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ABSTRACT 
All networks that operate ETCS lines are starting to put in 
place systematic measurement of the Eurobalises, in 
order to maintain them in an effective way. 
Nowadays, there are several tools available on the market 
to perform Eurobalise maintenance, but a vast majority of 
them follow a corrective approach, by identifying a fault 
only when it occurred, so that the failed equipment can be 
repaired or replaced. 
Aware of the limitations of the these solutions, the ERTMS 
market started to ask for instruments specifically designed 
to automate Eurobalises measurements, by enabling 
preventive maintenance . These tools will need to measure 
information such as Subset-026 telegram content,  Balise 
ID, contact length, telegram count and power lobe, but 
should also measure all the parameters that fully 
characterize Eurobalises, so that no issue of the 
Eurobalise can go unnoticed. 
Using these parameters (listed in the Eurobalise protocol 
specification, Subset-036) and verifying if they are within 
the permissive ranges, will provide a higher level of 
resolution to calculate the health state of a balise. 
The BaliseLifeCheck is the only tool able to produce 
extremely detailed signal quality information when it 
passes over a Eurobalise, by measuring all possible 
indicators defined in Subset-036. 
Furthermore, it is able to detect and analyse the status of 
legacy balises too, with the same high resolution level. 
Although no predictive algorithms exist yet, this approach 
provides insurance that such algorithms can be developed 
and integrated in the next future. 

KEYWORDS: Eurobalise, Maintenance, Preventive 
Maintenance, BaliseLifeCheck. 

1. INTRODUCTION 

The Eurobalises are transponders placed between the 
rails of a railway and they serve as "beacons" giving the 
exact train location of a train, as well as transmitting 
signalling information to the ETCS fitted trains. 

 
Figure 1: Eurobalise 

All networks that operate ETCS lines are starting to put in 
place systematic measurement of the Eurobalises, in 
order to maintain them in an effective way. 
Maintenance actions can be classified as: 

- Corrective (task performed to identify a fault so that 
the failed equipment can be repaired and restored)  

- Preventive (task regularly performed in order to 
monitor the health of an equipment and decrease the 
likelihood of its fail) 

- Predictive (task regularly performed in order to predict 
when maintenance/recplacement actions  should be 
performed)  

Nowadays, there are several tools available on the market 
to perform Eurobalise maintenance, a vast majority of 
which following a corrective approach, whereas no 
algorithm exists today that can transform one or more 
measurements of a Eurobalise into a prediction. 
This white paper goes through any category of the existing 
tools for Eurobalises measurement and evaluates 
capabilities and limitations of each of them. 

As a conclusion, we will show the advantages of using a 
preventive maintenance system for the Eurobalises 
condition monitoring and we will suggest a tool enabling to 
answer this need adequately. 

2. EUROBALISES MEASUREMENT TOOLS 

As of today, the following tools exist on the market, to read 
Eurobalises: 
- The off-the-shelve ETCS on-board units 
- Enhanced ETCS on-board units, also known as 

instrumented BTM 
- Portable Suitcases containing ETCS balise 

readers/programmers 
- Dedicated Eurobalise on-board measurement tools 

 

2.1 Off-the-shelve ETCS On-Board Units 

The ETCS onboard units installed on the trains are 
obviously able to read the Eurobalises.  
An off-the-shelve ETCS onboard can read, demodulate, 
and decode Eurobalise telegrams, and provide the 
following information: 
- ID of each balise correctly read (NID_BG, NID_C, etc.) 
- Application message (content of the balise) 
- Relative position of the balise, related to the previous 

one 
- Balise reading error (it can be without balise ID if the 

error is not applicative) 
- LEU error, when reading a balise with an ETCS packet 

254. 

This information is stored by the OBU inside the JRU, 
using two dedicated messages: “message from balise” 
and “balise error”. 
Some OBUs might be fitted with an external system, 
capable of streaming in semi real-time the balise reading 
information to the trackside.  
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The information provided by off-the-shelve OBUs is good 
to detect if a balise is working or not. In other words, it can 
be used for corrective maintenance: if a balise is not 
working, it shall be repaired.  
However, the origin and nature of the problem cannot be 
easily determined by means of standard OBUs: they are 
unfitted for preventive maintenance, as they don’t provide 
any information as if the balise is working “well” or “poorly”. 
There is no measurable condition that can trigger a 
preventive action on a Eurobalise not working well, before 
it breaks. 

