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Abstract-- A consortium of 15 European research institutes and private industrial companies, have grouped together to form the CyberCars/CyberMove programs. The programs objective, sponsored by the EC, is to create a new option  of Intelligent Transport Systems based on road vehicles with fully automated capabilities, or CTS (Cybernetic Transportation System). This article describes the CTS background and the main objectives of the program, these being the improvement of the technologies and their experimentation in several European cities.
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I. INTRODUCTION

Most European cities faces numerous challenges associated with the use of private vehicles. Problems include road congestion, energy expenditure, noise and pollution, all of which degrade the quality of urban life. Therefore, historical cities centres are facing severe problems, traditional commerce in them declines, moving to the periphery, and they become less attractive to tourists.

PROJECT BACKGROUND
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The CTS (Cybernetic Transportation System) concept started with car-sharing: a fleet of individual vehicles shared among a relatively large number of users, offers the possibility of using a car for some time or having a car available at both ends of a train trip. These systems are increasingly popular in Switzerland and Germany. They work well in specific areas where the demand is properly structured, but have yet to offer a door to door service : currently, the vehicles are only available at a few locations and have to be returned. Modern fleet management technologies have recently improved the service, e.g. also allowing short trips without the need to return the car to its point of origin. Such systems are called station-car systems and have been developed since the mid-90’s (Praxitèle and Liselec Projects in France, City-Car in Switzerland, IntelliShare in the USA, Crayon in Japan,…). 

Fig.1 Crayon station car system

Specific vehicles, well-adapted to city driving, have generally been used for these systems: small size, convenient, energy efficient, quiet, often based on electric power. They even compete with public transportation in terms of energy consumption on per passenger-km basis. To date, these systems have not generally proven that they can compete economically, one reason being limited vehicles availability in too few locations, thus limiting the number of potential customers (see European Project Utopia).

The car-sharing concept can be dramatically improved if the vehicles are made to move by themselves in order to respond to the demand or possibly to move passengers or goods. We will call them cybercars.

II. WHAT IS A CYBERCAR
Cybercars are road vehicles with fully automated driving capabilities. A fleet of such vehicles forms a transportation system (CTS), for passengers or goods, on a network of roads with on-demand and door-to-door capability. The fleet of cars is under control of a central management system in order to meet particular demands in a particular environment. At the initial stages , cybercars are designed for short trips at low speed in an urban environment or in private grounds. 

In the long term, cybercars could also  run autonomously at high speed on dedicated tracks. With the development of the CTS infrastructures, private cars with fully autonomous driving capabilities could also be allowed on these infrastructures while maintaining their manual mode on standard roads.
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Fig. 2 Frog cybercar in Schiphol

The advantages of autonomous driving capabilities and the new transportation systems, based on environmental friendly vehicles, are numerous. 

· First, they provide reduction of congestion, and better traffic flow, air quality and energy conservation.

· Second, the system (in its automatic mode) is much safer than  there is no need for a drivers’ license so anybody can use it, including also people with handicaps and in particular elderly persons.

· Third, the cars can be moved easily from one location to another, using fully autonomous driving platoon formations with a single driver.

· Fourth, the cars can drive autonomously to a remote parking area when not needed, hence leaving valuable urban space free for pedestrians and cyclists.

· Fifth, the concept and technologies are also appropriate for delivery of goods in city centers and even for garbage collection : the same infrastructure could be used by specifically adapted vehicles with delivery (or collection) “boxes”.

· Finally, flexible design will make it possible to optimize the overall system performance, taking into account the needs and requirements of the private consumer, the system operator and the public (e.g. municipality), permitting the system to operate in different modes at different times of the day, week and year.

Several companies and research organizations have been involved, during the last years, in the development of these new vehicles. Most of the actors have established a partnership to launch the CyberCars project.

