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DEVELOPMENT OF THE CONTRIBUTION
_________________________________________________________________________

“IMPACT OF SAFETY ENHANCEMENT SYSTEMS AND DIAGNOSTIC 

TECHNOLOGIES ON HUMAN PERFORMANCE”
1.0       Introduction

1.1
Railways started in India with the first historical train journey between Bori Bunder and Thane in 1853. The railway network thereafter was  gradually introduced in many other parts of the country.  However, initially  for about 40 years the trains were run on messages or candle light signals without any signalling and interlocking arrangements.  The concept of signaling and  interlocking was first introduced on 28 crossing stations between Lahore and Ghaziabad in the country in 1892.  Colour light signaling was introduced on Indian Railways by GIP Railways in 1928 between Bombay VT and Byculla stations.  The pace of modernization  of signaling , however, picked up only after independence.  

1.2
Today, over 82% of total 6527 stations on Indian Railways are provided with some form of signalling and interlocking arrangements.  Over 67% of total interlocked stations on Indian Railways are now provided with colour light signalling.  Indian Railways have a multiple gauge network of 64,630 route kms., out of which about 17450 route kms. is electrified.  

1.3     With the rapid growth of passenger and goods traffic and its requirement for speedier and safe movement, the need for a modern railway signalling system has become  imperative.  Today  signalling arrangements are required to provide, inter alia, the following :-





i) Safety enhancement and efficient and safe train control

ii) Line capacity Enhancement

iii) Real time train running information

1.4 With the increasing role of railway signalling in train operation and  availability of modern technologies, the signalling arrangements are  poised for a quantum jump in the next 20-25 years.  Many a new device and system are being contemplated.  In this paper, an attempt has been made to present glimpses of various modern signalling arrangements which are currently being considered/provided and which are likely to be introduced in a big way in signalling installations in next 20-25 years.

2.0
Safety Enhancement by Signalling

2.1
Today,  Indian Railways (IR) have a multiple gauge network of 64630  route kms, of which 17450 route kms (27%) is electrified.  During the last 50 years, passenger traffic has increased by 350% and freight traffic has increased by 450% whereas  the route length has increased by only 18%.  This has been achieved by steady increase in productivity of assets wherein capacity enhancement measures,  signalling and telecommunication  has played an important role. 

It is a well  known fact that application of modern signalling  enhances safety by reducing human element in train operation.

Signalling systems can be of great help in preventing accident at stations, level crossings and in block sections.

The areas wherein Signalling can prevent accidents are as follows:-

i) Accident prevention at station.

ii) Accident prevention in Block Station.

iii) Accident Prevention at Level Crossing.

2.2
Analysis of accidents in the last 5 years shows that about 54 % of  accidents due to collisions,  occur at stations.  However many serious collisions have also taken place in block sections. Accidents at level crossing gates are other area of concern for Indian Railways. Signalling systems that can prevent these incidences are as below:

(i) Components of Safety Systems at Stations:

· Interlocking Systems - Panel/RouteRelay/Electronic

· Track Circuiting (D.C as well as Audio Frequency T.C.)

· Colour Light Signalling

· Cab Signalling

· Axle Counters

· Integrated Power Supply

· Data Loggers as a tool for predictive maintenance and monitoring of signaling system

· Auxiliary Warning System (Automatic Train Protection Systems)

(ii) Components of Safety Systems at Block Sections

· Conventional Block working systems
· Continuous Track Circuiting in block sections (using D.C./A.F.T.C./Axle Counters)
· Block Proving by Axle Counters (BPAC)
· Automatic Block Signalling
· Auxilliary Warning systems
· Anti Collision Device
(iii) Components of Safety Systems at L xing gates:

· Interlocking

· Telephones

· Train Actuated Warning devices

· Gate protection using AWS and ACD

Over the past few years introduction of modern signaling systems have resulted into reduction in accidents specially collisions at stations and at L.C gates 

2.3      Track Circuits:

2.3.1
Conventional Track Circuit:

Track circuit is a device which detects presence or otherwise of a train on a portion of rail track.  It consists of an insulated portion of track with rails forming a part of an electrical circuit.  The presence or otherwise of a small current in the track is detected to determine whether or not the portion of the track is occupied. It is also helps in detection of rail/weld failures.
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                Feed End

                                A typical D.C. track circuit

Track circuit or a similar track detection device  is an essential requirement for any modern signalling system.  In the earlier days, in the absence of track circuits, the occupation or clearance of a track was physically checked before permitting a train to approach.  Human error in ensuring occupation or otherwise of the track often led to accidents.

