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SUMMARY 

This paper presents a picture to Communication Based Train Control (CBTC) system suppliers for emerging 
opportunities in India in the coming decade. During the last decade Indian cities have started with the 
development of metro rail transit projects on a gigantic scale. This was a gradual process and there were 
reasons that lead to choosing the metro rail systems as a preferred mode of public transport in Indian cities. The 
paper is an attempt to discuss these reasons. Delhi Metro has been like an agent of change and it has had a 
phenomenal impact on the entire Indian infrastructure industry. The paper analyses how the decision of Delhi 
metro to choose CBTC technology in its new lines will impact other Indian cities, where metros are being 
currently planned and are about to be planned. The paper proposes a strategy for CBTC suppliers and presents 
a bigger picture for the future of CBTC technology in India. The paper refrains from going into functional and 
technical details of CBTC Technology as this has been dealt with in technical papers written in the past. 

1 INTRODUCTION 

Communication Based Train Control (CBTC) systems have been widely accepted by metro railways throughout 
the world. Today there are more than 45 cities in the world with CBTC signalling system either in operation or in 
the project stage. Surprisingly, there is one region that has remained insulated to the CBTC revolution happening 
in other parts of the world. In India, Delhi Metro, with its first line opened in the year 2002 embraced global metro 
signalling technologies for the first time. Among other factors, the reliability and safety Delhi metro provide in 
operation of its lines and its ability to get projects executed on time has made it an unprecedented success story. 
Delhi metro, with its current operational network of more than 180 km is just the tip of the iceberg for the metro 
lines that will be laid in Indian cities in the coming years. As per Unife (an Association of the European Rail 
Industry), the entire Indian railway market has massive potential and it is growing at an impressive rate of eight 
percent. The cities in India with million-plus population are striving for reliable and quick transportation modes. 

Delhi Metro has had phenomenal social and environmental impacts since its inception. But more than anything, it 
has brought confidence to planning authorities that technological change is good. Change in technology to 
provide a high quality service is an excellent proposition, if done with requisite research of its impacts and a 
holistic risk analysis. Delhi metro has now decided to bring in safety proven advanced CBTC Technology for 
meeting capacity challenges in its new lines. The acceptance of CBTC system by Delhi metro is so significant 
that it will open a new era for CBTC technology in the Indian metro signalling market. 

2 NOTATION 

CBTC     Communication based train control  

MoUD    Ministry of Urban development is an entity under Government of India and 
is responsible for Mass Transit Projects in major Indian cities. 

CATC     Continuous Automatic Train control system  

ATP     Automatic Train Protection system 

ROI     Return on investment 

CDM     Clean Development Mechanism 

PHPDT     Peak hour per direction traffic 

UNFCCC     United Nation Framework Convention on Climate Change 

DTG    Distance –to-go 

GoI    Government of India 
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3 METRO RAILWAY SYSTEMS FOR INDIAN CITIES  

3.1 Why Metro Railway System is the Answer to the Woes of Indian Cities? 

There are specific reasons why major Indian cities in the last decade have gone ahead with the development of 
Metro Rail systems and why this trend will be followed in the future. India is undergoing a process of rapid 
urbanisation. Till now most Indian cities have not planned their transport infrastructure in an integrated fashion. 
This means sudden and irregular outburst of passengers on available transportation modes and on specific 
routes. The growth of new urban cities is slow as compared to the increase in the pressure on the existing and 
established metropolitan cities. As shown in Figure 1, the number of Indian cities having more than one million 
population will increase from existing 48 to about 58 by the start of the next decade. Similarly the number of cities 
with a population of 2 Million is currently 15 - that will increase to about 20 by the year 2021. 

Now to cater to the transportation demands of these cities a system that has a large carrying capacity at low 
passenger carrying cost per kilometre is needed. For metro rail systems, large capacities can be achieved and 
the passenger carrying cost per kilometre is substantially lower when compared to road transport systems.  
Another reason is that Metro systems are superior to other modes in terms of energy efficiency of transportation. 
Private Motor vehicles lead to increased air and noise pollution resulting in global warming, climate change and 
health repercussions as well. 

