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Abstract
The AVENUE1 project goal is to provide door to door, on-demand autonomous public transport
services allowing commuters to benefit from the full capabilities of autonomous busses. As of
February 2021, the Transport Publics Genevois (TPG), have roll-out the first on-demand, oor-to-door,
fully automated public transportation service in open roads, deploying three NAVYA Autonom shuttles
in the 38 hectares Belle-Idee site. Passengers can reserve shared rides using a mobile app, while the
fleet management and orchestration system assigns the optimal shuttle to serve a specific ride, sending
the right mission orders directly to the right vehicle at the right time To arrive in this level of operation,
and ensure high-quality service while conforming with the legal and regulatory frameworks, several
innovative solutions and services were developed.
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1 Introduction
The target of the AVENUE project is to demonstrate and pilot the adaptability and efficiency of the
deployment of small and medium autonomous vehicles (AV’s) [1] in different sites in Europe. In
AVENUE's vision for the future of urban and suburban public transportation, autonomous vehicles
will ensure safe, rapid, economic, sustainable, and personalized passenger transportation, minimizing
vehicle changes, taking care of passengers from their doorstep and bringing them as close as possible
to their destination, by offering door to door, on-demand autonomous transportation services. The
project’s main objective is to demonstrate that autonomous vehicles will be a key element of the
solution for public transport in the future.
The project will not only assess the safety of autonomous vehicles in public transport, but will also
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demonstrate the economic, environmental and social benefits of autonomous vehicles for both public
transport companies and users, paving the way for widespread adoption of autonomous vehicles in
public transport after the end of the project.
AVENUE will integrate, adapt, develop, and validate innovative in- and out- of vehicle services,
maximizing personalization and route optimization, while making travel a real experience for its
passengers. AVENUE will revisit the public transportation services offered, starting from the original
passengers’ problem of travelling from one place to another.
At the end of the 30th month of the project (fall 2020), AVENUE operated regular public transportation
services on six sites:
-

In Geneva operated by the TPG in Meyrin city

-

In Lyon at the Groupama Stadium operated by Keolis-Lyon,

-

In Luxembourg, at the Pfaffenthal site, operated by Sales-Lentz,

-

In Oslo at Ormøya, operated by Amobility (under the trademark Holo),

-

In Nordhaven, Copenhagen operated

by Amobility.

Based on the extensive experience and knowledge gained, a new site was set up in spring 2020 at the
Belle-Idee hospital area in Geneva, where the full power of autonomous vehicles, with on-demand,
(quasi) door-to-door services, was deployed.
The deployment by the Geneva Public Transportation operator – TPG, at the Belle-Idee site is one of
the most advanced Autonomous shuttle public transportation deployment in Europe, operating a
regular on-demand service in open, mixed traffic roads. Three Navya Autonom® shuttles [2] are
deployed, operating under mission management mode, that is, receiving directly the destination via
the Fleet Orchestration service (Developed by Bestmile), without operator intervention. Passengers
use the provided mobile app (developed by MobileThinking) to order a ride, which is transmitted to
the Fleet Orchestration Platform [3], which chooses the optimal vehicle to fulfil the request.
The service automation aims to be end-to-end operator-free, from hangar door opening at the start of
the service to the end, including induction based recharging, and of course itinerary organisation. The
service operates day and night, and under diverse weather conditions.
2. The Belle-Idee site
Located at 2 chemin du Petit-Bel-Air in Thônex in the Canton of Geneva, the Belle-Idée site (Figure
1) covers an area of approximately 38 hectares with more than 5 km of routes. The HUG Belle-Idée
site brings together most of the general and specialized hospital psychiatric units. It also includes a day
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Figure 1 The Belle-Idee site – Traditional Bus Line Map