III. ROAD MAP

The Project was first initiated in the context of the ADASE workshops of March 1999 (Munich and Stuttgart) and will continue to take place in this cluster  with related Projects which share some of the technologies such as Chauffeur, Carsense, Protector, Communicar, NextMap,… The CyberCars Project fits in the ADASE development philosophy which tends to increase safety and efficiency of the automobile through the automation of driving. 
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Private Car Approach (ADASE)

However, instead of proposing intermediate steps with driver assistance on regular cars which can go anywhere, the CyberCars Project takes the approach of full automation but on limited infrastructures. Due to this limit, the cars will have to be part of a public transportation system.  It is believed that the first systems will run in private grounds such as resorts, amusement or industrial parks. Next will come extensions of public transport such as systems around a train station. Then, larger zones such as pedestrian zones in Cities could be equipped. Later, one can envision higher speed connections between such zones on dedicated (and protected) tracks. And later, why not, high speed tracks between Cities. Eventually, when this infrastructure is extended to cover large areas, private cars owners might be interested (if their cars are equipped with compatible systems) to use it in a fully automated way. The two approaches towards full driving automation on major parts of the roadway system are therefore complementary and convergent.
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Public Car Approach (CyberCars)

IV. VEHICLES TECHNOLOGY
R&D work  will be carried out in order to develop and test new electronic techniques of navigation and guidance, which will also lower their costs. Existing commercial non-mechanical devices rely on wires, magnets or transponders in the ground. Improvement of these technologies as well as new methods for navigation and guidance are the subject of intense research throughout the world in public research organizations as well as in the industry. Recent bibliography on these subjects is already enormous (see recent conferences such as Intelligent Vehicle or ITS congresses) and a large majority of the partners in the consortium (from academia as well as from industry) is well aware of these new developments and participate actively. For the CyberCar Project, the innovative technologies will be essentially based on a combination of DGPS, vision and inertial navigation, which have already been tested at research level but need to be industrialized and tested in real environments. In particular, a new positioning technique recently developed by Inria will be experimented. It is based on the comparison of images to get the offset from a known location with the current position. This technique does not need any modification of the infrastructure and is hence inexpensive and very flexible.

One of the most important challenges of CyberCars is road safety, in particular – obstacle detection and collision avoidance - while preserving an acceptable commercial speed. Existing technologies rely on tactile bumpers and expensive laser systems. The novelty in this task in the Project will be reducing the cost of the laser system and developing new technologies based on stereo vision (both derived in part from the Carsense Project now under way) and on new scanning ultrasonic sensors developed by Robosoft.
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Fig. 3 Laser scanner on Yamaha cybercar

For  adapting the throughput of the transport system to the instantaneous situation, CyberCars should be able to run in trains of vehicles – platooning, with a single driver and/or automatic guiding systems. Present-day commercial techniques (used in ACC systems for automobiles) are based on ranging systems (lasers or radars) and concern only the longitudinal guidance. New improvements are under way which  can perform longitudinal and lateral guidance using vision and targets (Chauffeur Project and ICVS system from Honda) or radar and markers on the pavement (IMTS from Toyota). Inria has patented a platooning technique with a more advanced vision sensor which does not require a communication link between the vehicles nor any markers on the infrastructure. This technique will be industrialized in order to obtain a reliable design of the virtual tow-bar for all operating conditions (light, temperature, humidity, climatic conditions, etc.) at low to medium speed (up to 50 km/h). 

In order to insure reliable, smooth and flexible operation of the whole transportation system, the vehicles must have optimized and safe control systems. Novel hardware and software components (including software tools to develop safe programs) of the control system will be developed, based on existing techniques with the necessary adaptations and improvements, and integrated into the CyberCars.

V. INFRASTRUCTURE TECHNOLOGY
Compared to traditional transportation systems which often rely on heavy material infrastructure such as rails or heavy road infrastructures, the CyberCars will need only a very light one, often no more than the equivalent of a bicycle path, or even just two small tracks for the wheels. Even with such light infrastructures, high transportation needs can be satisfied just by increasing the number of vehicles when needed.

On the other hand, the road infrastructure is replaced by a non-material infrastructure based on information and in particular on telecommunications. These telecommunication networks are now readily available, even if the bandwidth needed is high (UMTS is offering at low cost bandwidth of 1 Mb/s). The CyberCar systems will use these capabilities to their full extent and there is no need to incorporate new developments for them.

The innovation will be placed on the use of these communication networks in order to perform essentially three tasks : management of the resources, user interface and remote control of the vehicles.

The management of resources implies that the vehicles and the infrastructure are optimized globally by a central system which knows in real time the availability and the state of all the resources of the system : vehicles, virtual tracks, parking places, energy stations, man-power,…. Depending on the customer requests, the system must make choices to send commands for the movement of vehicles and for other operations such as recharging of energy in the vehicles, maintenance, redistribution,… These tasks are extremely complex to optimise and require advanced management techniques. Some of these techniques have already been developed for car-sharing systems, in particular in the framework of the EVIAC Project. With the possibilities of automatic displacement of the vehicles, the optimization techniques are needed even more in order to respond immediately to the demand.

