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1. Introduction

Perfection of railway technologies leads to
exchange relay techniques for microprocessor.
Substitution existing system for modern
simultaneously is not possible it shall be phase
by phase. Such substitutions way need to build
interface between new system and old one.
Purpose of this research is to generate interface
model for systems interconnection. The article
based on  detailed studying  railway
microprocessor and relay technologies [1,2].
Present time in Latvia running infrastructure
renovation projects with in EU financial support.
Existing Relay based technologies is worn out
and outdated equipment, they are replaced with
microprocessor based. There appears a gap
between microprocessors technologies and relay
based technologies. Microprocessors
technologies will supply new systems with large
database, high capacity diagnostic systems
which available maintenance staff with remote
access, working places is more ergonomic to
operating staff.

In a moment does not exist complete technical
solutions for interface connection between
microprocessor based interlocking and relay
based automatic block systems on the Open
Lines what is will not be replaced in near future.

The technical solutions to solve this problem are
under construction. Purpose of this research is
investigate possibility to develop model of
algorithm’s of interface connection between
different type of Automatic Block on the Open
Lines (Single Automatic Block, Double
Automatic ~ Block) and  microprocessor
interlocking for future usage in infrastructure
renovation projects.

Problem solution based on research of
microprocessor technologies software functional
conditions and relay Auto Block technologies.
Detailed studying of two systems works precede
plays a key role in getting answer how to build
the model.  Simple schematic drawing of
software  structure indicates method of
information handling to fulfil functional
requirements systems interconnections. In this
work is not described Automatic Block system
has very old history and described a lot of times
in special literature. The article foresee
integration  possibility to  microprocessor
interlocking supervision functions of “Scheme
Change direction on the Open Line”, object state
monitoring, control of Automatic Block as a part
to ensure normal functionality of electronic
interlocking (EIL) [4,5]. Task will be executed
with  software possibilities of existing
microprocessors technologies. Input data from
relay system to microprocessors will be provided
with interface relay contacts.



That kind of principles to input data to
interlocking is used in microprocessor systems
of different producers — Siemens, Thales,
Bombardier. All this Mmicroprocessors
interlocking producers works with infrastructure
modernisation in Baltic regions (Siemens -
Estonia, Lithuania, Thales — Latvia, Bombardier
— Latvia).

Algorithm’s model will keep all functional
interdependences and ensure highest safety level
of nowadays — EN 50126 SIL4 by European
institutions of standards for electrotechnics
(CENELEC).

Result of research can be used for integration
relay  technologies and  microprocessor
technologies. The model will give a possibility
to keep all functionalities in same manner what
they are exist in presents and will have
advantages of microprocessor technologies.

The work described the algorithm’s structure.
For better understanding it’s represent in Bulla
algebra. The model wuse messages and
commands, messages — read in information
about states of system, commands will transfer
signals to supervised devices. The model of
interface shall ensure high level of safety there
fore the input information read in to interlocking
by two channels, only by coincidence two
signals on two channels the system will interpret
information like true.

The interlocking will send and receive signals
with interface relay of 1 CLASS safety. In the
model represents universal elements of software,
this elements use for different command type
and checking safety conditions. Universal
elements also responsible to transfer signals to
visualisation system (MMI)

The document has following structure:

— described command algorithms construction
from MMI to interface circuits;

— described inputs signals from EIL to
interface relay, which are with universal
elements, will be further elaborated in software;
— described universal elements, which are used
for safety conditions checking and command
configuration;

— described inputs outputs assignment in
microprocessor interlocking IOM;

— described inputs circuits with unique name
and relay, which are, perceive commands from
MMI.

II. Situation overview

Railway transport up to recent time was used
only electromagnetic relay as element of system
construction [3]. Train movement supervision
and control automatisation remains very
conservative for switching to computer
technologies. Technical solutions for relay
interlocking developed in 1960-1980th.The relay
as main element of interlocking is old fashioned
now. Attempts to improve quality all systems
functionality leads to enlarging amount of relays,
increase energy consumptions, rising
maintenance cost and value of design work as
well. All this indicators shows reasons to
substitute with microprocessor interlocking.
Advantages of such interlocking type compare to
relay is obvious, there is some of them:

1) High system flexibility for station tracks
changes easy to add additional functions,
realizing with relay technique can be only with
increasing numbers of relays.

2) Implemented diagnostic system.

3) Not necessary to add additional devices for
station CTC supervision.

