Ref. Ares(2018)5616307 - 02/11/2018

D9.14 – Conference paper 2

INTERMODEL EU
Simulation using Building Information Modelling Methodology of
Multimodal, Multipurpose and Multiproduct Freight Railway Terminal
Infrastructures
Grant agreement: 690658

D9.14 – Conference paper 2:
Digital twin in sustainable cargo terminal planning
Authors

Status
Dissemination

Janne Porkka, VTT
Juha Hyvärinen, VTT
Ville Hinkka, VTT
Simo Nurmi, VIASYS/Topcon Positioning Group
Roman Nikolaev, VIASYS/Topcon Positioning Group
Mikael Korpinen, VIASYS/Topcon Positioning Group
Pawel Kolodziejczyk, MAC
Cornelis Versteeg, MAC
Luis Ibanes, IDP
Marcel Sanz, IDP
Final Deliverable
Public

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No. 690658.

Page 1 of 21

D9.14 – Conference paper 2

Revision history:
Revision
0.1
0.2
0.3
0.4
0.5
0.6

Date
15.09.2018
02.10.2018
09.10.2018
10.10.2018
11.10.2018
12.10.2018

0.7
0.8
0.9
1.0
1.1

15.10.2018
24.10.2018
26.10.2018
29.10.2018
29.10.2018

1.2
1.3

30.10.2018
31.10.2018

Author
Porkka, Hyvärinen
Porkka
Porkka
Porkka
Porkka, Hyvärinen
Porkka, Hyvärinen,
Hinkka
Versteegt, Sanz
Versteegt, Hinkka
Porkka
Porkka
Hyvärinen, Hinkka,
Nurmi
Porkka
All

Final

31.10.2018

Porkka

Organization
VTT
VTT
VTT
VTT
VTT
VTT
MAC, IDP
MAC, VTT
VTT
VTT
VTT, VIASYS
VTT
VTT, VIASYS,
MAC, IDP
VTT

Description
Plan
Draft
Draft
Abstract draft
Abstract update
Abstract for
comments
Comments
Comments
Figures updated
Internal review
Update
For peer-review
Update
Final version

Statement of originality:
This deliverable contains original unpublished work except where clearly indicated
otherwise. Acknowledgement of previously published material and of the work of
others has been made through appropriate citation, quotation or both.
The information set out in this publication are those of the author(s) and do not
necessary reflect the official opinion of neither INEA nor the Commission. Neither INEA
nor the Commission is responsible for the use that may be made of the information
contained therein.

Page 2 of 21

D9.14 – Conference paper 2

1 Executive Summary
Development of transport in Europe is aiming towards multimodality. Half of the goods
in the EU are conveyed by road and road transport itself makes up more than 70% of
the inland transport system. This aggravates the already strained transport network,
while simultaneously increasing the environmental load. The European road network
could choke if road transport volumes continue to grow at the current pace. Therefore,
there is a strong demand to ease and increase the use of other transport modes.
Amongst other transport modes, railroads have shown most capacity to replace road
transport if the necessary infrastructure is built. One solution to the problem could be
to focus on the goods entering the seaports: the incoming cargo could efficiently be
transferred to inland terminals for further distribution by rail. Thus, the need for long
haul road cargo is reduced, decreasing congestion on the roads, accidents, saving energy
and improving air quality.
This paper presents a methodology for an integrated approach to design and evaluate
intermodal cargo terminals. The approach is developed in Intermodel EU project, where
two real terminals in Italy have been used as case studies. The first is La Spezia seaport
handling annually 1.2 MTEU of freight. The second is an inland terminal at Melzo in Milan
with 0.3 MTEU annual volume. These case studies are connected as the major part of
the cargo to Melzo originates from La Spezia. Both terminals have investment plans to
significantly increase the amount of cargo shipped by rail.
The integrated approach is combining layout planning, operational simulation and
measuring the performance of terminal with Key Performance Indicators (KPIs).
Currently, these perspectives are mastered by different experts, and overall planning is
very dependent on the key personnel’s capabilities to integrate. To respond to this
problem, we have developed platform to allow integration of planning and simulation
of operations and to better assess the performance of terminals.
The rapid development in ICT has reformed planning tools. Currently, various planners
and experts use model-based applications to increase their productivity and gain benefit
by bringing various plans together into one digital environment for evaluation. During
the decision making, the performance of terminal is addressed using operational
simulation results and various indicators characterising terminal layout. Different
platforms are used for planning and logistical considerations, and unfortunately, a lot of
manual work is needed to transfer data from one to another.
We have developed the exchange of models to make processes efficient. The integration
platform is capable of bringing the plans together in open format, dynamic data from
simulation performed for relevant time interval, such as the peak shift, and annual KPIs
where the performance of the terminal is estimated in five categories: Operational,
Financial, Quality, Environmental, and Safety indicators. These three types of
information are synchronised together. This approach enables the user to see 3D gamelike animation of the terminal operations with additional information important for the
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decision making. Therefore, the platform enables comparison of alternatives in the
terminal, and helps to develop sustainable cargo handling solutions.
Keywords: Multimodal transport; Cargo terminal; Integrative approach; Model-based
planning; Operational simulation; KPIs; Gaming technology.

