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SUMMARY 

The signalling systems in Finland originate from many decades and contain a great variation of interlocking 
systems.  Many interlocking systems are relay or relay group interlocking systems, which still have lifetime left, if 
other requirements for their functionality may be met.  The same applies to the new generation of electronic 
interlocking systems, as they are not yet in the end of their lifecycle. Most of the interlocking systems are 
electronic interlockings. 

The future European Rail Traffic Management System (ERTMS) is regulated in an international level.  The 
functionality requirements for ERTMS set second-hand requirements to the equipment used as part of the 
signalling system. 

The purpose of this paper is to give an overview to the requirements of ERTMS in the functional level to 
interlocking and its related systems and explain the possibilities and challenges in implementing the RBC 
interface to the existing interlocking types in Finland.  In addition, the feasibility of implementing ERTMS level 2 in 
Finnish rail network and the conditions to renew interlocking systems due to RBC interface will be covered. In the 
end, a conclusion is presented. 

1 INTRODUCTION 

A brief introduction to basic elements of ERTMS (European Rail Traffic Management System) system is 
presented.  ERTMS has different functional levels defined as 0, STM, 1, 2 and 3.  Levels 2 and 3 require radio as 
their transmission media.  This enables continuous supervision and better capacity for train traffic, which is 
something to aim for.  The investments required are also higher in these levels.  Hence, the pros and cons need 
to be considered carefully when making the decision of which ERTMS functional level to implement. The 
investments required have to be considered in relation to the expected capacity requirements, properties of the 
track and traffic as well as implementation strategy of rolling stock and other track sections. 

The radio system used for railway purposes is called GSM-R. Radio Block Centers (RBC) between the 
interlocking system and the on-board unit on the rolling stock is the key to implement level 2 and 3 functionality. 
The interlocking system will give the information of the statuses of track-side elements and the existing routes for 
trains. Emphasis of the study is on the interface of RBC and interlocking system. 

2 NOTATION 

ATP  Automatic Train Protection 

ERTMS  European Rail Traffic Management System 

GSM-R  Global System for Mobile communications - Railway 

RAMS  Reliability, Availability, Maintainability, Safety 

RBC  Radio Block Center 

3 RBC INTERFACE TO INTERLOCKINGS IN FINLAND 

3.1 Interlocking Systems in Finland 

The interlocking systems in Finland are very different and from different decades, the oldest ones being more 
than 40 years old.  The techniques used have developed in time so that the functional properties differ very 
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much.  The interlocking systems can, generally divided into free-wired and modular interlocking systems.  Both 
principles have been used for both relay interlockings and electronic interlockings.  There are very few 
mechanical interlocking systems in Finland, and with their renewal in the near future, these are not an issue 
when considering ERTMS.  The different interlocking types in Finland are presented in Figure 1. 

 

Figure 1: Interlocking systems in Finland 
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3.1.1 Free-Wired Relay Interlocking 

In free-wired relay interlocking all connections are designed one by one with the help of single relays.  If changes 
are to be made to this type of interlocking, the effects on the whole interlocking system has to be evaluated.  This 
is due to the fact that changes may not be limited to certain modules or the part that was changed. 

There are a few different types of free-wired interlocking systems in Finland, but the basic principle is the same in 
all of them.  Free-wired interlocking systems are in use in many traffic operating locations with the most important 
ones from an ERTMS implementation point of view being the following: 

• (Seinäjoki)-(Oulu), excluding Ylivieska 

• (Oulu)-(Kontiomäki) 

• (Pieksämäki)-(Kuopio) 

• Parikkala-(Joensuu) 

• (Luumäki)-Lappeenranta 

 

Capacity increase would be the most important for Seinäjoki-Oulu railway section.  This would firstly require 
building a double track to this line; however this is only part of the investment plan.  Luumäki-Lappeenranta 
railway section is also a single-track line, but part of it may be built to double-track line in the future. 

Modifications to free-wired interlocking systems are possible and there is a possibility to obtain all relay statutes 
to be transmitted to the interface just by modifying the connections.  However, the modifications are challenging 
especially where there are many routes in the interlocking.  It is probable that the interlocking system should be 
renewed, if bigger changes are required, even though it would be possible to implement the interface. 

