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I State of the art

The use of individual vehicles is becoming more and more important in inner cities, leading to many side effects such as traffic jam, air pollution and an increase of accidents. Many research works are still focusing on finding suitable and acceptable solutions to these problems and particularly dealing with traffic jam management. The focus of these works can be based on vehicle level or system level.

Thus, advanced intelligent vehicle (IV) technologies have been widely studied so as to overcome these problems. IV system can perceive environment for providing information to decision system and then assist the driver or control the vehicle directly in optimal operation. The IV research work is worldwide going on from governments to vehicle companies. Some of the solutions provided by these works are already available to the general public market such as parking assist, adaptive cruise control, lane departure warning system, collision avoidance system [Bishop, 2005],...

In order to expand the ability of transportation system, one idea based on IV is to group vehicles into platoons (vehicles-train) making possible a huge reduction of the longitudinal distance between vehicles and thus allowing an increase of roads capacity. Basically, two main trends can be found literature. On one side, global approaches are based on a common reference frame, generally tied to the vehicles playground, shared by all vehicles of the train. Then, each vehicle behaves according to this shared reference which can be either the trajectory of the first vehicle of the train or a reference trajectory built offline.

On the other side, local approaches are based on vehicle local perception abilities. Some methods, based on classical control algorithms or physical-inspired and inter-vehicular interaction link, are developed. For instance, a platoon including three truck has already been tested in a trip right across Europe by Mercedes-Benz 1 . 

1.2/ ISSUES

Although technologies have been developed as solutions to traffic problems, there are still issues which cannot be solved by the existing methods.

Vehicle platoons improve traffic safety through a decrease in reaction time for braking, save cost and reduce CO 2 emissions with smooth speed changing which efficiently boosts traffic flows 2 . However, there are some issues when several platoons meet at specific points. If several platoons run in the same road at same time, should they merge to one or not ? How to merge ? When two or more vehicles platoons encounter in one intersection or roundabout, which platoon or vehicle should pass first ? How to share the intersection or roundabout at the same time with efficiency ?

To find out answers to these issues, we can take inspiration from traffic management approaches. Thus, considering the traffic flow management based on intersection, lots of individual vehicles can be managed by one intelligent intersection. However, when platoons run in intersection, how to manage them ? Whether it is possible to change to another platoon in intersection for one vehicle ? How to execute it ?

2. https ://www.eutruckplatooning.com/About/default.aspx

We can abstract those problems or application scenario into three main issues :

1. How to organize vehicles and vehicle platoons ?

2. How the interactions is going on between vehicle platoons ?

3. What strategies can help to share the road infrastructure efficiently, reliably and safely ?

Solutions which are able to adapt to the constraints and able to take into account multilevel aspects can tackle with these issues.

1.3/ GOAL OF THE THESIS

The goal of this thesis is to define model for tackling with these issues. According to the expected properties, multi-agent systems are a valuable possibility. Thus, we propose in this thesis an approach, based on multi-agent system, which aims at dealing with systems level issues focusing mainly on interactions between vehicles platoons, also called vehicles-train. The proposed solutions can tackle the traffic jam problem whether on system level focusing on traffic light management or on individual vehicle providing better control and perception systems aimed at reducing time response and/or at increasing the road capacity. Thus, we propose a cooperative control system which relies on multi-level decision processes aimed at dealing with the interaction of platoons at road or network nodes.

Some vehicles bond together to group one vehicles-train. The relationship of vehicles and vehicles-train is shown in Figure 1.2. The vehicle information, including environment, planning and vehicle states information, is managed by vehicle agent. Parts of the information is shared to vehicles-train agent which the vehicle agent belong to. When vehicles-trains encounter and need to share the road or intersection, vehicles-trains agents can negotiate based on the shared information to gain the global optimal decision and send to its vehicles agents. Vehicles agents would move according the decision under the vehicle reaction control algorithm developed form platoon control. That can be a cooperative control system developed in this thesis.

Besides the goal of having an efficient approach so as to enable several vehicles-trains to share the road infrastructure, we also strategies to transform the meetings of vehiclestrains at road nodes into reconfiguration spots where trains can reconfigure and recombine.The developed algorithm are tested in simulation so as to obtain proper evaluation of our proposal using suitable indicators.

1.4/ OUTLINE OF THE THESIS

We organized our proposal into four parts : the first gives one brief review about the tied research work ; the second part describes the cooperation traffic control model based on multi-agent paradigm ; the third part presents the experiment and result ; the forth part concludes the proposal according to the results and previews the future work based on In this part, research works is gathered and organized to show a background of our proposal for traffic issues. In Chapter 2, the development of intelligent vehicles is introduced from several different viewpoints. Firstly, main technologies of intelligent vehicles are introduced as one introduction. Secondly, we pick up some main projects about the IV and we sort out them according to countries and areas. Thirdly, main application areas of IV are shown. As a traditional traffic management method, the traffic light control system has been continually developed with the technology from optimization algorithm to autonomous traffic management. Therefore, a review about the traffic management progress based on intelligent vehicle is given in fourth part.

Since we decided to propose a multi-agent model for tackling with issues presented in 1.2, the Chapter 3 of this state of art is devoted to multi-agent system and their application, especially to intelligent vehicle and transportation system. The definition of multi-agent system is described firstly. Some examples are then shown in second section. In this part, one cooperation traffic control based on multi-agent system, is presented in Chapter 5. Then, the organization and interaction between elements are shown in Chapter 6. Finally, the cooperation control for the new transportation system is implemented based on multi-level decision in Chapter 7.

In Chapter 5, multi-agent models for vehicle and platoon are presented along two aspects : the physical world and agent world. The physical part is introduced firstly with vehicle and vehicle platoon (developed to vehicles-train) description. The basic features for the vehicle are depicted including mathematic models describing the movement law, and the real sensors necessary for collecting environment and vehicle information. Then the platoon physical model is described so as to define the characteristics of a vehiclestrain. Agents are described into two parts : vehicle agent and vehicles-train agent. For both, elements are detailed including agent resources and reaction framework.

In Chapter 6, the agents organization and the interaction model are detailed. The way how agents are organized is spelled out firstly. As previously seen, the organization structure separates the agents into two levels : vehicle and train level. Under this structure, the information flow is also defined : the train agent collects the information from every vehicle agent including requests sent by vehicles ; then this information is exchanged between train agents for negotiation. Agents send request, receive answer and exchange informa-tion through communication. On one hand, the processing of vehicle agent communicating with train agent is formalized in two situations : run-in-train and splitting. On the other hand, vehicles-trains exchange information for the implementation of cooperation control.

In order to carry out the interaction movement, one tool called virtual vehicle is introduced which is a virtual entity, conveniently defined for formation control. . In Chapter 7, the decision system is presented according the decision information flow : from train agent level decision to vehicle agent level decision. The train level decision algorithm carries out the preceding vehicle and role for every vehicle. Firstly, the vehicles order, a series of priority, is calculated according vehicle relative position and speed.

Secondly, the preceding vehicle and the role for every vehicle are carried out according to the vehicles order and the route. Then, the speed and the angle commands are calculated by the vehicle level decision algorithm according to the preceding vehicle and the role based on the physical inspired model.

1.4.3/ THIRD PART : EXPERIMENT AND RESULTS

In Chapter 8, the experiment platform is introduced focusing on the simulator. Then, in Chapter 9, the results of experiments in the road without intersection were presented in four scenarios : (1) one vehicles-train running in one lane ; (2) one vehicle split form its vehicles-train in the two lanes road ; [START_REF]1 Different types of agent[END_REF] two vehicles-trains merging to one in the two lanes road ; (4) one vehicles-train reconfiguring inner-train in the two lanes road.

In Chapter 10, experiments in intersection were presented including four scenarios : (1) two vehicles-trains passing the crossroad at the same time ; (2) two vehicles-trains passing the roundabout at the same time ;

(3) two vehicles-trains reconfiguring in roundabout ;

(4) two vehicles-trains reconfiguring in crossroad.

1.4.4/ FOURTH PART : CONCLUSION AND FUTURE WORK

In this part, the conclusion is given based on the experiment result. And the future work is forecast in several different points of the proposal.

INTELLIGENT VEHICLE

Intelligent vehicle (IV) is a strategic solution to the mobility problems through improving traffic flow efficiency and increasing security [Bishop, 2000]. The development of IV is based on kinds of advance sensors providing perception information, computer and intelligent algorithms giving optimal navigation and control command. The communication ability is also developed to achieve the vehicles cooperation. In the past decades years, lots of programs had been developed in many countries. And the IV has been used for lots of issues, for convenience reason, providing safety system, improving traffic productivity and as a traffic-assist system. The research work of IV is shown in this chapter detailing with different viewpoints as mentioned.

2.1/ MAIN TECHNOLOGY OF INTELLIGENT VEHICLES

In this section, several main technologies are presented from the physical platforms to the algorithms. There are lots of elements composing the intelligent vehicle. In our research work, just four parts are studied including sensors, on-board computers, actuators and communication module. Those parts make up the physical platform, introduced in Section 2.1.1. Three major elements of software architecture are also reviewed in this section including perception, navigation and control, communication.

2.1.1/ PLATFORMS AND SENSORS

The intelligent vehicle platform is the key equipment for research and validation of the technology of dealing with traffic issues [Tian et al., 2013]. As all the autonomous machine, three types of components are contained : sensors, on-board computers and actuators.

1. Sensors provide perception information including vehicles state information and environment information.

2.

On-board computers decide the movement of the vehicle based on the collected information by sensors.

3.

The actuators executes the command sent from on-board computers to carry out the movement of vehicle.

Some of IV teams reform vehicles through equipping sensors, featuring electronically actuated throttle, shifter, parking brake and steering system [START_REF] Broggi | Extensive tests of autonomous driving technologies[END_REF], several platform are shown in Figure 2.1. For environment perception, some sensors are adapted in IV [START_REF] John | A perception-driven autonomous urban vehicle[END_REF] :

1. Camera : Both monocular and stereo cameras are image-based sensors providing environment information through image.

Lidar :

As one of the range sensors, Lidar (also called LIDAR, LiDAR, and LADAR) measures distance by illuminating that target with a laser light [LI, 2013].

Radar :

Contrastingly with lidar, radar uses radio waves to determine the range, angle, or velocity of objects [START_REF] Muller | A model-based object following system[END_REF].

GPS :

The Global Positioning System (GPS) sensor receives the location from the global navigation satellite system. The GPS system provides critical positioning capabilities to military, civil, and commercial users around the world [START_REF] Werling | Invariant trajectory tracking with a full-size autonomous road vehicle[END_REF]. The United States government created the system, maintains it, and makes it freely accessible to anyone with a GPS receiver. Other country and district also develop the similar system, such as the Russian (GLO-NASS), Indian (IRNSS), Chinese (BeiDou-2), or European (Galileo).

Vehicle' motion sensors :

In order to collect data of the vehicle's movement, measurements form odometry and inertial sensors are equipped.

With the development of IV, the communication module is also equipped in vehicle to realize the vehicles cooperation and enhance the perception through exchanging information [Stiller et al., 2012].

2.1.2/ PERCEPTION

From sensors data, the vehicle distills navigation information and this task is finished by perception. There are three level processing for vehicle navigation, as shown in Figure 2.2. According the information needed in different navigation level, the perception task is classified into the following categories :

1. Global position perception : Normally, the global position information could be measured with GPS. Some sort of environment map can be used to improve localization by associating map features with that detected by local sensing. Such approaches are summarized as map-aided localization [START_REF] Luettel | Autonomous Ground Vehicles -Concepts and a Path to the Future[END_REF].

Local environment perception :

Each vehicle need to perceive necessary information about its surrounding environment with sensors. The road shape perception directs the vehicle to run in the right position in the lane. Obstacles and other participations detection avoid traffic collisions.

Vehicle state perception :

Vehicle state includes the speed and direction of vehicle.

The classic control algorithm could keep the system running in stability owing to the statement feedback. For the autonomous driving algorithm, the speed and the direction are two main feedback parameters. Therefore, the speed and direction perception is one essential features for autonomous vehicle.

2.1.2.1/ GLOBAL POSITION PERCEPTION

For the navigation purpose, the vehicle global position is one basic information. Lots of instruments and system are developed for global position perception. The GPS system, developed by United States, is widespread used in the research work and in commercial devices. Other global navigation satellite systems are also developed, such as the Russian global navigation satellite system (GLONASS), the European Union Galileo positioning system, the China BeiDou Navigation satellite system, the Japanese Quasi-Zenith Satellite System and the India's Indian Regional Navigation Satellite System.

However, the GPS signals get weak or corrupted in scurviness environment [START_REF] Luettel | Autonomous Offroad Navigation Under Poor GPS Conditions[END_REF]. Therefore, some methods are implemented to make up the disadvantage of GPS. Some researchers integrate inertial sensors to system to localize vehicle position [START_REF] Ryu | Integrating Inertial Sensors With Global Positioning System (GPS) for Vehicle Dynamics Control[END_REF]] [Limsoonthrakul et al., 2009] [Ippoliti et al., 2007].

There are more researchers to achieve at a diverging solution through building some associating map of the environment in other information, summarized as map-aided localization. The associating map features with characterizes detected by local sensing.

In [START_REF] Levinson | Robust vehicle localization in urban environments using probabilistic maps[END_REF], one alignment based on GPS, inertial and laser data is established to enhance vehicle localization robust. Vision-based map-aid is also an interesting approach [START_REF] Wei | GPS and stereovision-based visual odometry : Application to urban scene mapping and intelligent vehicle localization[END_REF]] [Ave et al., 2006] [Pink et al., 2009].

For vehicle driving, the global position information isn't enough, local information, such as the lane situation, is also necessary.

2.1.2.2/ LOCAL ENVIRONMENT PERCEPTION

Autonomous driving is one feature of intelligent vehicle. In order to achieve the feature and keep itself and other object in safety, it is necessary to perceive the information about other vehicles, obstacles and local signal which composing the local environment [START_REF] Li | Multivehicle cooperative local mapping : a methodology based on occupancy grid map merging[END_REF]. In the ExoMars Rover Module, the perception system was developed with the ability of analyzing stereo images in order to create 3D models of the terrain in front of the rover [Kevin [START_REF] Mcmanamon | Exomars rover vehicle perception system architecture and test results[END_REF].

Traffic participants and other obstacles

From the sensor data, different objects are recognized through features.

In [Song et al., 2002], an omni directional intelligent vehicle platform with the laser as sensor is constructed to develop a sensor data processing methods for both 1D and 2D laser scanners. One algorithms has been implemented to segmented laser raw data to lines, circles, ellipses, planes and corners. Then each subset of data is matched with template shapes to discriminate the shape for final object identification. A codebook containing high-dimensional features is established by training in [START_REF] Pandey | Toward mutual information based automatic registration of 3D point clouds[END_REF], and new perception of 3D lidar and camera imagery can be represented as a collection of codewords.

The perception solution for intelligent vehicle can be implemented in four parts : segmentation, fragmentation detection, clustering and tracking based on LIDAR data [START_REF] Domínguez | LIDAR based perception solution for autonomous vehicles[END_REF]. A new 3D segmentation method for object extraction based on LiDAR data incorporate the nonparametric and spectral graph clustering is presented in [START_REF] Yao | Object extraction based on 3dsegmentation of LiDAR data by combining mean shift with normalized cuts : Two examples from urban areas[END_REF]. In order to classify dynamic data into sets of moving clusters, the dynamic states (position, velocity, acceleration, rotation, etc) is taken into account. For instance, a dynamic clustering method dealing with laser radar data has been developed based on multiple Kalman filters to track the dynamic states of the data points in [START_REF] Cheok | Moving cluster classification technique with lidar traffic monitoring application[END_REF]]. Based on integrating a powerful image processing hardware, efficient sensor fusion, terrain reconstruction and path planning algorithms has been developed in [START_REF] Rieder | Stereo perception on an off-road vehicle[END_REF]. Quantifies sensor performance and obstacle avoidance ability have been shown in several examples. A hierarchical data segmentation method from a 3D high-definition LIDAR laser scanner has been proposed for cognitive scene analysis through abstracting raw information from a parallel laser system [Steinhauser et al., 2008].

Data fusion is also a widespread method to perfect perception and process data. It is used especially for local environment detection. The data fusion based on lidar and camera information was developed in [START_REF] Hwang | Multiclassifier based LIDAR and camera fusion[END_REF] employing in two part : hypothesis generation and hypothesis verification part. These two parts deal with lidar and camera respectively. 3D Machine perception based on lidar and video sensors has been researched in several consecutive parts to represent and acquire metric, to building symbolic and conceptual knowledge from video and lidar data of a vehicle. The algorithm based on geometrical and topological reasoning and Markov Logic Networks is one of the efficient solution [Stiller et al., 2012].

Considering that the object should be detected, detection of moving obstacles and free space determination are key issues for driving assistance systems or autonomous vehicles. A lidar-based perception system has been implemented in two frames, the global one generates the mapping and the local is used to deal with moving objects [START_REF] Moras | A lidar perception scheme for intelligent vehicle navigation[END_REF]. The algorithm based on two steps to classify objects from LIDAR's point cloud data has been developed for intelligent vehicle to recognize and avoid from moving obstacles in [START_REF] Jang | Research of object classification algorithm based on LIDAR for UGV[END_REF]. Particle filters have been also employed to track the shape independent objects based on two vehicle-born lidar data in [Thuy et al., 2009]. Detection of moving objects for intelligent vehicle has been also formulated as a hypotheses testing problem that allows taking into account various constraints and assumptions simultaneously in [START_REF] Erbs | Moving vehicle detection by optimal segmentation of the dynamic stixel world[END_REF]. The optimal segmentation can be detected by means of dynamic programming based on the data from stereo image sequences. Moving vehicle detection also can be implemented using 3D model describing the characteristic vehicle geometry and appearance which is employed to estimate the 6DoF position [START_REF] Manz | Monocular model-based 3D vehicle tracking for autonomous vehicles in unstructured environment[END_REF]. In most of situation, the preceding vehicle is a special moving object. The Kinect sensor was used to detect the angle and distance of the preceding vehicle, the corresponding vision-based algorithm was developed to process RGBD data in [START_REF] Zhao | An RGBD data based vehicle detection algorithm for vehicle following systems[END_REF]. The fast motion detection is one of important branch in moving object perception. [START_REF] Baig | Using fast classification of static and dynamic environment for improving Baye-sian occupancy filter (BOF) and tracking[END_REF] improved it through transferring occupancy information between two consecutive data grids based on laser data.

Pedestrians and bicyclists are important traffic participants and vulnerable. And they are not easy detected through segment, some specific methods were developed in [START_REF] Luettel | Autonomous Ground Vehicles -Concepts and a Path to the Future[END_REF] including discerning static from moving objects. One algorithm for detecting and tracking walking humans with a 2D LIDAR (Light Detection and Ranging) on a mobile robot has been developed in [Taipalus et al., 2011] through defining lots of human features. The human features based on lidar information has been exploited to achieve the reliable detection and classification [START_REF] Premebida | Exploiting LIDAR-based features on pedestrian detection in urban scenarios[END_REF].

