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Abstract

Autonomous public transport (APT) is revolutionizing urban mobility by integrating ad-
vanced technologies, including electric autonomous buses and shared autonomous vehicles
(SAVs). This paper examines the historical evolution of APT, from early automation efforts
in the 1920s to the deployment of autonomous shuttles in contemporary cities. It highlights
technological milestones, legislative developments, and shifts in public perception that
have influenced the adoption of APT. The research identifies key benefits of APT, including
enhanced road safety, reduced greenhouse gas emissions, and improved cost-efficiency in
public transport operations. Additionally, the environmental potential of SAVs to reduce
traffic congestion and emissions is explored, particularly when integrated with renew-
able energy sources and sustainable urban planning. However, the study also addresses
significant challenges, such as handling emergencies without human intervention, rising
cybersecurity threats, and employment displacement in the transportation sector. Social
equity concerns are also discussed, especially regarding access and the risk of increasing
urban inequality. This paper contributes to the broader discourse on sustainable mobility,
transportation innovation, and the future of smart cities by providing a comprehensive
analysis of both opportunities and obstacles. Effective policy frameworks and inclusive
planning are essential for the successful implementation of APT systems worldwide.

Keywords: autonomous public transport; sustainable mobility; smart cities; transportation
innovation; shared autonomous vehicles (SAVs)

1. Introduction to Autonomous Public Transport
The introduction of autonomous public transport (APT) represents a significant evo-

lution in urban mobility, driven by technological advancements and a growing need for
efficient transportation solutions. The historical development of APT has been marked by
key milestones, starting from the mid-1920s when early automation attempts were made,
such as Francis P. Houldina’s vehicle equipped with an antenna for signal reception. This
journey continued through the decades, marked by notable innovations such as Mercedes-
Benz’s 1980s vision-based approach and the establishment of legislative frameworks in
the late 1990s, which laid the groundwork for the first public use of autonomous driving
capabilities with the “Park Shuttle” at Schiphol Airport.

As we examine the current landscape of APT, it is crucial to acknowledge its multi-
faceted benefits, including improved safety, environmental sustainability, and economic
efficiency. Research indicates that passengers generally perceive automated buses as safer
and more efficient than traditional buses, with computerized systems expected to drive
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more consistently, potentially leading to a reduction in accident rates. Furthermore, the
environmental impact of APT is significant, as electric autonomous buses produce no
tailpipe emissions, contributing to lower pollution levels and aligning with the global
emphasis on reducing greenhouse gas emissions.

However, integrating APT into public transport systems is not without challenges.
Safety, security, and employment implications must be addressed to ensure a smooth transi-
tion to fully automated systems. For instance, while APT aims to reduce crashes, concerns
remain about their ability to handle emergencies without human intervention. Addition-
ally, the potential for job losses in the transportation sector raises essential questions about
workforce transition and the need for reskilling opportunities, as summarized in the mind
map below in Figure 1.

Figure 1. Mind map of the literature review (Colors for illustration only).

In summary, the evolution of autonomous public transport is a complex interplay of
technological advancements, societal needs, and regulatory frameworks. As cities adapt to
incorporate these vehicles, understanding the implications of such technologies on public
perception and urban mobility will be crucial for their successful implementation [1].

2. Historical Developments in Autonomous Public Transport
The historical development of autonomous public transport (APT) has been a gradual

process, marked by significant milestones that have shaped the technology we see today.
The journey began in the mid-1920s when Francis P. Houldina equipped a vehicle with an
antenna that received signals from another vehicle, marking an early attempt at automating
driving. This was followed by a notable presentation at the 1939 New York World’s Fair,
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where Norman Bel Geddes, supported by General Motors, introduced a vehicle propelled
by magnetic fields, envisioning a future of automated transport.

In the 1950s, RCA Labs demonstrated vehicles equipped with receivers that could
interpret signals from the road, allowing for automatic steering, acceleration, and braking.
This period laid the groundwork for further advancements. Dr. Robert L. Cosgriff at Ohio
State University predicted in 1960 that driver automation based on road information would
become a reality within 15 years. European pioneers also made strides during this time,
with a Transport Road Research Laboratory team successfully testing a driverless Citroen
DS at speeds over 130 km/h.

The 1980s marked a turning point, with Mercedes-Benz developing a vision-based
approach for non-driver vehicles that successfully operated on public roads. This era also
saw the establishment of legislative frameworks, with the United States Department of
Transportation creating the first laws related to automated vehicles in 1997. The introduc-
tion of the “Park Shuttle” at Schiphol Airport in December 1997 represented the first public
use of autonomous driving capabilities, setting a precedent for future developments in
the field.

