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Abstract in English 

This paper analyzes the effects of emerging technologies in intermodal terminals and marshalling 

yards, based on “Intelligent Video Gate” project within the H2020 – Shift2Rail initiative. Project 

aim is to initiate the next logical step to a higher level of automation in terminals and to reduce the 

lead-time needed for the identification/verification process of freight trains. Thesis project 

examine different emerging technologies that could be applied in intermodal terminal automation 

and possibilities for their application in different processes. Technologies considered in research 

are RFID, cameras, scanners, sensors, GPS and scales. Marshalling yard as important freight node 

on railway network is included in research, where departing processes are examined, and 

technology proposed for automation of brake test procedures.  

Qualitative research is used as a method to investigate current processes in intermodal terminal 

and marshalling yards. This research included all the processes from train arrival to the terminal, 

through transshipment processes and train departure from the terminal. Research also conducted 

different steps which Intermodal Transport Units go through during operations in intermodal 

terminal. Knowing processes enabled next step in qualitative research, finding the opportunities 

for improvements in operations. Third step in qualitative research investigated different emerging 

technologies and as a result gave opportunities and obstacles behind each of technologies. 

Complementing findings from qualitative research, model simulation is performed, based on 

operations in Malmö Kombiterminal. Intermodal terminal operations are simulated in Planimate® 

software. Addition to the qualitative research is finding the opportunities for improvements in 

marshalling yards and proposing emerging technology that could be applied.  

Master thesis successfully accomplished the task of finding the effects of emerging technologies 

in intermodal terminals and marshalling yards.  The methodology concluded to be appropriate one 

for building task solution. The project is viewed as a breakthrough in this domain but the 

expectations for Intelligent Video Gate should stay realistic and proceeded carefully. Elimination 

of brake test in marshalling yards is also very optimistic goal but should be followed by appropriate 

safety rules and regulations. Simulation of complex systems such as intermodal terminals and 

marshalling yards is the task that should be supported by accurate and detailed data, in order to 

keep the model and results more realistic.  

Keywords: Intermodal Transports; Rail Freight; Emerging Technologies; Automation; 

Digitalization; Marshalling yard; Intelligent Video Gate.  





Sammanfattning 

Detta dokument analyserar effekterna av framväxande teknologier i kombiterminaler och 

bangårdar, baserat på projektet ”Intelligent Video Gate” inom H2020-Shift2Rail initiativet. 

Projektets mål är att initiera nästa logiska steg till en högre nivå av automatisering i terminaler och 

för att minska den ledtid som krävs för identifiering/verifieringsprocessen av godståg. 

Detta examensarbete undersöker olika framväxande teknologier som kan tillämpas i 

kombiterminal automatisering och möjligheterna till tillämpning i olika processer. Teknologier 

som ska betraktas i forskningen är RFID, kameror, skannrar, sensorer, GPS och skalor. Bangård 

som är en viktig fraktnod på järnvägsnätet ingår i forskningen, där avgående processer granskas 

och teknik föreslås för automatisering av bromstest procedurer. 

Kvalitativ forskning används som metod för att undersöka aktuella processer i kombiterminaler 

och bangårdar. Denna forskning omfattar alla processer från tågets ankomst till terminalen, genom 

omlastnings processer och tågets avgång från terminalen. Forskningen har också genomfört olika 

steg som intermodala transportenheter genomgår under drift i kombiterminalen. Att veta 

procedurerna möjliggjorde nästa steg i kvalitativ forskning, att hitta möjligheter till förbättringar i 

verksamheten. Tredje steget i kvalitativ forskning undersökte de olika framväxande tekniker och 

som ett resultat av detta uppdagades olika möjligheter och hinder bakom varje teknik. 

Som ett komplement från resultatet från kvalitativ forskning, utförs modellsimulering, baserat på 

verksamheten i Malmö kombiterminal. Kombiterminal verksamhet simuleras i Planimate® 

programvara. Utöver den kvalitativa forskningen finner man möjligheterna till förbättringar i 

bangårdar och föreslår ny teknik som kan tillämpas. 

Examensarbetet åstadkom framgångsrikt uppgiften att hitta effekterna av ny teknik i 

kombiterminaler och bangårdar. Metoden slöt sig vara lämplig för bygguppgiftslösningen. 

Projektet ses som ett genombrott på detta område men förväntningarna på Intelligent Video Gate 

bör förbli realistiska och fortskrida försiktigt. Eliminering av bromsprov i bangårdar är också 

mycket optimistiskt mål, men bör följas av lämpliga säkerhetsregler och föreskrifter. Simulering 

av komplexa system, såsom kombiterminaler och bangårdar, bör stödjas av noggranna och 

detaljerade uppgifter. Detta för att säkerställa att modellen och resultatet är realistiskt. 
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1. Introduction 

1.1. Background 

Rising traffic demand, congestion, security of energy supply and climate change are some of the 

major issues that the European Union (EU) and the wider world are facing (European Commission, 

2018). Facing these challenges, the European Commission (EC) is striving to increase transport 

demand of rail sector and create Single European Railway Area. In the last three decades, EC has 

published white papers and directives related to transport, emphasizing revitalization of railway 

sector as one of most important goals. However, even if EC incentives to revitalize railway 

transport are high, overall performance of railway transport in EU is still not on satisfactory level. 

In order to improve the attractiveness and competitiveness of the European rail system and achieve 

Single European Railway Area, EC has established so-called Shift2Rail Joint Undertaking (S2R 

JU), Council Regulation (EU) No 642/2014 of 16 June 2014. S2R JU is a new public-private 

partnership in the rail sector established under Article 187 of the Treaty on the Functioning of the 

European Union, providing a platform for the rail sector as a whole to work together with a view 

to driving innovation in the years to come (Shift2Rail, 2015). S2R JU activities are divided in five 

so-called “Innovation Programmes (IP)”: 

1. IP1 – Cost-efficient and reliable trains, 

2. IP2 – Advanced traffic management and control systems, 

3. IP3 – Cost Efficient and Reliable High Capacity Infrastructure, 

4. IP4 – IT Solutions for attractive railway services, 

5. IP5 – Technologies for sustainable and attractive European rail freight. 

Innovation Programme 5 is organized around six different Technical Demonstrators (TDs) 

including Implementation Strategies and Business Analytics, Freight Electrification, Brake and 

Telematics, Access & Operations, Wagon Design, Novel Terminal, Hubs, Marshalling yards and 

Sidings, New Freight Propulsion Concepts and Autonomous Train Operation (Shift2Rail-IP5, 

2019). First IP5 project was launched in 2015, called Smart Rail. Later on, couple more project 

were launched. In 2017 S2R JU launched project called FR8HUB with the title “Real time 

information applications and energy efficient solutions for rail freight”, coordinated by Swedish 

Transport Administration. FR8HUB main emphasis is on increasing the efficiency in the nodes, 

hubs and terminals in the railway system for freight and to continue development in freight 

locomotives of the future (EC-CORDIS, 2019). The project started on September 1st, 2017 and is 

planned to be completed by August 31st, 2020. 
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However, all these technologies could not be applied at the same time and in all intermodal 

terminals, as it depends on real time terminals characteristics. This means that further work is 

needed to understand how these technologies could contribute to better operations and what effects 

could they produce, both, positive and negative. IVG project focuses mostly on intermodal 

terminals, but these technologies could be used in marshalling yards as well. This master thesis 

purpose is to investigate the effects of technologies proposed in IVG project in both, rail 

marshalling yards and intermodal terminals. 

1.2. Research questions 

Based on set objectives and goals, answers could be given on 3 research related questions:  

1. Which current operations in marshalling yards and intermodal terminals could be 

automated? 

2. Which of the chosen emerging technologies could be best used for the process of 

automation? Describing the characteristics of emerging technologies in consideration, 

comparative analysis. 

3. Performing the automation simulation on real example, whether IVG application have 

positive effects on operations performance or not? Examination of current needs for IVG 

in Malmö intermodal terminal, operations simulation in current state and with applied IVG 

technology.  