Reduction in Collisions due to Track Circuiting at Stations
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After the tragic accident at Ferozabad station  of Northern railway in 1995, a high priority has been given by Indian railways to provide track circuiting of  station yards, prioritizing it route wise.  The provision of track circuiting is being done through  regular Works Programmes  and also through a Special Railway Safety Funds created for this purpose.  A brief position of progressive induction of track circuiting in station section  is given below:-  

2.3.2
Audio Frequency Track Circuit (AFTC)

Maintenance of insulated joints  of D.C. track circuits is a tedious and labour oriented job. The failure of  insulated joints  affects the reliability of DC track circuit considerably and experience shows that it is one of the main factors in DC track circuit failures.  On advanced railway systems, joint-less track circuits are extensively  used as they need less maintenance, equipments are centralized etc.  On IR, AFTC started first as an alternative to axle counters for automatic signaling.  First AFTC was introduced on Tambaram-Beach section of Southern railway for replacing 83 1/3 Hz AC track circuits in  early nineties. Since then, 900 locations have been provided on all the railways except NER and NFR with AFTCs of various designs and makes, viz : Adtranz, Siemen’s, US&S, Alsthom etc. 

2.3.3 Axle counter:

The maintenance of track circuit poses problems in station yards where track maintenance and drainage is poor.  Besides provision of track circuit necessitates use of  insulated sleepers.  The length of conventional track circuit is also limited. To overcome these shortcomings, axle counters have been employed.  A set of axle counters placed at two ends of a portion of  track count-in and count-out respectively the number of axles of a train.  A zero resultant count indicates by inference that the portion of the track is clear.

More than 4000 nos. axle counters for track circuiting and 632 block sections for block working (last vehicle proving) are installed on Indian Railways. These are based on analog technology and reliability is limited  also their acceptability by the user is limited.  Modern systems using digital technology and telegram transmission from track device to the evaluator, based on microprocessors are now available offering high immunity to interference and consequently very high reliability.  In addition to imported version, a version developed  by M/s. CEL in collaboration with IR has also been developed.  Adoption of this new technology of digital axle counter on Indian railways have started picking up and   21 nos of systems have been installed for trials. In future it is expected that these intelligent digital axle counters will play a very important role in building up a modern and efficient railway  signalling network.

2.4       Colour Light Signals:

1.4.1 Multiple aspect  colour light signals are now provided as a standard in lieu of existing semaphore signals.  The advantages of multiple aspect colour light signalling over semaphore signals are well known.  In multiple aspect  colour light signalling  installations, each signal is pre-warned and its aspect is conveyed at  signal in rear.  This enhances safety and boosts  confidence of the driver. Colour light signalling improves night visibility of signals and improves line capacity of a section.  Besides, colour light signalling installations unlike semaphore signalling are much less prone tovandalism.  On sections where electrification is carried out, colour light signals are invariably provided.  The same is true  for new signalling with replacement and Gauge conversion.

1.4.2 Surveys amongst loco drivers have suggested that provision    of second distant signal not only improves line capacity, but gives a driver greater confidence in driving, as he is now able to get pre-warning about the signals ahead at 2 kms from  home signal.  Inter signal distances on most of the Railways (abroad) are based on SBD (Service Braking Distance). On Indian Railways, the Inter signal distance of 1 km is based on EBD (Emergency Braking Distance) leaving virtually no margin for error in train control by a driver.  By the provision of 2nd distant signal  a braking distance of  2 km is available  between YY aspect of outer  distant  signal and  R aspect of  home signal.
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2.4.3   Cab Signalling

Over the years  lot of  aids have been provided to Station Master operating  the signalling equipments for controlling train movement.  However, no significant aid has been given to  the  driver  to  operate his train under adverse visibility conditions.  Cab signalling  is an aid by which signal aspects are displayed  inside his cab indicating the speed  at which  the driver should drive his train.   Cab signalling is the perfect answer to provide adequate safety and maintain efficient  operation even under dense fog conditions as  driver  is not dependent on  visibility of track side signals.  Other safety features like auxilliary warning system and automatic train protection are  other add on features with cab signalling to further improve safety. So far, Cab signaling is proposed only in metro system of Delhi  & Kolkata.  In future, Cab signaling shall become the norm for metros and high speed lines for speeds above 150Kmph.

