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SATLOC – A Saviour For Low Speed And Low 
Density Lines? 
Lucas Redding,  Siemens Rail Automation 

 

SUMMARY 
The recent rollout of ETCS to European Railways (and beyond) has attracted much needed investment to our 
railways here in Europe. To date the investment has focused mainly on the intercity trunk lines carrying high 
passenger volumes, and unintentionally neglected Europe’s low speed and low density lines.  

This paper describes the SATLOC project, which aimed to explore the application of readily available and state-
of-the-art technologies to create a system suitable for low speed low density lines. 

1 INTRODUCTION 

European Railway Traffic Management System (ERTMS) European Train Control System (ETCS) has brought 
huge benefits to the railways of Europe and across the world. These include standardised interoperable 
signalling equipment on our railways, with arguably the highest levels of safety offered to date.  

The ETCS programme is hugely ambitious. All projects adopting ETCS Level 1 and Level 2 systems have 
required significant investment. 

Naturally, with finite resources, the targeted implementations are chosen based on a supporting business case. 
The most obvious recipients have been the High Speed, High Volume, intercity trunk lines where a return on 
investment can be justified. 

Unfortunately, it has been harder for Governments, Infrastructure managers, and Train Operator groups, to justify 
such investments on the secondary and tertiary branch lines (quaternary, quinary lines, and beyond). Often these 
lines feed into the trunk lines, bringing in many of the customer numbers that are used in the statistics to justify 
the investment to the trunk lines.  

None of this is new. Indeed the EU recognises the issue. It is estimated that 40% of the all the lines in the EU are 
affected, making this realisation even more sobering. Indeed, steps are being made, through research incentives, 
to seek solutions for low speed low traffic lines. 

2 THE SATLOC PROJECT  

One such incentive is the SATLOC project. The term SATLOC has been created from shortening Satellite and 
Location and combining them. The SATLOC project was instigated and managed by the UIC, and sponsored by 
the European Global Navigation Satellite System Agency (GSA).  

 

Figure 1: One of the trains fitted with SATLOC on the Zarnesti to Brasov Line, Transylvania, Romania 
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The SATLOC project has combined ETCS with the European Geostationary Navigation Overlay Service 
(EGNOS), which is part of the Galileo programme; another huge ambition of the GSA which is also part of the EU 
just as is ETCS. 

The aim of the SATLOC project was to demonstrate a more cost-effective alternative yet complementary system 
to ETCS, so as to benefit from both of these huge iconic and high profile EU programmes. 

The SATLOC project focused on delivering a signalling, communications, and on board system that is built from 
widely used, publicly available commercial off the shelf technology. 

The GSA brought together a team of experts from a variety of rail and satellite companies to develop a solution 
that targets the low density lines.  

This team, the SATLOC team, comprised of the following contributors 

 The International Union Of Railways (UIC) led, managed and controlled the project 

 Trans Romanian Railways (RCCF) provided the rolling stock and hosted the target railway 

 Romanian Railway Authority (AFER/RRO) provided the safety assessment and safety guidance for the 
project 

 Siemens Rail Automation Austria in collaboration with FH Wels University, Austria developed the on-
board sub-systems 

 Siemens Rail Automation UK developed the Traffic Control Centre 

 Telespazio, leading players in Satellite systems, provided EGNOS expertise, and procured and 
supported the GPS sub-systems  

 Spirent provided constellation capture, test, and expertise 

 Braunschweig University evaluated and reported the market 

 Ansaldo STS promoted localisation concepts  

The SATLOC project resulted in a demonstration of the SATLOC system on the railway between Braşov and 
Zarneşti, operated by RCCF. 

2.1 SATLOCs Core Novel Technologies 

2.1.1 GNSS Train Positioning Solution 

The SATLOC solution is based on a centralised signalling train Control System. At the heart of all Train Control 
Systems, is a function to safely control the movement of trains. To ensure safety of these moving trains the train 
Control System must be provided with an accurate position of each train.  

