
Journal of Intelligent Connec�vity and Emerging Technologies 
VOLUME 9 ISSUE 1 

[13] 

Using Big Data and the Internet of Things to Optimize 
Public Transport Efficiency Across Major Cities in 

India 
Sunita Rajbhandari 

Department of Data Science, Tribhuvan University 
sunita.rajbhandari@tu.edu.np 

Rajesh Sharma 
Department of Transportation Engineering, Kathmandu University 

rajesh.sharma@ku.edu.np 
 
 
 
Keywords:  

• Public transporta�on 
• Big data 
• Internet of Things (IoT) 
• Op�miza�on, India 
• Smart ci�es 

 
 
 
 
Excellence in Peer-Reviewed 
Publishing: 
 QuestSquare 

Abstract  
Public transportation systems play a vital role in emerging economies like India, 
providing mobility and access to jobs, education, and services for millions. However, 
issues like poor integration, inefficient routes, overcrowding, lack of real-time 
information, and financial losses plague public transport in Indian cities. This paper 
examines how big data analytics and the Internet of Things (IoT) can be leveraged to 
optimize efficiency, improve user experience, and strengthen sustainability across 
public transportation networks in major Indian cities. We provide an overview of 
India's public transport landscape and highlight key challenges. Next, we discuss 
relevant big data and IoT technologies along with practical applications to address 
urban transport issues. Our analysis suggests that data-driven optimization of 
scheduling, vehicle tracking, ticketing systems, riderhip analysis and maintenance 
regimes powered by IoT can significantly improve efficiency, reducing delays, 
enhancing safety and increasing rider satisfaction. We conclude with recommendations 
for integrating smart technologies with public transportation infrastructure in Indian 
cities. The paper contributes valuable insights for transportation planners and 
policymakers looking to improve public transit systems.   
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Introduction  
Public transportation serves as the fundamental infrastructure for mobility in urban 
India, facilitating access and fostering economic opportunities for millions of 
residents across metropolitan areas, towns, and villages. With a comprehensive 
network comprising buses, trains, metro rails, and intermediate public transport such 
as auto-rickshaws, the system provides affordable commuting solutions catering to 
diverse income brackets [1]. This accessibility is vital for ensuring that individuals 
can navigate their daily lives efficiently, whether it involves commuting to work, 
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accessing educational institutions, or reaching essential services. Moreover, by 
offering affordable transportation options, public transit systems play a pivotal role in 
bridging socio-economic disparities and fostering inclusivity within urban 
communities [2]. 

The significance of efficient and high-quality public transportation systems extends 
beyond mere convenience, significantly impacting productivity, economic growth, 
and the overall quality of life within cities [3]. By seamlessly connecting workers to 
job opportunities and students to educational institutions, these systems facilitate 
workforce participation and skill development, driving socio-economic advancement. 
Additionally, the accessibility provided by public transit networks enhances the 
resilience of urban economies by reducing congestion, pollution, and the associated 
costs. As a result, cities with robust public transportation infrastructure experience 
greater economic competitiveness and attractiveness for businesses and investments, 
further reinforcing their growth trajectories [4]. 

Furthermore, the role of public transportation in promoting sustainable urban 
development cannot be overstated. By encouraging the use of mass transit over private 
vehicles, these systems contribute to reducing carbon emissions, mitigating traffic 
congestion, and conserving energy resources. This shift towards sustainable modes of 
transportation aligns with global efforts to combat climate change and create 
environmentally-friendly cities [5], [6]. Additionally, public transit promotes social 
cohesion by fostering interactions among diverse populations, thereby enhancing 
community engagement and collective well-being. Through strategic investments and 
innovative policies, governments can further strengthen public transportation 
networks to ensure they remain efficient, accessible, and environmentally sustainable, 
thereby realizing their full potential as drivers of urban development and prosperity 
[7]. 

