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Abstract

The pressure on the Indian railway (IR) networks has increased due to higher
demand for mobility and growth in India’s population over past several
decades. In order to meet the higher demand, IR has put priority in capacity
building by increasing number of coaches per train, running more trains
and building more tracks. Building more tracks or increasing the number
of coaches or increasing the number of trains have potential to solve the
problem with high infrastructure cost. Unfortunately it also come with added
vulnerability in safety in running the system. IR with its investment of over
5,00,000 Cr is presently struggling to make its Operating ratio (expenditure
/ earning) below 100 %. During the last 166 years of its operation many
technological input has been made on its Infrastructure, Locomotives and
Rolling stock but its Train Control practices have remained Conventional –
locally controlled and experience based. The developments in the area of
signal processing, communication systems and artificial intelligence (AI) etc.
has great potential for applications in Indian Railway right from ticketing
to movement of trains, maintenance etc. The potential of AI has been felt in
different applications like predicting delays, preventive maintenance of tracks
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and rolling stocks, forecasting algorithm for railway system. The use of AI in
operation of IR will improve the performance by using clever algorithms with
efficient software and hardware. This in turn will provide lower latency with
information sharing and use of AI in rail operation will surely improve the
efficiency in train operation. This paper highlights the potential contributions
of AI in improving the operation of India’s railway system and how the
application of recent technological advancement in Information Science and
Artificial Intelligence can bring a change in the train operation scenario at
a railway station and Control Centre and add to the profitability of Indian
Railways.

Keywords: Indian railway, signalling, artificial intelligence, signal
maintenance.

1 Introduction

The Indian Railway (IR) system is a government-owned entity [1]. It has a
route length of 1,15,000 kilometres. It is the fourth largest railway network
in the world by size [1]. It runs around 11,000 trains everyday having 7,000
passenger trains and ferries 23 million passengers per day and transports 3
MT freight. Train operation on 7312 stations of Indian Railways is controlled
from 66 control centers located all over its network. A revenue close to
INR 2 trillion was generated by ferrying 8.26 billion passengers and 1.16
billion of freight in the fiscal year 2017–2018 [2]. Almost two third of the
revenue was generated through freight movement. It employed more than
1.3 million people in 2017 with added benefits to the users [2]. IR system
requires constant maintenance and repair cheaply to deliver greater value as
the demand efficient transport grows year on-year.

The signalling system is vital for safe and efficient train operations. One
of the major reasons for train accidents causing loss of lives are signal failure
resulting in delays in running of trains and damages to infrastructures. The
health of signalling system with real time information is very important
for safe and timely running of trains. Remote monitoring of signalling is
operational in many countries aiming to reduce the possibilities of signal
failure. Currently, IR follows a manual maintenance system by using adopt
find-and-fix methods [3–6]. But with modernization this will not be used.
Modernization of the signalling system will involve remote monitoring of
signals and use of Artificial Intelligence (AI). In this scheme the failure of the
signals will be predicted by remote monitoring and effective use of artificial
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intelligence (AI). There has been extensive studies with regard to scheduling
of trains and minimizing fatalities all over world [7–12].

A key reason to introduce AI is to effectively follow a predict-and-prevent
approach. In the proposed system, the visual, navigational and spatial data
will be collected at predetermined intervals and sent to a central station for
taking appropriate action. In real time, the signalling faults would be detected
and then appropriate measures would be initiated to avoid any possible
mishaps and delays. The system envisages data transfer through a wireless
medium (3G, 4G, 5G and high-speed mobile). The received data would be
utilized with AI for prediction and taking corrective measures by utilizing
big data analytics. The system using AI would be implemented on trial basis
in two sections namely Western Railway (Ahmedabad-Vadodara Sector) and
South Western Railway (Bengaluru-Mysuru Section). Prediction of signalling
failures, automated self-correction and decisions on intervention strategies is
expected in the trial run. The feedback from successful trial implementation
will allow IR to implement the AI based system in other Sections of IR. In
next few paragraphs, we will discuss about system being used in IR and then
give our suggestion for the signal monitoring using AI.