On behalf of the contributors,
Janne Porkka, VTT
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3 Introduction
3.1 Scope
This deliverable includes a manuscript for “Digital twin in sustainable cargo terminal
planning” a conference paper to be sent to SBE2019 conference in Helsinki on May 2224 2019. The conference Sustainable Built Environment (SBA) is headlined as a clean
planet, happy people & shared prosperity. Emerging Concepts for Sustainable Built
Environment. The manuscript attached is a completed final paper version from
31.10.2018. The deadline for final paper is on January 28 next year.
This deliverable presents a methodology for an integrated approach to design and
evaluate intermodal cargo terminals, used in two real terminals in Italy as case studies.
The integration platform is capable to bring together plans in open format, dynamic data
from simulation performed for relevant time interval, such as the peak shift, and annual
KPIs addressing the performance of terminal. As a result, users are provided with 3D
game-like animation of the terminal operations with additional information important
for the decision making, allowing comparison of alternatives.

3.2 Audience
The deliverable is targeted to people who have interest on developing terminals from
planning, logistics and performance point of view, and are participating to decision
making. This means all actors working at the terminals.

3.3 Definitions
Main definitions with glossary and abbreviations used in this document are:
Terminal
Terminal: In transport and logistics, terminal means a place where passengers or cargo
is gathered before moving to transport. In seafaring context, terminal has a particular
function in a port area, such as container handling, coal, oil, or passenger terminal. In a
case of a small and specialized port, terminal could refer to an entire port.
Digital models
BIM: This stands for Building Information Model. It is a shared digital representation of
physical and functional characteristics of any built object, including buildings, bridges
and traffic networks. The acronym is also increasingly used to define management and
Building Information Modelling in general, referring to using model-based applications.
(ISO 12911).
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InfraBIM: This stands for Infrastructure Building Information Modelling. The information
is focused on infrastructure information model and related structures and environment
information, but it is without for e.g. buildings.
GIS: This stands for Geographic Information System. The system deals with information
concerning location, relative to the Earth. GIS is a broad term, referring to a number of
different technologies, processes, and methods.
Digital twin: The term invented by Michael Grieves from University of Michigan in 2003
to describe interaction between physical and digital worlds. Term has been adopted in
many industries to mean a virtual, digital equivalent to a physical product.
Data exchange standards
buildingSMART: An alliance of organisations dedicated to improving processes within
the industry through defining and sharing interoperability specifications for open,
international standards. buildingSMART is responsible for maintenance and
development of IFC data exchange standard.
ISO: International Organisation for Standardisation. As an example, ISO/TC 211 is a
Technical Committee 211 that deals with standards for Geographic
Information/Geomatics.
OGC: Open Geospatial Consortium. An international industry consortium to develop
publicly available open interface standard for the global geospatial community in variety
of domains. OGC participates together with buildingSMART to the maintenance and
development of LandXML data exchange standard.
IFC: Industry Foundation Classes. An international, open specification for data exchange
and sharing for architecture, engineering and construction of buildings and bridges. Two
alternative exchange formats are provided for IFC, ISO 10303-21 standard (IFC Part-21
format), and XML (ifcXML). IFC is maintained and developed by buildingSMART.
LandXML: A non-proprietary XML-based format containing civil engineering and survey
measurement data commonly used in the land development and transportation
industries. Since autumn 2012, the maintenance and development has been shared by
OGC and buildingSMART.
Simulation
Dashboard: A set of KPIs joined together in a single overview screen. This way a user
gets the whole overview of the performance aspect in one view.
Experiment: This stands for a number of simulation runs in which a single scenario is
studied.
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Scenario: A situation that the user wants to study in the simulation tool. An
experiment is the cross section of volume, control, equipment and infrastructure.
INTERMODEL project definitions
Integrated planning environment / Integrated platform: A concept in INTERMODEL EU
project to technically combine BIM based coordination model, simulations and
performance evaluation using indicators, and planning/design tools commonly used in
multimodal freight terminal projects.