Since 2000, a revolution in autonomous driving has taken place, with independent
researchers, automotive companies, and software developers all vying to advance this tech-
nology. The Society of Automotive Engineers (SAE) established standards for automated
driving systems, which have been crucial in guiding the development and implementation
of autonomous vehicles. Today, autonomous shuttle buses are being tested and imple-
mented in various urban environments, demonstrating the evolution from early concepts
to practical applications in public transport, as shown in Figure 2.

Figure 2. Mind map of historical developments in APT (number for manuscript page number, colors
for illustration only).

Integrating autonomous vehicles into public transport systems is not just about tech-
nology; it also involves addressing social acceptance, legal frameworks, and the potential
impact on urban planning and traffic management. As cities adapt to incorporate these ve-
hicles, the focus will also shift towards understanding the implications of such technologies
on public perception and the future of urban mobility [2].

3. Benefits of Autonomous Public Transport
Integrating high-capacity autonomous buses into public transport systems presents

several significant benefits. Firstly, these buses can enhance safety and efficiency in public
transport operations. The research indicates that passengers generally perceive automated
buses as safer and more efficient than traditional buses, with participants expressing
confidence in the technology’s ability to handle everyday traffic situations competently.
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Additionally, the automated systems are expected to drive more consistently, which could
lead to improved overall safety and reduced accident rates [3].

Moreover, autonomous buses have noteworthy environmental benefits. Like electric
buses, they produce no tailpipe emissions, contributing to lower pollution levels and a more
sustainable public transport system [4]. This aligns with the growing emphasis on reducing
greenhouse gas emissions and energy consumption in urban areas, making autonomous
buses a viable option for environmentally conscious cities [4].

Furthermore, implementing autonomous buses could reduce public transport costs.
Participants in the studies suggested that the absence of a driver could decrease operational
costs, which might translate into lower fares for passengers [5]. This economic advantage,
combined with the potential for increased service efficiency, positions autonomous public
transport as a forward-thinking solution to meet the demands of modern urban mobility.
Integrating high-capacity autonomous buses into public transport systems has multifaceted
benefits, encompassing safety, environmental sustainability, and economic efficiency [6].

4. Challenges and Lessons Learned
The challenges of autonomous public transportation (AVs) are multifaceted, encom-

passing safety, security, employment implications, and societal impacts. One of the most
pressing concerns is safety. Although AV technology aims to reduce crashes and improve
road safety, the transition to fully automated systems raises significant questions about
their ability to handle emergencies without human intervention. A study indicated that
68.63% of participants believed managing emergencies without a driver would be more
difficult, highlighting the inherent risks of removing human oversight from the driving
process, as shown in Figure 3 [6].

 

(a)  (b) 

Figure 3. Perceived benefits (a) and drawbacks (b) of PT automation.

In response to these concerns, several pilot programs have adopted remote monitoring
and human-in-the-loop solutions. For instance, Michigan’s “Connect” AV shuttle utilizes
real-time teleoperation protocols to support vehicles in emergency scenarios. San Fran-
cisco’s Treasure Island pilot included onboard human attendants during early phases to
help address unexpected passenger needs and reinforce public confidence.

On the employment front, proactive retraining schemes have been introduced in
Switzerland, where shuttle operators were transitioned into roles in system diagnostics,
fleet monitoring, and customer engagement. These adaptive strategies demonstrate how
cities can support both operational resilience and workforce inclusion.
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In addition to safety, security issues pose a considerable challenge. Integrating ad-
vanced communication technologies in AVs increases the risk of cyber threats, which can
compromise vehicles and the broader intelligent transport infrastructure. The literature
emphasizes that while AVs can enhance operational efficiency, they also create vulnera-
bilities that malicious actors, such as hackers or terrorist organizations, could exploit [7].
This duality of enhancing mobility while simultaneously increasing exposure to cyber
threats necessitates a robust regulatory framework to ensure the safety and security of AV
systems [8,9].

Another critical challenge is the impact of AVs on employment. Automating driving
tasks is expected to result in significant job losses in the transportation sector, particularly
among low-skilled workers, such as truck drivers and taxi drivers. Research indicates that
while new job opportunities may arise in technology and support roles, the transition could
disproportionately affect those in routine labor positions [7]. This shift raises essential
questions about managing the workforce transition and ensuring that displaced workers
can access reskilling opportunities.

Moreover, the societal implications of AV technology are profound. The introduction
of AVs could exacerbate socio-spatial disparities, particularly in terms of access to urban
opportunities and services. While AVs can improve mobility for some, they may also lead
to increased segregation if not implemented with equity in mind [7]. The literature suggests
that empirical research on the societal impacts of AVs is still in its infancy, indicating a need
for further investigation into how this technology can be leveraged to address existing
inequalities [7,10].

