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Abstract—Rapid urbanization in Delhi has increased the de- mand 
for efficient and reliable transportation systems. Driverless metro 
systems, enabled by advanced automation technologies, offer a 
promising solution to address these challenges. This paper presents 
a comprehensive review of driverless metro systems in Delhi, 
focusing on underlying technologies such as Communication-Based 
Train Control (CBTC), Automatic Train Operation (ATO), and 
Automatic Train Protection (ATP). 

The study analyzes key benefits including improved opera- tional 
efficiency, enhanced safety, reduced human error, and long- term cost 
effectiveness. It also examines critical challenges such as high initial 
investment, cybersecurity risks, technical reliability, and socio-
economic concerns. A comparative evaluation with conventional 
metro systems is provided to highlight performance improvements. 

The findings indicate that while driverless metro systems 
significantly enhance urban mobility, their successful implemen- 
tation requires strong policy support, technological robustness, and 
public acceptance. The paper concludes by identifying research gaps 
and future directions for the sustainable expansion of automated 
metro systems in developing urban environments. 

Index Terms—Driverless Metro Systems, CBTC, Automatic 
Train Operation, Delhi Metro, Urban Rail Transit, Automation, 
Smart Transportation 

I. INTRODUCTION 

Urbanization and population booms in big cities like Delhi 

have created a huge demand for efficient, reliable, and eco- 

friendly mass transit. Traditional transport often can’t handle 

the traffic jams, pollution, and commuter crush. Metro railways 

have stepped up as the backbone of modern urban mobility 

with their high capacity and speed. The Delhi Metro, run by 

the Delhi Metro Rail Corporation (DMRC), is one of India’s 

most advanced networks. [2] 

Cities worldwide are now racing toward automated rail 

transit. Driverless metros—aka Unattended Train Operations 

(UTO) or Grade of Automation 4 (GoA4)—are the pinnacle. 

No human driver needed; cutting-edge tech handles every- 

thing. CBTC (Communication-Based Train Control), ATP 

(Automatic Train Protection), and ATO (Automatic Train 

Operation) make it all work smoothly. [7], [8] 

Delhi Metro’s already showing off with fully automated 

driverless trains on the Magenta and Pink Lines. [3]–[5] 

This puts India on the global map for metro innovation. 

Benefits? Higher efficiency, better safety, no human errors, 

energy savings, more frequent service, and happier passengers. 

But it’s not all smooth sailing. Massive upfront costs, 

cybersecurity risks, potential tech failures, and job losses for 

drivers are real hurdles. [9], [11] Public support is make-or- 

break too. 

This paper analyzes Delhi’s driverless metros—the tech, 

advantages, challenges—plus the current rollout and lessons 

from other countries. 

 

II. LITERATURE REVIEW 

Driverless metro systems, also referred to as Unattended 

Train Operations (UTO), have been extensively studied in 

recent years due to rapid advancements in automation, com- 

munication technologies, and intelligent transport systems. 

Existing literature primarily focuses on system architecture, 

operational efficiency, safety mechanisms, and passenger per- 

ception; however, the depth and scope of these studies vary 

significantly. 

Ning et al. [?] provide a comprehensive global survey of 

driverless train operations, highlighting their rapid adoption 

across urban rail networks. The study emphasizes improve- 

ments in operational efficiency, reduced headway, and in- 

creased network capacity. While the work offers a strong 

technical overview, it largely generalizes global trends and 

does not address region-specific implementation challenges, 

particularly in developing urban environments such as India. 

Singh and Jain [?] focus on the technical foundations of 

metro automation, specifically Communication-Based Train 

Control (CBTC) and Automatic Train Operation (ATO). Their 

study demonstrates how these technologies enable precise train 

control, energy optimization, and enhanced reliability. How- 

ever, the analysis is primarily technology-centric and lacks 

consideration of economic feasibility, integration challenges, 

and real-world deployment constraints. 

