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Executive Summary 
User experience and accessibility, e.g. for Persons with Reduced Mobility (PRM), play a major role 

when trying to develop and establish innovative and disruptive urban public transport services. 

Moreover, access of PRMs to public transport is a human right and mandatory in Europe (and member 

states). To ensure that the AVENUE minibuses and the services around them are not only usable but 

also well accepted by all users including PRM (elderly, people with disabilities and in general potentially 

vulnerable users) we are following the human centred design process for interactive systems (ISO 

9241-210). Following this standard, we ensure that all relevant stakeholders play an important role in 

the requirement phase and throughout the project. 

This is the final version of the AVENUE Passenger needs and analysis document which is due one and 

a half years after the 2nd version. While the D2.5 had its focus mainly on users that have already used 

or are even familiar with fully automated vehicles in public transport this version has a special focus 

on the passenger needs using AVs including services inside and outside of the vehicle.  

Due to the COVID-19 pandemic, a big user study with onboard evaluation in the running vehicles was 

not possible. Instead, before the pandemic the results were gathered during several events organized 

for persons with special requirements and observations in several cities, and during the pandemic in 

classical PT. The pandemic not only confronted us with restrictions that hindered our surveys and 

studies. It also presented us with an unexpected experiment: To protect the bus drivers, barriers were 

erected separating them from the passengers and cutting off communication between passenger and 

driver. From the passengers’ point of view, the offered service was a simulation of a driverless vehicle.  
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1 Introduction 
AVENUE aims to design and carry out full-scale demonstrations of urban transport automation by 

deploying, for the first time worldwide, fleets of Automated minibuses in low to medium demand areas 

of 4 European demonstrator cities (Geneva, Lyon, Copenhagen and Luxembourg) and 2 to 3 replicator 

cities. The AVENUE vision for future public transport in urban and suburban areas, is that fully automated 

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. 

Vehicle services that substantially enhance the passenger experience as well as the overall quality and 

value of the service will be introduced, also targeting elderly people, people with disabilities and 

vulnerable users. Road behaviour, security of the fully automated vehicles and passengers’ safety are 

central points of the AVENUE project. 

At the end of the AVENUE project four-year period the mission is to have demonstrated that fully 

automated vehicles will become the future solution for public transport. The AVENUE project will 

demonstrate the economic, environmental and social potential of fully automated vehicles for both 

companies and public commuters while assessing the vehicle road behaviour safety. 

1.1 On-demand Mobility  
Public transportation is a key element of a region's economic development and the quality of life of its 

citizens.  

Governments around the world are defining strategies for the development of efficient public transport 

based on different criteria of importance to their regions, such as topography, citizen's needs, social and 

economic barriers, environmental concerns and historical development. However, new technologies, 

modes of transport and services are appearing, which seem very promising to the support of regional 

strategies for the development of public transport.  

On-demand transport is a public transport service that only works when a reservation has been recorded 

and will be a relevant solution where the demand for transport is diffuse and regular transport 

is inefficient.  

On-demand transport differs from other public transport services in that vehicles do not follow a fixed 

route and do not use a predefined timetable. Unlike taxis, on-demand public transport is usually also 

not individual. An operator or an automated system takes care of the booking, planning and 

organization.  

It is recognized that the use and integration of on-demand fully automated vehicles has the potential to 

significantly improve services and provide solutions to many of the problems encountered today in the 

development of sustainable and efficient public transport. 
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1.2.1 Autonomous vehicle operation overview 
We distinguish in AVENUE two levels of control of the AV: micro-navigation and macro-navigation. Micro 

navigation is fully integrated in the vehicle and implements the road behaviour of the vehicle, while 

macro-navigation is controlled by the operator running the vehicle and defines the destination and path 

of the vehicle, as defined the higher view of the overall fleet management. 

For micro-navigation Automated Vehicles combine a variety of sensors to perceive their surroundings, 

such as 3D video, LIDAR , sonar, GNSS, odometry and other types sensors. Control software and systems, 

integrated in the vehicle, fusion and interpret the sensor information to identify the current position of 

the vehicle, detecting obstacles in the surround environment, and choosing the most appropriate 

reaction of the vehicle, ranging from stopping to bypassing the obstacle, reducing its speed, making a 

turn etc. 