In summary, the challenges of autonomous public transportation are complex and
interconnected, involving safety, security, employment, and societal impacts. Addressing
these challenges requires a comprehensive approach that includes robust regulatory frame-
works, proactive workforce development strategies, and a focus on equity to ensure that
the benefits of AV technology are distributed fairly across different segments of society.

4.1. Environmental Impact of Autonomous Public Transport

The environmental impact of autonomous public transport, particularly through
shared autonomous vehicles (SAVs), is multifaceted and can lead to significant reductions in
emissions and improvements in urban mobility. Studies indicate that a single autonomous
vehicle can replace between 7 and 11 conventional vehicles, resulting in emission reductions
of up to 87–94% compared to traditional vehicles with human drivers. This potential
for emission reduction is particularly pronounced when considering the use of electric
autonomous taxis, which can substantially decrease greenhouse gas emissions, especially
when powered by renewable energy sources [11].

Moreover, integrating SAVs into urban transport systems can optimize fleet manage-
ment and reduce the number of vehicles on the road, leading to less congestion and lower
overall emission rates. For instance, a fleet of autonomous taxis in Austin, Texas, could
achieve a reduction of up to 60% in emissions compared to conventional vehicles. However,
the effectiveness of these reductions is contingent upon factors such as the size of the fleet,
the charging infrastructure, and the operational strategies employed [12].

In terms of land use, the introduction of autonomous public transport could lead to the
repurposing of urban spaces currently dedicated to parking and road infrastructure. This
could free up land for green spaces or other uses, potentially enhancing urban livability
and biodiversity. However, concerns about adopting AVs could exacerbate urban sprawl
without appropriate policies, leading to adverse environmental impacts such as loss of
natural habitats and increased runoff [13].
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Additionally, the interaction between autonomous vehicles and existing public trans-
port systems is crucial. In cities with robust public transport networks, introducing SAVs
could increase emissions if they draw users away from public transport. Conversely,
in areas with limited public transport options, SAVs could provide a more sustainable
alternative to private vehicle use, reducing overall emissions [14].

Overall, while the potential environmental benefits of autonomous public transporta-
tion are significant, they are highly dependent on implementation strategies, user accep-
tance, and integration with existing transportation systems. Comprehensive studies are
needed to fully understand these impacts and develop policies that maximize the benefits
while mitigating potential drawbacks [15].

4.2. Social and Economic Implications of Autonomous Public Transport

The introduction of Autonomous Shuttles-as-a-Service (ASaaS) represents a significant
shift in urban mobility, particularly in addressing the challenges of last-mile transportation.
This concept aims to enhance the efficiency of urban transport systems by providing a
flexible and integrated solution for moving people and goods within city centers, where tra-
ditional public transport options may be limited due to infrastructure constraints and high
traffic congestion. Autonomous vehicles (AVs) are designed to operate without complete
human control, utilizing advanced sensors and algorithms to navigate urban environments
safely and efficiently. This capability not only promises to reduce the number of vehicles
needed for transportation but also aims to minimize noise and pollution, contributing to a
more sustainable urban ecosystem [16].

The social implications of ASaaS are profound, as they can significantly improve ac-
cessibility for various demographics, including the elderly and those living in underserved
areas. By providing a reliable and efficient means of transport, autonomous shuttles can
enhance the quality of life for residents and visitors, facilitating easier access to essential
services such as hospitals, shopping centers, and cultural sites. Furthermore, the integra-
tion of AVs into existing transport networks can reduce traffic congestion and accidents,
primarily caused by human error, thereby improving overall road safety [16].

Economically, deploying autonomous shuttles can lead to substantial cost savings for
municipalities and transport operators. By reducing operational costs associated with hu-
man drivers and optimizing fleet management, cities can allocate resources more effectively,
potentially lowering user fares and increasing ridership. Additionally, introducing ASaaS
can stimulate local economies by attracting businesses and tourists, as enhanced mobility
options make urban areas more accessible and appealing. The potential for public–private
partnerships in developing and operating these services can further drive innovation and
investment in urban mobility solutions [16].

In summary, while the social implications include enhanced accessibility and potential
job displacement, the economic repercussions center on cost savings and the creation of
new business opportunities within the urban mobility landscape.

