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ABSTRACT 

Mumbai's local train network, the circulatory system of India's financial capital, carries more than 70 lakh 
commuters daily on infrastructure operating beyond its designed capacity. This research paper conducts a 

secondary analysis of existing literature, news reports, and technical preprints to explore the transformative 

potential of Artificial Intelligence in addressing the perennial challenges of congestion, safety, and scheduling 
inefficiency within this network and its associated transport systems. The study synthesizes findings from recent 

developments, including AI-driven crowd mapping, predictive scheduling models like "dailyzing," genetic 

algorithms for rail-bus coordination, and computer vision frameworks for safety. The analysis reveals a shift 
from speculative futures to tangible pilot projects currently underway at stations like Thane, Dadar, and Kurla. 

The paper proposes a multi-layered solution integrating predictive analytics, computer vision, and first/last-mile 

connectivity optimization. It concludes that while AI offers a robust toolkit for transformation, the human 

element—commuter behavior and organizational change management—remains the critical variable for 
successful implementation, paving the way for a replicable model for megacities across the Global South. 
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1. INTRODUCTION 

Mumbai, a city of islands, thrives on its ability to move people. At the heart of this movement is the Mumbai 

Suburban Railway, a lifeline that carries more passengers per kilometer than any other rail network in the world. 

Often running at over four times its rated capacity during peak hours, the system is a paradox of resilience and 
fragility. For decades, solutions to its chronic overcrowding, safety concerns, and scheduling conflicts have been 

sought in infrastructure expansion—new tracks, new rakes, and new signaling systems. However, with physical 

expansion becoming increasingly difficult in a land-scarce city, attention has turned to technological 
interventions.This research paper investigates a new frontier in this battle: the application of Artificial 

Intelligence. AI offers the ability to see, predict, and react in real-time, turning a reactive transport network into 

a predictive and adaptive one. This study, based entirely on secondary research, aims to document the current 
state of AI integration in Mumbai's transport, analyze its potential impact, and propose a comprehensive 

framework for its future evolution. It moves beyond theoretical concepts to examine pilot projects and research 

initiatives that are actively reshaping the city's commute. 

1. BACKGROUND OF THE TOPIC 
The Mumbai Suburban Railway, comprising the Western, Central, and Harbour lines, spans approximately 390 

kilometers and operates over 2,300 train services daily. By December 2022,ridership had swelled to an estimated 

66 million commuters monthly, a figure that continues to rise. This colossal demand creates a series of cascading 
problems. 

Extreme crowding forces passengers to travel on footboards, leading to high-risk situations. Safety hazards 

manifest through unauthorized track crossing and platform falls, which are leading causes of fatalities. 
Scheduling inefficiencies arise from the presence of non-daily trains operating only on specific days, creating 

irregular timetables that lead to underutilized tracks on some days and bottlenecks on others. First and last mile 

disconnect occurs when the lack of coordination between train schedules and feeder bus services forces 

commuters towards private transport, increasing road congestion.Historically, these issues were managed through 
manual oversight and static timetables. However, the sheer volume of data generated by the system—from 

passenger flow to train movement—has outpaced the capacity of traditional analysis. This is the gap that AI is 

uniquely positioned to fill. 

2. PROBLEM STATEMENT 

Despite being the economic backbone of Mumbai, the suburban railway and its ancillary transport services 

operate with significant systemic inefficiencies that compromise commuter safety,punctuality, and comfort. The 

core problem is a lack of intelligence—the inability to predict crowd surges, dynamically adjust to disruptions, 
and seamlessly integrate with other modes of transport in real-time.Persistent safety risks result in high rates of 

fatalities from overcrowding and track crossing that reactive measures fail to curb. Capacity underutilization 

occurs because static scheduling fails to optimize track usage, particularly concerning non-daily trains, creating 
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artificial congestion. Modal fragmentation creates disconnected schedules between trains and buses, forcing 

commuters into inefficient multi-modal trips that increase overall travel time and pollution. 

3. RESEARCH OBJECTIVES 

This paper aims to document the current applications and pilot projects of AI in the Mumbai 

transport ecosystem based on secondary sources. It seeks to analyze the potential of AI to solve specific 

problems related to crowd management, scheduling, and multi-modal integration. The research synthesizes 
findings into a cohesive, multi-layered solution framework for a smart Mumbai transport system. Finally, it 

identifies the key findings, implications, and future scope for AI-driven urban mobility in megacities. 

4. RESEARCH QUESTIONS 
What specific AI technologies are currently being tested or proposed for Mumbai's local trains and transport 

network? How can predictive analytics and computer vision address the issues of overcrowding and safety at 

major railway stations? In what ways can AI optimize train scheduling and integrate it with bus networks to 
reduce commuter wait times? What are the primary challenges and implications of scaling these AI solutions 

from pilot projects to a city-wide network? 