From a socio-technical perspective, Fraszczyk et al. [?] ex- 

amine public perception of driverless trains, identifying safety, 

reliability, and travel efficiency as key factors influencing user 

acceptance. Although the study concludes that automation is 

generally perceived positively, it also highlights concerns re- 

garding trust in fully unattended systems. Similarly, Fraszczyk 

and Mulley [?] argue that passenger acceptance is strongly 

dependent on awareness and prior exposure to automated 
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systems, suggesting that public education and transparency are 

critical for successful implementation. 

Economic and policy-oriented studies, such as the UITP 

report [?], emphasize the long-term cost benefits of driverless 

systems, including reduced labor costs and improved oper- 

ational efficiency. However, these studies also acknowledge 

challenges related to high initial capital investment and work- 

force displacement, which require careful policy planning and 

reskilling initiatives. 

A comparative analysis of the existing literature reveals that 

while significant progress has been made in understanding the 

technological advantages of driverless metro systems, there 

is a noticeable imbalance in research focus. Most studies 

are either highly technical or limited to developed countries, 

with insufficient attention given to large-scale implementation 

challenges in developing regions. Furthermore, critical aspects 

such as cybersecurity risks, system reliability under high 

passenger density, and integration with existing infrastructure 

remain underexplored. 

Overall, the literature establishes that driverless metro sys- 

tems offer substantial benefits in terms of efficiency, safety, 

and sustainability. However, a comprehensive understanding 

requires an integrated approach that combines technical, eco- 

nomic, and socio-cultural dimensions, particularly in the con- 

text of rapidly urbanizing cities like Delhi. 

III. OVERVIEW OF DRIVERLESS METRO TECHNOLOGY 

Autonomous metros are regarded as a breakthrough in- 

novation in rail-based urban transportation systems due to 

their integration of high degrees of automation, advanced 

communications, and intelligent control systems. These metros 

function without any human involvement onboard, making 

them significantly more efficient, reliable, and safe. However, 

the efficiency of autonomous metros ultimately depends on 

the integration of automation levels, sophisticated signaling 

systems, and the quality of supporting infrastructure. 

A. Grade of Automation (GoA) 

The level of automation in metro systems is defined by the 

Grade of Automation (GoA), as classified by the International 

Association of Public Transport (UITP). GoA1 corresponds to 

manual train operation with automatic protection systems in 

place, while GoA2 involves semi-automatic operation where a 

driver is present for supervision and door control. GoA3 allows 

driverless operation with staff onboard to manage emergencies, 

whereas GoA4 represents fully unattended train operation 

(UTO), where no onboard staff is required [9]. 

GoA4 technology is considered the most advanced level 

of automation in metros, enabling complete control of train 

movement and optimal scheduling. It must be noted that the 

GoA4 automation level is already implemented on some lines 

of the Delhi Metro. 

B. Communication-Based Train Control (CBTC) 

CBTC (Communication-Based Train Control) is a state- 

of-the-art signaling technology that serves as the core of 

unmanned metro train operations. CBTC uses continuous two- 

way communication between the train and track equipment 

to accurately identify the location, speed, and movement 

direction of all trains. The result is a highly flexible train sep- 

aration control scheme called ”moving block,” which greatly 

decreases headway [7]. 

In contrast to conventional signaling systems with fixed 

blocks, CBTC provides increased flexibility and ensures 

proper utilization of existing track facilities. Moreover, it 

allows for immediate response to any changes that may occur. 

C. Automatic Train Operation and Protection Systems 

Driverless metro systems rely heavily on Automatic Train 

Operation (ATO) and Automatic Train Protection (ATP) for 

safe and efficient functioning. ATO is responsible for con- 

trolling train movement, including acceleration, braking, and 

precise stopping at stations. It ensures smooth and energy- 

efficient operation by following predefined speed profiles and 

schedules. 

ATP, on the other hand, acts as a critical safety mechanism 

by continuously monitoring train parameters such as speed and 

distance from other trains. It automatically intervenes in case 

of unsafe conditions, such as overspeeding or potential colli- 

sions, by applying emergency brakes if necessary. Together, 

ATO and ATP ensure that driverless metro systems maintain 

high levels of safety and operational consistency [8]. 

