TECHNOLOGY SURVEY REPORT

HS - Automatic Train Control: Concept of System

Compiled & Prepared by: Kaushal Kumar
Dir. / Signal & Telecommunication,

Urban transport & High speed directorate
Research Designs & Standards Organisation

HS-ATC: Concept of Signalling System

2012-13

INDEX
2
Chapter-1
INTRODUCTION
4-7
Chapter-2
BRIEF DEFINITION OF TECHNICAL TOPICS
8-10
Chapter-3
ASSESSMENT / ANALYSIS
11-17
Chapter-4
CANDIDATE TECHNOLOGY AND DESIGN CRITERIA
18-46
Chapter-5
SUMMARY AND RECOMMENDATIONS
47

ANNEXURE
48
Annexure ‘I’
BROKEN RAIL DETECTOR SYSTEM
49-55
Annexure ‘II’
E.R.T.M.S. IMPLEMENTATION STATUS
56-57
Annexure ‘III’
RAIL BREAKS THAT CAN AVOID DETECTION BY TRACK CIRCUITS
58
Annexure ‘IV’
ADVANCE TRAIN ADMINISTRATION COMMUNICATION SYSTEM (ATACS)
59-66
*************

2

Signal & Telecommunication / UTHS / RDSO/KK

HS-ATC: Concept of Signalling System

2012-13

“At present, a Pre-Feasibility Study is being carried out for each of the
8 routes selected by Ministry of Railways for its high speed rail
project. Also, a plan is being made to form an organization that
would, as an engine for promoting India’s high-speed rail system, be
authorized to determine the way the high-speed rail system should be
operated and to set technical criteria and the like. Selection of a
high-speed rail system has not been made, nor the formulation of
technical criteria. NHSRC will make the system selection and
establish its technical criteria by the corporative work with RDSO.
This technology survey report is a step forward in this direction.”

This report has been prepared with the help of on-line information & different reports
available on net , International Railway Journals, IET ,IEEE Magazines’ for the use in Indian
Railways for High-Speed Train Project.
We accept no responsibility for the consequences of this document being relied upon, or being
used for any other purpose, or containing any error or omission which is due to an error or
omission in data found through different means mentioned above.
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Chapter 1: INTRODUCTION
This technology survey report addresses the concepts of the Automatic Train Control (HSATC) system for the High-Speed Trains, describes the various subsystems, and addresses
design considerations for the specification of the HS-ATC and interfacing systems for
procurement.
HS-ATC system shall use existing, proven high-speed train control technology such as that
used in Europe and Asia if implementable.
It is required that these proven high speed train control systems should meet all
regulations and that adaptation or equivalency must be ensured/demonstrated in order to
achieve certification.(Certification process has to be constituted/co-ordinated with available
procedures/infrastructure of testing in world).
PURPOSE OF TECHNOLOGY SURVEY REPORT
•

Define the concept of the HS-ATC system.

•

Describe the subsystems of the HS-ATC system and the purpose of each.

•

Identify the portions of the HS-ATC system that shall interface with, and therefore
impact the:
1. Infrastructure, including the right of way, design.
2. Rolling stock design.
3. Facilities and other subsystems of HS.

TECHNICAL ISSUES
•

HS-ATC Functions

The HST operation requires the deployment of an HS-ATC system that supports the
performance goals of any high speed project including maximum speeds, trip times, and
headway and that meets UIC mandated practices and functions for a signalling system
including HS Automatic Train Control.
The HS-ATC system must ensure the following key safety functions; safe train separation,
prevention of over-speed derailments, fail safe train detection, broken rail detection,
interlocking rules enforcement, hazard response and work zone protection. The overall HSATC system must incorporate the functions of Automatic Train Protection (ATP), Automatic
Train Operation (ATO), and Automatic Train Supervision (ATS). These three functional
areas of the HS-ATC can be briefly described as;
ATP – Automatic Train Protection: This subsystem responsible for the safety-critical
functions including train protection.
ATO – Automatic Train Operation: This subsystem responsible for the automatic
operation of throttle and brake commands to
move trains between stations and other stopping
locations.
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ATS – Automatic Train Supervision: This subsystem responsible for the centralised
supervision and control of train movements
including the office management server
functions associated with train protection.

HS-ATC consists of equipment and software on-board the train, along the track, in wayside
equipment rooms, and in central and regional/wayside control facilities. In addition to the
primary signalling related functions, HS-ATC includes equipments and interfaces to other
subsystems including hazard/obstruction detectors and platform edge doors etc.
•

technical Specifications for Interoperability (TSIs) and ERTMS

The High Speed Signalling design approach should be able to model the requirements
definition structure at the system level using the Technical Specifications for
Interoperability (TSIs) as published by the Commission of the European Communities. The
TSI governing signal requirements is Reference C (2006) 5211 for the command and
control signalling subsystem. The TSI identifies a number of system requirements that are
required to assure interoperability for trains from one European country to run on tracks in
another. There are two significant constraints in following the TSI approach; one is that the
requirements are specifically aimed at the European Rail Traffic Management System
(ERTMS); the other is that they encompass system requirements for interoperability
between the various member train control systems and are not comprehensive in describing
the full set of requirements needed to specify an ATC system.
ATP
Country
ATP
Country
ALSN

Russia, Latvia, Lithuania

LSD

Slovakia Czech

ASFA

Spain

LZB

Austria Germany Spain

ATB

Netherlands

MEMOR II+

Luxembourg

ATP -VR /RHK

Finland

RETB

United Kingdom

BACC

Italy

RSDD /SCMT

Italy

CAWS and ATP

Ireland

SELCAB

Spain

Crocodile

Belgium, France, L’mbourg

SHP

Poland

Ebicab700

Portugal, Spain, Sweden

TBL

Belgium

EVM

Hungary

TPWS

United Kingdom

GW ATP

United Kingdom

TVM

Belgium ,France. U.K.

Indusi / PZB

Austria, Germany

ZUB 123

Denmark

KVB

France

ZUB 121

Swiss
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(DIRECTIVE 2008/57/EC, Art. 2: a ‘technical specification for interoperability’ (TSI) means
a specification adopted in accordance with this Directive by which each subsystem or part
subsystem is covered in order to meet the essential requirements and ensure the
interoperability of the rail system'.)

The TSI identifies a number of system requirements that are required to assure
interoperability for trains in all High speed train paths in Trans European countries.
Safety management is a very critical issue for the today development of the ETCS on-board
unit and its integration in a rolling stock. For each new railway application, the safety can
only be ensured by replaying many verifications and tests (i.e. bench and in-service tests).
Each time something is modified on one of the ETCS sub-systems (i.e. track-side or onboard side), new tests are necessary to ensure safety and conformity of the complete ETCS
system. This matter of fact is particularly cost effective for the Railway Undertaking (RU)
and the Infrastructure Manager (IM) that have to systematically engage important means and
complex engineering tasks.
ERTMS is composed of two Euro-standard subsystems; the European Train Control System
(ETCS), and the European Integrated Radio Enhanced Network (EIRENE). ERTMS is
specified in detailed reports produced by the UNISIG consortium; a group of international
train control system suppliers. The ERTMS and EIRENE specifications together ensure that
trains so equipped can operate safely and efficiently anywhere in ERTMS/EIRENE equipped
territory.

What ERTMS, TSI specifications do not specify?
•

The requirements of subsystems does not include interlocking, train detection, and
wayside equipment to support degraded mode operations in the event of a failure of
a primary HS-ATC subsystem.

Other ATC Systems
Other ATC for High speed train systems include;

•

The TVM430 coded track circuit based system (originally developed by CSEE, now
a division of Ansaldo) and related products that use coded track circuits,

•

Japanese coded track circuit technology deployed on the Shinkansen and
Shinkansen derivative lines in Japan and other countries including Taiwan.
Similarly LZB in Germany.
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ERTMS and coded track circuit-based systems have significant differences;

SN

ERTMS

Coded track circuit-based systems

1

ERTMS detects train position
using track circuits but
conveys
safety-critical
information to trains in the
form of movement authorities
by means of a data radio
network.

Coded track circuit-based systems detect train
position using track circuits but also send data
to trains through the track circuit (running rails),
similar to the way conventional cab speed signals
systems work. Newer digital track circuits
provide higher data rates than conventional cab
signalling circuits, and can send messages to
trains in real time that convey much more
information than the traditional maximum speed
limit.

2

ERTMS has been designed to
cover all types of operation,
from shunting in yards to
high speed operation.

LZB, TVM430 and other "legacy systems" like
Shinkansen
they all have been designed for
specific countries and for a "well defined and
limited use", that either do not cover all needs
from a Railway (no shunting in TVM430).

To take advantage of the two general types of ATC system (coded track circuit and radio
network based) with high speed rail proven experience, the design criteria shall address an
ATC system specification that focuses on function and performance and allows coded track
circuit or radio based systems to be proposed.

•

HS-ATC Specification Requirements

This report suggests that the HS-ATC system specifications requirements with the
focus on its functionality and performance, and allows either coded track circuit
and/ or radio based systems.
It also describes the functions within the HS-ATC and its ATP, ATO, and ATS functional
sets,
The prime requirement for the HS-ATC system is that the technology must already exist as
part of an operating system with proven experience worldwide on at least one high speed
passenger railway.
Any suitable technology must also meet or be modified to meet the regulatory requirements
from governing authorities.
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Chapter-2
BRIEF DEFINITION OF TECHNICAL TOPICS
2.1. Definition of railway control systems and their core systems
The railway system can generally be
divided into three parts shown in Fig. 1.
One part is the infrastructure, which
includes the lines, bridges, and tunnels.
It is called the fixed part of railway
system. The second part is the rolling
stock, which is called as the movement
part of railway system. The third part is
the signalling system, which is called the
brain and the nerve system of railway
system.
The signalling and train control systems
must be such as to ensure that the
maximum frequency of collisions does
not exceed 0.5 in 10¹²passenger km.
Compliance with this requirement shall
be demonstrated by analysis, supported as necessary by test and historic performance
data. The said requirement for this scenario is based on the premise that a collision at
speeds exceeding 200km/h shall be catastrophic. Thus, the performance target is for less
than one collision in a trillion passenger km operated at high speed.
Here it should be pointed out that the Japanese Shinkansen systems have
carried a total of approximately 10¹² pass-km since services began in 1964 without a
passenger fatality. TGV high-speed experience is about one order of magnitude less, at 10¹¹
pass-km, also without a passenger fatality. The recommended specification corresponds to
one very-high-speed collision accident in about 100 years of present French TGV
operations, or in 15 years of present Japanese Shinkansen operations.******
2.2. Requirements for Speeds at and above 200 km/hr.
An automatic train protection (ATP) system is required. The ATP system shall continuously
compare actual train or vehicle speed with maximum permitted speed, taking into account
speed limits for the individual vehicle, temporary or permanent speed limits imposed because
of railway conditions, vehicle or train control instructions, and train braking capability. If
actual speed exceeds permitted speed by say 15 km/h (10 mph) an automatic brake
application must be initiated to reduce speed to a level at or below the permitted speed before
manual operation can be resumed. Programmed braking to bring the vehicle or train to rest at
a safe stopping point is an acceptable form of automatic braking.
The train operator must not be able to override the automatic brake application in any way
that would allow the vehicle or train to be operated at a speed exceeding the maximum
permitted speed by more than 15 km/h (10 mph).
The portion of the ATP system that compares actual train or vehicle speed with permitted
speed, and initiates automatic braking where required, shall be independent of the portion of
an Automatic Train Operation (ATO) system that controls power and braking on the train or
vehicle in normal operations.

2.3. HS-ATC (High Speed-Automatic train control)
The term HS-ATC refers to the train control system in main line and terminal territory
yards.
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Yard signalling, although a signal system function and interfaced with the HS-ATC system,
is not normally considered to be part of an HS-ATC system.
HS-ATC is divided into three functional sets;

2.4. Automatic Train Protection (ATP);
The functional set responsible for the safety-critical functions including those of
interlocking, train detection, signal aspects, broken rail detection, hazard/obstruction
detectors (if implemented as part of the HS-ATC system), and movement authorities
(including speed limit and cab signal commands if appropriate) that are sent to the train
and acted upon by the on-board train control to enforce safe limits. The ATP functional set
includes the enforcement of the safety-critical functions. TPWS functions are part of ATP.

2.5. Automatic Train Operation (ATO);
The functional set responsible for the automatic operation of throttle and brake commands
to move trains between stations and other stopping locations (including those required due
to the proximity of other trains and signal status) within the constraints imposed by the
ATP functional set. Provides dwell timing at stations and the control or prompting of the
opening and closing of train doors.

2.6. Automatic Train Supervision (ATS);
The functional set within the automatic train control system that is responsible for the
centralised supervision and control of train movements; the ATS monitors trains, adjusts
the performance of individual trains to maintain schedules, and provides data to adjust
service to minimize inconveniences otherwise caused by irregularities. ATS also provides
automatic and manual route setting at interlockings and the identification and tracking of
trains, the display of alarms and events, and logging and storage of event data. The HS-ATC
system consists of equipment and software on-board the train, along the track, in wayside
equipment rooms, and in central and possibly regional control facilities.

2.7. On-Board
Equipment located on the passenger train-sets and maintenance vehicles including
processors, firmware, software and electronics, operator displays, operator pointes, data
radios and antennas, transponder/Balise antennas, code pick-up antennas, network
components, GPS receiver and antennas, tachometers and other sensors, and all
connections between train control elements and interfaces between train control and the
train subsystems including propulsion and brakes.

2.8. Wayside
Equipment located in housings along the right of way including station equipment rooms,
train control equipment houses, and signal equipment cases and cabinets. Wayside
equipment also includes the track circuits and associated hardware, point machines,
wayside signals, and transponders that are mounted on or about the track itself. The train
control equipment located along the main line is part of the wayside equipment subsystem.
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2.9. Data Communications
The data communications network including dedicated network elements and components
and data radio antennas and towers associated with the train control system.
There is a portion of the signalling data communications subsystem on-board the trains in
the form of radios, antennas, and data networks. The on-board data communications
equipment can also be considered as part of the on-board subsystem.

2.10. Office
Equipment delivering ATS functions located in the Operations Control Center (OCC), at
Regional/Sectional Control Centers (R/SCC), and other designated facilities including
station control rooms. Yard control towers shall contain an office element for supervision
and control of yard signal equipment but it is likely to be a separate set of equipment from

the primary office subsystem (ATS) although it shall be interfaced to that subsystem.

