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Integration of AI in Multi-Modal Public Transportation Systems 

Executive Summary 

The lack of efficient integration between metro rails, buses and local trains presents 

significant public transportation issues for Indian cities. These inefficiencies lead to more private 

vehicle use, and dispersed commuter routes, exacerbating the negative environmental effects 

such as air pollution. To tackle these issues, augmenting transport planning through predictive 

maintenance, route optimization, dynamic scheduling, multimodal integration, and real-time 

passenger information systems can significantly improve last-mile connectivity, lower traffic 

congestion, and improve service quality, facilitating efficient multi-modal transport systems. 

Such integration of algorithms falls into the categories of assisted/augmented intelligence when 

this comes to mapping them to the bigger construct of adoption of AI technologies.  

While these are potential arenas of AI integration in public transportation, they increase 

the system's complexity and coupling, and according to Perrow's (2011) Normal Accidents 

Theory, the systems become more vulnerable to accidents. While commuters, transportation 

authorities, and technology suppliers benefit from increased accessibility and operational 

efficiency, there are challenges, including high implementation costs, ethical concerns, data 

security risks, and unequal access to AI-driven services.  
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1.​ Overview of Multi-Modal Public Transportation in Indian Cities 

Public transportation is an essential service for urban mobility for all city citizens. The 

primary modes of public transport in Indian cities include metro rail, state-owned city bus 

services, surface rail systems (local trains), and others in some cities. With the rapid 

urbanization, these systems are facing significant challenges with the lack of integration between 

the different modes, and it has been one of the significant factors for the present inefficiencies in 

public transportation, leading to other factors like lack of last mile connectivity, making 

commuters move towards private vehicles in urban India. (Dawda, 2024) 

Metro rail systems are traditionally seen as a solution to the inefficiencies of urban public 

transportation in India. "21 Indian cities to date compared to five in 2014" (Mishra, 2024) have 

invested capital to develop a metro rail system. However, the actual ridership of metro rail is 

lesser than the forecasted ones in four southern cities – Hyderabad, Bengaluru, Chennai, and 

Kochi (Oommen, 2022). This adds to the discussions on the lack of last-mile connectivity as one 

among the many concerns along with other factors such as inadequate parking space. 

State-owned city bus services are the most widely used public transportation mode in 

Indian cities. "Decrease in the fleet size, Aging fleets" (Jose, 2022), lack of reliability and quality 

in services have limited their "effectiveness" (MoHUA, 2019) for an efficient urban commute. A 

survey by Banerjee (2023) says that approximately 85% of commuters find public transport 

buses inadequate, adding overcrowding and unreliable service as significant concerns. 

Surface rail or the local trains in some cities in India, like Mumbai, form the backbone of 

urban commute. These systems are often overcrowded in certain cities and underutilized in 
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others. "In 2010-11, in the three megacities of Mumbai, Kolkata, and Chennai, and on the ring 

rail in New Delhi, surface rail carried 4.06 billion passengers – a daily average of 11.1 million 

passengers" (Indian Railways 2011: 112 as cited in Ravibabu & Phani, 2014).  

Though these systems are individually significant depending on the city, the lack of 

integration of these modes leads to fragmented journeys for the commuters, multiple ticketing, 

unaligned schedules, and increased trip times, eventually leading to citizens commuting through 

their private vehicles. Safety for women due to lack of last-mile connectivity and unreliable 

service due to the absence of proper integration between travel modes also exacerbates the 

inefficiencies in service delivery (Sahu et al., 2023). 

2.​ Potential for Artificial Intelligence (AI) Application in Public Transportation 

AI has the potential to significantly improve public transportation systems in Indian cities 

by addressing the various challenges mentioned above. As mentioned before, the integration of 

AI in this sector comes under the bracket of both assisted and augmented intelligence with its 

potential for real-time data collection and analysis to improve operational efficiency, reducing 

travel time, and satisfaction for commuters.  

●​ Predictive Maintenance of the fleet: AI algorithms can anticipate potential issues in the 

vehicles. Analyzing sensor data, transit authorities can address maintenance needs, 

minimize downtime, and ensure more reliable services (Vemuri et al., 2024). 

●​ Route Optimization: AI can use historical and real-time data to recommend efficient 

transit routes by considering traffic patterns, weather conditions, and passenger demand, 

which helps reduce passenger travel time and improves system efficiency​ (George et al., 

2024). 
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●​ Dynamic Scheduling: AI-driven algorithms adapt transit schedules in real-time based on 

changing passenger needs and external factors such as traffic congestion. This dynamic 

approach reduces wait time and improves user satisfaction (Vemuri et al., 2024). 

●​ Multimodal Integration: AI can help facilitate the integration of different transportation 

modes, such as metro, buses, and auto rickshaws, and create seamless journeys for 

passengers. It becomes crucial for improving last-mile connectivity and overall system 

efficiency​ (George et al. 2024). 

●​ Passenger Information Systems: AI enhances passenger experience by providing 

real-time updates through mobile apps and digital displays, allowing them to make 

informed travel decisions (George et al. 2024). 

3.​ Systems Perspective with AI Integration 

However, integrating AI systems into the existing public transportation system will alter 

the system characteristics with respect to its interactions, changing system complexity and 

coupling. Complex systems have subsystems and system parts interacting in unanticipated ways 

creating  

Without AI, the multimodal public transportation systems in Indian cities are moderately 

complex and loosely coupled. The different modes of transport, such as buses, metro, and local 

trains, operate independently without coordination, reducing the impact of failures of one mode 

on others. 