2.2 Instrumented BTM 

Instrumented BTMs are similar to regular on-board units, 
but they also provide some additional information about 
the balises they read. 
They typically provide, for each balise: 
- number of telegrams read while passing over the 

balise 
- length of contact 
- optionally, the level of the RF signal at each point in 

time, that can be plotted as a so-called radiation lobe 

 

Figure 2: Radiation lobe of Eurobalise 

The additional information provided by instrumented 
OBU/BTM is helpful, as it may identify a problem in the 
Eurobalise, e.g: 
- the telegram count is too weak; OR  
- the contact length is too short; OR 
- the power level lobe shows differences with respect to 

a normal form. 
However, experience has shown that this information is 
not sufficient. 
In other words, telegram count, contact length and lobe 
can be all right, but the Eurobalise could be still unreadable 
by some trains passing on top of it. 
This appears logical, as the information encoded in the 
Eurobalise message is using a complex RF protocol 
described in ERTMS Subset-036. The Eurobalise 

technology uses frequency-shifting signal (FSK), and 
degradations in the way frequencies are shifted can have 
an impact on the way the trains can read a Eurobalise. 
The following issues, taken from real-life cases, cannot be 
detected by only measuring  telegram count, contact 
length and radiation pattern: 

 

Figure 3: Eurobalise with too high center frequency 

 
Figure 4: Eurobalise with too high frequency deviation 

 
Figure 5: Eurobalise with jitter outside of allowed ranges 
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Figure 6: Eurobalise with invalid spectrum shape 

These considerations prove that instrumented OBU/BTMs 
go one step in direction of preventive maintenance, but the 
information they provide still lacks the appropriate level of 
granularity, and shall hide whole categories of Eurobalise 
issues.  

2.3 Portable Suitcases 

Many vendors of Eurobalises also supply to their 
customers a portable suitcase, enabling them to read and 
optionally reprogram the Eurobalises. 
The information provided for each balise is the same as 
the previous categories of tools.  
In fact, these suitcases include a stripped-down OBU, with 
antenna and instrumented BTM function only, together 
with a battery, a small user interface and a casing making 
it fit to use in the field. 

 

Figure 7: Eurobalise reading suitcase 

Clearly, these human portable tools are not the best if you 
plan to assess the whole network composed of thousands 
of kilometers of balises equipped lines. It is commonly 
accepted that a couple of engineers can, with such a tool, 
only check 10 to 15 balises per day, maximum. 

2.4 Dedicated Eurobalise on-board instruments 

Aware of the limitations of the previous solutions (OBU, 
instrumented BTM and suitcases), the railways and, more 
specifically, ERTMS markets started to ask for instruments 
specifically designed to automate Eurobalises 
measurements, to enable diagnostic of any issue with 
these balises, including degradations. 
Indeed, if degradations can be identified, then condition-
based monitoring of Eurobalises can be implemented.  
Condition-based monitoring of Eurobalises enables the 
network operators to replace the Eurobalises before they 
break, avoiding costly train delays and corrective 
maintenance interventions. 
Of course, the new instruments need to measure the 
information that the traditional balise reading solutions 
offer:  
- Full Subset-026 telegram content 
- Balise ID 
- Contact length, telegram count, power lobe 

The new instruments, though,  should also measure all the 
parameters that fully characterize Eurobalise, so that no 
issue of the Eurobalise can go unnoticed. 
These parameters are all listed in the Eurobalise protocol 
specification, the Subset-036, as follows: 

- Uplink amplitude jitter 
- Uplink instantaneous frequencies 
- Uplink central frequencies and deviations 
- Uplink mean data rate 
- Uplink mean time interval error 

Using these parameters, and verifying, for each of them, 
following the test specifications of SUBSET-085, if they are 
within the permissive range, provide a higher level of 
resolution to calculate the health state of a balise.  
If one or more of the parameters are outside the 
permissive range, a preventive action can then be 
scheduled, and lead to the repair of the weak Eurobalise, 
before it causes any impact on the network.  

3. BALISE LIFE CHECK: a moving laboratory for 
balise maintenance automation 

The BaliseLifeCheck is a moving laboratory, automating 
the balise maintenance for Infrastructure Managers and 
Maintenance service suppliers.  

