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Abstract 
 

The global rail network every year is used to transport approximately 21 billion of 

people and 10 billion tons of cargo. These numbers is estimated that are going to 

increase in the future. Railway will become the transportation of the future. The actors 

involved in the rail market realizing these needs started to invest funds to upgrade 

both the network and the electronic systems on the trains to meet the demands and 

attract even more customers. 

Currently two different electronic systems are installed on-board trains, one related to 

safety and security and the other for passenger services. For safety and security two 

different systems have deployed for signaling and train control. The first one is 

ERTMS system that is mainly deployed in Europe, China and other regions of the 

world using GSM-R technology operating at 900 MHz while the other one is solely 

deployed in the USA operating at 220 MHz. For passenger-services more and more 

operators install Wi-Fi systems on-board the train. Each of these systems has different 

requirements to function. The common factor of these platforms is the train-borne 

antenna, which plays an active role to all the systems and can improve the quality of 

the services provided. 

SMARTEQ having experience in the transportation sector, more specifically in trucks 

wanted to explore this growth of rail transport followed by huge investments will 

create openings to enter the market and expand their business portfolio. The purpose 

of this report is to deploy a business case for train-antennas in order to help 

SMARTEQ decide if there is value in the rail sector. To achieve this goal a market 

analysis was conducted, followed by a technical description of the systems and the 

needs that exist on antennas and in the end concluding with a business model. 

This study reveals that antenna-rail market is really difficult to enter for a new 

company not related to train industry and needs proper acquaintances and partnerships 

to become a leading supplier. In addition due to the oligopoly of the market, 

competition is really high and needs a unique and competitive solution both price and 

technology-wise to attract the end customer.  

 

Key-words 

Railway, Train-Borne Antennas, Radio Systems, Signalling, ERTMS, PTC, LTE, 

MIMO Business model canvas, SWOT analysis. 
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CAHSR California High Speed Rail Authority 

CMCC  China Mobile Communications Corporation 

CNR  China North Locomotive & Rolling Stock Corporation 
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CSR  Cab Secure Radio 

dBi  Decibel gain referred to the gain of an isotropic antenna 

DOD  Department of defense 

EDGE  Enhanced Data rates for Global  
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ETSI  European Telecommunications Standards Institute. 

FHWA  Federal Highway Administration 

FOC  Freight Operating Company 

GDP  Growth Domestic Product 

GE  General Electric 

GLONASS GLObal NAvigation Satellite System [Russian GNSS System] 

GPRS  General Packet Radio Service  

GPS  Global Positioning System 

GSM  Global System for Mobile Communication;  

GSM-R Global System for Mobile communications for railways 

HSDPA High Speed Downlink Packet Access 

HSPA  High Speed Packet Access – the combination of HSDPA and HSUPA. 

ITU  International Telecommunication Union 

LTE   Long Term Evolution 

MIMO  Multiple In Multiple Out. 

NEC  North East Corridor 

NOP  Network Operator 

M2M  Machine to Machine 

MoR  Ministry of Railways China 

PMR  Private Mobile Radio 

QoS  Quality of Service  

RIO  Railway Infrastructure Operators 

SME  Small and Medium Enterprise 

SWOT  Strengths Weaknesses Opportunities Threats 

TETRA Terrestrial Trunked Radio 

TMC  Train Maintenance Company 

TOC  Train Operating Company 

UIC  International Union of Railways 

UMTS  Universal Mobile Telecommunications System – 3G system. 

UNIFE  Union of European Railway Industries 

VSWR  Voltage Standing Wave Ratio 

Wi-Fi  Wireless Fidelity. Commonly used synonym for WLAN. 

WiMAX Worldwide Interoperability for Microwave Access 

WLAN Wireless Local Area Network   
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Chapter 1: Introduction 

1.1 Background 
The global rail network every year transports approximately 21 billion of people and 

10 billion tons of cargo. The expected growth of the population combined with the 

mass urbanization will create even larger traffic volume amounts [1]. Based on 

estimations from International Union of Railways organization (UIC) the total freight 

will increase up to 80% and passenger volume 50% up to 2040. Railway seems to be 

the perfect candidate to handle these volumes compared to air and road transportation, 

where congestion problems and delays are already a major problem while both the 

road and airport expansions are expensive [2; 3].  

The increase in passenger transport followed by the rapid evolution of radio 

technologies from 2G to 3G and now to LTE along with the dramatic increase of the 

devices used for personal communication resulted in outpacing the available capacity, 

degrading the abilities of the existing systems and in the end the user experience.  

 

Figure 1: Total investments of the railway sector for each segment [4] 

All actors involved in railway have recognized that due to the increasing demand of 

rail transportation both for passenger and cargo, there must be some changes to make 

travelling by train more attractive. Safety improvement is the main concern from the 

authorities’ perspective. In Europe, USA and China there have been dictated 

guidelines with specific requirements that need to be fulfilled. These applications 

have the highest priority and they are defined as critical or vital applications. Critical 

services are related to signaling and control equipment as well as crew 

communications. Train monitoring, localization, crew communication, remote train 
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preparation, on-board CCTV systems, driving assistance and warning systems are 

some of the functionalities that need to be supported. These applications require high 

availability and liability at high train speeds. The two technologies that are being 

deployed are ERTMS [5] and PTC [6]. Both these systems will be dully explained in 

the following chapter. 

 

Figure 2: Overview of the railway critical and not-critical applications [7] 

Railway operators from their view want to attract more customers and increase their 

profits. To achieve this goal they realized that they need to improve customer 

experience with more advanced and upgraded services. These applications, since they 

have low priority and are destined to offer comforts along the journey are referred as 

non-vital or non-critical services. Some of the applications that have been already 

implemented in some countries are travel information, passenger announcements, seat 

reservation, on-line ticketing and Internet-on-Board access for passengers. These 

applications require high-bandwidth at the range of Mbps and more lenient robustness 

constrains. In this report the different proposals and technologies implemented for 

Internet-On-Board will be presented; which can also be generalized and used for the 

other aforementioned services as well. 

To offer both critical and non-critical services and make railway transportation more 

attractive than the other means, large funds have been invested to install new or 

upgrade the current network. Railway market seems to be blooming after the 

recession of the latest years creating new opportunities helping a business to grow and 

for potential new entrants to set in the market. 

1.2 Problem Formulation 
Antenna is an integral part of every communication system, a component that is 

responsible for the actual communication between the various electronic platforms 

and entities. In the railway the design of the antenna, due to the harsh environment, 

plays a significant role to the performance of the services offered. Following the 

technological shift in the rail along with the huge investments, better and more 

efficient antennas are desirable. 
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SMARTEQ [61], an antenna designing company offering solutions for the 

transportation sector has acknowledged this opportunity and wanted to explore the 

likelihood to enter the market and the ways to acquire a proportion of the antenna-

market share. 

The main problem area is related to the main title of the paper and emerges from 

SMARTEQ’s desire to invest in this market segment: 

“Is there an actual and interesting business case on railway sector, especially on 

train-borne antennas, for SMARTEQ?” 

The above statement cannot be answered straight-forward with a simple yes or no and 

should be simplified and broken off to lead to a firm and concrete result. The first and 

most important step was to identify the market. Railway is a complex and competitive 

market. Each region has different regulations and methods. It is important to find the 

position of the antenna designing company and how much is affected by the other 

actors in the eco-system. To present all these facts the following research question is 

addressed: 

 Who are the actors involved in the railway market? 

i. How they are related? 

ii. What is their role? 

iii. Where the antenna company is located in the value chain? 

To have an actual business case the different technologies and systems that are used 

need to be investigated in order for SMARTEQ to recognize what unique solutions 

might be needed and what kind of products should be designed to force the way into 

the market. To be able to answer these enquiries the next research question is raised: 

 What is the rail telecom market? 

i. Different RF technologies. 

ii. Future technologies. 

To create a business case and organize and describe the results different ways have 

been identified. Recently the use of managerial tools has become quite popular as a 

mean to express and illustrate the total business scheme and how it affects a company. 

The final research question is defined as: 

 How can managerial tools (SWOT, Business Model Canvas) help a company 

designing antennas to expand on railway market? 

1.3 Related Work 
A number of different factors dictate the requirements and define market trends. The 

technologies to be used, the network to support these solutions, the coverage and 

available bandwidth, the services to be used on trains are some of the drivers for train 

market. Depending on the approach different papers and articles have been published. 

In most of the cases the main attentions turns to High Speed Rails and on-board 

internet services. 
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Internet-On-Board Trains 

In [8; 9; 10; 11; 12] different authors try to present and analyze the performance of 

different technologies for providing internet on-board trains.  

From a techno-economic aspect Van Brussel at [13] presented three different 

dimensioning scenarios, including OPEX and CAPEX, for providing internet on trains 

from the train operator’s aspect. In [14] a more holistic approach for the technologies 

was followed focusing only in the finish railway network.  

The author at [27] attempted to calculate the total cost in maintaining broadband 

services on the trains. 

Railway Market 

The railway market structure was investigated in [15; 16; 17].  The first is a PHD 

dissertation written at KTH about freight rails. The latter analyzes the High Speed 

Rail Market and structure in the World. Finally the author at [17] examines the 

potential investments of the High Speed Rail Market in the US. 

Business Models 

Two efforts were found proposing a business model in railway sector. The authors in 

[18] in cooperation with a major rolling stock manufacturer created a business canvas 

to help with the company’s investments in emerging markets. In [19] a business 

model is proposed for an SME business dedicated to railway documentation in 

Sweden. 

