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Modern cities are composed of complex socio-technical systems that exist to provide services effectively to their residents and
visitors. In this context, smart mobility systems aim to support the efficient exploitation of the city transport facilities as well
as sustainable mobility within the urban environment. People need to travel quickly and conveniently between locations at
different scales, ranging from a trip of a few blocks within a city to a journey across cities or further. At the same time, goods
need to be timely delivered considering the needs of both the users and the businesses. While most of the

mobility and delivery solutions can cover significant distances and multiple requests, they suffer when the requests come from
the growing neighborhoods and hard-to-reach areas such as city centers, corporate headquarters, and hospitals. In the last few
years, several cities indicated interest in using Autonomous Vehicles (AV) for the “last-mile” mobility services. With them, it
seems to be easier to get people and goods around using fewer vehicles.

In this context, Autonomous Shuttles (AS) are beginning to be thought of as a new mobility/delivery service into the city
center where narrow streets are not easily served by traditional buses. They allow them to serve critical areas with minimal new
infrastructure and reducing noise and pollution. The goal of this article is to present an innovative vision on the introduction
of
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the Autonomous Shuttles-as-a service (ASaaS) concept as the key pillar for the realization of innovative and sustainable

proximity mobility. Through a set of real application scenarios, we present our view, and we discuss a set of challenges,

opportunities, and social implications that this way to reimage the mobility of the future introduces.
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Abstract

Modern cities are composed of complex socio-technical systems that exist
to provide services effectively to their residents and visitors. In this context,
smart mobility systems aim to support the efficient exploitation of the city
transport facilities as well as sustainable mobility within the urban environ-
ment. People need to travel quickly and conveniently between locations at
different scales, ranging from a trip of a few blocks within a city to a journey
across cities or further. At the same time, goods need to be timely delivered
considering the needs of both the users and the businesses. While most of the
mobility and delivery solutions can cover significant distances and multiple
requests, they suffer when the requests come from the growing neighbor-
hoods and hard-to-reach areas such as city centers, corporate headquarters,
and hospitals. In the last few years, several cities indicated interest in using
Autonomous Vehicles (AV) for the “last-mile” mobility services. With them,
it seems to be easier to get people and goods around using fewer vehicles.
In this context, Autonomous Shuttles (AS) are beginning to be thought of
as a new mobility/delivery service into the city center where narrow streets
are not easily served by traditional buses. They allow them to serve critical
areas with minimal new infrastructure and reducing noise and pollution. The
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goal of this article is to present an innovative vision on the introduction of
the Autonomous Shuttles-as-a service (ASaaS) concept as the key pillar for
the realization of innovative and sustainable proximity mobility. Through a
set of real application scenarios, we present our view, and we discuss a set
of challenges, opportunities, and social implications that this way to reimage
the mobility of the future introduces.

Keywords: Autonomous Shuttles, Last-Mile Mobility, Mobility for People
and Goods, Social Implications, Research Challenges, Scenarios

1. Introduction

The mobility of people and goods is in the center of transportation plan-
ning and decision-making of the cities of the future1. Smart cities are prior-
itizing the walking, cycling, and public transport based on electric vehicles
and other efficient shared mobility, as well as their interconnectivity, to accel-
erate the transition to zero-emission vehicles and maximize climate and air
quality benefits. To make this possible, cities are introducing mechanisms to
discourage the use of cars, single-passenger taxis, and other oversized vehi-
cles transporting one person while are introducing mechanisms to encourage
citizens to change their behaviors and to make sustainable mobility habits
daily.

Recently, cities are investing in the infrastructure and technology nec-
essary to support a connected, multi-modal transit network that includes
shared electric Autonomous Vehicles (AVs) intending to replace less efficient
bus lines [1]. AVs are capable of moving without the full control of humans
and focusing on sensing their environment and automate some aspects of
safety, such as steering or braking, without human input.