3.4 Structure
The deliverable is structured to 4 sections, briefly explained below.
• Section 1: Executive summary (Abstract)
• Section 2: Table of contents
• Section 3: Introduction
• Section 4: The conference paper
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4 The conference paper
4.1 Introduction
The development in European transport is aiming towards multimodality in order to put
suitable transport modes together. Half of the goods in the EU are conveyed by road,
and this mode makes up more than 70% of the inland transport system (European
Commission, 2017). The European road transport could collapse if transport by roads
continues to grow at its current pace. Therefore, there is a strong demand in to simplify
and increase the utilisation of other transport modes. Amongst the other transport
modes, railroad has most potential to replace road transport, but the share of rail cargo
has steadily declined in European countries. Removing rail network bottlenecks and
improving accessibility to production and consumption centers may increase its
competitiveness.
The shift towards rail cargo demands terminal modernising. Currently, the transfer of
goods arriving in ports is usually handled by road transport. This easily aggravates the
already strained transport situation, simultaneously increasing the environmental load.
The railroad transport has potential to be the solution if the necessary infrastructure is
built. One solution to the problem could be to focus on the goods entering the seaports:
transfer the incoming cargo efficiently to inland terminals for further distribution by rail.
Thus, the need for long haul road cargo is reduced, decreasing congestion on roads and
number of accidents, saving energy and improving air quality. Seaports and inland
terminals are often located in the middle of existing neighbourhoods that sets
boundaries also for their development. Investments in terminals, whether those are
new or updating existing terminal, are incremental and planning horizon for logistics is
long. During this long period, the vessels are enlarging, environmental issues are
becoming more important and there are new requirements set for the security (Hinkka
et al 2018).
Current terminal planning process demands interaction from many stakeholders. The
terminals for cargo are planned for a desired volume over a long time span. The
measurement unit in container transport is usually TEU (Twenty-foot Equivalent Unit),
meaning that a 40-foot or 12-meter ISO container corresponds to 2 TEUs in volume. The
throughput is measured in large terminals by millions of containers operated annually.
A complex development process involves many actors with different contribution, use
of specific software and terminology, and sometimes one participant has little
understanding of the interests of others (Versteegt & Fumarola, 2011). This underlines
the importance of developing the communication between experts representing civil
works, equipment, information technology, operations, health, safety, security,
environment and hinterland connections. There are several external actors involved as
well, such as equipment manufacturers, potential customers, local governments and
port authorities (Versteegt & Fumarola, 2011).
Terminal operations are unthinkable without effective and efficient use of information
technology and optimisation (Steenken et al., 2004). The best time to solve design
Page 9 of 21
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problems is in the initial planning stage (Gunther & Kim 2006). However, due to their
different backgrounds and different kins of expertise it is not always that easy for
individuals to see the consequences their decisions have (Fumarola & Versteegt, 2012).
Modern technologies can help to overcome this issue in practice, and tools aid the
planning with realistic 3D visualisations and the optimisation of operations with
simulation and emulation. The current market leaders dealing with large seaports and
inland terminals are at the early steps towards the integration. They show virtual
terminal to their clients, meaning terminal 3D visualisation, operational simulation with
key figures, and a pre-recorded simulation video rendered independently showing a
flying camera. Challenge in this integration is that the pre-recorded video is more like a
manually tailored 1-way exchange for visualisation and provides little user interaction
(Versteegt & Fumarola, 2011).
There is a great potential to improve communication in terminal projects. It seems that
the current planning tools still require a considerable amount of manual work.
Schwientek et al. (2018) noticed that better integration could be an efficient and
cooperative way to involve more stakeholders to terminal development since the initial
stage. In fact, better decisions require insights of different actors (Versteegt & Fumarola,
2011). Instead of pre-defined viewpoints, the user should be able to move freely in the
terminal and view simulation interactively. Transport infrastructure development
towards multimodality could benefit from better tools to provide additional information
from design options in order to develop sustainable freight terminals.
This paper is structured as follows. First, the context of paper is presented in the
introduction. Second, we describe a methodology selected for the integrative approach.
The integration platform is capable to bring together plans in open format, dynamic data
from simulation for relevant time interval and annual Key Performance Indicators (KPIs)
to evaluate terminal performance. We explain how these three types of information are
synchronised together in 3D game-like animation in two Italian case studies. Finally, we
conclude how this kind of integrative approach is related to the current market situation
and used in developing terminal operations for transparent communication to support
various stakeholders in decision making.