1.3. Objectives 

Main objectives of this project are to investigate which current processes (operations) in rail 

marshalling yards and intermodal terminals could be automated, which emerging technologies 

should be used and what effects they will have on system. Illustration of project objectives is 

presented on figure 2.  
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Figure 2. Main objectives of the project 

This master thesis is constructed on the way that the final objective is achieved by compiling three 

different goals, which complement each other. First goal was to investigate intermodal terminals 

and marshalling yards and to understand all the operations in them. These two facilities share some 

similarities, but the main difference is that intermodal terminals work with ITUs, which are 

transshipped between road and rail, or ships and road/rail, or combination of all these transport 

modes. On the other hand, marshalling yards work with rail freight cars, which are classified in 

facility and decoupled/coupled from the train. This imply that operations in these facilities are 

different as well. Analysis of operation is done to better understand the purpose of automation and 

to find the opportunities where automation is possible.  

After the first goal is achieved, next step was to analyze emerging technologies proposed in 

FR8HUB report, but also to analyze if some other technologies could be applied as well. This 

complements to the first goal on the way that technologies are applied where opportunities in 

operations exist. This investigation considers automation of manual operations, which could 

contribute to time savings, staff reduction and safety improvements.  

This part complements to the other two goals such that it is used as validator that technology 

application in terminals/yards could contribute to the operations improvements. This was done 

through the simulation of operations on real example. Malmö intermodal terminal is used for 

simulation model. Comparison of different software tools is an add-on to this goal, for future 

research.  

1.4. Scope and limitations 

This thesis project will focus on the effects that emerging technologies could have in intermodal 

terminals and marshalling yards, based on the IVG project which is the part of Shift2Rail Program. 

Main objectives

Investigate which 
current processes and 

operations can be 
automated in 

marshalling yards and 
intermodal terminals

Investigate which 
emerging technologies 

should be used and their 
effects on the system 

performance – analysis 
of existing technologies

Application of emerging 
technologies

Automation simulation 
on real example



5 
 

One part of the thesis project will go beyond the IVG scope, as it examines the rail marshalling 

yards as well. Project intention is to explain how emerging technologies could improve the 

processes in intermodal terminals through the automatization, based on current operations and 

opportunities for improvements.  

Project thesis is limited only to intermodal rail-road terminals and marshalling yards with humps. 

Effects of emerging technology in marshalling yards are limited only to qualitative research and 

one part of operations, due to system complexity and time needed for simulation. Simulation part 

is limited to software availability as many features could not be involved in simulation as more 

advanced simulation software were not available or have limitations regarding number of objects. 

Case study reflects the results based on operations in Malmö Kombiterminal, which does not have 

to mean that other intermodal terminals will have the same effects, as many different factors could 

affects the results. Case study results are also limited to data availability, as more data could give 

better and more certain results. Case study takes in aspect technical possibilities for application of 

emerging technologies but does not consider economic and safety aspects. 
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2. Methodology 

Intermodal terminals and marshalling yards are very important nodes for road and rail transport. 

While intermodal terminal allow interchange of ITUs between road and rail transport, marshalling 

yards are important as they allow interchange of rail cars between different trains through the 

classification tracks. Both nodes are important points for supply chain as well. Problem with these 

nodes is that they very often cause delays and are not very reliable due to many manual procedures, 

lack of communication between different actors, poor share of information etc. IVG project 

intentions are to improve processes and operational procedures through the automatization of 

processes. 

 The process of automatization is supported by use of different emerging technologies which are 

intended to be used and installed in these nodes. In one of FR8HUB deliverables general ideas are 

described about which technologies are intended to be used and in which way. This master thesis 

intention is to examine proposed technologies and see their opportunities and obstacles. Together 

with this, processes in intermodal terminals and yards are examined to show where the 

opportunities for automatization and emerging technology implementation are. This was done 

through the qualitative research. Reason why qualitative research is chosen in this part of thesis is 

because it can be used to gain an understanding of underlying reasons and opinions behind the 

chosen technologies and opportunities for their implementation. In latest part of the thesis 

quantitative approach is used, as numerical data has been transformed into usable statistics to show 

how the application of IVG in intermodal terminals could have an impact on better system 

performance.  

2.1. Research strategy and methods 

Research strategy for this project is divided in three different groups, of which every group is 

subdivided in different task. Table 1 below shows the strategy that is performed for problem 

solution. First part of strategy was related to description of processes in intermodal terminals and 

marshalling yards. Chosen strategy for this part was knowledge elicitation and acquisition, mostly 

from international literature, as there are many publications related to this topic. Also, knowledge 

acquired during the previous studies and experience from industry contributed to the better 

understanding of these processes. Addition to this, couple interviews with experts from this field 

is done, for better understanding of different tasks in terminals. Author contributions are also in 

finding opportunities where processes could be automated.  
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2.2. Choice of methods for data collection, data processing and analysis 

Qualitative and quantitative research both required certain data collection. Qualitative research 

required the wide range of data collection, as very wide field is examined. Data collection about 

current processes in intermodal terminals and marshalling yards is mostly collected based on 

international literature and knowledge gained from courses Logistics and Transportation, Railway 

Traffic – Market and Planning, Transport Data Collection and Analysis.  

The data about emerging technologies was collected from international literature as well, as many 

of emerging technologies are known and used in many different systems and industries. Addition 

to that, data collection about their application in intermodal terminals and marshalling yards was 

obtained by interviews with experts involved in FR8HUB project, master thesis supervisor Behzad 

Kordnejad and FR8HUB deliverable 4.1.  

For the case study data was collected mostly during the study visit at Malmö Kombiterminal and 

Malmö marshalling yard. Data collected in both nodes contributed to both, qualitative and 

quantitative research. For the qualitative part, it was very important to collect the data about 

terminal itself, as there was no almost any data available. Here was important to understand the 

processes in terminal and opportunities for IVG application. Addition to this, data was provided 

about processes in marshalling yard in Malmö, especially about departing processes, where thesis 

focus is set on regarding IVG application in rail yards. This information was provided by 

intermodal terminal and rail yard managers, and some staff members.  

Data collection for quantitative research is also provided in interview with Malmö Kombiterminal 

manager and with staff members. This was an uncommon method for quantitative research data 

collection, but the reason behind this is that the data is not easily accessible, some data is sensitive, 

while some data (which is collected by external software company for the purposes of Mertz AB) 

was not available free of charge. However, data provided from terminal manager was suitable for 

purposes of simulation, with certain limitations and adjustments, which are more explained in 

chapter 6.  
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3. Review of literature and other relevant sources 

In 2001, the European Commission confirmed the importance of revitalizing the railways, setting 

the objective of maintaining market share of the rail freight sector in central and eastern European 

Member States at 35 % by 2010 (Balko et al., 2016). This was planned to be one of the turning 

points for the revitalization of the railway system in Europe. However, not that much is achieved 

in next 10 years from 2001. On the contrary, railways suffered even more decrease in market share 

compared to other transport modes, mainly road transport. Finally, in 2011, the Commission set a 

target of shifting as much as 30 % of road freight transported over distances greater than 300 km 

to other modes of transport such as rail or waterborne transport by 2030, and more than 50 % by 

2050 (Balko et al., 2016). Setting these targets, EC has put a great starting point for revitalization 

of railways in Europe. The EU’s policy objectives for shifting goods from road to rail have been 

translated into a series of EU legislative measures mainly aiming at opening the market, ensuring 

non-discriminatory access and promoting interoperability and safety (Balko et al., 2016). These 

legislative measures are set to help achieving the objectives. One of the products of EC incentives 

to revitalize the railways is establishing Shift2Rail Joint Undertaking.  

The rail research performed within the S2RJU will prioritize the following overall objectives for 

the duration of the S2R JU, in line with the S2R Regulation and S2R Master Plan (Zajac et al., 

2014): 

1. Achieve the Single European Railway Area through the removal of remaining technical 

obstacles holding back the rail sector in terms of interoperability and through the transition 

to a more integrated, efficient and safe EU railway market, guaranteeing the proper 

interconnection of technical solutions. 

2. Radically enhance the attractiveness and competitiveness of the European railway system 

to ensure a modal shift towards rail through a faster and less costly transition to a more 

attractive, user-friendly (including for persons with reduced mobility), efficient, reliable, 

and sustainable European rail system. 

3. Help the European rail industry to retain and consolidate its leadership on the global market 

for rail products and services by ensuring that Research & Innovation activities and results 

can provide a competitive advantage to EU industries and by stimulating and accelerating 

the market uptake of innovative technologies. 