Lane perception

To avoid vehicle run to unsuitable direction, the lane perception is also necessary. The detection of lane is made by road edge detection which is processed as a phenomena of perceiving gradient direction levels and traced the locus of vectors which correspond to dominant linear feature [START_REF] Boudihir | Visual guidance of autonomous vehicle based on fuzzy perception[END_REF]].

Considering the vehicle motion control, the vehicle pose is estimated with road curvature at the same time. In [START_REF] Lee | Estimation of vehicle pose and road curvature based on perception-net[END_REF], sensor data from camera image, velocity meter, and steering wheel encoder are fused and a lane model was proposed as a series of connected rectangular plates. [START_REF] Hariti | A fast stereo matching method for real time vehicle front perception with linear cameras[END_REF] proposed a passive stereo-based approach for lane perception through matching which satisfies local and global constraints with one preset map with two-dimensional matrix formulation.

A development framework and novel algorithms for road situation analysis is implemented to predict the position and size of various on-road obstacles using multiple sensors including radar, lidar, and a camera in [START_REF] Cheng | Interactive road situation analysis for driver assistance and safety warning systems : Framework and algorithms[END_REF].

2.1.2.3/ VEHICLE STATE PERCEPTION

Normally, the vehicle state includes the vehicle speed, direction, steering and rotation along the longitudinal and lateral axes. In our research work, we assume that our vehicles run in the flat terrain. Therefore, the speed, direction and steering are necessary.

Inertial sensors are typical instrument for obtaining those vehicle state information through detecting the accelerations, angular rates and attitude directly. Those information can be fused using filter, such as Kalman filter, to provide a smooth state estimated.

The data fusion technology can be also used to fuse the vehicle state information with other global position information such as GPS information to optimize the perception.

2.1.3/ NAVIGATION AND CONTROL

The navigation is derived from perception information. Therefore, two types of navigation are divided according perception : global navigation and local navigation. Global navigation based on global position perception and a global map usually drive to rout/path planning. Local navigation is based on the local environment information to obtain the local guidance information such as obstacle avoidance [Schworer, 2005].

The classical vehicle routing problem is one of the most popular problems in combinator optimization, and its study has given rise to several exact and heuristic solution techniques of general applicability [START_REF] Cordeau | Chapter 6 Vehicle Routing[END_REF]. A genetic algorithm with NSGA-II framework has been presented for solving the path planning problem addressed in the complexity model [START_REF] Davoodi | Multi-objective path planning in discrete space[END_REF]. One realistic path planner also has been developed based on a dynamic vehicle model [START_REF] Pepy | Path planning using a dynamic vehicle model[END_REF].

Considering the available information, different motion planning and control techniques have been implemented to autonomously driving on complex environments. The main goal is focused on executing strategies to improve safety, comfort, and energy optimization [START_REF] Gonzalez | A review of motion planning techniques for automated vehicles[END_REF]. The millimeter wave radar has been used as a guidqnce sensor to implement autonomous vehicle local navigation [START_REF] Clark | Autonomous land vehicle navigation using millimeter wave radar[END_REF]].

One vehicle guidance system of "Leonie" has been introduced in [START_REF] Saust | Autonomous vehicle guidance on Braunschweig's inner ring road within the stadtpilot project[END_REF] which functions on several hundred kilometers in real urban traffic. The autonomous vehicle control issue has been settled on a reinforcement learning strategy studied through the training of a learning classifier system that controls the movement of an autonomous vehicle in simulated paths including left and right turns. Different design options and the role of various parameters have been investigated experimentally. The performance of vehicle movement under the proposed evolutionary approach is superior compared with that of other approaches based on reinforcement learning that have been applied previously to the same benchmark problem [Stafylopatis et al., 1998].

2.1.4/ COMMUNICATION

Communication is a powerful technology that can improve traffic safety and efficiency.

The main motivation behind the development of vehicle communication is public safety applications by providing information and assistance to road users to prevent road accidents [START_REF] Chekkouri | Connected vehicles in an intelligent transport system[END_REF]. 

V2V communications :

V2V communications use on-board dedicated short-range radio communication devices to transmit messages about a vehicle's speed, heading, brake status and other information to other vehicles and receive the same information from the messages, with range and "line-of-sight" capabilities that exceed current and near-term "vehicle-resident" systems. In this way, the vehicle communicates with others nearby. They can exchange or share information. The United States Department of Transportation and (National Highway Traffic Safety Administration) NHTSA has been conducted research on the vehicles communication for more than a decade focusing on safety [START_REF] Harding | Vehicle-to-Vehicle Communications : Readiness of V2V Technology for Application[END_REF]. Each car can, through network communication with others, perceive and get other cars information around the intersection. In this manner, they can infer the relative position and the speed direction.

V2I communications :

Under the V2I communications, all information is sent to the infrastructure, such as the traffic light and so on. After the decision processing, the command is returned to all the cars. An intelligent transit signal priority logic that enables bus/signal cooperation and coordination among consecutive signals under the vehicle communication was optimized by person-delay-based method in [START_REF] Hu | Coordinated transit signal priority supporting transit progression under Connected Vehicle Technology[END_REF]] [Hao et al., 2015].

With the development of vehicle communication, the cooperative driving system would be used wide spread in the future [START_REF] Jia | Platoon based cooperative driving model with consideration of realistic inter-vehicle communication[END_REF].

The V2V communication has been employed to enhance environment perception through sharing view fields. Two types of information that should be changed were discussed in [START_REF] Tischler | Enhanced environmental perception by inter-vehicle data exchange[END_REF] : the vehicle state information(position and speed), the objects detected and tracked.

One of the most important application about vehicle communication is cooperative driving to conducted the individual vehicle movement in a safe, deterministic and smooth manner [START_REF] Li | Cooperative driving at blind crossings using intervehicle communication[END_REF]]. An on-board optical vehicle identification system was developed to enable telecoms and perception systems to cooperate [START_REF] Arnim | Vehicle identification using near infrared vision and applications to cooperative perception[END_REF].

[ [START_REF] Bergenhem | Vehicle-to-Vehicle Communication for a Platooning System[END_REF] described a vehicle-to-vehicle (V2V) communication system that is developed in the SARTRE project which want to develop and integrate technology that enables vehicles to drive in platoons. Two antenna placements have been evaluated on the lead vehicle ; in front on the driver cabin and in the rear on top of the container. And results shown that the rear placement provides superior results, especially for distances above 70 meters.

In our research work, both of two ways could be adopted in different situation depending on the host which creates the vehicles-train agent and coordinate agent. The U.S. DOT started the intelligent transportation system program around 1990 and the intelligent vehicle research and development has been payed attention since that time [Bishop, 2005]. The Intelligent Vehicle Initiative (IVI) program, continuing from 1998 to 2004, focused on the near-term safety to preventing traffic crashes. Four types of vehicles (light vehicles, commercial vehicles, transit vehicles and specialty vehicles) were focused on improving safety under three driving conditions : normal driving condition, degraded driving conditions and imminent crash situations.

From 2004 to 2014, nine initiatives were carried out by DOT and three of them were of interest from an IV perspective : integrated vehicle-based safety systems(IVBSS), cooperative intersection collision avoidance systems(CICAS) and vehicle infrastructure integration(VII).

The ITS strategic plan 2015-2019 presented two key ITS program priorities : realizing connected vehicle implementation and advancing automation [START_REF] Barbaresso | USDOT's Intelligent Transportation Systems (ITS) Strategic Plan 2015-2019[END_REF] The SARTRE project is a EC Co-Funded FP7 project that seeks to support a step change in transport utilization as the continues of CHAUFFEUR project 2 . The project vision is to develop and integrate solutions that allow vehicles to drive in platoons resulting in a reduction in fuel consumption (potentially up to 20%), improvement in safety (anticipated 10% reduction in fatalities) and increased driver convenience (autonomous systems for following vehicles) [START_REF] Robinson | Operating platoons on public motorways : An introduction to the SARTRE platooning programme[END_REF].

InTraDE 3 and FURBOT 4 projects are particularly interested in the transport of goods.

The InTraDE project focuses on improving the productivity of small and medium-sized ports in the North West Europe region. The project FURBOT is interested in the development of a mobile robotics unit dedicated to the transport of goods on the last kilometers.

The FCE CRISTAL project (2007-2009) led by LOHR consisted of studying all the aspects 

2.2.3/ ASIAN

China faces lots of problem in transportation, one of major problems associated with the rapid growth in automotive production is an increase in traffic congestion and accidents, especially in big cities of China. To solve the problem, the government has been increasing funds for improving the traffic infrastructure, enforcing traffic laws, and educating drivers about traffic regulations. Chinese researchers focused on intelligent highway system defined as an integrative system based on the road infrastructure and providing the vehicle with information services, safety alert and automated operation. A testing system for intelligent highway system has been developed in the Ministry's proving ground for highway and traffic. In [START_REF] Kai | THMR-V : an effective and robust high-speed system in structured road[END_REF], the THMR-V system, developed by Tsinghua University, was presented providing a solution in a high-speed. The intelligent vehicle research group in Jilin University has implemented an intelligent vehicle system based on vision and laser sensor and designed a CyberCar vehicle for the 2008 Beijing Olympic Games. The Xi'an Jiaotong University (XJTU-"Jiao Tong" means transportation in Chinese) Institute of Artificial Intelligence and Robotics and the CAS have collaborated to develop intelligent driver-assistance and safety warning systems for passenger vehicles, particularly GPS-and vision-based systems [START_REF] Zheng | Toward intelligent driver-assistance and safety warning system[END_REF].

Japan, with a population density almost 12 times greater than the United States, has an abiding interest in developing intelligent transportation systems (ITS) to resolve its traffic congestion and other transportation problems [Hollborn, 2002]. From 1980 to 1995, the Road/Automobile Communication System (RACS) project was held in Japan, which formed the basis for our current car navigation system. With the developing of intelligent transportation system, more different research work were carried out toward different trends. The development projects began with advancing in navigation systems, then the automatic toll collection system was implemented. Considering about the security, the safe driving assistance was developed also. The traffic control system was also updated through the optimization of traffic management. A national ITS project named "Energy ITS", started in 2008, aims at energy saving and global warming prevention with ITS technologies [Tsugawa, 2013].

2.3/ MAIN APPLICATION AREAS OF INTELLIGENT VEHICLE

Intelligent vehicle system has been applied widespread with various types of vehicles : cars, trucks, bus and so on. Although there is some overlap between functions, we can still classify the intelligent vehicle application into four categories : convenience, safety, productivity and traffic assist.

2.3.1/ CONVENIENCE SYSTEM

Intelligent vehicle provides some benefit for driver in many ways. The most widely used one is the adaptive cruise control which keeps the vehicle in a desired speed or following the preceding vehicle.

The longitudinal control law for a following system of non-identical vehicles has been analyzed in [S. [START_REF] Sheikholeslam | Longitudinal Control of a Vehicle[END_REF]. The vehicle dynamics within the platoon was presented based on a non-linear model. An autonomous intelligent cruise control system was developed to eliminate human errors and delays in vehicle following in [START_REF] Ioannou | Autonomous intelligent cruise control[END_REF]. And the performance of the AICC system was compared with that of the human driver models. In the vehicle following control, steering control keeps the vehicle in suitable situation. The vehicle following control based on a lane keeping method was proposed in [START_REF] Fukao | Preceding vehicle following based on path following control for platooning[END_REF]. For a vehicle in slow and dense traffic, a technique has been developed at INRIA to automate the driving at speeds up to 10 km/h to follow preceding vehicle based on a linear camera and stroboscopic infrared lighting in [START_REF] Parent | Automatic driving in stop and go traffic[END_REF]. A simplified car following model was also proposed in [Newell, 2002].

Following system could provide a lot of convenience to driver, however there also are some issues. Such as the cured, narrow roads, local obstacle avoidance, stop lights, roundabout and pedestrian areas. In [START_REF] Muller | A model-based object following system[END_REF]], a following system was proposed to solving those issues. The perception part includes objects detecting, classifying and tracking, lane estimation based on Kalman filter. The appropriate control signal was generated based on the perception information and leading to smooth steering behavior in various scenarios.

Some researchers have done works towards the mixed traffic, furthermore the following control was divided into longitudinal and lateral control. In [Fritz, 1999], the image processing system provided the relative position of the leading and following truck. A longitudinal control was composed by two layered and lateral control was based on an electronic tow bar approach.

2.3.2/ SAFETY SYSTEM

The development of intelligent vehicle aims to solve lots of traffic issues, one of most important is the safety issue. Although the intelligent vehicle research work made significant progress, the special focus is still necessary.

One intelligent vehicle architecture was developed to increase the safety through warnings to the driver who interacts with one cooperative safety system in [Caveney, 2010].

A methodology for the certification of fully Automated Road Transport Systems, aimed at guaranteeing an adequate level of safety, has been developed in [START_REF] Csepinszky | Safe integration of fully automated road transport systems in urban environments : the basis for the missing legal framework[END_REF]. The viewpoint was set at the road transport system through centralized fleet and infrastructure management system. A cooperative communications testing platform has been implemented to evaluate the operation and effectiveness of cooperative active safety applications under challenging driving and communications conditions in [Sepulcre et al., 2013].

The stability of an automated vehicle platoon has been investigated in [START_REF] Wang | Stability of an automated vehicle platoon[END_REF]].

The platoon system was trodden as an interconnected nonlinear system. The two individual stability theorems for the intra-platoon vehicles and a string stability theorem for the whole platoon was proposed to design suitable controllers. [START_REF] Alvarez | Safe platooning in automated highway systems[END_REF] cited that the safety have a relationship with the relative velocity threshold, therefore one state dependent safety regions was developed to make sure the platoon movement safety.

One potential dangerous for vehicle exists in obstacle, an approach to the obstacle avoidance problem was present in [START_REF] Gechter | Cardriving assistance using organization measurement of reactive multi-agent system[END_REF] based on the multi-agent system. A decision, expressed as a proposed acceleration vector for the vehicle, is elaborated from the evaluation of a set of indicators characterizing the global state of a system of reactive agents.

Lane-keeping is the path of adaptive cruise control including vehicle following control. A vision-based lane-keeping automated steering system was proposed and was successfully verified in [START_REF] Wu | The automated lane-keeping design for an intelligent vehicle[END_REF]. The accurate detection of the complicated road environment information was implemented firstly. Then, the virtual look-ahead method was presented as one important part of the lane-keeping steering system. Furthermore, a fuzzy control technology was also adapted to achieve manlike driving behavior. Lane changing is also one of the most challenging control mission involving safety guaranteeing and efficiency respectively. A distributed hybrid controls was developed based a methodology aiming at coordinated decentralized control strategy [START_REF] Godbole | Distributed hybrid controls for automated vehicle lane changes[END_REF]].

The vehicle distance should be kept for guaranteeing safety. The relative distance was discussed in [Alam, Assad(RIT et al., 2014] for the heavy duty vehicle platooning. A framework has been established for analyzing safety aspects of heavy truck platooning based on a nonlinear underlying dynamical model.

The safe issue was also investigated in some specially scenario, such as the merging.

[ [START_REF] Kim | A safe driver assisted merge protocol[END_REF] provided one safe driver assisted protocol for the situation of merging with other vehicles. One architecture based upon the multiple hardware and communications platforms was established to achieve a cooperative driving protocol.

Safety assurance of vehicles is importance to improve the road transportation, especially at the intersections without signalization. To eliminate safety threat that is mostly caused by vehicle-to-vehicle collisions, technologies and methodologies of cooperative vehicle infrastructure system provide sufficient capabilities for a vehicle to share relevant information with other connected neighborhood vehicles, then identify and avoid potential collisions. In the design of collision avoidance solution, precise vehicle location is the most essential but enabling factor to support vehicle situation perception and collision avoidance decisions, which promotes location-based solutions for collision avoidance using real-time information of enhanced location from connected vehicles with wireless communication links. In [START_REF] Jiang | Location-based cooperative vehicle collision avoidance for unsignalized intersections : A multisensor integration approach[END_REF], a multi-sensor integration approach is presented with a GPS/DR structure where lane-level road map database for assistance is also integrated. A four-stage framework is designed to accomplish effective conflict resolution and safety assurance. Key issues including multi-sensor fusion with map match and the location-based collision avoidance mechanism are discussed. Although autonomous vehicle has taken a great advance, it is still a challenge to coordinate with each vehicles and guarantee safety. [Kim, 2013] provided a solution through generating a feasible trajectory based on a model predictive control(MPC). At the same time, several rules for vehicleto-vehicle (V2V) and vehicle-to-infrastructure (V2I) coordination have been proposed to achieve system-wide safety and liveness.

2.3.3/ PRODUCTIVITY SYSTEM

For the commercial vehicles and transit buses, the cost and time should be payed more attention. The productivity system aims to decrease the cost such as the fuel consumption and lead to more efficient vehicle maneuvering.

The personal rapid transit has been presented and improved in [START_REF] Parent | Automated urban vehicles : towards a dual mode PRT (Personal Rapid Transit[END_REF]] [Daviet et al., 1996] [Daviet et al., 1997] [Daviet et al., 1997] based on a vision technique for platoon driving of homogeneous cars supervised by a central computer. In this proposal, empty vehicles were picked up in various locations and redistributed to appropriate location.

In the Intelligent Transport system(ITS) project of Japan, the automated truck platoon have been studied [Tsugawa, 2013]. A platoon of three fully-automated heavy trucks and also a fully-automated light truck currently drives at 80 km/h with the gap of up to 4 m on a test truck and along an expressway before public use, under not only steady state driving but also lane changing. The lateral control is based on the lane marker detection by the computer vision, and the longitudinal control is based on the gap measurement by radar and lidar in addition to the inter-vehicle communications and infrared. A longitu-dinal control for truck platooning based on distance measurement between the vehicles and on vehicle to vehicle communication without road infrastructure was proposed in [START_REF] Gehring | Practical results of a longitudinal control concept for truck platooning with vehicle to vehicle communication[END_REF]. [START_REF] Alam | Experimental evaluation of decentralized cooperative cruise control for heavy-duty vehicle platooning[END_REF] proposed a decentralized controller for heavyduty vehicle platooning based on establishing empiric results for a qualitative verification of a control design methodology.

2.3.4/ TRAFFIC-ASSIST SYSTEM

In the transportation system, there are more then one vehicles. Normally, the intelligent system just focus on the optimization for just ego-vehicle. Instead of that, the traffic-assist system provides one global optimization solution.

A new model for following vehicle response based on the assumption was developed in [Gipps, 1981] to predict the response of the vehicle and also to estimate the effect to driving environment. Longitudinal control of a platoon of automotive vehicles on a straight lane of a highway has been trodden as a constrained optimization problem [Sheikholeslam et al., 1993]. And one control laws has been proposed in the event of communication loss between the lead vehicle and the other vehicles in the platoon. A visual control system including image processing, recursive filtering, and a driving command generator was proposed in [START_REF] Kehtarnavaz | Visual control of an autonomous vehicle (BART)-the vehicle-following problem[END_REF] for vehicle-following and the system has been tested on BART (Binocular Autonomous Research Team), a testbed vehicle developed at Texas A&M University for autonomous mobility.

The controller for dealing with the intersection management issue was presented in [START_REF] Neuendorf | The vehicle platoon controller in the decentralised, autonomous intersection management of vehicles[END_REF], not only the platoon-stable was improved but also an enlarged functionality in comparison to a conventional platoon controller was implemented.

