Journal of Transportation Engineering and Its Applications
MAN ECH p g g pp _
Publications Volume 9, Issue 1, January-April, 2024

Enhancing Public Transportation Systems: A Comprehensive

Analysis of Planning and Design Strategies

Nutan Agarwal', Mayak Shrivastava®, Hardik Sharma®, Mansi Rawat’
Professor®, Associate Professor?
Department of Civil Engineering
TechForge Institute of Technology

Corresponding Author’sEmail:hk_sharma@rediffmail.com?

Abstract
Public transportation plays a crucial role in urban mobility, offering
sustainable and efficient alternatives to private vehicles. This paper provides a
comprehensive analysis of the planning and design of public transportation
systems, focusing on bus rapid transit (BRT), light rail transit (LRT), and
metro systems. Key topics discussed include route planning methodologies,
station design principles, fare collection systems, and strategies for integrating
various modes of transportation. By examining case studies and best practices
from around the world, this paper aims to provide insights and
recommendations for improving the effectiveness and sustainability of public

transportation infrastructure.
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INTRODUCTION

Background and Significance

Public transportation systems are vital components of urban infrastructure, serving as lifelines
for millions of people worldwide. As urbanization continues to accelerate, cities are grappling
with congestion, pollution, and the unsustainable reliance on private vehicles. In this context,

the planning and design of efficient, accessible, and sustainable public transportation systems
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have emerged as pressing challenges for urban planners, policymakers, and transportation

engineers.

The significance of public transportation extends beyond mere mobility; it encompasses
broader societal and environmental benefits. Well-designed public transportation systems
reduce traffic congestion, lower greenhouse gas emissions, and promote social equity by
providing affordable and accessible transportation options for all segments of society,
including low-income individuals and those with limited mobility. Moreover, public
transportation plays a crucial role in shaping urban form and influencing land use patterns,

contributing to the creation of vibrant, walkable, and livable cities.

Despite the numerous benefits associated with public transportation, many cities face
obstacles in developing and maintaining efficient systems. Challenges such as inadequate
funding, political resistance, and competing interests often hinder the realization of ambitious
transportation projects. Moreover, rapid urbanization and evolving travel patterns necessitate
constant adaptation and innovation in public transportation planning and design.

Objectives of the Paper
This paper aims to provide a comprehensive analysis of public transportation planning and
design strategies, focusing on key modes such as bus rapid transit (BRT), light rail transit

(LRT), and metro systems. The objectives of the paper are as follows:

1. To examine the methodologies and best practices in route planning for different public
transportation modes.

2. Explore design principles and innovations in station infrastructure to enhance passenger
experience and accessibility.

3. To evaluate various fare collection systems and pricing strategies for promoting public
transportation use.

4. To discuss strategies for integrating public transportation with other modes of
transportation, including walking, cycling, and private vehicles.

5. To provide insights and recommendations for improving the effectiveness, efficiency, and

sustainability of public transportation systems.
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By achieving these objectives, this paper aims to contribute to the ongoing discourse on urban
mobility and provide actionable insights for policymakers, planners, and transportation

professionals involved in public transportation projects.

Structure of the Paper

The paper is structured as follows

Introduction: Provides an overview of the background, significance, objectives, and structure
of the paper.

Planning Public Transportation Systems: Discusses methodologies for route planning and
integration with urban development plans.

Designing Public Transportation Stations: Explores station typologies, design principles,
and sustainability considerations.

Fare Collection Systems: Evaluates fare collection technologies, pricing strategies, and
integration with other transportation modes.

Integration with Other Modes of Transportation: Examines multimodal transportation
hubs and last-mile connectivity solutions.

Conclusion: Summarizes key findings, offers recommendations, and outlines future research

directions.

PLANNING PUBLIC TRANSPORTATION SYSTEMS

Route Planning Methodologies

Route planning is a fundamental aspect of public transportation system design, influencing
factors such as accessibility, efficiency, and passenger satisfaction. Various methodologies

exist for determining optimal routes, each with its own advantages and limitations.

Comparative Analysis of Route Planning Approaches

Route planning approaches can be broadly categorized into demand-based and supply-based
methods. Demand-based methods prioritize serving areas with high passenger demand, while
supply-based methods focus on maximizing system coverage and efficiency. A comparative
analysis of these approaches can help transportation planners choose the most suitable method

based on factors such as population density, travel patterns, and available resources.
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Factors Influencing Route Selection

Several factors influence route selection, including demographic characteristics, land use
patterns, existing transportation infrastructure, and socio-economic considerations.
Transportation planners must balance competing priorities such as minimizing travel time,
maximizing service coverage, and optimizing resource allocation. Understanding these factors
is essential for developing routes that meet the needs of diverse communities and

stakeholders.