4.3. Public Perception and Acceptance of Autonomous Public Transport

Public perception and acceptance of autonomous public transport (APT) are crucial
for its successful integration into existing transportation systems. Research indicates a
generally positive attitude towards APT among potential users. For instance, a study
conducted in Singapore found that participants expressed a high level of acceptance, with
an average score of 3.87 on a scale from 1 (very unlikely) to 5 (very likely) regarding their
intention to adopt autonomous public road transport when available. This acceptance is
influenced by perceived benefits such as improved reliability and accessibility of public
transport, particularly for those without driving licenses [17].
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However, significant concerns remain. Participants in the Singapore study reported
worries about technical issues, such as accidents triggered by technical errors and confusion
in unexpected situations, which received high average concern scores. Additionally, legal
liability issues were highlighted, indicating that the public desires more straightforward
guidelines on accountability in accidents involving autonomous vehicles [18,19]. The
literature emphasizes the importance of addressing these public concerns to enhance accep-
tance. A systematic review identified that service quality, safety, and personal experiences
significantly influence users’ willingness to accept APT [20].

The UTAUT framework identifies several key determinants that influence user accep-
tance, including performance expectancy, effort expectancy, social influence, facilitating
conditions, and hedonic motivation. Performance expectancy refers to the perceived bene-
fits of using APT, while effort expectancy relates to the ease of use and learning associated
with technology. Trust is another critical factor that mediates the relationship between
perceived value and user acceptance of APT. Users are more likely to adopt APT if they
perceive it as safe, reliable, and beneficial compared to traditional transport options [21].

Furthermore, the design and user-friendliness of APT play a vital role in shaping user
perceptions. When APT is perceived as intuitive and easy to use, it enhances the perceived
economic and functional utility, thereby increasing acceptance. The study also highlights
the importance of addressing the concerns of specific demographic groups, such as older
adults, who may exhibit lower levels of trust in APT [21].

In conclusion, the findings underscore the necessity for transport operators and pol-
icymakers to focus on improving users’ perceived value of APT through effective com-
munication and education strategies. By emphasizing APT’s economic, functional, social,
and emotional benefits, stakeholders can foster greater public acceptance and facilitate the
successful implementation of autonomous public transport systems.

5. Limitations of Autonomous Public Transport
The limitations associated with autonomous public transport systems are multifaceted

and significant. One primary concern is the technological efficiency of these vehicles,
which remains a substantial barrier to their widespread adoption and integration into
existing public transport frameworks. This suggests that advancements in technology
are essential for ensuring that autonomous vehicles can operate effectively in diverse
urban environments.

Another critical issue relates to data protection and privacy. Autonomous vehicles
collect and process large amounts of data, making them vulnerable to cyberattacks, which
raises significant concerns for users and operators. This vulnerability highlights the im-
portance of robust security measures in safeguarding sensitive information and protecting
user privacy [22].

Additionally, there are gaps in legislation regarding the use and ownership of au-
tonomous vehicles. These legislative uncertainties complicate the integration of such cars
into existing transportation systems, particularly regarding liability in the event of acci-
dents. Addressing these legal challenges is essential for fostering public trust and ensuring
the safe operation of autonomous public transport systems [23].

Moreover, the transition to autonomous vehicles may face challenges related to human
adoption. Many users may take time to feel entirely comfortable with the idea of traveling
in a driverless vehicle, which can hinder acceptance and integration. This highlights the
importance of gradually introducing autonomous vehicles in public transportation to help
users acclimate to the technology [24,25].



World Electr. Veh. J. 2025, 16, 482 8 of 18

5.1. Regulatory and Legal Issues

The regulatory and legal issues surrounding autonomous public transportation are
multifaceted and have been explored in various studies. One significant concern is the
lack of a comprehensive legal framework to address liability issues associated with au-
tonomous vehicles. For instance, one study highlighted that liability can be categorized
into three types—contractual, product, and tort—and emphasized the need for a clear legal
framework to manage these aspects effectively [26].

Additionally, the literature suggests several recommendations to address legal and
liability issues, such as disseminating necessary information to vehicle users while using
the system [26]. Furthermore, the regulatory landscape varies significantly between regions,
with some countries allowing testing of autonomous vehicles on public roads under specific
conditions, while others have more restrictive regulations [27].

In the United States, for example, the Self-Drive Act was passed to facilitate the
testing of unmanned vehicles on public roads, establishing uniform standards across states.
This act requires manufacturers to prove the safety of their autonomous vehicles and
mandates reporting any incidents involving these vehicles to the National Highway Traffic
Safety Administration. Overall, as autonomous public transportation technology evolves,
policymakers need to develop a systematic framework that addresses these regulatory and
legal challenges effectively [27,28].

5.2. Safety Concerns

The safety concerns regarding autonomous public transportation are multifaceted and
have been highlighted in the following points:

- Limited Safety Mechanisms: Autonomous vehicles for public transportation (AV4PT)
often lack essential safety features such as seat belts and airbags, which raise significant
safety concerns. The absence of these features can lead to increased severity of injuries
in the event of an accident [29].