This fundamental feature of the train Control System is achieved by the combined use of EGNOS technology 
with Galileo, GPS, or any other GNSS systems. 

GPS is widely used. Most of our phones have GPS, so we can imagine how it can be used in SATLOC. Also 
many of us are guided through the warren of streets in our crowded cities by tiny little SATNAV devices. 
Importantly though, when GPS positioning is combined with EGNOS, the accuracy of the position readings are 
increased. 

Currently GPS systems enhanced by EGNOS are publicly available. Anyone who has bought a SATNAV or 
Smart phone with GPS can confirm this.  Apart from smart phones and SATNAVs, GPS and even EGNOS 
systems are already widely used by enthusiasts, as well as the sea and air transport industries. 

2.1.2 Complementing the GNSS Train Positioning  

As the GNSS technology stands today, on a very few key areas of a typical railway, GNSS solutions can’t 
provide the necessary level of accuracy to safely determine the position of a train. Typical examples of such 
areas include sections at or near the divergence of a railway, or areas where there is no visibility of the sky, such 
as in tunnels. 

To compensate in these areas, SATLOC deploys Radio Frequency Identification (RFID) technology. A train with 
an RFID reader can determine exactly which line it is travelling along, or exactly which leg of a divergence it has 
taken. The RFID tag technology uses a similar concept as that of the ETCS balise group technology, to deliver 
accurate positioning of Trains.  
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In comparison though, the RFID Reader does not provide the pin-point accuracy that the ETCS balise group 
provides. From an ETCS balise group, the train can determine exactly where the balise group is located within 
the window from which the train receives the balise information. Indeed this is one of the key functions of an 
ETCS balise.  In contrast, the RFID tag will activate anywhere within the tag’s transmission window, and most 
off-the-shelf RFID readers are currently designed to only activate, rather than to emphasise accurate positioning.  
Another key function in an ETCS balise is the supervision information that the balise can transmit to the train.  
However, for SATLOC, the RFID tags are required to transmit only a unique identity. 

The RFID tag nonetheless helps determine the exact line that the train is travelling on, but given the 
aforementioned limitations, it is still a technology currently suited to low density lines. 

2.1.3 3G UMTS Train Communication  

To deliver the position reports to the central 
control system, the train must be able to 
communicate with it. In turn the Central 
control system processes the train position 
information against the positions of other 
trains and the state of the Railway in order to 
provide the train with the safe movement 
parameters known as the movement authority.  

Therefore the train must deliver accurate 
position reports and receive safe movement 
authorities to and from the central control 
system.  

In SATLOC track to train communication is 
achieved using packet based public 
telecommunications systems, such as 
UMTS/3G. 

ETCS can also utilise public 
telecommunications.  ETCS does not yet 
support packet based communications, but 
there is current work being undertaken by the 
ERA which will change this.  Away from 
Europe, where compliance with ETCS 
standards is not mandated, alternative 
communications systems such as TETRA 

have been used with ETCS. 

Figure 2 shows a UMTS/3G router, such as 
can be sourced in the shops.  The cost of 
using a 3G/4G SIM card for data can be as 

little as €10 per gigabyte of data.  The largest ETCS message is approximately 500 bytes. So putting some 
pessimistic sums together, if we consider a message frequency of two messages a second, which is quite a lot 
for even the most demanding ETCS instalment, we can roughly calculate how much ETCS use such an 
investment can buy us.  

 Two messages per second ± 1KB per second. 

 3,600 seconds per hour. 

 86,400 seconds per day. 

 86,400KB per day. 

 1 GB = 1024 MB. 

 1024KB = 1MB 

Figure 2: A typical off the shelf UMTS router. This one was used 
to facilitate remote Lab testing between FHWels University 
Austria, and Siemens Rail Automation, UK 
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 Therefore messages per day in MB = 84.375 MB per day.  

 Therefore a €10 investment in 1 GB of data can operate a Train that communicates at 2 messages 
per second, 24 hours a day for over 12 days. 1  

Of course we would not like to operate a train continuously without rest for 12 days so in reality the investment of 
€10 is likely to go much further. 