There are many advantages for citizens and involved stakeholders on the
use of autonomous mobility that could be brought by increasing the spread
of AV to the worldwide market [2, 3]. It can be possible to reduce carbon
production and have exploitation of the time spent inside the car since drivers
can be able to employ their time to do other activities instead of only driving.
Moreover, it is possible to reduce traffic, congestion, and accidents that are
mainly caused by driver errors, fatigue, alcohol, or drugs [4, 5, 6]. However,
even though the levels of security provided by such system are expected to
improve further, and many tests on urban roads have already been made [7,
8], high level of market penetration of completely autonomous vehicles cannot

1 https:/urban.jrc.ec.europa.eu/thefutureofcities/mobility/#the-chapter
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be guaranteed in the next decade [9, 4]. Nevertheless, many research fields
study the impact of AV introduction and their interaction with conventional
vehicles.

In 2018, the U.S. Department of Transportation had released a policy
regarding automated vehicles and their safe integration in the transportation
system [9] in which categorization of the levels of autonomy can be found.
Some of these levels of automation have already been integrated into cars
that are on the market, such as self-parking and crash avoidance features,
and many manufacturers are venturing in this direction [10]2 .

The impact of AV on safety is studied in [7] following models [8] to sim-
ulate the human-driven vehicles and the relationship with AV. In the same
context, the Surrogate Safety Assessment Model (SSAM) [11] has been in-
troduced to assess potential conflicts of a road network and therefore extract
the number of potential conflicts during the simulation.

The investigation is conducted for signaled intersections and roundabouts.
The results proved that with high penetration rates, the AVs improve safety
significantly. Other studies have focused directly on the modeling of systems
to automating intersection crossing. Automating the crossing at intersections
could help in improving the traffic flow and avoid collisions. An example of
automated intersection crossing, modeled with multi-agent systems, can be
found in [12]. Here, intersections are regulated by a Multi-Agent Autonomous
Management (MA-AIM) system, which also exploits blockchain technology.

The impacts of self-driving cars portend significant changes to the trans-
portation ecosystem. Some forecast the end of parking spaces [13]. Others
believe that AV will paradoxically increase traffic. Others predict that there
will be new classes of traffic problems that occur at scale due to the ho-
mogeneity of these transportation systems [13]. Multiple studies report also
doubts about the ability to AVs to improve congestion [14] especially when
they are used in the proximity of crowded central urban areas.

The ‘last-mile’ mobility term has been introduced to describe the move-
ment of people and goods from a transportation hub to a final destination
(home, workplace, shopping center, institution, hospital, etc.). In the mobil-
ity domain, the last-mile piece of the total transportation path is considered
the least efficient part of an overall journey. This fact occurs for different rea-
sons like public transport does not take us fully to the doorstep; the parking
spaces are difficult to find and have a car or bicycle always possible. In the
context where city populations keep growing, various micro-mobility services3

2 https://www.cbinsights.com/research/autonomous-driverless-vehiclescorporations-list/
3 https://www.sharedmobility.news/five-promises-of-micromobility/
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(i.e., electric scooters, electric skateboards, shared bicycles, etc.) are emerg-
ing intending to reduce the efficiency of the last-mile mobility. However, these
micro-services are not well integrated with other mobility solutions provided
by a city and usually disappear quickly from the market.

In the logistics domain, one of the biggest challenges is the home delivery
efficiency. Usually, it is not performant due to the spatial dispersion of the
parcels’ recipients and the frequency of failed deliveries. These problems
led to the introduction of new intelligent transport vehicles with the aim to
decrease shipping costs and impact (i.e., drones) [15, 16].

From this perspective and based on the growth of autonomous shuttles
in urban public environments could enable new services to deal with the new
challenges posed by large cities, which requires the combination of the mo-
bility of people and goods [17]. In particular, several pilot experimentations
prove significant technology development results, as well as the citizens’ ac-
ceptance in many cities all over the world, in countries such as Germany,
France, Switzerland, Finland, Sweden, The Netherlands, and Estonia, as
presented by recent research [17, 18].