The optimal coordination of variable speed limits and ramp metering in a freeway traffic network can reduce congestion and time spent. Therefore, a coordinated freeway traffic control was proposed as finding the combination of control measures which is one predictive control based on a model for dynamic speed limits and for main-stream origins in [START_REF] Hegyi | Model predictive control for optimal coordination of ramp metering and variable speed limits[END_REF].

2.4/ INTELLIGENT VEHICLE IN TRAFFIC MANAGEMENT

The transportation system is one gather of all participants(vehicles, passengers, bike and so on), roads and some establishment or people controlling the running of participants. Traffic flow is controlled by traffic management to avoid some accident and improve the efficiency of transportation system, normally this mission is carried out by traffic light which impacts us every day through controlling the traffic flow providing safety for transportation [Hirulkar et al., ]. Under the guidance of traffic signal, drivers, pedestrian and other traffic participation given their priority in different time to keep the transportation system mobility and safety. The traffic signal also improved by the progress of technology to solve the vehicle density issue in the road. For decades, researchers have been studied a lot of method to find appropriate traffic light periods, so that the variables considered will be optimized. More and more optimal algorithms are developed for minimizing the waiting time and the delay to improve the efficiency of transportation system.

The traffic issue can be also treated as an adaptation problem instead of an optimization problem, thus changed self-organizing traffic lights are promoted to adapt to traffic conditions, reducing waiting times, number of stopped cars, and increasing average speeds [START_REF] Chavan | Design of intelligent traffic light controller using embedded system[END_REF]] [Feng et al., 2015]. Especially, with the development of sensors and communication, more and more information can be gained to assist and thus to make a better decision including green light time and the switching time. The communication between intelligent vehicle and infrastructure provides the possibility of optimization of signal timing plans. In this section, an overview of the traffic management, based on traffic light and IV, is introduced.

2.4.1/ TRAFFIC MANAGEMENT BASED ON TRAFFIC LIGHT

The traffic light is one traditional method to mange and optimize traffic flow. Traffic lights were originally installed for safety crossing of antagonistic stream of vehicles and other traffic participant. With the increasing of vehicle density, the traffic light are used to increase the efficient of traffic network. Through assigning priority to different road according time sequence, vehicles pass the intersection or crossroad in proper order.

The traffic light in major-minor intersection has been studied in [START_REF] Jiang | A platoon-based traffic signal timing algorithm for major-minor intersection types[END_REF]. The priority has been assigned to the vehicle platoon moving in the major roads which was defined by variables and mathematical distributions. A model depicting the relationship between the bus departure frequency , cycle length of signalized intersection and number of different signal status was developed in [START_REF] Ma | A passive transit signal priority approach for bus rapid transit system[END_REF]. Furthermore, a bus signal control strategy was also presented.

Queuing models is one important issue in signal control, one was developed based on rolling horizon scheme in [START_REF] Mirchandani | Queuing models for analysis of traffic adaptive signal control[END_REF] where one serving cyclic was implement including two movement. The intersection, controlled by an on-ling scheduling agent, was addressed to the real-time dynamic flow optimization in [START_REF] Xie | Scheduledriven coordination for real-time traffic network control[END_REF].

The locally effective was achieved around the intersection, then the scalable networkwide optimization. This schedule-driven intersection control strategy (SchIC) has been improve in the next work [Xie et al., 2012a] [Xie et al., 2012c]. And the scheduling problem was also solved by a forward recursive algorithm. The performance of SchIC with respect to both intersection control and implicit coordination between intersections was evaluated empirically on two ideal scenarios and a real-world urban traffic network.

2.4.2/ AUTONOMOUS TRAFFIC MANAGEMENT

The autonomous traffic management is benefit from the sensor, communication network and intelligent vehicle which provide the traffic information including the number of vehicles in different road even the speed and position.

Through exchange information among vehicles, the priori perception of potential dangers accordingly amendment of vehicle became possibility [START_REF] Dimitrakopoulos | Intelligent transportation systems[END_REF] where the cognitive networking was discussed for the management of vehicles.

Based on the communication between robots and the controller, vehicles and infrastructure, a protocol of an autonomous intersection management has been proposed [START_REF] Abbas-Turki | Using robots for prototyping Autonomous Intersection Management : Feasibility and feedbacks[END_REF]] [Wu et al., 2012] [Ahmane et al., 2013]. The right of way is addressed to each robot individually, according to an optimized sequence. A on-board units negotiating the priority displays different color according the result : green for passing.

The passing sequence was decided dynamically by a real time application.

A game theory framework was proposed for arranging the vehicles to minimize the delay time in [START_REF] Zohdy | Game theory algorithm for intersection-based cooperative adaptive cruise control (CACC) systems[END_REF]. Vehicles as reactive agents interact and collaborate with the intersection controller as manager agent. Based on the connected vehicles, all vehicles state were taken into consider under a model predictive control framework [START_REF] Kamal | Coordination of automated vehicles at a traffic-lightless intersection[END_REF].

Intersection management is one of the most challenging problems within the transport system. Traffic light-based methods have been efficient but are not able to deal with the growing mobility and social challenges [START_REF] Chen | Cooperative Intersection Management : a survey[END_REF]. Through managing the traffic of each intersection independently, a synchronization-based intersection control mechanism has been developed to allow the autonomous vehicle-agents to cross without stopping [START_REF] Tlig | Stop-free strategies for traffic networks : Decentralized on-line optimization[END_REF][START_REF] Tlig | Decentralized traffic management : A synchronization-based intersection control[END_REF].

A lot of autonomous traffic management model is based on the communication, however, accommodating the vehicle without communication is reasonable in recently. A legacy algorithm was proposed in [START_REF] Bento | Intelligent traffic management at intersections : legacy mode for vehicles not equipped with V2V and V2I communications[END_REF] for the situation where a low percentage vehicles not equipped communication units.

2.5/ COOPERATE CONTROL BASED ON INTELLIGENT VEHICLE

The cooperate control is one of the most efficient method to realize the automatic traffic system with the development of intelligent vehicle. At beginning, the cooperate control was developed in robotics at the beginning to maintain a geometric configuration during movement, also called formation control problem. The virtual structure was introduced to solve this problem in [Tan et al., 1996]. [START_REF] Fierro | A framework and architecture for multi-robot coordination[END_REF] presented a framework and the software architecture for the deployment of multiple autonomous robots in an un-structured and unknown environment, with applications ranging from scouting and reconnaissance, to search and rescue, to manipulation tasks, to cooperative localization and mapping, and formation control. The group of robots can navigate to keep a geometric shape according a mobile robots cooperative method proposed in [START_REF] Vilca | Cooperative on-line object detection using multi-robot formation[END_REF]. This method was based on range data permitting to detect the position of the leader robot in the formation. [START_REF] Guillet | Adaptable Robot Formation Control : Adaptive and Predictive Formation Control of Autonomous Vehicles[END_REF] proposed a control framework dedicated to the accurate control of a fleet of mobile robots operating in formation. Decentralized control relying on inter-robot communication had been favored. To ensure a high relative positioning, adaptive and predictive control techniques are considered, allowing to account for the influence of several phenomena (such as dynamic perturbations or bad grip conditions) depreciating the relevance of classical approaches based on ideal robots and ideal contact conditions assumptions. An architecture has been presented in three layers : the vehicle control layer, the vehicle management layer and the traffic management layer [START_REF] Tsugawa | An architecture for cooperative driving of automated vehicles[END_REF]. The front two layer were set on each vehicle and the last layer was on the infrastructure. In this proposal, the visual information was fused with the information from inter-vehicle communications and inter-vehicle gap measurement.

Another reference architecture for implementing a cooperative driving has been developed in [START_REF] Behere | A reference architecture for cooperative driving[END_REF] based on the existing vehicle architecture. In this architecture, each element contains diagnostic facilities and interfaces and supports synchronous asynchronous command interfaces. The capability of gaining status information, the signal filtering and calibration based on sensors were payed attention in [Tian et al., 2013] when intelligent vehicle platform was established for cooperative vehicle infrastructure.

For other transportation instrument, the coordination control was also developed for kinds of task. For a group of Unmanned Aerial Vehicles (UAVs), the problem is how to allocate task and trajectory. In [START_REF] Richards | Coordination and control of multiple UAVs[END_REF], this problem was addressed in two methods : transforming as a single mixed-integer linear program, approximating the cost of different trajectories for rapid computation. Several examples were carried out to compare the performance and computational results from these two algorithms.

2.5.1/ COOPERATIVE CONTROL BASED ON INTERSECTION

For the vehicle cooperative issue, different scenarios were investigated to solve the problem. The intersection is one noticeable scenario where vehicles encounter and sometimes should stop to wait. A game theory algorithm was proposed in [START_REF] Zohdy | Game theory algorithm for intersection-based cooperative adaptive cruise control (CACC) systems[END_REF] to achieve the cooperative control in the intersection scenario. In the proposed system, vehicles as reactive agents interacted with the intersection controller as manager agent to minimize the total delay. A on-road demonstration of autonomous passenger vehicles performing cooperative passing and traversal of un-signalized intersections has been introduced in [START_REF] Kolodko | Cooperative autonomous driving at the intelligent control systems laboratory[END_REF].

The communication provides the connected vehicle environment leading the possible of cooperative vehicle intersection control. The cooperation between vehicles and infrastructure was one topic for automated vehicle which aims to the cooperative vehicle intersection control and management [START_REF] Lee | Development and evaluation of a cooperative vehicle intersection control algorithm under the connected vehicles environment[END_REF]. Considering with the ability of vehicle platooning, a platoon management protocol for cooperative adaptive cruise control has been developed in [START_REF] Amoozadeh | Platoon management with cooperative adaptive cruise control enabled by VANET[END_REF] based on wireless communication through vehicular ad-hoc network(VANET). The VANET has been investigated in [START_REF] Campolo | From today's VANETs to tomorrow's planning and the bets for the day after[END_REF] and one brief review and future work has been introduced. In [START_REF] Jia | Platoon based cooperative driving model with consideration of realistic inter-vehicle communication[END_REF], the more general traffic model has been studied firstly which enables the cooperative driving behavior via a so-called inter-vehicle communication. Then, a consensus-based controller was provided to the cooperative driving system considering intelligent traffic flow that consists of many platoons moving together.

2.5.2/ PLATOON CONTROL

One of the famous cooperative case is platoon control which means that automated vehicles drive by forming a flexible platoon over a couple of lanes with a short inter-vehicle distance while performing lane changing, merging, and leaving the platoon. Part of the project PATH aimed at developing platoon control. The CHAUFFEUR project had the objective of heavy truck platoon control. And the CHAUFFEUR project has been continued as SARTRE which developed the embedded system to platoon control.

Vehicles equipped with automated lateral and longitudinal control functions were organized for the Demo 2000 cooperative driving [START_REF] Kato | Vehicle control algorithms for cooperative driving with automated vehicles and intervehicle communications[END_REF]. The localization data came from differential global positioning system(DGPS) and the inter-vehicle communication also was implemented. The longitudinal control of platoons is one important issue which was investigated in [START_REF] Maschuw | LMI-based control of vehicle platoons for robust longitudinal guidance[END_REF]. Accounting for both the reduction of spacing errors and a limitation in velocities and accelerations of following vehicles, a mixed H 2 /H ∞ formulation was carried out as criteria. The optimization is presented for different control structures and the effectiveness of reducing overshoots in velocities or accelerations is shown through simulation results. The extreme situation where just the distance between one vehicle and its immediate forward neighbor has been study in [START_REF] Khatir | Decentralized control of a large platoon of vehicles using non-identical controllers[END_REF].

A non-identical decentralized controller for the platoon problem was proposed and tested in a number of examples. The same issue was studied in [START_REF] Yi | Impedance control for a vehicle platoon system[END_REF]] and an control system was carried out based on a serial chain of a spring-damper. At the same time, the state-space equation of vehicle motion was taken into consider leading to an unified algorithm fo lateral and longitudinal control. The spring-damper model also was developed by other researchers for local control approach to linear vehicle platooning [START_REF] Contet | Bending virtual spring-damper : a solution to improve local platoon control[END_REF]. For the design of a high-level cooperative platooning controller, a linear quadratic control framework has been presented in [START_REF] Alam | Experimental evaluation of decentralized cooperative cruise control for heavy-duty vehicle platooning[END_REF].

The transient formation strategy was developed as a new strategy for the formation of platoons in [Hobert, 2012] to improve the longitudinal control and achieving string stabi-lity in a platoon. Communication as one important part has been improved by a general multi-cast protocol. When designing a cooperative control for vehicle platoon, the acceleration can be also a feedback to increase roadway traffic mobility [START_REF] Ge | Dynamics of connected vehicle systems with delayed acceleration feedback[END_REF]. The weighted and filtered accelerations of all preceding vehicles have been taken into account when designing real-time cooperative adaptive cruise controllers for guaranteeing the string stability of highway platoons in [START_REF] Bayezit | Adaptive Cruise Control of Vehicle Platoons with Wireless State Information[END_REF]. For developing a cooperative adaptive cruise control, the real experimental data has been employed ideally for a four vehicles platoon [START_REF] Milanés | Modeling cooperative and autonomous adaptive cruise control dynamic responses using experimental data[END_REF] to gain simple but accurate vehicle following dynamics models.

2.6/ CONCLUSION

The development of intelligent vehicle was reviewed in this chapter. Many progress has been made since decades leading to solutions to the traffic issues. The perception system gives the navigation information in difference level. The control system carry out the correct demand driving the vehicle to achieve desired position. More and more vehicles were equipped with adaptive cruise control system to release the pressure of driver. The lane keeping system keeps vehicles in the right position in the road.

However, there still are some issues to be solved. Most of existing intelligent vehicle solutions provide local optimization and control for the traffic problem. Even the cooperative control for platoon control, the optimizing area is expend to one platoon including several vehicles. Therefore, more efficient solution should be searched in the traffic system point of view. The main issue is linked to scalability. Most of the work are dealing with vehicle or group of vehicles. Are the developed algorithm able to adapted to a rise in scalability (group of groups of vehicles). To steady this issue, instead of using a bottom up approach, research work we made likely to follow a top-down approach focusing first an traffic flow.

Traffic management provides a system point view for solving traffic issues through allocating the priority to different road. However, the waiting time just be reduced not eliminated. More important lays on that the system cannot adjust the vehicle directly. The development of intelligent vehicle can provide one solution allowing vehicles to pass the intersection or crossroad freely.

Cooperate control based on intelligent vehicle have been developed from two aspects : the cooperation based on intersection and the platoon control. Review about the cooperative control presented the research work which want to connect the traffic management and intelligent vehicle directly.

Obviously, we need a distributed model to tackle with the cooperation issue of intelligent vehicles to realize the efficient traffic flow.

MULTI-AGENT SYSTEM

As previously said, it seems obvious that solving the crossing issues for trains of vehicles in platoon required that are distributed. Among the models that can be found in literature, multi-agent system (MAS) is one of the most suitable because of its intrinsic properties, flexibility, adaptation, stability.

For several decades, there is always one controversy about whether the intelligent machine could overpass the human being. From a simple calculating machine, the computer has been developed to the level where it could win the match from human 1 . It is one main aim to make the machine can think, act like the human being to solve problems. However, the theoretical difficulty, such as impossible to reproduce consciousness in a computer system, leads to practical problems [Ferher, 1999].

The agent concept has been introduced to solve problem based on simple or complex activities which emphasizes interactions and analyze the interaction systems existing between agents. The multi-agent, an powerful method for distribution system, is widely used such as manage the business [START_REF] Böse | Business process modelling of autonomously controlled production systems[END_REF] and so on [Siekmann et al., 2009b], especially in traffic management [START_REF] Doniec | A behavioral multi-agent model for road traffic simulation[END_REF]] [Kala, 2012]. This paradigm will be explained in this chapter. The agent concept is drawn into train system from allocating agent to vehicle.

3.1/ DEFINITION OF MULTI-AGENT SYSTEM

3.1.1/ AGENTS

An agent is a computer program that is situated in some environment and that is capable of autonomous action in this environment in order to meet its design objectives [Michael, 2002].

One definition has been given in [Ferher, 1999] : The conduct of agents is regulated by teleonomic behavior, directed towards explicit goals, and reflex behavior, driven by perceptions. The relationship between the agent and its environment could be referred as the classic problem of the subject/object pairing, that of knowing whether the agents has available a symbolic and explicit representation of the world. The intentional agent has explicit goals and motivating its actions.Its action follow a principle of rationality in relation to the goals that direct them. The module-based agent can be used as auxiliary agents, respond to questions or accomplishing tasks.

Reactive agents can be directed by motivation mechanisms pushing them towards the accomplishing of a task. The driven-based agent can react for achieving the defined goal.

The tropistic agent can respond only to stimuli from the environment.

The reactive agents isn't so powerful. However, their strength comes from their capacity to form a group to adapt to their environment. The multi-agent system is defined in following section.

3.1.2/ MULTI-AGENT SYSTEM

The physical entity is something that exists in the real world, in our research work a vehicle. The virtual entity can be a software of computing module, the virtual vehicle is developed in our work as virtual entity. The concept of multi-agent systems is defined by [Ferher, 1999] :

Définition 2 : Multi-agent system
The multi-agent system (MAS) is applied to a system comprising the following elements :

1. An environment, E, that is, a space which generally has a volume.

2.

A set of objects, O. These objects are situated, that is to say, it is possible at a given moment to associate any object with a position i E. These objects are passive, that is, they can be perceived, created, destroyed and modified by the agents.

3. An assembly of agents, A, which are specific objects (A ⊆ O), representing the active entities of the system.

4. An assembly of relations, R, which link objects (and thus agent) to each other.

5. An assembly of operations, O p , making it possible for the agents of A to perceive, produce, consume, transform and manipulate objects from O.

6.

Operators with the task of representing the application of these operations and the reaction of the world to this attempt at modification, which we shall call the laws of the universe.

Although the multi-agent system is a powerful tool for distributed system, the relationship and operation among agents are still issues which should be payed more attention. Cooperation logics have recently begun to attract attention within the multi-agent systems community. Using a cooperation logic, it is possible to represent and reason about the strategic powers of agents and coalitions of agents in game-like multi-agent systems. These powers are generally assumed to be implicitly defined within the structure of the environment, and their origin is rarely discussed. For instance, a cooperation logic has been developed in [START_REF] Hoek | On the logic of cooperation and propositional control[END_REF], agents are each assumed to control a set of propositional variables -the powers of agents and coalitions then derive from the allocation of propositions to agents.

3.2/ APPLICATION OF MULTI-AGENT SYSTEM

Lots of application of multi-agent have been exploited such as for telecommunication services, intercultural trade, emergent collective, social negotiation and so on [Siekmann et al., 2009a].

Among them, one can cite a detailed management models developed in [START_REF] Hoshino | Highly efficient AGV transportation system management using agent cooperation and container storage planning[END_REF] to deal with the issue of port authorities brought by highly efficient management methodology for an automated container terminal. MAS allow the simulation of complex phenomena that cannot easily be described analytically. A road traffic simulation system has been implement in [START_REF] Doniec | A behavioral multi-agent model for road traffic simulation[END_REF].