2.4.4 Signal Lamps:

(a) Conventional filament type lamps:

Currently in CLS system conventional filament lamps are used, they have got limited life and luminous intensity which  also decreases with age. Biggest disadvantage with them is that they can fuse without any alarm pre-maturely. Earlier parallel filament lamps were in use. Now more reliable triple pole double filament lamps are being used in big way. However, still considerable efforts is required for their maintenance, replacement and visibility adjustments.  The present life of signal lamps in use on IR is 1000 hrs., it is desirable that lamps with 10,000 hrs life, which will reduce maintenance  efforts considerably, are developed.

(b) LED based signal lamps:

Development of reliable and highly safe LED based signal lamps is in progress. LED lamps apart from  better visibility,  consume less power and have  a very high reliability and life cycle. Life of  a LED signal lamp  is about 1 lac hours as compared to 1000 hrs for a conventional filament lamp. So far about 3000 signal aspects has been provided with LED based signals. Work is in progress at about 5000 signal aspects. Development of new source for supply of LED lamps is a prime need, if we are  keen on taking full advantage of the LED lamps.

2.5       Interlocking Systems

2.5.1 The different stations on IR are equipped with different standards of interlocking i.e. MNI,STD I ,II and III. The growth in upgrading the standard of interlocking is given in diagram below:-

2.5.2
Conventional Interlocking and PI/RRI systems.

There are a large number of orthodox mechanical signalling installations on Indian Railways.  The signals and points at such installations are operated mechanically by means of wires and rods from cabins using lever frames.  These installations suffer from frequent failures and are prone to miscreant activities. Besides, multiplicity of cabins at a station causes avoidable delay in train operation.. During mid-sixties, electromechanical relay based interlocking systems with colour light signals were introduced. In modern panel/route relay installations, operation of points and signals and interlocking thereof  is achieved by electro-mechanical relays from a central locations. So far relay based interlocking system is available at 2911 stations, and is getting introduced at more stations.

2.5.3     Solid State Interlocking or Electronic Interlocking:

Lately, with the development of electronic and solid state technology, the use of such devices in signal and interlocking installations has also been adopted.   Presently, there are over 3130 stations, which are provided with panel/ route relay interlocking system.  100 stations have also been provided with electronic interlocking and another 400 or more electronic interlocking installations  will be provided in the next decade or so.  Solid State Interlocking also called electronic interlocking  is an interlocking system which employs micro processors and software for interlocking functions.  SSI has the advantage of smaller space, power, cabling and maintenance requirements besides fast software based upgradation facility and flexibility to meet the changes in the yard layouts.   SSIs provide  a high level of reliability, availability and fail safety.   The system has built-in data logging facility for effective off line failure and operation analysis.  The system also provides a highly sophisticated on line diagnostic facility.  The high speed of operator data exchange permits SSIs to be compatible with other related systems like AWS, ATC,  ETCS etc.

2.6 Date Loggers as a tool for predictive maintenance and monitoring of signaling system:  
Data Loggers have been installed at stations, IVS and Interlocked LC Gates to help signaling maintenance staff in predictive maintenance. The statistics related to clearance of signal, operation of point and operation of relays is available in the data loggers.  Over and above the cases of late clearing of signal by station staff, driver passing a turn out at excessive speed, monitoring of power supply and other things are monitored through data logger.  Though it is treated as black box to catch faulty Railway Staff but it is a event logger to record all the events taking place at a station / LC Gate/ IVS. 

2.7 Auxilliary Warning Systems (AWS):

Sikri Committee in 1978 recommended provision of AWS on all trunk route with speed level of 100 kmph and above to cover all passenger and goods trains. 

Track magnet based AWS was tried on Howrah-Mugalsarai section of Eastern Railway.  But, this system could not succeed due to large scale theft.  However, AWS of this design is currently working  satisfactorily in suburban section of Central and   Western Railways on 329 Route km, where  high frequency of train services make the theft of track magnet very difficult.  