We introduce the concept of Autonomous Shuttles-as-a-service (ASaaS)
as a part of the Mobility Mobility-as-a-Service (MaaS) paradigm. MaaS so-
lutions (e.g., MaaS Global: http://maas.global) aim at arranging the most
suitable transport solution for their customers’ thanks to the costs of an
effectively integrated offer of different multi-modal means of transportation.
MaaS also foresees radical changes in the business landscape, with a new gen-
eration of mobility operators emerging as key actors to manage the increased
flexibility and dynamism offered by this new concept of mobility. We claim
that, in the first and last-mile mobility of people and goods, the ASaaS could
be the right concept because it has the potential of offering various mobility
services. These services: (i) are tailored to the traveler needs and preferences,
(ii) allow to serve critical areas with minimal new infrastructure and reduc-
ing noise and pollution, and (iii) complement the already available (public
and private) mobility services in a city solving the well-known issues of the
proximity mobility.

The goal of this article is to present our vision on the introduction of the
Autonomous Shuttles-as-a service concept, in particular, as the key pillar for
the realization of innovative and sustainable proximity mobility. Through a
set of real application scenarios, we present our view, and we discuss the set
of challenges, opportunities, and social implications that this way to reimage
the mobility of the future introduces.
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2. Application Scenarios

There are many application scenarios that can make use of Autonomous
Shuttles to perform specific services in a city. In this section, we try to present
such applications to obtain a general point of view of the different provided
services and the stakeholders involved. At the same time, they will help us
to introduce our vision in Section 3 and to deepen their social implications.

2.1. Use Case 1: Last-mile Delivery of Goods

The case idea is the optimization of shared city hubs for delivery of goods
(e.g., parcel, food, and beverage) of different courier companies (green and
automated; inside Limited Traffic Zone), for citizens, brick and mortar shops,
bars and restaurants. It is based on a service solution to optimize the last-
mile delivery, in order to reduce congestion, diminish air pollution, and make
more satisfied customers. It focuses on providing citizens (as e-commerce
shoppers that live in the city center) green parcels transportation, less conges-
tion, less air pollution, and parcels delivered in a more convenient time-slot.
The key strategy is to combine the provision of services capable of optimiz-
ing the delivery of different kinds of goods in city centers with the smart
transportation of people using the same vehicle, i.e., the Autonomous Shut-
tle. This strategy can be operationalized via the creation of public-private
transportation services. The value to stakeholders are (i) decongestion of
city centers by creating shared city hubs for goods delivery; (ii) optimize the
fleet management to improve the efficiency of the last mile logistics of dif-
ferent delivery couriers in city centers; (iii) reduction of operational costs for
logistics operators and reduction of delivery costs to the last mile companies.

2.2. Use Case 2: Tourism / Info Mobility / Geo Marketing

The case idea is to build a service for helping tourists to have memorable
winter and summers experiences by getting autonomous shuttles to move
around the seaside/mountain town as well as to connect them to the near-
est to access larger city infrastructure (e. g. Museums, stadiums, hospitals,
etc..). The key outcome of such service is to improve the tourist experience
in cities by creating marketing traction to sponsors. The focus is to provide
services for moving tourists from Hotels to Ski Stations and other tourist
attractions, as well as to provide tourists with new sports experiences while
trying autonomous shuttles virtual reality effects and services via a large
screen inside the shuttles. It can be done in strong collaboration with local
government autonomous transportation companies towards the seamless in-
tegration with the standard mobility services offered by the municipalities in
remote areas. The value to stakeholders is to have a regular, quick, cheap,
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painless pre-defined rides from point A to point B (e.g., from hotels to ski
station) by enabling to increase tourist attraction to hotel, restaurants, ski
resorts, and other tourist points of interest. Furthermore, the service can
enable tourists to have new mobility experience connected with sports like
skiing, trekking, and climbing. Moreover, for advertising purposes, to realize
social media processing to provide targeted advertising to support hotels to
increase the number of guests seems to be key for the geo-marketing business
models of booking operators.