The integration of AI increases the complexity of the public transportation system due to 

the presence of advanced algorithms, real-time data processing, and the need for continuous 
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updates. These complexities arise from integrating various data sources, the need for adaptive 

algorithms, and the coordination required across multiple transportation network components. 

Coupling: The implementation of AI creates a more tightly coupled system because 

various components of the transportation network—buses, metro trains, traffic signals, and 

passenger information systems—become increasingly interdependent. Real-time data and 

AI-driven decisions require continuous communication and synchronization among these 

components, enhancing  

 

 

 

 

 

 

 

 

 

Figure 1. Complexity and Coupling Pre and Post AI integration in Multi Modal Public Transportation 
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operational efficiency and increasing the system's vulnerability to disruptions in any part 

of the network. This tighter coupling means that a failure in one component can have more 

immediate and widespread impacts across the entire system. 

 

 

 

Impact Groups:  

Integrating artificial intelligence (AI) into public transportation systems significantly 

affects various impact groups/ victim groups (Perrow (2011), (Sivarudran Pillai & Matus, 2020)). 

Identifying the impact groups and their challenges aids in formulating tailor-driven policies that 

are risk-based over umbrella regulations potential to hamper innovation. 

Impact Group -1: Technology Developers and Providers 

Impacts: 

●​ Increased Demand: AI in public transit creates substantial opportunities for 

technology developers and providers specializing in AI solutions, leading to business 

growth and innovation (Shah, 2024). 

●​ Collaboration with Transit Authorities: Technology providers collaborate closely 

with public transit agencies to customize AI applications (Vujadinovic et al., 2024), 

making the data available for technology providers at cheaper costs. The rapid 

advancements in AI technology necessitate ongoing investment in research and 

development by technology providers with the availability of more data. This 
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commitment is essential for maintaining competitive and practical solutions in a 

fast-evolving market (Pasha, 2024). 

Risks: 

●​ Data Security: AI systems heavily rely on data, making robust cybersecurity 

measures critical. Providers face significant reputational and legal risks if data 

breaches occur (Vujadinovic et al., 2024). 

●​ Regulatory Compliance: As data privacy and AI usage regulations evolve, 

technology providers must adapt continuously, which can incur additional costs and 

operational challenges (Vujadinovic et al., 2024). 

Impact Group -2: Transit Authorities, Government Agencies, and City Planners 

Impacts: 

●​ Operational Efficiency: AI enhances route planning, scheduling, and maintenance 

for transit authorities. This optimization leads to improved resource allocation and 

service reliability (Shah, 2024). 

●​ Data Management Challenges: Implementing AI requires robust data infrastructure 

to handle large volumes of information effectively, presenting a challenge for 

agencies that must upgrade their systems accordingly (Ionescu, 2024). 

●​ Training and Adaptation: Staff training is crucial for effectively utilizing AI tools. 

Additionally, organizational processes may need adjustments to integrate AI-driven 

insights seamlessly into existing workflows (Impact of AI in the Public Sector, 2022). 

Risks (Impact of AI in the Public Sector, 2022): 
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●​ Financial Burden: The initial investment required for implementing AI systems is 

significant, with a risk of budget overrun if projects exceed planned costs.  

●​ Technology Dependence: Over-reliance on AI technologies can lead to operational 

disruptions because of an inbuilt complex and tight coupling system, i.e. if 

components of systems fail or malfunction, it impacts service delivery. 

●​ Public Backlash: Poor implementation or misuse of AI can lead to public backlash 

concerning privacy issues related to data usage. 

●​ Pacing Problem: Rapid technological advancements may outpace the development 

of adequate policies and regulations, which leads to governance gaps complicating 

implementation (Pande & Taeihagh, 2023; Thierer, 2018). 

●​ Ethical Concerns: Policymakers should address ethical considerations with the AI 

use, including algorithmic bias and ensuring equitable access to its benefits across 

different socio-economic groups. 

Impact Group -3: Commuters (Users) (Both IG2 and IG3) 

Impacts: 

●​ Improved Service Quality: AI applications improve travel experience by providing 

more accurate arrival predictions, reducing wait times, and personalizing services 

based on user preferences. 

●​ Privacy Concerns: The data collection for AI applications raises significant concerns 

about the privacy and security of personal information of users (Vujadinovic et al., 

2024). 
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●​ Accessibility Improvements: AI integration enhances accessibility features within 

public transportation systems, making them more user-friendly for individuals with 

disabilities. For example, initiatives like Project Luna provide real-time information 

in formats accessible to users with hearing impairments (AI in improving public 

transportation, 2024). 

Risks (Chakrabarti, 2024): 

●​ Digital Divide: Not everyone has equal access to or even comfort with digital tools, 

Thus potentially marginalizing less tech-savvy individuals from the benefits of 

AI-enhanced services. 

●​ Service Disruptions: During the transition to AI-driven systems, people might 

experience temporary service inefficiency that could impact their trust in public 

transportation options. 

●​ Social Inequity: Without proper planning, the introduction of AI may increase social 

inequities if the benefits are not equitably distributed across socio-economic groups. 
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