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1 Introduction
In recent years, with the progress of science, technology, and manufacturing levels, the development of the automotive industry has been extremely rapid. The automotive industry is facing “a hundred years of great changes.” Vehicle electrification and intelligence are the main directions of future development. At the same time, with the improvement of living standards, the number of vehicles per capita is also rising year by year, although the rise of car ownership has a very favorable impact on social and economic development, but with the increase in the number of cars, there are also many problems, such as environmental pollution, traffic accidents and other problems. Relevant statistics show that the number of deaths due to traffic accidents is rising year by year, of which human driving error is one of the main causes of traffic accidents. In this context, the research of driverless vehicle technology is of great significance.
The increasing progress of driverless vehicle technology has great research significance and social value for the entire automotive industry. The response speed of driverless vehicles is much higher than that of human drivers, and they can make emergency braking or avoidance actions within milliseconds to reduce the risk of collision. Driverless technology can help reduce traffic accidents, avoid many human driving errors, and reduce the accident rate. Through real-time communication and intelligent traffic analysis, traffic congestion can be reduced and urban traffic problems can be alleviated. Through efficient driving, better traffic flow and vehicle coordination, fuel consumption can be reduced, carbon emissions and environmental pollution can be reduced, and the environment can be protected. These aspects have a far-reaching impact on the development of social economy and science and technology. Trajectory planning and tracking control are the core functions of unmanned vehicle systems, which ensure that the vehicle can accurately travel along the planned path. It involves not only precise routing decisions, but also consideration of the dynamic performance of the vehicle to ensure that the vehicle remains stable in a variety of road conditions and environments. This process involves complex algorithms and large amounts of sensor data, including but not limited to GPS positioning, LiDAR scanning, camera image capture, etc., to sense the surrounding environment in real time and make quick decisions. In addition, these systems must be able to handle unexpected situations, such as obstacle avoidance and emergency braking, as well as the recognition of other vehicles, pedestrians and road signs. Therefore, the design and optimization of trajectory planning and tracking control system is crucial to the development of unmanned driving technology, which is directly related to the practicality, reliability and popularity of unmanned vehicles. With the continuous progress of artificial intelligence and machine learning technology, the trajectory planning and tracking control system of unmanned vehicles will become more intelligent and efficient, and can better cope with the complex and changeable driving environment, providing passengers with a safe, comfortable and convenient travel experience.
2 Literature Review
2.1 Research status of path planning
The research goal of trajectory planning is to calculate an optimal path through the upper level decision system on the basis of ensuring driving safety and efficiency. This process involves not only the physical limitations of the vehicle itself, such as acceleration, steering ability and braking performance, but also the prediction and response to complex road environments, traffic rules and dynamic obstacles such as other vehicles and pedestrians. Trajectory planning systems need to receive and process large amounts of data in real time, including the current state of the vehicle, information about the surrounding environment, and destination location, using advanced algorithms such as graph search, spline curve generation, and artificial intelligence methods to determine a safe and efficient driving path. In this process, the system must also take into account driving comfort, avoid too rapid acceleration or sharp turns, and ensure the passenger experience. As technology advances, algorithms for trajectory planning are also evolving to respond to changing driving environments and improve the overall performance of driverless vehicles.
The path planning algorithm based on graph search transforms the actual environment information of the vehicle into a raster map, and turns the planning problem into a graph search problem on the basis of the known environment map to search the driving path that meets the requirements. The common path planning algorithms based on graph search include A* algorithm, Dijkstra algorithm, JPS algorithm, dynamic A* algorithm and so on. Dijkstra's algorithm is a breadth-first search algorithm, which can find the shortest path from the start node to the target node in the figure. Chen Zhikang et al.[1] improved Dijkstra's algorithm, adopted the pheromone idea in ant colony algorithm, and added information factor judgment criteria to the algorithm to judge the cost of path points. Compared with the traditional Dijkstra algorithm, the improved algorithm reduces the redundant waypoints and has better planning effect. Zeng Chao et al.[2] used Dijkstra's algorithm to solve the problem of vehicle access efficiency of horizontal circular stereoscopic garages, established a queuing model with the path running time during vehicle access as an evaluation index, and optimized Dijkstra's algorithm from the aspects of search direction, search scope and dynamic node search. The improved Dijkstra algorithm effectively improves the access efficiency of vehicles. A* algorithm is improved on the basis of Dijkstra's algorithm, adding a heuristic distance function to make node search more directional and reduce the number of traversal of unrelated nodes, thus greatly improving the search efficiency. Although the search efficiency of A* algorithm has been greatly improved compared with Dijkstra's algorithm, when the spatial dimension is high, the search efficiency still needs to be improved, and the output path is not smooth enough and there are many turning points. Anthony Stentz et al.[3] proposed that the biggest advantage of D* algorithm compared with A* algorithm is that it is compatible with both static environment and scenes with unknown dynamic changes. Harabor[11] et al.[4] proposed the JPS algorithm. Aiming at the shortcoming of A* algorithm that expands too many useless nodes, the algorithm screens nodes and selects valuable nodes, called jump points, to remove those meaningless redundant nodes and speed up the path solving process. Chen Jiabao et al.[5] proposed A neighborhood switching mechanism, optimized the search neighborhood, improved the path search accuracy, improved the heuristic function, and adopted B-spline curve smoothing A* algorithm, and the improved A* algorithm achieved good planning results.