4) Low maintenance cost

World experience about railway signalling
system construction shows that for cost and
development time reduction important to have
unification  for  software/hardware  base.
Significant achievements in this research field
were done by Bombardier Company in Russian
railway market, but solution is suitable just
Bombardier company. Microprocessor systems
have common principles of handling
information. From outdoor equipments (points,
signals) information via objects controllers or
inputs/outputs module will be read in to
interlocking logic. Information from outdoor will
be elaborated with software elements. These
elements will be specified for two groups:

— inputs from outdoor equipment — messages;
— outputs to outdoor equipment — commands.



In the software with universal elements can be
set different parameters and dependences for
input and output signals dependently from
system functionality. The figure 1 below shows
common principal for information elaboration
for different type of microprocessor interlocking.
Messages can be active — high level of signal
“1”, not active — low level of signal “0”, state
undefined — no information from input.
Command can be active — high level of signal
“1”, not active — low level of signal “0”,
dynamic — signals appears for certain period of
time. From logic can be send commands: safety
critical, not safety critical.
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Fig. 1. Software input/output information
handling structure

III. Interface developments to the Single
Automatic Line Block

Interval train movement on the Single-track line
realized with Single Automatic Line Block
system. Necessary to change traffic direction on
Open Line and exclude departure to the Open
Line trains coming from the opposite direction.
Scheme “change traffic direction on the Open
Line” is used for this purpose. There are two
possibilities to change traffic direction on the
Open Line:

— normal mode (Open Line is free);

— auxiliary mode (Open Line is free, one of
track circuits is faulty occupied).

The Functions, which are implemented to EIL,
has to fulfilled works in appropriate way and all
line objects are under control. EIL with interface
circuits provide all dependencies between
objects. The EIL receives from Automatic Line
Block system binary input signals. EIL has sent
to Automatic Line Block system binary output
signal. Interface connection between EIL system
and Automatic Line Block for a single line
ensure following functions:

— interface with scheme changing traffic
direction on the Line;

— interface with Line Block equipment.
Functions and configuration of the Automatic
Line Block implemented to the EIL:

— change direction on the line with control of
state (free or occupied), normal mode of
changing direction on the line;

— changing direction on the line if any track
circuit on the line is occupied, auxiliary mode;

— sending a maintenance train to the block
line.

Input information for the EIL:

— state of Line Block (track circuits free /
occupied);

— information about the running direction on
the Line (Odd or Even);

— state of first and second approach/remove
sections (free / occupied);

— state of the key-token (key-token available
for service train or key-token is protected);

— state that the supervised command is
received corresponding interface relay;



— state there is no exit train route on the
neighbor station.
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Fig. 2. Interface configuration between
Automatic Line Block and interlocking EIL

Automatic Line Block and for neighbour station
and read in the input information from adjacent
devices. The software objects created with
microprocessor interlocking specifics. To ensure
high safety level used input/output information
by two separate channels. Necessary to have
same set of value what is fore seen for those
channels, only that sort of information systems
perceive as true. Interface relay has equivalent
comparison for channels, relays with no
connection to interface circuits (directly to EIL)
has ambivalent comparison for channels.

Inputs have critical safety statement there fore
they will be sent by two channels as well. Each
input will have unique name. Only in case if
both contacts of interface relays will have same
statement than software will receive responsible
message.

Only in case if all conditions are fulfilled from
EIL via interface circuits will be given command
to Auto Block system. Commands are necessary
to execute changing traffic direction on the Open
Line by station operator or CTC operator order.
Each algorithm generated with considering
sequences and working proceed of changing
traffic direction in different modes. Before
command execution will be checked safety
conditions and supervision statement In other
words who currently operate in station, station
operator or CTC operator.

Universal elements used to generate commands
and message from/to MMI and transfer from/to
hardware. The commands has dynamic
character, messages has static character.
Dynamic character mean — signal appears for
certain time which is necessary for interface
circuits operation (the exact time can be defined
during interface circuits test). Universal elements
used for sending commands from MMI
described I two steps:

1. Receiving commands from MMI.

2. Command name in software.

Commands and messages only with software
name description don’t have any connection to
MMI.  Software universal elements can
elaborated any input/output signal what make
system very flexible for any needs. Some sample
of this element is shown bellow.

Commands what assignments in the IOM are
safety critical there fore will be sent by two
independent channels and value of channels shall
be equal. Initial state defined level of signal in
normal position. Normal position means — no
commands > level of signal “0”. Command
out2XXXEntSg aspON use inversely logic
while Entrance signal has state control all time.
When command will be given interface relay
ICKBO will be switch off. Commands generated
from MMI and after checking opportunity for
executions commands will be sent to responsible
interface relays.

