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Introduction

Until recently, urban traffic management centers in France have been focused mainly on the improvement of the vehicle traffic flow and peak capacity [START_REF] Damas | La régulation du trafic urbain au service des politiques de déplacement[END_REF]. However, because of the political demand of encouraging modal shifts to decongest saturated cities, traffic management centers are now used to develop a better share of public space between vehicles and public transportations. In addition to a better share of public space, traffic management centers have to increase transportation efficiency, maximize travel time reliability, meet environmental requirements, reduce nuisances, promote economic activities and insure vulnerable person's safety. Urban traffic management centers have relied traditionally on signal light management and traffic light intersections synchronization. Signal light management consists to define the cycle time of traffic light according to a time-periodic pre-defined schedule. Traffic light intersections synchronization consists to coordinate a series of traffic lights to allow continuous traffic flow. However, though these methods yield to good results, they do not adapt in real-time to manage unpredictable events. In recent years, intelligent transport systems (ITS) such as artificial intelligence or automatic vehicle location system have become more attractive to manage traffic because they provide innovative solutions that can adjust in real-time to the traffic condition. Indeed, artificial intelligence involves the use of powerful algorithms to respond to real-time disruption, while automatic vehicle location (AVL) system involves the use of global positioning system (GPS) sensors that are able to collect real-time information about vehicle positioning. Despite this, they are few examples in the published literature of urban traffic management centers using ITS in France [START_REF] Acun | Les nouveaux outils de régulation du trafic urbain[END_REF][START_REF] Scemama | Claire-SITI: Système pour la supervision intelligente, intermodale et intégrée des réseaux de transport de surface l'expérience de la Ville de Toulouse[END_REF][START_REF] Lamboley | L'apport des nouvelles technologies dans la gestion du trafic urbain[END_REF]. This work proposes to review recent advances of traffic management centers in French cities, which are identified by their innovative projects. For each city, the operating system is described and feedback from traffic managers is discussed. The contribution of ITS to traffic management is also mentioned.

Systems description and feedback

City of Strasbourg: Preserving access to city center

Strasbourg is the capital region of Alsace in eastern France and has a metropolitan population estimated at 760,000 inhabitants. In the 70's, the city of Strasbourg realizes that the growing number of vehicles causes traffic related problems. Indeed the safety of pedestrians and bicycles is no longer assured. Buses get stuck in the traffic. Travel time in bus increases due to increasingly dense traffic. The noise, the stress and the pollution affect the quality of life. In 1976, the city decides to establish a traffic management center to reduce daily congestion. The traffic management center becomes operational in 1978. The principal objective is to give the bus priority at traffic light intersection. With the arrival of the tramway in 1994, the city of Strasbourg goes further. The intent is to reduce the traffic of vehicles in the city center. Trams have priority at all traffic signals. Transit of vehicles is prohibited in the historic center.

Pedestrian zones and bicycling routes are created.

Figure 1 -Retractable access control bollard system (credit: PC Sirac)

To enforce traffic rules, retractable bollards are installed in the heart of the city (figure 1).

They are used to permit only authorized vehicles to pass them, mainly taxis and garage owners. People, who live in the city center, have access too but only during the opening hours. 40 retractable bollards are now controlled directly from the traffic management center. They have succeeded in removing the traffic of vehicles in the city center.

The city aims also to change mobility behaviour by influencing people's choice of transport modes. One powerful tool is the use of mobile phone applications. Launched in 2011 by Strasbourg, Strasmap application enables people to organize their travel anywhere. All the real-time information content comes directly from the traffic management center. Strasmap informs in real-time about the traffic condition, the positioning of bus or tram station, the occupancy rate of car park, the air quality and the presence of road hazards. There is also a winter service, which allows users to know exactly which street is treated with ice melting chemicals. Up to now, the application has been downloaded more than 51,000 times.

