidWorks
Animations can also be used to verify motion and
detect collisions between components. In this
way, you can detect potential problems in the
proposed system before it is physically created.
Visualization settings: SolidWorks offers
various options for setting the visual page of
animations. You can add different materials,
colors, textures, and lighting for better
visualization and a realistic look [6].

In the SolidWorks program, it is possible to animate
+ Keyframe animation: SolidWorks Animations various processes, be it production, kinematics, or motion.
use a keyframe approach, which means that yqtgure 3 shows a robotic arm created in SolidWorks. As a
define certain keypoints (keyframes) in time an@|assic 3D model, it is assembled as an assembly. In this
the system automatically interpolates betweefode, it is not possible to move it directly. It is necessary
to set the degrees of freedom.
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Defined degrees of freedom:
* gripper movement,
» movement of the gripper head,
» short and long arm movement,
e tower movement.

If the degrees of freedom are defined, the model
behaves as a moving part. Subsequently, you define the
object to be moved from position A to position B. In this
case, it is a cube, but if the requirements in production are
different, any model can be uploaded. The last thing to do Figure 3 Setting up the robotic arm
is to set the gripper, to its zero position, fix the cube and o )
move to position B. Figure 4 shows the animation of moving the cube to the

If these requirements are defined, it is possible to st&@sitions. In the Animation section of the SolidWorks

the animation of the transfer process. program, It Is pOSSIble to start and define animation
properties. Using the displayed points of the animation of
the individual parts, the exact time frame of the movement
and the return to the initial position, the so-called zero
point, is defined. Animation as part of the simulation helps
companies define the equipment they use or will use safety
features (exactly defined space where personnel can move
and where it is already dangerous) as part of the renewal or
optimization of the production process.
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Figure 4 Animation of the work of the robotic arm

Another example of process animation is theonnectthem usingthe Mate tool of the program and check
production of plastic prints. Figure 5 shows part of a plasttbe functionality of the press assembly.
press. A partial 3D model is sufficient for animation
because only this part performs movement, the rest of the
machine is static. The procedure is very similar to the
robotic arm. Define the degrees of freedom of the part,
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Figure 5 A partial model of the press equipment

Creating an animation of a pressing device (Figure 6)
in the SolidWorks program is possible using various
techniques and functions. Here is a procedure that can help
you create this type of animation: *

* Create a mode of the press: First, you need to
create a 3D model of the press in SolidWorks.
This includes the creation of individual
components (eg arm, press plate, injection tool)
and the assembly of these components.

» Define motion patterns and dependencies:
Next, you need to define motion patterns and
dependencies for individual parts of the pressing
equipment. This includes determining the
movement of the arm, the precise opening and
closing of the press plate, and other parameters
that affect the movement of the equipment.

Create animation using the keyframe
approach: You can use the keyframe approach in
SolidWorks to create animation. Place keyframes
in time for various parameters and positions of
individual components.  SolidWorks then
interpolates between these key points, which
creates a smooth movement of the device.

Set Timelineand Transitions: Set the animation
timeline and add transitions between key points.
This allows you to define the speed and duration
of individual parts of the animation and create
smooth transitions between different movements.
Add visual effects and textures: To enhance the
visual quality of the animation, you can add
various visual effects such as lighting, shading,
and textures. These effects can enhance the details
of the molding equipment and create a more
realistic appearance.

Verify the animation: After creating the
animation, play it and verify that the movement
and flow are in line with your expectations. If
necessary, adjust the parameters or positions of
the key points to achieve the desired result.
Export the animation: When you are satisfied
with the result, you can export the animation of
the pressing device to the desired form.
SolidWorks allows you to export animation to
various formats such as AVI, MP4, WMV, etc.
You can then use this exported file for
presentations, websites, or other projects.
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Figure 6 Animation of the pressing device
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In addition, in SolidWorks, it is also possible to creatbardware communication of the advanced production
simulations of the pressing process, where you can modgbktem platform. KEGA 020TUKE-4/2023 Systematic
material deformations and monitor force effects duringevelopment of the competence profile of students of
pressing. These simulations create a smooth transitismustrial and digital engineering in the process of higher
between the initial and final state, which allows for moreducation. VEGA 1/0508/22 “Innovative and digital
accurate visualization and analysis of the molding processchnologies in manufacturing and logistics processes and

system”.
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