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New Signaling Systems Featuring Latest Control

Technology

Yasumasa Tobita OVERVIEW: A signaling system provides a form of control information that
Ikuo Shimada _supports_safe an_d stable_ railway transpprtation. $ignaling systems include
Kenichi Ishii interlocking device (which control point machines and signals), ATP

. (automatic train protection) systems, etc. These systems require continual
Kenji Oguma improvement to meet evolving needs of the future. Hitachi, Ltd. has developed
various new signaling systems. The digital ATP system realizes high density
operation for rolling stock and provides maximum riding comfort with
continuous-curve brake control. Our proposed electronic interlocking device
series has dual verification architecture, in which an interlocking device
and electronic terminal are mounted on the same rack, to save on space and
improve maintainability. The Shinkansen ATP and interlocking system is an
integrated system which consists of interlocking devices and ATP logic
devices. The system saves space in the area where the equipment is installed
and reduces costs. The development of these new signaling systems will
contribute to the improvement of railway services in the near future.

INTRODUCTION of “total railway system that suits the 21st century,”
RAILWAY companies exist in an environment, thatrealizes safer and more stable transportation, better
includes various inter-related problems, such apassenger service, and improved managerial efficiency.
declining birth rates and aging populations, and thEig. 1 shows some signaling system products we have
increasing diversity of user demand and requirementeveloped.
for high-value-added services. Railway companies The first signaling system from Hitachi was an
require strong responses to these severe businedectronic interlocking device which entered service
conditions. in 1993. Hitachi makes the best use of its feature as a
In this market environment, Hitachi, Ltd., as amanufacturer of the total electric machine to respond
railway systems integrator, aims at the achievemend ever-changing market trends and offers various
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signal-based security systems which feature the latestrve lets the operator reduce the amount of wayside
digital and software technology. In this article, threeequipment (number of track circuits), thus the
signaling systems that contribute to higher densitgompany can choose the form of system installed to
transportation are described. An integrated digital ATBuIit either high-density operation or reduced capital
(automatic train protection) for ground or onboardnvestment, according to the form of business at the
mounting, which operates in Tohoku Shinkansesite of installation.

(between Hachinohe and Morioka) in December of The equipment of which an ATP system is
2002, the Shinkansen ATP and interlocking systentomposed has various features. A conventional ATP
and the electronic interlocking device series consistingystem is composed of a lot of analog components
of dual verification architecture which can be enhanceguch as relays, filters, and transformers, and the

to suit the scale of a station. transmission and receiving modules are independent.
In the new digital ATP, digital filters based on software
DIGITAL ATP SYSTEM and digital-signal processing technology are applied

Digital ATP system makes good use of informatiorin a single transmitter/receiver module. This realizes
and communications technology to raise traffiche simultaneous processing of eight signal channels
capacity and greatly improve riding comfort. Thisand the consolidation of logic processing for ATP.
chapter explains the developmental concept and gives This lowers the cost of the device and decreases
an overview of the system of the digital ATP systemthe space taken up by equipment at the site by 40%.

Moreover, transmitting the ATP signal and TD (train
Development Concept detection) signal together from the same transmitter

The purposes of the digital ATP development arereduces the number of external and machine-room
(1) flexible correspondence with transit-system needsables and improves the theoretical operating ratio by
(2) reduced capital investment, and (3) improveane order of magnitude.
maintenance. These technologies are also applied to onboard
(1) Flexible correspondence with transit needs devices so that the receiving and speed-controller

A conventional ATP calculates the permissiblemodules, which are independent in the conventional
speed of each blocking section and transmits it to gsystem, are integrated in a single unit.
train through a track circuit of the blocking section.(3) Improved maintenance
The train receives a series of non-continuous velocity- In a digital ATP system, diagnosis is always
control signals until it stops. The presence of the traiaxecuted on all duplicated modules other than the
limits the permissible speed on a lot of backwargbrotector module. In addition, diagnosis of the switch
blocking sections so that the conventional ATP igircuit is executed with daily switching of the active
incapable of sufficiently shortening the headway andhodule in the duplicated configuration. The operating
the driving time. states of the field equipment that includes the track