To communicate, it is important to have a lot of traffic data. From 2015, the traffic management center is going to integrate vehicle probe data into the traffic management system. Vehicle probe data is defined as traffic flow information that is obtained from floating car data (FCD) or floating mobile data (FMD) [START_REF] Gorin | A probabilistic approach for data quality assessment of road hazard warnings in crowdsourced driving navigation systems[END_REF]. Indeed Strasbourg urban community consists actually of 1200 km streets and roads. From 2015, the traffic management center should be able to integrate more than 600 km of the Strasbourg highway network using FCD and FMD. Using these data, three goals will be pursued. First, by having traffic information on highway, it will be possible for the traffic management center to trigger real-time operations to control access of vehicles in the suburban area. This will desaturate surrounding municipalities and maintain traffic flow of public transportation. Secondly, these data will be used to improve mapping of traffic levels on the Strasmap application. Finally, it will help engineers to plan the transformation of the A35 highway into an urban boulevard.

City of Rennes: Bus priority based on a centralized architecture

Rennes is located on the north west of France. It is the capital region of Brittany and has 680,000 inhabitants in the town and suburban area. The public transportation is based primarily on an extensive bus network and a metro line. The bus network served around 72 million passengers per year. From 2005 to 2010, the bus priority was implemented into 60 traffic light intersections. The GPS/radio-based priority technology was selected and is described in figure 2. The technology is based on a decentralized architecture with short-range radio communication between bus on-board computer and traffic light intersection controller. The bus is localized by GPS and odometer measurements. The positioning is also corrected with road map information. The controller is equipped with a modem to exchange information with the bus. As traffic signal approaches, the priority request is transmitted automatically via the on-board computer to the controller. The system grants early or extended green signals to the bus via control commands issued by the controller. Though this method yields to good results, the cost of operating the bus priority system is expensive. Indeed, bus priority programming on each traffic light intersection is long and laborious. Furthermore, in the city center, due to the high number of traffic diversion, junction improvement and roadwork, the traffic condition can change and it is difficult in a short time to program again the bus priority.

Figure 2 -Functional description of bus priority

Hence in 2014, in order to improve the public transportation performance and to reduce the operating cost, the city of Rennes agreed to upgrade the traffic management center. The upgrade includes the development of a centralized architecture based on a priority algorithm. This time, the traffic management center receives information about the position of the bus via the controller. Using this information, the algorithm is able to take into account the predicted time to coordinate a series of traffic lights by gradually adapting the green signal window. The objective is to minimize the effect of a bus priority request on the operation of a traffic light intersection. The priority request is sent to the controller and contains the following information: the identification of the bus, the trajectory code, the priority code, its expected arrival time and a tolerance. The controller performs the priority request based on pre-programmed parameters, which are the green light delay before the arrival of the bus and the maximum/minimum green light lengths. The pre-programmed parameters can be directly downloaded from the traffic management center into the controller. The advantages of the centralized architecture are threefold: firstly it simplifies the programming of the controllers, secondly it can adapt to the traffic condition and thirdly it allows rapid actions. The implementation of the new algorithm is scheduled to deploy over the next eight years across all the controllers.

City of Nantes: Roundabouts with active priority request

Nantes is the eighth largest city in France in terms of urban area population with 880,000 inhabitants. Public transportation in the city comprises: 3 tram lines; 46 bus lines; 8 bus rapid transit lines (BRT) and 3 boat shuttles. These services provided around 537,000 trips per day in 2013.

Nantes policy is totally oriented towards the development of public transportation. The transportation policy of Nantes is based on 2 fundamental techniques -the lane reduction and the speed reduction. The lane reduction is that the number of lanes is reduced in favour of pedestrians, bicycles and public transportation. The speed reduction is that the road infrastructures are modified so that the vehicle speed can be reduced. Concretely, Nantes network consists of 375 km cycling routes, 132 km BRT and tramway lanes with 32 km lanes only dedicated to bus (ie. bus lane). Since the 2000s, the heart of the city is pedestrianized and in 2012, a limited traffic zone is implemented. Over the years, Nantes has been building roundabouts instead of the classical traffic light cross intersections to slow down drivers and to promote a continuous, circular flow of traffic. Typical roundabouts with bus priority in the city are represented in figure 3.