Antennas 

Even in the antenna segment the market is very compact and competitive. Three 

different Patents have been identified that are available and in use. One from a 

German company with a brand-name KATHREIN
1
 and one from a Swiss company 

called Huber&Suhner
2
. These two patents refer to mechanisms on how to mount the 

antenna on-board the train [20; 21]. The other patent was established by an Italian 

company LEA-antenne
3
 and contained a mechanism specifically for high-current 

protection of the antenna element [22]. 

1.4 Contribution and Scope 
This Master Thesis was performed in collaboration between KTH and SMARTEQ 

AB. The main goal and scope around rail-antenna market was driven and defined by 

SMARTEQ. The scope is to have a proposal for SMARTEQ to enter or not the rail-

antenna market. The business model created for the train-borne antennas, positioning 

in value chain, potential alliances, proposed values and more importantly the final 

proposal to enter or not the market would be the main contribution of this project 

towards SMARTEQ. 

                                                      
1 http://www.kathrein.de/en/start/ 
2 http://hubersuhner.com/en/ 
3 http://www.leagroup.it/ 
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The proposed business model for railway antenna market from an antenna supplier 

point of view would be the main contribution of this project towards KTH. Following 

the arguments from the literature study it could be indicated that there has been a lot 

of discussion about Internet-on-board trains, the technologies used for passengers’ 

services, the rail market and some rail business model. All these cases were 

independent and mainly focused on the performance of each technology or the 

deployment costs from a rail operators’ point of view or performance of each system 

on specific types of trains.  The research gap identified was that no attempt was no 

business case was created for an antenna designing company that desired to enter the 

railway market (Figure 3). 

 

Figure 3: Research GAP 

In addition, collateral and secondary contributions were identified such as: 

 The usage of managerial tools such as business canvas and SWOT analysis for 

an antenna designing company and their impact and significance in this 

scenario. 

 The introduction of PTC technology as well as the life-circle and usage of the 

radio technologies. 

1.5 Delimitations 
Railway is a vast and wide sector and includes many different actors and systems. The 

research study is time-limited and in order to complete it and answer all RQs some 

more boundaries have been set. 

 This study focuses on a single SME company specialized in train antennas. 

The results cannot be generalized for other train equipment companies. 

 The study investigates solely train-borne antennas. Other kind of antennas 

related to railway communications are outside the scope of the thesis 
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 The purpose of the study does not include technical and design details about 

the antennas. 

 While a full market study research was conducted, main regions of interest are 

USA, Europe (Sweden, UK) and China. 

 Interviews are the basis of the study. The results and the way they are 

interpreted are based on author’s individual thinking and might be prone to 

mistakes. 

 The result of the study are a business plan and model, however the 

implementation and the execution is out of the scope. 

1.6 Thesis Outline 
The way of thinking step by step and how the structure of the report is organized is 

illustrated in Figure 4. After a brief introduction of the scope of the project, related 

work and delimitation factors, in chapter two the methodology that was followed and 

applied in this study is illustrated.  

Chapter three contains the market analysis for USA, Europe and China. All the actors 

are recognized as well as inceptions about the structure and organization of the market 

and realize how the rail- environment functions. Finally, the value chain for the rail 

and the positioning of SMARTEQ is identified.  

In chapter four, available RF technologies are presented and the context their used in. 

Based on these inputs conclusions regarding the proposed market products will be 

drawn. 

Chapter five follows analyzing the rail-antenna technologies. A zoom in train-borne 

antennas that are mounted on the roof of the rail takes place to identify and to propose 

a design as a value proposition.  

Chapter six is the essence of the project including the complete business case. 

Business models are filled and presented to show potential customers and correlations 

between SMARTEQ and the other actors, helping them to comprehend the rail 

conditions and define their strategy approaches. 

Chapter seven consists of the final outcomes and conclusions that were related to the 

goals of the project and the research questions that were imposed, some additional 

remarks regarding other potential markets as well as future inceptives and work. 
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Figure 4: Report structure and flow 
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Chapter 2: Methodology 

Having defined the RQs in this chapter the research methodology to be followed to 

answer the aforementioned RQs will be described. First, the approach that was 

selected is introduced, and then the steps that were followed, the sources used for the 

data collection as well as the tools used to make the analysis and support this 

framework are presented. Finally the frame of reference is presented in which the 

business case is based on.  

2.1 Approach 
The nature and scope of the thesis pinpointed to use qualitative analysis to obtain the 

entire rail market picture. The main reason leading to this selection was the 

explorative nature of this project. The qualitative approach was used, in order to 

identify and describe in detail the different actors, their connection and the business 

strategies to be followed. Using this method, insights about the rail-market it-self, 

technologies used, railway antenna needs and strategies to be applied, is provided.  

The research steps that had been followed were: 

 Data Collection including literature study and Interviews 

 Data Analysis 

 Recommendation Formulation 

2.2 Data Collection  
The data collection of the thesis consisted of both primary and secondary sources. 

Secondary sources refer to literature study including data such as: 

 Industry presentations and annual reports  

 Publications and White Papers 

 Press releases and media interviews 

 Official statistical figures from authorities 

This would create a basis about the market, the actors involved as well as the 

technologies used on trains and it would be used to identify organizations or people to 

address to collect the primary data. 

The primary data, as mentioned above, has been obtained by conducting a set of 

interviews with related actors in the railway-market, train operators, national 

agencies, communication service companies, organizations. The interviews have been 

created in a semi-structured way. This approach was selected, so that the interviewees 

will freely express their own opinions and views in pre-defined topics. The set of 

questions can be found in Appendix. The aim of this section was to support and 

enhance or change the results from the literature study as well as offering some 
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additional extraordinary hints and needs related to the antennas. Answers to research 

questions regarding the market and the technologies will be provided from this 

method. The interviewees that willingly provide an answer are listed below: 

1. Jonas Lindh Manager GSM-R System and Operations at Trafikverket. 

2. Mats Karlsson ICOMERA AB. 

3. Dimitrios Pagkarliotas Electrical Engineer at OSE. 

4. Nikolaos Denis TRAINOSE. 

5. Matthew Phillips Director Rail Control Systems Interfleet 

6. Thomas Orville Public Information Manager at California High Speed Rail 

Authority. 

7. Paul Weber Railroad Safety Specialist Signal and Train Control Division at 

Federal Railroad Administration. 

8. Kjell Walleborn Technical Specialist Signalling Systems at SJ AB. 

9. Piero Petruccioli Senior Advisor and Coordinator of CCS and 

Telecommunication Sector in UIC. 

In addition meetings, discussions and interviews were conducted internally inside 

SMARTEQ to get acquainted with their business thoughts, provide both technical and 

theoretical support as well as some data concerning to project planning. 

2.3 Data Analysis 
Data analysis will strive and lead to problem formulation and is based on deductive 

reasoning. Deductive reasoning leads to new results and conclusions based on logical 

reasoning of existing gathered information. The goal of this method is to analyze the 

collected data in order to understand and interpret them, to create the value 

proposition, get an in-depth understanding of the rail market connections and how 

SMARTEQ can exploit the results. To perform data analysis The Business Model 

Canvas was used for the illustration of the rail-antenna business model concept due to 

the simplicity of the tool. The key elements that were filled on the Canvas were Value 

proposition, Customer Segments and Key Partners. These are the main elements 

forwarded and used for the problem formulation. 

2.4 Problem Formulation 
Problem formulation is the last method used, consisting of the most important 

findings from the data analysis and answering to the first and most important research 

question about the real business case proposal or not to SMARTEQ. Comparative 

analysis would be used to compare and examine two different antenna solutions 

proposed in value proposition. Comparative analysis is about examining the pros and 

cons of different entities within the same environment. Following this method the 

unique aspects and opportunities available for the different solutions and markets will 

be identified. To make the comparison between for the two proposed values SWOT 
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analysis would be used, aiming to identify the opportunities and threats for each 

solution respectively. 

2.5 Frame of Reference 
The main contribution towards SMARTEQ and KTH is related to business modeling. 

At this section the theoretical background that was the foundation of creating the 

business plan and organization for SMARTEQ is illustrated. The basic frame and tool 

that was adopted was defined by Alexander Osterwalder [69] at his work as: 

“A business model is a conceptual tool that contains a set of elements and their 

relationships and allows expressing the business logic of a specific firm.” 

The set of elements that were described and considered an integral part of defining the 

business logic are illustrated in the following figure. 

 

Figure 5: Business Model 

The nine business model elements were: 

 Value Proposition. The offerings of the company in terms of products and 

services 

 Target Customers. The market and consumer were the above value will be 

sold. 

 Distribution Channel. The tunnel, which connects the value with the target 

customers.  

 Customer Relationship How the company inter-connects and interacts with 

their clients. 

 Value Configuration. It is related to the organization of the resources and 

activities for creating the product. 

 Core Competency. It is related to the capabilities of the company to support 

the business model. 

 Partner Network. Refers to the synergies and alliances needed to complete the 

tasks. 

 Cost Structure. It describes the expenses related to every activity to producing 

the product 
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 Revenue Model, referring to the  method that the company  

Osterwalder, before publishing about the business model concept had already 

presented in his PhD thesis the Business Model Canvas [70]. Business Model Canvas 

is a tool that supports the aforementioned nine blocks, contributing to the 

development of new models, by describing all the important sets of elements in a 

simple graphical manner. That tool was the perfect candidate to base and organize the 

inquiry method on rail business case and research questions, due to the simple 

structure and graphical presentation that it offers. 
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Chapter 3: Railway Market 
This section is related to the first RQ and tries to illustrate the rail market framework 

and identify where SMARTEQ is located. At the first chapter an overview and 

explanation of the total market frame will be given. Then an analysis of the main 

actors in Europe, USA and China will be presented and finally the value chain of the 

train construction will be described. 