2.3. Use Case 3: Autonomous Shuttle as Shared and Integrated Mobility

The analysis of micro-mobility behavior from traveler’s data in the city
could help in designing a shared taxi solution based on autonomous shuttles
and covering the last-mile needs on defined urban routes not supported by
taxi or bus services (culture/artistic, religious, shopping, etc..). It can enable
the creation of sustainable, integrated, and seamless mobility experiences for
citizens, tourists, and vulnerable people (i.e., children and elderly) with a
multi-modal integration of travel trips, including booking and payment sys-
tems. The key provided service is a travel planner for all people that also
integrate incentive models and behavior changes enablers. The key goals are
the creation of new urban mobility services to incentivize sustainable mobil-
ity behavior, at the same time, creating services to optimize the planning,
booking, and payment of multi-modal public-private transportation. In this
sense, integrated on-demand modal services, public transportation, payment
mechanisms, and traveler incentives could be a key success factor. Further-
more, to provide real-time info-mobility for tourists, citizens, and employees,
as well as to provide seamless transportation services with integrated plan-
ning, payment, and targeted discounts seems to be the key opportunity also
for private companies. The value for citizens and tourists is a seamless in-
tegration of public and private transportation services. It also helps people
with executing integrated booking and payment transactions for multi-modal
transportation options, combining taxis with other transportation means.
The key value for public parking companies is the optimization of parking
services via an integrated application with booking and payment. The key
value for public managers and mobility managers is to provide tools to sup-
port decision-makers on mobility planning and evolution of the quality of
services. Moreover, autonomous shuttles can enable sustainable mobility of
children (home-school), elderly (home-hospital) and employees (home-work).

2.4. Use Case 4: Public/Private Surveillance Management

City safety and security involve all those countermeasures for preven-
tion and protection against threats to the safety and integrity of the gen-
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eral public—including natural disasters as well as voluntary and involuntary
crimes. By their distribution in space, synergy in operation, and coherence in
adaptation, Autonomous Shuttles may be usefully leveraged for monitoring
activities and coordination of responses in dangerous situations.

Autonomous shuttles, while moving on established routes (i.e., critical
areas of the city) and at a particular time of the day (i.e., during the night;
during large events) can collect contextual data about citizen/tourists habits
and movements with the support of new technologies and motion, thermal
and RFID cameras installed onboard. This information can be used by the
local police or security companies to detect panic event from audio inside the
autonomous shuttles and with people walking on the streets nearby.

Moreover, a set of moving shuttles (i.e., fleets) can also collaborate in
order to collectively react to local and global contingencies and to provide
distributed situation recognition. Coordinating the mobility of people in dan-
gerous situations such as in overcrowded spaces (e.g., concerts, stadiums,
fairs) requires timely, coordinated adaptation since it is easy that individual
deviance escalates to chaos, leading to disastrous epilogues. This problem is
tackled by so-called crowd engineering approaches, which can be solved with
the help of the Autonomous Shuttles part of the same mobility ecosystem.

Table 1 summarizes the scenarios introduced above with the objective
to point out: (i) the services provided by the autonomous shuttles, (ii) the
stakeholders involved in the realization of the specific scenario, and (iii) the
social/environmental impact in terms of benefits provided by the usage of
autonomous shuttles in the specific context.