Depending on the way the CyberCar systems will be designed, the interfaces with the users will be more or less complicated. On very simple systems, such as the one in Schiphol where the network is simple and the number of stopping points quite limited, a system of calling buttons such as for the elevators is quite sufficient and easy to understand. However, if the system becomes more complex with a large number of origins/destinations, this system of calling buttons is difficult to implement and costly. The Project will hence develop an interface based on mobile phone technologies and in particular on Wap or similar standards to take advantage of digital short messages and graphic interfaces. However, in order to make the system simple to use and easily understandable by any user, including first time visitors, extreme care has to be taken for the design of these interfaces. It is the aim of this Project to define recommendations which could become a standard at least at the European level for these graphical interfaces. The CyberCar interfaces are not limited to mobile phones. We must also have similar interfaces inside the vehicle and at some “stations” or in the homes or offices of the users. In these cases, the interfaces will be on larger graphical screens such as the ones found on micro-computers or “Web-phones”. In these cases, the interfaces will be essentially developed on Web standards using languages such as XML and compatible with existing or under development tools for other transportation systems (public transport and rental cars or car-sharing systems).

All of these interfaces on mobile or fixed units or in the vehicle, must also be compatible and easily connected to other information systems concerning the city and the purposes of the trip. We think about interfaces with commercial destinations (shops, restaurants, hotels, theatres,….) and also with tourist and cultural information.

The last technology we will develop for the infrastructure is the remote control of the vehicles from the central management system. This is needed for the monitoring of the state of the vehicles (location, mode of usage, energy,…) but also for the possibility to remotely drive the vehicles. This is considered as an important back-up function for the automatic driving when a vehicle is stopped for an unknown reason : emergency switch activated by someone, obstacle, hardware or software malfunction,… In these cases, it would be convenient for the operator in the control room to take control of the vehicle and see if he/she can eventually operate it. If the remote driving is possible, then the conflict could potentially be resolved and the vehicle returned to its automatic mode or removed from the operation. Remote driving of road vehicles has already been demonstrated several times, for example for army vehicles and for maintenance vehicles because of the potentially dangerous situations. In a city environment, the difficulty lies with the environment which might be unpredictable (moving vehicles and/or pedestrians). It is therefore necessary to develop a visualization technique which will allow the remote driver to be well aware of anything which happens around the vehicle and eventually to implement techniques which takes the control of the vehicles in case of potential collision. We will have therefore a combination of human and computer driving which is one of the major difficulties in ADAS (Advanced Drivers Aids Systems). The consortium in well aware of the current developments in this field and some of its members have been active in past or participate in current European Projects such as Save, Protector, Radar-Net, Carsense.

.

VI. JOINT WORK WITH CITIES

The definition of these new transportation systems will be based on the identification of user needs and requirements – private consumer, system operator and society (e.g. municipality). The novelty here is the joint work of partners with collaborating cities, focused on characterisations as guidelines for necessary technologies. For example: vehicle type and its performances, need to share the road with other vehicles, service to be offered, demand for the system, certification and safety. These specifications should then be translated into operational objectives for each component of the system such as commercial speed, size and distance of obstacles detected, accuracy of tracking, etc.

The major event in CyberMove is the concrete implication of historic cities such as Rome (I), Antibes, Biarritz, La Rochelle (F), Rotterdam (NL), Lausanne (CH), Historical center of Coimbra (P),... Those Cities are in the heart of European cultural heritage, specially concerned by a win-win strategy between Tourism Development and a sustainable local business development. 

CyberMove project, a 3 years project, start with the analysis of user needs, a definition of operating scenarios and a pre-design phase. The first planned milestone is the selection of sites in the 12 Cities which have officially expressed their interests. The second milestone consists of guidelines for safety design in those selected Cities. A design review is the last milestone before the Mid Term Assessment of the project, which will clarify demonstration plan and budget. Demonstrations are expected during the project in at least 3 European sites.

VII. Conclusion

We have presented here the CyberCars projects. Two sister projects run in parallel till December 2004. The improvement of Vehicle and Infrastructures technologies will be evaluated on the INRIA Rocquencourt test site and the conceptual design of New Transportation Systems in several test sites where demonstrations are expected during the CyberMove project in at least 3 European sites. 
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