2 Control Centre

Indian Railways has 18 zones and 73 divisions [13]. Every division has a
Control Centre in its head quarter. The movement of all trains in a particular
zone is monitored and appropriate actions are taken for safe running of
trains in control center. The control room coordinates with operating control
and employees of the respective departments such as engineering control,
mechanical control etc. At the Signaling Control Centre, the arrival/departure
information of trains from station masters of his section are plotted on the
section Train Chart and the movement of trains are monitored. In recent years
Train Charting is getting automated by using Data Loggers. The Controller
takes into account, the train actual arrival status, arrival/departure schedules
as given in the published time table and any priority order for the train
movement. Based on his own experience the Controller gives instruction to
Station Master for movement of the train at his station. Thus the entire process
of scheduling the movement of trains is completely human experience based
conventional. The Controller at the conventional Control Centre of IR has
no modern technological aid/support system in his train operation decision
making. He also has no radio communication with drivers running the train
on his section except on some important trains.



160 C. Prasad and S. S. Jamuar

Figure 1 View of Ghaziabad Railway station of Indian Railways.

3 Station Operation

Train Operation on Indian Railways are conventional. A bird’s eye view of the
Ghaziabad railway station in Northern Railway, which is on the Kanpur-Delhi
section of Howrah-Delhi main line, Howrah-Gaya-Delhi line and New Delhi-
Moradabad-Lucknow line is shown in Figure 1. There are 6 Platforms and
the station handles 241 Halting Trains, 2 Originating Trains and 2 terminal
Trains. Local Electric trains also run regularly from Ghaziabad for stations
like Old Delhi station, Hazrat Nizamuddin station and Anand Vihar. Local
trains, which run on a regular interval, are EMUs, MEMUs, and Passengers
Local trains. They start in early morning hours and run till midnight.

Train operation at each station is in stand-alone mode with exchange of
block working with neighbouring stations situated 8–10 km apart. Station
Master controls the train operation within his station limits i.e. Home Signal
to Advance Starter Signal in each direction based on specific instructions
from Control Centre.

To control train operation by station masters, signalling panel (Figure 2)
station panel/VDU key Board (Figure 3) are provided. It enables him to set
the route and give Signal for reception/ dispatch of the trains, the line to which
the train is to be received or dispatched, priority of train at junction station,
stoppage timing at the station, waiting time etc. This is all experience based
and manual, which is likely to have errors.

4 Station Master

There are Station Master at each station and he directs and control the
movement of trains passing by his station. The Station Master (SM) is respon-
sible for arranging reception and dispatch of all trains and other shunting
movements in accordance with the latest issue of G&SR’s, Block Working
Manual and Operating Manual. The shunting, which takes place in between
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Figure 2 Signaling Panel at IR station.

 
Figure 3 VDU and Key Board based Station Control at station.

the arrival/departure of trains or during slack period as frequently as possible
to the maximum extent, is also controlled by SM. Besides these operations,
SM is also responsible for testing the interlocking gears of the station to
ensure safe operation of trains and to avoid any conflicting movements.
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Section Controllers looks after the movement of trains in his sections
and directs SM to take appropriate action, SM attends Section controller
command promptly and furnishes the Section controller with the arrival and
departure of trains at his station well in time. The command from Section
controller has to be adhered to strictly. Any noncompliance would be treated
as dispute provided they do not contravene any G&SR’s, SWR’s or otherwise
leads to any kind of unsafe working.

SM will promptly attend all accidents and assist in relief measures and
enquiry. He shall ensure that all failures are brought to the notice of the S&T
maintainer immediately and entries made promptly in Signal failure register.
He must also see that proper Disconnection/Reconnection memo is issued
without loss of time.