2.11. Field Equipment
Equipment for use by Employees/ Maintenance Engineers and construction work in the
field and used to manage track and other field systems access. It is used to communicate
digitally and wirelessly with the office and on-board HS-ATC subsystems to manage and
control train movements through an active work zone.

2.12. Yard
Equipment distributed throughout the yards and maintenance facilities for the operation of
points, signals, and enforcement devices to control train movements within Yard territory.

**********
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Chapter-3
ASSESSMENT / ANALYSIS
3.0.

GENERAL

This chapter tells about required HS-ATC system elements, why those elements are needed,
and the engineering and operational issues that must be addressed in the HS-ATC design
and procurement. The HS-ATC system must include the Train protection & control
functions that satisfy the Rail Safety rules & regulation implemented through High Speed
Rail Safety Act (such act still not exist in our country, which may be in act of preparation
after constituting NHSRA).
For HST operation, Train protection shall be an integrated set of functions within the HSATC system where train collision and over-speed protection as well as the protection of
roadway workers shall be enforced.
For high speed operation, train safety must be assured by an automatic
enforces speeds at all times like ETCS level 2, including the slowing of a
obstruction of the line ahead. Such obstructions can include a train ahead, a
the civil speed limit (permanent or temporary), or an unset or unlocked
interlocking ahead of the train.

3.1.

system that
train for an
reduction in
point in an

ATP Functions

The basic safety-critical functions of the ATP functional set are:

• Enforce all speed limits on a train to prevent over-speeding through curves, pointes,
work zones, and other features that require speed supervision and enforcement to
ensure safe operation.
• Ensure
trains
are
separated to avoid rear end
and side collisions;
• Prevent derailments and
collisions from movements
through incorrectly
set
and/or unlocked pointes
and from conflicting train
movements by setting and
locking
pointed
routes
through an interlocking ;
• Authorizing safe train movements only.
The HS-train control system shall also provide safe enforcement of other functions
including its responses to hazard event detectors and sensors (provided by other
subsystems) including; Earthquake, unusual vibration to prevent derailment
Excess wind speed
High water levels
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Excessive rainfall
Underpass bridge strikes
Landslide and rock falls
Intrusion at trackside and in tunnels
Intrusion from overhead bridges and at tunnel portals
Intrusion at stations
Dragging equipment
Rail breaks, fire in train

In-case of all communication & power supply failure (worst case) train speed should not be
more than the damage expected in crashworthiness in case of collision such that zero loss
of human life.
Although the majority of the listed hazard event sensors shall be specified by other
disciplines (not linked with signalling), many shall be interfaced to at least one of the
subsystems of the HS-ATC, and that shall invoke the HS-ATC system response. In some
cases, the ATS functional set shall log the event and to display an event and/or an alarm to
the operators for their further action; in other cases the ATP system shall directly cause the
train to enforce a braking activation and possibly stop trains in an emergency. Each sensor
interface must be identified and the response of the HS-ATC system to each interface
agreed with Operations and other disciplines.
The HS-ATC wayside equipment shall include double-rail track circuits for train and
broken rail detection. Broken rail detection should also be possible where axle counter is
used by using ultrasound detection (Annexure ‘I’) techniques as Track circuits are not an
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approved means of detecting broken rails. A break in the rail must result in a restrictive
command being given to an approaching train. For track circuits to reliably detect broken
rails and for the HS-ATC system to protect trains, the HS-ATC system must normally allow
only one train in a track circuit at any one time.

3.2.

ATS Functions

The ATS functional set shall provide train management functions to assure the effective
and efficient operation of a passenger train service. Such functions include automated
routing, scheduling of trains and a means for dispatcher intervention to deal with incidents
and emergencies.

3.3.

HS-ATC Equipment

The HS-ATC system shall consist of elements and subsystems that must be closely
integrated to provide an overall solution for High Speed Train operations. This system must
be closely integrated with other system elements, such as rolling stock,
intrusion/obstruction detectors, and hazard detectors, to ensure the necessary level of safe
operation. The HS-ATC subsystems shall consist of the following equipment;

3.3.1. On-board Equipment
This subsystem consists of a combination of vital and non-vital equipment located on the
passenger train-sets and maintenance vehicles. Vital equipment is used to fulfil the ATP
functions; non vital equipment is used to fulfil all non ATP functions such as ATO and
displays. The equipment includes processors, firmware, software and electronics, operator
displays, operator panel, data radios and
antennas, transponder/balise antennas,
code
pick-up
antennas,
network
components, GPS receiver and antennas,
tachometers and other sensors, and all
connections
between
train
control
elements and interfaces between train
control and the train subsystems
including propulsion and brakes.
Sensors and processors are used to
determine position and speed, computer
equipment, and operator controls and
displays. Depending on the train control
technology
selected,
the
on-board
equipment may also include data radios and antennas with which to communicate with the
wayside and central control subsystems. The on-board subsystem may also include
antennas and decoding equipment to detect digital signals transmitted to the train through
the rails. The on-board package shall receive data through the radio and/ or the rails that
define the movement authorities within which the train can safely operate. The actual
speed of the train shall be continuously compared to the authorized speed like in ETCS
level 2.
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KTX-II ( Korean ) train on board signal system diagram

If the train is to operate in ATO, the ATO functional set shall handle any changes in speed
called for. If the train approaches an over-speed condition the ATP functional set shall
generate a warning to the train operator (loco pilot/driver). If appropriate action is not
taken, the on-board system shall intervene to ensure that the train movement stays within
safe limits.
The on-board ATP equipment shall use sensors to determine the train’s position to a high
level of resolution both laterally (which track the train is on) and longitudinally, as well as
accurately measure speed. The enforcement of the Movement Authority limits enables the
on-board system to provide the required train protections. The onboard ATO functional set
shall regulate train performance when selected. Commands received from the ATS
functional set may also provide for pacing trains at a lower speed than their maximum
speed or increasing speeds from the pacing speed called for by the normal schedule. Under
no circumstances can these ATO functions allow the train to operate faster or further than
the safety-critical limits determined by the train protection functions of the ATP functional
set. The on-board HS-ATC subsystem shall interface with the rolling stock subsystems to
support the ATP, ATO, and ATS functional sets. In addition to interfaces required for the
HS-ATC system functions, additional train interfaces shall provide remote monitoring
capabilities of rolling stock subsystems. Remote monitoring allows for early diagnosis of
trouble. Monitoring can be done using the office sub-system as part of the ATS functional
set. Alarms and event indications can be displayed at the Operations Control Center and
the Regional/Sectional Control Centers, or at ATS remote workstations at other locations.
On-board passenger information systems, including audible and visual announcements of
real-time performance and other information to the passengers may be provided from the
Office subsystem through the HS-ATC signalling data communications subsystem like
Leaky Coaxial cable system (LCX), GSM-R or by an independent signalling data
communications subsystem.
The on-board ATP functional set equipment shall interface to wireless or above-rail
inductive antennas that receive Movement Authority commands from wayside ATP
functional set equipment. A data radio subsystem shall provide data transmission between
the train and wayside.
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3.3.2. Wayside Equipment
This equipment consists of mainly vital equipment located in housings/location box/Relay
huts along the right of way (track) including station equipment rooms, train control
equipment houses, and signal equipment cases and cabinets. The equipment includes
track circuits, point machines, wayside signals, interlocking equipment, and transponders
(or Balise), much of which is considered to be conventional signal system equipment. This
equipment includes ATP electronics that is either integral to or interfaces with the track
circuit and interlocking equipment and to other sensors including intrusion, seismic, fire
and other detectors that shall allow the train control system to react to an event and bring
the train to a safe speed if necessary. The ATP processors obtain track circuit occupancy
status, interlocking route status, and sensor device status in order to output messages to
the trains that define the safe limits (including distance to go and target speeds) for train
movement. Equipment shall be housed in a distributed fashion along the rail line to provide
continuous coverage including along aerial structures, bridges, through tunnels, in yards,
and in stations.
Interlocking functions including route setting, route locking, approach locking, and
Sectional route release shall be performed by wayside microprocessor based interlocking
equipment. The wayside subsystem shall be linked by the data communication subsystem
to allow supervision and remote control from the Operations Control Centre (OCC) and the
Regional/sectional Control centers (R/SCCs).

3.3.3. Signalling data communications subsystem (DCS)
Communicates data, commands, indications and alarms between HS-ATC subsystems and
locations. This consists of connected networks of wireless (GSM-R, 2.4 GHz, 400MHz), fiber
optic, and hardwired electronic equipment.
The DCS shall carry both vital (ATP) and non-vital (ATO, ATS and management)
information. The DCS itself does not have to be a vital subsystem. Coding and other
techniques in the other HS-ATC subsystems ensure that the data received is of sufficient
integrity and currency that it can be treated as accurate for vital applications. ATP
equipment shall reject any data for a vital function that cannot be validated.
Many DCS elements, including electronics, fiber cables, radio equipment, and antennas
shall be on HS right of way property. However, the diversity that may be needed to deliver
the specified communication link availability may require the use of leased communications
lines provided by a third party as backup to the primary links. Some radio antennas may
also be located off high speed train property where propagation considerations indicate a
benefit.
ERTMS based HS-ATC system uses 900 MHz GSM-R radio to communicate movement
authorities and safety-critical data between train and wayside. These specific bands are
partially available within the India.
It is essential to identify one or more suitable bands with sufficient bandwidth and reserve
them through licensing and/or other means for exclusive HS Train Projects use to ensure
reliable system operation.
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3.3.4. Office
The HS-ATC Office subsystem supports the majority of the ATS functional sets. It consists
of a centralized or a distributed computer control system with dispatcher workstations that
provides the overall high speed train train operation management functions including
remote routing and supervision functions. It includes announcements of events including
critical alarms and a logging capacity for all events. It generates many system performance
reports. Many ATS functions supported by the Office subsystem are automated, including
setting of routes at interlockings, regulation of train movements in accordance with the
schedule, movement planning, and the recovery of the service from minor interruptions and
failures.
At any time, dispatchers (Traffic controllers) can take manual control of route setting and
schedule regulation functions from their ATS workstations in accordance with the rail
management plans and procedures. Interruptions and failures at workstations shall likely
require manual intervention of the dispatchers (Traffic controllers) till recovery. The Office
subsystem architecture can be centralized or distributed to provide reliable computing
power and the required intervening power to manually supersede automated processes in
the event of incident and emergency. The territory controlled by each workstation (section
controller) can be adjusted by an appropriate official such as the Chief Dispatcher
(Controller) to adjust to workload demands as they fluctuate. As workstations (equivalent to
panel of conventional system) can be
in centralized or distributed facilities,
or at remote locations, the HS-ATC
system can support a flexible
approach to the overall supervision
of the HS rail operations. The Office
subsystem
communicates
with
wayside
locations,
remote
workstations, trains, other HS-ATC
elements, and sensors including
intrusion, through the signalling
data communications subsystem.
The Office subsystem shall provide
workstations primarily within the Operations Control Center (OCC) and the Regional
Control Centers (RCCs). OCC is often
duplicated with an emergency facility
to take control in the event the
primary OCC is unavailable for use.
This could be a full duplication at
another site, or the ability for the
station controllers to take additional
responsibility and control.

3.3.5. Field Portable
Equipment for use by Employees in
Charge (EIC) of wayside work; it
shall be used to manage track and other wayside systems access. EIC portables shall
communicate digitally and wirelessly with the ATS and with on-board HS-ATC subsystems
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to control train movements through a work/maintenance zone. Trains may only operate
through established work zones with the agreement of the EIC who can use the field
portable equipment to enforce reduced speeds and track blocks. Although generally
maintenance work on the tracks shall be done outside of revenue hours, EIC portables
shall protect all worksites and zones on or about the track, from movements of HS-ATCequipped maintenance vehicles and passenger trains.

3.3.6. Yard
Equipment distributed throughout the yards and maintenance facilities for the operation of
points, and to provide wayside illuminated signals, and enforcement devices to control
trains movements within Yard territory. Red signal aspects shall be enforced such that
trains cannot pass a signal displaying a stop indication and cannot enter an unlocked point
or stop foul of a train movement authorized on another track. Control of the Yard signalling
systems shall be from a panel or workstation located in a control room (or tower) within the
yard facility. Train movements between yards and the main line shall be routed through
transition tracks where trains shall transition between HS-ATC and Yard signal system
modes of operation.

**********

17

Signal & Telecommunication / UTHS / RDSO/KK

HS-ATC: Concept of Signalling System

2012-13

Chapter-4
CANDIDATE TECHNOLOGY and DESIGN CRITERIA
4.1.

ERTMS

The European Rail Traffic Management System is a candidate technology for the HST
operation HS-ATC system. It is specified to three levels of functionality; Level 1 is a simple
fill-in where signal aspects are conveyed to trains by intermittent loops, Level 2 uses radio
to continuously convey track circuit occupancy and other data to trains.

Level 1 and Level 2 use track circuits for train detection. Level 3 is the most technologically
sophisticated system. It does not require track circuits; it primarily uses on-board vital
equipment to determine train position. Level 3 does not use track circuits; instead the onboard HS-ATC equipment shall determine train position with much higher resolution than
can be provided by track circuits. A Level 3 ERTMS system shall approach moving block
capability. The term moving block describes a system in which following trains are
separated by the braking distance of the following train plus a safety buffer distance. This
separation is typically much closer than that supported by a track circuit (or fixed block)
signalling system. Here a separate technology shall be used to detect rail breakage.
Till now several ERTMS Levels 1 and 2 systems have been implemented and have actual
revenue experience. This is true for both conventional speed railroads and for high speed
lines approaching 350Kmph. (Annexure ‘II’)
ERTMS systems are also being developed and employed outside the European Council. In
December 2009, the Chinese high speed line (Wuhan to Guangzhou High Speed Railway)
opened, with a top speed of 245 mph. It is equipped with a Chinese Train Control System
(CTCS) Level 3 train control system. However, the CTCS Level 3 ATC is similar to the ETCS
Level 2 system, using track circuits and radio; it is not similar to the ERTMS Level 3
system.