However, public transportation across Indian cities faces myriad challenges ranging 
from poor integration and connectivity, lack of reliable real-time information, 
inefficient routes, overcrowding, financial losses and lack of passenger safety. For 
instance, the city bus system is the main mode of public transport in most cities but 
suffers from infrequent schedules, lack of route rationalization and chronic delays 
leading to overcrowded buses and customer frustration [8]. Intermediate public 
transport modes like auto rickshaws ply on arbitrary routes leading to irregular 
availability. Trains and metro rails suffer from chronic delays and system 
inefficiencies like low frequency, poor last-mile connectivity, unreliable information 
and ticketing problems that reduce rider satisfaction. Most Indian cities lack an 
integrated public transit network that allows smooth transfers between metro, train, 
bus and intermediate transport modes [9].   

These systemic inefficiencies take an economic toll reducing worker productivity 
from lack of punctual and convenient access to workplaces. Indeed, a recent NITI 
Aayog report estimates that traffic congestion in major Indian cities costs the economy 
$22 billion annually due to delays, excess fuel consumption and pollution. Beyond 
economic impacts, inefficient public transportation networks also constrain quality of 
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life by inducing stress and affecting access to critical services like healthcare and 
education [10]. There is a growing urgency for public transit reforms and 
improvement across Indian cities. 

 
Figure 1: Smart public transportation system flowchart. 

Advancements in digital technologies like big data analytics, the Internet of Things 
(IoT), artificial intelligence (AI) and cloud computing offer innovative pathways for 
addressing endemic transportation challenges in India's cities. Intelligent 
transportation systems powered by data-driven optimization, automation and rider 
focused design can substantially improve efficiency, reliability, safety and 
sustainability across buses, trains, metros and intermediate public transit.  

This paper examines the potential for harnessing big data and IoT technologies to 
optimize public transportation systems across major Indian cities. The next section 
provides an overview of the public transportation landscape across metropolitan cities 
and the most pressing pain points. Section 3 discusses relevant big data and IoT 
technologies along with practical applications to address urban mobility issues in the 
Indian context. Section 4 offers conclusions and recommendations for integrating 
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data-driven intelligent systems to boost efficiency, improve user experience and 
strengthen financial sustainability across public transportation networks in Indian 
cities [11]. 

Table 1: Key Public Transportation Statistics for Major Indian Cities 
City Population Primary 

Modes 
No. of 
Buses 

Metro 
Network 
Length 

Suburban 
Railway 
Length 

Mumbai 18.4 
million 

Bus, Local 
Train 

3000 12 km 465 km 

Delhi 16.3 
million 

Bus, Metro 5600 389 km NA 

Kolkata 14.1 
million 

Bus, Metro, 
Local Train 

1100 31 km 201 km 

Chennai 8.7 million Bus, Local 
Train, 
Metro 

3200 52 km 160 km 

Bangalore 8.5 million Bus, Metro 6500 42 km NA 
 

Public Transportation in Major Indian Cities - An 
Overview 
As per Census 2011, India had 53 cities with population over 1 million plus. These 
include megapolises like Mumbai, Delhi, Kolkata, Chennai, Bengaluru with 
populations exceeding 5 million along with other large cities like Hyderabad, 
Ahmedabad, Pune and Surat which are important state capitals and economic hubs. 
Public transit is the most popular mode of transportation in these densely populated 
urban agglomerations with over 30% of work-related trips conducted using public 
transport [12]. Buses, metro rails, suburban railways and intermediate public transport 
modes like auto rickshaws and taxis are vital for mobility in Indian cities which lack 
high private vehicle ownership like in western countries [13].  

