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rmRailProtector 4.0 — the innovative Rail-Mil compments based family for the
ERTMS/ETCS L1 functionality

Abstract: The article presents a family of innovative pradurmRailProtector 4.0, which are a
comprehensive solution for the ERTMS / ETCS fumality on L1 level. The presented system
was developed in Poland using Polish technicalghband the potential and many years of
experience of Rail-Mil in the design, productiomplementation and operation of train traffic
control systems. The rmRailProtector 4.0 systenmkthao cooperation with the experts of
KOMBUD S.A. Automation Group as a comprehensiveutsm, it is adapted to work with the
MOR-3 — multi-computer interlocking system usectdmtrol of railway traffic. The first planned
implementations of rmRailProtector 4.0 systems rassa configuration consisting of MOR-3
interlocking system and rmRailProtector 4.0 syswdth ERTMS / ETCS level L1 functionality.
rmRailProtector 4.0 covers devices, including: Bahises in the fixed and programmable version,
an innovative fiber interface in the LEU-Eurobalistation, standard and centralized LEU encoders
as well as programming and diagnostic tools, agugrd the CCS TSI requirements (Technical
Specifications for Interoperability, Control-Commdaand Signaling). The article synthetically
summarizes the basic functional, formal and legpéets of the proposed solutions, with reference
to the requirements for the interoperability of thi system. An innovative approach to the design
of the ERTMS / ETCS L1 system was presented inldeteluding the wide application of fiber
optics in the connection of Eurobalise with LEU dahd innovative supply of Eurobalise using
optical interface. The article intentionally omitse presentation of centralized LEU, including
innovative LEU with an optical interface, which Male presented in subsequent publications. The
approach presented above is a new quality in e @frextensive network design at large railway
stations. The innovation of the presented soluiomsd expression in the complex to Patent Office
of the Republic of Poland with the patent applaatdentification number: P.430674.
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Introduction

Innovative components of the rmRailProtector 4.6teayy manufactured by Rail-Mil are a
response to market needs expressed by rail infidiste managers [8], [9]. The presented
solution is developed in Poland and based on timepaay's many years of experience in
implementing research and development projectstammtoduction potential.

The National Plan for the Implementation of the Ar@cal Control Interoperability
"CONTROL" [1], adopted for implementation by the mtry of Infrastructure and
Construction of the Republic of Poland in 2017,vies for the equipment of railway lines
covered by the plan according to the numericaleslisted in Tabl4.

Tablel. Costs of building the ERTMS.ETCS system on raylluaes covered by the plan

ETCS level L1 ETCS level L2 GSM-R
Line length 3 555 km 4 678 km 13 680 km
Unit cost PLN 260 000 /km PLN 485 000/km PLN 20®00n
In total PLN 0,924 bn PLN 2,26 bn PLN 2,80 bn
In total, the whole PLN 5,894 bn
plan
Source: [1]

The potential implementation area indicated abexi@ch includes railway lines that
will be equipped by the TSI CCS implementation péard the fact that by introducing the
presented solutions Rail-Mil will be the only Palisupplier of ERTMS/ETCS components
allows to state that this is a strategic and ecocaliy justified direction of development.

The rmRailProtector 4.0 system thanks to cooperaivith the experts of Zaktady
Automatyki KOMBUD S.A. as a comprehensive solutigns adapted to cooperate with a
multi-computer station dependency system used ttr@orailway traffic of the MOR 3 type.
The first planned implementations of the rmRailBoctdr 4.0 systems assume a configuration
consisting of a station type MOR-3 dependency systed the rmRailProtector 4.0 system
with ERTMS/ETCS level L1 functionality.

rmRailProtector 4.0 - ERTMS / ETCS components from Rail-Mil
The rmRailProtector 4.0 system is based on thewatlg components of the Q7 family
produced by Rail Mil.

Q7-BL-FX —fixed Eurobalise

Compliant with the specification of requirements ERTMS / ETCS system components
assembled in SUBSET-036 [2] reduced type balisegi@mming takes place through an air
gap, using dedicated balise Q7-UPKE or Q7-UPKE-HANDgrammers.