4.1.1. MOVING BLOCK
The mode of operation of a level 3 system can be either fixed block, where line capacity is
not critical or moving block for minimised train headway.
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No ERTMS Level 3 systems have been deployed yet, and the ERTMS Level 3 equipment is
not yet commercially available and viable. Even if and when ERTMS Level 3 is proven in
service, for HST operation, a significant ERTMS Level 3 technical and regulatory issue
concerns the use of track circuits to detect broken rails. Currently all high speed rail
operations globally use track circuits both for basic train detection and for broken rail
detection. Since ERTMS Level 3 does not include track circuits, it cannot fulfil the broken
rail detection requirement without some added provision.
In Moving-block signalling (MBS) theoretically, two successive trains are separated by a
distance equivalent before the braking point of the following train to brake to a complete
stop from its current speed, as well as a safety margin to reduce headway among
successive trains in a track line. The separation can be reduced and changed with the limit
for the given operating speed and train characteristics, such as train length and braking
rate.
In moving block signalling system, successive trains in a line with maintain a safety
stopping points, when a leading train stops for a long time, the following trains shall stop at
the tail of the leading train (Figure1). When the leading train re-starts, the following trains
shall start almost simultaneously, this shall cause further synchronization of the peak
demand of each train and increase the total peak power demand significantly. This could
lead to overload of the nearby substations .The time delay and acceleration rate limit may
be introduced to solve this problem. However, such approaches shall increase the travel
time between the successive stations, and the service quality decreases.

4.1.2. ERTMS Level 2 a contender for HS- ATC
HST operation regulation shall require a proven means of detecting possible broken rails,
NHSA shall specify track circuits. This makes ERTMS Level 2 a contender for HS- ATC for
the following reasons:

•

ERTMS Level 2 uses track circuits as a primary train location subsystem.

•

It has been widely deployed on high speed rail routes in Europe and other countries
and is therefore a proven system.

•

It has been deployed on systems with similar maximum speeds and headways as
HST design goals.
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ERTMS includes both the train control data radio and operations voice radio
between the wayside and trains. The EIRENE (radio) component of ERTMS operates
in the GSM band that has been dedicated throughout Europe for railway operations
(GSM-R (Railways)); it carries both voice and train control data circuits. If ERTMS is
to be deployed on high speed train and appropriate radio frequency channels must be
secured from the wirless planning & coordination wing (WPC) of Ministry of
Communications and Information Technology, as ERTMS shall require
adaptation with respect to data and voice radio communications.

4.1.3. Other proven ATC systems
Other proven ATC systems that possibly meet the high speed experience criteria include
theTVM430 coded track circuit based system (originally developed by CSEE, now a division
of Ansaldo) and related products that are based on coded track circuits, and Japanese
coded track circuit technology deployed on the Shinkansen and Shinkansen derivative lines
in Japan and other countries including Taiwan.
ERTMS and coded track circuit type systems have significant differences; ERTMS detects
train position using track circuits but conveys safety-critical information to trains in the
form of movement authorities by means of a data radio network. coded track circuit type
systems detect train position using track circuits but also send data to trains through the
track circuit (running rails) similar in concept to the way in which conventional cab speed
signals systems have worked for many years in other part of world . The latest digital track
circuits allow for much higher data rates (than conventional cab signalling circuits)
allowing messages to be sent to trains in real time and convey much more information than
the traditional maximum speed limit.
To take advantage of the two general types of ATC system (coded track circuit and
radio network based) with high speed rail proven experience, the design criteria
shall address an ATC system specification that focuses on function and
performance and allows coded track circuit or radio based systems to be proposed.

Example of an Stop marker board (SMB) and Balises (HSL Zuid, Netherlands), ETCS L2
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4.2. HS-ATC OPERATIONS — KEY CONSIDERATIONS
The following table addresses key operational issues with respect to the ATC system
definition.

4.2.1. Operating Modes
The following table operating modes and sub-modes are planned for operation of High
Speed trains on main line and in yards and depots;

Operating
Mode

ATC

ATO OR
MANUAL
OPERATION

ATO

MAX TRAIN
SPEED

Line Speed or
as defined by
Limit of
Movement
Authority

ENFORCED
BY

NOTES
This is the normal operating mode
on the main line which includes
automatic operation of Rolling Stock
propulsion and brakes by the ATO
subsystem within ATC.

ATP

Requires an action by the Train
operator (loco pilot/driver) to select
ATO mode.
ATP system must
determine that other factors are
correctly set before train can move in
ATO mode (Movement Authority is
being received by on-board ATP
subsystem, doors are closed and
locked, etc.)
Rolling Stock subsystem requirement
must include the incorporation of the
vigilance/alerter device to ensure The
Train operator (loco pilot/driver) is in
the cab and alert. Rolling stock
vigilance/alerter device is required in
all modes of operation including ATC,
RM, Bypass Yard, etc.

ATC

Manual(only
Propulsion&
brakes)

Line Speed or
as defined by
Limit of
Movement
Authority

ATC

This is the operating mode on the
main line where movements and
speeds are fully supervised and
enforced by the ATC system but the
propulsion and brakes are commanded
by
the
Train
operator(loco
pilot/driver)/driver
Vigilance/alerter
function
to
be
provided by Rolling Stock; see note
above. HS - ATC may include a
Calling-On mode to allow the train to
pass a red signal under certain
controlled conditions. If so, this shall
be a sub-mode of ATC/Manual.
To
enter it, the ATC system shall send the
train a Call-On command. ATP shall
enforce a Restricted speed limit as
required to stop within half of range of
vision.
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4.2.2. Restrictive Mode (RM): No movement authority, Way side signal to be observed
Operating
Mode

ATO OR
MAX TRAIN ENFORCED
MANUAL
SPEED
BY
OPERATION

NOTES
A degenerated mode

Restricted
Manual
(RM)

Restricted
speed, as
required to
Manual(with stop within
ATP)
half of range
of vision.

ATC onboard
subsyste
m

In this mode the On-board ATP
subsystem shall limit train speed as
required to stop within half of range
of vision .Train operator (loco
pilot/driver)/driver shall work in
accordance with procedure and
observe the wayside signals for
authority to move.
Movement
authorities,
including
speed commands are not received in
this mode.
In the event of receipt of a speed
command or Movement Authority
from the wayside while in RM mode,
the on-board ATC shall automatically
switch to ATC Manual mode.
RM mode addresses short term ATC
failures such as movement through a
failed switch (under procedure) or
through a failed track circuit (which
can include a broken rail) outside
an interlocking.
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4.2.3. Yard Mode: ATC limits to the yard max speed.
Operating
Mode

Yard or Depot

ATO OR
MANUAL
OPERATIO
N

N/A

MAX TRAIN
SPEED

ENFORCED
BY

NOTES

The Train operator (loco pilot/ driver)
shall select the transition from ATC
Manual mode to yard and vice versa
when a train is stationary on a
transition track when entering or
ATC
shall departing a Yard.
enforce yard
Yard signal enforcement is required
maximum
speed limit as however the safety criteria used in
to the design shall not be as restrictive
Yard speed limit required
stop
within as for the main line ATC system.
half of range
Trains approaching a workshop
of vision.
track from the Yard shall require a
Train operator (loco pilot/ driver)
acknowledgement
before
being
allowed to enter a workshop track.
Yard mode can treat a workshop
entrance as an end of track and
further movement forward can be in
RM mode. This shall be considered
as part of an Operations Hazard and
Risk analysis.
If a wayside ATC failure affects Yard
mode, RM mode is the most
appropriate mode for further train
movement, protected by procedure.
If the on-board ATC fails, then the
Train operator (loco pilot/driver)
must select ATC Bypass for further
train
movement,
protected
by
procedure.

23

Signal & Telecommunication / UTHS / RDSO/KK

HS-ATC: Concept of Signalling System

2012-13

4.2.4. Bypass Mode (ATC fails)
Operating
Mode

ATO OR
MANUAL
OPERATION

MAX
TRAIN
SPEED

ENFORCED BY

NOTES

Rolling
Stock A degraded mode.
propulsion
and
possibly braking This mode is used if the on-board
subsystems.
ATC fails.

Bypass

Manual(wit
hout any
automation
aid)

limited
speed
without
ATC

This is a mode
NOT enforced by
ATC.
In this
mode, ATC is in
Bypass mode and
is not connected
to
the
rolling
stock equipment.

Shall require a separate Bypass
switch that shall be sealed
normally in the
ATC (not Bypassed) position.

No secondary enforcement system
is
required
other
than
a
maximum speed supervised by
the Rolling Stock propulsion
Safe operation of subsystem.
trains
is
maintained
by
home
signal
indications,
by
rules
and
procedures,
by
regular training
and refresh.
The
maximum
speed limit of (7580 Kmph) shall be
enforced by the
rolling
stock
propulsion
subsystem.
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Automatic Train Operation Mode.

4.3.1. Background
In ATO mode, an on-board ATO subsystem
that controls the operation of rolling stock
propulsion and brakes, to start a train at a
station, accelerate it, regulate its speed to
below the speed limit, move the train
between scheduled station stops, and brake
the train to a precision stop at the next
station, all subject to Movement Authority
limits set by the ATP subsystem. ATO mode
is extensively used in transit systems worldwide (metro train), but has had limited use on
main line and high speed lines. ATO is now
starting to be deployed on passenger main
line tracks including high speed operations
worldwide.
The Taiwan High Speed Train (HST) system
uses an ATO mode called Programmed
Station Stop Control (PSSC). PSSC slows
and accurately stops trains at stations; it does not start trains from stations or provide
speed maintaining between stations. The Train operator (loco pilot/driver) controls the
train acceleration and speed for those phases of a trip. When the Train operator(loco
pilot/driver) activates PSSC on the approach to a station, the on-board ATO subsystem
takes control of the train propulsion and brakes, and using track transponders ( like euro
balise) to determine distance to go, automatically slows and stops the train in accordance
with a programmed speed/distance profile.

4.3.2. ATO Mode Benefits
Operation of trains in ATO mode has several benefits;
Allows consistent optimized operation up to the maximum safe speed, resulting in closest
headways and minimum trip times. Facilitates accurate and timely station stopping with
no running time loss due to cautious operators and with minimum risk of over- and
undershooting station platforms. ATO mode provides benefits at all speeds and shall
provide even greater benefit for station stopping in the higher speed sectors where
judgment of distance is more difficult. Supports a positive “berthing” function whereby
train doors are interlocked by the on-board ATC system and only release on the correct
side and when the train is stopped properly within the platform limits. This function
together with accurate stopping capability supports the potential implementation of
platform edge doors at stations. When used with schedule regulation functions integrated
with an intelligent ATS subsystem, it supports on-time performance, improves recovery
from service delays, and improves efficiency of merges at rail junctions. In conjunction
with ATS, ATO supports energy management speed control strategies which reduce energy
usage by considering track grades and planned arrival times in setting a target speed
below the ATP speed limit. Provides consistent operation of train-sets resulting in lower
wear and tear on rolling stock.
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ATO station stopping, already in service on the Taiwan HST, overcomes a major difficulty
with operating high speed trains - the inconsistent ability of Train operator (loco
pilot/driver)s/Drivers to judge stopping distances. For a station stop from high speed,
braking must start well before the station is in sight; wayside markers (which might
otherwise be used) have little or no value when approached and passed at high speed.

4.3.3. HST Application of ATO Mode
ATO mode operation shall be incorporated into the HS-ATC system design for all phases of
station-to-station running on the main lines and for exit and entry to yards including;

i. Acceleration from station stops
Moving at safe speeds determined automatically by the schedule regulation function of the
ATS subsystem, or manually set by console dispatchers (Traffic controllers) through the
ATS workstations, or as determined by an Energy Management function.
Stopping and restarting for ATC enforced stops defined by movement authorities

•
•

Exit from yard transition tracks within yards to the main line.
Entry to yard transition tracks from the main line Station stopping

ii. Energy management
Energy management ATO mode requirements shall be incorporated in the interfaces with
rolling stock and other impacted subsystems.

4.3.4. Further consideration
Following considerations must be given during the design phase to the following;

i.

Ensuring safe and reliable operations

•

Human factors: It is not unusual for train operator(loco pilot/driver)s/drivers to
be suspicious of ATP / ATC systems on introduction. The combination of fear of deskilling their jobs, zero-tolerance for SPAD regimes, defensive driving etc. can
amplify the effect of system inherent safety margins on capacity. Experience in the
Netherlands shows that it can take a generation of drivers to start to appreciate
ATC / ATC systems for what they truly are, i.e. an aid to driving under difficult
circumstances and an insurance against human error developing into catastrophe.
Careful consideration needs to be given to the human factors issues surrounding
the introduction of any ATP/ATC system. Furthermore the level and type of visual
and / or acoustic indications needs to be considered. This must also be consistent
with the chosen safety integrity level of the equipment design. For instance drivers
may develop a tendency to rely on a horn to be sounded whenever a speed
restriction or signal at danger is approached. There is even anecdotal (not supported
by statistics) evidence of drivers averting attention from the track until such a horn
is sounded. There is however no way of making an active signal such as a horn
failsafe, so one day it shall not sound, perhaps as a result of something as trivial as
a loose connection. This risk needs to be balanced against the comfort factor
provided by in cab indications when driving at higher speeds under conditions of
poor visibility.

•

In the case of ERTMS/ETCS much time and effort has been devoted to a human
factors study which involved numerous interviews with train drivers and tests of
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several conceptual designs in simulators before arriving at the present design for a
harmonised Human Machine Interface. An important human factors issue is to keep
the Train operator(loco pilot/driver) engaged during extended runs in ATO mode.
Considerations include the Train operator(loco pilot/driver)’s interactions with a
vigilance device, the train and the on-board ATC system; and procedures that require
manual driving at intervals to make sure the Train operator(loco pilot/driver) can
correctly operate the train when needed. This is a special concern which to be
considers on priority.

•
•
•
•
•
•

ii.

Are sub-modes such as full ATO mode and Programmed Station Stop Only mode
required?
Prerequisites to enter ATO mode and start the train, including door interlocks and
Train operator (loco pilot/driver) cab console controls that interface to the on-board
ATC equipment.
Can ATO mode be entered or cancelled on the fly?
What are ATO mode requirements for safe and reliable operations during reduced
adhesion conditions because of light or heavy rain?
Is ATO required only on the main lines or is it a low speed ATO mode required in the
yards and/or the train wash tracks?
Operational restrictions and procedures may govern ATO mode use; for example;
when maintenance personnel are working on or about the track during traffic if
there are special restrictions on the high speed Corridor, detailed procedures shall
be written during the construction and test period. The decision to apply ATO and
its sub-modes is subject to further discussion and shall be a decision for the
Operator.