3.1.2 Relay Group Interlocking 

Relay group interlocking differs from free-wired electronic interlocking so that the functions of a single element 
may be implemented by one relay group.  For example, a point and its functionality is implemented in one relay 
group that may be connected to other elements respectively in its interface.  The functionality of one relay group 
is always the same, thus making it possible to limit the effects of the interlocking modification to the interfaces of 
relay groups, if the inner functionality remains untouched.  On the other hand, the closed relay groups make it 
difficult to get all the information required from the interlocking system to RBC.  In practice, all the necessary 
information may not be obtained from the interlocking system, so a separate system needs to be built on top of 
the interlocking or the functionality needs to be implemented in the RBC. 

Relay group interlocking systems are mainly located on the most important lines with high passenger numbers.  
Due to the modularity of the relay group interlocking system, this type is very good for big rail yards. It is relatively 
easy to maintain and modify, and it has long service life.  The most important railway sections with relay group 
interlocking system are: 

• Pasila-Riihimäki 

• (Huopalahti)-Vantaankoski 

• Seinäjoki 

• Tampere 

• Kouvola 

 

3.1.3 Electronic Interlocking 

The functionality is implemented in the software logic both in electronic interlocking systems and interlockings 
implemented with safe logics.  There may be similar differences in the implementation as in free-wired relay 
interlocking and relay group interlocking.  However, it is far more difficult to realize a similar interface to electronic 
interlocking, as the information needs to be obtained from the software.  The properties of the interlocking type, 



RBC Interface to Current Interlockings in Finland  Page 4 of 8 

supplier, the availability of the know-how and type of the modification affect the costs and possibilities to make 
the modification. 

Old electronic interlocking systems are difficult to interface to RBC.  In this case the solution may be to use an 
additional system between the RBC and the interlocking.   This additional system would fit the two systems 
together and contain the necessary logic for handling the information. It is also possible to implement this 
functionality in RBC.  Whatever the case, the costs are relatively high and the renewal of the interlocking system 
may be the best solution.  The difficulties in getting the approval for changes will also cause longer 
implementation time and costs, if the modified interlocking is not designed and built with the current standards.  

3.1.4 Line Block System 

Line Block System is an independent relay system that is used between railway operating locations on line 
sections. The system sets the routes automatically according to the traffic direction of the line and occupancy of 
the track sections. Nowadays the line sections will usually be equipped with line systems controlled by 
interlocking systems. This independent line block system is mainly used in the old systems, where the 
interlocking system controls only the area of the railway operating location.  

The equipment of the independent line block system is located along the line. This makes it very difficult and 
expensive to obtain all the necessary information to the interface. The signalling system should be renewed in 
this case. The exception to this may the Zentralblock block system by Siemens, as the control logic is centralized 
in the interlocking equipment room.  

3.2 Potential Track Sections for ERTMS 

The biggest advantage of choosing ERTMS level 2 is in capacity increase, otherwise the investment costs are 
too big compared to the advantages.  There should be a need for capacity increase with the current and 
expected traffic in future.  These are the commuter area tracks and the most significant main railway sections. 
ERTMS level 2 does not bring any advantages compared to the conventional system, because the use of tracks, 
shunting, speed restrictions and GSM-R capacity limit the effective use.  However it may be used on tracks going 
through the station used by train traffic. 

90 % of the Finnish rail network is single-track line.  The typical traffic in these lines is mixed traffic with both 
passenger and freight traffic.  In these cases there are a variety of rolling stock types with different speed 
profiles. The most important capacity limitation is to organize the train counters and passes on stations.  ERTMS 
level 2 brings limited advantage to these lines and therefore increasing to double-track layout should firstly be 
considered.  

In Figure 2, the renewal costs with traditional signalling systems are depicted.  These track sections are the next 
ones to be considered for renewal whilst at the same time implementation of ERTMS within these sections needs 
to be considered. 

1. Kouvola-Kotka/Hamina (renewal cost 15 M€) 

The old signalling systems are very old and of varying types with purely freight traffic. The requirements for 
capacity and punctuality are not high, hence ERTMS level 2 is not useful. 

2. Parikkala-Joensuu (renewal cost 30 M€) 

This is one of the most important track sections for passenger traffic in Finland with some freight traffic.  The 
line is single-track line with mixed traffic, hence ERTMS level 2 is not useful.  However, this track section is 
one of the possible choices to be a test track for ERTMS level 1 or/and 2.  