Figure 3 -Roundabout with bus priority and dedicated lane (credit: PC Nantes)

In parallel, policy measures are adopted to have BRT and tram priority at traffic light intersections. Due to the city road-building policies, the traffic management center has developed a specific strategy to implement the public transportation priority. At present, the traffic management center operates 346 traffic light intersections. These include 200 traffic light intersections (mostly roundabouts with active priority request) that are dedicated to the tramway and the BRT lines. Tramway priority at traffic signals uses selective loops, while BRT priority uses GPS/radio-based priority. The strategy is based on decentralized priority request communications. In the case of BRT priority (and similarly for tram), 4 positioning zones can be defined (figure 4):

1) Call zone: the BRT announces its arrival to the traffic light controller. The approach delay is periodically updated. It is to ensure a modification of the signal timing at the traffic light to allow the passing of the BRT. 2) Stop zone: If there is a bus station, the BRT door open/close status is used to update the approach delay and to release the green phase.

3) Crossing zone: Once the BRT passes the traffic signal, the red phase for the BRT is launched.

4) Clearance zone: Once the BRT reaches the clearance zone, the green phase for the vehicles is released. If for some reason, the BRT is blocked in the intersection, the phase for the vehicles is kept red. They cross traffic intersection using a special phase and they are the only ones permitted. To ease traffic flow, most traffic intersections work with two phases. The vehicles turning left have to wait on the platform. It is important to clear the platform before the arrival of the tram. A video detection system is used to do so. Up to four cameras monitor in real-time the most sensitive traffic intersections along the line. A video analyzer defines the platform occupancy area (figure 5). An alarm is transmitted to the controller if a predetermined threshold is exceeded. In that case, the controller can extend the duration of the red signal to clear the platform.

Figure 5 -Video detection system (credit: PC Lutèce)

Furthermore, it is possible to manage the priority request directly from the traffic management center via remote parameters adjustment. For example, the tram operator sends travel time data and can ask the traffic management center to adjust the approach delay on some intersections. It is also possible to change the priority request parameters in case of loops detection failure. Moreover, to manage special events (such as Congress at Porte de Versailles), stopping times in station can be changed in real-time.

Finally it should be noted that the traffic intersections are managed by 2 different systems, each having their own transmission network. The first system manages the traffic light timing plan of the whole city, while the second system manages specifically the priority request along the T3 tramline. Both systems communicate with each other to improve traffic flow when there is no tram.

Once the T3 tramline was completed, it was observed that the road traffic flow was divided by 2. However it seems that the tramline didn't create modal shifts, but rather that the drivers were diverted to other traffic routes (in particular the Boulevard Périphérique). A drop in traffic accidents was also observed.

City of Bobigny: Powerful algorithms to manage traffic flow

Bobigny is located in the Seine Saint Denis district of northeast Paris. The traffic management center of Bobigny (figure 6) is currently updating its system to operate traffic light intersections. The main purposes are to reduce nuisance and to improve the quality of traffic flow. Three methods are currently tested. The first method is based on a threshold algorithm that selects a timing plan in reaction to change in volume of traffic flow [START_REF] Abbas | Configuration methodology for traffic-responsive plan selection: a global perspective[END_REF]. The second method is based on a pattern-matching algorithm that uses pattern matching to choose among a set of predefined timing plans [START_REF] Abbas | Configuration methodology for traffic-responsive plan selection: a global perspective[END_REF]. The third method is based on an adaptive algorithm that applies pre-established-rules to respond to real-time disruption [START_REF] Acun | Les nouveaux outils de régulation du trafic urbain[END_REF]. To validate this system, a first zone was realized at the end of 2013. This zone includes the main access roads to Paris Air Show and a major road corridor. This zone is currently progressively extended to the whole Seine Saint Denis district. The objective is to operate 600 traffic light intersections in realtime at the beginning of 2017. The system can rely on a strong communication network made of 400 km optical fibre with a double ring structure. The optical fibre is able of transmitting up to 10 Gbits/sec. The double ring structure makes the network more secure and avoids the control loss of more than 1 or 2 traffic light intersections. Using traffic sensors, closed-circuit television (CCTV) and environmental sensors, the system is able to analyze permanently the traffic condition. The absolute priority is given to public transportation that is travelling with dedicated lane (tramway T1, T5, T8 and Mobilien bus). The bus priority in the overall traffic is going to be also implemented. Furthermore to manage special events, direct links have been established between the traffic management center and the police. Thus during the Paris Air Show and in 2017 at the Stade de France, the traffic management center is moved on the event site to allow a better collaboration with the police forces. Additionally the system was granted the European label "living lab" in 2013. The aim of this label is to create new services and to experiment innovative equipment within smart cities. Within this label, correlation between pollutants emission from vehicles and traffic condition was shown using sensors inside controllers. Finally the traffic management center is currently testing the information content quality provided by FMD and FCD. The purpose is to use these data to improve and optimize the algorithms. These data can also be used to inform road users about travel time or possible disruption through websites or variable message signs (VMS).