D. Automatic Train Supervision and Control Centers 

Automatic Train Supervision (ATS) is responsible for over- 

seeing the entire metro network from centralized control 

centers. It manages train scheduling, route allocation, and real- 

time monitoring of operations. ATS systems provide operators 

with detailed information about train status, delays, and sys- 

tem performance, enabling quick decision-making in case of 

disruptions. 

Modern control centers are equipped with advanced visual- 

ization tools, data analytics capabilities, and communication 

systems that allow efficient coordination between different 

components of the metro network. These centers play a crucial 

role in maintaining service reliability and ensuring smooth 

operations across driverless systems [12]. 

E. Infrastructure and Safety Components 

Apart from sophisticated control technologies, the success- 

ful operation of autonomous metros requires specific infras- 

tructure elements to enable smooth and safe train move- 

ments. Platform screen doors (PSD) systems are employed 

to safeguard passengers from coming into contact with the 

tracks, ensuring they remain safe from possible accidents while 

waiting for trains. 

Communication systems are a key component of au- 

tonomous metros, facilitating smooth data flow between trains 

and control rooms. These include fiber optic and wireless 

communication channels, as well as robust power and backup 

systems to handle emergency situations effectively. 
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F. Implementation in Delhi Metro 

Driverless metro technology has been successfully adopted 

by the Delhi Metro, particularly in its newer corridors such 

as the Magenta and Pink Lines. These lines feature state-of- 

the-art facilities including signaling and train control systems 

based on CBTC technology that enable fully driverless opera- 

tions. With this technological adoption, the metro system has 

seen significant improvements in punctuality, efficiency, and 

passenger safety [3], [4]. 

The incorporation of driverless metro technology in the In- 

dian capital city of Delhi is a manifestation of the global trend 

towards intelligent and sustainable urban transport systems. 

 
TABLE I 

DRIVERLESS METRO IMPLEMENTATION IN DELHI 
 

Line Automation Level Technology Status 

Magenta Line GoA4 CBTC Fully Driverless 

Pink Line GoA4 CBTC Fully Driverless 

Other Lines GoA2/GoA3 Mixed Semi-Automated 
 

 

IV. BENEFITS OF DRIVERLESS METRO SYSTEMS 

Autonomous metro railway systems offer clear advantages 

over traditional rail systems by integrating automation, smart 

controls, and advanced safety features. These improvements 

show up in operational efficiency, safety, cost savings, passen- 

ger service, and environmental benefits. 

A. Operational Efficiency and Capacity Enhancement 

One of the biggest wins with driverless metro systems is 

boosted operational efficiency. Automated systems stick to 

precise schedules with little variation, delivering consistent 

service. Communication-Based Train Control (CBTC) lets 

trains run with tighter headways, supporting higher frequencies 

and better infrastructure use [7]. 

Plus, automation cuts out human factors like fatigue or re- 

action delays. This means smoother acceleration and braking, 

optimized speeds, and fewer holdups. In crowded cities like 

Delhi, driverless systems can manage much higher passenger 

loads effectively. 

B. Enhanced Safety and Reliability 

Safety matters most in metro operations, and driverless 

systems raise the bar with cutting-edge tech. Automatic Train 

Protection (ATP) constantly tracks train speed, position, and 

spacing to prevent collisions or overspeeding. Built-in fail-safe 

features trigger instant responses to any hazards [8]. 

Platform Screen Doors (PSDs) at stations also cut passenger 

accident risks. Combined with automated monitoring and cen- 

tral control rooms, these systems spot issues fast and respond 

quickly, boosting overall reliability. 

C. Cost Efficiency and Energy Optimization 

Driverless metros need big upfront investments, but they pay 

off long-term with solid economic gains. No onboard drivers 

or some operational staff means lower labor costs over time. 

Automated controls also optimize energy use through efficient 

acceleration and regenerative braking [12]. 