In the energy area, MAS constitute a possible technology that can be applied to control and monitor the operation of power grids [START_REF] Basso | A framework for qualifying and evaluating smart grids approaches : focus on multiagent technologies[END_REF]. A novel agentbased battery management system for large battery packs has been developed in [START_REF] Yang | An agent-based approach for battery management systems[END_REF] to realize cell balancing through local coordination of neighboring cells.

An agent-based travel demand model system has been developed for hurricane evacuation simulation, which is capable of generating comprehensive household activity-travel plans [START_REF] Yin | An agent-based modeling system for travel demand simulation for hurricane evacuation[END_REF].The range of applicability of teleoperated systems by means of the automatic cooperation of multiple slave robots has been increased by a methodology based on multi-agent system [Hernansanz et al., 2015].

Consensus problems for networks of dynamic agents with fixed and switching topologies have been discussed in three cases directed networks with fixed topology, directed networks with switching topology, undirected networks with communication time-delays and fixed topology [START_REF] Olfati-Saber | Consensus problems in networks of agents with switching topology and time-delays[END_REF]. The consensus problem has also been investigated for a group of first-order agents in the cooperation-competition network, where agents can cooperate or even compete with each other in [Hu et al., 2015a].

3.3/ MULTI-AGENT SYSTEM IN TRANSPORTATION SYSTEM

3.3.1/ MULTI-AGENT IN TRAFFIC MANAGEMENT

The traffic system is composed by vehicles, pedestrian, bike and other participants which are independent however influence with each other like multi-agents system. Two multiagent systems have been described in [START_REF] Hernández | Optimization of traffic flow through signalized intersections using PSO[END_REF] for real-time traffic management in the urban motorway network around Barcelona. Knowledge-based reasoning techniques was adapted as the traffic management agents algorithm. For traffic mana-gement and dynamic routing, cooperative and distributed multi-agent systems has been adapted in [START_REF] Adler | A multi-agent approach to cooperative traffic management and route guidance[END_REF].

CARTESIUS, an multi-agent architecture for the real-time traffic operation decision, has been presented in [START_REF] Logi | A multi-agent architecture for cooperative inter-jurisdictional traffic congestion management[END_REF]. CARTESIUS is composed of two interacting knowledge-based agents for cooperative reasoning and conflicts resolving.

A verification methodology has been developed in [START_REF] Damm | Automating verification of cooperation, control, and design in traffic applications. Formal methods and hybrid real-time systems[END_REF] for cooperating traffic agents covering analysis of cooperation strategies, realization of strategies through control, and implementation of control. A novel serial coordination scheme based on Lagrange theory was proposed for the control of large-scale transportation networks in [START_REF] Negenborn | Multi-agent model predictive control for transportation networks : Serial versus parallel schemes[END_REF] to improve decision making. The subsystem can be multi-agent control schemes where each agent employs a model-based predictive control approach.

The control problem of large dynamic system is always divided into some small issue which already or easily to be solved. This method was use for solving the urban traffic networks control problem in [de Oliveira et al., 2010]. A multi-agent control framework has been proposed, which decomposes a centralized model predictive control problem into a network of coupled, but small sub-problems that are solved by the distributed agents.

A multi-agent bimodal urban traffic control strategy was proposed to regulate urban traffic but also to ensure the regularity of buses [START_REF] Tlig | A multi-agent system for urban traffic and buses regularity control[END_REF].

3.3.2/ COOPERATIVE CONTROL BASED ON MULTI-AGENT SYSTEM

The cooperative control based on the multi-agent system not only takes the system point view, but also can adjust the vehicle directly.

A framework and software architecture has been presented in [START_REF] Fierro | A framework and architecture for multi-robot coordination[END_REF] which can be deployed for cooperative and formation control. The framework allows a modular and hierarchical approach to programming deliberative and reactive behaviors in autonomous operation. And the multi-robot experimental testbed was introduced in [START_REF] Fierro | A multi-robot testbed for biologically-inspired cooperative control. Multi-Robots Systems[END_REF].

Other architecture of integrated application systems has been implemented as an agent community in distributed computation environments in [START_REF] Gao | Agent cooperation based control integration by activity-sharing and joint intention[END_REF]. This architecture was composed of nested agent federations in three aspects : architecture style, agent cooperation, and composition semantics. .

A hierarchical driving agent architecture has been developed based on three layers :guidance layer, management layer and traffic control layer [START_REF] Hallé | A collaborative driving system based on multiagent modelling and simulations[END_REF]. The multiagent system was developed to simulate the bus-network including traveler behaviors and vehicle operation specific as numerous autonomous entities, called agents in [START_REF] Meignan | Simulation and evaluation of urban bus-networks using a multiagent approach[END_REF]. The cooperation of autonomous agents has been synthesized in order to satisfy demands imposed on a group of agents or on MAS (multi agent systems).

In this part, including Chapter 2 and Chapter 3, research work has been reviewed.

Chapter 2 is a review about the intelligent vehicle research work. The intelligent vehicle is one of most important nuts for some traffic issue solution. The review work was presented in different point view. Most of IV research work focus on the individual vehicle, which is not sufficient for the optimization of whole transportation system. However, the traditional traffic management tool, traffic light, also has been improved by intelligent vehicle. The traffic light management for traffic flow has been investigated and some research work has developed it into autonomous traffic management system. The traffic management system provides a method to adapted the traffic flow leading to a global optimization result. Yet, the traffic light method is based on the assignment of roads priorities without controlling the vehicle directly, we want to find one balance between the traffic flow and individual vehicle. In that case, one method should be developed to cooperative vehicles ensemble which is a typical distributed system.

The multi-agent system, introduced in Chapter 3, is one professional method in dealing with distributed system. Definitions of agent and multi-agent system are presented firstly to show concept and establish the connection between agent and vehicle, transportation system and multi-agent system. Then, applications are shown in areas, focusing on transportation system. The traffic can be management in crossroads which was as hubs through reconfiguring vehicles train [START_REF] Dafflon | Intelligent crossroads for vehicle platoons reconfiguration[END_REF].

A transportation system is a typical distributed system, therefore it is natural to use a multiagent model to optimize the system for increasing the safety and efficient. Especially for some special task, such as formation control, cooperative tasking, spatio-temporal planning, and consensus [Murray, 2007], the multi-agent system is the best choice. The performance of multi-agent system is decided by sort of reasons, the structure is one of most important key points. The structure is the description of how the system is organized, what is the relationship between different element. For coordinate control, the multi-agent method is introduced to improve the performance, and every real entity corresponds with one agent. However, there are some different features of multi-agent transportation model : 35

1. Distributed : If the high efficient and safety running is set as the mission of transportation system, the safe and fluent movement of every single vehicle should be distributed. One fault, such as one accident, may lead to the transportation system stopping or just effect several vehicles or none. The most important thing is that every vehicle has its destination which is independent with other vehicles, coordinating with distributed vehicles can achieve the transportation system running efficient.

Independence :

For most of the distributed system, the mission for every single element is allocated by one superior element. However, this is impossible for the transportation system where every vehicle has its own aim. Every vehicle defines its own destination even sometimes the route is set by themselves. In this case, every vehicle is independent with other.

Homogeneity :

For each vehicle, their are equivalent to each other. When vehicles encountering, priorities are figured according the position, speeding and routes not vehicles themselves, except the ambulance, police, fire truck and so on. It also means one vehicle agent cannot control another one, all the coordinate work is done by superior agent.

The purpose of our research is to optimize the transportation system in considerable performances :

1. Safe : Keeping people aways from accidents is always the most important issue for all the transportation research work. Normally, there are several reasons leading to the accident : the inattention, the wrong action, the view lack and so on. The local perception information complement the perception of driver. The intelligent control provides some suggestions and alarms to avoid the accident taken from the inattention and wrong action. The coordinate control, through synthesizing vehicles information, expands the view and also refrain from the bad decision from people.

Efficient :

As the increasing of the traffic, the transportation system faces on more and more constraining. Enhancing the transport capacity provides one solution through shortening the safe distance between vehicles. On other hand, reducing the waiting time even avoiding any vehicles stopping when them encounter promote the average speed. Those advantages are found in cooperation control where all vehicles are coordinated through communication connection.

Economic :

This item includes not only the economic in money but also the economic in environment. The coordinate control provides one smooth controlling method where all vehicles move under optimization situation : shortest distance, smoothly speed changing and non stop before arriving destination. That leads to a lower consummation and emission level.

The multi-agent is a appropriate method to deal with the traffic issues. Thus, this thesis proposes an approach, based on multi-agent paradigm, which aims at dealing with systems level issues focusing mainly on interaction between vehicles-trains of vehicles. We also propose a cooperative control system which relies on multi-level decision processes aimed at dealing with the interaction of platoons at road network nodes. This cooperative control system allows both to maintain the coherence and the safety condition of each involved train of vehicles and to adapt each train components behavior so as to make train shared the road, and especially roundabouts and crossroads, efficiently (i.e. without stopping any vehicle). This cooperative control system is divided into three different levels. The global train state is managed at the train-level decision process based on the train level perceptions. The vehicle-level process makes the decision concerning each individual vehicle according to data provided by the train-level and to the interaction between vehicles. Finally, the motor-level process makes the link between the vehicle-level command and hardware level of vehicles. 

5.1/ FROM VEHICLE TO VEHICLES-TRAIN

In this section, the two physical models are presented : vehicle and vehicles-train. The vehicle physical model is described by a kinematic model and sensors configuration. The vehicle kinematic model gives the relationship between the movement (i.e. speed and steering angle) and the situation(i.e. position and direction). The sensor configuration figures out vehicle perception ability. Then, in order to centralize part of information to realize coordinate control, the vehicles-train is developed based on vehicle platoon. The vehicles-train is defined through describing the relationships between vehicles composing the train.

5.1.1/ VEHICLE PHYSICAL DESCRIPTION

The vehicle physical description is the basic of the implement of vehicle control. The vehicle mathematical model is the source to drive forward research and development in the area of autonomous and intelligent vehicles. Our model is based on one model, widely used for autonomous vehicle, therefore the mathematics model is one part of our vehicle model. In order to give the precise vehicle behavior description, mathematic tools are introduced starting with coordinate systems.

5.1.1.1/ REFERENCE FRAME AND COORDINATE SYSTEM

Reference frame

When describing one movement state, at least one reference frame is chosen. Let's take the situation shown in For describing the vehicle movement, reference frames are needed. According the existence of acceleration, there are inertial reference frame and non-inertial reference frame. However, in here, the vehicle speed is considered as constant one. It means all the reference frames are inertial reference frame. When we want to indicate the vehicle speed and direction, the earth should be taken as global reference frame. Yet, the best method to indicate the steering angle is taken the vehicle itself as reference frame. In addition to the reference frame, we also need a mathematic abstracts for describing vehicle movement : the coordinate system.

Coordinate systems

Coordinate system is one of the mathematics basic for vehicle control. The classic vehicle model, developed according the physical theory, is carry out for generalized coordinate system. As shown in Figure 5.3, two coordinate systems are adopted in here according to [START_REF] Kiencke | Automotive control systems[END_REF]. 
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In" : the fixed inertial system. The original point O In is one certain point on earth.

The axis x In points to north from O In , and the other axises y In and z In also obey "Right hand rule". Reversely, this coordinate system is fixed on relatively to earth.

With the In coordinate system fixed on earth, the CoG coordinate moves during travel, which has its origin at the vehicle center-of-gravity is of the most importance. All movement of the vehicle body are given with reference to this CoG coordinate system.

5.1.1.2/ VEHICLE KINEMATIC MODEL

The vehicle behavior could be divided into two part : the first part is the relationship between the force and the torque with the movement speed and rotate speed, called dynamic model. The second part is a kinematic model demonstrating how the movement speed and the steering angle influence the position and direction. However, in our research work, the command provided to the vehicle are the speed and steering. It means the influence of force and torque isn't studied in here. Hence, only the kinematic model is introduced in below.

x C o G y C o G x I n y I n v l b FIGURE 5.4 -Vehicle kinematic model
Assuming that the vehicle runs in flatness road with low speed, there is no slipping and no moving in z-axis. The vehicle direction is coinciding with speed direction. Therefore, the vehicle kinematic model is sufficient. The equations of vehicle kinematic model are [START_REF] Dafflon | Adaptive Autonomous Navigation using Reactive Multi-agent System for Control Law Merging[END_REF] :

                 ẋ = v cos(ψ) ẏ = v sin(ψ) ψ = v tan(γ)/l b (5.1)
where (x, y, θ) is the vehicle position in the inertial reference frame In. v and γ are respectively the linear velocity and the orientation of vehicle front wheel. l b is the wheelbase of the vehicle.

5.1.2/ VEHICLE AND VEHICLES-TRAIN

If one or several vehicles run as group under certain preset form, we call those several vehicles as one platoon. In here, the platoon concept is expend to vehicles-train.

Définition 3 : Vehicles-train

Vehicles-train is a group of vehicles linked by the virtual connection which constitutes a platoon control model. The goal is to maintain a certain geometrical structure.

V 1

V 2 V 3 As explained in the definition, vehicles-train is one alliance composed of one or more vehicles. Normally, we combine vehicles running in the same lane into one vehicles-train.

Their are organized through multi-agent model, which is introduced in next Section 5.2.

Through the multi-agent model, the cooperation control is implemented into vehicle train.

In a vehicle train, the distance between vehicles is kept for increasing the safety. When vehicle trains encounter, the cooperation control smooths the traffic flow to avoid the congestion through adapting vehicles speed. For each physical element, we associate one logical agent which are introduced in next section.

5.2/ MULTI-AGENTS MODEL

In this section, a multi-agent model is presented according the physical element introduced in Section 5.1. Two agent types are introduced corresponding to respectively vehicle and vehicles-train. The vehicle agent is introduced in three parts : resources possessed by agent, perception task and reaction framework. For the vehicles-train agent, the resources and reaction framework are detailed. The connection of elements of two agents is presented in the last.

5.2.1/ VEHICLE AGENT

Vehicle agent is developed for implementing coordinate control based on multi-agent system. Three elements are composing to the vehicle agent : perception, vehicle resources and vehicle reaction.

1. Vehicle resources : includes vehicle route, vehicle role, preceding vehicle and vehicle physical information.

2. Perception : collecting environment and vehicle state information.

Vehicle reaction :

giving the speed and steering command according vehicle local driving information and vehicle resources.

Définition 4 : Vehicle agent

For vehicle V, there is only one agent which processes the resources of vehicle

V and controls V directly. We call this agent as V's agent or agent V A. We use V A to present this vehicle agent.

The vehicle agent is implemented through combining three parameters(e.g., route, role and preceding vehicle) as resources, one task and one framework. The route is one important character involving the cooperation of train system(c.f. train description). Two roles(leader and follower) are defined for the vehicle in our model. Perception task, providing inputs and feedback to reaction system, is discussed in here. For reacting to local environment (e.g. preceding vehicle and obstacle), the behavior framework defines details of inputs and outputs.

5.2.1.1/ VEHICLE AGENT RESOURCES

Four types of information are chosen to make up the resources : 1. vehicle physical information ; 2. vehicle route ; 3. vehicle role ; 4. preceding vehicle.

Physical information

Vehicle physical information includes the size of each vehicle, the maximum acceleration and speed. The distance between vehicles is an important parameter to be considered for safety issues. When trains reconfigure or coordinate with each other, the distance should be adapted according the size of interrelated vehicle. This job is done through the virtual vehicle, concept introduced in Section 6.3. All vehicles adapt the distance through adjusting speed, yet each vehicle has a limit speed (limited by motor or physical law). Limiting all vehicle in suitable speed could avoid part of the distance control and a decreasing adapting time.

Vehicle route

Running vehicle should possess one or more destinations for movement, such as delivering one or several passengers. We are supposing that the route is given by an outside algorithm or a human. For most of single vehicles, they can run to different destination. Therefore, most of vehicles hold different routes, even for vehicles with the same destination. However, vehicles, planned in different routes, have to share the same road in most cases. 

Vehicle role

Two vehicle roles : leader and follower, are defined in our model. In one vehicles-train, which contains one vehicle or more, there must be one unique leader in one train, zero or several followers. When vehicles-trains encounter each other, the leader of each train should confront other train firstly. Followers run according to suitable parameters following the leader. One simplification method is that the leader runs at one constant speed in the same situation. Therefore, the proper leader vehicle speed promises the smooth running of the train system. In other words, the leader vehicle speed should be smaller than the maximum of followers. One thing which should be indicated is that the leader isn't equal to the train-agent which is present in next section. The leader is determined by the form of the vehicles-train and arranged to one certain vehicle, however the train agent could be in anywhere.

Preceding vehicle

Let's take the vehicles-train in Figure 5.5 as an example again, V 1 and V 2 are the preceding vehicle of V 2 and V 3 respectively. For every following vehicle, the uniqueness of the preceding vehicle should be pre-set. Preceding vehicle, related to priorities, may change during trains meetings depending on the path of every individual. The preceding vehicle information includes position, direction, and speed. It could be real or virtual one. In the nominal situation (i.e. without any conflict in priorities), each following vehicle follows one real vehicle keeping the safety distance. The virtual vehicle concept has been introduced so as to adjust the vehicles-train parameters, e.g. adapting inter-vehicle longitudinal distance when trains are crossing without interfering directly on platoon control algorithm. This is detailed in Section 6.3 and shown in Figure 6.6.

Définition 5 : Preceding vehicle

For vehicle V 1 , if another vehicle V 2 's movement is directly decided by V 1 , there- fore V 1 is called V 2 's preceding vehicle. Correspondingly, V 2 is called V 1 's follo- wer.

5.2.1.2/ PERCEPTION

The perception collects and analyzes the sensors data and provides the environment and vehicle state information to agent. As like most of the commercial cars and research works, the obstacle could be detected by lidars. For instance, the lane could be received through visual pattern recognition. The global position of vehicle could be given by GPS and the movement, including speed and acceleration are measured by inertial measurement unit (IMU).

In our multi-agent model, the global position and vehicle state information are provided to the vehicles-train resources, the local environment information is sent to the vehicle reaction. 

Preceding vehicle :

As one of inputs of reaction logistic, the preceding vehicle is the target to follow.

Vehicle role :

The role indicates the way of adjusting vehicle speed. Leaders adapt the speed according the environment and other vehicles' maximum speed. Followers chase the preceding vehicle.

Outputs

1. Speed : Vehicles move in suitable speed not only for the efficient reason, but also for the safety. Through adjusting vehicles speed, vehicles keep in safety distance.

When vehicles-trains coordinate with each other, distance between two real vehicles is also changed according strategies.

Steering angle :

Steering angle changes the vehicle direction for turning, for instance to avoid one obstacle or change lane.

5.2.2/ VEHICLES-TRAIN AGENT

The vehicles-train agent includes two parts : train resources and vehicles-train reaction.

Train resources :

including global position, state information and routes of vehicles in this train.

Train reaction :

carrying out the preceding vehicle and roles command according the information provided by train resources, and send the command to the vehicle resources.

Définition 6 : Vehicles-train agent

Corresponding to vehicle train, vehicles-train agent gathers the information of its component vehicles. After negotiating with other vehicles-train agent, it send the command to its vehicles.

The vehicles-train agent resources part is implemented through centralizing part of vehicles information and perception information to achieve global coordinate control. The reaction framework figures out the inputs and outputs.