Bi-Directional Signalling
Planned HST passenger train operations shall use one track exclusively in a single
direction. Nonetheless, the ATC design shall provide bidirectional running
capability. With microprocessor interlocking and signal equipment, the cost of
bidirectional signalling is marginal, resulting only from possible additional
wayside signals and marker boards. With bi-directional signalling, if a wayside
failure blocks a section of track, trains from the failed track shall be safely and
automatically routed onto the opposing track to bypass the failed track section
(similar as TSL on Double line working). Traffic locking shall allow safe following
moves and prevent routes being cleared into tracks in opposing directions until the
section between interlockings is clear. Trains operating in both directions on a
mainline track equipped for bidirectional operations shall operate with all ATC
modes and functions available, including ATP and possibly including ATO for station
stopping.

iii.

Interlockings
Interlocking functions are part of the ATP functional set. Interlocking functions shall
be provided by microprocessor interlocking equipment. Use of conventional signal
relays shall be minimized. Interlocking requirements shall include route/block
section clearing, approach locking, detector locking, route locking, traffic locking,
indication locking, time release, sectional release, and other functions.
Interlocking equipment shall be interfaced with other ATP equipment to send
movement authorities to trains that shall ensure safe movement through
interlockings.
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Wayside signals shall only be located at interlocking (where crossovers, diversions
are present). The wayside signals shall only indicate the status of routes at their
entrances. These wayside signals shall not be the primary indication of route
status; the primary indication shall be the Train operator(loco pilot/driver)’s
display in the cab

iv.

Track Circuits
High speed train shall use a track
circuit based ATP subsystem.
In all world wide HST operations
excluding Maglev now in service,
the ATC systems use track
circuits for primary train location
detection.

JAPANESE
Shinkansen
and
EUROPEAN
TVM
430
ATC
systems use track circuits for
primary train location detection and also for the transmission of movement
authorities to trains; the ERTMS ATC systems uses radio for movement
authorities.
Axle counting systems are applied to High Speed networks in Europe and Asia
where the discussions on broken rail detection by track circuits has determined that
the detection of these defects is limited and other methods of mitigating the issue
outweigh the need for track circuit installation. In addition, there are several types
of breaks that even track circuits will not detect. Some of these situations are
detailed in the table attached as Annexure ‘III’.

v.

RADIO-COMMUNICATION-BASED SIGNALLING SYSTEM

The main target of a radio-communication-based signalling system is generally to
get rid of safety control based on track circuits. Its basic function is:
1. To recognize the location of the train at the on-board controller, transmit this
information to a field controller through radio communication,
2. Track all the trains with these data at the field controller, and transmit the
Limit/Boundary of MA from the field controller to the train.

1.
2.
3.
4.

This system is an on-board controller-driven system. The on-board controller has
the following functions:
to recognize the location of trains,
to communicate with field controllers,
to generate brake patterns according to continuously changing Limit/Boundary of
MA,
To cope with problems in communication or position recognition.
The field receivers in the system must have train tracking function to track the
location of trains by using train location recognition data instead of track circuits.
The system enables moving-block control because train locations data are point
data and do not occupy track circuits. Field controllers must track trains by
controlling the hand-over in radio communication equipment such as a cellular
phone because one piece of ground-side radio equipment cannot cover a long
distance. This method enables ground-side equipment track and communicate with
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trains over the whole line. This radio-communication-based signalling system is an
advanced system that makes field controllers and trains cooperate through duplex
radio communication.

Development:
Different radio-communication-based signalling systems are under development in
Europe and Japan.

•

European Rail Traffic Management System (ERTMS) to be driven by European
Union (EU) is a principal system under development. The ERTMS project also aims
at decreasing system cost and unifying signalling systems, thereby resolving the
inconvenience of trains being run by different signalling systems between member
states of the European Union. The ERTMS Level 3 specification allows for a system
that does not use track circuits; however, there is no ERTMS Level 3 system
currently in service or construction. As noted above, ERTMS Level 3 uses the onboard derived location information and transmits this to the wayside ATP equipment
for use by other trains to determine movement authorities (in addition to other
factors) based on the reported position of trains. Train integrity is also required with
Level 3 to assure that no portion of the train is left behind when the front of the
train is moving from one block section to other. Even in Level 3 ERTMS systems,
some track circuits may be needed for interlocking functions, particularly in the event
of ATC failures.

•

In Japan, Railway Technical Research Institute was developing the computer and
radio aided train control system (CARAT) from 1989 to 1993, and now the East
Japan Railway Company manages the development of ATACS to advance CARAT as
next generation signalling systems which is going to be used in commercial way.
Details of ATACS are attached in Annexure ‘IV’.

vi.

Wayside Signals and Support to Fallback Operations
ATC system failures can be divided essentially into two key event impacts;

•

A single train can be affected for a significant distance and time by the failure of the
on-board ATC equipment.

•

Several trains can be affected over a limited distance and time by a failure of
wayside ATC equipment.

•

A failure with similar impact on train operations is a broken rail, which shall be
detected by a track circuit or by any other more reliable system/means. Track
circuit failures shall be treated by the ATC system as a broken rail event until
proven otherwise.

Normal ATC operation shall not depend on use of wayside signals. The ATP
subsystem design shall provide some visual signals and signs at the wayside for fallback
operations. Such signals are not of practical use when operating at high speeds (e.g.,
greater than 200Kmph). However, they shall be usable in degraded operating modes when
the on-board ATC system that generates cab displays of movement authorities is not
available.
The high speed train ATC design presently plans wayside signals at the following locations;
at the entrance to interlocking routes (home signals, diversions) in Yards.
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The prime use for mainline signals is to support safe train operation when the primary onboard or wayside ATC subsystems is not available and when movement authorities cannot
be received and enforced by the on-board ATC subsystem.
Home signals shall be provided on main lines only at the entrance to interlocking routes.
Intermediate signals shall not be provided. At high speeds, signals shall not be visible
in a useful way to the Train operator (loco pilot/driver), so the Train operator (loco
pilot/driver) must follow the cab signal indications or operate the train in ATO mode.
During failures of the primary on-board or wayside ATC system, the maximum train speed
shall be limited to safe train speed as defined safety manuals. (Say 75-80 Kmph)
As noted above, ATP subsystem design criteria shall require main line home signals at the
entrance to interlockings and signals to control mainline access from siding tracks.
A risk analysis shall evaluate factors related to train movement in the event of relevant ATC
system failures. The analysis shall consider maximum speeds allowable, signal sighting
distances and the need to enforce the signals or not. If wayside signals shall not be
enforced, the sighting distance for each signal shall be critical. In that case, high signals
may be required, especially on grades and curves. Approach signals to interlockings may
also be required.
vii.

Extensive backup signal systems are undesirable:

With high availability of the prime HS-ATC, the backup system shall get only occasional
use; Operations personnel shall need refresher training to stay current. This shall impact
their availability for normal operations. Added maintenance and regular test shall be
required for backup wayside and on-board (if provided) equipment.
Added cost and technical complexity of the overall ATC system; benefits are yet to be fully
evaluated but current assumptions are that they shall be very limited. Backup signalling
must be tied into the prime ATC system; failures of the backup can impact normal ATC
availability and reliability. In any event, more equipment means lower overall reliability and
an increased level of maintenance activity.
The present design is that speed enforcement in degraded mode (manual) shall be provided
by a speed governor function in the propulsion subsystem. This governor shall be
activated by the ATC cut-out point in the operating cab. If the train speed exceeds the
defined maximum then the propulsion subsystem shall cut power to the motors and an
audible and visual alarm shall sound in the cab.
The ATC system procurement specification shall specify high availability normal operating
modes so that HS Train can provide dependable, on-time service. Considering the excellent
availability, of HST service worldwide, high speed train should rarely experience degraded
mode operations.
Information from SHINKANSEN systems experience is that the fallback systems are used
sparingly and operating staff have little experience of their use. If the fallback system is
complex and equipment-intense, this shall reduce overall reliability due to the increase in
hardware. This could also reduce availability as fallback system equipment failures can
impact the availability of the prime ATC system under certain circumstances.
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POINT MACHINES:

TURNOUT FOR HIGH SPEED:
High speed turnouts are turnouts where the speed on curved track is at least 80 Kmph, but
in most cases more. The speed on straight track is normally at least 250 Kmph. Upgradation in turnout technology in the
railway systems has been guided by
the following considerations-:

•

•

•

•
•
•

Higher speeds on straight and
curved tracks with reasonable
level of passenger comfort.
Designs have been evolved for a
speed of over 220 Kmph on
turnout track.
Least life cycle cost with
minimum traffic interruption
for repairing.
Track geometry maintainability
comparable with the normal track.
Safety and comfort.
Planned maintenance without emergencies.

The turnout can be operated by different types of point machines, e.g. electrically,
hydraulically or pneumatically. The locking system can be either in the switch machine
(internal locking) or in the track (external locking). In switches for high speed several
locking locations are necessary.
The smaller the angle of the switch the longer the switch blade is. The blade can get in
contact with the wheel by passing a wheel through the gap between stock rail and blade.
With a long blade extra locking is applied to prevent a switch blade from moving too much.
Now days for high speed railway lines integrated locking, switching, and detection systems
are in use. Figure …….shows an integrated hydraulic switching and locking system. Here
the locking system is integrated in a hydraulic setting cylinder; no lubrication or
maintenance is necessary. The principle of an integrated locking and switching machine
enables the blades to move sequentially so less power is needed at the same time.
Powered point machines shall be provided on all points, and on moveable point frogs on
the Main Line and in yards. The number of point machines for each type of point as per the
turn out requirement has to be determined by
design engineers (which can be up to 8
machines per point end for the highest speed
turnouts) for the purposes of preliminary
engineering and cost estimating. Yard point
machines shall be of a different type from
mainline; Power for these devices shall be
taken from the OCS with a transformer and
control equipment mounted on the OCS poles
and in wayside equipment cases.
Point machines shall have the following
features:

•
•

High lightening resistance (< 30KV).
Machine should have protection against temporary water immersion IPX7.
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Ability to ensure that there is no current in the circuit when the motor power source
is turned off, for prevention of errors in switching direction & its indication.
Secure allowable turnout displacement. Maximum switching torque (approx. 4kN)
with a margin in relation to track irregularity (height difference between rails,
unaligned toes of tongue rails).
Point Indicator Output at Control Failure:
It should be possible to detect point route direction of the turnout to
interlocking device. It can be done by adopting a switching control relay and
a circuit controller.
Simplification of installation and maintenance management:
a) Reduction of spare parts by permitting inters changeability between leftside and right-side uses.
b) Elimination of wiring work inside the switch for Prevention of Faulty Work
Designs for longevity and environmental considerations:
Make covers that can open and close and make it possible to replace each
part individually to reduce downtime and cut cost.
Monitoring device :Machine should be monitored for:
a) Records the turning angle of the switching
roller so that the position of the switch rod and
lock rod shall be known.
b) When a switching order is given but the points
do not switch, the switching data are recorded.

SWITCH CONTROLLERS
Switch controllers are necessary to control long tongue rails at
every 3-5 metre. Control is done by to Controllers, which may be of Mechanical, or electrical
type. Controller is different in German railway and French railway. Integrated types of Point
machine are being used for movement of switch. 11 no’s of point machine are provided for
250 Kmph turnout.

ix.

Wayside ATC Equipment Housings

ATC equipment shall require wayside housings whose size and type shall depend on the
location. The larger “house” enclosures (that maintainers can enter) are needed at
interlockings; smaller wayside cases (where maintainers can access the equipment inside
but cannot enter the case) shall be adequate near track circuit boundaries. Other locations
which may also require wayside housings including interface locations with event sensors
including roadway underpass impact sensors, seismic detectors, and wind speed
measurement equipment, etc. ATC housings must accommodate ATC communications
equipment. Such equipment includes fiber drop and network equipment as well as data
radios.

x.