Intermodal transport, as a part of transport chain, could have many benefits because of these 

changes in share of transport demand and shifting to rail. Intermodal transport is logistic process 

and as that requires more research and scientific work in order to increase its competitiveness.  
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Improvements in technological processes are something that could contribute to a better 

performance of intermodal terminal in transport chains. Automation of processes is one way to 

achieve this. According to (Zajac et al., 2014), using sophisticated technology, handling, such as 

full automation of the process  can  substantially  reduce  the  time  of  cargo  handling,  eliminate  

errors,  increase  the  level of safety and reliability.  

Work Package 4, called “Intelligent Video Gate” is a part of FR8HUB project which is established 

from Shift2 Rail Joint Undertaking, under Innovation Programme 5. As this project has started in 

2017 and is still ongoing, there is no enough literature directly related to this topic. By so far, 

FR8HUB has published one report called “Description of functional and technical requirements 

and selection of components”. This report gives an overview of IVG project, with description of 

idea behind the project. Different parts of project are included in the report, starting from the vision 

of the project, business framework, IVG-design for railway intermodal terminals, requirements, 

components and final conclusions.  This report takes into consideration only intermodal terminals, 

but proposed idea behind the project could be also applied in rail marshalling yards.  

The idea of this master thesis is to find the different opportunities in processes in intermodal 

terminals and marshalling yards, where different emerging technologies could be applied. Many 

processes are still done manually, even if there is the opportunity to be automated. According to 

Shift2Rail evaluations, the manual check and documentation handling of a 740 m long freight train 

that corresponds to the new standard length of freight train-sets in Europe, can take around 45 

minutes to complete (FR8HUB, 2018). This practice is common in many intermodal terminals in 

Europe. That means that before departure of each trains, one staff member needs to go outside and 

walk along both sides of the train and check condition of rail cars and intermodal transport units 

(ITUs) and to compare that documentation corresponds to the existing composition of train and 

ITUs. If this procedure is done for each train, that means a lot of wasted time and staff hours on 

these processes. IVG gives the opportunity for automation of this processes, by installing new 

technologies that could be used. Machine vision-based applications, which will be implemented 

by IVG, are able to capture container codes (e.g. ISO 6346), UIC wagon numbers or goods 

classification codes, and automatically detect damages or integrity issues (FR8HUB-Report et al., 

2018). This could lead to reduced time for train check before departure, and less staff needed in 

terminals.  

Processes in intermodal terminals are very complex and there is no one generic algorithm that 

could be followed, as intermodal terminals could be quite different across the Europe, but world 

as well. Differences can be seen in terminal size, type of terminal (port or inland terminal), 
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Two gates are positioned on rail tracks, where information is retrieved for arriving and departing 

trains. For truck, one gate is installed, since both, arriving and departing trucks goes through the 

same place. Beside cameras, gates are equipped with RFID readers, which are used for automatic 

identification of in and out traffic at terminal.  

Intermodal terminal in Cologne is equipped with video gate for trucks as well. The gate delivers 

vertically stitched images, plate number of the trucks and chassis/trailers by OCR-recognition as 

well as load unit numbers (BIC Code/ ILU-Code) and dangerous cargo information for supporting 

the check-in process (FR8HUB, 2018). Maximum allowed speed at the gate is 20km/h, but due to 

congestion sometimes can go to 0 km/h. IVG in Cologne intermodal terminal is presented in figure 

5 bellow. Even if Cologne intermodal terminal is covered with IVG for trucks, trains 

arriving/departing to/from terminal are still checked manually.  

 

Figure 5: IVG in Cologne intermodal terminal (FR8HUB, 2018) 

Apart from FR8HUB project, many other researches have devoted their time to examine 

possibilities of automation in intermodal terminals. Meyer-Larsen et al. apostrophize the 

improvements that could be gained by applying RFID technology in intermodal terminals. The 

facilitation of communication and information exchange achieved by RFID applications lead to 

elimination of errors, cost reductions, and improved transparency (Meyer-Larsen et al., 2012). 

Ne

for automatic split-up activities, which includes automatic operation of a cut of wagons to the 

target track, speed regulation of cuts of wagons in the hump rail-yard area and interlocked 

movements in the hump rail-yard area. Other segments of operations that are considered from 

other researchers are related to automation of brake test, automatic coupling and decoupling, etc. 

Evaluation of operational gains by (Teixeira da Mota, 2013) has shown that biggest bottleneck in 
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rail marshalling yards is braking test. The simulation was performed based on operations of Gaia 

marshalling yard in Portugal.  This model has also shown that braking test is not needed, but only 

in case if automatic coupling/decoupling is applied. Operational gains are possible with these 

improvements, as productivity increased from 1.06 to 5.48 railcars per minute. However, there 

must be considered that 4 assumptions are used for automation process:  

1. Coupling and decoupling rail cars is automatic, 

2. Rail cars have self-propulsion, 

3. Switches are automatic, 

4. Brake test is not needed. 
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Figure 7: Container identification 

First subgroup consists of 4 letters, which represent the owner of the container and category 

identifier (e.g. freight containers). Second subgroup consists of 7 numbers of which 6 are serial 

number of containers, and the last number is check digit, which is calculated by a special algorithm. 

The last subgroup has combination of letters and numbers and represents container type (length, 

height, width included).  

Swap bodies are other type of ITUs, but they are not strong enough for stacking or to be used for 

sea transport. Swap bodies could be moved between road and rail transport. Difference between 

containers and swap bodies is also that swap bodies have folding legs under the frame. Their 

advantages over containers are that they are less heavier (tare weight), and that they are sometimes 

easier for truck driver to connect them, as there is no need to be loaded and unloaded from the 

ground level. Figure 8 below shows one type of swap body.  

 
Figure 8: Swap body 

Third type of ITUs are semi-trailers. Semi-trailers are usually wheeled units (as shown in figure 

9), that could be transported by road and rail. Transporting semi-trailers or trailers by rail cars is 

also known as “piggyback” transport. Their advantage is that are very flexible and easy 

attachable/detachable to the trucks, which contributes to faster operations. Good example of this 

kind of transport is so-called NRE (North Rail Express), where semi-trailers are transported with 
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while waiting for loading/unloading. Some intermodal terminals could be equipped with cross-

docking stations as well. A cross-dock is a facility in a supply chain, which receives goods from 

suppliers and sorts these goods into alternative groupings based on the downstream delivery point. 

No reserve storage of the goods occurs, and staging occurs only for the short periods required to 

assemble a consolidated, economical load for immediate onward carriage via the same mode as 

the receipt, or a different mode (Vogt 2004; Vogt and Pienaar 2007).  

Beside these facilities, there is also a building where terminal staff is located. This building is 

usually situated on one side of the terminal (entry side), but this is not a rule. Railway tracks in the 

terminal are separated from main line track by switches. Entrance for the truck is commonly 

located close to the staff building, and entrance/exit from the terminal is through the same point. 

These points where terminal railway tracks starts and end, as well as trucks entrance/exit points 

are located, represent one of the places where IVG could be located. There is no specific or generic 

rule which facilities intermodal terminals should have, as they could be different, but assumption 

is that intermodal rail-road terminals should have following facilities:  

1. Transshipment tracks, where railcars are positioned for loading/unloading, 

2. Waiting tracks, where railcars are positioned while waiting for loading/unloading, but also 

for trains inspection, snow removal and in some cases shunting or smaller maintenance, 

3. Buffer storage, where truck is parked for direct cargo transshipment and for storing units 

next to the truck in shorter time periods, 

4. Terminal gate(s), where arriving/departing vehicles are registered and inspected, 

5. Terminal office, where terminal staff is located and performing different functions and 

communication with other actors included in transport, 

6. Driving lanes, which are used for trucks and equipment movements and operations, 

7. Storage yard, where ITUs are stored, usually no longer than 24 h.  

One of the main characteristics of intermodal terminal operations is that there are many actors 

included. This is also one of stumbling stones in better and faster operations in terminals. Figure 

12 below shows all actors included in intermodal terminal operations and between the terminals, 

from rail perspective. Some of these actors are in close connection with the operations in terminals, 

while some are not.  
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Figure 12: Actors included in intermodal terminal operations 

Many intermodal terminals, especially in Europe are run by private operator, but owned by 

government authority (in many cases). Intermodal operators are the companies offering terminal-

to-terminal services, which include the rail haulage and transshipment (Woxenius, 2002). In other 

words, terminal operator is the company which is performing the operations and management of 

the terminal. This means that authorities own the terminal and land, but all operations inside the 

terminal are run by some private operator or company. Other actors that are included in operations 

are track/owner authority, which is the owner of railway main line and is not directly connected to 

the terminal inside operations, but is important, as many delays in terminal operations are actually 

caused by external factors, e.g. train is late for loading/unloading etc. Track owner/authority, in 

other words the railway infrastructure manager (IM), also called infrastructure owner, is the 

organization in charge of maintaining, constructing, managing and planning the fixed assets of a 

network (Trafikverket, 2012). Cargo managers and rail car owners are important as they share 

many information with the terminal operators, such as type of cargo and rail cars, weight, number 

of ITUs etc. One of the actors that could also have an impact on operations is traction provider, 

which is usually rail operator. Except providing traction, rail operator is one in charge of actual 

transportation of goods through the network. Other factors that are included in the terminal 

operations are road hauliers, but shipper and consignee as well. Addition to this, freight forwarding 

companies as intermediators between shipper and consignee are included as well.  