 

Figure 1:  Growth in number of cities with a million and two million plus population in India 

According to a government report, by bringing the share of public transportation to 75 percent by the year 2030, 
India will be able to achieve substantial reduction in fuel demand. A report has been produced to suggest that the 
GoI should move quickly to establish a policy making metro rail systems the most appropriate mass transport 
mode in rapidly urbanising India. A committee on urban transportation set up by the Planning commission of 
India have recommended that in cities with a population of more than two million, metro services should be 
planned within two years and has suggested that metro rail-based systems should be the backbone of public 
transport. 

Moreover, the National Urban Transport Policy (NUTP) of GoI focuses on minimising the use of personal 
vehicles. City roads are infamous for a large number of fatalities due to speeding vehicles, space constraints and 
other parameters. In most Indian cities traffic volume exceeds the road capacity and the result is excessive 
congestion. To bring down the number of private vehicles the state needs to provide an alternative and an 
integrated metro rail system is that alternative. One of the major methods of achieving this is providing world 
class public transport that can be used by private vehicle owners. Figure 2 summarises the events that have lead 
to the setting up of various metro rail development organisations in India.  
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Figure 2:  Development of Metro Rail systems in Indian cities becoming inevitable 

3.2 Current Metro Signalling Scenario in India 

Figure 3 gives a brief description of different metro lines in Indian cities with details of the signalling technology 
and supplier involved. It also includes lines where Signalling systems have not been finalised or are under 
finalisation. Apart from the cities listed in Figure 4, there are other cities like Rajkot, Vadodara, Surat, Indore, 
Kanpur and Patna that are also planning for metro rail transit systems. 

Indian City Metro Line 
Signalling System 

Supplier  

Stage of overall 

Project 
Signalling Technology  

Delhi Line No. 1 ,Line No. 2 ALSTOM Operational 
CATC with Cab Signalling 

& ATP- DTG 

Delhi Line No. 3,Line No. 4 SIEMENS Operational 
CATC with Cab Signalling 

(Fixed Block) 

Delhi Line No. 5, Line No. 6 BOMBARDIER Operational 
CATC with Cab Signalling 

(Fixed Block) 

Delhi Airport Line SIEMENS Operational 
CATC with Cab Signalling 

(Fixed Block) 

Kolkata 

 

East West Line 

(1st under river bed line in 

India) 

ANSALDO STS Under development 

CATC with Cab Signalling 

(Fixed Block) 

Gurgaon 1 Lines in progress SIEMENS Under development 
CATC with Cab Signalling 

(Fixed Block) 

Bangalore East west corridor ALSTOM Under development 
CATC with Cab Signalling 

(Fixed Block) 

Bangalore North-south corridor ALSTOM Under development 
CATC with Cab Signalling 

(Fixed Block) 

Jaipur Line 1 (Stage 1- 9.25 Km) ALSTOM Under development 
CATC with Cab Signalling 

(Fixed Block) 

Chennai 
Line 1:[32.1 km] 

Line 2: [22 km] 
SIEMENS Under development 

CATC with Cab Signalling 

(Fixed Block) 

Mumbai Phase -1, Line 1 SIEMENS Under development 
CATC with Cab Signalling 

(Fixed Block) 

Mumbai 
Phase 1, Line 2  

& Line 3 
To be selected Under development - 
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Figure 3:  Operational and under construction metro lines in Indian cities  

(Facts in the above figure are as available at the time of writing of this paper) 

3.3 Different Metro Systems based on handling capacity 

Many factors need to be considered while planning for metros. Metros can be broadly classified on the basis of 
traffic capacities that they can handle. Figure 4 shows classification of metro systems based on PHPDT. 
Examples of medium metro systems under construction are those in the cities of Kolkata, Bangalore, Chennai, 
Hyderabad and Jaipur, whereas Delhi Metro is one the heavy metro system in India.  

 

Figure 4: Metro Classification Based on PHPDT (Peak hour per direction traffic) 
 

4 DELHI METRO: A CHANGE AGENT  

Delhi Metro has been an unprecedented success story both as a metro rail construction agency and as an 
operating agency. Following are a few scenarios, (out of a number of them), where Delhi metro’s positive impacts 
have been conclusively established. Delhi Metro has been a much needed change agent for the entire 
infrastructure industry and for Indian minds and will continue to be that torch bearer in the coming decade. 

