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Abstract
The AVENUE1 vision for future public transport in urban and suburban areas is that autonomous
vehicles will ensure safe, rapid, economic, sustainable and personalised transport of passengers, while
minimising vehicle changes and maximizing vehicle utilisation. The goal of the project is to provide
door to door, on-demand autonomous public transport services allowing commuters to benefit from
the full capabilities of autonomous busses.

However, the road to a public transportation service is not

so simple. Le-gal and regulatory requirements create barriers and obstacles, raising the costs and
delaying the deployment of the services. In spite the efforts from the European Commission for an
harmonization of the homologation process, urban public transportation is under national and local
legislation, creating a highly fragment European environment. In this chapter we present some of our
experience in setting up and deploying Autonomous busses in two cities, Geneva and Copenhagen
Keywords: AUTONOMOUS VEHICLES, ON-DEMAND PUBLIC TRANSPORTATION
1 Introduction
During the last few years the use of autonomous vehicles for public transportation is gaining interest
from all actors in public transportation services [1]. This is due to the potential of autonomous vehicles
to reduce transportation costs, provide greener solutions for suburban areas, and improve the quality of
public transportation services. The autonomous-vehicle-based services provide a promising solution in
sub-urban areas where conventional public transportation services are not viable, due to for example
low number of passengers, or in urban areas, where personalized public transportation services are
demanded by the passengers.
The vast majority of the initiatives target the development and improvement of the related
technologies [2] [3] [4] [5], which are tested under experimental set-ups of trials and demonstrators, in
closed or open roads and under rather controlled conditions of operation.
However offering experimental services is not the same as offering formal public transportation
services. The passenger needs and expectations, the service areas, the legal framework, the business
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models, and even the required technologies, are radically different when an official service must be
provided. In the AVENUE project, where we target the large scale deployment of autonomous vehicles
for public transportation, after 30 months of services’ deployment and the start of a regular public
transportation service, we have witnessed the barriers and obstacles from passing from an
experimental trial to a full “commercial” service. Our experience shows that today, in Europe, from
one hand, the regulatory framework does not facilitate, and in many cases simply does not allow, the
full exploitation of autonomous vehicle capabilities for public transportation, while on the other hand
the public transportation services’ quality, to which the European citizens are used, is not easy to
achieve with the existing technological state of art, requiring new, innovative services, that will offer
the passengers the same quality level as the traditional transportation services.
In this paper we present an overview of the issues identified for the deployment of autonomous
shuttles towards a service that can proudly bare the title of “public transportation service”. We present
the two most characteristic cases of the project, in Geneva and Copenhagen, representing the best and
worst case scenarios.
1.1 Overview of the AVENUE project
AVENUE aims to design and carry out full-scale demonstrations of urban transport automation by
deploying, for the first time worldwide, fleets of autonomous minibuses in low to medium demand
areas in 4 European demonstrator cities (Geneva, Lyon, Copenhagen and Luxembourg) and 2
replicator sites (Sion, Esch-sur-Alzette). The AVENUE vision for future public transport in urban and
suburban areas is that autonomous vehicles will ensure safe, rapid, economic, sustainable and
personalised transport of passengers. AVENUE introduces disruptive public transportation paradigms
on the basis of on-demand, door-to-door services, aiming to set up a new model of public
transportation, by revisiting the offered public transportation services, and aiming to suppress
prescheduled fixed bus itineraries.
At the end of the AVENUE project the mission is to have demonstrated that autonomous vehicles will
become the future solution for public transport. The AVENUE project will demonstrate the economic,
environmental and social potential of autonomous vehicles for both companies and public commuters
while assessing the vehicle road behaviour safety.
Vehicle and transport services that substantially enhance the passenger experience as well as the
overall quality and value of the transport service are designed and tested, adapted also for with special