An innovative solution is an option of deactivatitige lineside track from the
programming device without the need for a metalecdghutter) to turn off. The color of the
cover is always determined by the Purchaser.IFsdpows the fixed Eurobalise in RAL 1016.

The basic technical parameters of the Eurobalisesmotchable type: Q7-BL-FX are
presented in Tabl2.
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Fig. 1. Non-switchable type type Q7-BL-FX [4]
Source: internal materials of Rail-Mil [4]

Tab.2 Fixed eurobalise type Q7-BL-FX - list of basic aaeters

track-side balise type reduced type balise
resistance to pollution class A
programming method using an air gap
special features option to deactivate balise
the method of attachment from the programmer level
physical dimensions drilling in 200mm spacing,
housing color M12 screws, recommended version maéd®4
or AO2 steel

Q7-BL-TR — transparent Eurobalise

Compliant with the specification of requirements RTMS/ETCS system components
assembled in SUBSET-036 [2] Reduced type baligggating standardized by specifications
C1, C6 interfaces without C4 interface.

Programming, similarly as in the case of non-svahih balises, takes place through
an air gap, using dedicated balise programmersnAaovative solution, as in the case of non-
switchable balances, is the option to deactivagetthickside balancing from the level of the
programming device Q7-UPKE-HAND or Q7-UPKE.

Basic technical parameters of fixed Eurobalise typ&-BL-TR, is summarized in
Tab.3.

Fig.2. Transparent Eurobalise type Q7-BL-TR
Source: internal materials of Rail-Mil [4]
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Tabl3. Transparent Eurobalise type Q7-BL-TR - list o$ibgparameters

track-side balise type reduced type balise

resistance to pollution class A

programming method using an air gap
special features - option to deactivate the balise

the method of attachment from the programmer level,

physical dimensions drilling in 200mm spacing,

housing color M12 screws, recommended version made
A04 or AO2 steel
supported interfaces 440x250x55 [mm]
maximum installation distance from LEU RAL1016 faKP PLK

Q7-BL-FO — Transparent Eurobalise with an innovatiwe fiber interface

Compliant with the specification of requirements ERTMS / ETCS system components
assembled in SUBSET-036 [2] reduced type balisk @it innovative fiber optic interface,
supporting C1, C6 interfaces, and C4 interface elsag full internal diagnostics according to
its standard. Programming, similarly as in the a#sixed balises, takes place through an air
gap, using the dedicated baler programmer Q7-UPKE.

Tab.4. Transparent Eurobalise with an innovative fibatiointerface type Q7-BL-FO - list
of basic parameters

track-side balise type reduced type balise
resistance to pollution class A
programming method using an air gap
special features - option to deactivate the balise
the method of attachment from the programmer level,
the method of attachment - fiber interface baseih(Multi Mode)
transmission;
physical dimensions - full on-line diagnostics loé tstate of
Eurobalises
housing color drilling in 200mm spacing,
supported interfaces M12 screws, recommended vensaule of
A04 or AO2 steel
maximum installation distance drilling in 200mm sjpa,

A detailed description of the innovative fiber irfeee is presented later in the article.
Q7-UPKE- Eurobalise programmer

Programmers dedicated to those produced by RailEMibbalise are available in standard
and handy versions. FiguBeshows the programmer in the standard version.
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Fig. 3. Eurobalise type Q7-UPKE programmer - standardigar
Source: internal materials of Rail-Mil [4]

Programmers in both versions use interface A imsbsalreading. Programming takes
place through the air gap. Integrated batteriesaafbr not less than 20 hours of continuous
operation of Q7-UPKE and 50h of Q7-UPKE-HAND aftiglt charging. The housing is made
of the IP65 protection class. The device can acuesdViFi network used for diagnostic
purposes and read data for dedicated software.

The programmer is synchronized in terms of locadod time synchronization with
the integrated GPS transmitter.

Q7-UPKE and Q7-UPKE-HAND
The programmers have the unique functionality afatigating the trackside balancing from
the programmer level. This process includes thesdisted below (in order of realization):

in the scope of checking the status of Eurobalises:
- place the programmer above the center of the halise
- activate the programmer;
- the programmer automatically after examining thatust of the checked
balances, active/inactive, displays it on the imfation panel in the form of an
LED indicator;

in the scope of deactivating Eurobalises:
- place the programmer above the center of the balise
- press the LOCK button (deactivation)
- after receiving feedback on the change of the Istd¢us from active to
deactivated status, it will no longer be detectgdvbhicles equipped with
functional vehicle ERTMS/ETCS devices;

The activation process is analogous to the abave,adter it is carried out, the activated
balise is again detected by vehicles passing owesquipped with functional vehicle
ERTMS/ETCS devices.