- Risky Situations: AV4PT may encounter risky situations, such as passengers standing
without handholds or crowded stops, which can exacerbate the potential for acci-
dents [29]. This is particularly concerning for vulnerable populations, including the
elderly and disabled, who may be at greater risk during such scenarios [30].

- Distrust in Technology: Many current public transit users distrust the technology
behind autonomous vehicles. Concerns about machine malfunctions and the re-
liability of automated systems contribute to a general hesitance to adopt AVs for
public transit [30].

- Human Interaction: The lack of a human driver in AVs raises concerns about the
ability to handle unpredictable events. Riders often feel that human drivers can better
manage emergencies and provide customer service, which is a significant factor in
their willingness to use autonomous buses [30].

- Cybersecurity Risks: As AVs increasingly rely on connectivity for operation, cyber-
security becomes a critical concern. The potential for malicious attacks on the vehi-
cle’s systems could lead to dangerous situations, especially in public transportation
settings [31].

- Accidents Caused by Other Road Users: A significant number of accidents involving
AVs are caused by other road users, such as pedestrians and cyclists. This highlights
the need for AVs to effectively detect and respond to the behaviors of these users to
prevent accidents [31].

- Perception Errors: Minimizing perception errors is crucial for the safety of AVs. Accu-
rately detecting and categorizing objects in the environment is crucial for preventing
accidents and ensuring safety [31–33].
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These concerns underscore the importance of addressing safety issues comprehen-
sively to ensure the successful implementation of autonomous public transportation systems.

6. Technological Enablers in Autonomous Public Transport
The technological enablers in autonomous public transport include the following:

- Artificial Intelligence (AI) and Machine Learning

Artificial Intelligence (AI) and machine learning are pivotal in the development of
autonomous public transportation systems. These technologies enable vehicles to navi-
gate complex environments, make real-time decisions, and continuously improve their
performance through data analysis [34]. AI-driven systems can process vast amounts of
data from various sensors and cameras, allowing autonomous vehicles to perceive their
surroundings, predict potential hazards, and respond appropriately. This capability is
crucial for ensuring the safety and efficiency of autonomous public transport systems [35].

- Advanced Sensors and Perception Systems

Advanced sensors and perception systems, including radar, LiDAR (Light Detection
and Ranging), and cameras, are essential for operating autonomous vehicles. These sensors
provide a comprehensive view of the vehicle’s environment, enabling it to detect obstacles,
pedestrians, other vehicles, and road conditions. LiDAR, for instance, uses laser pulses to
create a 3D map of the surroundings, while radar and cameras offer additional data layers
for enhanced perception. These technologies work in tandem to ensure that autonomous
vehicles can navigate safely and efficiently without human intervention [36,37].

- Connectivity and Communication Technologies

Connectivity and communication technologies, such as Vehicle-to-Everything (V2X)
and 5G networks, play a critical role in autonomous public transport. V2X technology
enables vehicles to communicate with each other, infrastructure, and other road users,
facilitating the exchange of real-time data. This communication is vital for optimizing
traffic flow, reducing accidents, and improving overall road safety [36]. With high-speed,
low-latency capabilities, 5G networks enable the rapid transmission of large amounts of
data, which is essential for the real-time decision-making processes of autonomous vehicles.
These technologies collectively enhance the efficiency and reliability of autonomous public
transport systems [38].

- Electric and Autonomous Vehicles

The development of electric and autonomous vehicles is a significant enabler for
autonomous public transport. Electric vehicles (EVs) offer a sustainable alternative to tradi-
tional gasoline-powered vehicles, reducing emissions and contributing to environmental
sustainability. Autonomous electric buses, shuttles, and taxis can operate without human
drivers, providing more efficient and cost-effective transportation solutions. Integrating
electric propulsion with autonomous driving technologies is a key trend driving the future
of public transport [39].

- Advanced Traffic Management Systems (ATMS)

Advanced traffic management systems (ATMS) utilize big data, AI, and IoT technolo-
gies to optimize traffic flow and improve the efficiency of public transport networks. These
systems can monitor and manage traffic in real time, adjusting signal timings, rerouting
vehicles, and providing passengers with real-time information. ATMS can also integrate
with autonomous vehicles, allowing seamless coordination and improved safety. By reduc-
ing congestion and enhancing the overall efficiency of the transportation network, ATMS
contributed significantly to the success of autonomous public transport systems [40].
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- Infrastructure Development

The development of smart infrastructure is crucial for the deployment and operation
of autonomous public transport systems. This includes the creation of dedicated lanes
for autonomous vehicles, smart traffic signals, and advanced roadside units that commu-
nicate with vehicles to facilitate seamless integration [41]. Smart infrastructure enables
autonomous vehicles to operate more efficiently and safely by providing the necessary
support and data for navigation and decision-making. Additionally, integrating smart
city technologies, such as IoT-enabled traffic management systems, further enhances the
capabilities of autonomous public transport [42].