Case Studies Illustrating Effective Route Planning Strategies

Case studies from cities around the world demonstrate innovative approaches to route
planning that have resulted in successful public transportation systems. Examples include the
implementation of bus rapid transit (BRT) corridors with dedicated lanes and signal priority,
the integration of light rail transit (LRT) lines with existing urban rail networks, and the
development of feeder bus services to complement metro systems. These case studies

highlight best practices and lessons learned that can inform future route planning efforts.

Integration with Urban Development Plans

Effective integration of public transportation systems with urban development plans is
essential for promoting sustainable, livable cities. By coordinating transportation planning
with land use policies and urban design principles, cities can enhance accessibility, reduce

traffic congestion, and support economic development.

Importance of Coordinating Transportation Planning with Urban Development

Transportation infrastructure investments have significant implications for land use and urban
form. By aligning transportation planning with broader urban development goals, cities can
leverage public transportation investments to achieve multiple objectives, such as promoting

mixed-use development, reducing sprawl, and enhancing the quality of life for residents.

Strategies for Integrating Public Transportation into Urban Landscapes

Various strategies exist for integrating public transportation into urban landscapes, including
transit-oriented development (TOD), pedestrian-friendly design, and transit priority measures.
TOD encourages compact, mixed-use development around transit stations, promoting walk

ability and reducing reliance on private vehicles. Pedestrian-friendly design features such as
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wide sidewalks, crosswalks, and street furniture enhances the overall transit experience and

encourage active transportation modes.

Examples of Successful Integration Projects

Numerous cities have successfully integrated public transportation into their urban landscapes,
resulting in vibrant, sustainable communities. Examples include the redevelopment of former
industrial areas into transit-oriented mixed-use neighborhoods, the creation of pedestrian-
friendly corridors served Dby high-quality bus rapid transit (BRT) systems, and the
revitalization of historic districts through light rail transit (LRT) investments. These examples
demonstrate the transformative potential of integrating public transportation with urban

development plans.

Table 1. Comparative Analysis of Route Planning Approaches

Approach Description Advantages Limitations

Prioritizes serving areas with high
passenger demand, often identified
Demand-  through surveys, travel behavior analysis, - Efficient use of - May neglect

based or passenger counts. resources underserved areas

- Maximizes - Relies on accurate

passenger satisfaction demand forecasting

- Can adapt to

changing travel
patterns
Focuses on maximizing system coverage
and efficiency, often based on predefined - Ensures - May result in
Supply- service standards or network connectivity comprehensive inefficient routes with
based criteria. service coverage low demand
- Facilitates network - Potential for
integration and overlapping routes and
transfers duplication of service
- Simplifies
operations and

maintenance
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Figure 1 Factors Influencing Route Selection

Table 2: Examples of Successful Integration Projects

City
Portland,
USA

Curitiba,
Brazil

Hong
Kong

Project Description Key Features Impact
MAX Light Rail Transit (LRT) - Transit-oriented
system development (TOD) - Increased transit ridership

- Pedestrian-friendly - Economic revitalization of

design neighborhoods

- Integrated bike and - Reduced congestion and air
pedestrian pathways pollution

Redelntegrada de Transporte - Bus rapid transit - Improved accessibility for

(Integrated Transport Network)  (BRT) corridors low-income communities
- Dedicated bus lanes - Sustainable urban
and signal priority development
- Feeder bus services - Social inclusion and equity

- Dense network of - Enhanced connectivity and

Mass Transit Railway (MTR) metro lines accessibility

- Transit-oriented - Reduced reliance on private

development (TOD) vehicles

- Seamless fare - Economic growth and

integration development
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DESIGNING PUBLIC TRANSPORTATION STATIONS

Station Typologies and Design Principles

Public transportation stations come in various typologies, each tailored to specific modes of
transit such as Bus Rapid Transit (BRT), Light Rail Transit (LRT), and Metro systems.
Designing these stations requires careful consideration of passenger experience, accessibility,

and integration with the surrounding urban environment.