5.2.2.1/ VEHICLES-TRAIN AGENT
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-Vehicles-train moving from left to right

Vehicles-train resources is one set of vehicle information in this train, including :

1. Vehicles position information : Global position could be used to not only navigation, such as planning route, but also deciding priorities and preceding vehicles. All the vehicles position in its vehicles-train are contained in vehicles-train resources.

Vehicles state information :

Vehicle state includes the speed and direction of each vehicle which is also needed when assigning the priorities.

Vehicles' planning routes :

All vehicles' planning routes are collected to achieve the coordination of all vehicles. According routes, one principle of deciding vehicles' priorities is "First out last in", i.e. the vehicle, which will split from train, runs in the last position. The route is also one parameter of assigning preceding vehicle, detailed in Section 7.1.

5.2.2.2/ VEHICLES-TRAIN AGENT REACTION FRAMEWORK

Train agent reaction

Preceding vehicle

Role Routes

Vehicles positions Vehicles speeds The train resources is fed by the perception and vehicle resources of the vehicle agent through gathering corresponding information. The train resources also provides informa-tion to train reaction for decision making process. The perception collects information using sensors and transfer those to train resources and vehicle behavior.

The parameters setting appoints the vehicle route and vehicle physical information. Then, the vehicle resources converges the parameters set and the train reaction decision. The vehicle resources not only afford the information to vehicle behavior, but also gives feedback to train reaction through train resources. The information, driving the vehicle behavior into one command, is provided by perception and vehicle resources.

5.3/ CONCLUSION

In this chapter, the multi-agent mode has been developed. Considering the train system as a typical distributed system, the multi-agent paradigm has been adopted. Each vehicle, as one important participant of traffic, is allocated one agent, called vehicle agent. The vehicle parameters, perception task and reaction framework were announced as main parts of vehicle agent. Then, the vehicles-train agent was defined corresponding with vehicle train. The train agent level, as the superior level of vehicle agent level, is the place where the vehicles coordination happens. Thus, the reaction framework of the vehiclestrain was delineated through detailing inputs and outputs. The connection of elements of agents is detailed in the last of this chapter.

For the multi-agent model, the interaction between agents, including communication and tools for reaction, is one key point to achieving satisfactory coordination. Thus, in Chapter 6, the interaction are defined. The other important concept -the organization structure, defining the relationship between different agents, is also described in next chapter.

AGENTS ORGANIZATION AND INTERACTION

In Chapter 5, a multi-agent model is presented. However, the relationship between agents and the interaction method has not been detailed yet. In this chapter, the way how agents are organized is spelled out firstly. As previously seen, the organization structure separates the agents into two level : vehicle and train level. Under this structure, the information flow is also defined : the train agent collects the information from every vehicle agent including requests sent by vehicles ; this information is then exchanged between train agents for negotiation.

Agents send request, receive answer and exchange information through communication.

On one hand, the processing of vehicle agent communicating with train agent is formalized in two situation : run-in-train and splitting. On the other hand, vehicles-trains exchange information for the implementation of cooperation control.

The request, answer and information exchanged in both of the two processing are detailed in Section 6.2.

In order to carry out the interaction movement, one tool called virtual vehicle is introduced. Virtual vehicle agent is a virtual entity, conveniently defined for formation control. The implementation of kind of vehicles-train missions could be dealt under the assist of virtual vehicle in decision strategy detailed in Chapter 7. In Section 6.3, virtual vehicle is introduced through the definition 7.

6.1/ ORGANIZATION STRUCTURE

In this section, the organization structure is presented from the physical (vehicle and train) to agent (vehicle agent and train agent). As presented in Chapter 5, the train is structured by vehicles, shown in Figure 6.1.

Vehicle

Vehicles-train The organization structure frames one element or agent in two aspects :

1. which class this element or agent belongs to according to the reaction framework of this element or agent.

2.

what is the relationship between this element with others, the relationship decides the direction of information flow.

The two different types of agents indicate the two different agent levels. The vehicle level is composed of vehicle agent. Between two adjoining vehicles, they are connected through platoon control. There is no direct communication among vehicles agents. At the train level, trains agents exchange information with each other for negotiation. The train agent could exist in anyone vehicle, even could be created by intersection equipment. The train agent cannot be situated according to one real vehicle.

In our multi-agent model, parts of information is gathered to train agent from vehicle agent for arranging vehicles. In the next section, the communication between agents is detailed also in this two factors : communication between vehicle agent and train agent, between train agents.

6.2/ AGENTS COMMUNICATION

Communication is one important approach to realize coordinate control owing to negotiation and translating demand to each level according the structure described in Section 6.1. The communication in our model is separated into two part according the participants : communication between vehicle agent and train agent, communication between train agents.

The Petri nets graphic is used in here for representing communication between agents. A Petri net is defined as an oriented graph comprising two sorts of nodes : places and transitions. This graph is constituted in such a way that the arcs can only link places to transitions or transitions to places, in accordance with the rules for the formation of augmented transition network defined above. Places are graphically represented by circles and transitions by bars. Each agent is described by a Petri subnet, the place in which corresponds to the internal states of the agent. The transitions correspond either to synchronizations due to the receipt of messages or to conditions of application of actions, such as the essential or preparatory conditions for the associated speech acts. Messages being routed are represented by supplementary locations which link agents in such a way as to form a single net. 1. At the beginning, the vehicle V An is in the state VS 1, the vehicle agent resources have been send to vehicles-train A in step 1 . According routes of all vehicles in vehicles-train A, the vehicle V An should stay in vehicles-train.

2.

Then, the vehicle V An arrives to the state VS 2 for waiting the command from vehicles-train in step 2 .

3.

After the computation of vehicles-train A, the train agent command is sent to vehicle

V An according to step 3 . If n = 1, it means that V An is the leader of train A. There is no preceding vehicle in the command. Otherwise, the vehicle V An runs under the algorithm presented in Section 7.2 and the preceding vehicle.

4.

The command is executed in step 5 leading vehicle go to place VS 3. At the same time, the vehicles-train updates itself to T S 2 in step 4 . When one or several vehicles need to split from one vehicles-train, such as the vehiclestrain goes straight yet one vehicle V An wants turn to left, V An need to split from vehiclestrain, where the splitting communication happens. In here, one vehicle V An which want to split from train is taken as the example shown in Figure 6.4.

1.

At the beginning, the vehicle is in the state VS 1 where the vehicle send vehicle agent resources and splitting request to vehicles-train in step 1 .

2.

Then, the vehicle transfers into the state VS 2 to wait for the answering from vehiclestrain shown as step 2 . At the same time, the negotiation happens between trains taking the global situation into account, and the result leads train agent to place T S 2.

3.

In one case, the train agent refuses the request, the vehicle enters the state VS 3 for sending a new request in step 3 . The vehicles-train agent updates to a new state T S 4 for other communication in step 4 .

4.

In another case, the train agent approves the splitting request. The train agent sends the preceding vehicle and role to each vehicle in this train. Through step 5 , the vehicle V An runs according the role and preceding vehicle to implement the splitting in place VS 4 and the train updates the state to T S 3 in step 6 .

6.2.2/ BETWEEN VEHICLES-TRAIN AGENTS

There are two cases where the communication between train agents happens : the first case is that the request comes from the vehicle agent, as shown in Section 6.2.1. The second case is that the request comes from the train agents when trains encounter with each other. In the both case, the train request includes both the request form vehicle agent and train agent in this section also in Figure 6.5. 1. At the beginning, the train T A send its train resources to train T B as labeled using 1 in Figure 6.5. Train T B organizes the information including itself and, if necessary other trains. Then the plan is decided according to coordination algorithm, such as which vehicle would pass the road first, which leads T B to place BS 2 through 3 . At the same time, train T A goes to place AS 2 waiting for the reply through step 2 .

2. In the step 4 , train T B reply to T A with the plan. Then train T A decides whether to accept or to refuse the plan given by T B .

3.

In one case, train T A refuses the proposed plan, T A would return to place AC1 to send one request agent, shown in 7 . And the reply from T A would be sent to T B in 8 .

4.

In other case, the plan proposed by T A is accepted. T B agent moves to AS 4 for executing the command in step 11 . The answer to T B is executed in step 9 . The train T B agent transfers to BS 4 to carry out the command in the update step 10 .

6.3/ VIRTUAL VEHICLE AGENT

For the optimizing of transportation system, reducing the calculate time is important for embedded system. The virtual vehicle is introduced in here to simplify the calculation when trains should be adjusted purposing for sharing the road with other trains or merging with other trains. Through the virtual vehicle, an artificial perception information is provided to the vehicle agent as a shortcut perception. The virtual vehicle is defined firstly, then one example is carried out to illustrate the usage.

Définition 7 : Virtual-vehicle agent

Virtual vehicle agent is a virtual entity, composed by some necessary information for platoon control : vehicle position, vehicle direction, vehicle speed and vehicle physical parameters(width and length).

As definition 7, the virtual vehicle is one combination of information. When one vehiclestrain is sent to one vehicle as preceding vehicle, the follower would adjust the speed according the virtual vehicle speed and the distance between them. Therefore, through controlling the speed and position, the follower could be controlled to adapted to new speed and distance.

V 1 V v i r 1 V 2 V 3 d v i r 1 1 d 2 v i r 1 d 3 2 FIGURE 6.

-Virtual vehicle in one vehicles-train

Shown in Figure 6.6, in one vehicles-train, composed vehicles V 1 , V 2 and V 3 , one virtual vehicle V vir1 is sent to vehicle V 2 . Here is one strategy for setting one virtual vehicle, the speed of V vir1 is the same with V 1 and the virtual vehicle is localed in the middle between

V 1 and V 2 .
With the running of vehicles, the distance d vir1 1 between V 1 and V vir1 and the distance d 2 vir1 between V vir1 and V 2 change while the speed is adjusting.

The changing of vehicles-train includes the adjusting of vehicles speed and distances between them. The difference of speed leads to the changing of distances, thus the speed is one key parameters for controlling the vehicles-train. However, if the speed is calculated directly by coordinate agent, the calculation should increase at an exponential rate with the vehicle number. The virtual-vehicle separates the mission in two part : setting the virtual vehicle in train agent, calculating the corresponding speed in vehicle agent. Both of two missions are simply enough, the former is described in Section 7.1 and the latter is given in Section 7.2.

6.4/ CONCLUSION

In this chapter, the interaction was defined including the system structure, the communication framework and the use of virtual vehicle. According the organization structure, there were two level in this structure : the vehicles-train agent level and vehicle agent level. The structure described the relationship between agents, not only at the same level agent but also at different level.

Above all, the structure and interaction of the new transportation system was proposed in this chapter. The relationship between agents and the information flow are detailed and one tool was announced.

COOPERATIVE CONTROL BASED ON MULTI-LEVEL DECISION

In Chapter 5, we introduced the multi-agent model. In Chapter 6, the interaction between agents has been presented including the organization structure and the communication framework.

In this Chapter, the cooperative control system is presented according the decision information flow : from train agent level decision to vehicle agent level reaction. The train level decision algorithm carries out the preceding vehicle and role for every vehicle. Firstly, the vehicles order, a series of priority, is calculated according vehicle relative position and speed. Secondly, the preceding vehicle and the role for every vehicle are carried out according to the vehicles order and the route. Then, the speed and the angle commands are calculated by the vehicle level reaction algorithm according to the preceding vehicle and the role based on the physical inspired model.

7.1/ TRAIN-AGENT DECISION

As previously said, there are two steps in the train agent decision algorithm : firstly, the vehicles order (Definition 8) is determined according the vehicle position and the speed, presented in Section 7.1.1. Then, the preceding vehicle and the role for every vehicle are carried out according the vehicles order, positions and routes. The preceding vehicle and the role are changed during the movement. According the routes and the vehicle information, the decision strategy for preceding vehicle and role is introduced in five different situation : platooning, splitting, crossing, merging and reconfiguration.

7.1.1/ VEHICLES ORDER

When vehicles encounter, the first thing which should be decided is the priority. The vehicles order concept is defined in below expending from the priority.

61 The vehicles order is presented by one direction array indicating priorities of vehicles. The vehicles order is signed as VO, and

VO = {V 1 A1 , V 2 B1 , . . . , V k Xn , . . .} = {VO 1 , VO 2 , . . . , VO k , . . .}(k, n ≥ 1, X = letter(s)symbol).
For the vehicle V Xn , the letter(s) symbol X indicates the corresponding train, n means that V Xn is the n th vehicle in the vehiclestrain X. k indicates the order of one vehicle. For an instance, in the above vehicles order,

V A1 = V 1 A1 = VO 1
is the first vehicle in the vehicles order. We present several principles so as to decide the vehicles order for train agent, as like the traffic rules for the people driving condition.

7.1.1.1/ PRINCIPLES FOR DECIDING THE VEHICLES ORDER

As described in Section 6.1, each vehicle is equal to the other if we put aside the position and speed factors. In other words, the vehicle priority is determined by the vehicle situation including position and speed. Furthermore, the planned route and perception are also important parameters to take into consideration. Here, three principles which decide the vehicles order are shown in below :

1. Arriving time : When vehicles encounter, the time when the vehicle arrives at the encountering point is called arriving time. The aim of using the arriving time to decide the priority is to smooth vehicle speeds changing, to avoid vehicles from stopping and waiting for others.

Right first rule :

This is one traditional method for allocating priority without signal existing in most of countries. The priority is assigned to the vehicle in the right side : one vehicle must wait for another one which is in its right side. This rule could be modified according different situation, such as the local traffic law.

Optimising vehicle order :

When the vehicle want to change direction or to goto another road, it would slow down firstly. This leads to following vehicles slowing down at the same time. In order to avoid that situation, the vehicle order in one vehicles-train is considered. One example, shown in Figure 7.2 below, is studied.
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-Vehicles order based on leaving sequence

Train A including three vehicles : V A1 , V A2 and V A3 , runs from left to right. Another train composed by vehicle V B1 in the right side need to merge with train A. After that, vehicle V A3 would turn to right to road R 1 firstly, then vehicle V B1 would turn to left to road R 2 and other vehicles would go ahead. The order passing the encounter point is also the vehicle order in the new train. Considering with reducing the speed adapting, the vehicle order is arranged to

V A1 , V A2 , V B1 , V A3 .
There could be other rules for improving the performance, such as according the vehicle speed and size, arranging the order so as to reduce the fuel consume. However, three basic rules are developed to carry out the vehicle order when trains encounter. The arriving time is the first crucial factor and right first rule is considered when the arriving times conflict with each other.

7.1.1.2/ ARRIVING TIMES

Arranging the priorities order according the arriving time for intelligent vehicle aims to reducing the speed changing even avoiding the vehicle stopping and waiting for other vehicles. In here, the algorithm to carry out the priorities order is presented. Firstly, the necessary parameters are stored in one matrix I. Secondly, the arriving time of each vehicle is calculated according the information in matrix I. Thirdly, the times are sorted in ascending order. The distance to the encountering point is marked as d, vehicle velocity v and vehicle length l. For all vehicles, the information matrix I as follows :

I =                                                  V i1 V i2 V i3 . . . V m1 V m2 V m3 . . .                                                  =                                                  d i1 l i1 v i1 d i2 l i2 v i2 d i3 l i3 v i3 . . . . . . . . . d m1 l m1 v m1 d m2 l m2 v m2 d m3 l m3 v m3 . . . . . . . . .                                                  (7.1)
where V i j , d i j , l i j and v i j are respectively the representative vector, the distance to the node, the length and the speed of the j th vehicle of i th train. The arriving time could be carried out from the matrix I :

t = f (d, l, v) = d + l v
Then, the matrix T I ME, composed by all vehicle assume-finish times, is :

T I ME = t i1 , t i2 , , t i3 , . . . , t m1 , t m2 , t m3 , . . . (7.2)
Then, times are sorted in ascending order :

T I ME order = . . . , t k i j , t k+1 mn , . . . (7.3) Corresponding to the time matrix, the Vehicle Order matrix VO can be built as follows : VO = . . . , V k i j , V k+1 mn , . . . , ( j, n, k = 1, 2, 3, . . . ) (7.4) where V k i j is the k th vehicle in priorities array as the j th vehicle in platoon i associated to the vehicle V i j and the time t k i j . Coordinately, V k+1 mn is the (k + 1) th vehicle in priorities array as the n th vehicle in platoon m associated to the vehicle V mn and the time t k+1 mn . 
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-Priorities decision

In this example, assuming that velocities and vehicle lengths are set to be the same for each vehicle ; hence, only distances are compared. As shown in Figure 7.

3, vehicles-train

A is turned to the same side of B around the intersection point O. Priorities are shown previously according to relative positions :

VO = V 1 B1 , V 2 A1 , V 3 B2 , V 4 A2 , V 5 B3 , V 6 A3 .

7.1.2/ PRECEDING VEHICLE AND ROLE

As previously said, for every following vehicle, the uniqueness of the preceding vehicle should be pre-set. The preceding vehicle information includes position, direction, and speed. In the nominal situation (i.e. without any conflict in priorities), each following vehicle follows one preceding vehicle keeping the security distance. The virtual vehicle concept has been introduced in Section 6.3 so as to be able to adapt inter-vehicle longitudinal distance when trains are crossing without interfering on platoon control algorithm, shown in Figure 6.6. Consequently, the adaptation of distance between vehicles is made by introducing a virtual vehicle at a suitable position and speed (i.e. when two successive vehicles in the VO array are not belonging to the same train). Virtual vehicles have the same properties and behavior as real ones.

When different vehicles-train encounter, just one vehicle is set to leader role. All other vehicles would be allocated one preceding vehicle (real one or virtual one). According the virtual vehicle setting principle, the distance between different vehicles and the distance from vehicle to encountering point are adapted before encountering.

7.1.2.1/ PRINCIPLE FOR SETTING PRECEDING VEHICLE

The preceding vehicle is set according the vehicle order and vehicle route. In the vehicles order VO, considering of vehicles V n-1 Yi and V n X j . If n = 1, it means the just one vehicle would pass the intersection. If n > 1 and X = Y, it means the vehicle V n- 1 Yi exists and is in the same vehicles-train with vehicle V n X j . The preceding vehicle for V n X j is set as V n-1 Yi . If n > 1 and X Y, the preceding vehicle for V n X j would be virtual one and concerning with V n-1

Yi , marked as V vir,Yi . The distance from encountering point O to vehicle V Y j and V vir,Y j are d Yi O and d vir,Yi O , then the virtual vehicle position content :

         d Yi O = d vir,Yi O d(d Yi O )/dt = d(d vir,Yi O )/dt (7.5)
The virtual vehicle is the preceding vehicle of V n X j , thus the virtual vehicle V vir,Yi is in the same route as V n X j . Finally, the position of the virtual vehicle is determined by two sides : the relative position with encountering point and the route of following vehicle.

The scenario, shown in Figure 7.3, is taken as one example again. The vehicle order is :

VO = V 1 B1 , V 2 A1 , V 3 B2 , V 4 A2 , V 5 B3 , V 6 

A3

.