3. Kokkola-Ylivieska (renewal cost 12-14 M€) 

This line is part of the most important railway connection between Helsinki and Oulu with mixed traffic.  It is 
currently a single-track line, but an investment decision has been made to convert it into a double-track line.  
Simultaneously the properties of the track and signalling system will be renewed.  The expected completion 
date for the construction work is 2017.  It is in consideration that the current relay interlocking systems by 
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Siemens would be exploited, so the interface to these should be considered, if ERTMS level 2 was decided 
to be implemented.  This is also one railway section where an ERTMS test track may be tried. 

4. Helsinki interlocking system (renewal cost 65 M€) 

Helsinki station capacity is the biggest problem in Finland for traffic punctuality.  It is the main station and 
nearly all trains leave or arrive to Helsinki, which is in a tight place in the centre of Helsinki.  Traffic in 
Helsinki affects all traffic in Finland.  Helsinki will be renewed within the next 10 years, including tracks and 
signalling system.  ERTMS will probably be implemented in Helsinki at the same time, because equipping 
the on-board equipment with ERTMS will start at the end of this decade.  Also the need of conventional 
signalling system should be considered.  The maximum speed at Helsinki is 80 kph, when ERTMS level 2 
does not bring that much advantages.  Another problem is the GSM-R capacity.  The number of trains is 
large and may prove to be too expensive for ERTMS level 2.  

5. Luumäki-Imatra (renewal cost 10 M€) 

Traffic is very similar to Parikkala-Joensuu line and it is also single-track line.  However, the area is in 
constant development and there is currently a study ongoing to determine if it is worthwhile converting thie 
section into double-track. In this case ERTMS level 2 implementation needs to be considered.  Capacity 
increase by building the double-track may be enough, so ERTMS level 1 seems more probable.  

6. Espoo area interlocking system (renewal cost 30 M€) 

The interlocking system is Siemens Simis-C type and is still currently within its service life.  The renewal may 
be needed, if ERTMS is required on the commuter area and it is not possible to implement ERTMS with the 
old interlocking.  The railway section is double-track line and there are no significant shunting rail yards, so 
ERTMS level 2 could be exploited.  This is one of the interlocking systems that will most probably need to be 
interfaced to the RBC. 

7. Myyrmäki interlocking system (renewal cost 8 M€) 

Only passenger traffic exists on this double-track line.  The section headway is currently 10 minutes 
although the number of daily passengers will increase when the Ring line to the airport is commissioned in 
2014.  The conventional signalling system and requirements for signal distances limit the capacity, so 
ERTMS level 2 could be useful.  The implementation of other related railway sections needs to be 
considered in the same context. 

8. Pasila-Kerava (renewal cost 50 M€) 

The interlocking systems used on this line is the Siemens relay interlocking.  The line capacity is nearing its 
limit, so capacity increase would be useful and ERTMS level 2 should be considered.  When making the 
investment decision, the related tracks and their implementation need to be considered as well.  There is 
service life left in the interlocking systems, so the interface to RBC may be needed.  Capacity of the GSM-R 
network may prove to be one of the biggest problems. 
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Figure 2: Renewal costs with conventional interlocking systems 

3.3 Requirements for Interface 

Interoperability requirements are applicable to the interface of rolling stock and trackside equipment with other 
requirements defined if they affect this interface.  This result in that some parts of the ERTMS signalling system 
not being defined in great detail. When considering RBC, the interface from RBC to on-board unit is defined, 
while the interface between RBC and interlocking system is not defined.  INESS project has been developed to 
answer these questions, but the scope of the work is for new interlockings, where it is easy to design and 
implement the interlocking so that the required information for RBC is obtained from the interlocking.  
Implementing the interface to existing interlocking systems is far more difficult. 

3.3.1 Functional requirements 

The most important functionality for RBC on ERTMS level 2 is to transmit the movement authority to the on-
board unit.  The information transmission (Figure 3) is made up of the following phases: 

1. Interlocking system controls and supervises the trackside equipment and sets the routes according to 
traffic control requests.  

2. Interlocking system transmits the information of set routes or elements to RBC.  

3. RBC calculates the movement authority for each unit according to the information obtained. 

4. RBC transmits the movement authority to each unit in the RBC area. 

5. On-board unit calculates the braking curves and supervises the permitted speed  
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Figure 3: Simplified presentation of information transmission on ERTMS level 2 

RBC has the static information about the railway track layout and track elements.  The dynamic information for 
calculating the movement authority is needed from the interlocking system.  This means that either the route 
information or statuses of trackside elements is required from the interlocking system. 