needs passengers, like elderly people, people with disabilities and vulnerable users. Road behaviour,
security of the autonomous vehicles and passengers’ safety are central points of the AVENUE project.
The target of the AVENUE project is to develop an integrated system comprising of automated
vehicles and services that independently select and optimize the vehicle destination and routes, based
on passenger demands, creating thus what we can an “autonomous vehicles’ public transportation
service”. In relation to the SAE levels [6], the AVENUE project will operate SAE Level 4 vehicles,
that is, operating in a predefined mapped area (which is always the case for public transportation
services!), and with vehicles that do not have driving wheel and pedals, and which are receiving
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destination instructions from a remote system (what we call the “fleet orchestration” (Bestmile 2020)).
1.2 The AVENUE Autonomous vehicles
In AVENUE we are using the NAVYA Autonom Shuttle [7], which has a capacity of 14 persons, and is
authorised, in the AVENUE sites, to operate at a maximum speed of up to 25-30 km/h in an open street
(although technically can achieve speeds of more than 60Km/h).
The vehicles are capable to recognise obstacles (and identify some of them), identify moving and
stationary objects, and autonomously decide to bypass them or wait behind them, based on the defined
policies. For example with small changes in its route the AVENUE shuttle is able to bypass a parked
car, while it will slow down and follow behind a slowly moving car. The AVENUE vehicles are able to
handle different complex road situations, like entering and exiting round-about in the presence of other
fast running cars, stop in zebra crossings, and communicate with infrastructure via V2I interfaces (ex.
red light control).
The AVENUE vehicles operate with an obligatory safety operator present in the vehicle. However in
the best site, in Geneva, the safety operator is simply present and the vehicle operates more than 99%
of the time without any operator intervention. The target is to reach almost 100% operation without
operator intervention.
1.3 Autonomous vehicle service operation overview
We distinguish in AVENUE three levels of control: micro-navigation, macro-navigation and fleet
orchestration. Micro-navigation is fully integrated in the vehicle and implements the road behaviour
of the vehicle; micro-navigation will provide the required obstacle recognition and bypassing, lane
changing (when authorised), turning points, speed control etc.
The next level of control is the macro-navigation where the destination is defined and the path to
follow. This is the same function as the widely used GPS navigators that provide to the driver of the
individual vehicle instructions of the road to take, but are not interfering to the on-road driver
decisions.
In the operation of a public transportation service we will have a large number of vehicles operating
within the designated service area. Which vehicle will serve which trip request is done by the fleet
orchestration system, which manages (among others) the choice of the specific vehicle that will be
used in reply to a specific passenger trip request, based on the transport policies defined by the
operators. The complete planning is dynamically adapted depending on new trip requests, changing
street/weather conditions, changes in the vehicle status and operator policies to respect.
3 From demonstrator to public service
During the last 5 years we have witnessing numerous deployments of Autonomous shuttles around the
world (Iclodean et al 2020), where public authorities, municipalities, transport operators, are
commissioning 1 to 2 AVs and offer a basic service with a fixed route and stops, manually operated
macro-navigation and semi-manual micro-navigation. That is, the safety operator defines the
destination bus-stop using the on-board vehicle panel, in a predefined itinerary, usually a line or a
circle, and the vehicle drives autonomously to it, with the safety operator manually intervening in
complex situations. This type of simple demonstration service can be technically deployed within 48
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hours, requiring a mapping of the street, the definition of the path and its configuration, and the
installation of some basic infrastructure (a GNSS antenna). However in deploying even this type of
simple small scale demonstration service, in an open public road, the prospective service operator will
face a first obstacle: the acquisition of the required (legal and regulatory) authorizations for the use of
the public road and the homologation of the vehicle. These authorizations can take weeks or months
(or even years!) to be granted, and can require large investments in effort and costs, making it
prohibitive for the operator to continue in the adventure.
If we now want to go further, as is the case in AVENUE, and target the deployment of a “public
transportation” commercial service, the

