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Under the heading „future scenarios“ the legal and 
administrative barriers that must be addressed prior 
to the large scale introduction of emerging advanced 
transport systems were addressed. The three main de-
liverables cover Certification Procedures, Legal Barriers 
along with Guidelines for Safety (the level of protection 
in case of malfunctioning of the system), Security (pro-
tection against acts of sabotage) and Privacy (the level 
of protection of personal information). 

Towards the end of the project, the accuracy of the as-
sumptions were re-evaluated given the experiences 
gained in the various parts of the project, resulting in 
a number of project deliverables that most accurately 
articulate our current understanding of the constraints 
and demands of transport systems in future cities.

Technology Options Appraisal Summary Table (TOAST) from the Business Case model

Certification process Advanced Transport Systems 
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The main objective of the Castellón large scale demons-
tration is to implement a hybrid public transport system. 
This system is segregated from normal traffic by the use 
of a reserved infrastructure. The system uses electrical 
trolley bus vehicles with optical guidance systems circu-
lating on this reserved platform. This system has been 
selected to combine the loading capacity, accessibility, 
speed and regularity of a railway based solution with 
the flexibility, adaptability and smaller costs of a road 
based system. 

The Castellón demonstrator forms part of a transport 
plan that in the future will connect several cities – such 
as Benicàssim, in the seaside, Almassora or Vila-real 
- with the city of Castellón. This transport plan will be 
performed by the Valencia regional government (GVA). 
The Castellón demonstrator in CityMobil is the stretch 
connecting the university and the city centre in Castel-
lón –the main city in one of the most touristic areas on 
the east coast of Spain.

The vehicles used in Castellón are high-tech hybrid 
buses powered by a tramway-like overhead catenary 
system for electric power supply when running on the 
reserved infrastructure and powered by an internal 
combustion engine when driving outside this infra-
structure. This provides the system with considerable 
flexibility in operations, especially useful in areas where 
a catenary system cannot be constructed or in the way 
to the vehicles depot. This type of system provides a lo-
wer cost alternative to light rail while having the advan-
tages of dedicated rights of way.

Furthermore, the optical guidance used in the system 
allows the vehicle to follow automatically an identified 
path signalled with dashed lines painted on the road 
(see figure below), while the driver is controlling the ve-
hicle and watching the itinerary.

The reading of the marks is done by a camera located 
on the front-top of the vehicle. The readings are ana-
lysed instantly by the system to establish the difference 
between the real trajectory and the reference one. A 
servo-control device includes a motor that acts on the 
steering of the vehicle with the aim to cancel this diffe-
rence. The inclusion of a guidance system involves ta-
king the steering of the bus away from the bus driver 
for all or, as in the case of Castellón, part of the route. 
By doing so, the need to allow for any lateral movement 
of the bus within a lane of traffic is dramatically redu-

ced and, therefore, it is possible to implement dedica-
ted bus lanes where road space is in short supply and, 
hence, where conventional bus lanes could be impracti-
cal. Furthermore, it also enables, by means of precise 
automated docking, improved physical access to the 
bus by minimising the vertical and horizontal gaps bet-
ween the bus stop and the vehicles. 
The optical guidance needs a high level of contrast 
between the white line and the pavement to operate 
properly. It has been found that at some places, mostly 
at curves, the pavement gets dirty with the rubber of 
the tires. This is solved easily by cleaning these parts of 
the lane regularly so that the optical guidance can work 
properly.
The next figure shows an example of the structure of 
the dedicated lane and how it makes use of the space 
available. The optical guidance marks depicted on the 
platform can also be observed in the figure.

3. 2. 2 Castellón demonstration

Heathrow PRT station

Example of a stretch of the dedicated lane segregated from the 

normal traffic
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The Castellón demonstrator has been in operation since 
June 2008 with good operational results and only mi-
nor day to day issues which are solved efficiently during 
operation such as the cleaning of the tire’s rubber marks 
on the lane. 

The total length of the stretch is 2 km per direction, me-
aning 4 km as total network length, divided into 5 sec-
tions with the following stops: University Jaume I (UJI), 
Sos Baynat, Riu Sec, Paseo Morella, Parc Ribalta, with a 
service along the stretch provided by 3 Civic Cristalis hy-
brid buses, operating from 7:30 hrs. to 22:30 hrs. during 
the weekdays, and from 7:30 hrs. to 22.00 hrs. on Satur-
days, Sundays and holidays.

The performance and the user acceptance of the system 
has been analysed within the CityMobil project by me-
ans of  measuring several indicators such as, usefulness, 
ease of use, reliability or integration with other systems, 
among others. The necessary data for the analysis of the 
Castellón demonstration have been collected through 
interviews with passengers who used the new high-
tech bus system on the operating stretch between the 
University Jaume I and the Parc Ribalta, interviews with 
the drivers of the high-tech buses, phone interviews 
with people travelling in Castellón, measurement of the 
system parameters, and experts‘ opinions mainly about 
financial and economic impacts of the new system.