- Regulatory Frameworks and Policies

Clear regulatory frameworks and policies are essential for the safe and effective deploy-
ment of autonomous public transport systems. Governments and regulatory bodies play a
crucial role in establishing guidelines for testing, deploying, and operating autonomous
vehicles. These regulations ensure that autonomous vehicles meet safety standards, address
liability issues, and facilitate public acceptance. By providing a structured and supportive
regulatory environment, governments can accelerate the adoption of autonomous public
transport and ensure its safe integration into existing transportation systems [43].

In summary, the technological enablers in autonomous public transport encompass a
range of advanced technologies and supportive frameworks that collectively contribute to
the development, deployment, and operation of efficient, safe, and sustainable autonomous
transportation systems.

7. Case Studies of Autonomous Public Transport Implementations
7.1. Singapore’s Autonomous Bus Trials

The area selected for implementing autonomous public transport (APT) in Singa-
pore is Tampines, which is notable for its high population density. Approximately
240,000 residents live within a 12 km2 area, making it one of Singapore’s most densely
populated regions. The MRT travel demand in this area is substantial, with over
15,000 passengers using the MRT service between 7:00 and 9:00 a.m. on typical work-
days, including more than 8000 passengers who take a bus to access the train station [44].

Implementing APT in Tampines involves integrating shared autonomous vehicles
(AVs) into the existing public transportation system, specifically targeting the first-mile
connectivity issue. The strategy is to preserve high-demand bus routes while repurposing
low-demand routes to introduce on-demand AV services.

- Preservation of High-Demand Routes: The 16 busiest bus routes are maintained to
ensure that 90% of the travel demand is efficiently served. This approach allows for a
reliable and consistent service for most passengers.

- Repurposing Low-Demand Routes: The 11 low-demand bus routes are repurposed in
various ways, including rerouting to reduce detours, bypassing high-traffic centers,
maintaining the route but with larger stop spacing, and shifting the destination to
nearby MRT stations.

- On-Demand AV Service: The on-demand AV service caters to the remaining 10% of
the demand previously serviced by the low-demand buses. This service is designed
to provide a flexible, door-to-door transportation option for passengers, particularly
benefiting those with mobility challenges.

- Agent-Based Simulation: An agent-based model was developed to simulate the inter-
actions among passengers, AVs, and buses. This model evaluates the performance of
the integrated AV and public transportation system under various scenarios, including
different fleet sizes and ride-sharing preferences [45].
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- Operational Features: The AV service is integrated into the existing transit system
in terms of ticketing, fare structure, and information sharing. Passengers can use
the same transit smart card for bus and AV services, ensuring a seamless travel
experience. Figure 4 illustrates the first-mile travel demand between 7:00 and 9:00 a.m.,
highlighting the volume of passengers entering each MRT station during the morning
peak. Figure 5 ranks the bus routes serving the Tampines MRT station by average
workday peak-hour ridership, showing a significant imbalance where the top five
routes account for more than 55% of the first-mile travel demand [44,46].

 

Figure 4. First-mile travel demand is between 7 and 9 a.m.

 

Figure 5. Bus ridership to Tampines MRT by route. (“1” and “2” indicate the two directions of the
same bus route).
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This integrated approach aims to enhance service quality, utilize road resources more
efficiently, and ensure financial sustainability within the public transport system in Singa-
pore, particularly in the densely populated Tampines area [47].

7.2. Autonomous Shuttles in Switzerland

The area chosen for this case study is Fribourg, Switzerland, a city known for its innova-
tive approaches to public transport. The pilot project for autonomous public transport (APT)
in Fribourg specifically connects the Marly Innovation Center area to the existing public
transport network, aiming to enhance accessibility for commuters and residents alike. This
pilot began in September 2017 and became operational for passengers in December 2017,
marking it as the first regularly operated autonomous shuttle service in Switzerland.

Implementing APT in Fribourg involves autonomous shuttles that operate on a fixed
route and integrate seamlessly into the public transport system. During peak hours, the
shuttles run every 7 min and are designed to adapt to road traffic conditions, which presents
a significant challenge. The project aims to provide a reliable transport option and attract
new businesses by improving connectivity.

Regarding area size, Fribourg is a medium-sized city, and the pilot project focuses
on a specific route that is approximately 2 km long, connecting key locations such as the
Marly Innovation Center and the urban public transport network. Autonomous shuttles
are expected to be in demand in the future, further enhancing their flexibility and efficiency
in meeting the community’s transportation needs.