3. Our Vision

Organizing and managing the mobility services within a city, meeting
travelers’ expectations, and properly exploiting the available transport re-
sources is becoming a more and more complex task. The inadequacy of
traditional transportation models is proven by the proliferation of alterna-
tive, social, and grassroots initiatives aiming at a more flexible, customized,
and shared way of organizing transport (e.g., carpooling, ride and park shar-
ing services, etc..). Some of these attempts have been very successful (e.g.,
Uber4 , Lyft5 , Mobypark6 ) even if, in most cases, these are isolated solu-
tions targeting specific mobility customer groups and are not part of the city
mobility ecosystem, mainly based on traditional public and private transport
facilities. At the same time, they are not sufficient to manage the last-mile

4 https://www.uber.com/ 5 https://www.lyft.com/
6 https://www.mobypark.com/en
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Table 1: Application Scenarios with the usage of Autonomous Shuttles.
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movements of people and goods efficiently.
Our intuition is in introducing and operating a new mobility model that

exploits Autonomous Shuttles as key providers of innovative mobility ser-
vices, and that is referred to as Autonomous Shuttle as a service (ASaaS).
Through ASaaS we want to exploit the potentiality of the autonomous shut-
tles to support for a shared, flexible, and contextualized delivery of people
and goods in the field of the last-mile mobility. As depicted in Figure 1, and
presented in the scenarios introduced in Section 2, we expect that mobility
services providers can offer various ASaaS products in a modular and exten-
sible way. This fact, in turn, will enable the design of mobility architectures
able to adapt the service delivery to certain types of customers (i.e., citizens,
tourists, children and elderly), and as well as to specific needs (i.e., marketing
advertising, last-mile delivery of goods and people, city surveillance, etc..).

This model benefits the following stakeholders:

• Municipalities, by reducing costs, traffic congestion, emissions, and
energy consumption.

• The city service providers (e.g., public and private security man-
agers, goods delivery companies, tourists office, shops, restaurants, park
sharing companies, etc.. ) by offering them an additional clients base,
while granting them the flexibility they need to run their services in a
cost and efficient way.

• The Collectivity, facilitating the emergence and the diffusion of inno-
vative smart mobility solutions, contributing to the reduction of traffic
pressure in cities and supporting the right to mobility also in disadvan-
taged areas and for disadvantaged citizen groups.

The aim of the ASaaS vision is to realize an IT platform supporting the
definition and implementation of a portfolio of city mobility services that ii)
are tailored/configured to the traveler needs and preferences and that, at
the same time, ii) exploit in a synergistic and collective manner the different
already available mobility services. The peculiarity is that these mobility
services exploit the hardware and software potentialities of the Autonomous
Shuttle that can be configured to be used in different contexts (i.e., city
centers, hospitals, private companies, stadiums, ski centers, etc..) and for
different goals (i.e., events management, goods/people delivery, emergency
situations, security management, etc..).

The target platform is organized in three main layers (see Figure 2) and
its main goals are: i) provide services and tools for mobility operators (in pub-
lic and private context) to design, customize and maintain mobility packages

9



Figure 1: Autonomous Shuttles-as-a-Service (ASaaS) Vision.

that integrates services provided by the available Autonomous Shuttles and
services provided by public and private providers (i.e., buses, taxis, car shar-
ing, etc..), and ii) provide services for individuals and groups of users to plan
their journeys and goods delivery, and to assist and notify them in case of
contextual and emergent situation.

The platform Enablers layer provide a set of services (e.g., multi-modal
journey planner, personal travel assistance, mobility usage analytics, etc..)
and leverage on results from [19, 20, 21, 22, 23] for enabling a more dynamic
and collective management of mobility solutions (i.e., service wrapping and
collective adaptation facilities).

The platform Services layer exposes the functionalities implemented by
the platform enablers as services, which can be exploited to develop front-end
applications (platform Front-End layer) for travelers, being them individu-
als or groups, and for mobility operators.