hospital, consultation facilities for autistic patients, a community geriatric unit and a sleep laboratory.
Although the site is limited by automatic barriers, the roads are open to the public, and contain a
network of small lanes serving all types of traffic, ranging from private cars, to bicycles, wheelchairs,
pedestrians and even agricultural vehicles of the farm located inside the site! As a hospital site, the
speed limit is set to 30kmph. The site, situated between an under development residential area (2400
apartments), a commercial center and a school, is also traversed daily by adjacent residents and
students.
A large number of persons are working and visiting the site every day. With more than 3.000 care and
support personnel working on the site, with a very large number of patients and visitors arriving and
moving around the site, with on-site kinder-garden, a refugees’ camp, and medical education site as
well as cleaning site for all Geneva HUG hospital bedsheets and medical clothes, the site has an
important mobility with mixed traffic all day long.
3. Deploying a public transportation based on autonomous shuttles
Today transport between the 30 different buildings on the site (by patients and personnel) is done
using private cars that go from one parking area to another, or by using the regular bus line serving 5
bus stops (figure 1). However, this is far from ideal for the mobility of patients and personnel. With a
distance that can exceed 1 Km between key buildings, and many patients with special needs (unable to
walk long distances or wait under the rain at the bus stop), even walking to the bus stop might not
always be easy or even feasible (especially under bad weather conditions. For personnel moving
around with private cars from parking spot to parking spot, it results in a loss of time and potential
accidents.
The deployment of autonomous on-demand shuttles provides a very promising solution for the on-site
mobility, offering an added-value to the persons visiting, residing and working on the site.
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The planning for the deployment of autonomous shuttles started in late spring 2019, with the
application for the homologation of the site being submitted to the federal authorities (OFROU) in
July 2019. The site started being mapped by NAVYA in August 2019. In fall 2020, the TPG prepared
the vehicle storage space, including electrical connexions for the charging of the vehicles and installed
onsite a mobile office unit for the control of the operations. At the same time NAVYA installed the
GNSS antenna on site (figure 2).
In June 2020, permission to start the project was accorded by the OFROU and as of July 2020, the first
commissioning of the site

was started. However, due to the COVID crisis, and subsequent

restrictions imposed, prohibited the NAVYA engineers to travel to Geneva, and so many technical
questions were suspended. However, the project partners were able to test operations with the vehicles
on site, without passengers, allowing the identification of complexity points on the partially mapped
routes but also the testing of the different mobile applications.
During testing we discovered some very interesting mapping issues, related to the site. The site
mapping was made in late fall 2019 until January 2020. During spring 2020 the vegetation and trees
rapidly grew, which required a new mapping of the site. The frequent pruning of the trees and
vegetation is also mandatory in order to stick to the map and ensure a good performance.
new map was thus needed, and some tree branches needed to be cut, being too low or too near the
shuttle route.

Figure 2 TPG hangar and GNSS Antenna placements

In late fall 2020 the complete site was re-mapped and tested. By January 2021, we were able to
operate with no passengers with three shuttles on the complete site. At the time of writing of the paper
(first week of February 2021) we were expecting to start serving passenger by the end of February
2021.
The initial deployment of autonomous shuttles was made with three vehicles, type Navya Autonom
Shuttle (Figure 3). A fourth shuttle is planned to be deployed, based on passenger needs and targeted
service quality. The TPG plans to integrate them into the existing transport network without imposing
fixed trips or stops. The goal is to develop an on-demand public transportation service with
autonomous shuttles, which can be managed via a Smartphone application and will transport the
customer door to door.
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Figure 3 NAVYA Autonom shuttle at Belle-Idee
To be noted that in order to maximize the automatic deployment of the shuttles, hangar (Figure 2) is
equipped with tele-controlled door, opening on request of the shuttle and we will be installing an
induction charging, so that the vehicles can be recharged without human intervention.
3.1 Legal and regulatory requirements
During the deployment of the service, several legal, regulatory and social issues needed to be
addressed in order to fulfil the requirements of a “Public Transportation Service”[4]. One of the issues
faced was the obligation to provide fixed bus stops and routes in order to validate the site. The public
transportation law requires the clear definition of fixed bus stops; however, the number of stops is left
to the discretion of the operator. Furthermore, the law requires that a public transportation service
operates on fixed route; however, the density of the routes is left also to the discretion of the operator.
Based on the above, and with a clear understanding of the issues highlighted by the federal authorities,
(which are very interested and helpful to our project), TPG defined 75 bus stops (figure 4), covering
all points of interest, where passengers were most likely take the shuttle. This restriction does not
create any change in the overall model, since even in a full door-to-door deployment, a shuttle, cannot
stop at random place (pedestrian crossing, next to traffic sign, fire hydrant etc). In parallel, 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. This way the operation was fulfilling all
legal requirements of the public transportation laws. Figure 3, shows the Bell-Idee site with the
different routes (numbers and red route color) and the bus-stops, (blue and green points).
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Figure 4 The Belle-Idee autonomous shuttle deployment plan