5. SCOPE OF THE STUDY 

This research is confined to a secondary analysis of publicly available information, including academic papers, 
news articles, institutional reports from organizations like IIT Bombay, and industry publications up to late 

2025. The geographical scope is the Mumbai Metropolitan Region, focusing on the suburban railway network 

with specific attention to high-density stations like CST, Dadar, Thane, Kurla, and Andheri, and its integration 
with BEST bus services and road traffic management. This study does not include primary data collection or 

field surveys. 

6. LITERATURE REVIEW 

The academic and industrial discourse on AI in transportation provides a robust foundation for this study. The 
literature can be categorized into three key areas. 

7.1AI for Railway Safety and Crowd Analytics 

Recent work on frameworks like "AI Suraksha" highlights the potential of a multi-layered safety system. This 
framework targets three persistent risks: platform crowding, long-term accident trends, and unauthorized track 

crossing. It proposes using existing CCTV infrastructure with computer vision to monitor crowd density in real-

time, enabling dynamic platform management. This is supported by studies on using Convolutional Neural 
Networks and Long Short-Term Memory networks to directly classify Level of Service from images, bypassing 

traditional manual counting methods. An artistic visualization of Mumbai's future in 2045 by Ayaz Basrai also 

depicted AI and drones being used for such surveillance, underscoring the concept's presence in the public 

imagination. 

7.2 AI for Scheduling and Operations 

The operational challenge of integrating diverse train schedules has been a key research area. A significant 

breakthrough is the "dailyzing" model developed by IIT Bombay and CRIS. This data-driven approach uses 
clustering algorithms like Hierarchical Agglomerative Clustering and K-means to group non-daily trains with 

similar routes and timings, effectively converting them into a predictable daily pattern. This optimizes track 

utilization without new infrastructure. Furthermore, studies on schedule coordination at stations like Andheri and 
Vileparle have employed Genetic Algorithms to optimize bus timings to align with train arrivals. This model 

successfully minimized passenger transfer time and operational costs, demonstrating the power of AI for first 

and last mile connectivity. 

7.3 AI for Broader Urban Mobility 
The principles applied to rail are also being extended to road transport. The proposed AI-based toll system at 

Dahisar Naka uses high-definition cameras and machine learning for vehicle identification and seamless toll 

deduction, aiming to eliminate bottlenecks at entry points. Similarly, mobility platforms like Cityflo are 
deploying Advanced Driver Assistance Systems and Driver Monitoring Systems in their buses and cabs to 

reduce human-error-related accidents, creating a safer road environment that complements the rail network. 

7.4 Analysis of Current Trends and Pilot Projects 

The literature points to a critical transition from theory to practice. The following analysis synthesizes the current 
state of AI adoption in Mumbai's transport. 
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7.5 The Shift from Speculation to Reality 

For years, AI in Mumbai's transport was a speculative concept. However, reports from late 2024 and 2025 
confirm a shift. An AI-based Traffic Prediction System is currently undergoing pilot testing at high-congestion 

stations like Dadar, Thane, and Kurla. This system integrates data on travel patterns, weather, and festivals to 

predict crowd levels and train occupancy. This is no longer a futuristic vision but a live experiment. 

7.6 Data as the New Infrastructure 
The success of these pilots hinges on data. The IIT Bombay-CRIS collaboration successfully utilized real-world 

train data to test clustering techniques on the Golden Quadrilateral and Diagonals network. This proves that 

Indian Railways is sitting on a goldmine of data that can be leveraged for optimization. The challenge lies in 
cleaning, standardizing, and integrating this data from various zonal railways into a unified AI-ready format. 

7.7 The Integration Gap 

While progress is visible in isolated segments—rail scheduling, bus fleet safety, toll collection—the literature 
reveals a significant integration gap. There is no evidence of a unified platform that connects the AI at Dahisar 

toll, the predictive system at Kurla station, and the optimized bus schedules at Andheri. The transport ecosystem 

remains a collection of smart parts rather than a smart system. 

7. PROPOSED SOLUTION: A MULTI-LAYERED AI FRAMEWORK 
Based on the synthesis of research, a comprehensive solution for transforming Mumbai's transport requires a 

layered, integrated approach. 

Layer 1: Perception through Computer Vision 
Action involves utilizing the existing network of CCTV cameras at stations and deploying edge-AI algorithms to 

perform real-time crowd density counting, motion pattern analysis, and object detection for identifying people 

on tracks. The outcome is real-time crowd maps and automated trespassing alerts. 

Layer 2: Prediction through Predictive Analytics 
Action requires building upon the dailyzing model and the traffic prediction system while integrating external 

datasets including festival calendars, local events, weather data, and real-time train delays to forecast station-

level crowding two to four hours in advance. The outcome is predictive intelligence that anticipates demand 
spikes rather than just reacting to them. 