The surveys for collecting the users’ data were gathered 
during February 2010 and allowed the evaluation of se-
veral acceptance and quality of service indicators. More 
concretely, four acceptance indicators (usefulness, ease 
of use, reliability and integration with other systems) 
were measured in Castellón:

The results of the aforementioned indicators are 
shown in the previous figure and can be summarized 
as follows:

•	 Users were generally satisfied with the high-tech 	
	 buses, with an average performance rate of 3.65;

•	 Usefulness and ease of use are the best rated 	
	 indicators, with 3.7 as performance rating; 

•	 The service was perceived as reliable and well 	
	 integrated with the other systems, with both of 	
	 the corresponding indicators rated 3.6.

On the other hand, eight quality of service indicators 
were also measured. The outcomes of the surveys re-
garding these indicators are reported in next figure. 

As shown in the figure below:

•	 Users perceived a high quality of service for 	
	 the high-tech buses, with an average  
	 performance rate of 3.7;

•	 The information to use the system is available  
	 and comprehensible, with the corresponding 	
	 indicators both rated 3.8; 

•	 The system was perceived as comfortable, 	
	 safe, secure and with a high level of privacy, 	
	 and the ticketing was quite good  
	 (the corresponding indicators being all rated 3.7);

•	 The cleanliness of the system was also  
	 satisfactory (3.6).

The average rate of acceptance and quality of service 
indicators is little less than 3.7, meaning that the inno-
vations due to the introduction of this ATS are well ac-
cepted by the users, who like the system to make trips 
between the city centre, inner suburbs, outer suburbs 
and major educational and leisure facilities.

Castellon ex-post user acceptance indicators
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In the work on future scenarios, the contribution of 
emerging and innovative urban transportation techno-
logies in terms of their contribution to transport sustai-
nability was assessed. As a basis for the further work the 
state-of-the-art in various forms of advanced road trans-
port was established. Each mode was analysed with re-
ference to the existing literature and the consortium’s 
current level of understanding of the contribution that 
each has the potential to make toward transport susta-
inability. Each mode was also assessed against current 
(deployed) applications with the help of an economic 
and societal cost/benefit analysis.  

Then various scenarios of urban mobility for passen-
ger and freight transport were developed, taking into 
account socio-economical, ecological and demogra-
phical trends. A number of tools for cities and opera-
tors were developed to analyse transport requirements 
and potential impacts. These include a series of context 
scenarios over the period to 2050, a set of passenger 
and freight application scenarios which indicated the 
contexts within which different technologies are most 
likely to be effective, a tool for predicting patronage for 
emerging technologies, a business model for assessing 
the financial viability of technology projects, a sketch 
planning model for assessing the overall impact of the-
se technologies in cities, and guidance on how to over-
come the key barriers to implementation.
The key output, the City Application Manual (CityMobil 
deliverable D.2.2.4), is aimed at policy makers. It provi-
des guidance as to how individual cities may make op-
timum use of the tools developed in the project, and 
the approach which cities might adopt in deciding whe-
ther/how to adopt emerging transport technologies. 

Analysis tools were developed to assess the transport 
and land use impacts of the emerging transport tech-
nologies. These tools were applied to four case study 
cities, Gateshead in the Tyne and Wear region in the UK, 
Madrid in Spain, Trondheim in Norway and Vienna in 
Austria. Using MARS, a transport land use model, pre-
dictive tests using a fixed set of context and passenger 
application scenarios were conducted for each city.

Scenarios involving inner-city cybercars, cybercars as 
public transport feeders, PRT, high-tech buses and du-
al-mode vehicles were modelled in all four cities for a 
medium and high growth context scenario in each. 
Despite the differences in schemes across cities, some 
general conclusions could be drawn. In general feeder 

systems will have a significant impact when implemen-
ted in zones with initially poor access/exit to main-line 
public transport. PRT will out-perform the use of cyber-
cars in central areas due to lower access and waiting 
times. However, these systems will have higher finan-
cial and aesthetic barriers to overcome than cybercars 
which will be cheaper and less intrusive. High-tech bus 
systems rely on quality/comfort and segregation from 
other traffic to increase patronage and will be success-
ful when implemented along corridors with previously 
lower levels of service from public transport. In all case 
studies the impact of dual-mode vehicles was minimal.