4.2 Methodology for integrated approach and its implementation
The integration approach presented in this paper is based on: i) model-based planning
of a terminal combined with ii) operational simulation and iii) performance estimation
with KPIs. At the moment, these three perspectives are mastered by different experts in
different applications, indicated also in concept in Figure 1. This chapter explains in
detail how we have developed the concept and its implementation in Intermodel EU
project.
The research has indicated that integrating planning and simulation are a costly exercise
(Versteegt & Fumarola, 2011), as iterations in both are resulting into lots of rework. For
the communicative purposes, simulation and animation are actually an interesting
challenge. Often people are experts in their own fields, and this background also
Page 10 of 21
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determines how they are able to understands the viewpoints others have. Instead of
having a single-tool based solution, we have considered the overall process and use
optimal solutions for each. Pre-recorded video cannot be considered as the optimal
medium for multi-actor communication in terminal development, to support getting
shared understanding, and making optimal decisions for the future.
Design
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Figure 1. Integrated platform concept. Image courtesy of Intermodel EU project.

We have developed the integrated platform based on gaming technology, which enables
interactive communication. The approach is suitable for meetings as it provides
additional information to users. We present dynamic performance values from
simulation, show static KPIs, and moreover, make financial considerations to help
terminal developers.
4.2.1 Model-based planning
The rapid development in ICT has reformed the planning tools. In the building industry
an approach known as Building Information Modelling (BIM) is changing the industry
towards integrated and collaborative projects. The practice means model-based
working, realistic visualisations, simulations, efficient project management, and
advanced collaboration in project team (Ghaffarianhoseini et al., 2017). According to
evidence, it is assimilated to different disciplines and domains (Succar, 2014; 2009).
For multimodal freight terminals, such as ports and inland distribution centers, modelbased planning is a great opportunity. During the past decade integrated working has
been increasingly used in infrastructures (Cheng et al., 2016). There are similarities in
infrastructure and building projects, such as design reviews, collaboration culture and
task coordination (Bradley et al., 2016). BIM for Infrastructures (InfraBIM), is a way to
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digitally represent physical and functional characteristics of infrastructures (Choi, 2013;
Bradley et al., 2016). The terminals include models from e.g. terminal area with
container yard, buildings, and other infrastructures (Hinkka et al. 2018). The driver for
such development is increasing their productivity and gain benefits by bringing
information together. Recently InfraBIM has also focused strongly on the integration of
Geographical Information System (GIS), location information used to enrich models
(Bradley et al., 2016).
The current market leaders in large terminal layout planning and simulation projects
make up almost the entire market. The market leader TBA Group has almost 90% global
share with Tecnomatix Plant Simulation application from Siemens. Another remarkable
competitor is FlexTerm application from Moffatt & Nichol. Both vendors are talking
about simulation and emulation, and they provide virtual 3D plans and a versatile results
from operational simulations. But as expressed earlier, the integration still requires a lot
of manual work.
The approach presented in this paper has been piloted in two Italian case studies where
integrating planning models and operational simulation is tested. Aerial photographs
and modelled layout plans from terminals are presented in Figure 2. The first is the port
of La Spezia handling annually 1.2 MTEU of freight. The second case study is an
intermodal inland terminal at Melzo with 0.3 MTEU annual volume. These case studies
are connected in a way that the major part of the cargo arriving to Melzo originates from
La Spezia. Both terminals are making potential investment plans to significantly increase
the amount of cargo shipped by rail.