We observe from above description that SM is under stress all the time
and there is a possibility of error in attending to above function resulting in
accidents and loss of lives

5 Loco Pilot

The Loco Pilot is responsible for reception and dispatch of his train and
maintaining punctuality in accordance with the rules and regulations in
vogue. He identifies and recognizes each signal, and interprets that signal
aspects. He recollect the action to be taken for a particular signal and safely
controls his train. He monitors inside and outside the cab surroundings as
shown in Figure 4. The loco pilot perceives, interpret, anticipate and act

Figure 4 Inside view of cab of loco pilot.
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according to the situation taking into account weather conditions, maximum
permitted speed on the section and any obstacle on the track. The moment
the train leaves the station and enters the block section, he is practically alone
in the cab. He is cut off from Control Centre except for the GSMR radio
communication system over 2500 kms stretch. It is observed that the tasks
of Loco Pilot are multiple and complex with little support system provided
in cab.

6 Maintenance of Signalling on Indian Railways

The maintenance of Signalling systems is carried out presently as per time
schedule laid down in Indian Railways signal Engineering Manual. Over
4000 stations Data loggers have been provided to record the status of Sig-
nalling systems and send it to Control Centre/Test Room. Where as in all
developed countries, Remote Condition Monitoring and Condition Based
Maintenance using artificial intelligence are being used.

7 New Technological Development on Indian Railways

Although Indian Railway have got new technology installed to modernize its
infrastructures, but it is limited to a few sections. The trial is going on these
installations and if successful, these modernization will be installed all over
country. Some of the installations are described now

7.1 Centralized Traffic Control

Centralized Traffic Control (CTC) has been recently installed in Tundla sec-
tion using GSMR Train Radio Communication system. It has been installed
over 2500 Kms of Indian Railways where voice communication between
Controller/Station Master and Driver has been provide. A view of the CTC
is shown in Figure 5. It has visual several displays with computer control to
monitor the real life movements of trains. The operator looks at the real time
movement of a train on monitor and control its future course of actions.

7.2 Train Management system (TMS)

Train Management System has been introduced at Mumbai Control Centre
for Suburban services. It is very similar to CTC control and manages the
movement of suburban trains in Mumbai. TMS is already being used in
control of Metro trains. The control room is shown in Figure 6.
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Figure 5 CTC Control Centre at Tundla.

Figure 6 Train Management System at Mumbai.

7.3 ETCS Level 2 System

In ETCS Level 2 system there will be visual display of train movement at
Control stations as well as at Sectional control stations on a Video Display
Board. This is illustrated in Figure 7. In this system, the Sectional Controller
will also be able to control the reception & dispatch of trains at way stations.
Indian railway has initiated the process for installation of ETCS Level 2 sys-
tems on 635 Kms route on Vizianagaram – Palasa, Yerraguntla – Reniguntla,
Jhansi – Bina, Nagpur – Badnera sections.

8 Application of Data Analysis and AI

In order to monitor the status of Track occupancy, the data on occupancy
of tracks are either collected manually or by using data logger at stations
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Figure 7 Future Control Centre after introduction of ETCS level 2.

on Indian Railways by point machine operation, signal aspects etc. The
status report is sent to Station and Control Centre using digital transmis-
sion and Networking. AI can be used in efficient running of trains without
failure [14, 15].

In future Artificial intelligence (AI) and machine learning Systems will be
the buzz word in the train operation. It’s going to be used widely in operation
and control of train movements.

While the train is in movement, the train knows its location and the
track by identifying known infrastructures and remembering it by using
ML and AI. Visual referencing plays an important role in identifying the
known infrastructures. It checks and anticipates any registered infrastructure.
The obstructions or trespassing around tracks are monitored visually and
appropriate actions are initiated by AI to prevent any mishap, thus relieving
drivers looking for abnormalities in train movements.

The rail environment and road environments are different. The distance
sensors must be advanced for long distance estimation. New and advanced
algorithms are required to support rail operations. The information are col-
lected from GPS, inertial navigation, odometers, radars, LIDARs, cameras,
and ultrasound sensors. AI brings operations, IoT and imaging together
to complete the picture. The sensor data is integrated to create a digital
virtualization of the operating environment for deeper processing. AI is used
to monitor the total environment.

Figure 8 shows a futuristic locomotives with all the accessories for AI and
machine learning.