In the digital ATP, on the other hand, digital LMA circuit are continuously observed by the ATP
(limit of movement authority) information is monitoring module, which is connected to the
transmitted to the onboard device through a circuit otransmitter/receiver through the system’s LAN. Based
the track, and the onboard device controls braking withn the statistical processing of the results of condition
a continuous speed profile curve that corresponds tonitoring for the past year, the supervisory function
the performance of the individual train. This shortensf the monitor module can output an alarm prompting
headway and driving times. Moreover, control with aconfirmation and the maintenance of the equipment
continuous speed curve reduces the incidence before fatal system breakdown. This eases
unnecessary braking and makes the ride momeaintenance operations such as the prevention of the
comfortable. We can expect a synergistic effect ofystem breakdown and reduces the need for trouble
service enhancement. shooting. So, the digital ATP system achieves high
(2) Reduced capital investment maintainability while eliminating the need for constant

Recently, although the number of railway users hasaintenance. In addition, we have developed a portable
not changed greatly, not a few railway companies hawgital measuring device for use in fieldwork, i.e. track
come to need higher-density operations to eagsrcuit adjustment, etc., and this contributes to a
congestion in rush hour. The digital ATP system’performance improvement for fieldwork.
feature of brake control with a continuous speed profile
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Configuration of Digital ATP System by a signal processing software, so that the onboard
In the digital ATP system, the ATP sighalsdevice is compatible with conventional ATP systems
transmitted to the onboard device includes LMAand the device can process both signals for the new
information and supplementary speed-limit
information. The onboard device controls braking

applying a precalculated continuous curve of permitte  : Machineroom
speed, which is based on the brake performance ATP logic
the train and the railway track database. device _|J|Console|
Fig. 2 shows the configuration of the digital ATP [ ATPLAN |JGW|
system. All functions of train location detection and I
LMA calculation, which are implemented as hardware TCS
logic in a conventional ATP system, are realized a [ olAN
software for the ATP login device and transmitter; 7 : =
. . Non-insulated track circuit
receiver devices. | TIRIT/IR [ configuration
TD and ATP messages are transmitted t«
transmitter/receiver devices composed of DSPs (digiti |i...|Machine jjMachine |
. LY room MT [[room MT
signal processors) over the ATP-LAN, transmissior Approsch
control system, and 10 (input and output)-LAN. The
transmitter/receiver device applies MSK (minimum

shift keying) to modulate the digital signal, and this is
transmitted to the track circuit. The transmitted signa
is received by the other transmitters/receivers an
demodulated by the DSP module of the receiver devic
Thus, the application of DSP in TD/ATP signal - ATPsignd  — TD signl

Insulated track circuit
configuration

processing enables a great reduction in the size  Tcs: transmission control system BPF: band-pass filter
. . . . GW: gats T/R: t itter/recei
transmitter/receiver units for digital ATP SyStems. g power anmplifier T et essist

Fig. 3 shows configuration of the onboard device
The_: receiver module Qf the onboard device of the newy. >__configuration of Digital ATP System.
digital ATP also applies a DSP to process the ATRhe digital ATP system consists of an ATP logic device, ATC-
signal. All signal-processing functions such as filteringLAN, 10-LAN and transmitter/receivers. Insulated/non-
detection of phase, and demodulation are processidulated track circuits are available.

Brake control | | 1st system _ . ATP
el FS?utput Collating [e=— 1 2ol ATP dgnd Receiver ¢ signal
¢ module [| module :-Tl DB ROM I Analog ATP signal module |
Velocity
2nd system - Onboard DB| pjgjtal ATP signal - signal
- FS output || Collating [«— —DB ROM | [ - eceiver (¢
Brake control ||| module || module :-Tl Analog ATP signal | module
output L=
..... jtal ATP onboard device- -
Train information | .| Inspection and Reception and
control device recording unit control unit

Transponder signal
processing unit

Common unit

Fig. 3—Configuration of Digital
ATP Onboard Device.

Referring to the profile data on DB,
the onboard device can adequately
control the speed of the train for its
braking performance.