To sum up, the path planning algorithm based on graph search, including its various improved algorithms, has been relatively mature in theoretical research. However, in practical engineering projects, it is often necessary to combine the global path planning algorithm with the local path planning algorithm to ensure the reliability of the path planning algorithm in complex scenarios. In this paper, the A* algorithm is improved and a local path planning algorithm based on quintic polynomial curve is proposed to realize the path planning task in complex scenarios.
2.2 Research status of trajectory tracking
The research purpose of trajectory tracking problem is based on the premise of tracking accuracy and smoothness. The upper controller sends out control commands such as steering Angle, speed and pedal depth, and transmits them to the control execution module of the unmanned vehicle to mobilize the steering wheel, accelerator and brake pedal of the unmanned vehicle to respond to the expected control commands. The unmanned vehicle can travel according to the reference trajectory if the prerequisite conditions are met. Unmanned vehicles not only have dynamics constraints, chassis complexity, tire stress and other factors, but also complexity and uncertainty of external road conditions, which increase the difficulty of unmanned vehicle trajectory tracking. Today, there are many trajectory tracking algorithms that are solving these problems from different angles.
The pure tracking algorithm in the geometric motion control method is based on the preview idea and adopts the vehicle kinematics model to design the transfer function[6]. This method requires fewer control parameters and has good robustness, which is suitable for low-speed scenarios. In classical motion Control method, Proportional Integral Derivative Control (PID) is a kind of classical feedback control algorithm widely used in automatic control system. Zhao Pan[7] fused PID algorithm with neural network and applied it to the lateral control of unmanned vehicles. Compared with single PID controller, the fusion algorithm can better improve the dynamic characteristics of the system. The representative methods of modern motion control are linear quadratic regulator (LQR) and model predictive control (MPC). LQR is a classical control algorithm for linear dynamic systems. The LQR algorithm minimizes the cost function by designing an appropriate state feedback matrix K to achieve the stability, accuracy and efficiency of the system. Gu et al.[8] used genetic algorithm to optimize the LQR algorithm to obtain the optimal Q and R matrix, and the optimized LQR algorithm could obtain better control effect. Alcala et al.[9] proposed a nonlinear control strategy based on Lyapunov principle and used LQR-LMI optimization algorithm to determine the optimal parameters of the controller. This method can ensure the comfort and stability of the autonomous vehicle by constantly adjusting the parameters of the nonlinear controller through an iterative algorithm. The MPC works by using a mathematical model of the system to predict the future behavior of the system and compute the optimal control input on each time step to satisfy the constraints. XUE W et al.[10] proposed an improved MPC controller with variable sampling time. By changing the sampling time and increasing the sampling density, the tracking performance of the controller was improved. GUO et al.[11] proposed an MPC controller based on double envelope surfaces. Different from the traditional one-dimensional vehicle road model, Guo et al.[11] took the actual shape and size of the vehicle and the actual road width as constraints of the MPC controller, and adjusted the sampling time and predicted step size adaptively according to the road curvature. The modeling error in vehicle model building is effectively reduced, and the path tracking accuracy is better improved. Yu et al.[12] used the untracked Kalman filter combined with the 4-DOF vehicle model to estimate the state of the vehicle, and transferred the real-time state of the vehicle to the MPC controller to solve the control quantity and realize trajectory tracking.
To sum up, many scholars have done a lot of research on the trajectory tracking algorithms of unmanned vehicles, and put forward many improvement methods to solve the problems existing in the existing algorithms. Among them, the geometry-based motion control method has simple structure, fewer control parameters, and good robustness in low-speed scenarios, but it may not be stable enough for trajectory tracking in high-speed driving scenarios and dynamic environments. For classical motion control methods, the research object is generally linear time-invariant systems with single input and single output, which is difficult to solve the time-varying and nonlinear problems of multi-input and multi-output control systems. Therefore, it is necessary to combine with other algorithms to achieve control functions in complex scenarios. In modern motion control methods, compared with LQR algorithm, MPC algorithm can better deal with multi-constraint problems, and the tracking algorithm has higher accuracy and robustness in dealing with external interference and road adhesion problems. Therefore, this paper will design a trajectory tracking controller based on MPC algorithm and PID algorithm.