La Spezia port

Melzo inland terminal

Figure 2. Two case studies, Melzo inland multimodal and La Spezia port; Photographs (above) and modelled
layout (below). Images courtesy of Contship Italia, La Spezia port authorities and Intermodel EU project.
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We have created a new set of libraries for Autodesk in order to automate the process of
building intermodal inland and seaport terminals. Both of the pilots are actually linked
to rail transport. We have also developed also the information exchange in open formats
for terminal BIM, InfraBIM and GIS models. We use IFC (IFC, 2018) and LandXML
(LandXML, 2018) to exchange terminal plans and shapefiles to exchange necessary
settings and parameters automatically to Macomi simulation platform.
4.2.2 Operational simulation
Simulation models are widely used in terminal design (Hinkka et al., 2018; Dragovic et
al, 2017; Versteegt & Fumarola, 2012, 2010). Efficient terminal logistics can only be
achieved by a proper and robust terminal design, as it establishes the foundations for
operational choices and limits possible alternatives (Hinkka et al., 2018). These
selections made at the early stages are in fact very complex, and expensive to change
later.
Figure 3 gives an overview of the operations in a container terminal. This paragraph is a
modified summary from Gunther & Kim (2006). The berth area has quay cranes to load
and unload containers from vessels. Containers are stacked on a yard, and there are
separate areas for the different types of containers. There is also place to repairs, and
possibly buildings for longer preservation and storage. Trucks and trains connect the
terminal with landside logistics chains. When container arrives to the terminal by truck
or train, it is identified and registered. Then the Terminal Operation System (TOS) assigns
the container to be removed by suitable transport handling equipment to one of the
storage or stacking yards. Specific equipment like Rail-Mounted Gantries (RTGs) and
reach stackers are used for organising containers. Finally, when vessel, train or truck
arrives, the handling equipment picks the container from the yard and deliverers it to a
desired transport type into a pre-defined position. The operations handling import
containers are performed in the reverse order.

Figure 3. Schematic view to container terminal system (Steenken & Stahlbock, 2004).

A major shift has taken place in past decade by substituting manual labour related to
crane operations, horizontal transportation and container stacking with automated
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controls. Modern Terminal Operating Systems (TOS) are able to control a large amount
of equipment needed to unload containers, transport them to storage and stacking, and
retrieve them when needed (Fumarola & Versteegt, 2012).
Common simulation tools are based on object libraries that provide a solid foundation
to generate a simulation model. These simulation objects are defined by a number of
parameters, and the more parameters there are, the more realistic model is (Schwientek
et al., 2018). Discrete-event simulation is the most popular method used in simulating
terminal operations (Dragovic et al., 2017). In the developed integration platform, the
planned layout can be transferred directly to the simulation software with settings and
parameters. Performance is simulated using Macomi’s Prescriptive Simulation Platform
(Macomi, 2018). A systemic approach is used to assess terminal performance,
comprising from four main components: Transported volumes, Control, Resources, and
Layout and infrastructure. These blocks are recorded in a database, which is then
directly fed to the simulation engine. Figure 4 shows the playback from the simulation
experiments are run, data is presented in dashboards such as KPIs, charts and 2D
animations visualised in. For the integration platform, we have developed interfaces to
import collected simulation results, dynamic data from container yards, and berth and
rail utilisation together with operational KPIs values to the integration platform in XML
format.

Figure 4. Operational simulation from Melzo in Macomi platform superimposed on Bing satellite map. Image
courtesy of Contship Italia, Macomi and Intermodel EU project, satellite map Microsoft Bing.

4.2.3 Measuring performance with Key Performance Indicators
To enable terminal comparisons, we use KPIs to evaluate annual performance. We have
earlier established a set of 40 indicators to be used for the assessment of intermodal
freight terminals. The use of these indicators enables the evaluation of operations and
how well the business objectives are reached. The Intermodel indicator framework has
five categories: Operational indicators, Financial indicators, Quality indicators,
Environmental indicators, and Safety indicators. The implementation of methodology
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begins with implementing selected short list of indicators in the case study context. The
shortlist includes five financial KPI´s (Terminal´s profitability, Operating revenues,
Operating benefits per unit, Capital expenditures, and Operational expenditures), four
Operational KPI´s (Intermodal terminal throughput, Storage area utilisation, and Rail
utilisation, and Berth utilisation) and one Environmental KPI (Carbon footprint per unit).
When the short-listed indicators are implemented, support for the remaining indicators
within the framework is imposed.