A generic Business Case Model was developed, inten-
ded for use by policy-makers wishing to implement ad-
vanced transport systems. The Business Case Model de-
fines a methodology to assess the wider ‘transport case’ 
that will enable a local authority partner to not only 
assess various schemes against one another, but also 
to develop a more focussed ‘business case’, common-
ly required to satisfy funding partners. Direct compa-
risons of systems, performance parameters, operating 
characteristics, economic analysis and the qualitative 
assessment of other system benefits are possible. Whe-
re benefits can be quantified, they are included in the 
calculation of a Cost Benefit Ratio (CBR). Where benefits 
are not quantifiable, they can nevertheless be recognis-
ed and rated. The use of a TOAST (technology options 
and appraisal summary table) for comparing alternative 
schemes and assessing value for money is also descri-
bed. The Business Case Model is extremely accessible in 
the form of an Excel spreadsheet presenting the various 
systems in terms of functionalities, structure and cost-
effectiveness.

3. 3   Future scenarios

MARS dynamic Land Use and Transport Integrated model
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Concerning the service, the vehicles served an ave-
rage of 8 passengers per hour while they operated in 
automated mode. However, the automated service 
was unavailable due to different technical problems or 
to weather conditions for a total of 23 days. While the 
automated service was unavailable, the vehicles were 
displayed in the Media Library, allowing the operator to 
explain the service concept to the visitors. Despite these 
problems, the users’ acceptance level was quite high. In-
deed, 94% of the interviewed users considered that this 
system was well adapted to the city, and 93% thought 
it could be extended to the whole city. 64% of the users 
stated they were willing to pay for such service, espe-
cially if it could be used with La Rochelle’s public trans-
port smart card. 

The demonstration attracted considerable interest from 
the media, which resulted in numerous articles and TV co-
verage. An international conference on automated urban 
transport was also organized by CityMobil in La Rochelle 
at the beginning of the demonstration (May 12-13, 2011).

The major challenge, which constituted the greatest risk 
for the cybercar’s users, was the crossing of a two-way 
street with an intense level of traffic. The local authori-
ties gave the priority to the cybercars only through stop 
signs, since no budget was available to install traffic 
lights or stronger traffic measures. To cope with this, the 
cybercar speed was reduced at the crossing in order to 
allow drivers to correctly assess it and allow the vehicle 
to cross safely. This proved to be efficient, since no inci-
dents occurred in this spot. 

Another major challenge was the system operation, 
since INRIA had no prior experience and there was not 
a specialized partner in charge of this task. The local 
Engineering School carried out the day-by-day opera-
tion, while INRIA provided the technical support, with 
good results. The operation was also challenging for 
the hardware itself, since INRIA’s prototypes had never 
operated for such longs periods. Only the laser sensors 
could not prove to be reliable enough to operate in a 
commercial system, but these will be replaced for the 
demonstration’s extension.

3.2.5	 Showcases

In addition to the demonstration activities described 
above a series of smaller “showcases” was organized. 
A showcase was meant to show the possibilities of 
advanced transport systems to the public and to  
interested city authorities. 3 cybercars and 2 advan-
ced city vehicles were developed especially for this  
purpose. In total 5 showcases were organised in the 
cities of Daventry (UK), La Rochelle (FR), Vantaa (FI), 
Trondheim (NO) and Orta San Giulio (IT). 

Disadvantages of cybercars according to the users

15

The system showed 15% modal share, with more than 
1,500 daily trips and more than 2,200 daily passen-
gerkm travelled, and 10% average vehicle occupancy. 
12 minutes were required to cover the entire network 
in one direction, and the average interchange time re-
quired was little more than 2.5 minutes. There were no 
delays per trip, because the system works on dedicated 
lanes, therefore the average waiting time was between 
5 and 8 minutes during the weekdays, and the conse-
quent system capacity was little less than 1,000 passen-
gers per hour.

One of the main conclusions drawn from the analysis 
of the Castellón demonstrator indicators and results is 
that, although the stretch of the system open to the pu-
blic is still short, it has met its potential of delivering a 
reliable and flexible system and expectations are high 
for the time when the whole system will be completed, 
connecting the main cities and tourist sites in the area.

Castellon ex-post quality of service indicators 
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The objective of the Rome demonstration was to de-
monstrate the feasibility, public acceptance and perfor-
mance of innovative automated transport systems for 
short distance transport services using small automated 
vehicles, so called cybercars. The system was designed 
to collect people from various stops within the car park 
and to bring them to the entrance of the new Rome ex-
hibition building. The exhibition building is located in 
the direction of Fiumicino airport on the west side of 
the city 3 km outside of the outer ring road and 16 km 
away from the city centre, along the airport highway 
and railway link. The building is around a 1.5 km long 
central corridor. In front of the building is a car-park with 
about 2,500 car-slots. The building can be reached not 
only by car, but also by train by using the railway from 
Fiumicino Airport to Rome (FM1). The distance between 
the railway station and the nearest building entrance is 
about 500 metres.