The BaliseLifeCheck is able to produce extremely detailed 
signal quality information when it passes over a 
Eurobalise, due to its capability to evaluate the Subset-036 
and Subset-085 parameters described above.  
Any risk of deviation with these Subsets (and hence, 
possible future failures of the systems, which might cause, 
notably, unavailability (reduced capacity) of the track), can 
be identified before the failure occurs, thanks to the 
BaliseLifeCheck. 
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Figure 8: Balise Life Check on-board rack 

Furthermore, it is able to detect and analyse the status of 
legacy balises too, with the same high resolution level. 
Particularly, here is a list of key metrics computed per 
Eurobalise: 
- Analog ASK/FSK signal characterization (carrier 

frequency, frequency deviation, modulation index, 
etc.)  

- Telegram Bitrate and datarate jitter (MTIE)  
- Pulse envelop (ASK) and Amplitude Jitter (FSK) 

measurements  
- Deviation from nominal values 

RINA Railways Certification Laboratory validated the 
compliance of the BaliseLifeCheck with respect to Subset-
026, Subset-036 and Subset-085. 
 

4. THE FUTURE: PREDICTIVE MAINTANANCE 

A last topic, that is of interest for the network operators is 
the rollout of predictive maintenance strategies. 
Indeed, once a Eurobalise has been identified as showing 
signs of weakness, the operators would like to know when 
it is expected to fail, and with which probability.  
As of today, no algorithm exists, that can transform one or 
more measurements of a Eurobalise into a prediction of 
when it will fail and with which chances.  
However, in order to ensure that such algorithms can be 
developed and implemented inside the maintenance 

strategies of the network operators, they must ensure that 
on one hand the measurements they perform on the 
Eurobalise contain all necessary information, and on the 
other hand that these measurement are kept in a historical 
database. Only dedicated Eurobalise instruments, 
measuring all possible indicators defined in Subset-036, 
provide such insurance. 

5. CONCLUSION 

As we have seen in this white paper, there are several 
types of Eurobalise reading devices, but a vast majority of 
them follow a corrective approach, by identifying a fault 
only when it occurred, so that the failed equipment can be 
repaired or replaced. 
The following table list the ones described above, as well 
as the type of maintenance strategy they enable. 

Eurobalise reading device Maintenance Strategy 

ETCS onboard units Corrective 

Instrumented BTM or 
suitcase 

Corrective (with hint for 
preventive) 

Dedicated Eurobalise 
measurement tools  

Partially Preventive 

Balise Life Check 
Preventive (with all 
information needed for 
predictive) 

Table 1: Eurobalise reading device comparisons 

As highlighted by Table 1, dedicated Eurobalise 
instruments are the only ones enabling a thorough, 
complete inspection of the Eurobalise. 
The BaliseLifeCheck, a moving laboratory that  enable 
balises preventive maintenance, is the only tool able to 
produce extremely detailed signal quality information 
when it passes over a Eurobalise, by measuring all 
possible indicators defined in Subset-036. 
Adopting this solution enables the Infrastracture Manager 
to put in place a condition-based Eurobalise monitoring 
strategy, and tomorrow newly predictive algorithms, yet to 
be discovered. 

6. NOMENCLATURE 

ASK  Amplitude Shifting Keying 
BG  Balise Group 
BTM  Balise Transmission Module 
ETCS  European Train Control System 
FSK   Frequency Shifting Keying 
JRU  Juridical Recording Unit 
LEU  Lineside Electronic Unit 
MTIE  Maximum Time Interval Error 
OBU  On-Board Unit 
STM  Specific Transmission Module 
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ABOUT ERTMS SOLUTIONS  

 

ERTMS Solutions is specialized in the development of innovative products for the railway signalling world, and for a 
majority of them compatible with the European railway signalization standard ERTMS/ETCS. 

The company was founded in 2008 and is located in the very heart of Europe, Brussels, Belgium. 

At the roots of ERTMS Solutions, a Software Factory started developing SW products in 2003. Expertise in rail signalling 
was brought to this first company in 2008, at the creation of the company. ERTMS Solutions is exactly at the crossroad 
between these 2 expertizes. 

Many key actors of the railway signalization are clients of ERTMS Solutions. Among them:  
 Manufacturers (Hitachi, Siemens, Ansaldo, Bombardier, Invensys, Hollysis, etc.) 

 Rail Infrastructure Managers (INFRABEL, ProRail, Deutsche Bahn, SNCF Réseaux, for instance) 

 Operators (NS, SNCB, CFL and SNCF, for instance) 
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