3.3.2 Safety requirements  

Safety requirements for the interface need to be as high as the requirements to the safety-critical information of 
interlocking system or RBC.  This means that SIL 4 is to be achieved in the interface, which requires extensive 
documentation, verification and validation and independent assessment.  When implementing this interface to 
existing interlocking system, the interlocking may not have any SIL classification.  For example, the old relay 
interlockings do not have this approval, which needs to be taking into account, when doing modifications.  
Electronic interlocking systems that were commissioned before the standards were in use confront the same 
problem.  It is not possible to get SIL approval for the entire system.  

3.3.3 Requirements set by standards 

The most important standards to be applied for signalling systems are EN 50126, EN 50128 and EN 50129.  
These define the RAMS (Reliability, Availability, Maintainability and Safety) requirements and requirements for 
designing safety critical system. 

The transmission media and equipment needs to be doubled so that a single failure does not cause a hazardous 
failure.  

The system delays needs to be taken into account.  The more equipment and transmission required for 
movement authority, the more probable it is to have system delays and errors.  Hence, there is an increased risk 
of having problems in train traffic caused by signalling systems, which needs to be considered in the system 
design phase.  These delays also affect the safety of the railway system, when the train should be stopped in 
case of emergency. 

3.4 Challenges to Implement the Interface 

The most significant challenge in implementing the ERTMS level 2 to old interlocking is how the necessary 
information is obtained to the interface.  The interface would be the easiest to implement with relays, especially 
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when the systems are by different suppliers.  The interface may be implemented with an additional system, such 
as overlaying interlocking or other computer-based system.  

There is an ERTMS level 1 solution implemented, where another interlocking is built on top of the old 
interlocking, but an ERTMS level 2 solution does not exist for this.  So far the interlocking system is renewed in 
all cases, where ERTMS level 2 has been implemented. A linking computer, such as Koppelrechner, could be 
considered as this type of additional system is currently in use in many places between ATP and interlocking 
system in Finland.  If the information is not enough and changes would be required, the costs to modify the 
linking computer currently in use in Finland are approximately 0,5 - 2,0 M€.  

Information required is the vacancy proving information, route information or route entry and exit signal, points in 
the route, catenary voltage information, drive-on-sight route information and route type.  It is very challenging to 
obtain this information from old interlockings to the interface.  Track vacancy proving information may be 
obtained from track relays if implemented with track circuits.  In the case of axle counters, the information is very 
difficult to obtain.  It is also difficult to relate the occupancy information to a certain train number, but that logic 
needs to be separately.  

For example, in Simis C interlocking system it is not possible to obtain information about statuses of signals, 
point lockings or routes, only the track vacancy is possible to obtain (if implemented with track circuits).  
Modification costs would not be reasonable compared to the capacity increase and the number of modified 
interlocking systems.  

Ebilock is very similar to Simis C.  The track vacancy proving is implemented with track circuits, but this 
information is decentralized along the line so that this information is difficult to obtain.  Interface to decentralized 
equipment is not possible.  The information is transmitted to the locking computer, where the interface should be 
implemented if somewhere.  

Train numbers are currently managed by train number automatics. Interlocking system does not contain this 
information.  It is to be considered, where the RBC obtains the train number information so that it may transmit 
the movement authority to the right unit.  The safety requirements need to be considered as well, as the train 
number automatics is not safety-critical system. 

4 CONCLUSION 

There are many open issues and challenges to be solved before ERTMS level 2 may be implemented.  It may 
even prove to be too expensive to be implemented in Finland. IA test line for level 1 and 2 is required for solving 
the technical issues before implementation can begin on a larger scale.   

As a conclusion, implementation of ERTMS level 2 may be cost-efficient solution only, when the renewal of the 
interlocking systems of such track sections will be made.  This is due to the interface being difficult and/or 
expensive to implement to existing interlocking system.  Old interlocking systems are not able to give the 
necessary information for ERTMS functionalities. This can be achieved only by adding another system between 
the interlocking and the RBC, which is expensive. The interlocking systems in Finland are relatively new and 
ERTMS level 1 provides enough capacity to most of the railway lines in Finland, so decisions about the 
implementation of ERTMS level 2 will not be seen in the near future. 