3.1 Main Actors 

Railway is very complex in terms of structure and organization. There are various 

actors involved having different roles and value in the network. Depending on the 

project and the goal each actor has different aspects to consider in order for them to be 

successful. Figure 6 shows the variety of the actors involved and their connections 

while below it follows a description of their role.  

 

Figure 6:  Cash Flow chain of railway [23]. 

Rail Safety and Regulatory authorities 

These are responsible for enforcing laws regarding the safety on railway and dictate 

rules for a healthy and open competition on the market. 

Industrial Groups  

Major players in the railway business have created groups in order to guide the market 

and forward their demands to the authorities.  

Train operating company (TOC) 

The entity that is responsible for train operations. It can be either for cargo transport, 

FOC or passenger TOC. 
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Railway infrastructure owner (RIO) 

The owner is responsible for the railway network infrastructure such as stations, cross 

roads and working offices. Network operator (NOP): provides train to wayside 

network access to the train. 

Wagon and Train Owners  

Rolling stock companies that own the trains (ROSCOS) or companies that are 

responsible for running them on the rail and leasing them to the TOC companies. 

Train maintenance company (TMC) 

It is responsible for repairing replacing and maintaining parts of the train. It can be 

either a different third party company or even a train operator.  

Network operator (NOP) 
The network operator was included on this section based on [12]. The involvement of 

the NOP last years is evident. In order for the TOC to offer Wi-Fi services needs to 

cooperate with a NOP. NOP provides train to wayside communication access to their 

networks. 

Train constructing company (TCC) 
The most commonly name used is rolling stock manufacturers. They are responsible 

to manufacture and then sell the trains to TOCs or ROSCOS.  

Suppliers 
At this section all the companies that are necessary to offer a complete service or 

component on the train. The various companies along with their location in the chain 

will be analyzed in the following chapter. 

In the following sections an effort to identify and position the actors above for 

Europe, China and USA will be attempted. 

3.1.1 Europe 

European Union is the regulatory authority responsible for the safety of the railway, 

dictating directions and rules towards each country. The construction of a safe, 

modern integrated railway network is one of the EU’s major priorities. Railways must 

become more competitive and offer high-quality, end-to-end services without being 

restricted by national borders. The European Railway Agency
4
 was set up to help 

create this integrated railway area by reinforcing safety and interoperability. The 

Agency also acts as the system authority for the European Rail Traffic Management 

System (ERTMS) project, which has been set up to create unique signaling standards 

throughout Europe. 

Each country has its own department of transportation responsible for applying the 

guidelines of the European Union. Some examples are DFT
5
 in UK and Trafikverket

6
 

in Sweden. Each country depending on their regulations might have multiple freight 

or passenger operators. The latter years due to the deregulation of the market there 

have been private initiatives to compete with the state-owned incumbent operators. In 

                                                      
4 www.era.europa.eu/ 
5 https://www.gov.uk/government/organisations/department-for-transport 
6 http://www.trafikverket.se/ 
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UK for example a company named Network Rail
7
 is responsible for the infrastructure. 

In terms of industrial Groups UNIFE
8
 and GSM-R

9
 are responsible for the technical 

specifications and development of ERTMS system.  Each county in Europe apart 

from ERTMS deployment which is mandated in European Union it has it is own rules 

for selecting suppliers and rolling stock manufacturers. The pace of development and 

technological advance varies in each country. 

3.1.2 USA 

In the US responsible for funding and setting the legislation framework is the United 

States Congress. US department of transportation and Federal Railway Administration 

is responsible for implementing and supervising the demands of the Congress. In 

detail the responsibilities of FRA are the development of freight and passenger rail 

policy, safety regulations and initiatives, legislation, and research and development 

activities, as well as enforcement of FRA safety regulations.  Some other agencies 

involved with the railway are the Surface Transportation Board, successor to the 

Interstate Commerce Commission, which is charged with resolving railroad rate and 

service disputes and reviewing proposed railroad mergers, Department of Defense 

(DOD), Federal Highway Administration (FHWA) and Federal Transit 

Administration (FTA) [24]. 

An example of the organization and the responsibilities of each actor can be seen in 

Figure 11. The state-agencies have the responsibility for safety and regulations while 

the sector is almost privatized.  

 

Figure 7: Responsibilities of each actor in the USA [25] 

Regarding train operators as already mentioned above there are two different 

organizations. The first one is Association of American Railways (AAR) and it is 

responsible for the FOCs [26]. The members of the Association are: 

 BNSF Railway 

 CSX Transportation 

 Kansas City Southern Railway 
                                                      
7 http://www.networkrail.co.uk/ 
8 http://www.unife.org/ 
9 http://www.gsm-rail.com/ 

http://en.wikipedia.org/wiki/BNSF_Railway
http://en.wikipedia.org/wiki/CSX_Transportation
http://en.wikipedia.org/wiki/Kansas_City_Southern_Railway
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 Norfolk Southern Railway 

 Union Pacific Railroad 

 Genesee & Wyoming Inc. 

Amtrak
10

 and CHSRA
11

 are TOC responsible for passenger transportation. Each 

operator individually is responsible for the specifications of the trains, the network 

deployment and the systems installed on-board. Another comment is that based on the 

agency that is making the funding the percentage of non-American companies 

involved is defined. An example is that FTA and FHWA-funded projects require all 

steel and manufactured products used in infrastructure projects to be 100% U.S.-

manufactured, with the same set of permissible waivers [25].  

3.1.3 China 

In China everything in railway is stated-owned. Chinese Ministry of Railways (MoR) 

is responsible for all the different actors involved in the market. The Chinese operator 

is called in English Sinorail. MoR is then divided in three subcategories to handle the 

management, the MoR, Railway Bureaus or Railway Group Companies and Railway 

Stations based on the regions [28]. The different agencies involved under the 

command of MoR are listed in table 3. 

Table 1: Administration Bureaus under MoR 

Beijing Railway 

Bureau 

Chengdu Railway 

Bureau 

Guangzhou 

Railway Group Co. 

Ltd. 

Harbin Railway 

Bureau 

Hohhot Railway 

Bureau 

Jinan Railway 

Bureau 

Kunming Railway 

Bureau 

Lanzhou Railway 

Bureau 

Nanchang Railway 

Bureau 

Nanning Railway 

Bureau 

Qinghai-Tibet 

Railway Group 

Co., Ltd. 

Shanghai Railway 

Bureau 

Shenyang Railway 

Bureau 

Taiyuan Railway 

Bureau 

Wulumuqi 

(Ürümqi) Railway 

Bureau 

Wuhan Railway 

Bureau 

 
Xi'an Railway 

Bureau 

Zhengzhou 

Railway Bureau 
 

The technological advance of Chinese railway led local enterprises to develop at a 

dramatic speed in recent years. The large Chinese railway players are state-owned and 

supported by the government. MoR is responsible for the manufacturers of railway 

equipment having been separated by the rail operators. Currently, key Chinese 

railway enterprises are under the command and control of the State-owned Assets 

Supervision and Administration Commission of the State Council [28]. 

Apart from the enterprises the significance of the railway in China is depicted by the 

institutions and R&D departments that have created. Some of the groups involved 

dynamically in the railway are mentioned below. 

                                                      
10 www.amtrak.com 
11 www.hsr.ca.gov/ 

http://en.wikipedia.org/wiki/Norfolk_Southern_Railway
http://en.wikipedia.org/wiki/Union_Pacific_Railroad
http://en.wikipedia.org/wiki/Genesee_%26_Wyoming_Inc
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 State Key Laboratory of Rail Traffic Control and Safety affiliated to Beijing 

Jiaotong University. 

 China Railway Society a national institution of railway science and technology 

funded by Chinese government. It collects well-established and influential 

railway specialists stepping back in the railway sector.  

 China Academy of Railway Sciences (CARS) in Beijing is the main advisor of 

railway science and technology for the MoR. CARS consist of R&D institutes 

and centers that are specialized in all kinds of railway technologies. 

3.2 Supply Chain  

A complete train set includes various complex components. To model this complex 

value chain, an approach identical to Esposito and Passaro [29] was followed. On the 

top of the chain the rolling stock manufactures are positioned. They are the leading 

firms and responsible for delivering the complete train set to the customers. TIER 1 

includes companies that provide railcars, locomotives and electrical and diesel 

multiple units. These companies, included in this category, being the big players tend 

to install and locate their design and production factories close to their major serving 

markets. 

In the second tier the various companies were categorized in four different categories 

in order to present an easy to follow hierarchy. The four different categories are: 

Mechanical and Propulsion Systems Group, Electronic Systems Group, Cart related 

Group and Others. In the bottom of this chain are the material suppliers and simplified 

parts components suppliers. Major companies located at Tier 1 are also involved in 

Tier 2. Finally, at Tier 3 are the material and component firms that supply with basic 

components the companies in the above layers.   

 

Figure 8: Railway Value Chain 
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One of the many big changes under way in the world’s railway industry is that, the 

once-close partnership between the big train makers and their big customers has 

become more adversarial. Instead of designing and assembling rolling stock 

themselves, most national railways in the world in recent years have handed over the 

responsibilities to big manufacturers like Siemens
12

, Alstom
13

 and Bombardier
14

. 

These multinationals are be-coming global designers, manufactures not only rail but 

for the complete network, becoming similar to the big automobile and aircraft 

companies. Besides, new technology is also forcing operators and suppliers to revise 

their standards and ways of working. 

Rolling Stock Manufacturers 

This category includes the companies that are responsible both for manufacturing the 

cars and coaches for the train and the locomotives. A locomotive is defined as the 

vehicle that provides the power for train movement. There are two types of 

locomotives mainly used Electric and Diesel. The various products that are defined as 

rolling stock are: 

 Very high speed trains (VHS) running at speeds of at least 220 km/h. The 

trains often consist of a single carriage or multiple units, with a driver's cab at 

both ends. 