For the Macro-navigation, that is the destination to reach, the Automated Vehicle receives the 

information from either the in-vehicle operator (in the current configuration with a fixed path route), or 

from the remote control service via a dedicated 4/5G communication channel, for a fleet-managed 

operation. The fleet management system takes into account all available vehicles in the services area, 

the passenger request, the operator policies, the street conditions (closed streets) and send route and 

stop information to the vehicle (route to follow and destination to reach). 
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1.2.2 Automated vehicle capabilities in AVENUE 
The Automated vehicles employed in AVENUE fully and automatically manage the above defined, micro-

navigation and road behaviour, in an open street environment. The vehicles are Automatically capable 

to recognise obstacles (and identify some of them), identify moving and stationary objects, and 

Automatically 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, communicate with infrastructure via V2I interfaces (ex. red light control). 

The shuttles used in the AVENUE project technically can achieve speeds of more than 60Km/h. However, 

this speed cannot be used in the project demonstrators for several reasons, ranging from regulatory to 

safety. Under current regulations the maximum authorised speed is 25 or 30 Km/h (depending on the 

site).  In the current demonstrators the speed does not exceed 23 Km/h, with an operational speed of 

14 to 18 Km/h. Another, more important reason for limiting the vehicle speed is safety for passengers 

and pedestrians. Due to the fact that the current LIDAR has a range of 100m and the obstacle 

identification is done for objects no further than 40 meters, and considering that the vehicle must safely 

stop in case of an obstacle on the road (which will be “seen” at less than 40 meters distance) we cannot 

guarantee a safe braking if the speed is more than 25 Km/h. Note that technically the vehicle can make 

harsh break and stop with 40 meters in high speeds (40 -50 Km/h) but then the break would too harsh 

putting in risk the vehicle passengers. The project is working in finding an optimal point between 

passenger and pedestrian safety.  

Due to legal requirements a Safety Operator must always be present in the vehicle, able to take control 

any moment. Additionally, at the control room, a Supervisor is present controlling the fleet operations. 

An Intervention Team is present in the deployment area ready to intervene in case of incident to any of 

the minibuses. 

1.3 Preamble 
Work package 2 Requirements and Use Cases paves the foundation for developing and establishing 

innovative and disruptive urban public transport services.  

Task 2.2 Passenger needs (including PRM) and requirements specification takes care of all users and their 

needs. To ensure that all needs are considered, AVENUE aims to continuously involve users throughout 

the project.  

This Deliverable is the update of “D2.5 - Second Passenger needs analysis and specifications” and is the 

3rd version of a series of three deliverables. It provides an overview of consultations and observations 

made in and out of fully automated vehicles in Geneva as well as experiences gathered during bus rides 

during the pandemic situation, as well as the resulting analysis and the definition of the user 

requirements. These requirements have been derived from the conducted observations and interviews 

with users and user organizations and from relevant normative and legal documents. 



http://data.europa.eu/eli/dir/2001/85/oj
http://data.europa.eu/eli/reg/2009/661/oj
http://data.europa.eu/eli/reg/2015/107/oj
https://eur-lex.europa.eu/eli/reg/2019/2144/oj
https://www.padersprinter.de/kompass-app/
https://www.ivanto.de/home_en/


https://www.admin.ch/opc/de/classified-compilation/20152846/index.html
https://www.admin.ch/opc/de/classified-compilation/20152846/index.html
http://data.europa.eu/eli/reg/2014/1300/oj
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2 Evaluations and user studies  
The aim of the first user studies in 2018 was to fully understand the needs, the issues and the problems 

of public transport users and the personal tricks and strategies they have developed for themselves. The 

aim of the 2nd version of this deliverable was to go beyond anticipated experiences and to figure out 

the issues, the problems and the missing services in fully automated vehicles. The final version aimed at 

identifying requirements that have not been identified or even solved in the earlier deliverables. The 

idea was to make a requirement analysis with frequent users of AVs and even in regions with real AV 

door-to-door service. 

Due to the COVID-19 pandemic all plans had to be reconsidered: Travel and meetings with passengers 

were no longer possible. Even more: in most European countries, the lockdown completely brought 

public transport to a standstill. After the lockdown public transport was only partly relaunched, as of 

today, in many cities public transport remains well below the pre-crisis level.  