City of Troyes: Traffic monitoring using radio communication network

Troyes is located in north central France. There are about 61,000 inhabitants in the city and 190,000 inhabitants with the suburban area. Public transportation in the city comprises 15 bus lines and 13 school bus lines. The bus network serves around 8,800,000 passengers per year. Currently, several projects are in the planning phase within the transport city committee. The main project is to evacuate vehicles from the heart of the city while keeping an access to local shops and stores. Discussions are also under way to introduce lane reduction in favour of public transportation on the main road corridors.

The traffic management center of Troyes has upgraded its system in 2013. It is now based on a centralized architecture. The system takes fully in charge the commands of the traffic light intersections. It can change in real-time the cycle time of traffic signal. This implies a large number of traffic measurement points and a strong communication network to be efficient. Presently, the traffic management center operates 71 traffic light intersections in the city. They are connected to the traffic management center by copper wires or fibre. A further extension of the centralized system is planned to the suburban area of Troyes. Ultimately 160 traffic light intersections will be operated by the traffic management center. However there is no dedicated network in the suburban area (fibre or copper wires). Therefore the decision was taken to install an IP-based radio access network to communicate with the traffic management center and to install wireless magneto-resistive sensors to detect the presence and movement of vehicles. The basic operating system is described in figure 7.

Figure 7 -Basic operating system of Troyes centralized system

Magnetometers are installed in small holes cored in the roadway. They are usually positioned near the traffic light or 80 meters upstream to detect congestion. They transmit real-time data via low power radio communications to nearby access point. If the magnetometers are far, battery operated radio repeaters are installed to retransmit the information. The access point, the controller and the modem/radio equipment are connected with a wired (Ethernet) network.

The IP-based radio network uses elevated structures (such as water tower) to relay the information. This is to insure a permanent link between the traffic management center and the controllers. To obtain real-time information, high-speed network is also necessary. Transfer rates as high as 300 Mbits/sec are provided. Furthermore a radio system has been installed to give bus priority. Currently, 3 bus lines benefits from the bus priority. Each bus is automatically geolocated. The bus transmits its position and a priority request via radio communication directly to the traffic management center. The traffic management center processes the data and grants early green or green extension to the bus via direct communication with the controller. The system is continuously monitoring radio stream to be able to anticipate any problem or failure. To date, good results were obtained. Indeed, the use of radio system to grant priority request resulted in an average gain of 5 minutes on each bus ride.