Messages what assignments in IOM have a
safety critical state and shall be read in by two
independent channels. Name of inputs written in
following meaner — in2XXXDirOut: in2 — inputs
by two channels; XXX — station name in project;
DirOut —direction Out. Messages used for read
in information from outdoor hardware
equipment from Open Line and neighbour
station. The statement about commands
execution also will be read in as messages, they
will be named as commands read back (sample
rbOut2XXXDirOut).

With Interface circuits signals to read in from
hardware. Interface relays read in equivalent
statement. The interface relays read in
ambivalent statement, interface relays initial
state have backed position except inputs of
entrance signals current position. Considering
functional specification each input from relays



shall have own unique name. Software don’t
have possibility to ad in three ways switcher
there fore will be used two interface relays and
from each of them have been taken only one
contact. Interface relay in model circuit’s type is
NMSh1/1440, this relay of 1 CLASS safety to
ensure all interdependences in high level. All
microprocessor systems used in Baltic countries
have power supply for relays 24 V.

IV Interface devolepment to the Double
Track Automatic block

The Interface EIL with existing Double Track
Automatic block consists:

— the interface with devices of the change of
direction scheme;

— the interface with line devices of Double.
The scheme of changes a direction will be used
one for each line track. If one of line tracks is
closed for repair, the second line track is used in
both directions. If a train moves in the wrong
direction the movement depends on the
locomotive signal system and a movement on
the closed track is excluded.

For example, the Simis IS interlocking in actual
station receives from line Double Track
Automatic block equipment binary input signals.
EIL send to Double Track Automatic block
equipment - binary output signals.

In EIL following functions are integrated:

— change of direction with the vacancy control
of the line from local or reserve operation or
from CTC;

— permission for taking out a key-token if the
station is in reserve or local operating mode and
when it is necessary to send the train in preferred
direction with stop aspects on the exit signal.

For realisation of these functions EIL provides
the following commands:

— set the both-direction traffic on every line
track;

— change of direction;

— departure of maintenance train.

For every line track the following information
will be transferred from automatic line block to
EIL:

— direction of movement (arrival, departure) if
one track is used for moving in both directions;

— status of line (is free, occupied) ) if one track
is used for moving in both directions;

— status of the first and second approach-
removal sections on a track with preferred
direction (is free, occupied);

— status of the first and second approach-
removal sections on a track with non-preferred
direction (is free, occupied);

— status of the interface relays (is switched
on/off);

Algorithms of change traffic direction on the
Double Auto Block Line in different modes with
checking safety conditions. Only in case if all
conditions are fulfilled from EIL via interface
circuits will be given command to Auto Block
system. Commands are necessary to execute
changing traffic direction on the Open Line by
station operator or CTC operator order. Each
algorithm generated with considering sequences
and working proceed of changing traffic
direction in different modes. Before command
execution will be checked safety conditions and
supervision statement In other words who
currently operate in station, station operator or
CTC operator.

For example, some universal interfaces decisions
for request of moving direction changing, input
and output show in table 1.
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Some universal interfaces decisions

direction OUT,)

uXXXComDirOut

traffic Direction” from

Command“change
— fr
Operator

Setting any exit route

uXXX_localOperator
state_Active

uXXX_CTCOperator
state_Active

uXXX_resOperation
State_Active

UXXX_RON
state_Active

in2XXXDirOut

in2XXXCI_LnWhind

& fr

Output object |Controls Meaning of high Signal
(Output Type) relay
out2XXXDirOut | ICSN1 birout
(Request ICSN2

uXXXDirOut

station operator

| uXXXResMode

u_keyXXXtoYYYRelease

T

u_keyXXXtoYYYRelease

OUt2XXXEmin | ICPV1
uXXXEmIn
| C PV2 Command_EmlIn from station K3 SWON/Off_ICPVI_ICPV2
operator & X* sec
. fr
| uXXXResMode l—
| u_keyXXXtoYYYRelease: &
u_keyXXXtoYYYRelease:
OUt2XXXEmOut | INOV1 EmoOut
I N OV2 Command_EmOut from URXXEmOut

SwOn/Off INOV1_INOV2

X* sec




REFERENCES

1. B. H. Copoxo, B. A. Murokos,
“Amnmnapartypa xKeae3HOJOPOKHON
ABTOMATUKH U TeJeMEeXaHUKU"
CnpaBounuk; Knuru 1 u 2; 3-e uznanue;
HII® «ITJTAHETA»; Mocksa 2000

2. M.A. Hosuxos, A.®. Iletpos,
“IIpoeKTHPOBAaHUE ABTOMATUICCKOMN
OJIOKMPOBKH Ha JKeJIe3HBIX Joporax”
Tpancnopt, Mocksa 1979