We received a special authorisation to be dispensed to install the infrastructure required by law at each
bus stop (a shelter and mark the stop with a zig-zag yellow line).
Another important requirement of public transportation is accessibility. Public transportation should be
accessible to person with special needs. The problem we faced was accessibility for wheelchairs.
Although the NAVYA shuttle has retractable ramp, the slope angle is not conformant with the swiss
law for non-assisted boarding. The Swiss law defines a maximum of 6% slope, which is not possible
with the existing retractable ramp (which exceeds 18%). Once more the federal authorities allowed us
to allow non-assisted boarding only at some stops, where .. we will send out a vehicle with human
assistance when the option is choosen in the App during the booking process. This is a new service
level.
4. Operating an on-demand Public transportation service
At the time of writing of the paper (February 2021) we are planning to open the service in early spring
2021. The shuttles will operate with an obligatory safety operator present in the vehicle. However,
based on the tests performed, the vehicle operates more than 99% of the time without any operator
intervention. The target is to reach almost 100% operation without operator intervention. At this point
we will be able to justify a request to the authorities to operate without operator in the vehicle.
However, suppressing the vehicle operator is not just a technical issue. The safety operator (similarly
to the driver of the traditional public transportation bus) is doing much more than manning the shuttle:
the driver and safety operator offer additional services and human interactions that are important to the
quality of the service, and, most importantly, generate a sentiment of safety to the passengers.
Today the passengers of an autonomous shuttle, immediately see the safety operator upon entry and
this generates a feeling of safety and a positive acceptance. The reaction of passengers entering a
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vehicle without safety operator remains unclear. In order to evaluate the passenger reactions
(especially because we are operating in a hospital site and we will have many passengers that are
patients), we plan to test “hidden” non-identifiable safety operators. Swiss law allows for shuttles that
have a low passenger capacity, to be operated by any person that has a B driving licence for standard
private car. We will thus engage students, that will be trained and will be present in the shuttle as
normal passengers, assuming the legally obligatory role of the safety operator. It will allow us to study
the reaction of the passengers and study the situation with a fully driverless operation.
A second role of the safety operator are the support formal and informal services offered. The safety
operator looks after the status of the vehicle, provides information to the passengers and help them in
complex situations. For example, it controls the cleanness of the vehicle, identify forgotten objects,
prevent vandalism in the bus and even intervene in case aggression. We cannot truly provide an
equally high quality of transportation services, if we are not able to provide an alternative for these
operator actions. In order to address this, we have developed and will deploy a set of services based on
video analysis, allowing us to identify aggression, littering, vandalism, lost objects etc. inside the
shuttle. These services will raise triggers in the operator control office and the operator act according
to policies it will design. The definition of these policies, at the time of writing of the paper, are under
evaluation.
4.1 Booking the shuttle
The service at the Belle-Idee site operates each day from 7:30 to 19:30, with one to three shuttles on
the road, depending on the number of passengers and requests received. We identified two pick hours,
in the morning (7:30 to 9:30) and the afternoon (15:30 to 18:30) where all three shuttles are deployed
in parallel. However, and this is the major advantage of the on-demand autonomous shuttle operation,
the shuttles can be automatically deployed if there is, at any time, a large number of trip requests.
An on-demand service requires that a passenger is able to book a ride. The objective is to do this
directly via a smartphone application.
The mobile application, developed by MobileThinking, can identify the passenger position, or the
passenger can enter the starting position he/she desires, and then choose its destination, either as a
point in the map or as destination name. The passenger can also specify when he/she wishes to picked
up (immediate or at a pre-defined time). The application is connected to the Bestmile Fleet
Orchestration Platform which chooses the optimal vehicle for the requested trip, taking into account
several criteria such as distance, occupancy, special needs of the passenger, other requests to combine.
The fleet orchestration platform will provide an estimate time of arrival and trip duration, which will
be proposed to the passenger for confirmation. Figure 5 illustrate three of these steps.
Once the passenger has validated the trip, the app submits the booking to the fleet orchestration
platform and will keep the passenger informed on its trip, by indicating its position on the displayed
map.
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Figure 5 MobileThinkig Belle-Idée Demonstrator On Demand Application