Layer 3: Optimization through Genetic Algorithms 

Action involves using the forecasts from Layer 2 as input for optimization engines. Genetic 

Algorithms can dynamically adjust bus schedules on feeder routes to align with predicted train arrivals. AI can 

also recommend dynamic platform allocation or the scheduling of empty rescue rakes to predicted hotspots. The 

outcome is a dynamically coordinated schedule that minimizes wait times and balances load across the network. 

Layer 4: Intervention through User-Facing Applications 
Action requires pushing insights to commuters via applications like Cityflo or M-Indicator to inform passengers 

about the least crowded coach based on predictions or suggest alternative routes. 

Simultaneously, control room operators receive dashboards suggesting optimal intervention strategies. The 
outcome is empowered commuters and data-driven traffic controllers. 

8. CASE STUDY: ANDHERI AND VILEPARLE STATION COORDINATION 

A pivotal case study in this domain is the research conducted on schedule coordination at the Andheri and 
Vileparle suburban railway stations in Mumbai. These stations are major interchange points between the railway 

and the public bus network operated by BEST.The problem centered on commuters arriving by train facing long, 

uncertain wait times for connecting buses, leading them to opt for expensive and polluting intermediate transport 

like auto- rickshaws. The AI solution developed was a Schedule Optimization Model with the objective of 
minimizing passenger transfer time and bus operating costs. The problem was non-linear and non- convex with 

numerous variables, making it unsolvable by classical methods.Implementation utilized a Genetic Algorithm, a 

robust optimization technique inspired by natural selection, to find the optimal bus timings. The outcome 
successfully generated coordinated schedules for BEST buses on feeder routes. This demonstrated, for the first 

time with realistic constraints, that AI could significantly enhance the operational integration of public transport 

modes in Mumbai, reducing reliance on private vehicles for the last mile. This case serves as a blueprint for 

similar integrations across the city's over one hundred railway stations. 
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9. KEY FINDINGS 

AI transition is active in Mumbai's transport system with confirmed pilot projects for crowd prediction at stations 
like Thane, Dadar, and Kurla. Scheduling emerges as the low-hanging fruit, with the dailyzing concept and the 

use of Genetic Algorithms for bus-rail coordination offering immediate, high-impact solutions that do not 

require massive capital expenditure. Safety can become proactive through computer vision frameworks like AI 

Suraksha, transforming safety from a reactive investigation process to a proactive prevention system by 
detecting crowd crushes and track intrusions in real-time. Data silos remain the biggest obstacle to a unified 

smart transport system, existing between railway zones, bus depots, and traffic police. Human behavior is key, 

as the effectiveness of AI interventions is ultimately dependent on commuter behavior and their willingness to 
adapt to new travel patterns. 

10. IMPLICATIONS 

For policymakers, there is an urgent need to create a unified data-sharing protocol for all transport agencies in the 
Mumbai Metropolitan Region. Investment should be directed not just towards hardware like cameras and 

sensors but towards the software and talent required to interpret the data. For urban planners, AI tools provide 

the evidence base needed for dynamic policy-making.Crowd prediction data can justify the need for dedicated 

pedestrian corridors or foot-over bridges at specific locations. For society, successful implementation will lead to 
safer commutes, reduced travel time, and lower stress levels for millions. However, there is a risk of a digital 

divide if the benefits are not extended to all commuters, including those without smartphones. 

12. FUTURE SCOPE 
The horizon for AI in Mumbai's transport is vast and extends beyond the current scope. Predictive maintenance 

involves using AI to analyze track, signal, and rolling stock data to predict failures before they happen, reducing 

unexpected delays. Generative design for station re-development means using AI to generate and test thousands 

of design options for station redevelopment to optimize passenger flow before breaking ground. Autonomous 
mobility in the long-term future could see the integration of autonomous feeder vehicles that are dynamically 

routed based on train arrival predictions. Digital twins would create a complete virtual simulation of the Mumbai 

rail network that mirrors the physical system in real-time, allowing operators to simulate the impact of 
disruptions like torrential downpours and pre-test mitigation strategies in a safe environment before 

implementing them in the real world. 

13. CONCLUSION 
The transformation of Mumbai's local train and transport system through Artificial Intelligence is not just a 

possibility; it is an inevitability that has already begun. This secondary research confirms that AI is moving from 

the fringes of artistic imagination to the core of operational strategy. From the tracks of IIT Bombay's dailyzing 

model to the crowded platforms of Dadar where predictive systems are being piloted, AI is being deployed to 
see the invisible and predict the unpredictable.The core conclusion of this paper is that AI offers a paradigm shift 

from a reactive to a predictive transport network. By integrating computer vision for safety, predictive analytics 

for crowd management, and genetic algorithms for multi-modal coordination, Mumbai can significantly 
enhance its carrying capacity without laying a single new track. However, technology alone is insufficient. The 

success of this transformation hinges on the seamless integration of these disparate AI tools into a unified 

command-and-control center and, crucially, on winning the trust and cooperation of the millions of daily 
commuters who are the city's true lifeline. 
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