 Locomotives that provide the power for a train to move. Their solely purpose 

is to move the train along the tracks and they cannot carry either cargo 

passengers vehicles.  

 Multiple Units are self-propelled carriages that consist of more than one 

carriage, coupling several wagons, being controlled by one driving cab. A 

further classification of MUs is based on their power source, mainly diesel 

(DMU) or electricity (EMU). These units are primarily used for passenger 

transport. Another differentiation could be based on the speed or the traffic 

that they support (e.g. intercity, regional, local). 

 Coaches refer to vehicles that offer comforts to passengers in contrast to 

simple passenger railcars including sleeping, saloon, dining cars, etc. 

 Freight wagons are vehicles intended for transport of cargo. 

 Metro vehicles as the name imply they are vehicles for usage in metro 

transportation. There are two types, those using rubber tire wheels or those 

using automation. 

 Light rail vehicles and trams, including both powered units and trailers. 

Mechanical and Propulsion Systems group 

The companies included in this group provide all the necessary physical components 

for train control while it is moving on the existing or dedicated network of tracks. All 

the components manufactured from the various companies are used to provide motive 

and break power to the train. Examples of these components are gears, friction 

devices, belt and chain drives as well as follower mechanisms and linkages. Some 

                                                      
12 http://www.siemens.com/answers/aunz/en/ 
13 www.alstom.com 
14 http://se.bombardier.com/se/home.htm 
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additional categories of devices are the wheel sets, suspension system, bogies the 

connector between the wheel sets and the railcar with main purpose to support trains 

weight, ensure solidity of the train and absorb vibrations. 

Important components of the train for safe movement are the connection components, 

such as the coupler, a mechanism for connecting rolling stock in a train. Gear is used 

to connect the coupler to train. Last but not least brakes that are used railway trains to 

enable deceleration, control acceleration (downhill) or to keep them standing when 

parked.  

Electronic Systems group  

The Electronic Systems Group includes services that assist the train to operate safely 

while moving on the tracks. Communication, signaling and protection and driving 

control systems are contained in this list. In the previous chapter the importance of 

signaling protection was emphasized. The quality and complexity of the system not 

only guarantees safety but it also improves the performance and the efficiency of the 

train. 

Companies that install and offer Wi-Fi on-board trains are a category that has been 

added at this group. Rail operators having recognized the profitability of having Wi-Fi 

on-board led these companies to grow and make them direct and important actors in 

the market. 

Cart-Related group 

This group involves all the companies that supply components for passenger carts, as 

the name implies. The systems included are air-conditioning, fire safety systems, 

comfort accessories as well as power components. These services are important in 

order for the rail operators to provide a relaxed and comfortable journey. Some of the 

components related to this category are shown in the following figure.  

 

Figure 9: Example of Passenger Cart-Related Components [16] 

Others 

Infrastructure related with logistics and maintenance companies are included. In this 

section companies like restaurant equipment for trains and other components such as 

for track are fitted. 
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The railway electrification system is also included in this category, which is related to 

infrastructure. The system supplies electrical energy to railway. Electric locomotives 

and trams, as it can be directly identified from the name, need electric power to move 

supplied by a power plant. The transmission lines are located along the track and the 

must have robust design to withstand heavy weather and climate conditions such as 

cold, heat and snow.  

Suppliers 

This is the lowest Tier of the supply chain and includes all the companies that deliver 

main parts and components to the companies in Tier 1 and Tier 2. As basic parts we 

define flanges, PCBs, switches, inverters and constructing materials for the train etc. 

From SMARTEQ’s point of view this third Tier is the most interesting due to the fact 

that based on the feedback we got from the interviews, all the actors recognized that 

antenna as stand-alone product is positioned at this Tier. SMARTEQ being a supplier 

is positioned in Tier 3 equipping antennas mainly to electronic communication 

systems companies belonging in Tier 2 and secondary to the rolling stock 

manufacturers in Tier 1.   
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Chapter 4: Radio Technologies 

Before getting into details about the different Radio access technologies and systems 

that are used on the trains a detail analysis of the current and future services that are 

planned to be implemented, so as to understand which technology fits better for each 

occasion in terms of spectrum, bandwidth and installation. Based on this result a 

proposal regarding the product that needs SMARTEQ to design would be made. 

4.1 Available Radio Technologies 

In this section the systems that have been deployed and are in use will be presented. 

As has been clarified above there will be a separate reference for systems developed 

for critical applications and systems that were developed for non-vital applications. 

4.1.1 Critical Applications 

TETRA 

Safety and communication between the driver and the personnel responsible for the 

signaling in case of emergency was for many years and still remains a challenge. One 

of the first systems developed was Cab Secure Radio (CSR) that used an analog of 

Private mobile Radio (PMR) communication radio system [67]. 

TETRA is a digital version of PMR communications with sole purpose the 

communication between the rail staff and government agencies in case of emergency 

[30]. TETRA was developed for voice communication with controllers. This 

technology in Europe has been designed to use the UHF band from 380MHz up to 

460MHz.The impact of this technology was due to the fact that train-to-ground 

communication relied already in the band between 420-270MHz while the 

development of the radio equipment was specifically designed for functionality at 

450MHz. 

The main characteristics of TETRA are: 

 High availability of 99% 

 Prioritized access and calls  

 Low Latency in call set-up times (<200ms) and limited transmission delays 

(<1s).  

 Interoperability between police, fire authorities, ambulances and other users. 

 Layered Encryption 

 Seamless Handover 

The characteristics mentioned above clearly depict why TETRA was used as a 

solution for safety reasons in railway operations. However, it cannot follow-up 

technological advancement and support additional passenger services since it has very 

limited bandwidth (Table 9). The UHF spectrum is heavily occupied and there is no 

flexibility for additional spectrum acquisition in that region. Due to this limitation 
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discussions have been raised for the migration of TETRA functionalities to LTE [31]. 

However, TETRA is still being in used in some countries like Greece from rail 

operators for signaling.  

Similar to TETRA another technology called Land Mobile Radio System (P25) has 

been deployed in North America, used by Public operators, for safety applications. 

P25 uses the 700MHz band, which is the main difference compared to TETRA [32].  

ERTMS 

European Rail Traffic Management System, ERTMS, is a project developed by 

Alstom, Ansaldo STS, AZD Praha, Bombardier, CAF, Mermec, Siemens Mobility 

and Thales in collaboration with European Union as well as the GSM-R industry [6]. 

ERTMS comprises two different systems: European Train Control System [ETCS] 

and GSM-R a radio transmission system bases on the mature technology of GSM. 

 

Figure 10: ERTMS system overview [33] 

ETCS aims to replace current automatic train protection systems (ATP) that protect 

against over-speed and possible overruns. Based on the functionality and safety 

requirements that need to be fulfilled ETCS has different levels of implementation. 

Mainly ETCS level 1 and ETCS level 2 are deployed and in use around Europe. It 

consist of two parts the wayside or track-side and the on-board system (Figure 10). 

The way-side refers to infrastructure parts like balises, axel-counters, track circuits 

and others, offering a secure path for train moving along this track. The on-board 

system is responsible for displaying helpful information regarding the movement to 

the driver, controlling the train and collecting the information from the track side 

equipment. The six ETCS sub-systems and details about their functionality can be 

found in Table 2.  

Table 2: On-Board ETCS sub-systems 

COMPONENT MAIN FUNCTION 

European Vital 

Computer (EVC) 

Computer-based system that supervises the movement of 

the train to which it belongs, on basis of information 

exchanged with the RBC 
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Driver Machine 

Interface (DMI) 

Provides visual information about movement authority, 

maximum speed and further driver information as well as 

driver data entry 

Odometry (Speed 

Sensor) 
Measures wheel rotation to calculate speed of the train 

Balise Transmission 

Module (BTM) 

Analyses train position and messages from balises and 

transmits to EVC 

Doppler Radar Secondary speed measurement system 

Balise Antenna Reads trackside balise messages 

Juridical Recorder Unit Records all EVC data for analysis 

GSM-R is a train communication system that was a result of a mutual effort from 32 

countries to introduce a common European standard for train control and 

communication [34]. It is derived from GSM technology and uses the 900MHz 

spectrum (Figure 11). It is connected to additional systems apart ETCS since it is a 

more general railway radio system apart from a transmission medium for ETCS signal 

information. It is mainly used for voice and data communication between cab drivers 

as well as transmission and reception of operational data derived from ETCS systems.  

 

Figure 11: GSM-R frequency allocation 

The main features of GSM-R are: 

 Functional addressing 

 Local dependent addressing 

 Voice Group call 

 Priority on calls 

 Specifically railway emergency call 

GSM-R is a standard that has been designed solely to offer an optimal security level 

with really demanding constraints. In that sense it offers fast handover supporting 

speeds up to 500 km/h and high availability but due to GSM technology it has low-

bandwidth [35]. To increase the capacity of the system, upgrade to packet switching 

and add more services such as high speed voice and data transmission, GPRS or 

EDGE technology is under consideration to upgrade the GSM-R network with. 

Table 3: GSM-R Quality of Service [35] 

QoS Parameter   Value  
Connection establishment delay of < 8.5s (95%),  ≤10s (100%)  
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mobile originated calls  

Connection establishment error ratio <10
-2

  

Maximum end-to-end transfer delay (of 

30 byte data block)  
≤ 0.5s (99%)  

Connection loss rate ≤ 10^
-2

 /h  

Transmission interference period < 0.8s (95%), <1s (99%)  

Error-free period >20s (95%), >7s (99%) 

Network registration delay ≤30s (95%), ≤35s (99%), ≤40s (100) 

Figure 17 zooms in the current ERTMS system and how the different systems are 

interconnected with the train-roof antennas. At the cabin two or three GSM-R 

antennas are installed with a GPS to support the ERTMS system. Two of the antennas 

are connected to the ETCS system and the other one is used for communications 

between the driver and the communication center. The two antennas are used for 

redundancy and tolerance of the system. 