City of Grenoble: A multimodal facility to inform and to coordinate actions

Grenoble is located in south-eastern France in the Rhône-Alpes region. The population of the Grenoble metropolitan area is about 675,000 inhabitants. Public transportation in the city comprises: 5 tram lines, 28 bus lines and 18 BRT lines. These services provide around 76,000,000 trips per year. The Grenoble agglomeration community has initiated an innovative approach to manage transportation. Indeed the Grenoble approach focuses on building a multimodal partnership to exchange information and to coordinate actions. This multimodal partnership consists of bringing together different traffic operation centers from the Grenoble metropolitan area. Concretely, in 2010, 6 operation centers were grouped together in one facility called StationMobile [START_REF] Dutartre | Avec StationMobile, se déplacer devient plus facile dans l'agglomération grenobloise[END_REF]. The StationMobile is a 2,500 square meters facility, which includes the following centers:

-the highways and national roads operation center of the Direction Interdépartementale des Routes Centre Est; -the departmental road network operation center of the Conseil Général de l'Isère; -the intercity bus service operation center of the Conseil Général de l'Isère; -the Grenoble traffic lights management center; -the public transportation urban operation center; -the operation center of the agglomeration community. The last one plays the role of coordinator. This multi-operators building provides direct and daily communications between the different centers. This creates relation between different transport operators to improve interaction and to propose solutions. Thus an interface between the different centers and a central computer has been put in place to centralize and to aggregate information. Information such as static data (network description) or dynamic data (traffic disruption, incident or roadwork) is supplied in real-time by the different centers. Each operator has also access to mapping of traffic levels, events and congestion in real-time. This enables better coordination to handle events and to take actions (use of VMS, reduction in bus delays etc.). Furthermore the StationMobile offers a range of free information services to the public: website, mobile application, voice server and disruption notifications (via email or text messages). Information about traffic condition or known disruptions is provided in real-time. A person can also inform the StationMobile about the presence of a road hazard via its mobile phone application. Moreover a multimodal mobility agency opened in September 2012. The objective is to gather in one place the sale of all transport offers (train, bus, bicycle, tram, car sharing). The agency provides information and advices. It raises citizen awareness to the use of alternative transport modes to the car. Finally the StationMobile is also a mobility and employment platform, a driving school, and an exhibition hall. This organization and these tools contribute to a better modal shift from road to public transportation or active transportation modes. They facilitate the sharing of information between managers and the public, the coordination of actions and response to crises.

Conclusion

Over the past four decades, French cities have implemented an array of measures aimed at tackling congestion and pollution. The first urban traffic management centers are launched in the 1970s. Bus priority strategy is applied in a number of cities to enhance service and attract more travellers. In city center, pedestrian zones are set-up, limited traffic zones are implemented and access control zones are created. City access alternatives are completed by the introduction of bicycle, BRT and tram dedicated lanes. Lane reduction or speed reduction techniques are used to plan and to build road infrastructures. The main goal is to encourage people to integrate multiple transportation modes, while maintaining an economic activity. By building sustainable environment and development, France's city policy seeks to improve quality of life of its citizens. Urban traffic management centers are at the front-line in responding to this challenge. With the arrival of ITS, they can rely on new technology tools to control and to operate traffic systems. This paper was able to identify some of them. They use AVL system to track vehicles and radio communication between on-board computer and controller to give bus or tram priority at traffic signal. Video detection systems can be used to identify and alert management about incidents. Wireless magnetometers are used to detect vehicles and to monitor traffic condition. Vehicle probe data will soon be integrated into traffic systems to optimize traffic flow in real-time using artificial intelligence. This technology can be used too to improve mapping of traffic levels. Traffic management centers advise, warn and guide citizen about possible traffic disruptions or travel time using VMS, websites or mobile phone applications. They monitor pollution with environmental sensors.

They participate to the construction of multimodal facilities to inform and to coordinate actions in real-time. Real-time operation would not be possible without strong communication networks and interfaces.

Figure 4 -

 4 Figure 4 -Positioning zones for BRT priority (credit: PC Nantes) This method provides bus priority by activating the green signal when necessary. It also ensures a maximum waiting time of 40 seconds for the vehicles at the traffic signal. Quality indicators are also sent back from the controller to the traffic management center for each traffic light intersection. These indicators inform about the proper functioning of the traffic light intersection. They allow the traffic management center to know if the road was blocked or if the detection system worked.
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 6 Figure 6 -Traffic management center of Bobigny (credit: PC Gerfaut II)
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