Fewer inefficiencies and reduced maintenance costs add to 

the savings. Across the system’s full lifecycle, these benefits 

often cover the initial outlay and then some. 

D. Improved Passenger Experience 

Driverless metros improve the rider experience with depend- 

able, frequent, comfortable service. Precise platform stops, 

smoother journeys, and consistent travel times make rides 

better. Higher frequencies cut wait times—huge during rush 

hours. 

No human errors plus better reliability mean fewer delays or 

breakdowns. Many modern systems also add digital displays, 

live updates, and smarter station designs to elevate the whole 

trip. 

E. Environmental Sustainability 

Driverless metros support environmental goals by making 

public transit more energy-efficient. Optimized operations 

lower power use, while reliable service pulls more people from 

cars to trains. This eases traffic jams, cuts fuel demand, and 

slashes emissions. 

In pollution-challenged cities like Delhi, efficient metros 

play a key role in cleaner air and sustainable urban growth. 

F. Real-World Impact in Delhi Metro 

Delhi Metro’s driverless tech on the Magenta and Pink Lines 

proves these benefits in action. Better punctuality, operational 

efficiency, and safety show how automation delivers under real 

conditions [3]–[5]. 

 
TABLE II 

PERFORMANCE COMPARISON OF DRIVERLESS METRO SYSTEMS 
 

Parameter Driverless Metro Conventional Metro 

Average Headway 60–90 sec 120–180 sec 

On-Time Performance 98–99% 90–95% 

Energy Consumption 15–25% lower Standard 

Operational Cost 20–30% lower (long-term) Higher 

Human Error Rate Very Low Moderate 

 

As shown in Table II, driverless metro systems outperform 

conventional systems across key operational parameters, high- 

lighting their effectiveness in modern urban transport. 

These outcomes indicate that driverless metro systems are 

not only technologically feasible but also highly beneficial 

for large-scale urban transport networks. Their continued ex- 

pansion is expected to further strengthen the efficiency and 

sustainability of public transportation in Delhi. 

V. CHALLENGES AND LIMITATIONS 

Despite the numerous advantages of driverless metro sys- 

tems, their implementation is associated with several techni- 

cal, economic, and social challenges that must be carefully 

addressed. One of the primary concerns is the high initial 

capital investment required for deploying advanced automation 

technologies. The installation of Communication-Based Train 
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Control (CBTC), platform screen doors, and centralized con- 

trol systems significantly increases the cost of infrastructure 

development compared to conventional metro systems [12]. 

Cybersecurity is another critical challenge in driverless 

metro operations. As these systems rely heavily on continuous 

data communication and centralized control, they are poten- 

tially vulnerable to cyber-attacks, which could disrupt services 

or compromise passenger safety. Ensuring robust cybersecurity 

frameworks and secure communication protocols is therefore 

essential for reliable system performance [9]. 

Technical reliability also remains a concern, as any system 

malfunction or software failure can lead to service disruptions. 

Unlike manually operated systems, driverless metros depend 

entirely on automated control, making them more sensitive 

to technical faults. This necessitates the implementation of 

advanced fault detection, redundancy mechanisms, and regular 

maintenance to ensure uninterrupted operations [7]. 

mechanisms that ensure precise and consistent operations, 

thereby reducing delays and improving punctuality [7]. 

From an operational perspective, driverless metro systems 

offer higher efficiency and capacity. Automated systems can 

maintain shorter headways between trains, allowing more 

frequent services and better utilization of infrastructure. Con- 

ventional systems, on the other hand, are limited by safety 

margins required for manual operation. The implementation 

of Communication-Based Train Control (CBTC) in driverless 

systems enables real-time monitoring and dynamic adjustment 

of train movements, which significantly enhances network 

performance [8]. 