 

Figure 12: ERMTS system Overview and Connection [57] 

PTC 

Positive Train Control system was mandated by the US Congress after enacting the 

Rail Safety Improvement Act of 2008 [68]. The deployment of the systems was 

forced after a serious train accident in California between a freight train and a 

Metrolink commuter train [36]. PTC systems should be deployed until end of 

December of 2015 and installed on all Class 1 main-line tracks that handle any 

poisonous-inhalation-hazardous (PIH) materials, as well as commuter, intercity and 

passenger tracks. 

PTC system, by definition, must prevent derailments due to over-speed, train –to- 

train collisions, unauthorized intrusion of trains to incomplete or occupied work-zones 

and train-movement to wrong track because of a false switch.   Finally as a guideline 

the different PTC systems must be interoperable [36]. 

The architecture of a PTC consists of four major segments: Communications, Back 

Office, Wayside and Locomotive systems. 
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Figure 13: PTC System Overview [37] 

All the four major freight railway operators have reached a common decision to use 

220MHz frequency for data communications through PTC systems. The main reasons 

where that this frequency range was available, could support sufficient data load 

compared to 900MHz and had proper propagation characteristics. The frequency is 

dedicated for communication between locomotive and the wayside network as well as 

between the locomotive and the transitional network to the back office. Some PTC 

solutions for the latter exploit public cellular network or private trackside wireless 

infrastructure. In addition GPS is installed to improve precision on calculating train-

positioning. 

The Back Office segment consists of a PTC server and big database collecting 

information about tracks trains, speed and work zones as well as dispatching system. 

The main responsibility is to issue movement directives based on information 

received via wayside signals and switches and GPS.  

In the United States each railroad operator individually is responsible for the PTC 

implementation and is free to choose and deploy any PTC technology as long as it 

meets the minimum requirements in the United States Code (USC) and Code of 

Federal Regulations (CFR).  This general directive led to the creation of different 

systems. There are four major systems that have been deployed while in the meantime 

several more proposals have been applied [36].   

 Advanced Civil Speed Enforcement System (ACSES) I & II .A transponder-

based system similar to ECTS 1. It is used on NEC corridor and it is the eldest 

PTC system.    

 Incremental Train Control System (ITCS) is a PTC system that is used by 

AMTRAK in Michigan line, which is used by passenger trains with speeds up 

to 180 km/h.  
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 Electronic Train Management System (ETMS). This system is being 

deployed by BNSF railway and has already been certified and approved by 

FRA.ETMS uses a GPS and radio communication system as a core. 

 Interoperable Electronic Train Management System (I-ETMS) formerly 

known as Vital Electronic Train Management System (V-ETMS) is still under 

development. CSX transportation, Norfolk Southern Railway, Union Pacific 

railroad and BSNF will force to use this system to achieve compatibility and 

interoperability. The system is similar to ETMS. 

 

Figure 14: Overview of V-ETMS components [37]. 

For the PTC solution the antennas are again placed close to the cabin where the radios 

are installed. In this case there is a big difference in numbers of antennas installed on 

the train In the USA a rail equipped with PTC needs a total of 20 antennas mounted 

on roof of the train [58]. 
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Figure 15: PTC In-Cabin Radio Units [58] 

4.1.2 Non-Critical Applications  

Internet-on-Board railways have become more and more popular among the various 

passengers services that are under deployment. People demand to exploit their travel 

time both for working or leisure purposes. Following this trend at this section all the 

methods that can provide connectivity on trains will be discussed.  

 

Figure 16: Overview of Rail Connectivity Solutions [38] 

The existing solutions that have been deployed until today involve either satellite 

connection or terrestrial technologies via existing networks. 

Satellite Communication 

The first official use of Satellites for communication was adopted by THALYS a high 

speed operator running though Paris, Brussels, Amsterdam and Cologne in 

collaboration with 21net and European Space agency in 2005 [39]. 
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The main advantages of this solution were that could easily cover a wide geographical 

area, the terminals could support high speed mobility and could offer real broadband 

connectivity. On the other hand, the maintenance of the satellite was expensive and 

there where designing constraint due to the nature of the railway. The main 

frequencies used are shown in the table below while the performance of the system in 

Table 4. 

Table 4: Frequency Allocation for Satellite communications [40] 

 Ku Band Ka Band 
Transmitter 13.75-14.50 GHz 29.00 - 31.00 GHz 

Receiver 10.95 - 12.75 GHz 18.20 - 21.20 GHz 

Terrestrial solutions  

Currently terrestrial solutions gain more and more approval as candidates to provide 

internet connection compared to satellite. There are two types cellular (GPRS, UMTS, 

LTE) and train-to-track side solutions (Wi-Fi, WiMAX). The technologies are based 

on the current existing solutions. An analysis of their performance and usability in 

railway is shown in Table 5 and Figure 21 respectively. 

GPRS 

General Packet Radio Service (GPRS) enhances originally circuit-switched GSM with 

packet-switch functionality [41]. In European railway it has been used Southern 

Trains and it is under consideration as a candidate to increase capacity of GSM-R 

[42]. 

UMTS & HSPA 

Universal Mobile Telecommunication System is also known as the third generation 

system (3G). The most common frequency bands used are DCS at 1800 MHz used in 

China, PCS at 1900 MHz mainly allocated in North and Latin America and finally 

2100 MHz band reserved in Europe [43].  

HSPA is an extension of UMTS and provides increased packet data performance by 

utilizing coding techniques and by refining the radio access network. HSPA as well as 

UMTS are using W-CDMA as channel access method [44].HSPA as an access 

wireless network technology was installed by Vodafone on behalf of the InterCity 

Express for the line between Paris and Frankfurt [45]. 

Wi-Fi 

It provides wireless connectivity to the internet or between devices using the 

frequencies in the 2.4GHz and 5GHz band [46]. It is used to provide connectivity and 

to offload traffic in limited areas which area congested. Wi-Fi is an excellent solution 

for mobile broadband connection on-board trains and for coverage inside tunnels [47]. 

In most occasions Wi-Fi is used to fill the gaps where is no coverage from other 

technologies or as an access point inside the cabin. . 

Wi-MAX 

IEEE 802.16 is the base and specifies the functionality of WiMAX. Especially for the 

rail mobile WiMAX (802.16e) is used which operates in the frequency bands between 

2 to 6 GHz as Wi-Fi [48]. 
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WiMAX was first tested and deployed to provide broadband connection from Nomad 

in 2008. It was installed in 64km long commuter line connecting Ogden and Salt Lake 

City. Utah Transit Authority (UTA), Wasatch Electric
15

 and Redline 

Communication
16

 were also involved at the project [49]. 

LTE (Long Term Evolution) & LTE-Advanced 

The latest standard appearing making the official entrance on 2009 offering increased 

capacity and data rates and a simpler core network relatively to the other traditional 

solutions. Depending on the country and region LTE can be found to operate in 

400MHz up to 3.5GHz. The capabilities in germs of speed and capacity makes LTE 

as a potential candidate that could host both train control and passengers services 

under one radio technology [50]. 

LTE-Advanced is an emerging technology and a natural evolution of LTE standard. 

The main features of LTE-A are spectrum flexibility, multiple antenna solutions 

(MIMO), multipoint transmission and reception. According to ITU (International 

Telecommunication Union) it can reach up t 1Gbps at low mobility and 500Mbps on 

the uplink side.  

LTE providing high performance at high mobility seems as a perfect candidate to 

replace current technologies. Alcatel –Lucent since 2011 has presented articles to 

migration of LTE where many additional services will be combined under one mobile 

communication standard [51]. Huawei in December of 2013 successfully tested LTE 

on Zhengzhou Metro in China [52]. In Sweden ICOMERA has investigated and 

already implements MIMO technology on Swedish trains [53]. 

 

Figure 17: Future of railway communication system [51] 

A comparison and overview of all the systems that have been presented is listed in 

Table 5. From an antenna designing company scope, the selection of the frequencies 

that the product will support plays an important role on defining the specifications and 

performance of the antenna. In addition to the performance and spectrum the initial 

date of installation is presented to depict about the circle of life of the technology and 

if it important to be included on the final design of the antenna.  

                                                      
15 http://www.wasatchelectric.com/ 
16 http://rdlcom.com/ 
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Table 5: Comparison of different Terrestrial technologies for Internet Connectivity 
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Chapter 5: Train-borne Antennas. 

Outside and inside the train different systems have been deployed to offer and support 

connectivity on the train. In this chapter some design aspects of antenna-trains 

currently existing in the market are presented. This basic knowledge would help the 

readers to understand the reasoning behind the final proposal of two different antenna 

design types. 

5.1 Train-borne-Antennas 
It is the core element to provide connectivity to the systems that are on-board the 

train. There are different types of train-borne antennas depending on the frequency 

and the system they support. The location where the antenna is mounted and the 

design have a critical impact to the total performance of the system. More information 

regarding train antennas can be found in the Appendix section. 

Train-borne antennas are mounted on the roof and connected to the radio units 

installed on the interior of the train cabins (Figure 21). Their main purpose is to 

provide communication between drivers and dispatchers as, network connectivity to 

the passengers as well as some additional services. 

