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Summary
AGV systems, gradually making their way into individual logistics processes,
represent an important tool for handling different types of cargo. Since their initial
start in the domain of small handling units, their use has been incrementally finding
its application in the area of large handling units, too, such as different types of
containers. That is why an ever increasing number of them can be encountered at
the range of land and sea reloading sites. Thus, there are many opportunities for
them to be deployed in different types of logistics processes at maritime reloading
sites. For the AGV system and the logistics processes to function correctly at each
maritime reloading site, they need to be thoroughly fine-tuned. One of the methods
that can be used effectively to that end is the method of computer simulation. The
paper will describe how to create a simple simulation model using Tecnomatix Plant
Simulation.
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1. INTRODUCTION
With the increase in the volume of sea container transport,
there are growing requirements for the efficient handling
activities comprising individual logistics processes. At the
same time, the main emphasis is placed on performance
and time indicators. To meet these requirements, the various
autonomous technologies are increasingly being applied,
among which the most used are those based on the principle
of automated guided vehicles (AGV).
Currently, AGV is one of the high performance tools in a
wide range of logistics activities and processes associated
with maritime container shipping [1]. However, their proper
operation requires a whole range of necessary conditions be
met, the first being the management of their transport routes
[2]. In the framework of maritime terminals, the system of static
transport routes was initially preferred for the operation of
AGVs but was gradually replaced by dynamic route transport
systems [3]. Dynamic guidance of AGV transport routes
also brings to the fore the safety of operation and collision
prevention [4]. Great impact on this issue has the way the AGV
system management is done in individual operations. One of
the possible ways is to use the dispatching management as
described by Bian [5]. The application of dispatching control
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of AGV systems at sea container terminals has several problem
areas to be addressed and studied [6].
A very important issue is also the method of assigning
individual vehicles to carry out transport activities [7]. One
of the possible solutions to this problem is the use of a
hybrid method described by Zaghdoud et al. [8]. This is a
very interesting issue, which is described in more detail by
Corman et al. [9]. However, there are also other methods that
are used to address the problems posed by the operation of
AGV systems at sea container terminals. In particular, it is the
genetic algorithm method [10].
Another method that can be used to solve the problems
of container terminals using AGV systems is the computer
simulation method [11]. This is a broad-spectrum method
that can provide a wealth of information and knowledge
about container reloading site behavior, AGV operations,
and logistics processes [12]. Adequate simulation software
should also be used to properly apply this method to model
the required processes. Among the available simulation tools,
Tecnomatix Plant Simulation offers vast possibilities for the
AGV systems.
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2. AGV SYSTEM APPLICATION TO HANDLING
SEA CONTAINERS
Sea containers are used in maritime and intermodal
transportation for the transport of various types of cargo and
freight [13]. The majority of goods is transported in this way
around the world. However, handling sea containers is often
not easy [14]. The most common way of their reloading
from a ship to the terminal is by gantry cranes. Further, the
containers are conveyed by AGVs to container docking blocks,
where they are then handled by gantry cranes on the rails
(Figure 1). In addition, the clamp transporters reload the
containers further to semi-trailers.
Nowadays, AGV systems play an increasingly important
role in the handling of sea containers [15]. Compared to
conventional AGV systems that are used in various types of
logistics processes, those driven at the maritime reloading
sites are primarily powered by diesel engines [16]. In addition,
their operation requires other factors to be taken into account,
that are not accounted for in conventional AGV systems. In
particular, it is the fact that AGV systems for handling sea
containers move in an outdoor environment where they
are exposed to weather conditions. For this reason, their
individual structural components are impacted much more,
higher demands are made of the motion components and the
braking system.
When operating these devices, it is necessary to have
different types of information so that their operation in
logistics systems is as efficient as possible. We can divide the
information we want into three categories:
-- Performance – time indicators,
-- Performance – length indicators,
-- Capacity indicators.
All of these sets of indicators provide a comprehensive
picture of the use of individual vehicles and the efficiency of
their operation. These indicators can be used ex ante when
planning the vehicle activities and designing complex logistics
systems. However, they are much more often used in ex-post
performance evaluation and implementation of a wide range
of different types of analyses. In addition to classical analytical
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approaches based on observations, the computer simulation
method can be used very efficiently, too.