Despite growing investment in metro rail projects over the past decade, city bus 
systems continue to be the backbone of urban transit with all major cities dependent 
on the extensive reach and affordability they offer. For instance, the Brihanmumbai 
Electricity Supply and Transport Undertaking (BEST) bus system in Mumbai operates 
over 3000 buses that transport 4.5 million commuters daily across the city and its 
peripheries. Bangalore Metropolitan Transport Corporation (BMTC) likewise 
operates over 6500 buses catering to 5 million users daily making it the second largest 
city bus operator in the country [14]. Most other metropolises depend on city-
controlled public bus networks or state-owned transport corporations to meet majority 
of public transit demand through extensive bus fleets. 
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Figure 2: Prototype of smart public transportation architecture. 

However, city bus systems are plagued by myriad issues ranging from poor frequency, 
lack of route optimization, delays and bunching of buses leading to severe 
overcrowding and impacting user experience. Financial losses due to operational 
inefficiencies have also affected viability, shrinking fleets and loss of users to 
intermediate modes like shared autos that offer greater flexibility and availability if 
not comfort, safety or affordability. City bus networks often lack convenient transfer 
options and integration with suburban rail and metro systems leading to fragmented 
journeys for users navigating the public transit maze. Information systems providing 
reliable updates on bus arrivals, seats available, delays or breakdowns are 
conspicuously missing leading to anxious waits, uncertainty and frustration for 
commuters. 

Metro rail networks are being rapidly built to provide higher speed mobility corridors 
in congested cities like Delhi, Mumbai, Chennai and Bangalore. Delhi Metro has been 
an exemplar with high frequencies, good coverage, reliable services and information 
systems that have attracted significant usage since inception in 2002 [15]. However, 
metro projects have faced delays, public criticism over lack of integration and 
concerns regarding high costs of construction and operations. Problems of last mile 
connectivity, limited catchment, lack of reliable feeder services, irregular operations 
during peak times and maintenance issues have limited the efficiency and user 
experience of metro systems  [16]. 

Suburban railway networks handle millions of trips daily allowing movement between 
central cities and their peripheries at affordable rates due to high carrying capacities 
and frequencies. However, chronic delays, peak hour overcrowding, lack of safety 
measures and passenger information systems have plagued suburban railways. Most 
railway networks lack adequate integration with other public transit modes leading to 
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difficult first and last mile trips for users. Intermediate modes like auto rickshaws 
provide doorstep connections but suffer from lack of route rationalization, arbitrary 
pricing, refusals and limited safety.  

In summary, some key pain points across public transportation networks in major 
Indian cities include: 

- Poor integration between modes and lack of convenient transfers 

- Inefficient routes and schedules with lack of optimization  

- Frequent delays leading to overcrowding and unsatisfactory user experience 

- Lack of reliable real-time information on arrivals, delays, breakdowns 

- Financial losses due to operational inefficiencies impacting viability 

- Safety issues especially for women passengers 

- Limited adoption of electronic ticketing systems 

- Poor last mile connectivity to metro stations and suburban rail networks 

There is a pressing need for data-driven optimization, use of smart technologies and 
traveler-focused redesign of public transit systems across Indian cities to address these 
pain points. The following section examines relevant technologies and applications 
that can drive improvements. 

Table 2: Key Benefits of Technology Enabled Optimization for Public Transport 
Focus Area Optimization Approach Benefits 
Route Planning Data analytics and transport 

modelling to design optimal 
routes 

Reduced congestion and 
travel time 

Vehicle 
Scheduling 

Predictive analytics and 
simulation to forecast demand 
and delays 

Improved frequency, 
reduced wait times 

Ticketing Electronic tickets and mobile 
payment 

Quicker boarding, less 
cash handling 

Vehicle 
Tracking 

Real-time GPS monitoring Improved scheduling, 
dispatch and reduced 
delays 

Rider 
Information 

Digital screens and mobile apps 
with real-time data 

Reduced anxiety and 
certainty for commuters 

Infrastructure 
Planning 

Spatial analytics for optimal 
stop and station locations 

Enhanced access and 
catchment area 

Maintenance Sensor based monitoring and 
predictive maintenance 

Reduced downtimes and 
improved safety 

 