The use of wireless technologies like 2G (GPRS), 3G (UMTS)/4G (LTE) to connect remote systems together is 
increasingly popular in all walks of life; from home automation to remote working.  

Key to this technology is that it can utilise packet switched communications methods and inter-networking to 
ensure delivery of data despite temporary adverse conditions. 

Also key is the independence between the specific technologies (UMTS vs LTE) that is achieved by using packet 
switched communications over the internet, making it 5G and even 6G ready. The technology can be mixed so 
that a Train using a 3G router can easily connect to a control system that is using a 4G router. So upgrading 
other trains to use 5G when it is available is likely to be relatively painless. 

2.2 Making up the SATLOC Architecture 

So how is all this technology put together to make the SATLOC system? 

The SATLOC Architecture comprises four core subsystems: 

1. On-Board Unit 
2. Mobile Telecommunications System 
3. Traffic Control Centre 
4. Trackside Infrastructure 
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Figure 2: The SATLOC Architecture 

                                                           

1 I have used the JEDEC memory standard for KB, MB, GB abbreviations. These are equivalent to the EIC 80000-13 KiB, 
MiB, and GiB abbreviations. They define measurements which increment in multiples of 1024 and are not to be confused 
with the Metric abbreviations which increment in multiples of 1000. 
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2.2.1 The On-Board Unit 

The On-Board unit (OBU), a customised display unit attached to a COTS PC, was developed by Siemens Rail 
Automation, Austria, in collaboration with FH Wels University.  The OBU blueprint was taken from a previously 
successful similar project on the Pinzgau narrow gauge line in upper Austria, called Siemens Trainguard STC, 
and was extended to use the ETCS language and braking curve. 

Incidentally, the Pinzgau project was a private partner initiative raised to counteract the closing of a popular line 
by the major railway operators in Austria. This is a primary example of where a decision to redirect investment 
had been made at the cost of the low density line.  But for the Pinzgau travellers there was a will therefore there 
was a way.  In our case the SATLOC project aims to provide a way, whilst the Pinzgau line is a primary example 
of what can be achieved when the public rally round to avoid the closure of a low density line. 

The job of the on-board unit is to compute the train’s position by combining data from the EGNOS/GPS receiver, 
and RFID reader, and deriving the train position within an on-board map of the railway.  For the initial SATLOC 
project, a Deuta high accuracy odometer sensor was also used in fusion with the EGNOS/GPS sensor to further 
enhance the accuracy of the train’s position and to provide diversity. 

 

Figure 3: Setting up the OBU SATLOC DMI 

The OBU also has access the train emergency brakes and uses the standard ETCS braking curve algorithms in 
its calculations to ensure safe movement of the train within its movement authority, by applying the brakes if 
required. This function is carried out on a small footprint industrial grade PC running the popular VX Works 
operating system.  

The OBU communicates with the trackside system using the ETCS language, specified by the UNISIG Subset 
26, chapters 7 and 8, version 3. Core to this specification is the positional references based on an offset and 
direction from a balise group.  

One added feature of SATLOC not yet mentioned, is the deployment of virtual balise groups. These are used to 
substitute actual balise groups, and help ensure the operational parameters comply with the ERTMS engineering 
rules, whilst cutting costs even further. The virtual balise groups are superimposed on the railway map at 
strategic points specified by absolute LAT and LONG geographical coordinates. The OBU is able to reference its 
position with respect to these virtual balise groups. 

For further reinforcement, the RFID tags are deployed on the trackside at strategic points such as divergences 
and limits of shunt areas. These RFID tags are also superimposed on the railway map to provide real balise 
group positional referencing that is further qualified by their absolute LAT and LONG positional references.  