With respect to the initial design, the car-park in front 
of the building was planned to be re-designed so that 
a cybercar network could be built inside it. It was inten-
ded to pick-up the visitors once they had parked their 
cars and to bring them to the building entrance. On the 
return trip a cybercar would drive them back to their 
car-slots.
The planned cybercars called “robuRIDE” are made of 2 se-
parate parts: the flat platform, and a customized body. The 
platform is an evolution of a previous ROBOSOFT platform. 
This concept has been chosen for several main reasons:

•	 The platform can be generic, whatever body is 	
	 put on top. Consequently, it can be used to 	
	 implement many type of cybercars or goods 	
	 transportation systems;

•	 Putting all technical components underneath 	
	 the floor optimizes the volumes available for 	
	 passengers, allowing 30% more space available 	
	 than conventional vehicles;

•	 This is a very simple and robust mechanical 	
	 design, where the steering is generated by a 	
	 rotating front axle, whose rotation is generated 	
	 by the difference of speed of the left and  
	 right wheel;

•	 This platform has a step to allow passengers to 	
	 easily get on and off the vehicle.

Because of a number of political and financial reasons 
the civil works at the exhibition centre were delayed, 
which caused a major impact on the planning of the de-
monstration. Due to this delay the European Commissi-

on decided to stop supporting the Rome demonstrati-
on in the spring of 2011. 

Nevertheless the activities provided valuable results for 
the CityMobil project. The Italian Ministry of Transport 
formally agreed to certify the Rome system on the ba-
sis of the certification procedure that was developed in 
CityMobil, on the condition that the system met its spe-
cifications. A handbook was created for the certification 
process that can be used as a reference for future pro-
jects.. Finally training processes on management and 
maintenance of automated vehicles were devised and 
can be applied to other automated transport systems 
in Europe.

3. 2. 3   Rome demonstration

Cybercar vehicle “robuRIDE” for the Rome demonstration
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Between September 18th and 28th, 2008, La Rochelle 
hosted its first CityMobil showcase of fully and partly 
automated vehicles. The objective of this demonstrati-
on was to raise awareness among transport specialists, 
officials and the local population of what tomorrow’s 
small capacity urban transport could be like. Given the 
success of this first showcase, CityMobil partner INRIA 
and a local consortium consisting of La Rochelle’s au-
thorities and research and transportation partners, ag-
reed to carry out a three months test of fully automa-
ted vehicles, open to the public. Unlike other CityMobil 
demonstrations, La Rochelle’s cybercars system had 
to operate in an unprotected site open to pedestrians, 
cyclists and a low-speed local traffic. During this de-
monstration, two automated vehicles provided an on-
demand transportation service in real-life conditions, 
allowing the CityMobil project and the local consortium 
to gather significant data about user’s reaction, techni-
cal difficulties and the system’s performance. 

The selected site was located between the quay of the 
electric “passeur” (a boat that crosses the channel bet-
ween the Media Library area and the city centre) and 
the University premises. Five stations, equipped with a 
touch-screen where users could call the vehicles, were 
deployed along the 800 m. path. The stations served 
as relays for the full-IPv6 communication network, 
which allowed the Vehicle Management System (VMS) 
to transmit the users’ requests to the vehicles. In order 
to reduce safety risks, the vehicles drove at a maxi-
mum speed of 10 km/h, and an operator was always on 
board, to overlook the vehicle’s systems and to inform 
the users. A speed profile system controlled the speed 
in areas in which the risks were higher, such as crossings 
and building entrances. 

INRIA completely rebuilt 
the electronics, control and 
perception systems of two 
5-passenger Yamaha-based 
electric prototype cyber-
cars (renamed “Cybus”). The 
perception system is based 
on two 180° laser scanners, 
used for the localization and 
obstacle detection subsys-
tems. The precision of the lo-
calization system was increa-
sed with the use of an inertial 

unit and the vehicle’s odometers. As a backup in case of 
problems, only one vehicle operated at a time, everyday, 
from 15.00 – 18.00 hrs.

One of the major achievements of the demonstration was 
the involvement of the French national authorities in the 
definition of a legal framework for the operation of the 
system on public roads, which constitutes a first step to-
wards the legal recognition of cybercars. In fact, since the 
demonstrated vehicles could not be legally considered as 
“motor vehicles” given their maximum speed is lower than 
25 km/h, a Mayor’s decision provided the framework for 
the system operation. This decision requested, however, 
the presence of the operator on the vehicle. 
The main technical achievement was the proof of the 
reliability of the laser-based guidance system. This tech-
nology proved to be the best suited for urban areas, 
since it is entirely infrastructure independent. It is the 
result of INRIA’s experience in the execution of CityMo-
bil and CityNetMobil showcases in 10 European cities, 
and has been replacing the use of centimetre-accurate 
GPS guidance, which is not completely dependable in 
built-up areas. 

3. 2. 4   La Rochelle demonstration

  Demonstration of cvbercars in an unprotected site in La Rochelle

Advantages of cybercars according to the users
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