Overall, the Fribourg pilot is a significant example of how autonomous public transport
can be effectively implemented in urban settings, providing valuable insights into future
projects across Europe and beyond [48].

7.3. Autonomous Public Transport Implementations in San Francisco

The area chosen for the autonomous public transport implementation in San Francisco
is Treasure Island; the project was launched on 17 August 2023.

Treasure Island is a small, man-made island in the San Francisco Bay between San
Francisco and Oakland. It is approximately 400 acres (1.6 square kilometers) in size.

The autonomous public transport implementation on Treasure Island is known as
the “Treasure Island Loop AV Shuttle Pilot.” This pilot project involves the deployment
of autonomous shuttles to provide public transportation services on the island. The
implementation details are below:

- Vehicles: The shuttles used in this pilot are fully electric and autonomous, meaning
they operate without a human driver. These vehicles are designed to navigate the
island’s roads safely and efficiently.

- Route: The shuttles operate along a fixed route with multiple stops, covering key
locations on Treasure Island. This route is designed to meet the transportation needs
of residents, workers, and visitors on the island.

- Service: The shuttle service is free and available to the public. It runs on a regular
schedule and provides a reliable transportation option for those on the island.

- Technology: The shuttles have advanced sensors, cameras, and software to navigate
the roads, avoid obstacles, and respond to traffic signals. They use a combination of
GPS, LiDAR, and other technologies to ensure safe and efficient operation.

- Objectives: The primary goal of this pilot project is to evaluate the feasibility and
effectiveness of autonomous shuttles in a real-world urban environment. The project
aims to gather data on the performance, safety, and user experience of autonomous
public transport.
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- Regulatory Approval: The launch of the autonomous shuttle service followed the ap-
proval by the California Public Utilities Commission, which allowed for the expansion
of autonomous vehicle services in the state.

- Partnerships: The project is a collaboration between the Treasure Island Mobility
Management Agency and various technology partners who provide autonomous
vehicles and related infrastructure.

This pilot project represents a significant step towards integrating autonomous vehicles
into public transportation systems, offering valuable insights into the potential benefits
and challenges of such technologies in urban settings, Figure 6 [49,50].

 

Figure 6. Autonomous public shuttles project in San Francisco.

7.4. Autonomous Public Transport Implementations in Michigan

The chosen area for the APT shuttle service is Detroit, Michigan, specifically focusing
on a route that connects Corktown, downtown Detroit, and the East Jefferson Riverfront.

The service operates on a 10.8-mile loop. This route links key areas of Detroit, starting
from Michigan Central and ending at Bedrock’s 200 Walker Street on the East Jefferson
Riverfront, as shown in Figure 7. Implementation details as discussed below:

 

Figure 7. Two-way route of the Mile Connect AV shuttle, linking Michigan Central to Bedrock’s 200
Walker St.



World Electr. Veh. J. 2025, 16, 482 14 of 18

- Route and Frequency: The shuttles run on a two-way 10.8-mile route. They arrive at
stops approximately every 10–15 min during peak hours.

- Accessibility: The shuttles are fully electric and wheelchair-accessible, ensuring inclu-
siveness for all passengers.

- Operation Hours: The service operates from 7:00 a.m. to 7:00 p.m., Monday to Friday.
- Safety Measures: Initially, the shuttles are manually operated with a safety operator

on board to ensure a smooth transition to full autonomy. Over time, the shuttles will
transition to full autonomous driving.

- Technology and Partners: The project involves collaboration with Perrone Robotics,
which provides autonomous vehicle technology. The shuttles are equipped with
real-time tracking and accessibility features via the Liftango web platform.

- Community Engagement: The City of Detroit and its partners engage with the com-
munity to gather feedback and improve the service [51,52].

8. Case Studies Conclusions
The case studies of autonomous public transport (APT) implementations in Singapore,

Switzerland, San Francisco, and Michigan reveal both similarities and differences in their
approaches and outcomes, as summarized in Figure 8 below and explained in detail in the
following subsections:

 

Figure 8. Global case studies of autonomous public transport implementation: approaches, challenges,
and innovations.

1. Similarities:

- Integration with Existing Systems: All case studies emphasize the integration of
autonomous vehicles (AVs) with existing public transport systems. For instance,
Singapore’s trials in Tampines focus on maintaining high-demand bus routes
while introducing on-demand AV services for low-demand routes, ensuring a
seamless travel experience for passengers. Similarly, the autonomous shuttles
in Fribourg, Switzerland, are designed to connect key locations with the urban
public transport network, enhancing accessibility.