Overview of Different Station Typologies

BRT Stations: BRT stations are typically located along dedicated bus lanes and feature
amenities such as covered waiting areas, real-time information displays, and level boarding
platforms.

LRT Stations: LRT stations serve as key nodes in light rail networks, providing passenger
facilities such as ticket vending machines, platform shelters, and way finding signage.

Metro Stations: Metro stations are larger and more complex, accommodating high passenger
volumes with features such as multiple entrances/exits, fare gates, and intermodal transfer

facilities.

Design Considerations for Enhancing Passenger Experience and Accessibility

Universal Design: Stations should be designed to accommodate passengers of all ages and
abilities, with features such as wheelchair ramps, tactile paving, and audible announcements.
Way Finding: Clear signage and intuitive layout designs help passengers navigate through
stations efficiently, reducing congestion and improving the overall user experience.

Safety and Security: Adequate lighting, surveillance cameras, and emergency

communication systems enhance passenger safety and security within stations.

Case Studies Highlighting Innovative Station Designs

Case studies from around the world showcase innovative approaches to station design that
prioritize passenger comfort, efficiency, and sustainability. Examples include the use of
modular construction techniques to expedite station construction, the incorporation of public
art installations to enhance the aesthetic appeal of stations, and the integration of green spaces

and recreational amenities to create inviting urban hubs.
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Sustainable Station Design

Sustainable station design aims to minimize environmental impact while maximizing energy
efficiency and resource conservation. Incorporating sustainability principles into station
design involves integrating green technologies, renewable materials, and passive design

strategies.

Incorporating Sustainability Principles into Station Design

Energy-Efficient Lighting: LED lighting fixtures and daylight harvesting systems reduce
energy consumption and operating costs while providing adequate illumination for
passengers.

Natural Ventilation: Passive ventilation strategies such as cross-ventilation and thermal
chimneys enhance indoor air quality and reduce reliance on mechanical HVAC systems.
Rainwater Harvesting: Capturing and storing rainwater for non-potable uses such as

irrigation and toilet flushing reduces water demand and mitigates storm water runoff.

Use of Renewable Materials and Green Infrastructure

Sustainable Materials: Utilizing eco-friendly materials such as recycled steel, bamboo
flooring, and low-VOC paints reduces embodied carbon emissions and promotes resource
conservation.

Green Roofs: Installing green roofs or vegetated surfaces on station buildings helps mitigate

urban heat island effects, improve air quality, and enhance biodiversity.

Table 3: Overview of Different Station Typologies

Typology Description

BRT Located along dedicated bus lanes, featuring covered waiting areas, real-time

Stations  information displays, and level boarding platforms.

LRT Key nodes in light rail networks, providing passenger facilities such as ticket

Stations  vending machines, platform shelters, and way finding signage.

Metro Larger and more complex, accommodating high passenger volumes with features

Stations  such as multiple entrances/exits, fare gates, and intermodal transfer facilities.
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Figure 2 Design Considerations for Enhancing Passenger Experience and Accessibility

Table 4: Examples of Sustainable Station Design Features

Feature Description

Energy-Efficient

Lighting LED fixtures, daylight harvesting systems

Natural

Ventilation Cross-ventilation, thermal chimneys

Rainwater

Harvesting Collection and storage for non-potable uses
Sustainable

Materials Recycled steel, bamboo flooring, low-VOC paints

Vegetated surfaces for urban heat island mitigation, improved air quality,

Green Roofs and biodiversity enhancement

FARE COLLECTION SYSTEMS

Fare Collection Technologies

Fare collection systems are integral to public transportation networks, providing a means for
passengers to pay for their journeys efficiently. Over the years, various technologies have
been developed to streamline fare collection processes, catering to the diverse needs of

passengers and transportation agencies.
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Overview of Traditional and Emerging Fare Collection Technologies

Traditional fare collection methods typically involve the use of paper tickets, tokens, or cash
payments, which are manually processed by transit operators. However, with advancements in
technology, emerging fare collection systems offer greater convenience and efficiency. These

include:

Smart Cards: Contactless smart cards, such as RFID-enabled cards or Near Field
Communication (NFC) cards, allow passengers to tap and pay for their fares at fare gates or
validators.

Mobile Payments: Mobile ticketing apps enable passengers to purchase and validate tickets
using their smart phones, eliminating the need for physical cards or cash.

Account-Based Ticketing: This system links passengers' travel accounts to their payment

methods, automatically deducting fares based on usage data.