4.1 Entry of Global Signal Suppliers in India 

In the last decade, Delhi Metro was the first to bring CATC equipped signalling system with ATP and ATO 
features to the Indian metro rail industry. The participating suppliers were all global signalling companies and this 
opened the gates for the latest signalling technology in India. As a new organisation, that was formed and given 
powers to implement the project, Delhi Metro gave acceptance to CATC systems having cab signalling and being 
based on DTG fundamentals. This in turn has put fresh life into international suppliers and opened a new giant 
market to them. Today Delhi Metro has signalling systems supplied by leading signalling companies running 
successfully with reliability and punctuality. Delhi metro has been advising younger metro organisations by 
preparing their detailed project reports and sharing its expertise on other complex issues. Most signalling 
systems chosen by other Indian cities have been more or less on similar lines to Delhi Metro, as it has been seen 
by planners of other metros as a robust, reliable and successful operational metro system. Delhi Metro has 
acquired a very important place in the Indian Metro Railway industry and is seen as a leader for accepting 
technological change that makes systems more efficient and provides a world class service. 

Delhi Phase 3 To be selected Under development 
CBTC (Moving Block 

Technology) 

Chennai Phase 2 To be selected Under development - 

Navi 

Mumbai 
Six Lines( 117 Km) To be selected Under development 

Planning for CBTC 

(Moving Block Technology) 

Hyderabad Phase 1(71 Km) To be selected Under development 
CBTC (Moving Block 

Technology) 

Kochi Phase 1 25.2 Km To be selected Under development - 

Ahmadabad  58 Km(Approx) To be selected Under development - 

Lucknow Phase 1 (3 Lines) -37.2 Km To be selected Under development - 

Indore 8 Planned lines To be selected Under development - 

Chandigarh 7 planned Corridors To be selected Under development - 

Ludhiana 
2 planned corridors (29 

Km) 
To be selected Under development - 

Pune 31.5 Km To be selected Under development  

Jaipur  Phase 2 (28 Km) To be selected Under development - 
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4.2 An Environment Conscious Project  

Delhi Metro Project has had far reaching impact on making an entire generation of Indians environment 
conscious. There was an urgent need in the city of Delhi to discourage the use of private vehicles. This has been 
addressed in some way by providing high capacity parking space adjacent to metro stations, which is helpful for 
the passengers and also enables and promotes a habit of using public transportation. Further making bicycles 
available at important stations also shows Delhi Metro’s commitment to changing the mindset of the public and 
making them responsible. Today all Delhi metro lines are example of how a world class metro network is 
maintained and for this it has got full support of passengers in keeping the way it is meant to be. In 2009, the 
Delhi Metro project became the first metro railway project in the world to be registered for carbon credits under 
the CDM initiative of UNFCC by the United Nations. It is estimated that more than 100,000 tonnes of carbon 
dioxide will be offset every year. Delhi Metro has been eligible to claim 400,000 carbon credits for a ten-year 
period commencing from the year 2007. Other Metro operators are expected to take benefit of this scheme of 
UNFCC, whilst at the same time fulfilling their responsibility towards environment on similar lines of Delhi Metro, 
the change agent. 

4.3 CBTC Systems in Delhi Metro for its New Lines 

Over crowding on operational lines of Delhi Metro has been rising steadily. For operational lines, one way of 
meeting the increasing capacity challenge is by increasing the number of cars in the existing trains. This is 
constrained by the platform size and availability for such additional cars, among other factors.  Considering 
these, Delhi Metro decided to introduce eight-car trains on its high density operational corridors. It started 
operations with 4 cars in its 1st phase in the year 2002, but later on had to gradually increase to 6 cars due to 
excessive increase in passenger demand.  

Another way to meet the capacity challenge is to re-signal lines with advanced CBTC signalling systems, so that 
headways can be improved. For it’s under construction 3rd phase, Delhi Metro has decided to implement moving 
block CBTC signalling system to enable improved headway capabilities. With this, CBTC signalling technology 
using moving block, which has now been adopted by several cities in the world, is ready to come to India.  

4.3.1 What makes it so special?  

From the Indian metro signalling industry context this will be the first time that the signalling industry will get 
synchronised with current global signalling practice of technologically advanced metro systems. When in 2002, 
Delhi Metro commissioned its first line, CATC signalling system (based on fixed block) was used for the first time 
in any Indian metro, but globally that had already been embraced by major metros more than a decade before. 
Technologically this was an extremely significant leap in the signalling industry that led to the entry of global 
signalling suppliers in the Indian market. 