Thanks to the built-in GNSS (modern GPS versiohg programmers have the
additional functionality of line diagnostics, it ssible to quickly jump over the line to rip
and remove the following diagnostic information:

- telegrams
- serial number data
- diagnostic data
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- the position of balises
- time and moment of reading
- locked/unlocked status

Q7-PROG - dedicated Eurobalise programming software
The Q7-PROG software is compatible with the Eurskeatledicated to programming the Q-
UPKE programmer, whose characteristics are predeiteve.
Figure 4 presents the graphical user interface of speemligoftware. The most

important characteristic features should be inédat

- compatibility with Rail-Mil Eurobalise programmers;

- Eurobalise programming functionality;

- balise reading via interface A using an air gap;

- decoding the telegram to the ETCS language;

As innovative features in relation to Q7-PROG saftvshould be indicated:
- the ability to easily copy telegrams from one hatis the next;
- the possibility of activating and deactivating thedises using the programmer;

b rail-mil.cu Q7'PROG
m KOPTOWANIE | Q7-UPKE ]

tieree: [ (- sorr Cluone Wybierz telogram o zaprogramowanks [ pokazu) bitowo
UBKE <->PROG proes LOP | Baze; *#Teigamy_Bals.cfy”

A || | | || A

- !

e e OZMEM OzBTM ®zBAZY Deknduneleqran

L bekpokmemzQ7UPKE ]
Fig. 4. Eurobalise programming software - graphical usterface

Source: internal materials of Rail-Mil. [4]

Programming of Eurobalises is carried out accordmghe steps listed below (upon the
correct sequence), for the received telegram pa&ckag

- conversion/import to Q7-CREATOR software or develgghem in software;

- generating the final telegram for Eurobalises;
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- defining the required telegram format (short/long);
- placing the Q7-UPKE/Q7-UPKE-HAND programmer ovee tbenter of the
balise;
- software connection with the programmer using asimassion cable or in a
wireless form via Wi-Fi;
- releasing available commands for:
= balise programming;
= content verification (telegram).

Fiber optic interface as an innovative solution fordata transmission in the LEU-
Eurobalise relation
The connection of the eurobalise with the depengegstem is carried out through the LEU
(Lineside Electronic Unit) encoder unit. The intex® between Eurobalise and the LEU
encoder is standardized and specified in [2] as'@ienterface. The "C" interface forwards
telegrams generated by LEU to Eurobalises, whahstnits them further to vehicle devices.
Since the cable is considered part of Eurobalis® specification applies in particular
to the connection to LEU. The solution preferredtigy specification applies to cables up to
500 m (requirements for longer cables are not stalizked). Signals transmitted via the "C"
interface must be independent of polarity - whickams that swapping two input wires will
not affect the received bitstream.
The specification in [2] defines four different "@Giterfaces:
- ,C1” —up-link,
- ,C4” —the output of blocking telegram switchingli&U (option),
- ,C5” — Eurobalise programming input (no standartd@a,
- ,C6” — power input.

The "C1" interface is used for telegram transmisdiom LEU to Eurobalises. The
transmission medium should be transparent to the reessages. The baud rate should be
564.48 kbit/s.

The "C4" interface is used to transmit to LEU imi@tion that Eurobalise is powered
by on-board equipment of a vehicle passing ovarnitl then the change of the telegram sent
by the LEU should be blocked.

The "C6" interface is used to supply the up-linkrdhalise input interface circuits.
The signal should be a sine wave with a frequef®/820 kHz+ 0.1 kHz.

The Rail-Mil company proposes an innovative implatagon of the "C" interface
based on fiber optics. The solution includes iategs "C1", "C4" and "C6", using fiber optic
cable for both two-way digital data transmissiomadl as for supplying the Eurobalises logic
system.