legal and regulatory requirements become even more

complicated (and also different in every EU country). In the next sections we provide an overview of
the requirements for two sites, in Switzerland and Denmark.
3.1

The Geneva demonstrator

Swiss authorities are having a positive attitude towards the development of future transport modes and
fully support initiatives such as autonomous driving and connected vehicles. In order to run a Pilot
project, which falls out of the scope of current existing Swiss legislations, a predefined process had to
be established and followed in order to be able to acquire the necessary permissions.
Switzerland, officially the Swiss Confederation, is a federation of 26 cantons. Swiss cantons have an
independent government and are an administrative subdivision of the Swiss Confederation.
Municipalities are the lowest level of administrative division in Switzerland. Each municipality is part
of one of the Swiss cantons. In order to receive an accreditation for a public transportation service
with “autonomous” shuttles, nine (9) Authorities have to approve the pilot project, providing approvals
for the vehicles and proposed routes, as shown in table 1 for the Geneva Canton.
Table 1 - Swiss authorities and responsibilities for the Geneva Canton authorisations
Authority

Acronyms

Level

Responsibility

General Secretariat of Federal Department

GS DETEC

Federal

Telecommunications

Federal Roads Office

FEDRO

Federal

Route

Federal Office of Transport

FOT

Federal

Vehicle, Passenger transport

Federal Office of Communications

OFCOM

Federal

Route

The Department of Infrastructure

DI

Cantonal

Route

General Transport Directorate of the

OCT

Cantonal

Route

DSES

Cantonal

Route

SAN

Cantonal

Route

Municipal

Route

of the Environment, Transport, Energy and
Communications

Canton of Geneva
Department of Security and Economy Traffic Police
Cantonal Vehicle Service
Village/Town/City
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3.1.1 Vehicle homologation
The vehicles itself only needs to be homologated at a Federal level by the Swiss Federal Office of
Transport. It concerns a technical approval of the construction and functioning of every single vehicle
as supplied by the constructor and includes some security tests as well as a brake test and an in-depth
check of the safety measures around the electric components. In Switzerland the brake and electrical
components tests are carried-out by a specialized firm. Every AV vehicle (and in Geneva we have 4
AV vehicles) requires its own homologation and testing, due to lack of a validated chain production by
the manufacturer.
Since an autonomous vehicle has the right to only drive on predefined routes, this specific route has to
be defined and homologated before a formal authorization to use the vehicle can be given.

3.1.2 Site homologation
In order to homologate the test site, an applicant has to extensively describe the test site and also
comply with standard concessions. The homologation process will take from 3 to 9 months depending
on the level of difficulty of the test site and the former experience with autonomous vehicle projects by
the operator. The test site homologation for an autonomous vehicle includes the awarding of related
concessions, in line with the process as followed for a non-autonomous vehicle.
A telecommunications concession, necessary for transmission of radio and 3/4/5 G signals, is
delivered through the Federal Office of Communications (OFCOM) in Bern. Delivery of a concession
takes up to around two months.
The passenger transport concession, necessary for the transport of people, is delivered through the
Federal Transport Office (FOT) in Bern. Delivery of a concession takes up to around three months.
3.1.3 Application process
The complete application process requires the assembly of several documents, counting to hundreds of
pages, which must be provided to the different authorities. Table 2, provides a summary of the
chapters and content of the application.
Table 2 - Chapters and content for an application in Switzerland
Chapter
Project

Authorities

Information
 Description

Chapter
Vehicle

Information
 Description of the vehicle

 Official waiver request

 Transport capacity

 Objectives

 Detailed documentation

 Operator service agreement

Safety

 Operational safety measures
 Legal bases
 Derogation of traffic rules
 Compensation measures for the
derogations of traffic rules

Concessions

 Radio communication

Operations

 Transport of passengers

 Concept
 Principals
 Timetable
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 Remote supervision
 Documentation and procedures
Routes

 In-depth description

Positions

 Expert
 Trainer
 Super operator
 Operator

Bus stops

 Description

Operators

 Identification

 Operator commitment
 Operator instructions
 Accident procedures

Vehicle

 Description of the vehicle

Training

 Theoretical training

 Transport capacity

 Practical training

 Detailed documentation

 Trainers training
 Assessment, Certification

Safety

 Operational safety

 Data security

IT

 Software

measures
 Legal bases

 Embedded systems

 Derogation of traffic rules
 Compensation measures
for the derogations of
traffic rules

Several issues however arouse during the homologation process. A first issue concerned the obligation
for the site validation to provide fixed bus stops. Although the law requires the clear definition of fixed
bus stops, the number of stops is left to the discretion of the operator. Based on this, we defined a large
number of bus on-demand stops (70), this way creating a quasi-door-to-door service (actually a
stop-to-stop service with a very dense network of stops), since in any case a bus cannot simply stop

Figure 1 - The Geneva TPG Belle-Idee site
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anywhere (for example, on pedestrian crossing, in from of fire hydrant etc). At the same time, in order
to fulfil the legal requirement for a fixed route, but maintain the on-demand routing, we defined a large
number of fixed routes with several alternative overlapping fix routes, from which the shuttle will
choose the most convenient for the specific on-demand trip. Figure 1, shows the Bell-Idee site with the
different routes (numbers and red route color) and the bus-stops, (blue and green points).
Here we must mention that the Swiss authorities dispensed us from installing the obligatory bus stop
infrastructure requirements (shelter, zig-zag lines) to the numerous bus stops defined in the site.
A second issue we faced, but which we have not yet a simple solution, is the obligation to provide
access to wheelchair passengers. Public transport companies have the obligation to offer transport for
everyone, including the disabled. The Navya Autonom Shuttle is equipped with a manual folding ramp
which can be deployed by the safety operator to give access to a wheelchair and can be retrofitted with
an automatic ramp. However Swiss legislation regarding the maximum slope for hand-propelled
wheelchair ramps defines the slope limits being 18% for assisted boarding and 6% for non-assisted.
In view of the height of the shuttle, and for driverless service (thus 6% slope) a ramp with a length of
more than three meters (sic!) would have been required. Clearly this is not possible. Alternative
solutions are under study and will be evaluated during the full scale operation of the service in 2021.
3.2 The Copenhagen demonstrator
The target of Amobility (Holo) for Copenhagen is to have developed and implemented the
autonomous mobility cloud in the Nordhavn district, based on on-demand (door2door) autonomous
transport system without fixed routes, and with the whole zone mapped & geofenced. In Denmark,
while the Danish authorities are being positive towards the development and implementation of future
transport modes, including autonomous vehicles, the approval process of AVs falls under the regular
legislative framework, making it very expensive and requiring a large number of documentation
regarding the route, vehicle, safety, risk and so forth.
The approval process for each project testing autonomous vehicles in Denmark is as following:


The Autonomous Vehicle has to be approved by the Danish Road Safety Agency



An impartial third party, called an assessor (appointed as by Danish law) has to approve the
overall project.



The application + assessor approval then has to be processed and commented on by a public Task
force, consisting of the Danish Road Safety Agency, Danish Road Directorate, Director of Public
Prosecutions and the Danish police.



A legal declaration is then made and sent into hearing for all interested parties



The declaration has to be approved by the Danish Transport Committee (elected politicians)



Finally, the Minister of Transport has to approve the declaration and process.

The Ministry of Justice will at some point during the process be involved, as well as a 3-week public
hearing will be held.
The process is very long, with documents and clarifications requested at any stage, and if any change
occurs, even the most minor, the process should almost start from the beginning.
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3.2.1 The role of the assessor
One of the particularities of the Danish law in the approval process is that it requires that the
application to the Danish Road Directorate includes an assessment of the pilot project by a third party,
called an “assessor”. The third party is typically an engineering company, which is paid to do their
objective assessment. The company applying for approval of the autonomous project is paying the
assessor, in this case, AMobility. The assessor shall through different parameters assess that the project
can be done within normal road safety risks for that particular type of transport. There are no further
detailed guidelines on how to assess this risk for autonomous vehicles.
The great challenge has been that the law states that the assessor holds the responsibility for assessing
traffic risks in the autonomous pilot project. And with no detailed guidelines, a great deal of time had
been spent on agreeing with the assessor and the authorities when enough is enough, in regards to the
documentation and descriptions that had to be handed in.
There has long been a tradition in Denmark for using assessors in rail projects. Since there were no
clear guidelines provided for the new autonomous pilot projects, the result was that the assessor used
the framework they know best from the rail projects: A very extensive framework, which makes sense,
when you assess train projects (high speed, a lot of people, etc.), but does not make a great deal of
sense in projects like AM’s, introducing autonomous vehicles, going an average 15 to 25 km/h,
carrying a maximum of 11 people.
Hence, AMobility has spent a huge amount of time on the application material. The law is currently
being evaluated and will be up for revision in 2022, and therefore AMobility has concluded an
extensive Public Affairs effort, talking to politicians, lawmakers, interest organizations and other
relevant stakeholders in order to obtain another approval setup in Denmark.
3.2.2 Vehicle homologation
Vehicle homologation is provided by the Danish Road Directorate, based on an application that should
include either an EU vehicle type approval or a single vehicle approval granted by the Danish Road
Traffic Authority. Technical vehicle documentation is provided to the Danish Road Traffic Authority
for Vehicle Approvals, this also includes specifications for wheelchair anchorage solutions, seatbelt
and ramps. The NAVYA vehicles used by AMobility had thus to be modified to include the required
amenities.
In order to comply with the legal requirements, we had to make several adaptations to the vehicles to
comply with the Danish law, like, among others, adapting the seat belts and the proving access for
wheel-chairs. Regarding the seatbelts, although the NAVYA shuttle was equipped with seat belts, they
were not approved/allowed in Denmark because they are not mounted according to the Danish
regulations. Nonetheless they are available in the shuttle and kids and elderly are advised to use them
to avoid falling during hard breaks etc.
In order to be accredited for “public transportation” the vehicle is required to have a wheelchair ramp
in Denmark. The Navya Autonom Shuttle vehicle is equipped with a manual and automatic wheelchair
ramp. The manual ramp can be installed by the safety driver and the automatic ramp can be activated
by an inside or outside button on the shuttle. For the transport of wheelchairs, a special way to fix
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them is required and Q-straint fixation has been installed in the shuttles. Q-straint works simply by
having four mounted points in the floor, with seatbelts, that can be hooked to the wheelchair. The
seatbelts retract automatically and locks when necessary. When a wheelchair has to board the shuttle,
the Safety driver mounts the four seatbelt heads on the floor. This means that the floor is empty when
riding without a wheelchair. When carrying a wheelchair user, the three foldable seats cannot be used,
and there is room for 8 additional passengers.
3.2.3 Test site homologation
Under the Danish legislative framework each route has to be approved with an individual application,
including an external risk assessment and documentation regarding the implementation, operation,
crisis and risk management. The application for each route, must include the following chapters and
information for homologation of each route, shown in Table 3.
Table 3 - Chapters and content for an application in Denmark
Chapter