4.3. Operational concepts 

Operational concepts of intermodal terminal are very important for overall performance of 

intermodal transport, as terminals are nodes where ITUs are transshipped between different modes 

of transport. When the train arrive to the terminal for the main network, electric locomotive is 

Intermodal 
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Railcar owner

Track 
owner/authority

Terminal operation

Terminal ownership
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Cargo Manager
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usually attached to it. Therefore, train is positioned on side tracks where electric locomotive is 

switched to shunting engine. This process could be done inside of terminal, but also if intermodal 

terminal is close to the marshalling yard or some railway station, shunting could be done there as 

well. Shunting is performed by rail operator or from a private company which offer shunting 

services. If the transshipment tracks are free, railcars will be directly positioned for transshipment. 

If this is not the case, railcars are kept at the sidetracks until one of transshipment tracks is assigned 

to the railcars. But, before the rail cars are positioned to the transshipment tracks, they are inspected 

by terminal staff. This inspection includes check of rail cars and ITUs, if the train arrived with 

load. Inspection is done manually, in the way where usually one member of terminal staff goes 

around the train and check if the train is in good condition. After all conditions are met and train 

is positioned, the transshipment can start. If assumed that train is positioned for unloading, 

transshipment will start from one side of the train. Transshipment could be done in two ways, 

direct or in-direct transshipment. Direct transshipment is transshipment where ITU is moved 

directly from train to the truck. This case must assume that truck is present in the terminal at the 

same time as the train. If this is not the case, then ITU is moved from the train to the storage area 

close to the tracks (often called split move), where is loaded again on the truck when it arrives.  

Transshipment operations in intermodal terminal could be static and dynamic, as Ballis and Golias 

(2002) described. This depends on how many trains is served per day. In static case, one train is 

served per day, which means one incoming and departing train. In dynamic case, couple trains are 

served during the day. If the number of trains waiting to be served is higher than number of 

transshipment tracks, there is a need to unload trains quickly and move them on the side tracks 

(often called to clear the train). Before moving, train need to be unloaded completely and ITUs 

positioned on side and ready for a pick up.  

In case if train is loaded on transshipment track, after transshipment is finished train has to be 

prepared for departure. Procedure is similar to the arrival procedure, with some reverse operations. 

Railcars are pulled out from transshipment tracks with shunting engine. They could be pulled out 

on terminal side tracks or railway station and marshalling yard, if these are close to the intermodal 

terminal. After that, shunting engine is replaced by locomotive. Rail car and ITUs check is 

performed again, manually. The difference here is that before train is departed, brake test 

inspection is done as well. This process is also done manually, and usually requires locomotive 

driver and one staff member. After all inspections are performed, train is ready and waiting for 

departure according to the timetable.  
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could be made by so far is in the train arriving/departing processes. This is where losses of time 

are high and where the improvements are possible. This could be achieved by combination of 

different emerging technologies such as cameras, RFID and sensors.  

Same as arriving/departing processes for rail traffic, improvements could be made for road traffic 

as well. Here, time wasting is not considered for trucks checks, but for the time needed for 

documentation checks. Since trucks are partial units and arrive separately to the terminal, they 

don’t have to be checked for a long time. But, for each truck arriving to the terminal, each truck 

has to stop at the terminal entrance and check with the terminal staff that documentation is right, 

that ITU number is correct, etc. This all takes time and have the possibilities for improvements. If 

the emerging technology (camera, RFID) are installed at the gates, this could automatically give 

the information to the terminal staff which ITU has arrived, all information about it, information 

if there is any damage etc.  

Regarding communication between different actors included in terminal operations (figure 12), 

improvements in operations are necessary and very desirable. In interview with one of the 

managers at Malmö Kombiterminal, information is shared that terminal staff is getting the 

information from 5 different software platforms, which is used by different railway companies 

managing the trains to and from Malmö Kombiterminal. None of this software does not 

communicate between each other, or either with the terminal software. This means that terminal 

staff has to extract the information form each of this software and manually store to the terminal 

software. This requires time and share of information between different actors is low. This is only 

one of the examples where communication is on a low level. Another example is communication 

between terminal staff and truck drivers/forwarding companies. Here are couple obstacles 

detected. First of all, communication between terminal staff and truck drivers is on a low level due 

to the language barriers (since many drivers do not speak the same language as terminal staff, or 

neither. English as language of communication). This results in misunderstandings such as that 

driver didn´t understand the instructions or didn´t get the information about missed trains, or 

terminal staff didn´t get the information that driver will be late etc. This could be solved by using 

unique software that could be used by all actors involved in the operations. Software could be 

supported by some of the emerging technologies such as big data or cloud technology, where a lot 

of data could be collected and used. Also, information gathered by the IVG could be used as well.  

Improvements are possible in transshipment operations as well. To make the operations faster and 

less costly, optimized and well managed transshipment plan is needed. IVG could contribute in 

that by providing the important data such as size, destination and location of each ITU that arrive 
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at the terminal. This data does not have to be available only for the terminal where the ITU are 

located, but also for the receiving terminal. On this way, they could plan their transshipment 

processes on time and before the train arrive to the terminal. IVG in the receiving terminal could 

be then used for the confirmation that already obtained data is correct.  
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Hump yard can be divided in three different parts. First part, on the left side of figure 15 is 

receiving tracks. This is the place of arrival and disassembling of inbound trains. The set of rail 

cars that enter on some specific receiving track is called a cut. All rail cars that come to specific 

receiving track are inspected by the yard staff for any defects and decoupled. After that, when the 

process of decoupling is finished, rail cars are ready to be classified. Rail cars waiting time on 

receiving tracks depends on many factors, such as effectiveness of the marshalling yard, capacity 

of classification tracks, etc.  

Central part of figure 15, labeled with M, presents classification tracks. This is the place where rail 

cars go after they leave receiving tracks. They are classified on different tracks in the middle 

section. This is one of the most important tasks in marshalling yard. But, before they arrive in this 

section, they go through the hump in-between receiving and classification tracks. In the yards, rail 

cars are usually moved by shunting engines or station locomotive. This limits usage of these 

engines and locomotive, so solution for this was making humps. This means that rail cars are 

pushed from receiving tracks and they go over the hump and under the gravity they go to the 

classification track. After the hump is over there are many turnouts that lead rail cars to desired 

tracks. Sometimes it happens that rail cars are pushed too hard and there is a big chance that they 

will hit other cars in classification tracks with big force. This could lead to serious incidents. To 

prevent this, after the hump, but before the turnouts, station brakes are installed, specifically called 

retarders (figure 16). The main task of this brakes is to reduce the speed of rail cars before they 

approach to turnout and after that on some of the tracks in classification part. Not all rail cars can 

be done with this method. If there are some dangerous or hazardous goods, movement from 

receiving tracks to classification track is done by shunting engine or station locomotive.  