The vision described in this section offers emerging opportunities for new
business models and new business actors. Evidence of these opportunities
is the fact that peer-to-peer transportation is the most important sector of
Europe sharing economy [24] in terms of revenues (1.65bn Euro of revenues in
2015), and it is expected to remain the most significant sector also in 2025,
with over 33bn Euro of revenues [25]. MaaS is perhaps the most relevant
example of an emerging market that wants to answer to the need of travelers
for organizing the mobility journey by purchasing service at lower costs than

10



Figure 2: Autonomous Shuttles-as-a-Service (ASaaS) Platform.

those incurred with private transportation. This market intends to adopt into
the mobility domain concepts already widely used in the Telecom domain,
such as fixed-price rates and roaming opportunities. At the moment, MaaS
operators are developing their IT solutions in house to support their business.
With our vision, we intend to offer to MaaS operators an IT platform that
offers all the design concepts to implement their business model to leverage
existing mobility and transport services, and to sell their mobility solutions
to the end-users.

4. Research Challenges and Future Agenda

The vision presented in this article introduces many research challenges.
The main problem tackled is related to real-time and dynamic management
of fleets of autonomous shuttles that wander through the city to meet the
needs of citizens, workers, and entrepreneurs. One possible instance of the
system we have in mind consists of the sharing of autonomous shuttles be-
tween a personal trip and a proper delivery, splitting the travel costs, thus
reducing the global amount also in terms of cars used, pollution, traffic, etc..
Therefore, such a mode of transportation allows reducing the costs and the
expense of convenience. Nevertheless, it is not always possible for citizens to
consider this form of transportation as a valid alternative, with the addition
that it is generally a disorganized and informal activity. As a matter of fact,
the complexity of such problem is the matching between end-users (i.e., citi-
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zens, employees, tourists, companies, entrepreneurs, etc..) and the available
autonomous shuttles, and between the autonomous shuttles and the other
available means of transportation means (buses, taxis, car-sharing, trains,
bike-sharing, etc..). Indeed, it is not a simple task to coordinate and sched-
ule the itineraries of the groups of end-users having different starting points,
different destinations, and different preferences. In addition to this, the com-
plex dynamics of an environment such as a city and the need for a real-time
(last-minute) approach adds another level of complexity to the matching of
riders. In the following, we present an analysis of some research challenges
that can be considered as research directions in the sustainable proximity
mobility field, in particular when humans and autonomous shuttles are in-
volved. This analysis not only represents a snapshot of the challenges faced
in this research field but contributes to stimulate researchers, practitioners,
and tool developers to tackle some of them and why not to create some more.
At the same time, it provides a useful context for future research projects,
research grant proposals, or new research directions.

• Sustainable Mobility Ecosystem: The increased demands for more
flexible and multi-modal mobility solutions have also introduced sig-
nificant problems related to climate change, air pollution, etc..[26].
Designing more sustainable cities is increasingly pressing, and mobil-
ity behavior plays an important role in how many cities are socially,
economically, and environmentally sustainable. In this context, the
challenges that cities are facing is very ambitious: on the one hand,
administrators must guarantee to their citizens the right to mobility
and to easily access local services, and on the other hand the need to
minimize the economic, social and environmental cost of the mobility
system. This fact is a challenge for several stakeholders that requires
a systemic approach for innovation based on technology [27]. Dealing
with this challenge requires a holistic approach to efficiently exploit
existing mobility resources while integrating and promoting emerging
mobility services (e.g., autonomous shuttle, carpooling, walking buses,
etc..) to enable an integrated, efficient, and sustainable mobility ecosys-
tem. To this end, cities are planning and implementing interventions
at the level of infrastructures, services, and mobility policies. These
interventions, even when innovative and expensive, are bound to fail
if they are not combined with actions aimed at making citizens aware
and involved in this process and to influence their mobility habits in a
gradual but profound way.