Pros and Cons of Different Systems
Each fare collection technology has its advantages and limitations, as summarized below:

Technology Pros Cons

- Requires initial card issuance and

Smart Cards - Fast and convenient distribution

- Enables fare integration across - Limited interoperability between

multiple transportation modes different transit systems
Mobile - Relies on smartphone adoption and
Payments - Offers flexibility and convenience  network connectivity

- Supports dynamic pricing and fare - Security and privacy concerns may

promotions arise

Account-Based

Seamless fare integration and - Requires passenger registration and

Ticketing payment processing account setup

- Facilitates personalized fare - Implementation costs and technical

discounts and incentives complexities may be high
Technology Pros Cons
Smart Cards - Fast and convenient - Requires initial card issuance and
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Technology Pros Cons
distribution
- Enables fare integration across - Limited interoperability between
multiple transportation modes different transit systems
Mobile - Relies on smartphone adoption and
Payments - Offers flexibility and convenience network connectivity

- Supports dynamic pricing and fare - Security and privacy concerns may

promotions arise

Account-Based Seamless fare integration and - Requires passenger registration and

Ticketing payment processing account setup

- Facilitates personalized fare - Implementation costs and technical

discounts and incentives complexities may be high

Case Studies Demonstrating Successful Implementation of Fare Collection Systems

Case studies from cities around the world showcase successful implementations of fare
collection systems, highlighting the benefits and challenges associated with each technology.
Examples include the adoption of smart card systems in cities like London (Oyster card) and
Hong Kong (Octopus card), the introduction of mobile ticketing apps in cities like Stockholm
(SL Access) and Singapore (SimplyGo), and the deployment of account-based ticketing
systems in cities like VVancouver (Compass Card) and Sydney (Opal card).

Fare Integration and Pricing Strategies

Seamless fare integration across different transportation modes is essential for promoting
public transportation use and enhancing the overall passenger experience. Additionally,
pricing strategies play a crucial role in influencing travel behavior and maximizing fare

revenue for transportation agencies.

Importance of Seamless Fare Integration across Different Transportation Modes
Integrated fare systems allow passengers to use a single ticket or payment method across
multiple modes of transportation, including buses, trains, ferries, and subways. This simplifies

the travel process, encourages modal shifts, and improves accessibility for passengers.
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Moreover, fare integration facilitates seamless transfers between different modes, reducing

travel times and enhancing connectivity within transit networks.

Pricing Strategies to Promote Public Transportation Use
Effective pricing strategies aim to strike a balance between affordability for passengers and

revenue generation for transportation agencies. Common pricing strategies include:

Distance-Based Fares: Fares are calculated based on the distance traveled, incentivizing

shorter trips and discouraging long-distance travel.

Time-Based Fares: Passengers pay a flat fee for unlimited travel within a specified time
period (e.g., 24 hours), encouraging off-peak travel and multiple trips.

Fare Capping: Passengers are charged a maximum fare within a defined period (e.g., daily or

weekly), ensuring that frequent travelers do not pay more than a certain threshold.

Discounts and Subsidies: Targeted fare discounts for specific demographics (e.g., seniors,
students) or low-income passengers can make public transportation more accessible and
affordable.

Examples of Cities with Effective Fare Integration Policies

Cities like London, Singapore, and Zurich are renowned for their integrated fare systems and
innovative pricing policies. These cities have implemented fare integration schemes that
enable passengers to seamlessly transfer between different modes of transportation using a
single ticket or payment card. Additionally, they have adopted dynamic pricing mechanisms,

such as congestion pricing and peak/off-peak fares, to manage demand and optimize system

capacity.
Table 5 Pros and Cons of Different Fare Collection Technologies
Technology Pros Cons
- Requires initial card issuance and
Smart Cards - Fast and convenient distribution

- Enables fare integration across - Limited interoperability between
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Technology Pros Cons
multiple modes different transit systems
Mobile - Offers flexibility and - Relies on smartphone adoption and
Payments convenience network connectivity

Account-Based

Ticketing

- Supports dynamic pricing and - Security and privacy concerns may

fare promotions arise

- Seamless fare integration and - Requires passenger registration and

payment processing account setup

- Facilitates personalized fare - Implementation costs and technical

discounts and incentives complexities may be high

Functions of Transport Interchanges
Access

Multi-purpose 0 Journey
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Clﬁ;\:'z . m' Toilets

integration

Retail
Waiting
areas

Convenience

Figure 3 Importance of Seamless Fare Integration

Examples of Cities with Effective Fare Integration Policies

City

London, UK

Singapore

Zurich,

Switzerland

Fare Integration Policies

Oyster card system allows seamless fare payment across buses, trains, and the

Tube (London Underground).
Contactless payment cards (e.g., EZ-Link, NETS FlashPay) enable fare

integration across buses, trains, and taxis.