Operator policies will define the service quality requirements which will influence the choice of the
dispatched shuttle, for example the maximum pick-up time delay to arrive and the maximum delay at
destination.
4.2 Shuttle dispatching
For AVENUE, we distinguished three levels of control of the shuttle: micro-navigation,
macro-navigation and fleet orchestration. Micro-navigation is fully integrated in the shuttle and
implements the road behaviour of the vehicle; micro-navigation provides 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, a large number of vehicles operates within the
designated service area. Deciding which vehicle will serve which trip request is done by the fleet
orchestration system. The platform optimally dispatch vehicles simultaneously and in real-time to
provide travelers with transportation services. By reacting to incoming bookings or various events, it
continuously adapts and reoptimizes vehicle plans, matches the rides to the right vehicles, and
communicates the optimized routes and timings to the vehicles via dynamic mission management
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based on the transport policies defined by the operators.
What is interesting to notice that the macro-navigation is implemented both at the shuttle and the fleet
orchestration platform level.
Once the passenger has booked a trip, the Bestmile Fleet Orchestration Platform, will choose the
“optimal vehicle” taking into account a large number of parameters (which implement policies defined
by the operators), as well as other external factors such as road closure. Then, depending on the
capabilities of the shuttle software (Routing instruction, Dynamic ongoing mission modification), the
fleet orchestration platform will either define the itinerary to follow, or, simply define the destination
and leave it to the shuttle to choose the itinerary. Once the shuttle has been selected and the trip start
and end point have been defined, the fleet orchestration platform, sends a “mission order” to the
shuttle via the 3/4/5G communication channel, defining the trip details as required. The shuttle, using
its micro-navigation system will simply drive autonomously to the destination to pick-up or drop-off
the passenger.

Figure 6 On-demand dispatching and system interactions

In figure 6 we show the interaction of the different parts of the system. At the lower left we have the
NAVYA shuttle, which incorporates all the required services for the operation of the shuttle (micro
navigation and in-shuttle macro navigation), as well as what is required by law a black box for the
secure storage of in-out of vehicle video (accessing only under policy order and under strict rules).
At the bottom right corner, we have the dashboard implementing the autonomous shuttle control
(figure 7), located in the control room at the Belle-Idee site. The dashboard is connected to the
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operator information system where the passenger data are kept.
At the upper right corner we have the passenger mobile app, while at the upper left the fleet
orchestration platform. The top left External box, represents the external information that the fleet
orchestration can take into account for the optimal shuttle and route selection (like as mentioned,
closed roads, traffic jams etc).

Figure 7 Bestmile Dashboard for the operator

4.3 Passenger information
The last part of the service deployment is passenger care. In order to inform passengers about the
availability of an on-demand autonomous shuttle service on the site, we will install information points
on strategic places, advertise on social media and distribute informative flyers to all persons visiting
the site. The flyers, and example shown in Figure 8, will provide all required information. A call line
will also be installed to provide human contact and life assistance.

Figure 8 Draft of the Information Flyer
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5. And the quest continues
The Belle-Idee will continue operating for at least one year, with plans to become a permanent service
and be expanded to reach the metro station, and also cover the new residential area, with target to offer
24h/24h service. The lessons that will be learned and data collected during this long deployment, will
allow us to evaluate the acceptance of the services and understand the economic aspects and the
regulatory and technological issues that need to be resolved for a large scale deployment.
The transport service quality and passengers safety and comfort, are the major preoccupation of the
TPG (and every public transportation operator). As a result, we are planning to experiment new
services targeting the passenger comfort and safety and evaluate them under real operation conditions
during the next few months.
From the side of the vehicle manufacturer, new versions of the shuttle software are under development,
based on the experience gained at the Belle-Idee site that will improve the road behaviour and will
allow the introduction of new transportation and passenger services.
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