3. M. Mezitis, O.Podsosonnaja, “Vilcienu
kustibas intervalu regul€Sanas sistemas
(relgju)” Riga 2007

4. Schnittstellenbeschreibung Bedienung und
Anzeige; M0110435094,A,1; 2006-02-27
proSICAS manual; Siemens AG 2004

5. P.Bohm, J. Janle “Thales, ESTW L90 5;.
Signal und Draht”, 2000, N 6, S. 26- 29.

6. Thales ESTW L90 5, EBI Lock 950;
http://www.ingeno-
group.de/de/5 referenzen/estw_leipzig.php

7. EBI Lock 950 manual;
http://scbist.com/showthread.php?t=29

8. Element Control Computer,
Prozessanschaltung; [A25160-B1-A132-3-
D6]; Siemens AG 2003-04-03

Information about authors

Mareks Mezitis, Dr.sc.ing. Asoc. Prof. Riga
Technical University Railway Transport institute,
Indrika 8a, Riga, Latvija, phone: +371 67089682,
mob.phone: +371 29169240, mareks.mezitis@rtu.lv

Olegs Kamenevs, mg.sc.ing. Riga Technical
University Railway Transport institute, Indrika 8a,
Riga, Latvija, phone: 67089682, mob.phone: +371

26460418, olegs.kamenevs@inbox.lv

Summary

Mareks Mezitis, Olegs Kamenevs Mikroprocesora
un releju vadibas sistému interfeisu izstradei
primaro aspektu noteikSana

Piedavatais interfeisa modelis |auj veikt saikni starp
mikroprocesora vadibas un kontroles sistemu un
automatiskas  blokésanas  sistemam.  Interfeisa

modelim ir visu nepiecieSamo funkcionalitates
iespejas, ka arl augstakais drosibas limenis, kas
atbilst CENELEC prasibam. Papildu darbibas
izdevumi nav nepieciesami un lidz ar to integracijai
automatiskas  blokésanas  sistétma ir pozitiva
ekonomiska ietekme. Interfeisu modelis var viegli but
integréta citas vilcienu vadibas un kontroles sistémas,
kas tiek ekspluatéti vai tika nodoti ekspluatacija
Baltijas  valstts.  Secinajumu par sadertbu ar
mikroprocesoru vadibas un kontroles sistemu veikts,
pamatojoties  uz  detalizétu  petijumu  par
programmatiras un aparaturas spejam.

Mareks Mezitis, Olegs Kamenevs Definition of the
basic aspects by development of Universal
Interfaces between relay and microprocessor
systems

Represented interface model give a possibility to
make interconnection between microprocessors
interlocking and Auto Block systems. With in
interface  model will be kept all functional
interdependences and safety level. Absence of
running cost for interface integration to Auto Block
has positive economical effect. Interface model can
be easy integrated to any interlocking type what is
constructed or under construction in Baltic countries.
Conclusion about compatibility interface model with
microprocessors interlocking based on detailed
research of software and hardware possibilities.

Mapek Mesutuc, OJser Kamenes Onpenelienue
OCHOBHBIX aCIEKTOB NPH pa3padoTKe
YHHBepCAIbHBIX HHTEP()EHCOB peleiiHbIX U
MHKPOIPOIECCOPHBIX CHCTEM

Ilpeocmasnennas  moodenv — ummepgetica  oaem
B03MOJCHOCb ~ COeNamyv  83AUMOCEA3b  MedHCOy
MUKPONPOYECCOPHOU  cucmemoll  ynpasieHus  u
cucmemotl asmomamuyeckoi O10kuposku. Mooenw
unmepgetica  obnaoaem  ecemu  HEOOXOOUMbBIMU
DYHKYUOHATLHBIMU B03MOICHOCMAMU U Mpebyembim
Vpo8HeM bezonacrocmu. Omcymcemeue
O0ONONHUMENbHBIX IKCNIYAMAYUOHHBIX PACX0008 Ol
uHmezpayuu 6  CUCMEMbl  ABMOMAMUYECKOU
b610KUpOsKU umeem NONOJANCUMENbHBIL
sKoHOMuYeckull  3¢gexkm. Modenv unmepdeiica
Mooicem  Oblmb  1e2KO  UHMeZpUposana 8 opyeue
cucmemvl  YNpagieHus — OBUNCEHUEM  N0e3008
NPUMEHAeMbIX U  6B00UMBIX 6 IKCHIYAMAyuio 6
Bbanmutickux Cmpanax. 3axnouenue o
cosmecmumocmu npeonazaemou Moodenu
unmepgbetica ¢ cucmemamu MUKpONPOYECCOPHOU
yeHmpanuzayuy coenaHo Ha OCHO8e OemaibHO20
u3yUeHus NPOZPAMMHBIX u annapamueix
6803MOJICHOCTELL.