• End-Users Engagement and Behavioural Change through Gam-
ification: Making people change their behavior is challenging. Indeed,
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there exists a large body of psychology/sociology literature the inves-
tigates how to enhance (self-)motivation in humans to perform certain
activities/tasks, while in general, putting new rules and constraints to
enforce the same results is not considered as so effective. Gamification
has demonstrated to be a possible solution to engage people in changing
their habits and contributing to society [28, 29, 30]. It is conceived on
the idea of exploiting gaming elements in serious contexts, such that
people involved in gamified scenarios would be motivated to accom-
plish certain actions for the sake of proceeding through the game and
possibly winning some sort of prize. Based on these principles, game-
ful applications have been successfully exploited for encouraging more
sustainable or healthy behaviors [31, 32, 33]. This interest is testified
by the availability of hundreds of gamification development platforms
that offer pre-packaged templates to build-up gameful applications [34].
In the ASaaS context, the main challenge we see is the realization of
behavioral change approaches based on gamification techniques intends
to favor the adoption of sustainable mobility habits and to act on fac-
tors that hamper the modal shift by providing services, information
and incentives to support the ASaaS mobility operators, in developing
mobility plans and in adoption of policies and initiatives to promote
sustainable urban mobility. At the same time, a significant challenge
will be to encourage workers and citizens to significantly change their
mobility patterns to make the proximity mobility innovative and sus-
tainable.

• Simulation and Machine Learning Techniques for Last-Mile
Mobility Planning: planning for the last-mile mobility solutions that
will incorporate autonomous shuttles is a daunting task. It requires the
ability to analyze the effects of systems that do not exist yet, and at
the same time, commit to the building of transportation infrastructure
that can last for decades and centuries. The ability for planners at all
scales, from major metropolis to small municipality to plan for these
potential futures, is critical. Greater or lesser mixes of regular and au-
tonomous shuttles can also be analyzed. We think that the simulation
frameworks should be developed and exploited as off-the-shelf tools
that planners can use to optimize the potentially enormous impacts of
these novel technologies on even the smallest town or hamlet. One of
the most interesting benefits of this challenge is that it allows the plan-
ners to score a mobility plan along with multiple parameters, including
cost, traveler wait time, carbon production, etc. Not only does this
provide flexibility for the planner, but it also provides a sound basis
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for integrating machine learning into the planning process. Using a
Reinforcement Learning (RL) approach [35], the outputs of the simu-
lation can be used as a cost function that can train a system to find
local (and potentially global) optima in a complex, multidimensional
environment. A particular challenge in this research effort will be to
develop and integrate RL into the traffic planning processes and algo-
rithms. The main objective is to be able to have a planner able to
outline a region on a map, select some options about the population,
and let the RL system show various best options given a set of ranking
criteria.

• Journeys Tracking Certification via AI and Blockchain-based
techniques: Autonomous shuttles are equipped with a rich set of sen-
sors, making them an excellent source of information that, together
with people moving around, guarantee higher coverage and better context-
awareness. The tracking of journeys and the detail of those tracked
journeys enable a unique insight into how people really travel around
towns and cities. When compared to the usually static views of people
movement currently employed by cities, wherein site counters, cam-
eras, and even manual people/vehicle counting is the norm, this rich
data set provides points of origin and destination, as well as all the
points between the path. This fact is essential for the next generation
of city planning based on accurate data. Furthermore, this is a scal-
able and sustainable method, and far more cost-effective going forward.
One challenge in our ASaaS vision is to propose a privacy-preserving
journeys certification solution for sustainable proximity mobility. To-
day, the role of the mobility manager is increasingly emerging in public
administrations and private companies. This professional figure has
the objective to formulate proposals to optimize the movement of cit-
izens and employees, promoting the use of more sustainable mobility
solutions as for example, the autonomous shuttles. Most of the soft-
ware products that help mobility manager to execute this task are
in-house solutions that are not able to automatically certify the va-
lidity of the sustainable trips and do not ensure the customers’ pri-
vacy and accountability. The challenge here is to realize techniques
to promote the adoption of sustainable mobility habits to their citi-
zens/employees and support company/public administration towards
climate-friendly/time-resource saving actions. This can be achieved
only by developing the new generation of the journey planning algo-
rithms that must integrate AI and Blockchain techniques with the ob-
jective of tracking and certify users’ journeys while preserving their
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privacy.