For the vehicle V B1 , it is set as leader role as the first vehicle in the vehicle priority order VO. There is no one preceding vehicle for the leader. Then, we take vehicle V B2 as one instance to illustrate how to get the preceding vehicle in virtual one situation. In the vehicle order VO, vehicle V 2 A1 is the closest front one for V 3 B2 . However, they belong to two different vehicles-train. Therefore, one virtual vehicle V vir,A1 should be created along the route of V B2 , shown in Figure 7.3, and contents :

         d A1 O = d vir,A1 O d(d A1 O )/dt = d(d vir,A1 O )/dt (7.6)
For the vehicle V A1 , the preceding vehicle is Vvir, B1 which keeps the same distance to encountering point O with V B1 . All vehicles run likely in one vehicles-train where V B1 is leader.

However, preceding vehicles are dynamic according the relative position and vehicles route. In other words, the preceding vehicle could be changed dynamically. And the role changes in different situation sometimes even during the same situation the changing happens. The situation where vehicles or trains encounter each other is separated in five scenarios according the train configuration and the changing of configuration : platoon and formation, splitting, crossing, merging and reconfiguration. The preceding vehicle and role in periods of every scenarios are detailed in below.

7.1.2.2/ PLATOON STRATEGY

Platoon control is the basic form to realize the coordinate control of vehicles. Vehicles in the platoon form run in the same lane. Two vehicles V An and V A(n+1) are two continuous vehicle in one vehicles-train A. They continue also in the vehicles order, VO = {. . . , V k An , V k+1 A(n+1) , . . .}. For the vehicle V A(n+1) , the preceding vehicle is V An . In the splitting situation, one or more vehicles want to split from its vehicle train. The splitting happens in any situation, for instance, when train run in straight lane, in crossroad or roundabout. In here, one example of vehicles-train T A containing three vehicles running in a straight lane, is presented shown in Figure 7.5. The vehicle V A2 want to split from train, marked in blue (or dark gray printing in black and white).
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-Vehicle trains update

After the lateral distance is kept for all vehicles, the virtual vehicles are deleted and then the leader role is sent to V B1 . In other words, another train is created, shown in Figure 7.9. Leaders of two trains, V A1 and V B1 , hold their speed in v A1 and v B1 , the follower V A2 adjusts its speed to follow its preceding vehicle V A1 shown in Figure 7.10.

Finally, the train composed with three vehicles splits to two vehicle trains.

7.1.2.4/ CROSSING STRATEGY

When vehicle trains encounter around crossroad or roundabout, if there is no vehicle which want to change its direction, vehicle trains would brush against with each other. 
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FIGURE 7.12 -Creating virtual vehicles for crossing

According the vehicles order, virtual vehicles are created (shown in Figure 7.12). V vir,A1 is created as V B1 's preceding vehicle corresponding to V A1 . The V vir,A1 holds the same route with

V B1 . If the distance of V A1 to encountering point O is d A1 O ; the distance of V vir,A1 is d vir,A1 O , then : d vir,A1 O = d A1 O
The role of V B1 is set to follower, for the preceding vehicle exists as V vir,A1 . In the same method, virtual vehicles V vir,A2 , V vir,A3 , V vir,B1 and V vir,B2 are created respectively corresponding V A2 , V A3 , V B1 and V B2 as preceding vehicle of V B2 , V B3 , V A2 and V A3 .

Under the guidance of virtual vehicle agent, vehicles adjust their distances to each other. Before they arrive the crossroad, the distance adjusting have been finished. Between vehicles, including virtual vehicle, the distance is kept in one unit distance d unit which is a preset safety distance.

V B1 V B2 V B3 V A 3 V A 2 V A 1 FI GURE 7
.17 -Finishing of crossing After the final vehicle, V B3 , pass the encountering point shown in Figure 7.16, all the virtual vehicle are deleted and the preceding vehicles are recovered. Train T A runs under the leading of V A1 . The leader role is returned to V B1 which leads the train T B . The distances between vehicles in the same train is adjusted also, shown in Figure 7.17.

7.1.2.5/ MERGING STRATEGY

When one road forms three lane reducing to two lanes, some of vehicles should change their lane to run in the same lane with other vehicles. When two or more vehicle trains, which run in different road, need to take the same route at the same time, they need to merge into one vehicle train. In here, two vehicle trains running in the same road but different lane is taken as an illustration for merging.

reconfiguration happens. In the reconfiguration, the shifting of preceding vehicles is the key course.
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-Two vehicle trains encounter in the roundabout

One example is carried out in here : two vehicle train,

T A = {V A1 , V A2 , V A3 } and T B = {V B1 , V B2 , V B3
}, encounter in roundabout, vehicle V A2 and V B2 need change to T B and T A respectively, shown in Figure 7.35. We mark vehicles in the train T A with blue (or dark gray printing in black and white), in the train T B with yellow (or light gray printing in black and white). The color for vehicles isn't changed. According distances to encountering point O and position, the vehicles order is assigned as :

VO = {V B1 , V A1 , V B2 , V A2 , V B3 , V A3 }. O ~~V v i r , A 1 V v i r , A 2 V v i r , B3 V v i r , B2 V v i r , B1 V B1 V B2 V B3 V A 3 V A 2 V A 1 FIGURE 7.

-Create virtual vehicles for reconfiguration

Five virtual vehicles are created : V vir,A1 , V vir,A2 , V vir,B1 , V vir,B2 and V vir,B3 , show in Figure 7.36. The position of virtual vehicle V vir,B1 corresponds with the position of vehicle O . However, virtual vehicle V vir,B1 keep in the same route with vehicle V B1 . Positions of other virtual vehicles are in the middle of two nearby real vehicle (i.e. V vir,A1 in the middle of V B1 and V B2 ), as shown in Figure 7.36. Before vehicles arrive the roundabout, the longitudinal distance has already been adjusted to safety distance thanks to platoon control.

~ ~ ~~~Ṽ B1 V B2 V B3 V A 3 V A 2 V A 1 FIGURE 7.

-Update vehicle trains

Two trains adjust the distance between vehicles with the leading of two leaders. And trains resources are updated, shown in Figure 7.46.

7.2/ VEHICLE AGENT REACTION

The vehicle agent reaction algorithm concerns the vehicle itself, and outputs the speed and steering angle corresponding the preceding vehicle and role. A classical platoon control model is adopted : the virtual link, between two close vehicles, is described by a physically inspired interaction model composed of two springs and a damper [Zaher, 2013].

7.2.1/ PLATOON CONTROL MODEL d 1 d 2 k 2 k 1 D h J I O J FIGURE 7.47 -Physical interaction model
The following vehicle receives the position and direction of the previous vehicle and itself. Hence, the three distances, d 1 , d 2 and D could be acquired, shown in Figure 7.47. d 1 and d 2 are the lengths of the two springs and D is the length of the damper. Hence, the three types forces acting on the following vehicle are :

1. Forces of both springs :

- → F i = k i X i = k i ------→ (d i -l 0 ), i ∈ {1, 2}.

Force of damper :

-→

F d = -h ν = -h( --→ ∆D ∆t ).

Friction force :

-→

F f = -µR n - → ν ν = -µmg - → ν ν , v 0.

Parameters involved in this model are shown in blow :

m the mass of the vehicle.

k 1 and k 2 are stiffness of each one of the springs.

l 0 is the spring's resting length (both springs have the same resting length).

h is the damping coefficient.

µ is the friction coefficient.

g represents the gravity of earth.

ν and a are the speed and acceleration of the vehicle.

Therefore, each following vehicle movement command (speed and direction) is computed according to Newton's second law of motion :

- → F = m - → a = -→ F 1 + -→ F 2 + -→ F d + -→ F f (7.7)

7.2.2/ MODEL PARAMETERS

In this section, the method of calculating model parameters, including k 1 , k 2 and h, are described. Using the Newton's law of motion, we obtain a 2nd order differential equation, the resolution of which allows computation of the speed and angle to be applied to the vehicle [El- Zaher et al., 2011].

We define k as a global stiffness equating the sum of k 1 and k

2 (k = k 1 + k 2 ).

7.2.2.1/ GLOBAL STIFFNESS

To calculate the value of the global stiffness, we places the vehicle in the case of a linear motion, where the two springs have the same stiffness and the same length, which means

k 1 = k 2 = k 2 and X 1 = X 2 = X.
According equation 7.7, the following equation about the vehicle dynamic could be get :

m - → a = k - → X -h - → ν -µmg - → ν ν (7.8)
Before the vehicle moving, -→ a = -→ ν = -→ 0 , the friction force hold the same direction with forces of both springs and || -→ F f || = ||µmg|| thus we get :

0 = ||k - → X || -µmg (7.9) 
A motionless vehicle would keep still when k(dl 0 ) < µmg. Therefore, we can define the global stiffness through giving one predefined distance d 0 to lead k(d 0l 0 ) = µmg. At this situation, the global stiffness is :

k = µmg d 0 -l 0 (7.10) 7.2.2.2/ DAMPING COEFFICIENT
The damping coefficient h is deduced from a kinematic study. Assuming that the preceding vehicle is still. We get the relationship between acceleration and speed with the length of spring and damper : -→ a = Ẍ, -→ ν = Ẋ. Thanks to the fundamental principle of dynamics, we establish the following differential equation according equation 7.8 :

Ẍ -2ξω 0 Ẋ + ω 2 0 X = - µ m R n (7.11) 
where, 2ξω = h m and ω 0 = k m . Then, we get the characteristic equation :

t 2 -2ξω 0 t + ω 2 0 = 0 (7.12)
when ∆ = ω 2 0 (ξ 2 -1) = 0, there is a double real root , which is real. The system is said to be critically damped. A critically damped system converges to zero as fast as possible without oscillating. Considering ξ 0, we get :

ξ = h 2 √ km = 1 (7.13)
Then, the damping coefficient is :

h = 2 √ km (7.14)

7.2.2.3/ TWO SPRING STIFFNESS

When vehicles turn, the length of two virtual spring would be difference as like the difference, shown in Figure 7.47. The spring outside must bend to exert a greater force than the one inside for reducing the error. Consequently, the stiffnesses of two springs must change dynamically during the turning movement.

We pick up one fixed point P in "In" reference framework. We get the torque of the force to the vehicle as blow :

-→ T P ( -→ F 1 ) = -→ PI ∧ -→ F 1 -→ T P ( -→ F 2 ) = -→ PJ ∧ -→ F 2 -→ T P ( -→ F d ) = --→ PO ∧ -→ F d -→ T P ( -→ F f ) = --→ PO ∧ -→ F f
The vehicle angular momentum for point P is :

-→ L p = m --→ PO ∧ - → V (7.15)
Applying the kinetic momentum theorem for point P, we get :

--→ M P = d -→ L P dt = d --→ PO dt ∧ m - → ν + --→ PO ∧ m - → a (7.16) 
Considering the the d --→ PO dt is parallel with -→ ν , the following equation is gotten :

--→ M P = --→ PO ∧ m - → a = --→ PO ∧ ( -→ F 1 + -→ F 2 + -→ F d + -→ F f ) (7.17)
In other side, we can also get the momentum :

--→ M P = -→ T P = -→ T P ( -→ F 1 ) + -→ T P ( -→ F 2 ) + -→ T P ( -→ F d ) + -→ T P ( -→ F f ) (7.18) 
According equation 7.17 and equation 7.18, we get :

k 1 ( 1 2 sinα 1 ) -→ X 1 -k 2 ( 1 2 sinα 2 ) -→ X 2 = - → 0 (7.19)
A system of two equations with two unknowns :

         k 1 + k 2 = k k 1 ( 1 2 sinα 1 ) -→ X 1 -k 2 ( 1 2 sinα 2 ) -→ X 2 = - → 0 (7.20)
Finally, two spring stiffness are :

         k 1 = k (d 2 -l 0 )sinα 2 (d 1 -l 0 )sinα 1 +(d 2 -l 0 )sinα 2 k 2 = k (d 1 -l 0 )sinα 2 (d 1 -l 0 )sinα 1 +(d 2 -l 0 )sinα 2 (7.21)
The physical interaction model is used for two main reasons. First, to maintain stable the desired vehicles distance. Second, to guarantee a good trajectory matching, by making the follower vehicle follow the same trajectory as its predecessor, the virtual leader. The parameters of the model are learned so as to ensure safety and stability. The cars vary over time depending on running condition (curvature, speed), see [START_REF] El-Zaher | A new linear platoon model based on reactive multi-agent systems[END_REF] for more details.

7.3/ CONCLUSION

In this chapter, the multi-level cooperative control algorithm was detailed in two section : train level and vehicle level. The preceding vehicle and role were determined in train level through two steps. Firstly, the vehicles order was decided according principles including arriving time, relative position and planed routes. Secondly, the preceding vehicle and role were assigned according different scenario. Then, the speed and steering command were calculated by platoon control algorithm based on physical interaction model. Above all, the speed and steering of vehicle command were given by multi-level decision system with vehicles position, speed and routes as inputs. The vehicles controlled by multi-level decision system realized coordinate control to avoid stop for waiting when vehicles encounter. In the next chapter, the experiment is carried out to test the algorithm.

III EXPERIMENT AND RESULTS
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EXPERIMENTAL PLATFORM

In this chapter, the experimental platform is introduced. Our experimental platform is inspirited from the intelligent vehicles of our laboratory. The intelligent vehicles are presented firstly. Then, one simulator, VIVUS (Virtual Intelligent Vehicle Urban Simulator), is introduced to test the proposed method. The architecture of this experimental platform is shown in the last to organizing different parts together.

8.1/ INTELLIGENT VEHICLES IN OUR LABORATORY

There are three intelligent vehicles in our laboratory one RobuCAB and two GEMCars, shown in Figure 8.1.

FIGURE 8.1 -Intelligent vehicles in SET laboratory

All these vehicles are electric, automated and instrumented with sensors and on-board computers. Sensors are detailed in following section.

8.1.1/ SENSOR CONFIGURATION

The ability to perceive information is one important base for the autonomous vehicles. As human using eyes and ears to collect information, the autonomous vehicle collects information through several kinds of sensors. As introduced in Section 2.1.1, camera provides information through images, lidar and radar detect distance information, GPS feeds the global position to perception system, odometry and inertial sensors measure the movement information such as acceleration and speed.

The perception ability of our vehicles is inspired by the experimental vehicle in our lab which is equipped multi of sensors including lidar, camera and GPS (shown in Figure 8.2). The GPS sensor collects the vehicle position information. The lidar detects other traffic participant information nearby the vehicle, such as other vehicles, passengers and obstacle. The camera takes pictures in running to distill local environment information.

FIGURE 8.2 -Vehicle equipped sensors in our laboratory

Simulations are now a mandatory step in intelligent vehicle development. It allows to reduce the time and financial cost and limits the risk of false manipulation. Furthermore, in the topics dealt by this thesis, testing cooperative control algorithms for several vehiclestrains, composed by several vehicles, is nearly impossible for a laboratory due to a large number of required vehicles and their associated staff for ensuring security. Consequently, we decided to test our proposal using simulation platform. 8.3, the experimental platform is composed by two parts : one is VIVUS for simulating the real world including vehicles, roads and other environment ; another one is the controller. The two parts communicate through network and will be introduced in this section. The controller is running under Java and isn't suitable to be show in here. Elements of VIVUS are introduced in next section.The configuring method of scenarios and interface for simulating in 3D virtual environments are also present after the introduction of VIVUS elements.

8.2.2/ VIRTUAL INTELLIGENT VEHICLE URBAN SIMULATOR

VIVUS [START_REF] Lamotte | Submicroscopic and physics simulation of autonomous and intelligent vehicles in Virtual Reality[END_REF], developed by the System and Transportation Laboratory of UTBM, has been already used in several academic project1 [START_REF] Gechter | VIVUS : Virtual Intelligent Vehicle Urban Simulator : Application to Vehicle Platoon Evaluation[END_REF]. This can simulate vehicles and sensors within their physical properties.

8.2.2.1/ VIVUS ELEMENTS

Physical 3D model

Physical model is based on the PhysX engine2 , which is good at obtaining realistic behavior [START_REF] Gechter | VIVUS : Virtual Intelligent Vehicle Urban Simulator : Application to Vehicle Platoon Evaluation[END_REF]. For each moving object inside the physical 3D model, a notification is sent to the 3D rendering engine to update its internal data structures.

Graphical 3D model

Graphical 3D model is used to display 3D models of environment, vehicles and their components (wheels, chassis). This model is driven by the physical 3D model.

Sensors model

Sensors model has the same output properties as the real sensors. Several sensors are included in VIVUS :1. geometric and location sensor providing position information ; 2. image sensor ; 3. state sensor.

Perception

The main aims of perception is to format sensors data to fit specific sensor transmitted information and integrate noise. The perception provides information directly to control algorithm

Vehicle mathematic model

Inputs of the vehicle mathematic model are command data from the control algorithm. Vehicle moves according the command and present state to achieve one new state (position and direction). This new state drives the physical 3D model.

8.2.2.2/ CONFIGURING SCENARIOS IN VIVUS

Different scenarios configuration in VIVUS include : 1. The numbers of vehicles ; 2. The original position and direction of individual vehicle ; 3. The planning path of each vehicles ; 4. Sensors for every vehicle, such as GPS, Lidar and camera ; 5. The network port of vehicle for receiving command from control algorithm ; 6. The network port of sensors for sending perception information. We can use the VIVUS editor to configure the scenario, shown in Figure 8.4. The viewpoint could be also adapted which show a different in following experiment.

8.3/ CONCLUSION

In this chapter, the experimental platform is introduced focusing on the VIVUS. Elements of VIVUS are shown firstly, and then the method to configure different scenarios are presented. Experiments in different scenarios were carried out and are shown in the next two chapters.