Wayside ATC Power Supplies

Alternating current power supply for ATC wayside equipment shall be straightforward at
stations and interlockings, where utility feeds are probably available. However, track circuit
equipment at approximately one mile intervals requires ac power, and in remote, desert,
and mountainous regions, a utility supply line could be difficult or expensive.
Alternatives to utility feeds are being considered, including dedicated signal power feeds
from adjacent ATC sites that have utility power feeds, drops from the OCS, solar panels,
and wind turbines. In each case, the sources shall be supplemented with local batteries.
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Remote Control and Supervision

The HS Train remote control and supervision strategy shall impact the ATS functional set
and Office subsystem specification. The present design includes ATS functions,
performance requirements, and hardware as part of the ATC system.
Many ATS functions, including automatic dispatching of trains and routing through
interlocking
and
terminals,
shall
be
accomplished
automatically
with manual
intervention
only required
in the event
of
system
failure
or
unplanned occurrences.
The ATS prime location shall be in the main Operations Control Center (OCC) Remote
workstations shall be located in at least two other locations (Regional/Sectional Center(s))
that shall allow dispatching in certain regions, including the common and shared corridors
to be done relatively locally. The Regional Control Centers (RCCs) shall be capable of taking
over dispatching of any and all of the high speed train system in the event of major
incidents and failures.
Availability considerations may require that Office subsystem core equipment including
communications and database servers be located in the OCC, Regional Centers, and
possibly other sites; with options for cold, warm, and hot standby of the backup systems.
The purpose is to ensure that even if a major incident that knocks out the OCC
(earthquake, sabotage/terrorist action, major fire, etc.), centralized Supervision and
Dispatching can continue with little or no interruption to train operations.
This Regional center would be staffed 24/7 and could be considered a location that could
assume supervision and control of the full high speed train network during a major
incident. In emergencies, the control of interlockings can be taken from a Regional Center
or a station control room.
A further level of degraded operation of an interlocking can use the local control panel
connected to the nearby ATC house, in the station control room or the adjacent station.
Although ATC local control facilities shall be specified in the stations, the
reliability/availability of the communications subsystem makes the loss of control from the
ATS highly unlikely.
Consideration shall also be given to a form of field-fallback mode for the remote
interlockings in which they shall revert to normal routes being called and fleeted in the
event of a loss of communications with the ATS. This fleeted fallback mode can be
overridden from a local control panel if it is necessary to operate the intermediate
interlocking with ATS communications down. The local control panel in the interlocking
control house shall allow local control in emergencies and for maintenance testing needs.
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For control of Yard movements, each yard shall have a local tower/control office with local
control panels or workstations where a Yard Dispatcher can route trains within the Yard
and shops. Handover of trains between the main lines and the Yard tracks shall be
accomplished via an interface between the mainline ATS system and the Yard ATS
workstations.

xii. Yard/Depot Signalling
The Yards shall require a signal system to operate pointes and control movements of trains
in the yard itself and for transitions between the Yard and the mainline. Point machines
shall be of a common yard /conventional type and not main line machines. Yard machines
are cheaper and can provide a trail able feature which lowers the risk of damage to
equipment and of derailment if a train should trail a point set in the wrong position for the
move.
Enforcement of signals and protection of trains and workers in the Yards shall be provided
by a subsystem yet to be determined. There may be some use of power-operated derails for
this function. There shall need to be functional interlocking between signals, derails, and
pointes, although the level of safety in a Yard system is typically less than specified for the
mainline. Trains shall operate in some form of Yard mode (see the Operating Modes table
4.2.3) Para 4.2. Control of Yard signals, derailing switch, and points in Yards shall be from
local Yard towers (control centers) and not from the Central or Regional Control Centers.
The operation of the control panels or workstations in the Yard towers shall be undertaken
by a depot Controller or yardmaster.
Maximum speed enforcement in the Yards shall be by the on-board subsystem. In order to
be exempt from installing HS-ATC in the Yards, the speed limit within the Yard cannot
exceed the max speed defined for these yards in working rules.
Train movements between Yard and mainline shall use bi-directional transition tracks. Onboard ATC equipment shall transition from Yard mode to ATC mode of operation and vice
versa automatically. Trains departing the Yard to the mainline must pass an automatic
on-board ATC subsystem check before the wayside ATC equipment shall route the train or
send it a Movement Authority or valid speed and destination code. The transition tracks
must be treated by Operations and Maintenance personnel as mainline track, since trains
shall operate in ATC modes, including ATO mode. ATO mode shall be possible leaving the
transition track for the mainline and when entering the transition track from the mainline.
ATO mode shall not be available for movements between the transition track and the Yard
in either direction.

xiii.

Responses to Hazard Detection Devices

High speed train shall use an array of hazard detectors. The hazard detector types may
include;

•
•
•
•
•
•
•

Earthquake;
Excessive wind speed;
High water levels;
Excessive rainfall;
Road and rail underpass bridge strike;
Landslide and rock fall;
Intrusion at trackside and in tunnels;
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Intrusion from overhead bridges and at tunnel portals;
Intrusion at stations;

Each type of detection shall be evaluated for the level of risk each hazard can pose to high
speed train operation; the interface to the ATC system and the required ATC system
response. ATC system responses can include;

•

•
•
•

Automatically change over from ATO mode to Manual-ATP mode. (Note that if the
ATO function uses a “hands off” approach, this shall apply the service brakes until
the Engineer takes the controller).
Stop the train immediately with a service brake.
Stop the train immediately with an emergency brake.
Block an affected section of track and the on-board ATC equipment for each nearby
train determines the level of brake needed to avoid entering the blocked track or to
stop the train if it is already entering or in the affected track section.

For track intrusions at stations, the choice is between automatic sensors of intruding
passengers vs. customer/staff operated alarms.

•
•

If a hazard detector is connected directly to the ATC system and a train response is
forced, the hazard detector comes under National High Speed Regulation.
If the detector is interfaced to the ATS to generate and alarm at OCC, it is not (not
directly connected to ATC).

Consideration needs to be given to the response types required for different levels of
intrusion.
Dragging Equipment Detectors (DED) at approaches to protect, the HST tracks and any
track mounted equipment, from damage by occasional users (freight train movements in
emergency)
High load detectors to protect the overhead contact system from freight trains may also be
needed.
Where there are physical track connections to other railroad operator’s tracks, the ATC
system shall require a function that prevents unauthorized trains, including freight, from
being routed onto high speed train tracks even on shared corridors.

xiv.

ATC Integration

Close coordination with Rolling Stock, Communications, and Operations is required during
the development of the ATC system criteria and specifications to ensure an integrated
system Certain ATC system elements shall reside in specific pieces of high speed train
equipment, such as on-board trains or on the wayside. Some ATC functions shall be
provided by distributed ATC equipment and distributed equipment of other systems.
The ATC design team must perform integration work with the rolling stock team to ensure
that sufficient ATC equipment space and power are provided, and that details for key
components are accommodated. For example, particular types of tachometer (e.g., axle end)
should not be precluded by the rolling stock body and truck design and maintenance
requirements.
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The location of the equipment in which certain ATC functions reside depends to some
extent on the architecture of each ATC Supplier. To the extent possible, the ATC system
specification shall allow flexibility to the ATC supplier to propose the most cost-effective
solution that provides the required overall ATC system functionality, performance, safety,
availability, and reliability.

ANSALDO STS FRANCE-on-board signal block diagram.

xv.

Determination of Position and Speed

The wayside ATP subsystem shall use track circuit occupancy to determine train position.
The on-board ATP subsystem must have higher resolution of speed and position, since it
uses these to accurately control and supervise train movement. The higher resolution is
necessary so the train can travel through a block as fast as safely possible, can be operated
in accordance with civil speed restrictions that may not be limited to track circuit
boundaries, and so the train can stop before it moves past its Movement Authority limit.
Safe, accurate, and reliable determination of position and speed is one of the most critical
functions of an ATC system. Speed and position determination are typically done using a
combination of devices and techniques, including tachometers, inertial sensors, GPS, and
transponders or balises (mounted between the rails on the track). Wayside track circuits
indicate the position of a particular train on the track. The position information is used to
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fulfill the interlocking functions and to protect the train from other trains. Movement
Authority limits are established as part of a Movement Authority for a specific train. These
limits define the target point, the location on the track beyond which the train cannot safely
proceed, and the maximum speeds along the track that the train can go between its current
position and its target point.
Each train's on-board ATP equipment set must receive its Movement Authority from the
wayside ATP equipment. The ATP subsystem bases the Movement Authority on factors
including the status of routes through interlockings, the position of pointes, occupancy of
track circuits, location of other trains, and other elements of the wayside signal system and
relate them to the on-board database. On-board ATC equipment databases must also allow
for updates from the ATS OCC equipment, for the temporary modification of database
elements including speed restrictions.
The train ATP equipment must determine its position in relation to the database and
compare its actual speed with the allowed speed at its current track position. The Train
operator(loco pilot/driver)’s display must provide sufficient information to allow the Train
operator(loco pilot/driver) to control the throttle and brake so the train speed is close to the
speed limit, without unnecessary automatic ATP equipment intervention for impending or
even actual over-speed.
On-board ATP speed and position sensors must be proven products and must be applied,
combined, and processed so the on-board ATP equipment’s estimate of speed and position
is adequately accurate to ensure train safety. This may require diverse means of obtaining
and processing speed and position data.
Although rolling stock propulsion or brake subsystem tachometers may be used by the ATC
system for non-vital functions, the primary safety-critical function of determination of train
position and speed shall use sensors provided and installed by the ATC system supplier.

xvi.

Hardware Requirements for Various Subsystems

The ATC system design must resolve the following ATC system hardware issues;

Rolling Stock Tachometers: Rolling stock tachometers shall be mounted on the axle ends
or on gearboxes. Similar devices are also required by the train propulsion and brake
systems for operation and for slip and slide control. These devices generate pulses as the
axles rotate; connected equipment converts the pulse into distance travelled. The speed and
distance measurements are subject to errors from wheel wear, wheel slip, and wheel slide.
Such errors occur despite the wheel slip and slide protection provided in the propulsion
and braking subsystems.
The signal system supplier shall provide dedicated tachometers which shall be installed in
locations provided by the rolling stock supplier, as defined in a detailed interface definition.

Wayside Transponders: Transponders, where deployed, shall be mounted between the
running rails; each one provides a set of fixed or variable data to the train when a
transponder interrogator mounted under the train passes over the transponder. The onboard ATP equipment uses the data received from the transponder to correct any
accumulating positioning error in the on-board ATP subsystem. The error is generally due
to slip and slide between the wheels and the rails. The on-board ATP subsystem
continuously assesses the worst case for error accumulation and takes account of it in
enforcing Movement Authority limits. Transponders are called balises in the ERTMS system
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specifications. The Euro-balise works reliably at 200+ mph to ensure that the required
amount of data capable of being held and transmitted by the balise can be received by the
train.

xvii.

OTHER DEVICES.

GPS is being used to help determine location by some HS-ATC systems, in conjunction with
tachometers. The use of GPS as a prime component of position determination in a vital
signal system shall be challenging. There are limits on GPS signal availability, for example
when a train is operating through tunnels or in city areas with tall buildings that can block
satellite reception.
Inertial navigation systems, although proven in aerospace applications, have little
experience on railroads. Such devices incrementally sum accelerations in the three axes to
determine velocity, distance, and direction moved. They are subject to errors from train
suspension effects and accelerations caused by discontinuities in the track.
“JUGNU” anti-derailment/derailment prevention device being developed by RDSO with IIT
Kanpur can be used in conjunction with HS-ATC system.
Seismic vibrations sensing device also to be used in conjunction with ATC system.
On-board ATP equipment can determine speed from some of the same devices, as described
above. Tachometers, inertial devices, and GPS can determine speed very accurately when
used in combination.
Position determination using GPS would likely be in combination with tachometers and
other on- board devices. Some development shall be required however for a supplier to
demonstrate in the system safety analysis that the specified criteria for reliability,
availability, and safety can be met by the incorporation of GPS and other integrated devices.
GPS receivers shall likely be used to determine time for the system to ensure that safetycritical data received from the wayside and central office is current.

xviii. Types of Data Transmission from Transponders (Balise).
The ATC system design must resolve the following issues with the data that shall be
transmitted to trains from the transponders; Transponders can be of two basic types; the
first contains fixed data which is transmitted to trains as they pass over the location; the
transponders have no electrical connection to any other ATC element. The second contains
variable or fixed and variable data, and the connection to another ATC system element
alters the transmitted data. For example, different speed limits can be transmitted if the
point ahead is in the normal or reverse position.
The fixed data can simply be a unique location identification which the train ATP
equipment compares to its database. The ATP equipment uses the data to correct the
accumulated error in its calculation of its position. The fixed location identification data
provides an absolute confirmation of the train’s position. The on-board ATP equipment can
use this as a diverse confirmation of train position. It can provide a positive confirmation of
position if the train is operated under procedure through a point with unknown status
during failures. This is preferred to a Train operator (loco pilot/driver) data input
confirmation, as it enhances safety during failure conditions. These diverse data uses help
the ATC system achieve the required safety level.
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The fixed data can include speed limits which are transmitted to the on-board ATP
equipment. However, the present design intention is that speed limit data shall be in the
on-board database and transponders shall not upload this information.
Variable data can include the locations of trains and status of pointes and routes in front of
the train.
An ATC system with transponder-only data transmission to trains can only provide
intermittent ATP commands or Movement Authorities. This type of ATC system has
performance and functional constraints when compared to an ATC system with continuous
communication of Movement Authority data. The high speed train ATC system shall be a
continuous communication system, and shall receive Movement Authority data either via a
radio link (such as with ERTMS) from wayside equipment or via a digitally encoded track
circuit transmission using the track circuits and running rails (e.g., TVM430, Shinkansen,
etc.).
The ATC system design plans to use transponders for either radio or coded track circuit
transmission, to provide the position error correction function for the on-board speed and
location ATP subsystem.

xix.

Location of On-Board ATC Equipment.

ATC equipment shall be mounted on the rolling stock. These include Train operator (loco
pilot/driver) displays; the ATC controller; ATC communications equipment; ATP subsystem
location determination equipment (tachometer, GPS, inertial navigation, transponder reader
antennas, etc.); data radios; and antennas for GPS and data radios.
Much of this equipment is unique to specific ATC systems; it should be supplied by
the ATC supplier not the rolling stock supplier.
The interface between the train subsystems and the on-board ATC equipment is
substantial.
The HS shall coordinate between the ATC, communications, rolling stock, and operations
personnel to discuss the equipment required and to provide in the rolling stock design for;
physical space requirements mounting provisions cables and cableways to connect the
equipment termination panels power and ventilation needs other considerations including
non-metallic panels around radio and GPS antennas.

xx.

ATC Safety Requirements

The ATC system shall be subject to an overall safety requirement. The high speed train
Systems engineers shall establish a safety program covering the ATC system and its
subsystems. The ATC safety program shall allocate safety targets to individual equipment
items and subsystems. The high speed train Systems engineers and ATC supplier shall
perform ATC safety program tasks.
The ATC supplier shall perform specified safety program activities, including planning,
analysis, and reporting. Analyses shall include Preliminary Hazard Analysis, Fault Tree
Analysis, Failure Modes, Effects and Criticality Analyses (FMECAs) of train control
components, Operating Hazard Analysis, Subsystem Hazard Analysis, Sneak Circuit
Analysis, and Hazard Resolution Report.
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The high speed train Systems Engineer shall work with the ATC supplier to prove and
report that ATC software and data with safety-critical functions or responsibility are
developed, tested, integrated, maintained, loaded, installed, updated, validated, verified,
and reported in a structured, reported program that is acceptable to high speed train. The
specific means of achieving safety-critical software shall not be specified as there are
multiple industry-accepted means of achieving this.
Careful consideration shall be given to the potential ATC suppliers’ proposed methods for
achieving safety-critical software. Several train control projects have suffered delays in
recent years even with established systems. The ATC suppliers’ proposed methods shall be
reviewed and accepted if appropriate.
To achieve safety-critical software, the high speed train shall specify proven systems and
only accept suppliers with a proven capability to provide the needed structured
development environment.
High speed train shall target a minimum of new or changed functions in order to minimize
the risk to schedule and budget posed by
software development risks.
The ATC safety requirements shall include
the need to develop a set of safe braking
criteria that shall be described as part of a
model. This safe braking model shall define
the necessary criteria that the ATC and
Rolling Stock systems design must meet in
order to satisfy the safe separation of trains,
enforcement of home signals, and enforcement of speed limits.
The system design shall include the ability for the ATC subsystem to command both a
controlled emergency brake in which wheel slide protection is active, and an absolute
emergency brake in which wheel slide protection is cut out.

xxi.