In the train there are various systems operating in different frequency spectrum, each 

one having different design requirements. The antennas mounted on the roof need to 

support a wide frequency spectrum as well to sustain the harsh outdoor environment. 

In the market exists a variety of product designs that are distinguished in two different 

categories: narrow-band, explicitly designed to support a specific frequency band and 

functionality, and multiband/broadband antennas that as the name implies support 

more than two frequencies. 

The design of a narrow-band antenna and its characteristics depends solely on the 

system and the configuration they support. The main advantage is the flexibility in 

design properties to achieve the corresponding gain and directivity that is required for 

the given radio system.  These antennas are used especially for signaling solutions and 

in Figure 18 an example for GSM-R and PTC radio is depicted. 

This solution, though, becomes more and more unpopular. As being in-detail clarified 

in the previous chapter a system designed for providing not-critical application needs 

access to the following network: Wi-Fi, 3GPP, UMTS, WiMAX, GSM-P900, GSM-

P1800, UMTS900, GPS and LTE. There is limited space on the roof of the train and 

the installation and support for each unique antenna would be complex and 

unpractical.  Apart from the mechanical aspect in terms of performance an additional 

disadvantage is that narrow-band antennas cause higher mismatch loses to the other 

systems, than the broadband antennas degrading the performance of the system as 

well as creating threats to damage the radio. 
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Figure 18: Left: KATHREIN GSM-R antenna [63] & Right: Sinclair PTC Antenna [64] 

It is evident that there is a need for small and multifunctional antennas that can satisfy 

the number of communication platforms exploiting as less space as possible. This the 

main reason that multiband antennas become more and more popular, since they can 

support multiple radio units with only one element, which is crucial due to the liming 

space that exists on the roof of the train. Additional advantages of this solution are: 

 Simplifies and standardizes the installation process of the radio units inside the 

train. 

 Enables space and reduces rooftop clutter, giving the opportunity to support 

MIMO solutions. Currently for providing internet on-board trains ICOMERA 

has installed eight roof-top antennas [53]. Naudts at his paper similarly 

assumes that in a train eight antennas must be installed to meet the demands 

for Wi-Fi delivery [27]. 

 In order to maintain or replace an antenna there is no need for major 

modifications on the main body of the train, compromising the integrity of the 

wagon. 

On the other hand broadband antennas might not offer the same performance as a 

unique broadband antenna. There must be a compromise between the supporting 

spectrum and performance of the antenna so that it can support all the radio systems. 

Additional pre-caution measures, by installing additional hardware, must be also 

considered to protect the radios from the unwanted high level signals. 

There are two basic techniques to design a broadband antenna. The first one is to 

include many radiating elements, each for each radio, under one single radome. For 

each element a separate connector is used. The advantages of using this antenna are 

that: 

 Each element can have each own specific gain and radiation pattern fitted for 

each radio technology 

 The use of different elements and connectors ensures to some extent isolation 

between the radio-systems. 

On the other hand having multiple connectors and cables increases the complexity of 

the installation both on the exterior and interior of the train.  An additional 

consideration is that extra filters might be needed to protect the radio receivers from 

the coupling of the high signal levels produced by the other elements.   

As mentioned before due to the complex installation this type of antennas is avoided, 

however an example of this type of antenna is used in USA where the PTC solution is 

included with other elements supporting cellular and satellite connectivity (Figure 

19). 
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Figure 19: Broadband Antenna with multiple radiating elements [65] 

The second multi-band antenna contains only one radiating element and one 

connector to support the whole frequency spectrum of the radios. The main advantage 

of this antenna is that the installation process is simplified since only one cable is 

used. In order to install this antenna a frequency selective multiplexer is needed close 

to the location of the radio units. 

The major disadvantage of using this multiband antenna is the lack of isolation to the 

other systems that share the antenna. The selection and requirements of the 

multiplexer is crucial for the performance and protection of the systems.  

The most common solution identified in the current rail market is a combination of 

the two antennas described above where a GPS patch antenna element is combined 

with a mobile antenna element under the same radome. An example from the Huber 

& Suhner antenna rail solution is shown in Figure 20 below. 

 

Figure 20: Combined broadband antenna with one radiating element and a GPS antenna [54]  

In collaboration with SMARTEQ it was decided to follow for each region similar 

design approach. In other words, for Europe and Asian Markets a broadband antenna 

supporting many bands and GSM-R containing one radiating element would be 

preferred while for the USA an antenna containing multiple radiating elements, 

including PTC would be promoted.  
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Figure 21: Example of Antenna Installations on roof of a train
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Chapter 6: Business Case 

This final part of the report will present the way and the value that is created for 

SMARTEQ, so as to result in a definite answer to invest or not in designing a product 

related to train-borne antennas. Based on the information of the previous chapters, a 

proposal scheme for partnerships to the railway sector and a simple cost modelling 

plan will be calculated to estimate if it is worthy or not to invest funds on this project. 

6.1 Business Model 

In order for SMARTEQ to have a graphical presentation that will be easy to follow 

and understand how to design the rail antenna business case Business model Canvas 

will be used. Business model Canvas is a managerial tool that will provide insights 

about strategies, value of the product and market segments in a simplistic way [59]. 

The Canvas consists of customer, financial, value and infrastructure segments as it 

can be seen in Figure 26. In order for a new user of this tool to get acquainted fast 

each of the segments is accompanied by a set of questions. These questions are used 

to fill in the Canvas. 

 

Figure 22: Business Model Canvas [59] 

Infrastructure 

 Key Activities. This segment is about the identity of the company. Which are 

the Key Activities of the company? In which industry segments they are 

involved. What is their main product? 

 Key Partners. Who are the main actors that you are collaborating with, 

suppliers, consulting companies, other institutions? 
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 Key Resources. What is needed to create the product and forward the product? 

What the suppliers offer? 

Value Proposition  

 This is the essence of the product. Why is it valuable? Which problems it 

solves and how it can affect the customer. Which customer needs and demands 

it satisfies.  

Customers  

 Customer Segment. The end-users for whom the product is designed. Which 

one are the most important customers that eventually will buy and use the 

product. To what kind of markets does the product refer to? 

 Channels. How the designed product is distributed to the customers. Which is 

considered the best approach and cost-efficient way to reach the customer? 

How the channel and distribution is associated with the customer. 

 Customer Relationship. What are the bonds and connections that are created 

with the customer? What type of relationship is expected by the customer to be 

stablished? How they affect the business? What type of relationships has been 

created so far?  

Finances  

 Cost Structure. What are the expenses in order to design and manufacture the 

product? How the resources and the activities affect the final cost-structure of 

the project. What additional costs might be added to have a complete and 

professional design of the project? 

 Revenue Streams. How does the company earn profit? How the price is 

regulated and how the customers are willing to pay? What additional revenues 

can the company have apart from money? 

6.1.1 Overview 

As it can be concluded by the precedent analysis of the organization and the different 

actors, railway is a really complex market with the various actors interchanging based 

on the situation and the potential earnings that each company might have.  

The current trend is that big rolling stock companies move vertically and are involved 

in the second tier of the supply chain to eliminate the suppliers. Another example is 

that big ICT vendors such as HUAWEI
17

 move horizontally taking advantage of the 

LTE potentials offering complete systems both for signaling and non-critical services.  

SMARTEQ belongs to the third tier as a component supplier and it was commented 

that the only way in the market was through these companies. The tactic that should 

be followed is different, depending on the role of the interviewer; if it was rail 

operator or integrator.  

                                                      
17 http://enterprise.huawei.com/en/solutions/trade/transportation/index.htm 
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Rail operators from one side commented that SMARTEQ should collaborate either 

with rolling stock manufacturers and offer the products each time a new train is going 

to enter the market. Another solution could be to cooperate with maintenance 

companies and provide products to replace old and unconventional or malfunctioned 

antennas (Figure 23). This market flow was also recognized and commented at [59].  

 

Figure 23: Market Flow from the rail operator’s Point of View [19] 

ICOMERA
18

 participating in a different segment of the same market had expressed a 

different point of view. ICOMERA would act as the main end-customer to 

SMARTEQ. ICOMERA then would handle the installation and maintenance of the 

product while SMARTEQ would simply play solely the role of antenna supplier. The 

same view was presented by Van Ooteghem, Jan, et al at his work.  

 

Figure 24: Market Flow from Integrators Point of view [60] 

Taking into consideration these two different approaches presented in Figure 23& 22, 

the customer segment and key partners of the business model canvas were filled.   

                                                      
18 http://www.icomera.com/ 
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Figure 25: Business Model Canvas 



Chapter 6.Business Case  38 

 

6.1.2 Business Model Canvas description  

This Canvas aims to describe which are the necessary conditions to be an antenna 

product attractive and acquire value as well as with which actors should cooperate and 

create synergies and to whom should shell the product. The idea behind filling the 

canvas was multiple epic-centers. The key aspect was to identify the product and 

value proposition .Then the second but major step was to find the customer and 

partners. What synergies and cooperation SMARTEQ must create to be successful in 

the business. Finally, how these actors can interact between them and affect the value 

proposition for SMARTEQ, creating the possibility to SMARTEQ to offer an 

attractive solution. The main source for filling out the Canvas came from the 

interviews while to support these results some additional research based on papers 

were also conducted. The final result is shown in Figure 25. 

Value Proposition 

 Train-borne Antennas mounted on the roof of the train. As already mentioned 

in the previous chapter there would be designed to different types of antennas 

each for each region. In both antennas the additional bands that would be 

supported are UMTS, GPS and Wi-Fi. It must be commented that it was 

considered and resulted out from the interviews as a necessity, each solution to 

support the band for the safety applications despite the complexity it is created 

for the design. 

1. Broadband Antenna with one radiating element to support European and Chinese 

Market including GSM-R. 