3. COMPUTER SIMULATION OF THE AGV SYSTEM
IN LOGISTIC PROCESSES
In simulating AGV network, handling the systems of sea
containers in a variety of logistics processes, it is often necessary
to define a number of restrictive conditions, or to work with
information and indicators that the classical user version of the
software tool does not use. One way to solve the problem is to
modify the classic blocks that are available to regular users. This
is a process that is very comfortable to use on the one hand.
On the other hand, it puts higher demands on computer and
programming skills. However, it should be emphasized that not
all developers of simulation tools support such a solution. This
is primarily because they protect their know - how on the one
hand and, on the other hand, they also try to avoid problems
that could be caused by such an interference due to ignorance
of the algorithm or, inadequate programming skills to operate
the simulation program.
However, there are solutions that can effectively eliminate
these shortcomings and bring significant benefits to their
users in creating simulation models. These include backing up
simulation block libraries or using special blocks and dialog
windows for writing commands in the respective programming
language. One of the most effective solutions to this problem is
Tecnomatix Plant Simulation.

4. CHARACTERISTICS OF TECNOMATIX PLANT
SIMULATION PROGRAM
Tecnomatix Plant Simulation is a simulation program that
is part of the Tecnomatix software package. Tecnomatix is
a portfolio of programming tools with options covering
the complex area of digital simulation solutions. In solving
engineering problems, it can be applied at all stages from
design and planning, through simulation and verification, to
implementation and management itself. Plant Simulation is
a software tool designed to simulate discrete events, helping
to create complex digital models of different system types,

Figure 1 Example of the AGV system deployment in sea container handling
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Source: [18]

Figure 2 AGV type used in simulation model
e.g. logistical, and allows for examination of their individual
characteristics, for their optimization and evaluation.
These digital models make it possible to make extensive
experiments and “what if” scenarios in the time available
without disturbing the existing real systems. They also
help to bring about planned and expected results long
before installing the real production systems. They offer the
possibility to optimize individual flows, use resources and
logistics in all levels of planning.
To create individual simulation models, the program
offers a wide range of blocks that cover the basic activities
and operations. In order to achieve the most holistic
approach to the real-time simulation model, the SimTalk
programming language can be used and individual blocks
can be programmed according to the user’s requirements.

5. AGV SYSTEM SIMULATION MODEL FOR
HANDLING SEA CONTAINERS
The simulation model describes the process of handling sea
containers in a company which receives containers from the
seagoing terminal semitrailers. Each container is subjected
to an entrance check upon arrival in the company, it is then
opened and unloaded according to the instructions, or it is
prepared for further shipment. Container handling is carried
out using a fleet of autonomous vehicles, the number of which
canvary flexibly (Figure 2).
The individual container shipments are handled by
staff performing a well-defined portfolio of operations. The
personnel aspect of the simulation model is designed to
reflect the real employment and shift work. All these processes
are executed with the WorkerPool block. The Brooker block

Source: authors

Figure 3 Basic concept of the AGV system simulation model for handling sea containers
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Source: authors

Figure 4 Demonstration of SimTalk Additional Programming Method Applied to the Simulation Model

is responsible for the allocation of individual activities. In
addition, there are several TransferPoints in the simulation
model, which ensure container or cargo reloading. The overall
view of the simulation model is shown in Figure 3.
In addition to AGVs designed to handle containers, the
use simulation model also includes forklift trucks. These
resources are always generated in the simulation model at the
beginning of the simulation experiment using the SimTalk addon programming method that is written in the Method block.
At the same time, individual constraints and manipulation
processes were programmed in SimTalk (Figure 4).
The Method block above can be briefly described as
a notebook in which the add-on program can be written.
Subsequently, the Method block is connected to the desired
location in the simulation model, where the program needs
to be deployed. When running the simulation, the program
identifies that the Method block has been used and thanks to
the relevant link, it reads and executes the prescribed program.
Traffic routes for the AGV and forklift movement are defined
statically. Routes are planned as one way courses. Only AGVs,
or forklifts, can move alongside the routes, but they cannot

overtake each other. Individual AGVs in the simulation model
are modeled by means of Mus Transporter blocks.