Acceptance of the CBTC system in Delhi metro will impact all those cities in India where metro systems will be 
put into service in coming decades. These newer metro organisations should note the experience of Delhi Metro, 
how it is facing capacity challenges on some of the lines and how it plans to be better equipped in its new third 
phase lines. The challenge of CBTC implementation in Delhi Metro will become a stepping stone for other cities 
in India. Stakeholders of new lines in other Indian cities should go ahead and choose the latest technology which 
can deliver the twin goals of best headways and maximum return on investment. For leading CBTC suppliers, 
this is a gigantic business opportunity which comes with a social satisfaction of making lives simpler for millions 
and millions of citizens living in the Indian cities. 

5 CBTC: RIGHT CHOICE FOR METRO RAIL SYSTEMS IN INDIA 

CBTC systems have high levels of reliability and availability in accordance with established standards for Metros 
worldwide. CBTC delivers on these factors because of the continuous availability of real time accurate location of 
the trains, their speed and communication links with other CBTC equipped trains. Due to the moving block train 
signalling technology the headways can be made shorter than is possible in earlier systems without 
compromising on safety. 

CBTC improves the service level to an incredible level with the ability to give information about train health and 
status alarms to the centralised train control location.Trains give position reports on their own, and not on basis 
of track circuits, and are able to run on shorter headways safely. It gives headway flexibility, retains the 
continuous over speed control of the earlier systems. The CBTC systems are easier for installation and even for 
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commissioning on working railways. This is an established fact because of a number of successful re-signalling 
projects around the world. Such systems also offer the potential for lower maintenance costs resulting from 
lesser trackside equipment, elimination of secondary train detection and optimisation of control centre and 
maintenance staff.  

5.1 Operational Flexibility of CBTC Systems 

In the operating Metro’s there is a growing need being felt for greater operational flexibility. Also as operators are 
under pressure, for giving smoother services meeting defined levels of reliability and availability. CBTC has been 
a product of these expectations. The traffic management gets a whole new dimension in CBTC with it being 
much more responsive to variations. It gives flexibility to the operator in terms of the time table or schedule 
optimisation. The metro systems in most cities of the world and specifically in Asia are experiencing erratic 
passenger demands at odd times and on special events. Apart from this operators have to also consider external 
interruptions and other type of safety threat, such as terrorist activities, that put tremendous demands on 
recovery capabilities of not only signalling systems but entire metro systems as a whole. CBTC allows system 
operations to recover more rapidly in the event of service delays.  

Now from the passenger’s perspective, with CBTC they get frequent service. The tendency of passengers to 
rush to catch the trains and prolonged crowding of platforms gets reduced due to effective disbursement of 
passengers from station platforms. This further decreases the need for specific staff managing passenger flow on 
station platforms, a practice followed specifically in Asian metros. Figure 5 depicts how CBTC will eventually 
become the preferred choice for signalling technology in Indian metro railways.  

6 BIGGER PICTURE FOR CBTC SUPPLIERS 

The use of  track circuit based technology, using fixed blocks and not going in for Moving block technology in 
India,  post the 1st decade of 21st century is more an issue of “Who will take the lead” than merely an issue of 
capital expenditure of the technology. Delhi Metro started operations with CATC signalling using fixed blocks in 
the year 2002. Most of the detailed project reports for implementation of metro rail in other major metropolitan 
cities in India were prepared after this launch. In most new lines in other Indian cities similar fixed block CATC 
system was considered most plausible. This was done considering many factors such as cost benefit analysis 
and traffic projections. Other reasons were that Indian metro signalling industry was not that mature and not 
many had envisioned the catalytic effect of development of metros on capacity projections. As more and more 
Indians are moving toward urban areas, there is a need to choose operationally flexible systems with capability to 
meet such demands. It is critical for Metro planning authorities which in Indian scenario are primarily Ministry of 
Urban Development under the Government of India and State Governments to take this into consideration. On 
the part of CBTC suppliers it is essential to express to these stakeholders how this ridership demand and future 
modal shifts to the metro system can be catered for effectively by their solutions.  
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Figure 5: Factors leading to CBTC implementation in Indian Metro systems 

6.1 Maximising Return on Investment 

The Government of India has made its intentions clear regarding its seriousness for development of metro 
railways as a transport medium; it calls for innovative ways of financial funding. Metro authorities need to do 
efficient planning of how the revenue will be generated and how much return on investment there will be for an 
investment in any specific technology. Obviously if capital cost will be less it will be easier to create the right pitch 
for projects to be funded. Metro planners need to consider the bigger picture by doing a holistic analysis of all 
operating expenditures and life cycle costs. For instance, the biggest component of any new metro project is the 
civil construction cost. As the passenger throughput is maximised under CBTC, similar capacity to earlier 
systems can be achieved with platforms and trains being shorter and leaner thereby brining down the overall 
capital expenditure. 