3 Methods:
Firstly, the dynamics model of the unmanned vehicle is established, Frenet coordinate system is introduced, the conversion relationship between Cartesian coordinate system and Frenet coordinate system is mathematically derived, the tire model is established based on the magic tire formula, and the vehicle two-degree-of-freedom dynamics model is established based on reasonable assumptions. Finally, the two-degree-of-freedom vehicle dynamics model is transformed into Frenet coordinate system to obtain the error-based vehicle dynamics model.
Then there is the research of unmanned vehicle path planning algorithm, which is mainly divided into two parts. The first part is to study the global path planning algorithm, which improves and optimizes the A* algorithm. Firstly, the principle of the A* algorithm is introduced, and then the evaluation function of the A* algorithm is improved and optimized to solve the problems of low search efficiency and poor target orientation of the traditional algorithm A*, and the heurizing function is dynamically weighted. Finally, B-spline curve is used to smooth the global path output by A* algorithm. The second part is to study the local trajectory planning algorithm. Firstly, it is determined that the trajectory model of the local trajectory planning algorithm adopts quintic polynomial curve. Frenet coordinate system is introduced to decouple the local trajectory planning into horizontal motion planning and longitudinal motion planning. The quintic polynomial is used as the trajectory planning curve model to generate the horizontal and longitudinal trajectory sets respectively, and the trajectory evaluation function is reasonably designed from the aspects of comfort and safety. Then, the horizontal and longitudinal trajectories are synthesized, the synthetic trajectories evaluation function is designed, the synthetic trajectories are evaluated, the local trajectories that meet the conditions are output, and the above steps are repeated to realize the dynamic update of the local trajectories. Finally, the simulation scene is built in Matlab to verify the feasibility of the algorithm.
The next step is to study the control algorithm of unmanned vehicle trajectory tracking. This paper adopts the decoupling idea to design the horizontal and vertical controllers respectively. In the aspect of horizontal control, the horizontal controller is designed based on the model predictive control algorithm. The error-based dynamic model is taken as the predictive model, the model is discretized derived, the dynamic constraints are added, the objective optimization function is established, and the optimal control sequence is obtained by transforming the model into a quadratic programming problem for solving. In the aspect of longitudinal control, based on PID algorithm, the displacement-velocity closed-loop double PID controller is designed to control the accelerator and brake of the vehicle. Finally, Simulink and CarSim co-simulation platform was built to verify and analyze the designed horizontal and vertical control algorithm.
Finally, the path planning and control algorithm are combined to form a cooperative working system, and the detailed simulation test is carried out to verify and analyze whether the algorithm can plan a reasonable trajectory, control the vehicle to avoid obstacles, control the trajectory tracking error within a reasonable range, and ensure the safety of actual driving.
4 Results:
Driverless vehicle technology has a broad development prospect, affects people's travel mode in the future, and has an important impact on scientific and technological progress and social development, which involves a variety of key technologies. This paper chooses path planning and trajectory tracking control as the research direction, mainly focusing on the dynamics model, path planning and trajectory tracking control of driverless vehicles. Firstly, by introducing Frenet coordinate system and tire model based on magic tire formula, the two-degree-of-freedom dynamic model of vehicle is established successfully. Then, in terms of path planning, this study is divided into two modules: global path planning and local trajectory planning. Through the improvement of A* algorithm and the application of quintic polynomial, the optimization of path planning efficiency and trajectory smoothing processing are realized. In terms of trajectory tracking control, model predictive control and PID algorithm are used to design the horizontal and vertical controller. Finally, the effectiveness of the algorithm is verified by Matlab, Simulink and CarSim co-simulation, which ensures the practical feasibility of the planned trajectory and the safe driving of the vehicle.
5 Evaluation:
In this paper, path planning and trajectory tracking control algorithms are studied; however, there are still many shortcomings. First of all, in the design of horizontal controller, the dynamic model used is relatively ideal, which may affect the accuracy and robustness of the control algorithm in practical applications. Idealized models often ignore some complex factors in actual driving, such as changes in road conditions, fluctuations in vehicle load, etc., which may have a significant impact on the dynamic performance of the vehicle. Secondly, the setting of constraint conditions in this study is relatively simple. Although the simplified constraint conditions are conducive to the implementation and calculation of the algorithm, in practical applications, the vehicle driving environment is extremely complex and changeable, including but not limited to dynamic obstacle prediction, multi-vehicle interaction and other factors. Simplified models and constraints may not fully capture the driving characteristics in these complex scenarios, thus affecting the effect of trajectory planning and tracking control. Finally, this research mainly focuses on the design and simulation verification of the algorithm, and lacks the test and verification on the actual hardware system. There are many differences between the real vehicle and the simulation environment, such as sensor errors, actuator delays, etc., which can affect the actual performance of the control algorithm. Therefore, future research should consider testing on real vehicles to verify the performance and reliability of the algorithm in practical applications.
6 Timetable:
	Month
	Assignment

	May
	Collect and read literature

	June
	Build vehicle model and design controller

	July
	Simulation analysis

	Auguest
	Write the dissertation
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