Journal of Intelligent Connec�vity and Emerging Technologies 
VOLUME 9 ISSUE 1 

[19] 

Potential of Big Data and IoT for Public Transport 
Optimization 
Big data and the Internet of Things offer significant potential for evidence-driven 
improvements to planning, operations and user experience across public 
transportation networks in cities. Large volumes of data generated by transit systems 
combined with real-time data streams from IoT sensors allows for insightful analysis 
to guide optimizations [17]. Mathematical models and algorithms can leverage this 
data to improve scheduling, vehicle tracking, maintenance processes and 
infrastructure planning using techniques like statistical analysis, simulation, 
optimization and machine learning. Visualization and dashboard tools empower 
managers with actionable insights while apps and information systems improve 
experience for transit riders. This section provides an overview of relevant 
technologies and specific applications that can address public transportation 
challenges in Indian cities. 

Big Data Analy�cs 
Big data refers to large, diverse datasets from transit systems that can provide deep 
insights using analytics techniques to identify inefficiencies and guide service 
improvements. For instance, data on bus movement using GPS, passenger boarding 
and alighting, fare card usage and operations provides valuable intelligence. Much of 
this data already exists but needs organization, integration and analysis to unlock 
value. Statistical analysis can identify temporal and spatial usage patterns to optimize 
bus schedules and frequency for demand [18]. Data mining can find causes for delays 
like problematic routes or intersections. Simulation modeling helps test route changes 
and operational adjustments prior to implementation. Predictive analysis leverages 
machine learning to forecast expected ridership and delays. These techniques require 
specialized analytics software and skills but allow evidence-based improvements. 
Cloud platforms enable scalable storage and analysis of large transit data. 

Internet of Things (IoT) 
The IoT refers to an ecosystem of networked sensors, meters, detectors, cameras and 
other connected devices that generate real-time data on transit operations and 
infrastructure. Vehicle tracking using GPS provides real-time positioning data to 
optimize movement, identify delays and improve scheduling [19]. Sensors for 
passenger counting coupled with weight detectors on buses and trains gives insights 
on loading and demand patterns to adjust frequency. Sensors can also monitor engine 
performance and failures to optimize maintenance. CCTV cameras assist security and 
surveillance especially for women’s safety. Digital information displays using real-
time feeds can advise commuters on arrivals, delays and outages. Beacon technologies 
can enable direct communication and improve last mile access to stations. The rich 
data streams from IoT create situational awareness to drive efficiency. 

Op�miza�on Applica�ons 
Data and IoT enable optimization of transit operations and infrastructure planning to 
improve efficiency, reduce delays and enhance safety. Transport modelling can 
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simulate route changes using IoT data to measure impacts on costs, congestion and 
rider experience. Vehicle scheduling optimization adjusts frequencies based on 
ridership patterns and delays. It also allows dynamic allocation of fleet resources using 
real-time tracking data. Analytics facilitates design of optimal routes that maximize 
coverage and minimize delays by identifying congestion points [20]. Traffic signal 
priority automatically triggers green lights for approaching transit vehicles to improve 
speed using IoT connectivity with traffic lights. Optimization of maintenance 
activities like preventive repair and component replacement reduces downtimes 
utilizing sensor data on asset condition and failures. Site selection algorithms can 
determine locations for bus stops, stations and depots to ensure convenient access. 
Overall, data-driven optimization minimizes operational costs and maximizes rider 
satisfaction [21].  

Traveler Informa�on Systems 
IOT enabled displays at stations and stops provide real-time updates on arrivals, 
delays and breakdowns to reduce anxiety for commuters allowing them to optimize 
waiting time or take alternate routes. It improves the transparency and reliability of 
transit systems [22]. Apps that aggregate real-time feeds, maps and schedules into a 
single interface offer convenience to users for trip planning, navigation and updates. 
Mobile ticketing using transit smart cards linked to payment systems improves 
boarding times and reduces cash handling. GPS enabled auto-rickshaws allow 
commuters to track locations and estimated fares improving the first and last mile 
experience. The rich data from sensors and IoT infrastructure empowers travelers with 
vital information for efficient, stress-free travel [23], [24]. 