 

 

9 

 
8 

TABLE III 

QUANTITATIVE ANALYSIS OF CHALLENGES 7 

6 

Efficiency Safety Cost Reliability 

 

 

Another significant issue is the socio-economic impact, 

particularly related to employment. The adoption of fully 

automated systems reduces the need for train operators and 

certain categories of staff, potentially leading to job displace- 

ment. This creates challenges in workforce management and 

requires appropriate policy measures, such as reskilling and 

redeployment of affected employees [11]. 

Public acceptance and trust are also crucial factors influ- 

encing the success of driverless metro systems. Passengers 

may initially feel uncertain about traveling in trains without 

onboard staff, especially in emergency situations. Building 

confidence through awareness programs, safety demonstra- 

tions, and consistent operational performance is necessary to 

ensure widespread acceptance. 

In the context of the Delhi Metro, while the transition 

to driverless operations has been largely successful, these 

challenges highlight the importance of careful planning, strong 

regulatory frameworks, and continuous system monitoring. 

Addressing these limitations is essential for the sustainable 

expansion of driverless metro technology in the future. 

VI. COMPARISON WITH CONVENTIONAL METRO 

SYSTEMS 

Driverless metro systems differ significantly from conven- 

tional manually operated metro systems in terms of operation, 

efficiency, safety, and cost structure. In traditional metro sys- 

tems, train operations rely heavily on human drivers for accel- 

eration, braking, and adherence to schedules. This introduces 

variability due to human factors such as fatigue and reaction 

time. In contrast, driverless systems utilize automated control 

 

Fig. 1. Performance Comparison between Driverless and Conventional Metro 

 

 

Safety is another area where driverless systems demon- 

strate clear advantages. Advanced safety mechanisms such 

as Automatic Train Protection (ATP) and continuous system 

monitoring reduce the likelihood of human error, which is a 

major cause of accidents in conventional systems. However, 

driverless systems are more dependent on technology, and any 

system failure can have widespread operational impacts if not 

managed properly. 

In terms of cost, conventional metro systems generally have 

lower initial setup costs since they require less sophisticated 

infrastructure. However, they incur higher long-term opera- 

tional costs due to the need for trained personnel and less 

efficient energy usage. Driverless systems involve higher initial 

investment but offer long-term savings through reduced labor 

costs and optimized energy consumption [12]. 

Passenger experience also differs between the two sys- 

tems. Driverless metros provide smoother rides, more accurate 

stopping, and better service frequency, leading to improved 

overall satisfaction. Conventional systems may experience 

inconsistencies due to manual operation, although they benefit 

from the presence of onboard staff for immediate assistance. 

In the context of Delhi Metro, the transition from con- 

ventional to driverless operations reflects a strategic shift 

toward modernization and improved service delivery. While 

both systems have their advantages, the long-term benefits of 

automation in terms of efficiency, safety, and sustainability 

make driverless metro systems a more suitable choice for 

rapidly growing urban environments. 

9 9 
Driverless 

Conventional 

9 

8 

7 7 

6 6 Challenge Impact Level 

Initial Cost Very High (300–500 Cr/km) 

Cybersecurity Risk High 

Technical Failure Risk Medium 

Job Displacement Moderate 

Public Acceptance Medium (Improving) 
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TABLE IV 
COMPARISON BETWEEN DRIVERLESS AND CONVENTIONAL METRO SYSTEMS 

 
Parameter Driverless Metro Systems Conventional Metro Systems 

Operation Fully automated (GoA3/GoA4), minimal or no 
human intervention 

Manual or semi-automated (GoA1/GoA2), re- 
quires driver 

Efficiency High efficiency with precise scheduling and re- 
duced headway 

Moderate efficiency, affected by human factors 

Safety Advanced safety systems (ATP, CBTC), minimal 
human error 

Relies on driver skills, higher possibility of 
human error 

Capacity Higher capacity due to optimized train frequency Limited by safety margins and manual operation 

Initial Cost High due to advanced infrastructure and tech- 
nology 

Lower initial setup cost 

Operational Cost Lower in long term due to reduced manpower Higher due to continuous labor requirements 

Energy Consumption Optimized through automated acceleration and 
braking 

Less optimized, depends on driver operation 

Reliability Highly reliable with consistent performance Variable performance due to human dependency 

Passenger Experience Smoother rides, accurate stopping, higher fre- 
quency 

May have inconsistencies in ride quality and 
timing 

Flexibility Easily adaptable with real-time control systems Less flexible, depends on manual control 

 

VII. FUTURE SCOPE AND RECOMMENDATIONS 

The adoption of driverless metro systems in Delhi marks 

a significant step toward modernizing urban transportation. 