Artificial intelligence (AI) and machine learning (ML) require deep learn-
ing. This involves detection of multiple sensors applicable to rail as illustrated
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Figure 8 Future locomotive with all accessories.

in Figure 7. The deep learning process also require localization, awareness,
dynamics and monitoring along with sensor data. The use of AI and ML in
complex systems does not require to work on pre-set rules. The decisions
are based on real time autonomous identification of objects and hazards.
This involves visual, spatial and navigation data integration accurately with
reference to known infrastructure for localization. In a multiple track location,
GPS data may not be sufficient in localization, Image processing allows
multiple track segmentation. Thus it can be used to generate route reference
record making on board decision making possible.

Neural networks allows continual learning of differences of signal colour,
signal types and sign recognition for train awareness. The system must be
aware of detected data using ML and methodology to interpret these data.
The dynamics involves managing and checking actual operations against
allowed operations. It is necessary to monitor the train running parameters
by checking the reports.

The track detection is usually carried out by identifying the track with the
camera mounted in the center line of travel on engine in multi-track locations.
It is built off the existing body of work on autonomous cars. This will help
in improving the GPS accuracy by localizing efficiently because we know
where we are on the track.

Geographical information are obtained from pre-recorded geographic
information obtained from GPS points located at some fixed distance, level
crossings and aspect locations. This is helped by GPS data streaming, video
streaming and display information on particular object of interest as we
approach that object.

OEMs of Rail Technologies in countries abroad have developed advanced
sensors based remote monitoring, data analysis and prediction using latest
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development in Information Sciences and Artificial Intelligence in Rail
sectors. Some examples are Thales (ThalesMan), Siemens (On Track),
Bombardier (Orbita), IBM (Smarter Railroad), Via Telemetry (µWEAVE),
Balfour Beatty (AssetView), Lloyd’s Register (GOTCHA), CDS Rail (Asset
Watch), Strukton Rail (POSS Online Monitoring), Indra (DaVinci System),
Alstom (Iconis), Invensys (Avantis) [16].

Modern sensor based data monitoring, Data Analysis and application of
AI for Signalling, Track, OHE and rolling stock systems will enable us to
predict the system deterioration in advance and introduction of predictive
maintenance. The application of modern sensor based data monitoring, data
analysis and application of AI will greatly improve punctuality of train
services, sectional capacity and reduce equipment failures. With these appli-
cation the shape of future Train Control and infrastructure maintenance will
take a new shape as visualized in Figure 9.

9 Present and Future Scenario

The delays in running of trains have been one of the measure cause of poor
efficiency of train operations. In normal times, the delay take away a lot of
scheduled time when the train is detained even for a short time, because
making up the lost time during the remainder of the journey is a tricky
business. It’s not that a train can just run faster to make up for lost time,
because in a network a train hardly ever has such leeway built into its pre-set
path. Any train that gets delayed inordinately due to whatever reason during
the journey theoretically eats into the “path” – or time slot allotted on the
track – of another train. It then becomes a matter of which train to priorities.

The delay could be reduced by systematically eliminating the cause of
delays. The delays could be attributed to followings unforeseen situations:

Failure of assets like the signaling system and overhead power equipment
and the breakdowns could related to rolling stock, tracks, etc., could make a
train loose time along the way.

The external unforeseen problems could occur due to running over cattle
and human beings, agitations on the tracks, and the like.

Network capacity is a major constraints, which .means that there are more
trains in the network that it can handle in a given time bracket.

IR has started monitoring the running of trains at the Division level. If
the punctuality is maintained in every division, then overall punctuality will
certainly increase in practice. IR has taken steps to improve the delay due to
due to failure of its assets by adopting to regular maintenance of tracks during
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Figure 9 Block diagram (a) Intelligent Traffic Management System (b) Train control and
infrastructure maintenance.
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the lean period (for example during Covid 19, fewer trains are running and
critical sections have been improved). This allowed trains to run at constant
speed and minimize the slowing down due to signaling failure and overhead
power equipment. Better and modern signaling is also making an impact.