ZurichCARD offers unlimited travel on public transportation networks within

the city, including trams, buses, and trains.
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INTEGRATION WITH OTHER MODES OF TRANSPORTATION

Multimodal Transportation Hubs

Multimodal transportation hubs play a pivotal role in enhancing connectivity and accessibility
within urban areas by facilitating seamless transfers between different modes of
transportation. These hubs serve as key transfer points where passengers can transition

between buses, trains, subways, ferries, and other modes of transit.

Role of Multimodal Transportation Hubs in Enhancing Connectivity
Multimodal transportation hubs serve as vital nodes within urban transportation networks,

offering several benefits:

Enhanced Connectivity: Hubs enable passengers to easily transfer between different modes
of transportation, reducing travel times and improving overall accessibility.

Improved Transit Ridership: Convenient transfers encourage more people to use public
transportation, thereby reducing congestion and pollution caused by private vehicles.
Integrated Services: Hubs often feature amenities such as ticketing facilities, information
kiosks, and waiting areas, enhancing the overall transit experience for passengers.

Stimulated Economic Activity: Well-designed hubs can catalyze urban development and
economic growth in surrounding areas, attracting businesses, retail establishments, and

residential developments.

Design Considerations for Creating Efficient Transfer Facilities
Efficient design is essential for creating multimodal transportation hubs that are functional,

user-friendly, and aesthetically pleasing. Key design considerations include:

Layout and Circulation: Hubs should be designed to facilitate smooth pedestrian flow and
minimize transfer times between different modes of transportation.

Accessibility: Facilities should be accessible to people of all ages and abilities, with features
such as ramps, elevators, and tactile paving.

Information and WayFinding: Clear signage, maps, and digital displays help passengers
navigate through the hub and locate their desired modes of transit.

Intermodal Connectivity: Hubs should provide seamless connections between various

transportation modes, with well-defined transfer points and integration of schedules.
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Case Studies of Successful Multimodal Hubs around the World
Case studies from cities around the world demonstrate successful examples of multimodal

transportation hubs that have transformed urban mobility:

Grand Central Terminal (New York City, USA): This historic train station serves as a hub
for commuter rail, subway, and bus services, with over 750,000 daily passengers.

Shinjuku Station (Tokyo, Japan): One of the busiest transportation hubs in the world,
Shinjuku Station integrates multiple rail lines, bus terminals, and commercial facilities.
Southern Cross Station (Melbourne, Australia): A modern transportation hub featuring

rail, bus, and tram services, with extensive retail, dining, and entertainment amenities.

Last-Mile Connectivity Solutions

Addressing last-mile connectivity gaps is crucial for ensuring the accessibility and
effectiveness of public transportation systems. Last-mile refers to the distance between a
transportation hub or stop and the final destination of a passenger. Overcoming these gaps
requires innovative solutions that provide convenient and sustainable modes of transport for

short-distance trips.

Challenges and Opportunities for Addressing Last-Mile Connectivity Gaps
Last-mile connectivity presents several challenges, including

Limited Accessibility: Many areas lack convenient access to public transportation hubs,
especially in suburban and rural areas.

Congestion and Pollution: Reliance on private vehicles for last-mile trips contributes to
traffic congestion, air pollution, and carbon emissions.

First- and Last-Mile Costs: The cost of traveling the first and last mile of a journey can be

disproportionately high compared to longer-distance travel.

However, these challenges also present opportunities for innovation:
Emerging Technologies: Electric scooters, bike-sharing programs, and micro-mobility

services offer sustainable and flexible last-mile transportation options.
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Public-Private Partnerships: Collaborations between transportation agencies, private
companies, and community organizations can help expand last-mile solutions and improve
accessibility.

Data-Driven Solutions: Advanced analytics and predictive modeling can inform the

development of tailored last-mile solutions based on user demand and travel patterns.