- Focus on First-Mile Connectivity: Each case study addresses the challenge of first-
mile connectivity. In Singapore, the strategy involves using AVs to bridge the gap
between residential areas and public transport hubs. Likewise, the autonomous
shuttles in Fribourg aim to improve access to public transport by operating on
demand, thereby enhancing flexibility and efficiency.
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- Public Accessibility: The San Francisco and Singapore pilot projects prioritize
public accessibility. The autonomous shuttle service in San Francisco is free
and available to the public, designed to meet the transportation needs of both
residents and visitors. Similarly, Singapore’s AV service is integrated into the
existing transit system, allowing passengers to use the same smart card for bus
and AV services.

2. Differences:

- Operational Models: The operational models differ significantly among the case
studies. Singapore’s approach combines fixed routes for high-demand areas
with on-demand services for low-demand routes, thereby optimizing resource
utilization. In contrast, the San Francisco pilot operates on a fixed route with
multiple stops, focusing on evaluating the feasibility of AVs in a real-world
urban environment.

- Technological Implementation: The technology used in the case studies varies.
The shuttles in San Francisco utilize advanced sensors, cameras, and software
for navigation and obstacle avoidance. In contrast, the autonomous shuttles in
Switzerland are expected to operate on demand in the future, enhancing their
flexibility. This indicates a difference in the level of technological sophistication
and operational flexibility.

- Geographical Context and Challenges: The geographical context also influences
the implementation strategies. Singapore’s densely populated Tampines area
necessitates a focus on high passenger volumes and efficient service delivery.
In contrast, the pilot in Michigan may face different urban challenges that are
not detailed in the provided pages but suggest a broader exploration of AV
integration in various contexts.

In summary, while the case studies share common goals of enhancing public trans-
port accessibility and integrating AVs with existing systems, they differ in their opera-
tional models, technological implementations, and the specific challenges posed by their
geographical contexts.

Additionally, key dimensions such as geographical characteristics and policy distinc-
tions shape the pace and outcomes of APT implementation. Singapore’s compact city-state
model and centralized governance structure enable rapid scaling and integration of pi-
lots. In contrast, Switzerland’s federal system requires regionally tailored AV solutions,
emphasizing inter-agency collaboration. San Francisco leverages its proximity to Silicon
Valley to test cutting-edge innovations within a tech-friendly regulatory climate. At the
same time, Michigan focuses on industrial revitalization and equitable access to urban
transportation. These case-specific factors underscore the importance of context-sensitive
planning in achieving successful AV adoption.

The Role of Government Policy in APT Implementation

Government policy plays a decisive role in determining the pace and success of
autonomous public transport (APT) deployment. In Singapore, the Land Transport Author-
ity’s proactive strategy for testing and scaling AVs has enabled the successful integration of
autonomous services into the public network. In Switzerland, pilot projects were made
possible by supportive regional regulations and cooperation with public transport opera-
tors. Similarly, in San Francisco and Michigan, government incentives, safety legislation
(e.g., California’s AV policy framework and the U.S. Self-Drive Act), and funding for smart
infrastructure have allowed for real-world APT trials. These case studies demonstrate how
regulatory clarity, investment in infrastructure, and public engagement can collectively ac-
celerate benefits such as reduced emissions, improved traffic efficiency, and more inclusive
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mobility. The comparative success across these cities illustrates that APT implementation is
not solely a technological issue, but one fundamentally shaped by governance [53].

9. Final Conclusions, Future Trends, and Opportunities in Autonomous
Public Transport

In conclusion, the evolution of autonomous public transport (APT) presents a transfor-
mative opportunity for urban mobility, characterized by significant technological advance-
ments and a growing emphasis on sustainability. The historical context of APT reveals a
gradual progression from early automation attempts to the sophisticated systems we see
today, with milestones such as the introduction of the “Park Shuttle” at Schiphol Airport in
1997 marking pivotal moments in its development. The benefits of APT are multifaceted,
including enhanced safety, reduced operational costs, and environmental sustainability, as
autonomous buses can significantly decrease emissions compared to traditional vehicles.

However, integrating APT into existing transport systems is not without challenges.
Safety, public perception, and regulatory frameworks must be addressed to foster accep-
tance and ensure the successful implementation of these technologies. Moreover, the
potential for job displacement in the transportation sector raises essential questions about
workforce transition and the need for reskilling opportunities.

As cities continue to explore the integration of autonomous vehicles, adopting a
comprehensive approach that considers the social, economic, and environmental impli-
cations of APT is crucial. By prioritizing robust regulatory frameworks and public en-
gagement, stakeholders can maximize the benefits of autonomous public transport while
mitigating potential drawbacks, paving the way for a more efficient and sustainable urban
mobility landscape.
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