 

Figure 16: Retarders in Hallsberg marshalling yard 

After the rail car pass hump and turnout, it comes to the classification tracks. Typical number of 

classification tracks is between 20 and 40, but there are some stations with even more than 40 
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tracks, up to 70. The capacity of marshalling yards is defined by number of tracks. On the right 

side of the figure 15 departure tracks are presented. This is the place where rail cars arrive after 

they leave classification tracks. This is usually done by shunting engine. In the receiving track, rail 

cars are again assembled for outbound trains, but in different composition and for different 

directions. Each of these trains is attached to a locomotive and prepared to depart. Before they are 

departed, second inspection must be done. Yard crew inspects if all rail cars are coupled, check 

brakes, other technical systems and when the inspection is done, outbound train is ready to 

dispatch. If some of the rail cars are not properly classified, it is possible to pull them back for re-

humping. Re-humped rail cars are moved to receiving track in some of the cuts, and then humped 

again to the classification tracks. 

At the marshalling yard there is also control tower, usually positioned close to the hump from 

which station inspector or marshalling yard dispatcher can see and follow all cars and shunting 

engine movements. Sometimes there are 2 control towers, one positioned close to receiving tracks 

and hump, and one close to departing tracks. As shown on the lower part of figure 15, marshalling 

yards could be constructed without departing tracks. This means that there are only receiving tracks 

and classification tracks. In this case, receiving tracks are used as departing tracks as well. Example 

of this kind of marshalling yard in Sweden is Malmö marshalling yard.  

Car allocation at marshalling yards is one of the biggest problems and challenges. Considering 

that, it is very important to define strategies which help doing this on convenient and efficient way. 

There are different strategies about rail car allocation in marshalling yards(Jaehn & Michaelis, 

2016):  

1. Single stage sorting, 

2. Extended single stage sorting, 

3. Multi-stage sorting. 

There are also some new models in investigating best possible car allocation models such as 

models based on neural networks, ant colony optimization algorithm for solving dynamic wagon-

flows allocating problem in marshalling yards etc. All these strategies are mostly done by 

computer and automated. Table 2 below shows the time needed for departure procedures in 

Hallsberg marshalling yard. The results have shown that departure procedures take around 44 

minutes on average. 
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Table 2: Time needed for departure processes in Halsberg marshalling yard (BRÖH, 2015) 

Activity Time (s)  Time (min)  
Coupling of rail cars and braking system (100      
meter/min + 10 s/rail car)  750  12,50  
Time needed to fill up braking tube with air  900  15,00  
Air leak test  60  1,00  
Refill after air leak test 20  0.33  
Braking; turn on brakes, check each rail car 180  3,00  
Brake loosening 120  2,00  
Check that all brakes are loosened  180  3,00  
Time for buffer settling 15  0,25  
Brakes on   5  0,08  
Time for locomotive access and switching on 10  0,17  
Brake loosening  120  2,00  
Time for simplified brake test  60  1,00  
Time for exit incl. Reserved path time 150  2,50  
Time needed for relays, equipment reaction etc.   60  1,00  

Sum  2630  43,83  
 

5.2. Possibilities for improvements in marshalling yard operations 

Master thesis focused on improvements that could be done in departure procedures in marshalling 

yards. These procedures include train inspection and brake test on departing tracks in marshalling 

yard. Brake test on many European railways is performed manually, before train depart. For this 

procedure 2 persons are involved, train driver and brake inspector (usually marshalling yard staff 

member). The procedure consists of few steps, where brakes and all its components are checked. 

Brake inspector task is to walk around the train and check that all brake components functioning 

well. These checks include the integrity and continuity of brake air pipe, application and release 

of brakes at each car (if brake pads apply and release properly on the wheels or brake discs), that 

piston travel on each car within specified limits, etc. The full procedure and requirements regarding 

brake system and brake test at EU railway are regulated by TSI relating to the rolling stock - 

locomotives and passenger rolling stock subsystem of the rail system in the European Union. In 

this document all the safety and functional requirements are described regarding the braking 

system, type of the brakes and brake test procedures. 

Depending on train length at the departure tracks, brake inspection in marshalling yard could last 

around 45-60 minutes on average per one train. The idea is that all manual processes regarding 

train brake test should be replaced by automatic brake test, which outcome is to reduce the time 

which train spend in marshalling yard departure tracks and increase safety. This idea is based on 

previous research about brake test automation on Canadian Pacific (CP) railways, carried by 

Jamieson and Aronian in 2011. Namely, CP railways invested in Wayside Detection technology 

in recent years, with the aim to move towards Technology Driven Train Inspections (TDTI), 
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abnormally hot or cold wheels (and thereby detect and diagnose brake problems) and take action 

accordingly” (Cumming et al., 2008). Abnormally hot wheels could mean that brake force is to 

high and could indicate that there is some problem with the brakes. High brake force could lead to 

wheel damage, as it forces wheel to slide on the rail. On the other hand, abnormally cold wheel 

could mean that brakes do not apply well and imply that there are some problems with the brake 

as well. In 2010 a formal risk assessment was conducted to review the safety implication regarding 

replacement of No. 1 Brake Test with Air Brake Effectiveness Test. The final outcome has shown 

that there was no risk associated with Air Brake Effectiveness Test required mitigating measures.  

Regarding the implementation of this technology in railways marshalling yards, there are 

opportunities and obstacles in its implementation. Opportunities for automatic brake test 

application are improved safety, better and on-time maintenance of railway brake equipment, 

operational efficiency, reduction of time needed for manual brake tests etc. On the other side, there 

are many obstacles as well. First of all, regulations on CP and EU are not the same and would 

require technology adoption to the EU regulative. Complementing it, even if TSI regulations exist 

there are still many national regulations and requirements regarding brake tests. Another obstacle 

is that this technology requires HWDs alongside the track, at many points on the railways. In other 

words, all the railway lines from which the trains coming to the marshalling yard and departing 

from, need to be equipped by HWDs. This obstacle arises the problem of costs of technology 

implementation. Addition to this, data collection from HWDs and share of the information to the 

marshalling yards would require internal software as well (e.g. Equipment Health Monitoring 

System on CP railways).  

Air Brake Effectiveness test is not a part of IVG project and marshalling yards are not mentioned 

as well, but it could contribute to the future development and automation of processes in 

marshalling yards as well. Contribution is not just related to processes automation, but to safety 

improvements, better train maintenance. Many actors could have advantages of this technology 

improvements.  Infrastructure managers due to improved maintenance of trains which means less 

defects of infrastructure caused by trains. Marshaling yards due to processes improvements and 

ability to prepare on time by gathering the data about brake defects. Railway operators due to better 

maintenance of train equipment and identification of equipment problems on time etc.  
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6. Emerging technologies 

Emerging technology (ET) is a term generally used to describe a new technology, but it may also 

refer to the continuing development of an existing technology, but it can have slightly different 

meaning when used in different areas, such as media, business, science, education, transport 

(Winston & Strawl, 2019). This term is usually used for the technologies which are in process of 

development and are supposed to be used in coming years (usually refers to a period between 5-

10 years. Strict definition of this term does not exist. By ET, it is usually thought on NFC (near 

field communications, virtual reality, augmented reality, cloud computing, artificial intelligence, 

etc. Different researcher gave many different opinions about ET and what does it include and what 

not. By (Mohanad, 2013), Radio Frequency Identification (RFID) is not considered emerging in 

developed countries, whereas it is described as an ET in other poor and developing countries in 

the world where the internet and communication technology infrastructures are still poor. By 

Miller et al. (2005), a technology is still emerging if it is not a “must have”. However, technology 

does not have to be considered as a ne to be called emerging technology. By Daniel et al. (2002), 

the ET does not to be something new, but something what is commercially available or will be 

available in coming years, but not common in current practice. Some general opinion is that 

technology does not have to be new to be called ET, but it has to be emerging in specific application 

(rather it is a place, domain, or any other context). From the intermodal transport perspective, 

technology is called emerging if it can contribute to the radical changes of the system, where main 

measure is better performance of the system (reduced time, cost, improved operations, etc.).  