6.2 Proposed Strategy for CBTC Suppliers in India 

With the amount of new metro lines being planned for Indian cities CBTC suppliers cannot get any less serious 
about India. Active branding of their solutions and right attention to customer specific needs is the need of the 
hour. CBTC is the future of metro signalling and this need to be clearly established among Indian metro planning 
authorities. The responsibility for this lies with CBTC suppliers. A combined effort and much needed synergy 
between all global CBTC suppliers will enable generation of consensus among stakeholders of metro projects to 
adopt the advanced CBTC signalling technology. A joint effort will usher a win-win situation for all the CBTC 
vendors as the demand for such systems in India will be immense. A very crucial parameter will be competitive 
pricing. This is where CBTC suppliers need to design customised solutions with lower costs.  

6.2.1 Customised CBTC solutions 

CBTC solution has to be customised keeping different Indian cities in perspective. The major factors that need to 
be considered are the overall budget allocated to the metro project, size of project in the city and traffic 
projections. For instance, in a single line project (e.g. under 20 kilometres), the fully automated and advanced 
CBTC system may not be required. But if an integrated project with 4 to 6 lines is being planned then considering 
overall traffic growth and the life cycle cost, CBTC systems should be justified. While giving their prospective 
solution, suppliers have a tendency to include the most innovative and proprietary solution which tends to 
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increase the cost. For instance for some metro developers, cost consideration may not justify the need for a 
driverless fully automated metro having an advanced CBTC system but a reduced functionality CBTC with 
possibility to be enhanced to full capabilities in future might prove more cost effective. CBTC suppliers need to 
recognise that every city may not essentially require their proprietary, most innovative, solutions. It is more about 
understanding the operational needs and giving cost benefits without compromising on the safety aspects.  For 
example, the system may be brought to completely advanced functionality in phases as the traffic demand rises 
if that permits lesser capital expenditure. Metro Projects are capital intensive projects and any technology which 
can establish its cost effectiveness will get a priority.  

6.2.2 Joint study for Metro signalling market in India 

A joint study is needed that show quantitatively how CBTC technology adoption will help in clearing the platforms 
at faster rates resulting in increased capacity and revenue. A comprehensive study for Indian metro’s, quantifying 
how CBTC solutions bring down the costs, may be carried out jointly by all leading suppliers and given to 
prospective stakeholders in India. A combined forum should be formed to spread more awareness for the 
technology adoption among prospective clients. Organising joint conventions and seminars dedicated to CBTC 
technology, inviting government bodies, policy makers and other stakeholders can be one step in this direction. 
Suppliers should appreciate that early movers will have a big leap in this new land of opportunity for metros 
systems.  

For this they need their research planning department taking up major cities within India. They also have to build 
local engineering teams that understand traffic patterns and transportation science, along with other local factors 
and with an understanding of how metro rail authorities plan the system. Getting attached at the planning stage 
will be essential. 

7 CONCLUSION 

For most Asian mass transit railway systems today ridership demand increase is far beyond the original 
projection of the developers. As today’s railway systems offer frequent, safe and quick transport within urban 
areas they act as a catalyst for rapid economic development in turn attracting increased populations from less 
developed areas. Apart from this, operational metro systems are optimising and trying to cope with high 
maintenance costs. CBTC is the answer to all this. Delhi Metro has acquired a unique position and on the basis 
of the expertise and experience acquired over the past decade of project delivery and operational excellence, it 
is helping other young metros in Indian cities. Acceptance of advanced CBTC technology by Delhi Metro is a 
significant milestone for the whole metro signalling industry in India. This is a unique moment to seize, equally for 
both metro rail authorities of different cities in India and the global CBTC suppliers. The cost of re-signalling to 
advanced CBTC systems will be higher and it will be much more challenging than if the CBTC technology is 
chosen in the first go today. With Delhi metro and a few other metros showing inclination towards CBTC, similar 
practice will be followed by other metros. This is high time for CBTC suppliers to watch out and become a part of 
a change that is waiting to come to the Indian metro signalling industry. 
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