For added diverse safety checking by the TCC (see section 2.2.3), each position report from the OBU (UNISIG 
message 136 + packet 0) was accompanied by a packet 44 containing the GPS and EGNOS fix of that position. 
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2.2.2 The Mobile Telecommunications System 

The ETCS level 2 and 3 core principle of having a Radio Block Centre (RBC) 2 in control of the railway and 
issuing Movement authorities is also deployed by SATLOC within its Traffic Control Centre (TCC) as is described 
later in this article.  

To achieve this loop, the remaining task for the OBU is to communicate with the TCC in order to move under its 
supervision. This is where the communications system described above (2.1.3) is deployed to establish the 
communications. 

A dilemma for the SATLOC team was that the requirement for ensuring compatibility with ETCS directly 
competed with the requirement to use publicly available technologies. In the spirit of progression and to embrace 
the continuing progress in available public mobile telecommunications systems as previously mentioned, 
SATLOC decided to trade off this requirement. Indeed, UNISIG employs ETCS working groups developing 
packet switched technologies to supersede or complement the current circuit switched GSM-R technologies. The 
EU sponsorship is common to SATLOC and ETCS and therefore provides a platform for sharing lessons 
between its projects. 

In the initial trial sites in Romania, 3G UMTS provided by Vodafone Romania is used. Vodafone Romania 
enhances their package to SATLOC by providing local roaming with all the available public networks in Romania. 
This combination provides a highly available communications subsystem. For security reasons, Vodafone 
Romania also provided a high end VPN for exclusive SATLOC use. 

A further deviation from ETCS is that the communications transport technology used by SATLOC is packet 
switched communications transport, specifically TCP/IP. This differs from the GSM-R and the circuit switched 
technologies currently used by ETCS. 

The remaining UNISIG Euroradio safety layers and application layers are deployed in SATLOC as per the 
relevant UNISIG specifications. 

2.2.3 The Traffic Control Centre 

The Traffic Control Centre (TCC) is the central control system described previously at the beginning of section 
2.1.3.  

The TCC needs to be more than an ETCS RBC. This is because it contains the interface to the signalman or 
dispatcher to set routes, control trains and generally manages and operates the Railway according to the 
timetables. All Railways have a similar control centre interface, be it legacy manual levers at points or switching 
sections or more modernised computer controlled centres. However, such a control centre was not the focus of 
the ETCS specifications and no mandates or interfaces are defined to the control system in the ETCS 
specification.  

Equally all railways deploy a form of an interlocking to ensure safe Train movement. But as with control system 
systems the ETCS specification does not focus on the interlocking.  

Siemens Rail Automation UK brought together host based versions of its established technologies for providing 
ETCS movement authorities, together with its well established and widely used Interlocking and control system 
user interface technologies on to a single industrial PC platform to form the Satloc TCC. These are the host 
Trainguard Futur RBC, the host Trackguard Westrace Interlocking, and the Controlguide Westcad control 
systems respectively. 

Additional software was created to connect these legacy host based subsystems together on the same platform: 

 Providing a gateway to a packet switched IP based communications,  

 Enhancing the safety of the SATLOC system by deploying diverse checking 

 To recording events for juridical purposes 

Meanwhile the host RBC in conjunction with the host interlocking and the host control system generates the 
movement authorities against the configured topology and the state of the railway. The control system provides 

                                                           

2 The Radio Block Centre is a central computer which control movement of Trains within its area of control by 
communicating with the trains over a mobile radio communications system. 
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the dispatcher / signalman the control to operate the railway by setting routes, facilitating shunting, and routing 
unfitted freight trains through the area of control, all from a single industrial desktop or rack-based computer. 

 

Figure 4: A close up of the TCC screen showing the train 710 (NID_OPERATIONAL) at the Cristian passing loop. 
The green track shows the route set. The white surrounding shows the MA provided to Train 710. The yellow 

track is available. Passaj Deposit Petrom is the level crossing in proximity 

2.2.4 The Trackside Infrastructure 

SATLOC aims to minimise the trackside infrastructure as far as possible. To achieve this, the best solution 
involves utilising trailable points. The use of trailable points is reinforced with the use of RFID tags at 
divergences, to compensate for the error of margin, and limited accuracy of the GPS EGNOS system at these 
prime locations. A train traversing an RFID tag that it is not anticipating, immediately trips. In addition the TCC 
sends an emergency stop message to the train upon detecting such incorrect movement.  