In recent years, very popular became so-called Gartner Hype Cycle, developed by Gartner 

company. Gartner Hype Cycles provide a graphic representation of the maturity and adoption of 

technologies and applications, and how they are potentially relevant to solving real business 

problems and exploiting new opportunities (Gartner, 2019). Hype Cycle is used to give the 

overview of technology development over time, where clients get insight in specific development 

of ET in the context of their industry. Depending on technology development, clients get support 

in making decision to make a move towards new technology or not. Cost-benefit analysis (CBA) 

are very often performed when applying new technology. The principle of Hype Cycle is that it 

drills into 5 different phases of technology development (figure 18). These phases are (Garnet, 

2019): 

1. Innovation trigger - A potential technology breakthrough kicks things off. Early proof-of-

concept stories and media interest trigger significant publicity, 
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Linear scan cameras are very good as they can scan moving objects with a high frequency, while 

capturing lots of “slices” of an image. This allows taking picture of each rail car and ITU at very 

high definition. Main problem that occurs with this camera is that they work the best only when 

object is moving and when speed is known. Of course, this suits situation with IVG, as for example 

train is moving when entering in intermodal terminal at very constant speed. Problem could occur 

if the train stop at the gate. Matrix cameras, very known and used in video surveillance could be 

used in IVG as well. They can record a video and give a panoramic view of the train but could be 

used for damages detection as well. These kinds of cameras could be used for trucks passing 

through the gate as well.  

6.2. RFID tags and antennas 

RFID technology is a part of so-called Auto ID technologies. It has been available since many 

decades, but more attention to this technology has been brought in last 10 years. Technology is 

based on the use of radio waves which reads and takes information which are stored on 

transponder. Transponder is called a tag. There are two main components of RFID, tag and reader. 

RFID readers interact with the tags by wireless radio waves, but also communicate with back-end 

servers through internet, LAN or Bluetooth. RFID readers can be active, passive and battery-

assisted passive (Meyer-Larsen et al., 2012). Active tag is powered by battery, while passive tag 

gets energy from the RFID readers. Battery-assisted tag has small battery but is only activated 

when receiving signals from RFID readers. In railway applications, passive UHF technology is 

commonly employed. Main advantages of this technology are that RFID readers can communicate 

with multiple RFID tags automatically, at the same time and speedily (around 1000 tags in 1 

second). Also, distance between reader and tag can vary between couple millimeters to almost 100 

meters, with no need to be in line of sight. One of the advantages is that RFID can store a lot 

information about physical objects.  

RFID technology is one of the main technologies considered in IVG project and could contribute 

to automation processes in intermodal terminals. Main requirements for RFID technology have 

been already set in FR8HUB report, and are following:  

1. Position of RFID readers should be at:  

a) Entry and exit points of locations where a train formation can be changed, 

b) In and out from station areas, 

c) Combined with other detector installations (e.g. hot box, vibrations, sound/noise etc), 
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7. Application of emerging technologies in intermodal terminals and 
marshalling yards 

Application of IVG in intermodal terminals and marshalling yards must be set as a technical system 

which will be adopted to the existing framework and design of terminals and rail yards. In general, 

IVG should consist of structural, technical and logical components (FR8HUB, 2018). Technical 

components are already described in chapter 3.  

Structural components of IVG are components that will support the work of technical and logical 

components. By this it is meant on components such as gate components for keeping and housing 

technical devices, electrical supply of the system, etc. Application of structural components 

depends on local conditions (electrified or non-electrified terminal/rail yard, the height of electrical 

wires, maximum permitted speed, number of tracks, etc.). In general, IVG should be installed in 

entrance/exit points. On this way, all the movements of the rail cars and ITUs could be 

documented. For the trucks, desirable position for IVG application is truck entrance/exit from the 

terminal. Gates could be designed as a bridge construction or two pillars, each from one side of a 

track. Second one is more desirable if the tracks are electrified. Number of IVGs in one terminal 

could go from one to four or more. This depends on terminal design, how many entrance/exit 

points exist, if there is several routes going into and out of the terminal, etc. Regarding the position 

of video gates, the most desirable place would be close to the transshipment tracks or close to the 

terminal operational area. There were some ideas that IVG could be installed on the railway 

network, couple miles away from the terminal, so the terminal staff could get the information prior 

to arrival and prepare according to that. Disadvantage of this idea is that there is no any inspection 

between IVG and terminal, so if something happens in-between, this will not be reported.  

Logical components are components which will support order and liability management of 

terminal, by means of identification, picture documentation and data collection of passing objects. 

Data collection is done manually currently and is in form of different sheets and papers. Figure 26 

bellow illustrates the interaction of technical and logical components and their interaction in the 

system. Detecting and Imaging Subsystem (DIS) consist of different sensors, cameras and laser 

scanners. Part of these sensors are the sensors that give the signal to IVG that train is approaching. 

This sensor is installed on the tracks before the IVG. Cameras and scanners collect the information 

from the train while it is passing through the video gate. This information is sent to the Field 

Information Matching (FIM) through the dedicated interface. The other subsystem is RFID 

identification, which is explained under 3.5.2. Information from the RFID is sent to the FIM as 

well.  



42 
 

 

Figure 26: Logical components diagram (FR8HUB, 2018) 

FIM receives and matches the information from these 2 subsystems, associating each tag with the 

corresponding rail car and ITU, and send the gathered information to the Train Identification and 

Classification (TIC) module. TIC system uses OCR technology to recognize and classify the data 

such as rail car number, ILU number and type, plate number etc. IVG is supported by the Internet 

of Logistics (IoL), which refers to adoption of Semantic Web technology to support secure and 

automatic data interchange of logistics among participants of Supply Chain process in order to 

increase visibility for better planning and control (FR8HUB, 2018). Main idea behind IoL 

introduction is that IVG should produce the information in language that is in readable format for 

everyone, by using a common vocabulary of softwares. Information obtained and processed in TIC 
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is afterwards sent to the integration layer and Graphical User Interface (GUI), which later can be 

used by different applications. This is how information comes to the terminal operators from the 

IVG through logical components.  

Technical components, described in chapter 3, are the one most favorable to be installed in 

terminal and rail yards. However, the final IVG concept and components are not decided yet, as 

there is still discussion if all emerging technologies could contribute, costs of application, 

reliability, etc. Following that, part of this thesis was to study different technologies planned for 

IVG and show their opportunities and obstacles regarding technical possibilities and 

characteristics, adoption, costs etc. These results have been shown in table 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

Table 3: Emerging technologies – Opportunities and obstacles 

Technology Opportunities Obstacles 

Camera 

 High-definition images of 
rail cars, trucks and ITUs, 
possible to transform in 
digital form by OCR 

 Damage detection (by 
visual identification) 

 Video recording of the train 

 
 

 Object has to move 
during acquisition 

 Speed has to be known 
 
 

RFID 

 Reduce waiting time at the 
gates 

 Reduce time for custom 
inspections 

 Increases terminal 
productivity 

 Improves coordination 
between different actors of 
transport (enhanced 
visibility) 

 Extremely durable 
 

 
 

 High costs of RFID tags 
 All rail cars entering 

intermodal terminal has 
to be equipped by RFID 
tags 

 RFID tags reliability 
(not yet 100 % 

 Lack of standards 
 
 
 

Scanner 

 Acquires 3D images of rail 
cars and trucks 

 Detects rail car load 
irregularities 

 Detects rail car 
irregularities (out of gauge 
etc.) 

 Resolution depends on 
scanner quality 

 Less accurate in general 
 Range depends on 

scanner technology 

Scale 

 Measure train weight 
 Measure wheel and axle 

load 
 Measure truck weight 

(static and in motion) 

 Measure static rail 
object only 

  Space requirements 

GPS 
 Allows location of each rail 

car and ITU 
 Global coverage 
 Low cost per unit 

 Requires GPS locator 
on each rail car/ITU 

 Location accuracy 
depends on certain 
geological features 

 Privacy concerns 

Sensors (heat, 
vibrations, lateral 

force – bogie, etc.) 

 Detects approaching train 
before video gate 

 Detects train 
“completeness’’ 

 Detects bogie and rolling 
stock conditions 

 Detects over-heated 
bearings etc.  

 Could be sensitive to 
temperature changes 

 Cost depends on type of 
sensor, could be high 

 Lack of standardization 
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Figure 31: Vossloh shunting locomotive in Malmö Kombiterminal 

By the information provided, there are 27 inbound and outbound trains served in one week. 

Those 27 trains include:  

1. 5 trains from Malmö Kombiterminal to Köln Eifeltor, managed by Hupac, 

2. 5 domestic trains from Malmö Kombiterminal to Stockholm Bro, managed by Coop, 

3. 5 domestic trains from Malmö Kombiterminal to Eskilstuna, managed by TX Logistics, 

4. 6 trains from Malmö Kombiterminal to Norway, managed by CargoNet, 

5. 6 trains from Malmö Kombiterminal to Germany, managed by KombiVerkehr, TX 

Logistics (Herne) and Van Dieren (Duisburg).  