Brake command

FS: failsafe Pick-up  Tachometer Pick-up
DB: database coil generator antenna
ROM: read only memory
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digital system and those for the conventional systen

The permitted speed profile is calculated on the fDigital ATP system Electronic interlocking )
basis of railway track data and the braking performanc | — device
of the train. The profile is installed in the database © QEE: unit }25?2'3%'&'”9 s
the onboard device. The onboard device refers to tt mgl?;‘ement
profile data and thus executes speed control that su Eectonic ¥
the train’s braking performance. The databas controller |
conflguranop enables the automatic §W|tch|ng o' | R Signal point
system function in response to changes in track layo \ 1 2 & machine )
and the control system. Unit integration reduces number of hardware modules.
Integrated Signaling System: Digital ATP and " [ntegrated unit Traffic management |

ATPinterlocking logic [~ system

Electronic Interlocking T
In the system-updated sections of Tohoku an | e LAN %3‘;2;{92’2%%5?8%0'

Joetsu Shinkansens, the digital ATP and interlockin ﬁ"'lo-LAN E(I%mrc <.~ and point machine.

functions are integrated in one system, eliminating an

most of the relay devices. The integrated system T/RHT/R

called Shinkansen ATP and interlocking system. Th  \_

ATP and interlocking functions are both implementec

a_s software |Og|C._The sys_tem has funCtlonahty for thEig. 4—Integration of ATP Logic Unit and Interlocking Unit.

direct control of field equipment such as signals anghpiementation of both logic, ATP, and interlocking into one

point machines, and this leads to higher reliability fotnit achieves high reliability in the system and space saving.

the system and reduces space requirements for

equipment installation (see Fig. 4).

Signal point
machine

J/

Application Cases Functions and Features

The digital ATP system is applicable to the Hitachi’s electronic interlocking device series has
Shinkansen, commuter lines, and subways. Tha&dual verification architecture that satisfies the above
Hachinohe extension of Tohoku Shinkansen enteretkeeds.
service in December 2002. The main lines of Tohoku The software is modeled on the time-tested
and Joetsu Shinkansen services are to be progressivigiierlocking-table-type logic of the conventional triple-
upgraded to the digital ATP system in future. Currentlysystem electronic interlocking device. The interlocking
Keihin Tohoku and Negishi Lines have been up gradddgic and control data of each station are separated so
to digital ATP lines as of December 2003. Yamanotghat it is possible to shorten the time for producing an

Line is scheduled for upgrade in 2005. electronic interlocking device and replacing the
interlocking logic.

ELECTRONIC INTERLOCKING DEVICE Reliability of the hardware is based on a fail-safe

Need for Electronic Interlocking Devices MPU (miro processing unit) architecture in which the

An electronic interlocking device of a triple systemresults of each calculation by the two MPUs is
composition is a high-performance device equippedontinuously verified by a purpose-built bus-data
with a security system application of maintenanceomparator.
work administrative function. There is much demand When the comparator detects a collation error or
for such a system. However, there is also a need forsalf-check diagnostic error, the comparator stops all
dual dedicated electronic interlocking device. Fail-safeutput of the system to keep the overall system safe.
CPU (central processing unit) architecture is required
to secure safety and reliability. This is so in the cas@roduct Line
of electronic interlocking device. Miniaturization is  The series currently consists of two electronic
also required because the machine room of mangterlocking devices: One is for a small-to-medium
private railway companies where the device will bescale applications and the other is for large-scale
set up are narrow subway lines. Therefore, a simphepplications (see Fig. 5). The former is a simple
hardware configuration is required for miniaturizationelectronic interlocking device in which the logic
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Fig. 5—Hitachi’'s Electronic Interlocking Device Series.
A product with an appropriate connection, direct serial link, or
S-LAN can be selected according to the scale of the station.

module communicates directly with the electronic

controllers through a serial link. On the other hand,
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modules and controllers enables the placement of
controllers over a wide area. The control logic of the
electronic controllers is independent of that of the logic
modules, making the controllers highly responsive.

With this products lineup, the electronic
interlocking device series offers the devices that best
fit the scales of stations.

CONCLUSIONS

The latest signaling systems from Hitachi has been
described, with the focus on a new digital ATP system
for Tohoku Shinkansen.

Hitachi will continue to offer systems in which
advanced technology is applied in response to various
market trends that change over time, and will strongly
promote the development of railway systems as a Best
Solutions Partner offering total signaling systems for
railway companies.
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