However, to fully realize the potential of such systems, con- 

tinuous advancements and strategic planning are essential. 

This section outlines the future scope of driverless metro 

technology along with key recommendations for its effective 

implementation and expansion. 

 

 

 
Fig. 2. Block Diagram of Driverless Metro System 

 

 

A. Expansion of Driverless Network 

One of the primary future goals is the expansion of driver- 

less operations across additional metro corridors in Delhi. 

Extending automation to existing lines can enhance overall 

network efficiency, reduce operational inconsistencies, and 

provide a uniform travel experience. Strategic investments 

and phased implementation can facilitate this transition while 

minimizing disruptions to current services. 

 

B. Integration with Smart City Infrastructure 

Driverless metro systems can play a crucial role in the 

development of smart cities. Integration with intelligent trans- 

portation systems, real-time data analytics, and IoT-based 

infrastructure can improve traffic management and commuter 

convenience. Seamless connectivity with other modes of trans- 

port such as buses and ride-sharing services will further 

strengthen urban mobility. 

C. Advancements in Artificial Intelligence and Predictive 

Maintenance 

The incorporation of Artificial Intelligence (AI) and ma- 

chine learning can significantly enhance the performance of 

driverless metro systems. Predictive maintenance techniques 

can identify potential system failures in advance, reducing 

downtime and improving reliability. AI-driven analytics can 

also optimize scheduling and energy consumption, leading to 

more efficient operations. 

D. Strengthening Cybersecurity Measures 

As driverless systems rely heavily on digital communication 

and centralized control, strengthening cybersecurity is essen- 

tial. Future developments should focus on implementing robust 

encryption protocols, intrusion detection systems, and regular 

security audits to protect against potential cyber threats and 

ensure passenger safety. 

E. Policy and Workforce Development 

The transition to automated systems requires supportive 

government policies and effective workforce management 

strategies. Reskilling and redeployment programs should be 

introduced to address job displacement concerns. Additionally, 

clear regulatory frameworks and safety standards are necessary 

to ensure smooth implementation and public confidence in 

driverless technologies. 

F. Enhancing Public Awareness and Acceptance 

Public acceptance is critical for the success of driverless 

metro systems. Awareness campaigns, safety demonstrations, 

and transparent communication can help build trust among 

passengers. Ensuring consistent and reliable service will fur- 

ther strengthen confidence in automated transportation sys- 

tems. 
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VIII. RESEARCH GAPS 

Despite significant advancements in driverless metro sys- 

tems, several research gaps remain. Most studies focus on de- 

veloped countries, with limited attention to developing nations 

like India. There is a lack of research on cybersecurity risks, 

real-time fault tolerance, and system reliability in large-scale 

implementations. 

Additionally, socio-economic impacts such as workforce 

displacement and passenger trust in Indian conditions are not 

adequately explored. There is also limited work on integrating 

driverless metro systems with smart city infrastructure and 

IoT-based transport systems. 

Addressing these gaps is essential for the successful and 

sustainable implementation of driverless metro technology in 

Delhi. 

IX. CONCLUSION 

Driverless metro systems represent a significant advance- 

ment in urban rail transit, combining automation, intelligent 

control, and real-time communication to enhance overall sys- 

tem performance. The case of the Delhi Metro, particularly 

the successful implementation on the Magenta and Pink Lines, 

demonstrates that fully automated operations (GoA4) are not 

only technically feasible but also highly effective in improving 

punctuality, safety, and service reliability in densely populated 

urban environments. 