Reliability, Availability, and Maintainability of the ATC System

RAMS
What is the meaning for RAMS? The RAMS means Reliability, Availability, Maintainability
and Safety of the system.
System reliability is defined as the probability that the system can perform a required
function under given conditions for a given time interval.
System availability is defined as the ability of a system to be in a state to perform the
required function under given conditions over a given time interval, assuming that the
required external sources of help is provided.
System maintainability is defined as the probability that a given active maintenance action,
for a system under given conditions of use, can be carried out within a stated time interval
when the maintenance is performed under stated conditions and using stated procedures
and resources.
System safety is defined as fail-safe requirements that system cannot give dangerous
output when a given fault occurs.
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Reliability and maintainability are both probability values which lead to failure and
maintenance rate respectively, related to a defined time period. The signalling system is
required to be with high availability, i.e. low failure rate and high maintenance rate.
System safety is the system quality requirement, and different with reliability.
In order to ensure the requirements of RAMS for the signalling system to be satisfied, faulttolerant design, fault-diagnosis and fault test are applied in the design and redesigned for
signalling system development. Comparer is often used in the design of signalling system to
fulfil the fail-safe requirement of the system. The comparer can be implemented both by
hardware and software. In the safety assessment, a simulation system can also be used to
testify if RAMS requirement of the signalling
system is performed. It can be used for safety
assessment of the core system, the minimal
system and the application system of signalling
system. Fault set and fault models of signalling
system are analyzed and built.
The ATC system must have extremely high
availability to avoid delays caused by ATC system,
subsystem, and equipment failures. Different
degrees of redundancy are appropriate for
different portions of the ATC system to achieve
availability targets and minimize the failure rate
and the mean time to repair.
The high speed train Systems team shall set up
dialogue between ATC design, ATC and computer maintenance personnel, Operations, and
system safety personnel, to determine and specify the acceptable levels for these targets.
The ATC supplier shall perform specified reliability program activities, including planning,
analysis, and reporting. Analyses shall include reliability allocation, historical reliability
analysis, availability and reliability prediction, and an availability and reliability
Demonstration.

xxii.

Data Radio Requirements

The ATC system shall include high speed, high availability data radio equipment and links,
with comprehensive and likely overlapping coverage throughout all main line and Yard
tracks.
Radio alternatives shall be investigated by the Systems team for applicability (performance,
coverage, availability, etc.) of the frequencies and bandwidth. Existing and emerging public
standard systems shall be considered. This shall be done with the communications group
working closely with the ATC group.

4.4.

INTERFACES

The ATC system shall have interfaces to the following subsystems.
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4.4.1. Communications
Interfaces between the ATC system and the Communications system are extensive. If an
ERTMS train control system is selected, data and voice radio communications shall be
integral with the overall ATC subsystem.

RADIO REQUIREMENTS

The high speed train has radio requirements ranging from mandatory to desired. Table 1
lists the high speed train radio requirements for a HSRA owned / operated radio system:

Req’ts

Traffic

Location / Scenario

Classification

1

Voice

Train to Wayside

Mandatory

2

Train to Wayside

Mandatory

3

telemetry, passenger
information, etc
stationary data

Train to Wayside when train is
stationary in yard or facility

4

Mobile CCTV video

Train to Wayside

Desired(can also
be on non-radio
technology)
Desired

5

Automatic Train control

Train to Wayside

Mandatory*

6

Voice

Mobile / Portable O&M
Personnel to Fixed

Mandatory

7

Low-bit rate data(short
text message or similar)

Mobile / Portable O&M
Personnel to Fixed

Mandatory

Mobile / Portable HS Project
Police / RPF Personnel to Fixed

Mandatory

Mobile / Portable HS-Project
Police/RPF Personnel to Fixed

Mandatory

8
9

Voice
Low-bit rate data(short
text message or similar)

* This technical requirement should be fully compliant with the requirements of integrated
ATC.
Table 1: HST Operation Radio Requirements
The desired requirements apply to functionality that is not absolutely necessary for the
operation of the HS train operation.
Radio related requirements for non-HSRA owned / operated systems include: Global
Positioning System (GPS) radios, interoperability between first responders and shared
Corridor trains and infotainment (internet etc.) services provided by a third-party. These
requirements are not included in this report.
Depending on the bandwidth available and the technology, radio systems can satisfy
communications requirements including voice communications, safety-critical ATC
train health telemetry, passenger information, CCTV images, and AVL data. To meet
the HSTP requirements, including the desired requirements, a suite of different
solutions will need to be deployed.
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4.4.2. Rolling Stock
There shall be significant mechanical, electrical and logical interfaces between ATC and the
rolling stock. The specifics shall depend on the final requirements of functionality. For
example, if ATO operation is planned so it has to be decided with correct side door
interlocking. If so, this function would be coupled with a berthing function that would
prevent doors being opened unless the train is correctly stopped within the limits of a
platform. These functions would entail specific interfaces to be defined and detailed at both
the bid specification and procurement stages.
As Rolling Stock is likely to be procured separately from the ATC system, a significant
amount of detail must be agreed such that the Rolling Stock side of the interface can be
included in the scope of the procurement.
Interference with signalling circuits

There are a number of ways that electric trains are fed electricity. The most common
methods are, simple AC traction supply with return through the rails, simple AC traction
supply with earth return wire, booster transformer system (not popular), booster
transformer system with return conductor and autotransformer supply. Most electric
railway traction currents return to the Supply substation through the rails. The rails also
provide safety because they are grounded and keep the train at ground potential. Signalling
currents share the rails. While the signalling currents are small, track circuit currents are
typically less than one ampere (<1A), traction return current from just one train may be
several thousands of amperes. Signalling currents have no effect on traction power, but
traction return currents, because of their magnitude, have the potential of disrupting track
circuit instruments and systems. Signalling systems have been designed to avoid return
traction current and stray ground current problems. AC signalling systems have been
designed not to be susceptible to traction supply frequencies and harmonics.
The problem that arises is that modern semiconductor traction motor controllers produce
noise that is not always a harmonic of the power supply frequency. Most modern
controllers are variable voltage, variable frequency traction motor controllers. When traction
motors and controllers are distributed throughout the train controllers can produce
different electrical noise products due to different loads on bogies, wheel slip and varying
dynamic wheel loads. This problem is compounded by the rapid movement of the train
which causes rapid fluctuations in noise amplitude. The overhead Catenary and earthed
rails constitute a leaky transmission line and noise can be amplified many times due to the
changing position of the source (the train) and the changing position of other noise sources
(other trains). Noise radiation and emission increases with the number of trains on the
tracks. The changing train separation distances have an effect on noise radiation and can
cause strange modulation effects. Signalling, data and communication systems must be
immune to the electrical noise that motor controllers can produce. When new high speed
rail is introduced it is usually accompanied by new infrastructure such as rail track,
communications and signalling systems. Careful engineering should eliminate, or at least
greatly reduce the susceptibility of these systems to noise.
Generation of electrical noise:

Because the voltages and currents required by the motors are very large, controllers switch
the power very quickly. Semiconductors do not dissipate much power when switched off,
and when they are switched hard on, their electrical resistance is very low. Power
dissipation in the on-state is directly proportional to the on-resistance of the semiconductor
switching device. It is equal to the product of the current squared and the on-resistance.
The semiconductor devices switch between fully switched-off and fully switched-on and
avoid the intermediate state. High power dissipation can occur when the semiconductor
switching device (usually insulated gate bipolar transistors (IGBT)) is an intermediate state
between the two extremes of off and on. Power dissipation is low at the two extremes and

43

Signal & Telecommunication / UTHS / RDSO/KK

HS-ATC: Concept of Signalling System

2012-13

very high, in fact destructively high, when the switching device is in the intermediate
transitional state. Controller designers go to great lengths to minimise the time spent in the
intermediate high power dissipation state. This results in large currents and voltages being
switched as fast as possible. This rapid transition produces harmonics which can range up
to the ultra-high frequency radio bands and higher. Harmonics can be generated at the
frequencies that AC signalling equipment operates at.
Noise in non-railway equipment

Electrical noise can also affect non-railway systems. Noise can get into other equipment
through ground leakage return paths, induction to structures near the railway line,
radiation from the railway overhead, radiation from the train and re-radiation from
structures that electrical noise has been induced into. A major problem is noise injection
into the mains power and mains supply systems. The noise can travel for hundreds, even
thousands of kilometres by conduction and can bypass power transformers by capacitive
couplings.
Noise reduction and filtering

Motor controller electrical noise is best reduced by direct filtering and electric and magnetic
screening at its source (the controllers and motors), but this adds mass to the train. Mains
noise can be filtered by mains filters but this is usually less effective than filtering at the
source. The problem becomes more noticeable when high speed rails (and other railways)
pass close to heavily populated areas. Modern electronic entertainment equipment,
communications equipment and other electronic equipment is designed and manufactured
to minimise cost. One of the compromises is to save money on noise suppression, filtering
and screening so the equipment just meets mandatory standards. Noise susceptibility
standards are low, and often the equipment does not meet even these low standards.
These are factors that must be considered when new railway systems are built and
electrical noise must be reduced as much as can be done practically.

4.4.3. OCS (2X25 KV, 50Hz)
rails.

, Impedance Bonds, EMI & Grounding of return current

The high speed trains shall be powered by an Overhead Contact System (OCS) energized at
25 kV, 50 Hz. In order to
provide for a return current for
the traction power the rails
need to be connected to the
power distribution system. In
addition, at traction power
facilities approximately 5km7km apart along the right-ofway the rails need to be
connected to the center taps of
the
winding
of
the
autotransformers that are used
for the efficient supply of
traction energy to the OCS. For
personnel safety it is necessary
to connect the rails to ground,
however, in order to retain the
ability for the track circuits to
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detect broken rails (if no other means are used to detect rail breakage), limitations are
necessary in the distance between connections from the rails to ground and from the rails
on one track to the rails on another track.
Engineering must be done to determine where these ground connections can be made to
ensure correct track circuit operation under normal conditions; to ensure that touch
potential criteria are met; and to ensure that the track circuits shall correctly detect a
broken rail( if no other means are used to detect rail breakage ). It shall require
coordination with the traction power engineers in developing the track circuit and
impedance bond locations.
A benefit of the 2 x 25kV Autotransformer Feed Type System is that the Electromagnetic
Interference (EMI) emitted due to the load current in the OCS and Running Rails is
considerably reduced. Autotransformers inherently attempt to equalize the current flowing
in the two sections of the transformer windings. For Autotransformers that are supplying a
heavy OCS Load Current the net effect is that Traction Power Return Current in the
Running Rails is drawn through the Autotransformer’s (-ve) 25kV winding and into the
Negative Feeder in order to create the required balance (See attached fig).
Due to this Autotransformer effect the current in the running rails is much reduced
between the train and the remote Autotransformer feeding the Electrical Section, and very
much reduced in the adjacent Electrical
Sections. Since the EMI caused by the
supply and return current loop is
proportional to the Field created by the
magnitude of the current in the loop and
the size of the loop then reducing either
shall reduce the level of EMI generated.
A comparison of the extent of the
electromagnetic field created by the load
and return currents for a 1 x 25kV
System and a 2 x 25kV Autotransformer
Feed Type System is shown in Figure B.
The
field
for
the
2
x
25kV
Autotransformer Feed Type System
illustrates the “ideal” condition where
the running rail current is very small,
compared to the load current, and nearly all of the return current is flowing in the Negative
Feeder. From Figure B it can be seen the extent of the EMI in the 2 x 25kV case is much
reduced and would therefore have a lesser effect on other Systems and equipment either
on-board the vehicles or at ground level.
The following Electrification Systems are using 2 x 25/30kV Autotransformer Feed Type
Power Supply System

•

•

•

The French TGV System. 2×25 kV AT (auto-transformer) system chosen for the
Atlantic TGV lines. The traction system is thereby supplied with a 2 phase 25 kV,
50 Hz input which has the effect of doubling the working voltage for the traction
system to 50 kV.
The Japanese Shinkansen System. Uses a coaxial feeding system (30KV) & AT
feeding system (2X30KV), in which auto transformer are installed at intervals of less
than 15 km. There are two different commercial frequencies for AC electricity 50Hz
and 60 Hz used by Shinkansen. Electric power is supplied to trains with a
frequency of 60 Hz throughout the line using a frequency converter for 50Hz
commercial frequency area.
The Taiwan HSR System. The 50 kV is fed into a tough line and a current return
line. 1:1 turns ratio (i.e. centre tapped) autotransformers are connected across the
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tough line and the current return line and the midpoint is connected to the rail
track. This provides a power supply of 25kV at the Catenary.

•

The South Korea HSR system: The power is stepped down to 55 kV via three
phase to two phase Scott transformers. The Catenary is fed with 27.5 kV power from
autotransformers with a turn ratio of 1:1 at parallel posts located at approximately
every 10 km.

It is also to note that the:

•

The ATC track circuit bonding and grounding must be compatible with the needs of
the traction power subsystem.

•

ATC system may be required to implement two functions;

On- board commands to the Rolling Stock equipment to isolate between section gaps as
the train traverses the gap. This can be driven by a database function where the section
gaps are identified in the on-board database Prevention of trains entering sections of the
line where the OCS has been de-energized. This shall require an interface between the OCS
energized indication and the ATC system. This could be done at the OCC level with an
interface between ATS and SCADA, or at a local level. Modified movement authorities would
be transmitted to the on-board ATC and a stop enforced.

4.4.4. Track
The details of the track layout including point
configurations, gradient, curvature, etc. must be included
in the safety-critical ATC database. There shall also be
physical interfaces between the point machines and the
switch rails themselves, between the track and ATC
transponders where the latter must be securely fixed to
the track and maintained within strict tolerances, and
cable bonds to the track for track circuit and traction
power supply continuity. In the Yards, derails and other
devices used for stop signal enforcement must also be
fixed to the rails requiring an interface definition.