Terminal is open 7 days in a week, with the opening hours provided in table 5.  

Table 5: Malmö Kombiterminal opening hours 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

5:30 – 01:00 5:30 – 01:00 5:30 – 01:00 5:30 – 01:00 5:30 – 18:00 06:00 – 15:00 09:00 – 19:00 

Terminal is handling about 4000 ITUs in a week on average. On a yearly basis, terminal is handling 

around 200000 ITUs. Most of those ITUs are semi-trailers and containers, but swap-bodies are 

handled as well. Crane transshipment operations last 3 minutes on average (time between lifting 

an ITU and dropping it to another position). For the transshipment operation 2 terminal staff 

members are included, driver in the cabin and one staff member on the ground, assisting the crane 

driver. They communicate between each other by radio communication. The duty of the ground 

staff is to check that the spreader straddled ITU on proper way, that semi-trailer kingpin is 

positioned well on a rail car, to read the ITU number to a crane driver if it’s not visible from the 

top etc.  
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regarding space requirements for railway video gate. There is enough space from the both sides of 

the terminal. What is more important for the railway video gate is its position. It is important that 

video gate position is before the main switch for all tracks inside the terminal, but also after the 

switch that divides the intermodal terminal tracks from the main railway line tracks. This is 

important because all the trains arriving and departing from the terminal should pass through the 

gate, but not the trains that are passing on the main railway line.  
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9. Simulation 

Simulation of Malmö Kombiterminal is performed in Planimate software, developed by 

InterDynamics. This software is chosen because its features suits well the purpose of case study. 

Addition to this, this is a freeware software, which made it much easier to develop the simulation 

model. It enables the creation of highly interactive and animated tools for a wide range of dynamic 

systems, including transportation and logistics networks. Planimate® allows the simulation of a 

process as a set of discrete events, in series or in parallel, by means of hierarchical networks 

(Baldassarra et al., 2010). Moreover, the model permits to quantify the effects of possible 

implementations of new technologies or operational measures (Ricci et al., 2016).  Program 

principle is based on graphical programming where different object (e.g. terminal entrance, 

transshipment tracks, parking area) are connected along the network. Different items are sent from 

one object to another, by connecting them. These items could be ITUs, trains, trucks etc.  

Simulation model is built based on intermodal terminal operations and data provided for Malmö 

Kombiterminal and from some previous research to the similar topic as well. Model is built based 

on following assumptions:  

1. Operations that are simulated are in situation where loaded train arrives to the intermodal 

terminal, 

2. Check-in procedures including all inspections are set to be 50 minutes, 

3. Transshipment operations are only in-direct (from train to parking), as there was no 

information or any specific rule about percentage of direct and in-direct transshipments. 

This could be solved by applying some of statistical distributions as well,  

4. Transshipment operations are set to be 3 minutes per one transshipment operation, 

5. Truck check-in procedure is set to be 10 minutes, with the inter-arrival time between trucks 

normally distributed, 

6. Simulation is performed for track length of 660 meters, as that is maximum crane serving 

area in Malmö Kombiterminal. Assumption is that no split-up activities occur in 

simulation, even if this happens sometimes in the terminal. 

7. Emerging technologies used for a process of IVG application are image processing, RFID 

and GPS.  

It is important to notice that simulation do not include the road network planning and the 

management of the trucks. Simulation does not include rail network planning and management of 

the rail cars as well. This requires simulation of two other modules which are out of scope for this 
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thesis and include wider image of supply chain. Instead, only processes in intermodal terminal 

itself are simulated, with the certain assumptions listed above. Simulation process is divided in 3 

different sub-systems: 

1. Check-in procedures for train and truck, 

2. Transshipment operations (ITU transhipped from train to parking area in terminal), 

3. Pick-up operations (ITU transhipped from parking area to the truck which departs 

terminal).  

Check in procedures include all the operations from train arrival to transshipment track 

positioning. These operations include inspection checks of all rail cars and ITUs. Terminal staff 

members need to assure that there is no any damages on the rail cars and ITUs, that all the 

documentation and information is correct and that it corresponds to their lists. Check in procedures 

also include switching locomotive procedure, where rail locomotive is switched to the shunting 

machine which delivers train to the transshipment tracks. Since these operations’ duration could 

differ based on train length and number of ITUs, 50 minutes is taken as a fixed value to perform 

all the check in operations. Time needed for this sub-system could be expressed mathematically 

as following, 

= + +  + ,   

where: 

TTcheck-in – total time for train check in procedure, 

Tarrival – time for train arrival, 

Tloc – time for locomotive change/uncoupling, 

Ttrack entry – time for train entry on transshipment tracks, 

Trailcar,ITU check – time for inspection check of rail cars and ITUs. 

Transshipment operations from train to the parking area for ITUs includes all the activities needed 

to re-position ITU from rail car to the parking area (which is usually temporary parking area as 

ITU are picked up upon arrival). After the train is positioned on transshipment tracks, ITUs are 

queued for transshipment. Crane operations starts and crane starts moving towards train. As 

Malmö Kombiterminal operates with 2 cranes, they are both used simultaneously for 

transshipment operations. Rule of FIFO (first in first out) is applied for ITU transshipment. This 

operation lasts from the moment when crane starts moving towards train, until ITU is moved to 
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the parking area and crane returned to basic position. Mathematical expression of this operations 

is following,  

=  + +  

where,  

TTtransshipment – total transshipment time from train to parking area, 

Tcrane movement – time needed for crane to come from starting position to the rail car, 

Tlifting – time for crane lifting operation, 

Tdrop-off – time for crane drop-off operation. 

From the data obtained during the study visit in Malmö Kombiterminal and by experimental 

measurement during crane activities in real-time operation, this time is set to be 3 minutes per 

operation. However, this time depends on many factors and is critical in model simulation. Factors 

that affects this time are type of the crane and its specifications, transshipment track length, number 

of transshipment tracks, crane driver experience, etc.  

Pick up operation include all activities from ITU drop-off to the parking area until it is picked up 

by the truck. ITUs usually do not spend more than 24 hours in terminal parking area before 

departing from terminal. In model simulation assumption is that ITUs are picked up soon after 

they are dropped of from the train to the parking area. Pick up activities also include truck check-

in activities and transshipment operation from parking area to the truck. Mathematical expression 

of this operations is following,  

= + +  

where,  

TTpick-up – total time for pick-up activities, 

Trcheck-in – time for truck check-in 

Trtransshipment – time for ITU transshipment from parking to truck, 

Tdepart – time for truck departure. 

Total time that one ITU spend in intermodal terminal is calculated as following: 

= + +  

Model is simulated in 2 different scenarios:  

 Current scenario where procedures are done manually. 
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 Scenario where arrival processes are automated with reduced time in arrival and 

transshipment processes 

Two scenarios are compared to show how the system changes when certain processes are 

automated.   

9.1. Simulation results 

Model is simulated in 2 different scenarios. First scenario is without IVG considered in terminal 

operations, while another scenario is with IVG included in terminal operation. Three different 

times are measured to show how different parts of system reacts on IVG implementation. Figure 

33 below shows the total transit time that ITU spend from arriving to the terminal with the train 

until leaving the terminal with the truck. Results have shown that total transit time with IVG 

implemented in terminal is shorter than the total transit time without IVG in the system. In fact, 

results have shown that total transit time with IVG is almost 2 hours shorter than the operation 

without IVG. Results could be different if the truck arrival is differently distributed, but in ideal 

situation (where IVG project stream for), this would be the case. What needs to be considered here 

is that operations are performed on single train arrival. 

 
Figure 33: Total transit time for ITU in model simulation 

Figure 24 below shows the results of total transshipment time of ITU from train to parking area, 

in case where loaded semi-trailers are transshiped from the train to the parking with the cranes. 

This figure shows also that there are time saving with the IVG implemented. In this case, only 

crane operations are considered as an improvement in processes. As here is not the case of crane 

optimization processes, but improvements in regular operations, time saving are not much higher, 
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but are still considered as valuable. This situation is also considered as an ideal process, where 

crane operations are simultaneous, with no any obstacles during the work.  