EXPERIMENT IN THE ROAD WITHOUT INTERSECTIONS AND RESULTS

After a description of the experimental platform, this chapter presents the results of experiments in the road without intersection. Experiments are carried out in four scenarios :

(1) one vehicles-train running in one lane ; (2) one vehicle split form its vehicles-train in the two lanes road ; (3) two vehicles-trains merging to one in the two lanes road ; (4) one vehicles-train reconfiguring inner-train in the two lanes road. In this scenario, one vehicles-train composed by three vehicles, V A1 , V A2 and V A3 , were configured in VIVUS. The original position are shown in Figure 9.1(a). Considering the urban situation where the vehicle speed is limited to 30 or 50 km/h, it is reasonable to set the leader vehicle speed at 30 km/h. Therefore, most of situation, the leader vehicle's speed is 30 km/h, the other speed is also adopted to verify the stability in different speed.
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In this test, the leader vehicle accelerates from zero to 30 km/h. Two follower run behind the leader and achieve the stability distance, shown in Figure 9.1(b). One important thing is that the distance is changed with the different speed. In this experiment, the vehicle speed is set to 30km/h, the distance is kept in 8 meters. However, if the speed decrease, the distance will also decrease. That is show in the experiment of passing the crossroad in 10.1, where the vehicle speed is set to 5km/h. This is impossible in the real word, yet it is one good strategy to compare the running time in our experiment. The splitting process is shown in group Figure 9.4. Figure 9.4(b) shows the situation where two vehicle distances, V A2 to V A1 and V A3 to V A2 , have been adjusted to a stability distance, around 8 meters in here. Figure 9.4(c) shows the moment when the splitting is started, V A2 moved to another lane. Finally, vehicle V A2 stayed in another lane totally, shown in Figure 9.4(d). Considering about the safety issue, we also let V A1 and V A2 kept V A2 to V A1 and from V A3 to V A2 , marked as A2 -A1 and A3 -A2 respectively, are nearby 3 meters. Distances from V A3 to V A1 , marked as A3 -A1, are around 10 meters taking the length of V A2 (3.5 meters )into account. Then, the V A2 splitting leaded the distance changing : the distance A2 -A1 decreased to around -15 meters which means vehicle V A2 in the front of V A1 ; the distance A3 -A1 decreased to around 8 meters ; the distance A3 -A2 kept in 8 meters for a short time and then increased to 18 meters. In Figure 9.6, the lateral distance between V A1 and V A2 , marked as A2 -A1, is shown. At the beginning, all the vehicles are in the same lane, the lateral distance is zero. Then, the lateral distance increased with the splitting processing. Finally, the lateral distance is kept around 3.5 meters when the splitting is finished. Something should be noted is that the leader speed is set to 30 km/h and the maximum follower speed is 40 km/h. At the beginning, the V A1 held the leader role, ran in 30 km/h. After splitting finished, the V A2 is given the leader role, adapted the speed to 30 km/h. V A1 adjusting its speed as follower. When all vehicles started to move, distances between vehicles are not very suitable for merging immediately as like shown in Figure 9.8(b). After running about 100 meters, the longitudinal distance adjusting had been finished, shown in Figure 9.8(c). Then, merging started with V B1 moving to right lane (shown in Figure 9.8(d)). While V B1 arrived the right lane, V B2 also started to move to right lane (shown in Figure 9.8(e)). Finally, all vehicles are in the right lane and the longitudinal distances had been adapted shown in Figure 9.8(f). .9 shows the distance from V A1 to V A2 and from V B1 to V A2 , marked as A1 -A2 and B1 -A2 respectively. Considering about the A1 -A2, the distance at beginning is 3 meters then the distance is adapted until to about 19 meters. And the distance B1 -A2 is -17 meters, it means V B1 is in the behind of V A2 . After merging has been finished, V B1 is the preceding vehicle of V A2 and B1 -A2 is adjusted to 8 meters. .11 shows the distance from V B1 to V B2 and from V A2 to V B2 , marked as B1-B2 and A2 -B2 respectively. The original distance of B1 -B2 is 3 meters, the distance is adjusted during merging resulted in that V A2 is inserted between V B1 and V B2 . After merging, B1-B2 is around 20 meters. The original distance of A2 -B2 is 17 meters. Then, the distance is adjusted and the final distance is about 8 meters when merging is finished. 9.15(c) shows the moment when V A2 moved to left lane which is the beginning of reconfiguration. When V A2 arrived and stayed in the left lane, the first step for reconfiguration is finished, shown in Figure 9. 15(d). Continuously, the longitudinal distance between V A1 and V A2 is adjusted until to 8 meters which is the distance between vehicles inner vehicles-train, shown in Figure 9. 15(e). The final reconfiguration step is that V A2 returned back to the right lane, the beginning is shown in Figure 9.15(f). Figure 9.15(g) shows the final status where all the three vehicles ran in the right lane under the leading of V A2 . 9.16 shows the lateral distance between V A1 and V A2 . At the beginning, all vehicles in the same lane, they kept the lateral distance in zero. When the reconfiguration is started, the distance increase quickly until to 3.5 meters which means V A2 already in the left lane. Then, the lateral distance decreased to zero with V A2 return back to the right lane. Distance from V A2 to V A1 , from V A3 to V A2 and from V A3 to V A1 are marked A2 -A1, A3 -A2 and A3 -A1 respectively, shown in Figure 9.17. Before the reconfiguration happened, vehicles adjusted their distance until A2 -A1 and A3 -A2 to 8 meters. After the starting of reconfiguration, A2 -A1 and A3 -A1 decreased until A3 -A1 to 8 meters and A2 -A1 to -10 meters, which means that the V A3 followed V A1 and V A2 in the front of V A1 . A3 -A2 increased to around 18 meters considering the V A1 is in between V A2 and V A3 . .18 shows the speed changing of all vehicles. When V A1 is assigned as the leader, it kept in 30 km/h after acceleration. V A2 and V A3 adapted the speed to keep in suitable distance. When V A2 moved in the front of V A1 , the leader role is attached to V A2 reducing the speed to 30 km/h, V A1 and V A3 adapted their speed to maintain in suitable relative position.

9.5/ CONCLUSION

In this chapter, experiment in the road without intersection is presented in several scenarios : (1) one vehicles-train running in one lane ; (2) one vehicle splitting from its vehiclestrain ; (3) two vehicles-trains merging to one ; (4) reconfiguration happening inner-train in two lanes road. Experiments are shown through two types figures : first type figures are the screen shot as processing diagrams. Second type figures are some line about the distance and speed changing followed by brief illustration. The corresponding ability based on the proposed method had been proved by processing diagram figures and curves according recorded data of speed and distance.

EXPERIMENT IN INTERSECTION AND

RESULTS

In this chapter, experiments in intersection are presented including four scenarios : (1) two vehicles-trains passing the crossroad at the same time ; (2) two vehicles-trains passing the roundabout at the same time ; (3) two vehicles-trains reconfiguring in roundabout ; (4) two vehicles-trains reconfiguring in crossroad ; (5) three vehicles-trains passing the crossroad at the same time. Especially, passing interaction times are compared with the traffic light control method. For all scenarios, the ability of proposed method is shown in diagrams and curves according recorded data like Chapter 9.

10.1/ VEHICLES-TRAINS PASSING CROSSROAD

In this experiment, the cooperative control algorithm is compared with a classical traffic light control algorithm where the priority is assigned to each road instead of vehicle. With this strategy, each vehicles-train behaves as a whole (i.e. it passes entirely before or after another vehicles-train so as to maintain the structure of each). The first train in the crossroad has got the priority and the second is waiting for the release of the crossroad. During the test, two features, distance and passing time, have been measured.

10.1.1/ PROCESSING DIAGRAM

The train, running from right to left, is called train T A , the another is train T B . Figure 10. 1(a) shows the situation where vehicles are preparing for the road crossing. In this situation, distances between vehicles are adjusted to crossing distance, from 4 to 7 meters. In Figure 10.1(b), the crossing road is executed. Vehicles are keeping the same speed, 5 kilometers per hour, and the crossing distance is 7 meters. After all the vehicles passed the crossroad, the virtual-vehicles are deleted. The distance between vehicles is changed to platoon distance, 4 meters, shown in Figure 10. 1(c). Vehicle distances concern the safety of people and the efficiency of the transportation system. In cooperative control system, the distance changes with the different situations. Usually, the distance between two nearby vehicles is 4 meters. While crossing roads, the distance is changed to 7 meters with the inserting of virtual-vehicles. As illustrated in Section 9.1, the distance is changed with the different speed. When the vehicle speed is set to 30km/h, distances are kept in 8 meters. However, if the speed decreases, the distance will also decreases. In this experiment of passing the crossroad, the vehicle speed is set to 5km/h, the normal distance is 3.5 meters. It is one strategy to compare the running time in our experiment. With the slowdown of vehicles, the passing time would be expended in both of the method, however the relative time, the cooperative control saving more time than traffic light, isn't changed.

10.1.2.2/ PASSING TIME

As introduced in before, two approaches have been compared in this experiment : traffic light control and cooperative control method. In addition, two different crossing distances, 7 and 18 meters respectively corresponding to inserting one and four virtual-vehicles, are also carried out so as to compare the passing time in different crossing distance. Inserting four virtual-vehicles between two nearby vehicles is just for comparing the passing time.

Forty points, represent forty times test, are shown in Figures 10.3. The Figure 10.3(a) gives the twenty results of the two methods, where the crossing distance is set to 7 meters. As well as, the results, shown in Figure 10.3(b), are the results of eighteen meters.

For each situation, average passing times are shown in Table 10.1. As show in Table 10.1, compared with the traffic light control, the crossing method saves time. With the increasing of the distance, the passing time is also increasing.

10.2/ VEHICLES-TRAINS PASSING ROUNDABOUT

As the experiment of passing crossroad, the cooperative control algorithm is also compared with a classic priority rule in this experiment.

During tests, two vehicles-train features (i.e. distance and speed) have been measured.

Passing times are also compared as well. Figure 10.4 shows the diagram of the two trains sharing the roundabout under cooperative control.

10.2.1/ PROCESSING DIAGRAM

The train, running from right to left, is named train T B , the train from bottom to top is named train T A . Figure 10.4(a) shows the situation where vehicles are preparing for the road crossing. In this situation, distances between vehicles are adjusted according to virtual vehicles given by top-level decision process. In Figure 10.4(b), the mission is being executed. After all the vehicles passed the roundabout, distances are changed to platoon distance as shown in Figure 10.4(c). The distances changes of two trains are also shown in Figure 10.7. 

10.2.2.1/ SPEEDS

In both of methods, the normal speed is set to 40 km/h and the max speed to 50 km/h. The train T B has the priority. For the multi-level decision algorithm, the vehicle V B1 , leader of train T B , accelerates to 40 km/h and keeps this normal speed. In the train T B , vehicles V B2 and V B3 adjust their speeds in order to hold the necessary distance, with a max speed set to 50 km/h as shown in Figure 10.5(b). Meanwhile, vehicle V A1 , the leader of train T A , moves using a new speed so as to pass the roundabout after V B1 . Vehicle V A2 and V A3 are also adjusting their speed as V B2 and V B3 (cf. Figure 10.5(b)). With normal behavior, train T B passes roundabout first. V B1 is accelerating to normal speed, V B2 and V B3 are following V B1 as shown in Figure 10.6(b). As opposed to the previous solution, train T A is waiting for the release of the roundabout and then enters into it (cf. In this scenario, two vehicles-train are configured in two different road which interact in roundabout. In Figure 10.9(a), the vehicles-train T B , composed by V B1 , V B2 and V B3 , is configured in the right side of horizontal road. By contrast, the vehicles-train T A , composed by V A1 , V A2 and V A3 , is configured in the down side of vertical road.

After they begin to run, the vehicle order is arranged firstly. According the vehicle order, the leader (V B1 ) is chosen to run at speed 30 km/h and virtual vehicles are created to adjust the distance. Before they arrive the roundabout, the vehicle distance in the same vehicles-train have been reconfigured completely, shown in Figure 10.9(b). The moment when V A2 and V B2 meet with each other is shown in Figure 10.10(a). When V A2 and V B2 leave the roundabout, V B2 turn to right to follow the V A1 ; V A2 turn to left to follow the V B1 , shown in Figure 10.10(b).

The encountering of V A3 and V B3 is shown in Figure 10. Distances from V A2 to V A1 and from V A2 to V B1 ,marked as A2 -A1 and A2 -B1 respectively, are shown in Figure 10.12. V A2 is far away from V B1 , also could be checked in configuration from Figure 10.9(a). With vehicles moving, V A2 and V B1 close to each other, and finally the two vehicles are reconfigured to one vehicles-train leading to one stability distance around 8 meters. The same situation also happened in V B2 which also changed its vehicles-train. Distance changing from V B2 to V A1 and from V A2 to V B1 are shown in Figure 10. Distance changing of V A3 with V A2 and V B2 , marked as A3 -A2 and A3 -B2 respectively, are shown in Figure 10.14. According to the configuration at the beginning, shown in Figure 10.9(a), V A3 isn't in the same vehicles-train with V B2 , the distance A3-B2 is far. With all vehicles move to roundabout, the distance A3 -B2 is reducing. Contrary, the distance between A3 -A2 is around 8 meters. For preparing the reconfiguration, the distance A3 -A2 is increased to around 20 meters through virtual vehicle. After the reconfiguration is finished, V A3 and V A2 aren't in the same vehicles-train, A3 -A2 increased. V A3 followed V B2 , A3 -B2 decreased to around 8 meters. The same thing happened between V B3 with V A2 and V B2 , shown in Figure 10 Speeds changing of all vehicles are shown in Figure 10.16 and Figure 10.17. According the reconfiguration process, shown in Figure 10.9, Figure 10.10 and Figure 10.11, V B1 is the leader which could be confirmed from the speed which is kept in 30 km/h after starting. After the reconfiguration is finished, V A1 is also assigned to leader role and its speed is kept in 30 km/h. Other vehicles adapted their speed in the assistant of virtual vehicle. .23 shows the distance changing between V A2 and V A1 , V B1 , marked as A2 -A1 and A2 -B1. At the beginning, V A2 and V B1 are so far away from each other. A2 -B1 decreased with vehicles moving. After V A2 passed the crossroad, V A2 followed V B1 and the distance A2 -B1 is kept in around 8 meters. Contrastingly, V A2 and V A1 are in the same vehicles-train at beginning. After reconfiguration, they move to different distance and A2 -A1 increased. The distance changing between V B2 and V A1 , V B1 are the same situation with distance changing between V A2 and V A1 , V B1 , shown in Figure 10.24. At beginning, V B1 and V B2 are in the same vehicles-train, B2 -B1 is nearby 8 meters. When V B2 began to leave crossroad, the distance B2 -B1 began to increase. V B2 and V A1 isn't in the same vehiclestrain and the distance B2 -A1 is large. When V B2 left crossroad, it followed V A1 leading to the distance B2 -A1 decrease to 8 meters. Distances between V A3 and V A2 , V B2 are marked as A3-A2 and A3-B2, distance changing is shown in Figure 10.25. V A3 and V B2 aren't in the same train, A3 -B2 is large. A3 -B2 is decreasing with all vehicles moving toward crossroad. After crossroad, V A3 followed V B2 in the same train, the distance A3 -B2 is adjusted to 8 meters. Contrarily, A3 -A2 is little Distances between V B3 and V A2 , V B2 are marked as B3 -A2 and B3 -B2 and the changing is shown in Figure 10.26. The distance changing is the same situation with it between V A3 and V A2 , V B2 . At beginning, V B3 and V B2 are in the same train, the distance B3 -B2 increased after crossroad because V B2 changing its train. V B3 and V A2 aren't in different road, in the crossroad two vehicles-trains are reconfigured. V B3 followed V A2 and the distance is adapted to 8 meters. Speeds of two vehicles-train are shown in Figure 10.27 and Figure 10.28. After all vehicles began to move, the V B1 is set to leader, it keeps in constant speed (30 km/h). Other vehicles adapted their speed to maintain suitable distance. After all vehicle passed the crossroad, V A1 is set to leader leading to the speed being constant in 30 km/h also. Other vehicles adapted speed to achieve suitable distance.

10.4/ RECONFIGURATION

10.5/ THREE VEHICLES-TRAINS PASSING CROSSROAD

In this scenario, three vehicles-trains are configured in crossroad and each train includes three vehicles. Vehicles-train T A runs from bottom to top ; vehicles-train T B moves from right to left ; vehicles-train T C runs from top to bottom.

10.5.1/ PROCESSING DIAGRAM

In this experiment, the vehicles order passing crossroad is VO

= {V C1 , V B1 , V A1 , V C2 , V B2 , V A2 , V C3 , V B3 , V A3 }.
The processing of this three trains passing crossroad is shown through five figures in Figure 10.29, Figure 10.30 and Figure 10.31.

In Figure 10.29(a), V C1 arrives the crossroad and V B1 and V A1 are moving towards encountering point. V B1 is closer than V A1 , it means V B1 will arrive the encountering point firstly. Figure 10.29(b) shows the state where V A1 just leaves encountering point after V C1 and V B1 . And V C2 will arrives the encountering point soon. Distances between vehicles and speeds of vehicles in train T A , are shown in Figure 10.35 and Figure 10.36 respectively. Before vehicles encounter, distances are adjusted according the vehicles order VO with the assistant of virtual-vehicles. At the beginning, distances are about 6 meters. Distances are adjusted to about 120 meters for other two vehicles sharing the crossroad. After passing crossroad, virtual-vehicles are deleted and distances are reduced to normal distance. However, the adjusting of distance is too slowly in here which should be improved. From speeds curves in Figure 10.36, we can get that V A1 moves firstly, V A2 secondly, V A3 thirdly which also could be proved by distances changing in Figure 10.35. The speed isn't stability, one of causes is the existing of measurement noisy. More important is that the platoon control also should be improved firstly for high speed condition. Vehicle provides a lot of convenience to people for daily life, such as traveling, going to work or school.... With the increasing of vehicle in the road, more and more problems appeared, for instance, traffic jam, air pollution and traffic accident. In order to deal with those traffic issues. We proposed a multi-agent based cooperative control model applied to the management of Vehicles-trains of vehicles.

The multi-agent model has been introduced in Chapter 5 from physical to logical, from vehicle to vehicles-train as a tool to organize vehicles and vehicles platoons. The vehicle model was described including the kinematic model and vehicle agent. Then, vehiclestrain was defined based on platoon concept. Each vehicle, as one important participant of traffic, was allocated one agent, called vehicle agent. The vehicle parameters, perception task and reaction framework were announced as main parts of vehicle agent. The vehicles-train agent was defined corresponding with vehicle train. The train agent level, as the superior level of vehicle agent level, was the place where the vehicles coordination happens. Thus, the reaction framework of the vehicles-train was delineated through detailing inputs and outputs.

For the multi-agent model, the interaction between agents, including communication and reaction, was formulated in Chapter 6, which providing the interaction method between vehicles platoons (vehicles-trains). The other important concept -the organization structure, defining the relationship between different agents, was also described. According the organization structure, there were two level in this structure : the vehicles-train agent level and vehicle agent level. The structure described the relationship between agents, not only at the same level agent but also at different level. Then, the communication was introduced into two part : first, the communication between vehicle agent and train agent ; the second part was that between vehicles-train agents. The information flows continually among agents under the system structure, separating it into two part was justly for more suitable analysis. An essential tool for tune vehicles was offered, virtual vehicle. Owing to the virtual-vehicle, the adjusting mission was detached into all agents.

In Chapter 7, the cooperative control algorithm was detailed in two section : train level and vehicle level as the strategies helping to share the road infrastructure efficiently, reliably and safely. The preceding vehicle and role were determined in train level through two steps. Firstly, the vehicles order was decided according principles including arriving time, relative position and planed routes. Secondly, the preceding vehicle and role were assigned according different scenario and vehicles order. The preceding vehicle could be a virtual vehicle composed by position and direction information. Then, the speed and steering command were calculated by platoon control algorithm based on physical interaction model. Above all, the speed and steering of vehicle command were given by multi-level decision system with vehicles position, speed and routes as inputs. Vehicles controlled by multi-level decision system realized coordinate control to avoid stop for waiting when vehicles encounter.

In Chapter 8, the experiment platform was presented focusing on VIVUS. Then, in Chapter 9, experiments were carried out in the two lanes road without intersection including four scenarios : (1) one vehicles-train running in one lane ; (2) one vehicle splitting from its vehicles-train ; (3) two vehicles-trains merging to one ; (4) reconfiguration happening inner-train. In Chapter 10, experiments in intersection were presented from four scenarios : (1) two vehicles-train passing crossroad at same time ;

(2) two vehicles-train passing roundabout at the same time ; (3) reconfiguration between two vehicles-trains in roundabout ; (4) reconfiguration between two vehicles-trains in crossroad ; (5) three vehiclestrains passing the crossroad at the same time. Experiments were shown through two types of figures : the fist type figures was the screen shot to record scenes as processing diagrams. The second type figures was some curves about the distance and speed changing followed by brief illustration. Especially, for experiments about two vehicles-train passing crossroad and roundabout at same time, passing times were compared with the situation where the traffic light control the traffic flow to pass the crossroad and roundabout. It proved that the proposed cooperative control system are more efficient. All scenarios also shown cooperative control ability in processing diagrams and data curves.