4.4.5. Infrastructure
The ATC system interfaces with infrastructure for installation of equipment houses, cases,
signals, and other elements along the right of way, and to comply with clearance
requirements and access to the various ATC facilities. Basic footprint, equipment size, and
access needs have been provided to the infrastructure group. Special considerations have
been given to tunnel portals for the need to house ATC equipment in buildings and other
structures at these locations.

4.4.6. System Time
The ATC system shall derive its time standard from received GPS signals/or any other
synchronised system clock.
**********
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Chapter-5
SUMMARY AND RECOMMENDATIONS
•

This report may help in developing the HS-ATC functional and performance
procurement specification.

•

In summary the ATC system shall consist of the elements described in this report.
The ATC system must be proven in a high speed (350Kmph plus) environment with
a minimum of modification to comply with Regulations and with technical issues
such as available frequencies and bandwidth.

•

Wayside signals shall be kept to a minimum and provided only at interlockings and
in yards. ATO mode functionality shall be provided as described. ATO mode shall be
available on the main lines and on transfer tracks between Yards and the Main
Lines. ATO mode shall not be available within any yard.

•

Yard train movements shall be authorized by wayside signals which shall be
enforced.

•

The ATC system shall enforce speed limits both temporary and permanent when in
full ATC modes and in Yard and Restricted Manual Modes.

•

The Rolling Stock subsystem shall enforce the speed limit as prescribed by NHSA
regulations when the ATC on-board system is bypassed.

•

The ATC system specifications shall be written for functionality, performance, and
system assurance (Reliability, Availability, Maintainability, and Safety (RAMS)).

•

The ATC system specifications shall not specify a particular product or architecture.
**********
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Annexure I
BROKEN RAIL DETECTOR SYSTEM
1.0 Background
Rail-breaks are however a common phenomenon in all railways over the
world. This can cause very costly derailments if not detected before the
passage of a train. Small amounts of impurities trapped in the metal
structure of the rail are potential points of rail defect development. The
development of these defects is associated with metal fatigue, which is a
function of the loading applied to the rail. Many of the minute irregularities
of metal structures in the rail are a given factor of rail manufacturing and
will most probably never cause an actual rail break. These irregularities are
practically undetectable when the rail is installed and therefore the only
effective method to prevent breaks from occurring is to monitor the rail for
growth of rail defects. The most common defect is a crack that develops in
the crown of the rail, at an angle of approximately 70° relative to the
horizontal axis. It is known as a kidney defect, because of its distinctive
shape. Various methods have been developed to detect the defects and the
most commonly used is a mobile ultrasonic system, which transmits an
acoustic signal into the rail and measures the reflection of the waves from
the defect. This is a very effective method, but requires scanning of the
complete line on a regular basis and is thus very labour intensive. The risk
of breaks occurring between scans always exists with this type of detection.
Motorised vehicles, equipped with sophisticated ultrasonic and Eddy
Current measurement equipment, are therefore employed to increase the
frequency and efficiency of defect detection.
Although the design of some signalling systems (i.e. track circuits) are such
that it often detects clean rail breaks this is not a guaranteed mechanism in
the signalling configuration. With the move, in the future, to transmission
based signalling on lines in many parts of the world, this advantage will
disappear & we have to research for other rail breakage detection systems.
Here we are going to discuss one system which is under trial
2.0 Ultrasonic Broken Rail Detector system
One of the major advantages of the acoustic concepts is its non-intrusive
nature. Its introduction does not require any alteration to the existing
infrastructure such as the traction return current bonding arrangement.
2.1 Basic operation
The system consists of a transmitter units wired to transducers mounted on
the rails. These transducers introduce an ultrasonic signal into the rails at a
given point (see Figure 1). The receiver transducer receives the ultrasonic
signal present in the rail and feed the electrical receive-signal into the
receiver unit. The receive unit decodes the information contained in the
signal and validates the contents, before generating the output signals. In
order to reduce the component count and improve overall system reliability
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the same transmitter unit is employed for both rails. The transmitter output
signal is first switched to the one rail and on completion of transmission, it
is switched to the other rail.

The same information is thus transmitted into the rails from a particular
transmitter, but separated in time. Alternate transmitters (i.e. the
transmitters on the left and right of the receiver shown in figure 1) transmit
different information content into the associated rail sections. This allows
the application of algorithms in the system receiver to improve detection
integrity.
Receivers are generally situated at a distance of approximately
1.8 km from the transmitters. At the receiver, the same ultrasonic
transducer on each rail is employed to receive signal from the transmitters
on either side. The receive unit have duplicate receiver electronics for each
rail transducer and can therefore receive the signals arriving at the receiver
location, spread in time.
2.3 Components of the Ultrasonic Broken Rail Detector system
2.3.1 The ultrasonic transducer
The ultrasonic transducer is used to send and receive ultrasonic signals to
and from the rail at an optimised frequency [5]. The head of the transducer
is shaped to fit the rail profile and a suitable rail attachment method is
incorporated. The head of the transducer is a cast of marine grade
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aluminium. A piezzo-ceramic stack and a back-mass are housed inside a NiCd plated canister fixed to the head. The stack, the back-mass and the
stainless steel electrical connector is hermetically sealed into the unit. The
electrical isolation is in excess of 2.5kV. All of this result in a very robust
unit with excellent reliability in the harsh railway environment. The
operating frequency was fixed, based on the ultrasonic propagation
characteristics of the rail. This was deter-mined with extensive tests
performed on sections of rail in the laboratory and also on installed rails on
an operational line.
2.3.2 The transmitter unit The transmitter consists of a power supply,
signal generator, a power amplifier and an impedance matching circuit as

shown in the block diagram of Figure 2. The signal generator generates a
signal consisting of five pulses at the transmitter frequency. The time
spacing between the pulses are
settable to suite the application and
the available power. The signals from
the transmitters at both sides of a
receiver are at the same frequency
but coded differently.
When
operated from a solar supply, such as
on the Orex line, the signal from one
side is transmitted as a 5 pulse train,
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each pulse separated with a period of 1 second and the pulse duration of 15
ms (see Figure 3).
The transmit signal from the other side of the same receiver consists of 5
pulses with a separation of 1.5 seconds and a duration of 15 milliseconds.
2.3.3 The receiver unit The receiver consists of an impedance matching
circuit, an amplifier, decoding electronics and a power supply. A very small
signal (approximately 5 µV) is
received at the ultrasonic transducer
terminals and is send to the
preamplifier via the impedance
matching circuit. The pre-amplifier
amplifies the signal with a gain
settable between 92 and 106 dB. The
amplified signal is then send to the
detector and decoding electronics to
decode the signal and check its
validity. If three consecutive pulses
with the correct time discrimination
are received system will indicate a no broken rail. If no valid signal were
received within a given period (ten minutes for the Orex line) the system will
indicate a broken rail. The status of the four pieces of rail monitored by the
receiver will be indicated on the digital interface via opto-isolated bits. A fifth
bit indicates the presence of a train within the section. No broken rail
detection is available while a train is present in a monitored section.
System evaluation
This is the first successful development of its kind in the world and has
been installed on a trail basis on the Orex line (SA), the Coal Link heavy
haul line (SA) and the TTCI test centre in Pueblo, North America. Further
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trail installations are currently implemented on the lines of NYCT and CSX
in the USA. The technical evaluation of the system on the Spoornet lines
was completed in November 2002.

The development was supported by the UIC and formed part of the Joint
Research Project No. 2.
Following the success of the development of the
UBRD, Spoornet and IMT has entered into a joint venture with equal
shareholding operating under the name Rail Sonic. The units will be
manufactured in South Africa and further applications of the technology are
currently under consideration.
2.3.4 UIC evaluation at TTCI in Pueblo, North America
An evaluation set was installed at TTCI, the AAR test facility in Pueblo,
North America. The evaluation ran for a period of six months from October
2001 to April 2002.
Figure 7 show the test setup at TTCI in Pueblo. Due to the short distance
available the system was installed with two transmitters transmitting from
one side to the receiver at the signal house in order to simulate the normal
installation conditions. With this test the system was tested under
conditions not present in South Africa and the results was published in a
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report on the acoustic broken rail detector drawn up by TTCI for the UIC.
The test results from TTCI were very positive. The only concern was that the
system did work across temporary rail joints and is the subject of further
research.
2.3.5 Evaluation of the system in a tunnel and double line sections
The system was also installed on the coal export line (Coal Link) in a tunnel
and on a portion of double railway line. The purpose of this installation was
to evaluate the effect of concrete rail slabs used in tunnels on the
attenuation of the signal in the rails. Furthermore the amount of cross-talk
between two adjacent lines were investigated. The detail of these
installations are shown in Figure 8.

Figure 7: Acoustic rail break detector setup used at TTCI
2.3.6 Standard system configuration
The standard configuration employed in South Africa is shown in Figure 1.
The receivers detect the known signal at a distance of up to 1750 m
(Configuration used by Spoornet) and indicate via the rail status bits that
the rail is intact. As seen in figure 8, the acoustic signal is different for each
section of rail monitored, and indicated separately by the receiver. Each
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monitored rail has its own status bit indicating the status of that rail (Ok or
Broken). The fifth status bit indicates rail activity, which occurs when a
Figure 8: The acoustic rail break detector standard configuration
huge amount acoustic noise is detected at the receiver. Trains and people
working on the rail close to the receiver mainly cause this noise. By
monitoring the rail status bits in conjunction with the status bits of
neighbouring receivers an algorithm is implemented to detect component
failures in the system and thus increase the integrity of the system. For
example, if rails 3 and 4 fail at the same time, it is probably the receive
transducer on that rail leg which has failed.

********
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Annexure ‘II’
E.R.T.M.S. IMPLEMENTATION STATUS
After years of development and studies, ERTMS has rolled out successfully
on both high speed and conventional lines.
Today, over 2000km lines equipped with ETCS is in operations in Europe.
The roll-out of ETCS spreads worldwide to South Korea, Taiwan and
Australia.
A: Implementation Status in Europe

B: Implementation status in China
Section
Length

Line
Wuhan-Guangzhou
Zhengzhou-Xi'an
Shijiazhuang – Taiyuan
Beijing - Jinan - Zhengz- hou –
Wuhan
Total(Km)
Beijing - Tianjin

Total(Km)
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CTCS
Level

Status

Year

1000
458
190
2132

1
2
1
1

Contracted
Contracted
Contracted
Contracted

2010
2010
2009
2009

3780
116

1

Commercial
Operation

2008
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C: Implementation Status in INDIA
Roll-out plan (indicative)
Segment 1: (Time Period: 2012-2015)
To cover all dense Automatic Block Signalling sections of IR spread over eight
Zonal Railways covering approx. 3300 Route Kilometres in two phases, with
provision of approx. 2300 On Board equipment on EMUs, MEMUs, Locomotives
& other vehicles, running on these sections.
Phase I: approx. 1500 RKMs
Phase II: approx. 1800 RKMs
Segment 2: (Time Period: 2012-2016)
Cover entire A route of IR approx. 5024 RKMs (balance) with approx. 3400 On
board equipment on EMUs, MEMUs, Locomotives & other vehicles running on the
sections
Segment 3: (Time Period: 2013-2020)
Cover entire ‘B’ route of IR approx. 10,800 RKMs & with approx. 1100Nos.
On board equipment on EMUs, MEMUs, Locomotives & other vehicles running
on the sections

TPWS** Roll Out Plan: Route & Section Details
Route
KMs
50

Onboard
equipment
35

196

84

500
326

60
125

SER

Mumbai Central-Virar-Vadodara-Ahmedabad***
Sealdah-Howrah-Khana & Automatic
Signalling sections on Howrah/Sealdah Divisions
Howrah-Kharagpur-Tatanagar

250

250

NCR

Ghaziabad-Tundla-Kanpur

414

100

1490

535

Railway
SR
NR-NCR

Section
Chennai- Gummudipundi(comm.. operation 2007)
Delhi – Agra

Planned Phase-1 of Segment -1
WR
ER

Total

** ETCS Level 1 (SIL 4) with following reduced functionalities
a. Simplified User friendly IR DMI.
b. Shunt Signals not to be covered (shunt speed regulation to
be enforced from Onboard),
c. A broad ceiling speed limit for Turnouts,
d. Temporary Speed Restrictions not covered
***sanctioned in 2012-13
**********
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Annexure ‘III’
RAIL BREAKS THAT CAN AVOID DETECTION BY TRACK CIRCUITS
Type of Rail Break

Transverse Cracks in Rail
Head

Transverse cracks in rail
head

Caus
Develops from an
defect inside the
internal horizontal
occasionally deep
gauge corner

original internal
rail head, an
crack, or very
shelling of the

Location
At the Joint

Beyond the Joint

Develops from an internal defect in
the head of the weld

Flash butt Welding
Zone

Develops along a plane near a
normal cross-section of the profile

Thermit Welding Zone

Cracks at the periphery of the
welding

Electric arc welding
position

Transverse fatigue crack across the
resurfaced part of a rail head

Welding or
resurfacing position

Transverse cracking under

At right angles with an
electrical connection
for return current

Transverse cracks in rail
head

Above the rail web, at
rail end

Horizontal Rail head
delaminations

Manufacturing defect
Above the rail web,
away from rail end

In rail head, ±5mm of
vertical rail axis, at rail
end

Vertical rail head end
delaminations

Manufacturing defect
In rail head, ±5mm of
vertical rail axis, away
from rail end

In rail web, ±5mm of
vertical rail axis, at rail
end

Vertical Rail Web end
delaminations

Manufacturing defect
In rail web, ±5mm of
vertical rail axis, away
from rail end
Head/web interface at
rail end

Horizontal cracking at headto-web transitions

Manufacturing defect

Horizontal cracking at webto-foot transitions

Manufacturing defect
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Annexure IV
ADVANCE TRAIN ADMINISTRATION COMMUNICATION SYSTEM (ATACS):