5. Social implications of autonomous shuttles for proximity mobil-
ity

The process of technology development towards societal impact [27] in
autonomous shuttles as a services policy and strategy for governments, com-
panies, and engagement of citizens is directly related to the concept of prox-
imity mobility. From this perspective, proximity mobility is one of the most
recent systemic innovation of the largest branch of sustainable mobility. The
proximity mobility is only related to the demand and provision for the first
and last-mile mobility of people and goods. It mainly refers to the central
urban areas that are difficult to manage from an urban planning point of
view, due to the limited space available in crowded cities.

Furthermore, the orography of the territory and the consequent urban
development in European countries such as Italy, in which 70% of buildings
in the cities are from medieval and renaissance origin must be taken into
consideration for the design and development of autonomous shuttle as a
service. The concept of smart cities and smart mobility in these realities is
a challenges from policy, business and social perspectives, which is complex
to achieve long-term results, and must take into consideration to avoid the
isolating of the historical centers and the traffic limited zone areas (ZTL)
that have a mainly ”tourist”, cultural, artistic and religious imprinting. Of-
ten the municipal bus public transport service is banned from these areas
due to air pollution and space occupation. This kind of problem not only
concerns metropolitan cities, but it also affects several medium and small
municipalities with strong annual tourist presences of more than millions of
not resident people visiting compared to a resident population of thousand
residents in some cases.

The driverless concept, when applied to shuttle-mobility services, makes
it possible to improve urban mobility, tourism services, and info-mobility
services. It supports intermodal mobility, which in turn consists of a mix
of offer often already present in a city center but not fully offered to the
citizens in an integrated and coordinated way (bike and scooter sharing,
segway rental, rickshaw etc.), both from booking and payment point of view.

The integration of services and mixed offers of transportation is another
challenge of autonomous mobility in a connected city. Driverless technologies
guarantee flow control, flexibility for time schedule, route planning, enhance-
ment and promotion of the highlights sites for tourists visiting (e.g., muse-
ums, churches, archaeological sites, etc.), but they also support residents of
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central areas who are often elderly and without the support of public trans-
port.

The use of ASaaS proximity mobility can also be successfully applied in
highland areas where remote communities are historically established over
mountain landscapes. It usually implies complex transportation needs that
include people and goods mobility, in which new mobility technologies and
services are required to get access to large regional hospital centers, university
campuses, or particular places of entertainment and leisure.

6. Conclusions

Rethinking mobility needs in European cities means not only exchange
technology solutions and service experiences that have been successful in
other countries (sharing mobility, e-bike sharing etc.) but also applying the
mobility management strategies involving key stakeholders of every single
city.

By studying people and goods flows in the target cities, public managers
should work with companies in public-private partnerships [27] to explore
new ASaaS that can be possible depending on the cities characteristics. The
choice of alternative mobility based on autonomous shuttles compared to
private of public cars is key for the success of ASaaS implementation in a
medium-long term, in particular considering the legislation of every country.

Regarding tourist coaches’ mobility, which is currently based on not so
many ecological buses, it is an opportunity to be addressed with the use of
ASaaS, which in turn depends on the city’s needs and the tourists’ offer.
Moreover, policymakers and mobility managers must take into account that
autonomous driving in public transportation, as well as in the corporate
mobility, embodies all the most state-of-the-art technologies (5G, IoT, AI)
and related services, which are crucial for the success of advanced mobility
services.

As a final recommendation for policymakers when planning more intel-
ligent transposition services, this research suggest that stakeholders should
carefully exploration of the four scenarios analyzed by this research (e.g.,
last-mile delivery, marketing, integrated mobility, and surveillance) towards
a better people and goods mobility, in particular for large cities and complex
territorial areas such as the highlands.
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