Innovative Solutions for Last-Mile Connectivity
Several innovative solutions have emerged to address last-mile connectivity gaps
Bike-Sharing Programs: Shared bicycles and e-bikes provide a convenient and

environmentally friendly option for short-distance trips within urban areas.

Micro-Mobility Services: Electric scooters, skateboards, and personal mobility devices offer

flexible and affordable alternatives for covering short distances.

Ridesharing and Carpooling: Shared mobility platforms allow passengers to arrange rides
with others traveling in the same direction, reducing costs and congestion.

Walking and Pedestrian Infrastructure: Enhancing sidewalks, crosswalks, and pedestrian

pathways improves safety and encourages walking as a mode of last-mile transportation.

Best Practices for Integrating Last-Mile Solutions with Public Transportation Networks
Effective integration of last-mile solutions with public transportation networks requires
Infrastructure Investment: Developing infrastructure such as bike lanes, sidewalks, and

bike-sharing stations enhances the usability and accessibility of last-mile options.

Policy Support: Implementing supportive policies, such as zoning regulations that encourage
mixed-use development and pedestrian-friendly urban design, promotes sustainable

transportation choices.

User Engagement: Soliciting feedback from users and stakeholders helps identify gaps in

last-mile connectivity and tailor solutions to meet specific needs.
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Multi-Modal Integration: Integrating last-mile options with existing public transportation
services through coordinated schedules, fare integration, and shared mobility hubs improves

connectivity and enhances the overall passenger experience.

Table 6: Case Studies of Successful Multimodal Hubs around the World

City Hub Name Description

New York Grand Central Historic train station serving commuter rail, subway, and bus

City, USA Terminal services, with extensive amenities
Shinjuku One of the busiest transportation hubs globally, integrating
Tokyo, Japan Station multiple rail lines and bus terminals

Melbourne,  Southern Cross Modern transportation hub featuring rail, bus, and tram

Australia Station services, with retail and dining amenities

Table 7 Innovative Solutions for Last-Mile Connectivity

Solution Description

Shared bicycles and e-bikes provide convenient and sustainable

Bike-Sharing Programs  last-mile transportation options

Electric scooters, skateboards, and personal mobility devices offer

Micro-Mobility Services flexible short-distance travel

Ridesharing and Shared mobility platforms enable passengers to arrange rides with

Carpooling others traveling in the same direction

Walking and Pedestrian Enhancing sidewalks, crosswalks, and pedestrian pathways

Infrastructure improves safety and encourages walking

CONCLUSION

In conclusion, this paper has explored various aspects of public transportation planning and
design, focusing on route planning, station design, fare collection systems, integration with
other modes of transportation, and last-mile connectivity solutions. Below is a summary of

key findings, along with recommendations for improvement and future research directions:
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Summary of Key Findings

Effective route planning is essential for optimizing public transportation systems, with
demand-based and supply-based methodologies offering different advantages.

Station design plays a crucial role in enhancing passenger experience and accessibility,
with sustainable design principles increasingly being integrated into infrastructure
projects.

Fare collection technologies continue to evolve, offering greater convenience and
efficiency for passengers, although challenges such as interoperability and security
remain.

Multimodal transportation hubs and last-mile connectivity solutions are critical for
improving accessibility and promoting sustainable urban mobility.

Recommendations for Improving Public Transportation Planning and Design:

Foster collaboration between transportation agencies, urban planners, and community
stakeholders to develop holistic and integrated transportation solutions.

Prioritize investments in sustainable infrastructure and innovative technologies to enhance
the efficiency, accessibility, and environmental sustainability of public transportation
systems.

Implement user-centric design principles and accessibility standards to ensure that public
transportation networks are inclusive and accessible to all members of the community.
Promote public awareness and education initiatives to encourage modal shifts and reduce
reliance on private vehicles, thereby mitigating traffic congestion and reducing carbon

emissions.

Future Research Directions

Investigate the impacts of emerging technologies, such as autonomous vehicles and
mobility-as-a-service (MaaS) platforms, on public transportation systems and urban
mobility patterns.

Explore the potential of data-driven approaches, including predictive analytics and
machine learning algorithms, for optimizing route planning, scheduling, and fare pricing
in public transportation networks.

Assess the social, economic, and environmental benefits of multimodal transportation

hubs and last-mile connectivity solutions in diverse urban contexts.
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e Examine the implications of changing travel behaviors and urbanization trends on the
future design and operation of public transportation systems, with a focus on equity and

social inclusion.
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