2.  An antenna including multiple radiating elements to enter the US Market, 

including PTC. 

 LTE/ LTE-A. Supporting LTE bands and LTE-A features such as MIMO and 

diversity can really make the difference. LTE is inserted to every aspect 

communications. It is important to create a product that looks at the future so 

it is important to base your product on this technology. 

 Easier and flexible installation. Due to the rigid and bulk construction of the 

train additional equipment such as roof antennas must have a more flexible 

installation mechanism helping the maintenance companies and rolling stock 

companies to repair or replace easily the antenna without much effort and 

especially without tampering with the main body of the wagon.  

 Low profile. Due to the pantograph and the speed winds especially for the 

high speed rail low-profile solutions that have a very good performance are 

needed. The mechanical design could play a significant role and can be a game 

changer.  

 Energy and performance efficiency. In terms of electronics the need for lower 

power consumption and better performance is always a de-facto need and 

factor. 

 Product compatible to specific platforms and systems. One of the main 

concerns that were expressed was that the antenna is just a simple design 

without considering the whole platform and how the antenna can improve this. 
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Customer Segment 

Train-borne antenna market can be characterized as niche market since the product is 

specifically designed for this purpose.  

 Rolling Stock Manufacturers. Companies such as Bombardier, Alstom and 

CNR
19

 are the major players in the market. They create the rules of the game. 

In addition the can act as the signal and control platform integrator as well the 

maintenance company.   

  Integrators. These are companies responsible both for installing signaling 

solutions as well as passenger services. There are the first and easier to access 

customers than rolling stock manufacturers. For these companies such as 

ICOMERA, NOMAD
20

, Wi-Fi Rail
21

 etc. antennas are a key component to 

their system making the most perfect candidates as end customers.  

 Train Maintenance companies. It can be used as customers when there is need 

to replace antennas on-board the trains. 

 Key Partners  

 Rolling Stock Manufacturers. Apart from customers these companies can be 

provided as key partners. Offering their knowledge and expertise and by 

explaining their needs could give important information for the case of a really 

robust and flexible design.  

 Organizations. Various industrial organizations such as UIC, UNIFE or GSM-

R can act as promoters of the products. In addition being part of this kind of 

groups give better insights about future technologies and demands.  

 Integrators. Integrators can collaborate with SMARTEQ in order to make an 

antenna that would maximize the performance of the communication platform 

offering a unique communication solution. 

 Rail Operators. Rail operators can help SMARTEQ with their expertise in 

verification and safety conditions of the antenna.  

Revenue Streams  

 The profits and money will be earned by direct sales of the product. The value 

of the antenna will depend on the features and the technology it supports. In 

addition it is volume dependent. 

 Indirect revenue is that new markets open if the customers are satisfied with 

the product. Both integrators and rolling stock companies are also deeply 

involve in metros and in buses. A potential cooperation with one of these 

companies can prove critical for expanding the operation outside rail market. 

                                                      
19 en.chinacnr.com 
20 nomad-digital.com/ 
21 www.wifirail.net/ 
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6.2 Discussion 

Having created the business model and having some ideas and results regarding the 

needs in the market and the market entries, in this section the question regarding if 

SMARTEQ should invest significant funds to offer train-borne solutions should be 

answered. 

In order to have a solid solution it was decided that the products that SMARTEQ 

could support was one broadband antenna for the US including PTC solution and the 

other would be for a broadband antenna aiming in European and Asian Markets. The 

following comments will be based the same approach each for each market segment. 

An overview of the two cases will be presented using SWOT analysis tool. 

The common factor in both SWOT is the identity and strengths of SMARTEQ; a 

company having experience in designing antennas for the transport sector, as well as 

offering unique solutions in niche market segments. Additional values are the flexible 

mechanical design, the excellent quality of the product as well as the reputation that 

was gained through collaboration with big companies such as Bentley and Volvo. 

USA (PTC) 

Looking and the financial figures for the billions being invested in railway to install 

and deploy PTC it can be assumed that the rail market can be real promising to enter. 

The fragmentation of the market with many rail operators each one free to act 

individually and many different types of the locomotives resulting in a diversified 

market where more opportunities for exclusive solutions could emerge. 

 

Figure 26: SWOT analysis for PTC antenna  

An additional factor leaning towards to get involved in this market was the fact that 

only two companies were identified as major suppliers for the PTC solution in this 

varied market. 
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Getting familiar with the regulations and the USA market the encouragement started 

to fade. These two companies were monopolizing the market. The demand for PTC 

market is limited inside the USA. In addition the system designed for the 220 MHz 

seems to have short life-cycle, already CAHSR is considering ERTMS or TETRA. 

Another negative aspect was the price competition between SMARTEQ and the other 

companies due to the fact that SMARTEQ does not have domestic offices in USA as 

the other companies. 

The barrier is set up even higher for SMARTEQ mainly due to the inexperience they 

have in rail market, without any strategic agreements and as well without a famous 

and firm brand name in USA. Two major competitors have already been aware of the 

USA market and have offered PTC solutions since 2008 when the project started, 

while SMARTEQ still has not developed a product in the 220MHz. 

All the factors above results that this kind of solution can prove to be uncertain, 

mainly due to the biggest threat existing; that SMARTEQ will invest money for this 

solution but eventually the product will not enter the US market due to the oligopoly 

and the sidelining confidence there exists towards domestic USA companies. 

European & Chinese Market (GSM-R) 

The design and specification of the products were created after understanding and 

learning about the trends in train and control solutions in Europe and in China as well 

about the Wi-Fi on-board train business. The demand based on the figures would 

increase in order to satisfy both the customer and the authorities.  In addition the 

feeling that was left after collecting the replies from the interviews was that there is a 

need for new, better and more flexible to mount antenna. All of the above contribute 

positively to look deeper and more seriously the probability to invest on these 

solutions. 

The first thing that was observed ,by the time I started to be involved in this field, was 

the large number of competitors as well as the already large number of antennas that 

were designed solely for rail and had flooded the market. This negative aspect was 

smoothening by the fact that the demand for this type of antennas would increase. 

Looking deeper at the market it was discovered that despite the variety of companies 

and solutions there was mainly one company monopolizing the market with their 

solutions. Based on the comments of ICOMERA these type of antennas are used and 

preferred by companies due to their performance and efficiency as well as their 

capability to offer complete solutions for connectivity on trains as well as cables and 

not only train-borne antennas to be mounted on the roof of the rail.  

The entry barrier still remains even in this occasion.  The specific company has 

experience on the rail and has established bonds with the companies for many years. 

This is the main feature that SMARTEQ currently lacks, that at present cannot offer a 

solution addressed for rail purposes and the fact that they do not have created an 

agreements with aforementioned actors. However, the fact that SMARTEQ has 
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established a brand name and collaborated with Volvo and Bentley can act as a strong 

card and have the approval of the other companies. 

 

Figure 27: SWOT Analysis Broadband Antennas 

Finally the size of SMARTEQ could be a negative factor compared to other 

companies. There might be the case where the high demand could not be handled 

leading eventually to losing customers and revenues. 

An overview of what was commented in detail above about the opportunities and 

threats that SMARTEQ will face if decides to invest in the broadband antenna 

solution are defined in Figure 27. 

Comparison 

Having introduced both solutions it can evidently be stated that if SMARTEQ wants 

to invest money on rail antennas should fund the design of a broadband-one solution 

focusing on European and Chinese market. The applications and the market segment 

that addresses to are quite larger than PTC which aims specifically in US region. In 

addition it would be easier for SMARTEQ to enter the market with this product due to 

the position and brand name they have established in Europe and China because of 

their industrial unique antennas.  Another important factor will be the opening to new 

markets such as Metro and Urban rail, where the same actors and products with the 

same specifications can be exploited. 

The major problems in any case are the oligopoly nature of the market where new 

entrants are difficult to enter and the fact that many companies have already deployed 

solutions or the will present one soon enough. For the first one there is a great risk of 

creating a product and then cannot forward it due to lack of cooperation. For the 

latter, SMARTEQ in terms of experience in rail solutions would be two years behind 
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while the competition will increase and there will be shifts in terms of technological 

advance. 

To conclude there should be careful consideration and maybe cooperation with other 

companies in order to create a unique solution that will really have an impact, 

otherwise it would result with a big investment and an average product and no market 

to sell it to. 
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Chapter 7: Conclusion & Future Work 

The aim of the report was from the one hand to answer the question arisen from 

SMARTEQ regarding if there is a market opening and a business case in rail antenna 

market to enter and on the other hand to present a complete business model on rail-

antenna market for KTH. To give a definite and clear answer RQ were designed to 

split the problem into simpler and more straightforward questions. 

7.1 Conclusion 
Following the methodology as suggested in Chapter 2 and interpreting the data the 

following answers to each RQ respectively has been resolved. 

RQ 1: Who are the actors involved in the railway market? 

First of all the market framework was defined. The main actors of the rail business 

including regulators, rolling stock manufacturers, train maintenance companies, train 

operators, network operators as well as suppliers and their connections were presented 

and analyzed for USA, Europe and China. In addition through the interviews and 

literature the value chain of rail market was created and explained in Figure 7. Finally 

the positioning of SMARTEQ as a supplier on the third Tier of the value chain was 

defined. 

RQ 2: What is the rail telecom market? 

Having established the market framework and the companies who have a major 

impact on the market the next step was to identify the technologies and systems used 

in the rail. It was divided in to two categories one related to critical applications 

including technologies like TETRA, GSM-R and PTC and the other related to 

passengers’ services including Satellite connectivity, UMTS, Wi-Fi, WI-Max and 

GPS. In addition discussion around the future technologies to be used in rail was 

performed during the interviews and the research depicting the result in table 5. 