Since the last many years, IR  had been searching for a suitable pilfer free automatic   train control system. Railway Safety Review Committee  headed by Justice H.R. Khanna,  have also  recommended the use of AWS system on IR.

Ministry of Railway had in fact decided in the past , in principle, to adopt  a radio based automatic warning system on IR.  A pilot project of   radio based automatic train  control system (similar to ETCS level II) under the technical guidance of International Union of Railways (UIC) was also sanctioned for Mathura-Palwal section. However due to high cost the project has been kept on hold for the time being. In the mean time Indian Railways is further considering other proven  AWS systems world over  for its network. It is also being planned to provide AWS system along with the continuous track circuiting with ABS work , which has been sanctioned at 2000 route kms out of which  300 Rkm is getting commissioned this year on NCR and SR.
2.8
Safety Enhancement Systems in Block Sections

2.8.1
Conventional Single/Double line instrument: 

From one station to next station, the trains are controlled through block signaling on space interval system .  In conventional system of train operations, this control is achieved through “absolute block system”.  In this system,  control is exercised by station masters such that   at a time only one train can be sent in a block section. 

2.8.2
Block proving by Axle Counter (BPAC)

At present at most of the stations on IR, verification of clearance of block section is done by station staff manually except under automatic block signalling system.  With more and more emphasis on safety & increased traffic density, manual verification of last vehicle has become increasingly difficult.  Block proving through axle counter is a system which provides automatic clearance of block section, by  using axle counter to   define and clear the block section.  The in count of axles at advanced starter signal of the sending end station and out count at Home signal of receiving end station provides a check of complete arrival of a  train and proves block clearance automatically. .  It has been experienced that provision of block proving by axle counter not only enhances  safety but  also increases line capacity. Presently,  632   block sections  on IR have been provided with BPAC and further works are in progress for about 1500 block sections more.

2.8.3 Anti-Collision Device (ACD) :

An Anti-Collision Device (ACD) has been developed indigenously by Konkan Railway Coprn.  to prevent collisions like situation, e.g.  head-on collisions, side and rear-end collisions and those caused due to infringement by derailed vehicles on adjoining tracks. This device also helps in detecting train parting, and provides audible and visual warning at level crossing gates when trains approach.

First proto-type of ACD was demonstrated by KRCL in December,1999.  After limited trials, the device was put on various tests and trials.  

ACD works on a satellite based Global Positioning System (GPS) and  Angular Deviation Count principle for identification of track lay out.  The ACD is an intelligent micro-processor based equipment. It consists of a central processing unit, a global positioning system and a digital modem for communication with other ACDs. When installed on locomotives, brake vans and at stations and level crossing gates, these ACDs network among themselves to prevent accident like conditions.  

There are two types of ACD equipments viz. mobile ACDs for locomotives and brake vans and stationary ACDs for stations and level crossing gates.  All the ACDs interact with each other and exchange information when they are within their radio zones upto 3 kms., and results of ACD interaction lead to a decision whether the loco ACD  shall apply brakes or not. If yes, then whether to stop or to reduce its speed to a pre-determined value.  While approaching a station, loco ACD gives station approach warning to the driver.  In the event of not acknowledging this warning, the speed of the train is regulated automatically. While entering the station area, if loco ACD detects a train on the main line then also the speed is regulated. In the mid section, loco ACDs remain in look  out position to detect  the presence of other trains in a radius of 3 kms.  In case, another train is approaching on the same track, the ACDs apply brakes in both the trains to bring them to a stop thereby reducing possibility of head-on collisions.  When a train is approaching a level  crossing gate, visual and audio warning is initiated by the ACD systems for the road users.

Extended field trials started on Jalandhar-Amritsar section of Northern Railway w.e.f.  15-8-02.  The trials have been completed on 19th January,2003 and the device have been found technically suitable for adoption after certain software and hardware modifications

To start with, provision of ACD on  about 1800 Kms BG section of N.F. Railway has been taken up in hand and commissioned recently. Further works of provision of ACD on additional sections shall be taken in hand after stabilization of commissioned work on NFR.