Japan have started a committee to establish ATACS developed by JR East

Trends in International Standardization
[RAMS: IEC62278]
This is a standard that requires railway systems to maintain general and good balance in
four reliability management indicators of reliability, availability, maintainability and safety
throughout the life cycle of the systems, considering economical efficiency. It is named with
the initials of each indicator. As this standard has no specific scope of application, it is
actually applicable to any component system of railways related to safety, regardless
components on ground or on car. The life cycle of systems is categorized into 14 stages,
from concept, through risk analysis, design and implementation, manufacturing,
application and maintenance, and finally removal and disposal.
[Software for railway control and protection systems: IEC62279]
This is a standard that specifies software development tools and development rules
according to safety integrity level (SIL) of the applicable device. It specifies ADA and
PASCAL as the programming languages recommended for SIL 4, the highest safety level.
Thus, one of issues to add C the mainstream language in Japanese signalling systems to
this standard.
[Safety-related communication: IEC62280]
This incorporates two standards. One is the standard that specifies highly safe data
transmission for protection purposes over closed systems such as private transmission
systems and transmission using track circuits. The other is the standard that specifies
requirements for open transmission systems that are assumed to be accessible by
unspecified users such as ordinary service networks and radio transmission. Both specify
system safety requirements.
[EMC: IEC62236]
This is a standard for electromagnetic compatibility performance of rolling stock and
wayside equipment. That standard has been drafted in Europe based on EN standards,
considering actual status of each railway. After being amended upon Japan's appeal on
the measurement method of electromagnetic field etc., it was established as an IEC
standard. It is an important standard these days, since electronic devices are installed
near tracks. But safety requirements are not specified in this standard.
ERTMS/ETCS
ETCS (European Train Control System) is included in ERTMS (European Rail Traffic
Management System) now under development mainly by the EU. The ETCS project is very
large, with many different members taking part, such as railway operators, the railway
industry, railway institutes in Europe, and organizations from the EU and member
countries. The system is classified into three levels. Level 1, corresponding to ATS-P in
Japan, and Level 2 that enables radio transmission of train detection using track circuits
have already been put into practical use; but actual use of Level 3, a radio train control
system, is not scheduled yet, mainly due to the following reasons. 1) It has many
unnecessary functions, because it has to cover the different systems currently in use in
each country. 2) Current systems can still be used, and replacement with ETCS will require
much cost.3) It takes a long time to verify interoperability while conducting parallel use and
replacement with current systems.

as a Japanese standard in JIS (Japanese Industrial Standards), bearing in
mind international standards.
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UIC Standardization of ETCS
UEC has suggested adopting ETCS as a UIC standard. Specifically, they made a proposal of "a
strategy to shift to international train control systems for cost reduction arising from new
technology adaptation through a global strategy" at the UIC executive board in March last year.
They also said "we will adopt ERTMS/ETCS as a real international standard and promote that
as a safe and universal solution for individual usage to establish satellite-supported train
operation". That is, UIC is trying to adopt as an international standard ETCS that they are
promoting for interoperability within EU. So, JR East Vice President Ishida who was
participating as a member of the executive board of UIC, expressed a clear objection, saying,
"we stand against such standardization that could prevent free technical advance." Finally, UIC
decided to form a special workshop where members disclose all their current developments in
signalling and operation management systems and report the results and the direction of the
discussion at that workshop executive board meeting. More than 30 participants including
technical experts from UIC executive boards, UIC Deputy Chief Executive Vipin Sharma, and
UIC Infrastructure Director Gerard Dalton took part in the meeting under the chairmanship of
Mr. Ishida. Other participants were representatives of JR East, the Association of American
Railroads, Deutsche Bahn(DB) AG, FS (Italian State Railways), SBB (Swiss Federal
Railways),China Ministry of Railways, Indian Railways, Korean National Railroad and
Spoornet (now Transnet) of South Africa.
JR East made some assertions mainly on:
a.

We agree with application of privately developed technologies, but we disagree with the
view that all countries utilize ETCS. Since situations concerning railways, position and
handling of radio technology in actual administration and the GPS environment differ
greatly by country, it is impossible to focus only one solution.

b.

There would be no evidence that proves that only one technology is the key solution. It
would prevent free technical advance if we forcedly limit technologies to be studied.
There is no necessity to expand application of current ERTMS/ETCS beyond the European
continent to other continents. Since the situations concerning radio technology are different
from county to county, ERTMS/ETCS could not be a standard in other environments.

c.

d.

Standards should not bind technology, rather accepting and promoting technical
development.

After the general discussion, assertions were accepted almost as-is, and the direction was
decided as "the working groups this time gave us good understanding that each country had
developed different systems in different circumstances; so, we would continue study and
discussion at a venue for communicating to each other about the latest technologies between
participant countries." Mr. Ishida reported this conclusion to the executive board meeting.

1.0 System Configuration
1.1 Equipment Configuration

ATACS is comprised of the on-board ID management equipment, system
management equipment, ground controller, radio base station and
transmission circuit that connects the various equipment, onboard radio
station deployed on trains, on-board control equipment, display equipment
in the cab deployed at the cabs at the front and rear of a train, and
transmission equipment that connects the onboard control equipment with
the display equipment in the cab.
1.2 Wayside Equipment
1.2.1 On-board ID management Equipment
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On-board
ID
management equipment
manages ID of the onboard control equipment
of all trains that exist
within
the
ATACS
system and is used
when ground controller
breaks down and is
started up again. The
on-board
ID
management equipment
is comprised of fail-safe hardware.
1.2.2 System Management Equipment

System management equipment has such functions as setting the track kilo
meter posts between stations, setting track closure information that is input
in units of track blocks that corresponds to the legacy track circuit with the
turnout in the station compound as the main constituent, setting the route
of maintenance vehicles that have position information as do trains , setting
provisional speed limits in units of 5 km/h with track kilo meter posts
between stations and track blocks in the station compound as in the case of
track closure, control of setting parallel operation of single tracks in order to
obtain interval between train operations for carrying out required
maintenance work, changing the system mode setting upon impairment of
the system, and monitoring the status of operation of the system as a whole.
1.2.3 Ground Controller

Ground controller has such functions as tracking trains based on the
position information received from the on-board equipment, interlocking
control that safely configures the requested route, controlling the interval
between trains based on the route and train position, controlling the system
boundary that enables automatic control of ATS and ATACS based on line
open condition at the system boundary, and controlling the level railway
crossings based on the
train position and velocity.
1.2.4 Radio Equipment

The
radio
station
is
comprised of the base
radio
station
that
is
connected to the ground
controller
and
communicates with the
train and the on-board
radio
station
that
is
connected to the on-board
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control equipment and communicates with the wayside. Digital radio
operates in the 400 MHz frequency band, configures a zone through the
repetition of 4 frequencies, and has a transmission speed of 9,600 bps.
Based on the volume of information required for controlling a train and
displaying the status of a train, a single cycle (960 ms) from the wayside to
the train is divided into 16 slots with 12 slots used for controlling the train
and the remaining 4 slots used to transmit such information as the version
of the route database. Through this scheme, one radio base station is
capable of controlling a total of 12 trains on the up and down line. Since
ATACS controls trains using radio communication instead of track circuit,
radio transmission must always be stable with respect to all trains in the
system. For this reason, radio base stations are installed at intervals of
approximately 3 kilo meters to satisfy the required quality of transmission.
Moreover, an error correction code is attached to the control information or
the accuracy or otherwise of data is determined using an error detection
code towards ensuring stable transmission quality.
Security is also
enhanced through encryption. Fig. 3 shows the overview of the radio
system.
1.3 On-board Equipment
1.3.1 On-board Control Equipment
On-board
control
equipment
obtains
the
train's
own
position
and
determines and
transmits this
position
by
appending
information on
the length of
the train.
A
brake
intervention
curve
is
produced from this position information and the Limit of Movement
Authorized (LMA) that is sent from the key facility to enable travel within
this scope. In the event the speed of the train exceeds brake intervention
curve, the system automatically outputs brake control. Transmission
equipment is mounted on the train to connect the display equipment in the
engineer's cab at the front and rear of the train and the on-board control
equipment and a single train make-up is comprised of one control device.
Fig. 4 shows the configuration of the on-board equipment.
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2.0 Functions

The functions of ATACS are:
•

tracking trains,

•

controlling the train intervals,

•

setting routes in the railroad compound,

•

controlling level railway crossings,

•

setting provisional speed limits,

•

controlling parallel operation on a single track,

•

controlling system entry and departure,

•

ensuring maintenance safety,

•

Controlling train protection control.

The following sections provide an overview of each function.
2.1 Function for Tracking Trains
Ground controller continuously tracks the train's position using the position
information that
is
transmitted
from the
onboard
control
equipment
in
cycles
of
approximately
one-second.
In
tracking a train,
both the ground
controller
and
the
on-board
control
equipment have
a common route
database
and
the
ground
controller tracks
the
train
by
laying out the
position information received from the on-board equipment on the track
block. Moreover, on-board recognition of the train position in branching
sections in the railroad compound is undertaken by the ground controller
transmitting route information that corresponds to the route conditions to
the train. The on-board control equipment plots the train's position
calculated from the distance travelled on a track block that is based on the
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route information sent by the ground controller to identify the current
position. Fig. 5 shows the scheme for identifying position in ATACS.
2.2 Function for Controlling the Train Interval

2.2.1 On-board Position Detection
The initial position of a train upon turning the electric power on is obtained
by the on-board transponder reading the specific data of the wayside
transponder that is installed at the rest position of the train and collating
this to the track data held on the train. Movement of position as a result of
the train travelling is calculated by totalling the travel distance using the
tachometer generator and the position after travel is transmitted in each
cycle to the ground controller. Some degree of error is generated in the
tachometer generator due to travel and a transponder is installed as
required and specific data is read upon passing this transponder to correct
position information and reduce the error.
2.2.2 Control of the Train Intervals
The train position information
that the train itself detects is
transmitted using digital radio
to the ground controller that
controls the train. The ground
controller configures the route
required for train operation
based on the train position
information that it receives.
The equipment then searches
for conditions that would act
as impairment in the section
to the end of the route (train
travelling
ahead,
system
boundary,
radio
area
boundary, etc.). The equipment then calculates the furthermost point to
which the train may travel (stop limit) and resends this information using
digital radio to the train. The on-board equipment that receives the stop
limit from the ground controller produces a brake intervention curve from
the stop limit position to the current position of the train and the train
travels within this range. If the speed of the train exceeds the brake
intervention curve, the on-board control equipment outputs brake control to
cause the train to stop prior to the stop limit. Fig. 6 shows the overview of
train control in ATACS.
2.3 Function for Controlling the Setting of Routes in the Railroad
Compound

The function for controlling the setting of routes in the railroad compound
controls the route by dividing the rails into certain track blocks principally
based on turnouts and clarifying the relationship between the blocks and
the turnouts in order to control the route. This configuration achieves the
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fundamental
functions that are
linked with route
competition,
approach lock, route
lock, and point lock
as in the past.
2.4 Function for
Controlling
Level
Railway Crossings

The control of level
railway crossings in
ATACS
is
undertaken by the
on-board
control
equipment
that
calculates the time
to each level crossing and requests the ground controller to sound an alert
at the relevant level crossing when the time to that crossing becomes less
than the required alert time.
Moreover,
the
alert
is
discontinued when the system
recognizes that the rear of the
train has completely passed
through the level railway
crossing based on the train
position information. Fig. 7
shows the railway crossing
control
system
and
its
characteristics in ATACS.

2.5 Function for Setting Temporary Speed Restriction

When the traffic controller sets a temporary speed restriction for a certain
section, the system management equipment transmits this information via
the ground controller to the on-board control equipment. When the onboard control equipment receives the temporary speed restriction
information from the ground controller, it reflects this temporary speed
restriction in the track data and produces a brake intervention curve that
incorporates this temporary speed restriction. When the speed of the train
exceeds this brake intervention curve, brake control is output as in normal
operations and the brake control is released when the speed of the train is
reduced to less than the temporary speed restriction. Fig. 8 shows the
method temporary speed restriction control.
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2.6 Function for Controlling Parallel Operation on a Single Track

The function for controlling parallel operation on a single track is a function
for continuing operation of trains when one set of tracks in a double track
section is unusable due to maintenance work or other reasons by
designating the usable track for single track operation. In ATACS, since
control of train interval and control of level railway crossings are effected
using data, it is easy to implement single-track parallel operation without
the need to increase wayside equipment.
2.7 Function for Controlling System Entry and Departure

Entry into and departure from the ATACS section is undertaken by
installing a switching track block in the section that comprises the
boundary and automatically switching the control method when travelling
through this section. Entry into the ATACS section involves determining the
position of the train when passing the transponder that is installed prior to
entry into the ATACS section and beginning radio connectivity with the
ground controller. While travelling in the switching track block, the onboard
control
equipment
switches the method of control
from ATS to ATACS based on
receipt of a line-clear signal for
the boundary track used to
enter the system and the stop
limit in the system. In
departing from the ATACS
section, a switching track
block is installed as in the
case of entry and if the status
of the boundary track for
departing from the system turns to line-clear as the train travels in this
block, the on-board control equipment switches the method of control from
ATACS to ATS and after travelling for a certain distance, discontinues radio
transmission.
2.8 Function for Ensuring Maintenance Safety

Currently maintenance work is separate from the control system and relies
entirely on the care exercised by the workers. In ATACS, concurrence
between maintenance work and train operation is obtained for management
and control. Maintenance vehicles are also controlled as is the route of
maintenance vehicles in a railroad compound. Fig. 9 shows safety control
with respect to maintenance work.
2.9 Function for Controlling Train Protection

When a train needs to be stopped in an emergency through the use of the
emergency button at platforms, obstacle notification equipment or obstacle
detection equipment of level railway crossings, train protection control is
activated in ATACS.
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ANNEXURE V

Incidence of Broken Rails
The actual incidence of broken rails varies quite widely for different
railways. A study of 8 years’ statistics for one Australian urban railway
showed an average of 0.96 breaks per kilometre per year.
In Europe, the risk of broken rails on passenger carrying lines has been
defined as 0.1 for high-speed lines, 1.0 for moderate speed passenger lines,
and 3.0 for low-speed lines.
Figures for a section of the UK West Coast Main Line stated a historical
average of 2.96 (on what would certainly rate as at least a moderate-speed
line) with the aim of reducing the figures to between 0.55 and 0.37.
Interestingly, one recent research paper reported that analysis of rail defect
data showed the current North American industry average to be
approximately 0.1 broken rail per mile per year – equivalent to 6.3 breaks
per 100 track km per year. That would certainly keep the mandatory broken
rail detection humming!
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“नयंण के बना गत कुछ भी नहं है I”
“SPEED IS NOTHING WITHOUT CONTROL”
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