Information

Chapter

Information

Project

 Introduction

description

 Objectives

 Positions

 Methods

 Identification

Bus stop description

 Concessions

 Partners
Legal framework

 Description of legal

Organisation

 Roles
 Trainers & training plans

framework
 Test-framework

 Operators
 Supervisors

Vehicle

 Capabilities

description

 Capacities

 GDPR

 Technical aspects

 API

 Autonomous driving

 System descriptions

Vehicle

 Basestation/N-trip

connectivity

 4G

Data description

Risk handling (internal)

 Data handling

 Risk processes
 Compliance
 Crisis management

Route description

 Route length

Risk-assessment (external)

 Risk identification

 Schedule

 Potential pitfalls

 Garage route

 Mitigating actions

 Depot

 Risk process

Bus stop

 Concessions

description

 Positions
 Identification

The above described adaptation of the vehicle was part of the process requirements for the final
authorization. The complete process of the vehicles and the route homologation took 3 years (sic!) to
be completed and costed a few hundreds of thousands of EUROS. Finally, in spring 2020, the route
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was validated, as a fixed route with fixed bus stops, shown in Image 2.

Image 2 - The Approved Nordhaven site in Copenhagen
3.2.3 Nordhavn complications
Following the first phase of the Nordhavn site, the target was to expand the operating service to
provide a more dense road network of routes, allowing Holo to eventually offer on-demand,
door-to-door services. However given recent developments in Nordhavn the expansion is not possible,
due to the reality and complexity imposed by the Danish legal framework.
The Nordhavn site is under heavy construction development, with new buildings being constructed.
With a target, over the next 30 years, to become a major residential area, housing more than 100.000
inhabitants and another 60.000 workspaces. As a result new construction sites appear all the time and
routes (streets) are

be blocked during the next 3-5 years.

When a route is block a new permission to divert the approved route must be obtained. However, to
obtain the authorisations necessary the procedure of validating the complete route must start from zero,
including a new assessment of the route from an approved engineering consultancy company,

a

process that has shown to be highly time consuming, with an estimate of more than a year to complete.
Furthermore, in order to deploy on-demand services, and considering that the authorities have publicly
stated that the legal framework will not be reviewed before 2022, the process for approval can take
more than a year with a very high cost and effort required. (only the approval by the assessor of
non-fixed route can take more a year, considering that the notion does not exist in the current
procedures).
4. And the quest continues …
Having obtained the required authorizations to put autonomous vehicles on the street, define the routes
and install the required technological infrastructure, is only the tip of the iceberg, the first step, for the
deployment of a high quality public transportation service, based on autonomous vehicles. A large
number of transport policy decisions need to be defined and many legal issues still need to be clarified.
For example, what are the possible ticketing options, by km, or by trip; do we allow short trips (less
than 100m for example) or we surcharge them to avoid overloading the service; do we allow exclusive

11

The long road towards the Deployment of Public Transportation Services with AVs

rides (single passenger carrying 4 suitcases for example); how do we handle incidents (aggression,
littering, forgotten objects, small traffic accidents); are the solutions that can be put in place acceptable
socially (ex. Surcharging for short trips is the opposite of what passengers consider today, installing
surveillance cameras might not be acceptable etc).
Most of these questions will be studied in the AVENUE project under real conditions in the deployed
on-demand public transportation services and we expect by the end of the project in spring 2022 to
have good idea of what is possible, what is acceptable and what options we have. All the results will
be presented in the form of recommendations for public transport operators, authorities, manufactures
etc regarding the development and integration of autonomous vehicles in the urban and sub-urban
transport environments, and promote the advantages of public transport autonomous vehicles to the
citizens and decision makers.
In AVENUE we strongly believe that public transportation will be the first business where autonomous
vehicles will be mass deployed. The advantages, business opportunities and potential are tremendous.
AVENUE aims to open the way; change how we travel in the city and make the use of public
transportation a new experience for the passengers.
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