 
Figure 34: Total transshipment time of ITU from train to parking 

Figure 35 below shows the comparison of truck pick-up time in case of technology improvement 

and current situation. This figure shows considerably high time saving with IVG implemented, 

due to lower time for truck check-in procedures. This result shows the time from truck check-in 

until truck leave the terminal. In this case it has been also considered that both cranes are working 

simultaneously on lifting operation, but after they have finished transshipment operations from 

train to the parking area.  

 

 
Figure 35: Truck pick-up time with included truck check-in time 
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Train check in activities are not included in comparison, as their time is already known. Different 

times are used for simulation without and with IVG. However, shortening train check-in activities 

is one of the main goals of IVG project.  

The results have shown that implementing IVG would give considerably high time saving. This 

means that terminal can increase its own productivity. For instance, reduced total transit time for 

one ITU could lead to increase in productivity up to 30 %, based on given results. Also, 

implementing IVG technology could lead to reducing staff, better terminal operation etc.  

9.2. Simulation software comparison 

As a part of simulation, one of the tasks was to examine which software are good for intermodal 

terminal and marshalling yard simulation processes. Although there is many software that could 

be used for this purpose, five of them was selected and presented in table 6 below. Selection is 

based on software features, price, and availability for the study purpose etc. Software that are 

selected are AnyLogic, Planimate, FlexSim (FlexTerm), Arena Simulation and Villon. Planimate 

software fits very well master thesis purpose, but if there are intentions for more analysis and more 

features, then some more advanced software should be used, especially the ones that provide 3D 

animations and are specialized for intermodal terminals/rail marshalling yards. Appendices 2-7 

show different procedures in model run, as well as different situations that occur. Model is 

presented on the way that operations are shown during the model run, from the begging of process 

(train check-in), through transshipment sub-system and truck pick-up, where simulation ends. 
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Table 6: Advantages and disadvantages of different simulation software 

Software Advantages Disadvantages 

AnyLogic 

 Freeware software (basic) 
 Built in rail library 
 Allows three types of modelling: 

Agent Based, Discrete Event and 
System Dynamics 

 Extend default models with Java 

 Difficult to use, requires a 
large study of 
documentation and tutorials 

 More suitable for 
marshalling yards than 
intermodal terminals 

Planimate 
 Freeware software (basic) 
 Discrete Event simulation 
 Mostly graphical programming 

 Not very well supported by 
tutorials (at least not 
available for basic version) 

FlexSim (FlexTerm) 

 Allows different simulation analysis 
such as yard stacking strategies, gate 
logistics and capacity, yard layout and 
dispatching, rail scheduling, workload 
balancing etc. 

 Very friendly software environment 
 3D animations enabled 
 Individual modelling of resources 
 Student license provided 
 Libraries included in the program 

 Only up to 30 objects 
allowed for student’s license 

 Large amount of data 
needed for simulation 

 Lack of objects to use in the 
simulation 

 Expensive tool 

Arena Simulation 

 Discrete Event simulation 
 2D and 3D animation 
 Reduce operating costs 
 Reduce or eliminate bottlenecks 
 Explore the opportunities for new 

procedures in current state 
 Improve visibility of the change in 

system processes  
 Most well-documented software in the 

market 

 Only trial version available 
 Unintuitive and has a poor 

GUI 
 Debugging problems 
 Expensive tool (20000 € + 

3500€/year) 

Villon by Simcon 

 Precise infrastructure modelling (does 
not use schematic approach, but all 
physical properties of object) 

 Individual modelling of resources 
(modelling of resources is not limited 
to infrastructure; different resources 
could be modelled separately) 

 Detailed and flexible modelling of 
operation (program has more than 30 
different pre-defined operating 
functions with set parameters) 

 Modelling of multi-modal systems 
 3D animation enabled 

 
 
 

 Available only in demo 
version (only demo 
examples of operations in 
intermodal terminals and 
marshalling yard included) 

 Very complex for 
simulation, takes months to 
develop the model 
(information from company 
representative) 
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10. Discussion, conclusions and recommendations 

Thesis project had an aim to show what effects emerging technologies could have on intermodal 

terminal if applied, which technologies could be used and what are their opportunities and 

obstacles. Qualitative research has shown that many different technologies could be a part of IVG, 

with all different purpose to support the system. Apparently, four technologies are standing out 

among others and those are cameras, RFID, sensors and scanners. Research have shown that 

technologies have many opportunities in IVG application. Different intermodal terminal 

operations were examined to find out where these technologies could be applied and contribute to 

the terminal improvements. Research has shown that arrival and departing processes will have the 

highest benefits of IVG application, as processes automation will lead to the high time reductions. 

Besides that, transshipment operations could have time reductions as well if IVG implemented.  

Study visit in Malmö Kombiterminal shown what obstacles could be for IVG application and 

where it could be installed as well. Three video gates are proposed, two at the rail entrance/exit 

points and one at the truck entrance/exit points. While the video gates for rail side does not have 

big obstacles in implementing, study has shown that problem may occur for trucks, as there is no 

enough space between main road street and the terminal street connection. Also, what could be 

further considered is if there should be one or two video gates for rail, as northern entrance at the 

terminal is used 95%, while southern entrance is used only 5%. As the terminal is renovated 

recently and has two newly built RMG cranes and good railway connection, it could be considered 

as a good place for future IVG tests.  

To complement the qualitative research, model simulation is performed to show quantitatively 

what effects emerging technologies could have on intermodal terminal operation. Results have 

shown very considerable time savings in operations, where total transit time of ITU was 

considerably reduced with IVG implemented. Simulation was focused on train arrival processes, 

where train arrived loaded. One whole process of ITU is followed, from train arrival through 

transshipment process until the ITU pick-up by the truck. Simulation has shown time saving for 

different processes separately as well, where different subsystem are measured to show partially 

time savings in each of them. Planimate software was used, as its features allows the simulation 

of discrete events, where the processes could be followed from begging through the whole cycle. 

Addition to the software simulation, different simulation software tools are examined and 

compared, in order to show the features of each of them and their possibilities for intermodal 

terminal simulations.  
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IVG project is mostly related to the intermodal terminals, but this thesis examined marshalling 

yards as well, with special proposal related to departing processes for outbound trains. Marshalling 

yard proposal for brake test elimination is based on previous research from Canadian Pacific 

railways, where they switched No. 1 Brake Test to Air Brake Effectiveness Test. This technology 

is based on different sensors that detects wheel temperature and based on that measure brake 

effectiveness.  

This project has shown the idea of implementing emerging technologies in intermodal terminals 

and marshalling yards, based on S2R initiatives, under the project FR8HUB. One of the project 

packages, Intelligent Video Gate, considered implementing of different technologies to the 

intermodal terminals. The thesis project has shown which technologies could be used and what 

improvements they could have. These improvements are:  

1. Faster arrival processes – Automation of arrival processes such as check in, damage claims, 

rail car and ITU identification, 

2. Faster departure processes – Higher automation of departure processes, better safety and 

control of dangerous goods,  

3. Improved and faster operational management when sequence of rail cars and are known 

in advance, which enables optimized transshipment plans and a more seamless interface 

toward road transporters. 

 

Different technologies examined in thesis work could find their purpose in IVG application, among 

which four are standing out. The highest emphasis should be put on RFID and cameras, as they 

complement each other since they can read the codes, take high resolution images, identify 

damages etc. Other mentioned technologies should be considered as well in future projects, as they 

could find their purpose and complement to the other technologies. Analysis of different 

technologies and comparison of their advantages and disadvantages gave a good base for their 

future examination.  

Regarding marshalling yards, technology proposed in the thesis is based on previous research and 

model from the country with different regulations and certainly needs more examination. 

However, proposed technology gives a good insight in how emerging technology could contribute 

to the marshalling yards as very important modes for the railway system. Also, technology observe 

only a part of processes on departure tracks at marshalling yards, which means that there is an 

opportunity to examine the processes in other parts of marshalling yards as well.  
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Simulation software gave a result which shown how the IVG could have effect on time reduction 

in intermodal terminal. For the future research on this topic, it is recommended to use one of the 

proposed software tools. Not all the mentioned software have same features and each of them have 

limitations regarding features, complexity, availability etc.  

To conclude, there are big opportunities for future research regarding this topic. Not only IVG as 

a project, but also different processes in intermodal terminals and possibilities for improvements. 

Marshalling yards as a node are not directly related in IVG project, but there is definitely a big 

chance for improvements in theses nodes as well as future research on this is highly needed and 

desirable.  
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