However, the pandemic not only confronted us with restrictions, but it also presented us with an 

unexpected experiment: To protect the bus drivers, barriers were erected separating them from the 

passengers and cutting off communication between passenger and driver. From the passengers’ point 

of view, the offered service was a simulation of a driverless vehicle, therefore being a real alternative to 

observe and gather requirements in times where the AVENUE minibuses are out of service. Given their 

size and the fact that there is a safety operator on board, AVs were even more compromised: The 

distance rules to prevent COVID-19 cannot be respected in such a small vehicle and separating the driver 

was not really feasible. This resulted in the fact that the AVs were brought down even longer than a 

classical bus. 

Therefore, evaluations and user studies are limited to meetings conducted before the pandemic, as well 

as observations in public transport in pandemic mode as well as literature research and remote 

interviews. 

 

2.1 Walkthrough with (disabled) users 
Passengers are the most important source when gathering user requirements and to raise awareness. 

Due to the fact that people with disabilities have special requirements they play an important role when 

gathering user requirements and trying to identify barriers. Taking into account that every human will 

have some type of disability in his/her life or can be situational induced disabled (e.g. wearing a headset), 

the requirements derived from people with disabilities will be useful for all. 

The AVENUE partner TPG is organizing regular so called “social audits” to identify barriers and to raise 

awareness in their workforce. During such an audit, persons with disabilities from the local disability 

association as well as TPG drivers come together and form small groups (One disabled person and two 

drivers). Each group then commutes for two hours through Geneva, whereby the disabled person is 

observed from a distance by the two drivers. The results of this observation are than discussed together 

to exchange experiences. 
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The AVENUE project took the opportunity to join the social audit in February 2020 just before the 

pandemic took hold of Europe and the world. During this audit a blind person and a person in a 

wheelchair were observed using the AVENUE minibuses. 

2.2 Driving a bus in a pandemic situation 
Public transport in the pandemic situation is somehow a simulation of “fully automated driving” of buses 

on a large scale. To protect the driver, they were completely isolated from the passengers and only the 

rear doors may be used. In some cases, the driver section including the front row was completely 

separated, e.g. with foil or plexiglass. Therefore, the driver is no longer available as a contact person. 

3 Analysis of the results 

3.1 Analysis of the social audit 
The AVENUE project took the opportunity to join the social audit in February 2020 just before the 

pandemic took hold of Europe and the world. During this audit we got the opportunity to observe a blind 

person and a person in a wheelchair while commuting through Geneva including the usage of the 

AVENUE minibuses. After the commuting we got the opportunity to discuss with both users their 

experiences and their wishes. 

3.1.1 Detailed walk-through with wheelchair user 
The wheelchair user that was observed has a lot of experiences with public transport. The trams in 

Geneva are equipped with an automatic ramp, therefore besides of the crowded Tram, no major issues 

could be identified while commuting with standard vehicles.  

 

Figure 2: Tactile markers and automatic ramp 
The usage of the AVENUE minibuses on the other hand was a bit different.  
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As the automatic ramp of the vehicle does not comply with legal requirements in Geneva (it is too steep), 

the AVs are equipped with manual ramps. The safety operator had to install the ramp and help the 

passenger entering the vehicle, as the slope is still 17.3%.  

  

Figure 3: Manual ramp and buckling up 

The next difficulty occurred inside the vehicle: the wheelchair had to be buckled up sitting against the 

driving direction directly in front of the folded-up priority seat. Due to the installation of the belt, this 

can only be done with the help of the safety operator. 

When leaving the bus, the wheelchair needs to be unbuckled and the ramp had to be installed again 

both by the safety operator. 

A real driverless usage of the AVENUE minibuses by wheelchair users is actually not really possible, as 

the wheelchair driver can neither enter nor leave the bus without help. 

 

3.1.2 Detailed walk-through with blind user 
Like the user in the wheelchair the blind user that was observed has a lot of experiences with public 

transport. He takes PT every day to go to work without anyone 

accompanying him. The public transport stops in Geneva are equipped 

with tactile paving and markers (see Figure 2). A theoretically positive 

example is the marker to find the front door of the bus. While this is a 

good idea, finding the relatively small marker by the blind is very 

difficult. Better would be if the tactile paving would be used to guide 

the blind exactly to this point, or to use a huger marker. Figure 4: Front door marker 
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