The technology of sending energy to the power sypmotd not just (or instead) of
digital PoF (power-over-fiber) data transmissiolgvas the resignation of separate metallic
data transmission and power lines [6], [7]. It euntlty applies to power devices with the
power of several watts, which in the case of edrsbas fully sufficient. It is worth
emphasizing, however, that fiber optic technologgtedes powering devices with many times
higher power [10]. Multimode optical fiber is usgdconjunction. Figur& shows the optical
to electrical converter.
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Fig. 5. Optical to electrical energy converter in the -B3Dnm band.
Source: [5]

Figure6 shows a diagram of the relationship between LEW EBEurobalise using fiber
optics based on the components of the rmRailPateti0 family. Two solutions were
created using four or five fibers. Logically, faaterfaces can be distinguished:

- 1 -2: power supply for Eurobalise's logic (integdC6"),
- 2 —T7:transmission of telegrams (interface "C1"),

- 8 — 3: transmission of information on blocking tglms from the LEU
(interface "C4") and diagnostic data,

- 4 -9 -5: fiber optic line integrity check.
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Fig. 6. Connection diagram of LEU and Eurobalises wiftber interface (description in the
text).Source: Rail-Mil internal materials. [4]

The use of fiber optic connection for Balise-LEUoperation is a legally protected solution
for Rail-Mil (application number is P.430674)

The fiber interface is not explicitly defined inethTSI in terms of technical
implementation. However, it is in the functionabpe most compliant with the requirements
specified in [3].
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The use of fiber optic cable in the implementatainthe "C" interface has several
advantages that make this solution more advantagban metallic connections:

- increasing the maximum distance between Eurobalige LEU to 3000 m
(which enables centralization of LEU even at vargeé railway stations),

- resistance to electromagnetic interference, sufigggning,

- resistance to interference from the outside (cgeeurity),

- transmission of information from Eurobalises to LEhtluding full diagnostic
information,

- continuous control of fiber optic line integrity,

- simplification of cabling - direct connection of ethoptical fiber to the
Eurobalise,

- galvanic separation of connected devices,

- reduction of theft risk due to the lack of a coppaile.

Eurobalise with fiber optic interface type Q7-BL-R@Il be adapted to work with the LEU
encoder equipped with the appropriate interfacésoside. For Rail-Mil devices, this will be
a Q7-LU-FO3 encoder. In this case, Eurobalise nibestsupplied with the LEU, so the
grouping of interoperability constituents may bedifollowing sections 4.2.7.4 and 5.2.2 [3].
A group defined by its functions and by other em#étrinterfaces is considered to be an
interoperability constituent.

Conclusions

The concept of the innovative rmRailProtector 4t0dpct line presented in the article is a
response to the market demand for the highesttgusadiutions and with the best technical
parameters, significantly exceeding the requiresiepecified as minimum for this class of
devices.

The implementation of the ETCS system in Polarahid will be a long-term process
involving very different sections of railway ling8], [9]. Installing the ETCS L2 system is
expensive [11] and will not be cost-effective ewengre. In such cases, an alternatively
designed ETCS L1 system can be an alternative. &sgitem should be based on fiber-optic
technology enabling a significant extension of s$rarssion lines, modern eurobalise
programming tools, and centralized LEU and obtagnirfiormation from the interlocking that
will allow better use of information processed e tbase layer, improve operational results
and ensure smooth traffic [12]. All the above-meméid demands are met simultaneously by
the Rail-Mil rmRailProtector 4.0 family of products

The presented solution is adapted to work with &irnamputer station dependency
system used to control railway traffic type MOR ®8oguced by Zaktady Automatyki
KOMBUD S.A. The first implementations of the rmRgiibtector 4.0 system are planned as
joint implementations in cooperation with the abmestioned companies.

The set direction can be successfully consideigitt because the conducted research
and tests confirm the high reliability and effeetress of the proposed solutions. The
rmRailProtector 4.0 family sets a completely newvaldqu in the design, installation, and
operation of the ETCS L1 system. Soon, it will als® possible to check the system under
actual application conditions. Further work wilietefore, focus not only on the improvement
of the devices themselves but also on the pringipfedesigning systems built from them.
This is to make full use of the opportunities amgsifrom the implementation of the ETCS
system on the railway network.
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