4.3 Development of integration platform with gaming technology
During the recent years term digital twin has been used thoroughly in the construction
industry. The term was invented by Michael Grieves from the University of Michigan in
2003 to describe a virtual, digital equivalent to a physical product. This is also the case
in the integration platform. The terminal is a physical system and when digitally
designed, running the simulation experiments provides data that is verified from the
real terminal operations. The simulation is based on a modern Terminal Operating
System (TOS) that manages the container handling from vessels into the quay, internal
transport, stacking, storage and moves to trains and trucks optimally.
The integration platform merges the plans in open format, the dynamic simulation data
simulation performed for a relevant time interval, such as a peak shift, and the annual
KPIs describing the terminal performance in five categories. These three types of
information are then synchronised together, and the platform enables the user to see a
3D game-like animation of the terminal operations with additional information that is
important for the decision making. Through the approach, the stakeholders
participating in the decision making process have a better possibility to select the
optimal solution from alternative plans, in order to smoothen operations to manage
cargo. The approach also supports transparent communication, and actors from
different backgrounds in various domains and disciplines so that they have an equal
opportunity to get the common understanding. The outcome from Unity3D platform
implementation is presented in Figure 5 and compared to a photo from a real terminal.
The platform implementation work has been carried out in Unity3D game engine. The
engine supports 2D and 3D game creation, as well as simulations because of its easy-touse functionalities. Unity has a rich and extendable editor, with powerful graphics
rendering for real-time, programming and multiple graphics APIs. Many companies in
various industries use Unity for teams as it supports cloud-based working, collaboration
by synchronization, and has a version control attached. Compared to traditional
applications in planning and simulation, the engine has increasingly good cross-platform
capabilities for publishing to almost thirty different platform such as computing, mobile,
entertainment and web. To support users, there is also an asset store where individuals
and third parties may sell animated content for users.
The Unity3D game engine is a popular choice among developers. There are multiple
forms of utilisation, e.g. in building industry (Sun et al., 2016; Polcar et al., 2017), in
maritime industry (Sun et al., 2016) and in chemical industry (Wang & Dong, 2018).
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Additionally, the gaming technology is applied in city planning. For example city of
Helsinki in Finland has published an open, city-wide city model to help streamline urban
planning and development, improve energy consumption and boost citizen engagement
(Cousins, 2017). There are both content-rich and light-weight 3D models available from
over 80,000 buildings.

Real terminal

Virtual terminal
Figure 5. Real La Spezia port from Italy above, and virtual terminal below from Unity3D export package. Image
from La Spezia courtesy of La Spezia port authority, and virtual terminal Topcon and Intermodel EU project.
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The platform development has been quite an effort. Some of the major steps are
demonstrated in Figure 6. The work started in Viasys VDC Live (1) with the exchange of
planning models. Then, the work shifted to the Unity3D game engine to initiate various
imports from planning and simulation (2). As the work continued, we started the
development of the logistical model for the cargo (3). The movements of containers are
managed in a file-based data transfer from simulation platform. We have purchased
content from the Unity3D asset store to fasten development. There are, for example,
good quality models available from containers, quay cranes, rail-mounted gantry cranes
(RTGs), reach stackers, vessels, trucks and trains. These models include also animated
operations, for example to move containers with RMGs. An interesting question in the
development is how realistic we want the running simulation to be in the Unity3D. For
the developer, the gaming technology and Unity3D is extremely flexible, allowing
photorealistic and realistic real-time simulations (4).

1

2

3

4

Figure 6. Screenshots showing four development steps of integrated platform in Viasys VDC Live (1) and Unity3D
(2,3,4). Images courtesy of Viasys VDC/Topcon and Intermodel EU project.
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4.4 Conclusions
In this paper, we have presented an integrated approach for the development of
intermodal seaport and inland terminals. Our digital environment enables users to move
freely around and get sufficient details for decision-making. One of the most critical
challenges of design in a multi-actor setting is the creation of shared understanding
among actors to increase the quality of design decisions (Fumarola et al., 2011). The
presented approach supports also the communication between both internal and
external stakeholders to build common understanding for the project.
The crucial terminal management problem is to optimize the balance between the
request of quick service and economic use of allocated resources (Park & Dragović
2009). This integrated approach supports efficient and fast planning of terminals, which
are necessary for the upcoming development of transport infrastructure. In Germany
alone, there are more than 300 logistic nodes that can benefit directly from the
integrated planning and simulation tools (Schwientek et al., 2018).
As sources of information are added in the planning process, it becomes a challenge to
present them all without suffering from information overload (Versteegt & Fumarola,
2011). When making a decision in a stakeholder’s plan review meeting, it is now possible
to consider all aspects, such as performance and utilization of berth, rails and yards and
see the simulation, adjusting the simulation speed to focus on critical time frame, and
pause animations to make a decision. We have learned that visualisation helps to convey
knowledge between different people from different backgrounds, to gain insight and
communicate in complex multi-discipline projects. Compared to the video used in
traditional planning and simulation applications for communication, the introduced
integrated platform with game-type 3D visualisation provides the user with new
opportunities to move freely, interact with the simulation and get additional
information.
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