Understanding and recognizing how the systems works and what the demands are, led 

to decide on what kind of products need to be designed and what value should offer in 

order to be attractive. 

RQ 3: How can managerial tools (SWOT, Business Model Canvas) help a 

company designing antennas to expand on railway market? 

Business model Canvas was the basis to create the complete business model. The 

main focus of this project was to fill in the business canvas, aiming to identify the 

end-customer and potential partners to enter the market as well as hints and 

requirements that would add to the value proposition. In that sense Business Model 

Canvas helped to visualize the condition of the rail market and present it in a simple 

and understanding way to SMARTEQ, emphasizing on the key aspects. SWOT 

diagram was used to make a qualitative analysis of the respective market conditions 

that exist. Filling in the diagram, helped to understand the market barriers and reach a 

solid conclusion for SMARTEQ related to the scope that was defined from the 

beginning. 
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7.2 Recommendation  
This section is used to revise and answer the most important question that was 

addressed related to SMARTEQ: 

“Is there an actual and interesting business case on railway sector, especially on 

train-borne antennas, for SMARTEQ?” 

Overall, rail market can be characterized as an oligopoly since it is mainly dominated 

by the rolling-stock manufacturers. Between the actors strong bonds and agreements 

have been signed. This is clearly depicted specifically for the train-borne antennas 

where one company is practically monopolizing the market. Inserting the market is 

the biggest obstacle and the biggest threat for the investment not to succeed. On the 

other hand based on the financial results if SMARTEQ eventually connect with some 

of the actors mentioned then it will be a profitable and promising market.  

To be more concise personal opinion of the author is that the PTC antenna is a quite 

uncertain investment mainly due to the limitations in number of demand. The market 

was commented that is already saturated with domestic companies dominating the 

field. In addition PTC solutions have a rather unsure life cycle since CAHSR is 

already considering deploying ETCS or TETRA as a train control solution. 

Broadband antennas that include GSM-R but more importantly LTE could penetrate 

easier the market. Major companies showed great interest to discuss about antennas. 

Wi-Fi installations grow rapidly especially on High-Speed-Rails and the need for 

better antenna design is eminent. Creating a unique product with specific 

requirements for LTE can really make an impact and prove profitable for SMARTEQ. 

Another beneficial factor is the presence of ICOMERA and NOMAD in the Swedish 

market, simplifying the way that SMARTEQ will approach these two companies were 

identified as customers. Making partnerships with these companies will be the real 

deal for SMARTEQ since the demand for these antennas will be around 5000-10000, 

which is the exact number that is needed for SMARTEQ to depreciate the investments 

quickly. In addition this is a fair number that SMARTEQ can support and produce. 

Last but not least, it must be mentioned that having involved in the rail business 

creates new opportunities for other sectors such as METRO, Light Rail and busses 

using even the same products. 

As a conclusion for SMARTEQ railway is a rather uncertain business mainly due to 

the fact that there have been huge obstacles for a new entrant to enter. This is the main 

threat at the train-borne antenna business case scenario. It is important first to 

establish bond and agreements even in terms of partnerships at the beginning to enter 

the market. On the other hand if a unique solution can be offered fulfilling the needs 

and demands of the customer can open the doors resulting to a promising business not 

only for railway but for other transportation segments as well. 
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7.3 Future Work 
Rail antenna market proved to be very competitive and complex. Through this project 

an attempt was made to identify the market, the needs that exist and potential 

openings. This result came out after qualitative analysis. To enforce the results a 

concrete and detail analysis could be investigated based on real demand numbers, cost 

of antennas as well as company expenses. 

From a technical aspect, since the main requirements have been recognized the next 

step would be to design and create a prototype of the specific model and measure its 

performance. 

Finally, other transportation sectors such as busses or metros or regional trains could 

be investigated both from a financial and technical point of view , since there was a 

feeling left from the investigation that these sectors seem more promising, profitable 

and easier to access compared to trains.  
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Appendix A 

Interview Questionnaire  

1. Information 

a. Please, state your name and position. 

b. Background information of Interfleet in the railway sector 
c. Additional Information 

2. Market Environment (If applicable) 

a. Kindly describe the overall situation in the rail-related market . 

 Can you describe how the market is organized? Actors, Roles, 

Connections 

 What different rules apply for different train types (HSR and freight) 

b. Kindly describe your cooperation with other actors in the railway market. 

 Governmental or Private Train Operators? 

 Platform and electronic Providers? 

 Other Service Providers? 

c. Could you please estimate how long does it take to deliver a project within the 

railway sector? 

d. Have the rolling stock industry have been affected by signalling services 

(ERTMS)? If yes, how? 

3. Technologies and systems 

a. Can you kindly describe the on-board systems that are located on the train? 

b. Based on your experiences, what are your views and thoughts about current 

and future market needs? I.e. who will be more important from a financial 

point of view? 

 Signalling Services  

 Passenger Services  

c. Based on your expertise which radio technology will be the leading in the 

following years? 

d. More specifically, can you make a personal estimation about the life cycle of 

GSM-R and if and when is it going to be obsolete i.e. LTE? 

e. When considering the systems and technologies are there differences between 

the different types of trains? 

3. Train-borne antennas  

a. Can you kindly describe the number of antennas mounted on train. 

b. When a big signalling or another telecom project is initiated where an antenna 

designing company could be located at the value chain? 

c. Could you please describe, if possible who is responsible for installing and 

maintaining the antennas? 
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d. In your opinion are antennas considered an important part of the whole 

communication system on trains, affecting the performance of the total 

scheme? 

e. What is the impact of a good antenna design both mechanical and electrical? 

f. In your opinion could you please state if there are any real needs for better 

antenna designs. 

 Based on your experience, expertise and your products and solutions 

offered can you identify specific needs especially for train-borne antennas? 

 Different train types 

Appendix B  

SWOT analysis 

SWOT stands for Strengths, Weakness, Opportunities, and Threats. It has been a 

managerial tool that was introduced in the1960s-1970s has been frequently used tool 

both from academicians and researchers during recent years [60]. 

The design comprises four sectors each one for the headings used respectively and is 

managed in a 2x2 matrix as show in the figure below. Strengths and Weakness refer 

internally to the company itself, while the opportunities are external factors that are 

related to the market outside the company [61]. 

It’s a simplified tool that could help a business or one person to understand their 

positive attributes and aspects as well as the limitations and potential dangers that 

might arise. 
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Appendix C 

Antenna Theory 

An antenna, following IEEE standard 145-1993definition, is “A part of a transmitting 

or receiving system that is designed to radiate or to receive electromagnetic waves” 

[62].  

The most important parameters that were taking into consideration, based on the IEEE 

Standard for the Antenna terms [62] and C. A. Balanis at his book [66] are: 

Radiation Pattern 

A graphical presentation of how the antenna element is radiating in space. It is a 

function of radiating energy and position coordinates. 

Directivity 

It is defined as “the ratio of energy between the main beam of the antenna compared 

to a dipole or an isotropic antenna averaged over all dimensions. Based on the design 

different directional antennas can be created”. One example, commonly used also in 

rail applications, is the omni-directional antenna, which radiates uniformly in every 

direction. 

 

Figure 28: Omni-directional Antenna Pattern [66] 

Gain 

The gain of an antenna is defined as “The ratio of the radiation intensity, in a given 

direction, to the radiation intensity that would be obtained if the power accepted by 

the antenna were radiated isotropically.”  

Voltage Stand Wave Ration (VSWR) 

VSWR is a way of measuring the possible mismatches between the antenna and the 

radio as well as checking the return loss. It is “a ratio of the maximum voltage 

compared to minimum voltage across the line.  It is a measure of the efficiency of the 

antenna”. In rail antennas a VSWR value less than 2.5 is basic for a given bandwidth. 

Table 6: Example of VSWR values and efficiency of Antenna 

VSWR Efficiency (%) 

1 100 

1.5 97 

2 89 
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Input Impedance 

Based on IEEE document input impedance is described as “the impedance presented 

by an antenna at its terminals or the ratio of the voltage to current at a pair of 

terminals or the ratio of the appropriate components of the electric to magnetic fields 

at a point.” 

It is evident that antenna is an integral part and among the most critical components 

for the wireless communication system to operate. A good antenna design can have a 

great impact on the overall communication system and its performance. In the 

following section more details regarding the various types of antennas that are used 

on train will be given along with some technical considerations 

Mechanical  Specifications 

Table 7: Mechanical and Electrical Specifications 

Mechanical 

Specifications 
Standard Value 

Op. temperature range (°C): EN 50155 -40° to +85° 

Atmospheric pressure: EN 60068 
-40°C, +70°C, 95% HR 

at 2000 mt 

Rain, hail, snow, frost: EN 60068 
1000 mm/h, 1 J impact, 

0.5 m, 3 cm 

Combined wind and  train 

speed 
EN 60068 500-550 km/h 

Reliability:   above to 200,000 hours 

Electrical/Mechanical 

Conditions 

EN 60068  

EN61373 
 

Free falls: EN61373 1 m 

Hits (vertical, cross-

sectional, longitudinal) 
EN61373 30 g, 30 g, 50 g, 30ms 

Impacts:  EN61373 50 J 

Fire Proof & Corrosion  EN 60529 IP 6X 

Grounding & High Voltage 

Protection 

EN 50123-3 

EN 50388 

UIC 533 

70 kA / 5 ms – 40 kA / 

100 ms (DC) 

31,5 kA / 10 ms – 15 

kA / 100 ms (AC) 

Dimensions EN 60297/HD 493 
Mounting Surface 

600x600 mm & 12mm  



 

 

 

 