Big data analytics combined with IoT connectivity offers significant potential for 
optimizing efficiency, planning, costs and enhancing commuter experience across 
public transportation networks in Indian cities. However, adoption faces challenges 
like institutional resistance, lack of technical skills, co-ordination issues and 
interoperability standards. The next section provides conclusions and 
recommendations for a roadmap [25]. 

Table 3: Framework for Data Driven Public Transport Transformation 
Element Description 
Institutional 
Mechanism 

Nodal agency to drive technology adoption and 
standardization across transit agencies 

Policy and 
Regulations 

Framework for data sharing, privacy protection and PPP 
collaboration 

Investments Funding for sensors, IoT infrastructure, analytics 
software and skills development 

Pilots and Scaling Phased implementation focused on high impact solutions 
with evaluation 

Capacity Building Training programs and centers of excellence for 
technology expertise 
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Conclusion and Recommendations 
Public transportation plays a pivotal role in facilitating urban mobility within India's 
metropolises and large cities, serving as the primary mode of transportation for 
millions of individuals. Despite its widespread usage, the sector grapples with chronic 
inefficiencies that not only impose significant economic costs but also diminish the 
overall quality of life for citizens. These inefficiencies often result in congestion, 
delays, and inadequate service provision, which in turn constrain access to essential 
services and livelihood opportunities for many residents. However, the advent of 
advanced technologies such as big data analytics and the Internet of Things (IoT) 
offers promising pathways for addressing these challenges and optimizing public 
transit systems. 

By leveraging mathematical models, algorithms, and seamless IoT integration, transit 
authorities can unlock a multitude of opportunities for data-driven optimization across 
various facets of public transportation. These include but are not limited to scheduling 
enhancements, route optimization, real-time vehicle tracking, predictive maintenance, 
and informed infrastructure planning [26]. Through the application of these 
technologies, significant improvements in efficiency, reliability, and sustainability can 
be achieved across city bus services, metro and suburban rails, as well as intermediate 
modes of transportation such as auto-rickshaws. Such optimization efforts hold the 
potential to streamline operations, reduce operational costs, and enhance overall 
service quality for commuters [27]. 

Furthermore, the implementation of real-time information systems facilitated by IoT 
sensors and networks stands to empower commuters by providing them with timely 
and accurate information regarding transit services. This not only reduces the 
uncertainty and anxiety associated with public transportation but also enables 
individuals to make informed decisions about their travel routes and timings [28]. 
Additionally, by offering insights into factors such as traffic congestion, vehicle 
occupancy levels, and service disruptions, these systems enable commuters to better 
plan their journeys, thereby enhancing the overall transit experience and promoting 
modal shift towards more sustainable modes of transportation [29]. 

However, institutional resistance from bureaucratic transportation agencies, lack of 
technical capacity and funding constraints are key barriers. A conducive policy 
framework to encourage adoption, investments in smart technologies, emphasis on 
developing in-house technical skills and public-private partnerships can spur 
transformation. Standards for data sharing, interoperability and security are essential 
for scale. Pilot studies across select cities focusing on high impact initiatives like 
vehicle tracking, passenger information systems and digital ticketing can demonstrate 
benefits and catalyze adoption.  India's public transportation networks stand much to 
gain from embracing data and technology to address endemic challenges of efficiency 
and service quality. As cities grow and economies develop, mobility and access 
become more crucial for sustaining prosperity. Big data and IoT can optimally 
leverage infrastructure investments in rails and buses to strengthen sustainable access 
and transit in cities. The time is right for a smart mobility transition [30], [31]. 
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