2.9
Safety Enhancement at Level Crossing Gates:

2.9.1   Safety Systems at level crossing gates:

Nearly 30% of the total accidents take place at level crossing gates.  There are 16607 manned and 20738 unmanned level crossings on Indian Railways.  Signalling provides cheap and safe solutions to contain accidents taking place at level crossings.  Safety at level crossings gets enhanced by providing measures like manning of unmanned level crossings, interlocking of level crossings and provision of telephones at manned level crossings. Interlocking of level crossings and provision of telephone at level crossings are the thrust areas for  enhancing safety at level crossings. 

Recently an  action plan has been formulated for the safety enhancement at level crossings. Important components of this action plan are :

i) Provision of interlocking

ii) Provision of telephones

iii) Provision of train actuated warning devices (TAWD)

Reduction in Accidents at L.C.Gates
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2.9.2      TAWD

Development of a reliable train actuated warning device (TAWD) for giving audio/visual warning to road users about an approaching train is under process on I.R. to reduce accidents at level crossings apart from other civil engg. measures like construction of ROB/RUB.  Field trials were carried out on a few Railways to identify suitable technologies, well proven for its reliability and fail-safe feature apart from suitability in Indian condition as well as under miscreant prone environment.  Based on these trials TAWD system of two makes viz. i) based on axle detector and  ii) open track circuit has been short listed for further extended field trials at 100 LC gates before  large scale induction on Indian Railways. 

3.0     Conclusion and Vision for future:

Provision of  modern Signaling systems and introduction of new technologies are playing a vital part in safe and speedier train operations.  With more and more Signaling works getting implemented with state of art technologies and new systems under introduction, these systems are going to provide the most vital solutions for optimal Signaling
n of railway assets besides improving efficiency in train operation with a high level of safety and passenger satisfaction within the next 20-25 years.  It is expected that all stations on Indian Railways will be provided with complete track circuiting of passenger running lines and colour light or LED signals. All important routes especially the golden quadrilateral will be equipped with AWS or its variants like ATC, ETCS etc. Besides, these routes will also be worked on automatic block Signaling system & CTC. Majority of the stations will be equipped with PI/RRI with SSI being used predominantly especially at wayside stations. Large scale use of modern Signaling systems enumerated in this paper pave the way for higher levels of safety in train operations.

Following major areas in the field of railway Signaling are likely to witness introduction of new techniques and technologies in a big way in the next 10-20 years

	S.No.
	Description 
	Existing in use Technologies
	Emerging and Future Technologies

	1.


	Interlocking 
	Lever frame,  Panel/

Route relay interlocking
	Electronic inter-locking – SSI

	2.
	Power supply
	Conventional 

arrangement
	Integrated power supply & Solar power packs

	3.
	Track circuits
	DC
	Jointless track circuit e.g. AFTC

	4.
	Axle counters
	Analog
	Digital



	5.
	Signals
	Semaphore and CLS (3 aspect)


	CLS (4 aspect)

Cab signalling

	6.


	Signal lamps
	Double and triple pole lamps
	i)High performance 3 pole lamps

ii) LED signals 

	7.
	Cables
	Copper
	i)Copper cable with multiplexer

ii) Optical Fibre Cable

	8.
	Point machines 
	Suitable for 115 mm switch opening and a rated life of 0.15 million operations
	Fit for 160 mm switch opening with external clamp lock and a rated life of one million operations

	9.
	Predictive maintenance
	Data loggers at station 
	Networking of data loggers and providing centralized NMS for maintenance of signaling system

	10.
	Block working
	Conventional single/double line

Instruments, Automatic block Signaling 
	Block proving 

by axle counters,

Automatic block  Signaling , Radio block, Moving block 

	11.
	Collision Protection
	AWS only in Mumbai suburban on EMUs
	ACD, AWS, ATC, Radio based AWS

	12.
	Level crossing gates
	Conventional inter-

Locking with conventional barriers 
	Level crossing’s interlocking with electrically operated barrier supported by solar panels and TAWD.


  Relay
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Industrial PC

GPS

Radio Modem 

Antenna

ABU

Radio modem

ACD 

Hardware

486 Industrial PC,

Data Radio

GPS 

Automatic braking Unit

Software/function

Operating system- DOS

Radio protocol- CSMA/CD

Latitude/ Longitude/speed/direction from true north

Normal braking and emergency braking