To provide even further safety, and in line with the Romanian railway laws, these sections are protected by an 
Indusi magnet system. 

 

Figure 5: An RFID Tag next to a set of car keys (emphasises the size) 

2.2.5 Safety Integrity 

SATLOC so far has been a demonstration project. The project has been supervised at all times during 
development and demonstration by the Romanian Safety Authorities.  

The project is currently carrying out the necessary steps to acquire certification to a Safety Integrity Level of 2. 
The process is using the Trainguard STS of the Pinzgau line in Austria as a reference, since many of the 
principles and components are identical. The Pinzgau line has been certified to SIL2 by the Austrian authorities, 
and has been carrying passengers for some years now. 

Part of the work to achieve certification will be to understand the implications of using commercial off the shelf 
equipment, which may not meet current railway standards, for example for environmental conditions. 
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3 CONCLUSION 

From the outline above we can conclude that the SATLOC demonstration has shown a potential complementary 
solution to the ETCS rollout, by targeting the secondary and tertiary lines where a justifiable business case for full 
ETCS rollout is currently difficult to achieve, at potentially significantly lower outlay and maintenance costs.  

With an alternative like SATLOC, lines can potentially enjoy a similar renaissance to their parent trunk lines 
without breaking the bank. Such an investment not only complements ETCS but actively feeds it by protecting 
many of the customers who join the trunk lines from these branch lines in order to contribute to the numbers 
used to compute the justification for investment. 

A successful renaissance that delivers a better service is likely to increase customer use, so many current car 
users on the cusp of changing their journey style are likely to take the plunge and make the change. With the 
lower maintenance and running costs, the service is likely to be maintained, so not only will the customers be 
kept, their experience is likely to be contagious, making even those who have never considered using the train, 
switch their travel style.  

The unforeseen benefits must also be counted. Each vehicle off the road that joins a vehicle on the Railway that 
was making the journey anyway, contributes greatly to the lowering of our carbon footprint.  

Clearly there is more work to do before a system such as SATLOC can be used more generally, but the 
demonstrator developed by the collaborating parties has shown the feasibility of providing a system based upon 
standard components. 

Lines such as the Pinzgau lines in Austria show that such success is not a mere pipedream. So rather than 
closing these secondary, tertiary lines (and lines beyond) we instead need to take inspiration and revive them 
using technologies such as SATLOC, and campaign to achieve all the benefits this article mentions, as well as 
any other benefits that others can foresee. 

List of Abbreviations 
2G, 3G, 4G, 5G, 6G Second Generation, Third Generation, Fourth Generation, Fifth Generation, and Sixth 

Generation Respectively 

EGNOS European Geostationary Navigation Overlay Service 

ERA European Railway Agency 

ERTMS European Railway Traffic Management System 

ETCS European Train Control System 

EU European Union  

GNSS Global Navigation Satellite System 

GPRS General Packet Radio Service 

GPS Global Positioning System 

GSA European Global Navigation Satellite Systems Agency (G = Global, S = Satellite, A = 
Agency) 

GSM Global System for Mobile Communications 

GSM-R Global System for Mobile Communications on Railways 

IEC International Electrotechnical Commission 

IEC 80000-13 An international standard that defines quantities and units used in information science 

Indusi Intermittent Cab Signalling System 

JEDEC Joint Electron Device Engineering Council 

LTE Long Term Evolution (wireless communication of high-speed data) 
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OBU On Board Unit 

RBC Radio Block Centre 

RCCF Trans Romanian Railway Infrastructure Company 

RFID Radio Frequency Identification 

SATLOC Satellite Location 

SATNAV Satellite Navigation System 

TCC Traffic Control Centre 

UIC International Union of Railways  

UMTS Universal Mobile Telecommunications System 
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