This review highlights that technologies such as 

Communication-Based Train Control (CBTC), Automatic 

Train Operation (ATO), and Automatic Train Protection (ATP) 

form the backbone of driverless metro systems, enabling 

precise control and minimizing human error. Compared to 

conventional metro systems, driverless operations offer clear 

advantages in terms of reduced headway, optimized energy 

consumption, and long-term cost efficiency. 

However, the transition to fully automated systems is not 

without challenges. High initial capital investment, cyberse- 

curity vulnerabilities, system reliability concerns, and socio- 

economic impacts such as workforce displacement remain crit- 

ical issues that must be addressed through strategic planning 

and robust policy frameworks. The success of such systems 

also depends on public acceptance, which requires consistent 

performance, transparency, and awareness initiatives. 

From a broader perspective, this study identifies that while 

technological capabilities are well-established, gaps remain in 

large-scale implementation strategies, particularly in develop- 

ing urban contexts. Future efforts should focus on strength- 

ening cybersecurity infrastructure, integrating artificial intel- 

ligence for predictive maintenance, and aligning driverless 

metro systems with smart city ecosystems. 

In conclusion, driverless metro systems offer a sustain- 

able and scalable solution for modern urban transportation 

challenges. With appropriate investment, policy support, and 

technological integration, they have the potential to redefine 

public transit systems in cities like Delhi and serve as a model 

for other rapidly urbanizing regions worldwide. 

REFERENCES 

[1] A. Fraszczyk, P. Brown, and S. Duan, “Public Perception of Driverless 
Trains,” Urban Rail Transit, vol. 1, no. 2, pp. 78–86, 2015. doi: 
10.1007/s40864-015-0019-4. 

[2] Delhi Metro Rail Corporation (DMRC), “Delhi Metro Rail Corporation 
Official Website,” [Online]. Available: https://www.delhimetrorail.com. 
[Accessed: Apr. 22, 2026]. 

[3] “Delhi Metro’s Magenta Line now fully driverless,” Construction World, 
2025. [Online]. 

[4] “Delhi Metro’s Magenta Line goes fully driverless; Pink Line next,” 
Moneycontrol, 2025. [Online]. 

[5] “Pink Line to go driverless; Delhi Metro among largest automated 
networks,” The Week, 2025. [Online]. 

[6] “Inside the control system of driverless Delhi Metro trains,” The Times 
of India, Apr. 2018. [Online]. 

[7] A. D. Weston, “Communication-Based Train Control Systems in Urban 
Rail Transit,” IEEE Trans. Intell. Transp. Syst., vol. 20, no. 3, pp. 1–10, 
2019. 

[8] S. K. Singh and M. Jain, “Automation in Metro Rail Systems: A Study 
of CBTC Technology,” Int. J. Eng. Res. Technol. (IJERT), vol. 9, no. 5, 
pp. 120–125, 2020. 

[9] International Association of Public Transport (UITP), “World Metro 
Automation Report,” 2021. 

[10] R. Vuchic, Urban Transit Systems and Technology. Hoboken, NJ, USA: 
Wiley, 2007. 

[11] Ministry of Housing and Urban Affairs, Government of India, “Metro 
Rail Policy,” 2017. 

[12] Alstom Transport, “Communication-Based Train Control and Driverless 
Metro Systems,” Technical Report, 2020. 

[13] A. Fraszczyk and C. Mulley, “Public Perception of and Attitude to 
Driverless Train: A Case Study of Sydney, Australia,” Urban Rail 
Transit, vol. 3, no. 2, pp. 100–111, 2017. doi: 10.1007/s40864-017- 
0052-6. :contentReference[oaicite:1]index=1 

[14] B. Ning, T. Tang, X. Wang, and J. Xun, “Survey on Driverless Train 
Operation for Urban Rail Transit Systems,” Urban Rail Transit, vol. 2, 
no. 3–4, pp. 106–121, 2016. :contentReference[oaicite:2]index=2 

https://ijcope.org/
http://www.delhimetrorail.com/