11.2/ FUTURE WORK

In this PhD, a protocol model has been developed in three parts : the element definition in this model, the organization and reaction between elements and the cooperative control method. Therefore, the future work is considered in this three areas firstly.

For the element in the model, more traffic participants can be tread as agents adding to the model, such as pedestrian, bikes, obstacles and some vehicles which cannot communicate with others. That can improve the robustness of the multi-agent system when putting them into real word. The environment should be also modeled as part of the system, such as the changing of the lane in the same road and so on.

The organization could be improved after some other traffic participants are added into system. The communication should be more precise through taking more different situation into consider to lead the communication more efficient and robust.

The cooperative control can be advanced through updating the vehicle order algorithm. The vehicles order decides the speed changing of involving vehicles. The suitable vehicles order can not only increase the efficient of traffic flow, but also decrease the fuel consumption The vehicle agent reaction derives to the vehicle movement command which impact the vehicle directly. From the curves of the speed and distance of our experiment result, we known that the speed and distance aren't so smooth. For the real vehicle, that is a big problem for making people uncomfortable and reducing the vehicle life. Therefore, the reaction model should be improved to gain more precise and smooth control command.

Considering the whole system, the proposed method should be generalized to widely areas, such as a big road network including more intersection, not only in number but also different types. The corresponding tests should also be carried out. In tests, it is also necessary to find if there are inter-blocking situations where vehicles stop. Taking other traffic participant into account, mixing this algorithm with other traffic system (buses, tramway) is also a interesting and necessary work.

As shown in the experiment result, the vibration is existing in the result curves including distance and speed. The first reason is the distance adjusting need a long time especially in high speed. The second reason is the existing of noise which need filter to deal with it. The control system hold the natural vibration also. In order to improve the stability of system, feedbacks should be add into system to form one closed-loop control system. [Tian et al., 2013] Tian, S., Zheng, S., Xie, B., et Qin, X. (2013). Intelligent vehicle platform and signal processing method applied to cooperative vehicle infrastructure.

Dans Intelligent Vehicle Platform and Signal Processing Method Applied to Cooperative Vehicle Infrastructure, pages 33-39.

Résumé :

Le but de cette thèse est de proposer une approche basée sur le paradigme multi-agent se focalisant sur les problématiques liées aux intersections entre des trains de véhicules. Ainsi, nous proposons un modèle de contrôle coopératif reposant sur des processus décisionnels multi-niveaux. Ce contrôle permet à la fois de préserver la cohérence et la sécurité de chaque train de véhicule et d'adapter leur comportement de manière à rendre efficace le partage de l'infrastructure. le modèle proposé est divisé en trois niveaux différents: au niveau du train, au niveau véhicule et au niveau composant de la chaîne de contrôle/commande. Cette thèse se focalise principalement sur les deux premiers niveaux. Ainsi, le processus décisionnel du train prend ses informations au niveau des autres trains et de ses constituants et envoi des requêtes au niveau véhicule. Le processus décisionnel au niveau véhicule fusionne les informations locales de sa perception propre et celles fournies par le train et produit des consignes appliquées par le niveau contrôle/commande. Cette thèse étudie également les possibilités de reconfiguration dynamique des trains en utilisant les intersections.

Mots-clés : Multi-agent, Contrôle coopératif, Multi-niveaux, Véhicules, Train de véhicules

Abstract:

The goal of this thesis is to propose an approach, based on multi-agent paradigm, which aims at dealing with systems level issues focusing mainly on interaction between vehicles-trains of vehicles. Thus, we propose a cooperative control system which relies on multi-level decision processes aimed at dealing with the interaction of platoons at road network nodes. This cooperative control system allows both to maintain the coherence and the safety condition of each involved train of vehicles and to adapt each train components behavior so as to make train shared the road, and especially roundabouts and crossroads, efficiently (i.e. without stopping any vehicle). This cooperative control system is divided into three different levels. The global train state is managed at the train-level decision process based on the train level perceptions. The vehicle-level process makes the decision concerning each individual vehicle according to data provided by the train-level and to the interaction between vehicles. Finally, the motor-level process makes the link between the vehicle-level command and hardware level of vehicles. In this thesis, we focus on the train-level and vehicle-level. When encountering, trains exchange information such as one part of their perceptions.
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 551 FIGURE 5.1 -Multi-agent model based on vehicles and train
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 5 2 as an example, person B and one box in one moving truck, person A stand by side of road. Person A would say that the box is moving, cause the earth is chosen as the reference frame by person A. However, person B would believe that the box is motionless when he take the truck as reference.
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 21 BETWEEN VEHICLE AGENT AND VEHICLES-TRAIN AGENT 6.2.1.1/ RUN-IN-TRAIN COMMUNICATION During the time where the vehicle is keeping run in vehicle train, the vehicle agent sends perception information to its representative vehicles-train agent and receives decision command, this communication mission is called run-in-train communication, as shown in Figure 6.3, and detailed in below.
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 65 FIGURE 6.5 -Trains agents communication framework

Définition 8 :

 8 Vehicles order When encountering vehicles would through one same point, such as the point O 1 , O 2 or O 3 in Figure 7.1, the order of passing this point is called vehicles order. This point, O 1 , O 2 or O 3 , are called encountering point.
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 7 FIGURE 7.4 -Preceding vehicle information in platoon decision

  .11 -Two train encountering in crossroad In here, two vehicle trains T A and T B encountering in crossroad are taken as an example, shown in Figure 7.11. Both of the two trains contain three vehicles, vehicles in T A colored with blue (or dark gray printing in black and white), vehicles in T B colored with yellow (or light gray printing in black and white). The vehicles-train T B go to left and the T A is upward. The distance of each vehicle to the encountering point O is shown, such as, the distance of vehicle V B1 is d A1O . According the distance and speed of every vehicle, the vehicles order passing the encountering point O is determined. In here, we give the vehicles order as

V

  B1 : the distance of the two vehicles are equal, d vir,B1 O = d B1
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 2 VEHICLE SPLITTING FROM ITS VEHICLES-TRAIN 9.2.1/ PROCESSING DIAGRAM In this scenario, vehicle V A2 would split form its vehicles-train composed by three vehicle : V A1 , V A2 and V A3 . The original position is shown in Figure 9.4(a), then the leader begin to accelerate and achieve the speed of 30km/h.

FIGURE 9

 9 FIGURE 9.4 -Splitting process
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 9 EXPERIMENT IN THE ROAD WITHOUT INTERSECTIONS AND RESULTSone safety longitudinal distance.
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FIGURE 9 . 6 -

 96 FIGURE 9.6 -Lateral distance between V A1 and V A2

Figure 9 .
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  9.3.2/ SPEED AND DISTANCE RECORDDistances and speeds changing are figured out in this section.

FIGURE 9 . 9 -Figure 9

 999 FIGURE 9.9 -Distances from V A1 and V B1 to V A2

FIGURE 9 . 10 -Figure 9 .

 9109 FIGURE 9.10 -Distances between V B1 with V A1 and V A2

FIGURE 9 .Figure 9

 99 FIGURE 9.11 -Distance from V B1 and V A2 to V B2
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 999139149 FIGURE 9.12 -Lateral distances from V A1 to V B1 and from V A2 to V B2
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 915 FIGURE 9.15 -Reconfiguration inner-train process

Figure

  Figure 9.15(c) shows the moment when V A2 moved to left lane which is the beginning of reconfiguration. When V A2 arrived and stayed in the left lane, the first step for reconfiguration is finished, shown in Figure9.15(d). Continuously, the longitudinal distance between

110CHAPITRE 9 .FIGURE 9 .

 99 FIGURE 9.16 -Lateral distance between V A1 and V A2

Figure

  Figure 9.16 shows the lateral distance between V A1 and V A2 . At the beginning, all vehicles in the same lane, they kept the lateral distance in zero. When the reconfiguration is started, the distance increase quickly until to 3.5 meters which means V A2 already in the left lane. Then, the lateral distance decreased to zero with V A2 return back to the right lane.
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 101 FIGURE 10.1 -The processing diagram of passing crossroad
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 102 FIGURE 10.2 -Distance changing when crossing
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 103 FIGURE 10.3 -Passing time of each test

  FIGURE 10.4 -The diagram of passing roundabout
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 10105106 FIGURE 10.5 -Speeds under cooperative control algorithm

FIGURE 10 . 8 -

 108 FIGURE 10.7 -Distances under cooperative control algorithm

Figure 10 .

 10 Figure 10.9(c) shows the moment when V A1 encounter with V B1 , and V B1 is in the front. Then, the two vehicles leave the roundabout, shown in Figure10.9(d).

  FIGURE 10.10 -Reconfiguration inner-train in roundabout (part 2)
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 101410 FIGURE 10.14 -Distances V A3 with V A2 and V B2

FIGURE 10 .FIGURE 10 .

 1010 FIGURE 10.16 -Vehicles' speeds in train T A

  , two vehicles-train are configured in two sides of crossroad, shown in Figure10.18(a). The vehicles-train in right side is train T B , composed by V B1 , V B2 and V B3 . The vehicles-train in the down side is train T A , composed by V A1 , V A2 and V A3 . Before encountering, vehicles-train adjusted distances between vehicles (shown in Figure10.18(b)).
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 10 FIGURE 10.18 -Reconfiguration process in crossroad (part 1)
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 10 FIGURE 10.24 -Distances between V B2 and V A1 , V B1
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 1025 FIGURE 10.25 -Distances between V A3 and V A2 , V B2
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 10 FIGURE 10.26 -Distances between V B3 and V A2 , V B2
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 102710 FIGURE 10.27 -Speeds of vehicles in train T A
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 101010321010 FIGURE 10.29 -Diagram of passing crossroad (part 1)
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 10 FIGURE 10.35 -Distances between vehicles in train T A
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 101010 FIGURE 10.36 -Speeds of vehicles in train T A
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TABLE 3 .

 3 

	An agent is a physical or virtual entity
	1. which is capable of acting in an environment,
	2. which can communicate directly with other agents,
	3. which is driven by a set of tendencies (in the form of individual objectives
	or of a satisfaction/survival function which it tries to optimize),
	4. which possesses resources of its own,
	5. which is capable of perceiving its environment,
	6. which has only a partial representation of this environment,

1. https ://deepmind.com/research/alphago/ 29 Définition 1 : Agent 7. which possesses skills and can offer services, 8. which may be able to reproduce itself, 9. whose behavior tends towards satisfying its objectives, taking account of the resources and skills available to it and depending on its perception, its representations and the communication it receives.

3.1.1.1/ AGENT TYPES

Agents can be divided into four types according two main themes : conduct and relationship to world, shown in Table

3

.1.

  5.2.1.3/ VEHICLE AGENT REACTION FRAMEWORK

	Local	
	environment		Speed
		Vehicle
	Role	agent
		reaction	Steering
	Preceding		angle
	vehicle	

TABLE 10 .
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		1 -Mean crossing time
	time(s) Method		
		Traffic light Cooperative control
	distance(m)		
	6	20.3	11.6
	18	30.0	25.4

Table 10

 10 .2. The time under traffic light control is about 23 seconds as opposed to 10 seconds for the cooperative control solution.

	TABLE 10.2 -Different times passing roundabout
	Method Traffic light Cooperative control
	time(s)	23

Some sen- sing and perception techniques for an omnidirectional ground vehicle with a la- ser
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Petri nets were used for modeling the agents[START_REF] Čapkovič | DES control synthesis and cooperation of agents[END_REF][ Čapkovič, ] [Frantisek, 2011]].One multi-agent system for traffic control has been proposed in our laboratory. The multiagent system were used to realize the approach of obstacle avoidance, platoon control[START_REF] Gechter | Cardriving assistance using organization measurement of reactive multi-agent system[END_REF]] [El-Zaher et al., 2011] [El Zaher et al., 2011] [Contet et al., 2011] [[START_REF] Dafflon | A layered multi-agent model for multi-configuration platoon control[END_REF]] [Koukam et al., 2013].3.4/ CONCLUSIONIn this chapter, the multi-agent system was reviewed from definition to application points of view. The multi-agent system is a edge tool to deal with the distributed system. And there is already a lot of application example based on multi-agent system, especially for the transportation system.
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-Creating two virtual vehicles

Assuming that there is no other vehicles or vehicles-train which would interrupt the movement of vehicles-train T A and all the vehicles in the train run in the same speed with the leader V A1 , the speed is marked as v A1 . The vehicles-train agent accepts the splitting request from vehicle agent. However, the vehicles order is still the same,

A3 , }, according the principles introduced in Section 7.1.1.1. In here, the vehicle V A2 want to split from train. Firstly, two virtual vehicle agent are created : V vir,A1 and V vir,A2 , shown in Figure 7.6. At the beginning, they run in the same speed as v A1 . The positions are the same as V A1 and V A2 positions respectively.

The virtual vehicle agent V vir,A1 is sent to V A2 as preceding vehicle. The preceding vehicle of V A3 is changed to V vir,A2 .

Then, the speed of V vir,A1 is add one lateral component ∆v vir,A1 leading the virtual vehicle V vir,A1 's position move to left relative to V A1 , shown in Figure 7.7. V vir,A1 's speed is changed to the same with V A1 after vehicles achieving suitable lateral distance, shown in Figure 7.8.

All vehicles run at the same speed as V A1 according the creation of virtual vehicles. V A1 and V vir,A1 arrive the encountering point at the same time. The same situation happens with V B1 and V vir,B1 , shown in Figure 7.13. V B1 and V vir,B1 leave the encountering point at the same time.

The same processing happens in all the rest vehicles, parts of them are shown in Figure 7.14 and Figure 7.15.

.18 -Two trains for merging In Figure 7.18, two vehicle trains, T A and T B , run in the same road but different lane and they need merge to one vehicle train. Vehicles in T A are blue (or dark gray printing in black and white), vehicles in T B are yellow (or light gray printing in black and white). Assuming that the new vehicles-train after merging is

Then, three virtual vehicles are created to adapt the distance shown in Figure 7.19. For the vehicles-train T A , virtual vehicle V vir,B1 is created as the preceding vehicle of V A2 corresponding vehicle V B1 . V vir,B1 's position is in the middle of V A1 and V A2 , moving at the same speed with V A1 as v A1 . For vehicles-train T B , two virtual vehicles, V vir,A1 and V vir,A2 are created corresponding to V A1 and V A2 . V vir,A1 keeps the same position with V A1 in the lane direction and one preset safety distance in the lateral direction, detailed in Figure 7.20. V vir,A1 keeps the same speed with V A1 as V B1 's preceding vehicle. Therefore, the role of V B1 is set to follower. The virtual vehicle V vir,A2 is created in the middle of V B1 and V B2 as V B2 's preceding vehicle.

Under the guidance of virtual vehicles, the distance of vehicles in the same train is adjusted firstly. When the really vehicle and the corresponding virtual vehicle (.i.e. V A1 and V vir,A1 ) is the same position in the lane direction, one lateral speed ∆v vir,A1 is add to V vir,A1 , shown in Figure 7.21. Then, train T B moves to the right until all the vehicles are in the same lane, shown in Figure 7.22. The train configuration includes the vehicle and the order of vehicles. In this section, two kinds of reconfiguration are presented : the order changing in one train and the vehicles changing between two trains.

Reconfiguration inner vehicle train

The order of vehicles in one train could be changed for optimizing reason or one emergent event. We separate the reconfiguration into three steps : first, dividing train into several parts according the reconfiguration ; second, every part moves to suitable place for return the train again ; third, all parts merge into one train. Taking one train T A as an example, which contain three vehicles and the second vehicle, marked in blue (or dark gray printing in black and white), should be changed to leader. The first step is to move the second vehicle V A2 out of the train in other lane. Secondly, moving the V A2 to front until a suitable place. Thirdly, V A2 return to the lane where the train run as leader. The details are explained in below through several figure step by step.

-Create two virtual vehicles

The configuration of train T A is shown in Figure 7.25 where vehicle V A2 is going to be reconfigured as leader. The beginning of reconfiguration is to create two virtual vehicles :

V vir,A1 and V vir,A2 holding the same position and speed with V A1 and V A2 correspondingly, shown in Figure 7.26. Then, preceding vehicles of V A2 and V A3 are changed to V vir,A1 and V vir,A2 respectively.

-Begin moving to front

After virtual vehicles are deployed, the fist step of reconfiguration, dividing train, is executed. This step is almost likely with the splitting : one lateral speed, ∆v 1 vir,A1 , is added to virtual vehicle V vir,A1 shown in Figure 7.27. Vehicle V A2 moves to left and hold the nearby lane. The lateral speed is reduced to zero and one speed in the same direction with V A1 is added to virtual vehicle V vir,A1 , shown in Figure 7.28. In below, the new speed of virtual vehicle V vir,A1 is marked as v A2 = ∆v 2 vir,A1 + v A1 . At the same time, virtual vehicle V vir,A2 runs in speed v A2 instead of being deleted.

.30 -Adjust longitudinal distance When virtual vehicle V vir,A2 arrives the same position with vehicle V A1 , preceding vehicles of V A1 and V A3 are changed to V vir,A2 and V A 1 respectively. Hence, the role of vehicle V A1 is changed to follower from leader, shown in Figure 7.29. Two virtual vehicles, assigned the speed v A2 , leading the three vehicles to adjust speeds and distances, shown in Figure 7.30.

The second period of reconfiguration is to adjust the longitudinal between vehicles. When all distance between vehicles is in the safety distance, all vehicles run in the same speed v A2 in lane direction, shown in Figure 7.31. Then, the third step is to merge all the vehicles into one lane. Therefore, one lateral velocity to right is assigned to virtual vehicle V vir,A1 , shown in Figure 7.32.

-Delete virtual vehicles

After all vehicles run in one lane, preceding vehicles of V A2 , V A1 and V A3 are V vir,A1 , V A2 and V A1 correspondingly, as the order in Figure 7.33. Then, the virtual vehicle V vir,A1 is deleted and the role of V A2 is changed to leader. Finally, vehicles-train is updated including the symbol. However, as the mark of vehicle color, the blue (or dark gray printing in black and white) one is changed to the head as leader.

Reconfiguration between vehicle trains When vehicle trains encounter with each

other, if the configuration of train, including vehicles and their orders, are changed, the

.37 -Vehicle V B1 and virtual vehicle V vir,B1 encounter each other When vehicle V B1 encounters with virtual vehicle V vir,B1 in roundabout, they keep the same speed shown in Figure 7.37. V v i r , B3

V v i r , B2

V v i r , B1

.39 -Vehicle V B2 and virtual vehicle V vir,B2 encounter each other

The third time of encountering happens between virtual vehicle V vir,B2 and vehicle V B2 shown in Figure 7.39. When V B2 and V vir,B2 arrive the same position, the preceding vehicle of V B2 is still virtual vehicle V vir,A1 . V v i r , A 1 V v i r , A 1 7.42. When V A2 and V vir,A2 leave the roundabout, thinking about that V B3 and V vir,B3 should keep their route as before, the preceding of V B3 and V vir,B3 are changed to V A2 and V vir,A2 respectively from V vir,A2 and V A2 . V v i r , A 1