6. AGV MODELLING FOR HANDLING SEA
CONTAINTERS
In the simulation model, the AGVs are represented by the
MU’s Tractor. This is an element that is an integral part of the
Tecnomatix Plant Simulation Class Library. Its mission in the
model is to simulate various vehicles, transport and handling
equipment. Parameter setting for the AGV system was
implemented through dialog windows shown in Figure 5.

7. APPLICATION OF THE SIMULATION MODEL
AND THE INFORMATION OFFERED
The simulation model was designed as to be used to evaluate
the process of planning individual logistics processes in the
company. The first analysis was the monitoring of material flows
within the executed logistics processes (Figure 6). Sankey’s
diagram was chosen as the main visualization tool.
The results have shown low efficiency of using a storage
location labeled as Store. This was due to its specialization

Source: authors

Figure 5 MU´s Tractor dialog window
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Source: authors

Figure 6 Sankey‘s diagram
because it was a storage space for a specific type of goods,
necessary for a trouble-free operation of the company. Blue
lines of various boldness show the routes used by the AGVs
to convey sea containers and the movement of the material
that had already been unloaded from these containers. Thus,
we can clearly see the sections of transport routes with the
heaviest traffic.
In addition, the results of the simulation experiment
provided the material for the analysis of the use of three
handling devices used in the implementation of individual
logistics operations with goods obtained from sea containers
(Figure 7).
The results of the analysis point to the uneven usage
of individual devices. In particular, the device labeled
PickAndPlace1 was most used. Its utilization was almost 75%,
while the remaining two devices were used only minimally,

i.e. 22% and as little as 8% of the time, which opened up a
discussion regarding their use, i.e. or whether the operation
should be carried out by one of them.
In addition to the utilization of the individual handling
equipment during the logistic operations connected with
the sea containers, the workload of the workers at individual
workplaces was examined (Figure 7). From the results
obtained, it can be stated that the workload of the employees
is sufficient for the fulfillment of the work duties and ensuring
the reliable operation of the individual logistics processes. At
the same time, it should be added that individuals also have
sufficient time resources to solve operational and unplanned
tasks.
Further attention in the simulation model was devoted
to the evaluation of performance and activity of individual
warehouses and buffers (Figure 8). The simulation model

Source: authors

Figure 7 Demonstration of information visualization obtained through a simulation experiment
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Figure 8 Utilization of individual warehouses and buffers

allowed for tracking every movement of the material at these
locations. Inventory values varied due to new deliveries
made by autonomous vehicles [19, 20].
In addition to the above parameters, additional indicators
could be tracked using the simulation model. These were,
specifically, the utilization of individual AGVs, their mileage
and a number of other evaluation indicators. Overall, the
model was designed to be maximally flexible and sensitive
to any eventual new needs and requirements related to the
AGVs operation and handling of individual sea containers.

8. CONCLUSION
The use of AGVs to ensure logistics processes has an
increasing trend. AGVs perform their mission very efficiently
and help maintain reliability. They are deployed not only in
production halls, but also in outdoor environments, include
shipping and handling of sea containers at sea terminals
included. Their deployment in the handling of sea containers
is increasingly more common and the autonomous vehicles
fulfill a wide range of transport tasks.
However, their proper functioning is subject to different
types of analyzes and assessments. Those can draw on
ongoing operational logs, but also on the results of computer
simulation.
Nevertheless, computer simulation of AGVs handling sea
containers is challenging both for the software used and the
structure of the model itself. For this reason, it is necessary to
apply various methods and approaches, including the addon programming method.
The implementation of add-on programming method
in the simulation software significantly increases the
possibilities for the creation of simulation models of logistic
and technological processes, the handling of sea containers
included. Thanks to it, even the most complex logistics and
technological processes and their parts executed at reloading
land terminals can be simulated.
Although add-on programming requires at least basic
coding knowledge, it does not in any case discriminate
against those who lack it altogether. A large number of
intuitive tools in add-on programming significantly helps
the users in their work with it and at the same time indirectly
teaches them the subject matter and improves their abilities
and skills. At the same time, the add-on programming allows
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for individual simulation models to be fully compatible with
the requirements of the industry 4.0 philosophy and the
associated Digital Enterprise.
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