Usually in railway operations, a train running on time, maintaining its
schedule on its given path, is not disturbed to make space for a train that has
suffered irredeemable delays along the way and is now hopelessly “out of
path”, so to speak. Freight trains, whose runs are not exactly time-sensitive,
are usually held up to make way for passenger trains.

The operation of railway is constantly a dynamic scenario in which
railway operations professionals take calls all the time.

Figure 10 shows a system block schematic for future railway system
that will take care of following support systems based on AI mythologies
proposed earlier:

a. On line analytical tool to support system operations and management,
b. Traction power analytic tools and

Figure 10 A systematic framework for future Railway system [17].
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c. Decision support tool system during design phase, construction phase
and operation phase.

This will take into account the operational efficiency to satisfy the
passenger comforts.

The online analytical tool will take care of rolling stock modelling, Driver
Advisory System, fault prediction and emergency timetable rescheduling.
Each computation module requires a huge amount of input data and gen-
erates many raw outputs, a common data format would be required for
cross-platform applications.

A user-friendly traction power analytic tool would monitor the input data
from traction power supply system (TPSS) and would ensure a steady and
high efficient operation of the supply system. It would be required to develop
advanced database management technique to support the smooth running.

The decision support tool system would run through the design phase,
construction phase and operation phase. In previous analysis, AI related
techniques might show improved performance on the operation phase. AI-
aided analysis such as soil-structure interaction and terrain layout can reshape
the customary procedures, in particular with the further maturity of 5G
communication and big data technologies.

It is projected that AI will continue to play a crucial role in supporting
decision and analysis for new locomotives and TPSS. .The design of intel-
ligent railway is required to be coincided with the development of railway
stations and other transportation means to improve the efficiency of energy
consumption, on-board security and labor saving.

10 Conclusion

Indian Railways having 68000 route kms rail network carried 3.65 billion
originating non suburban passengers during 2018–19. There almost 88.5
million waitlisted passengers could not be accommodated. To resolve this
problem Indian Railways have identified and floated tender for 100 origin
destination pairs of additional trains by the private operators. These private
trains have been grouped into 12 (twelve) clusters, located all over Indian
Railways. Prespecified penalties shall be recovered from the Concessionaire
for failure to meet the prescribed performance standards and outcomes eg.
Penalties shall be recovered from the Private Operator if his train punctuality
falls below 95%.



Optimising Indian Railways Infrastructure by AI 171

During the financial year 2017–2018, the punctuality of mail and express
trains on Indian Railways was only 71. 39%. The main reasons for delays
were Signal failures, track and loco failures, non-availability of reception
lines at stations, shortage of rake maintenance facilities viz washing lines etc.

The above requirements necessitates, modernisation of Indian Railways
existing manually controlled Control Centres into an Intelligent Traffic Con-
trol Centres by adopting train running data analysis & prediction using IOT
and Artificial Intelligence and advisory to Traffic Controller and automatic
train control for on-board systems as explained in this paper.

Artificial Intelligence is already a reality for several applications. It has
proven its value by doing high complex tasks that humans could never comply
or doing simple tasks very efficiently. Programming and teaching an AI can
be a lot cheaper and faster than classical logical programming. AI should
never be allowed to have full authority in critical functions because it’s likely
to fail as well. An alternate algorithm must be provided in the critical function
operation. Use of AI in Indian Railway is likely to reduce infrastructures
because with a train location and performance are being easily managed
on board. This in turn will not distract the driver’s attention. Continuous
machine learning will be operational in real time. The master data sequence
will be updated in real time for track reference due to improvement in
locomotive’s computer system. The data on hazards & changes in real-time
from all locomotives operating on a route can be easily shared with other
rail users, which is completely absent in present scenario. The infrastructure
systems and train control can be separated safely by use of AI. This results
in ultimate interoperability that a locomotive is able to independently operate
over any line. Finally with a never distracted drivers’ assistant and technology
based operation of autonomous trains in future is going to have improved
safety.
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