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1. [bookmark: _Toc99439623][bookmark: _Toc133163910]Introduction
Multi-vehicle formation control has always been a hot research field and direction of intelligent networked vehicles. The multi-vehicle formation control is usually based on the vehicles in a vehicle cluster, and the method of collaborative control based on distributed vehicle cluster is adopted. Formation control enables all vehicles in the same cluster to adjust their motion states through given protocols according to the status information of their neighbors in the cluster, and finally achieve the same speed of all vehicles in the cluster and achieve the desired formation[1, 2]. By forming a formation, all intelligent networked vehicles run in approximately the same state, and can form a stable formation on the premise of ensuring a safe driving distance. Considering the factors of wind resistance and energy consumption, intelligent networked vehicle formation has a high application value in reducing traffic congestion, improving fuel efficiency, ensuring vehicle safety and other aspects[3].
This Technology was first proposed by the "Association of Electronic Technology for Automobile Traffic and Driving" led by Japan Association of Electronic Technology for Automobile Traffic and Driving, aiming at the premise of road traffic safety. By making full use of road capacity, several vehicles with autonomous driving ability can be formed into one or more flexible vehicle queues with the same driving speed and small vehicle spacing. According to different traffic conditions and vehicle driving needs, under the integrated management and control of intelligent vehicle road system and human-vehicle interaction, the team can realize collaborative driving under multiple working conditions, such as autonomous constant speed cruise, variable speed following and combined departure. It can effectively reduce traffic accidents caused by human factors; Coordinated driving with the optimal matching fixed speed and vehicle distance can greatly reduce the driving air resistance of vehicles, save energy and reduce carbon dioxide emission. At the same time, the organizability and comprehensive management of traffic flow are enhanced, and the randomness of traffic dynamic changes is weakened and the certainty is enhanced, thus improving traffic flow density and transportation efficiency[4].
[bookmark: _Toc99439624][bookmark: _Toc133163911]1.1 Purpose of the Study
CACC system (Cooperative Adaptive Cruise Control) is developed on ACC (Adaptive Cruise Control). Vehicles can obtain the speed and position status of other vehicles in the cluster. Through the cooperation between vehicles, vehicle formation is finally formed. When vehicles are driving in formation, the sensors of multiple vehicles can be used to collect environmental information and self-vehicle information together, so that limited intelligent hardware can process complex information, because of the information interaction between multiple workshops.
Traditional ACC technology usually uses PID algorithm for control. According to the error between the current shop distance and the target distance, the PID algorithm is used to calculate the target acceleration, so that the vehicle can meet the autonomous cruise function. However, for CACC system, formation driving means that any workshop errors may be accumulated and amplified in the queue, and multi-vehicle collision accidents are more likely to occur under the condition of sudden braking, which means that the accuracy and real-time requirements of the control algorithm are higher. PID algorithm usually used in ACC system can no longer meet the requirements. Therefore, this paper will construct the space motion equation of the convoy, take the convoy as a whole, and use the MPC algorithm with better robustness to control, so as to achieve the function of formation cruise.
[bookmark: _Toc133163912]1.2 Research Background
The rapid development of automobile industry not only brings convenience to people but also brings various social problems, such as: Urban road traffic congestion, automobile exhaust emission pollution, automobile noise pollution and road traffic safety issues, among which road traffic safety issues have more and more attracted people's attention, frequent road traffic accidents have caused huge casualties, but also to the society and individuals have brought huge property and economic losses. The relevant statistics of the World Health Organization show that traffic accidents have become an important cause of human death. According to the National Highway Safety Administration (NHTSA), 70 to 90 percent of all road traffic accidents are caused by driver misconduct[5]. In order to make up for the adverse consequences brought by the driver's operation, so that the vehicle can respond timely and accurately in the face of danger, autonomous vehicle has become an important research field.
The SAE Society of Automotive Engineers in the US ranks autonomous driving into five levels of intelligence. Nowadays, many models in the market are equipped with L2 level autonomous driving module, and the automotive industry is working on the development of "L2+ ~ L5" higher level control methods. With the rapid development of science and technology, people have made breakthrough progress in the fields of environmental perception, intelligent algorithm, chip embedding, scene analysis, multi-information integration, and so on. Coupled with the continuous attention of car owners to driving safety, ADAS intelligent auxiliary system has been developed rapidly. In order to speed up the research and development process of intelligent driving, many institutions have conducted span studies for different levels[6]. In L2, the human driver is the subject; The main body above L3 stage becomes smart car. When the responsible body changes, the technology needs to be improved by leaps and bounds.
It is precisely because it will take time for autonomous driving technology to spread, so assisted driving technology is favored by people. Advanced driver assistance system is the solution of automobile active safety defense derived from this trend. At present, it can better reduce the occurrence of traffic accidents caused by driver factors. It is in the L3 level of automatic driving technology classification of American Society of Automotive Engineers, that is, under certain scenarios, Autonomous vehicles can monitor the driving environment in real time and complete part of the driving task, switching to the driver to take over the vehicle when necessary[7].
The most critical feature in advanced driver assistance systems is adaptive cruise control, a technology that has been around for a long time but has natural limitations. Here's how it works: Sensors mounted on the car body are used to sense the surrounding environment. Without the driver's control, the accelerator pedal and brake pedal of the car can be automatically adjusted in real time to maintain a safe driving distance with the vehicle in front. The research object is mainly the following vehicle and the lead vehicle, and the vehicles in front of the lead vehicle or behind the target vehicle or even farther away are not considered enough. The information interaction between the surrounding vehicles is too little, which will have an adverse impact on the traffic flow on the whole road. Since the 1990s, researchers have applied ACC in vehicle queue control, that is, multiple vehicles with ACC function form a queue through certain strategies, and carry out related studies and experiments. At present, this technology has been applied in some high-end products of car brands, and is gradually being commercially produced. However, ACC system mainly relies on the vehicle's on-board sensors, which are mainly oriented towards the vehicle's adaptive ability and safety to traffic flow changes, and lacks systematic consideration[7]. There are many deficiencies in alleviating traffic congestion and shock, improving fuel economy and improving traffic flow efficiency. With the rapid development of communication technology, on the basis of adaptive cruise control system, vehicle and vehicle communication can timely and accurately share driving state information, thus promoting the emergence of collaborative adaptive cruise control system, which can solve the problem of traffic congestion to a large extent and is conducive to the smooth operation of traffic flow.
[bookmark: _Toc133163913]1.3 Basic Principles
CACC vehicles use on-board equipment and wireless communication real-time data to detect the traffic running status of the vehicle in front and even further ahead, and realize vehicle control based on the above data. Compared with the on-board detection equipment of ACC vehicles, CACC uses vehicle-vehicle communication technology to obtain the traffic flow status ahead. On the one hand, it can effectively expand the vision of the vehicle and improve the perception range of the vehicle. On the other hand, it can reduce the information acquisition delay and improve the control efficiency, so that CACC vehicles can maintain a smaller shop time interval than ACC vehicles. Studies have shown that, compared with the traditional ACC system, CACC can effectively shorten the time headway between the front and rear vehicles, greatly improve the road efficiency, improve the safety performance of the fleet, and reduce the fuel consumption of vehicles.
Aiming at the complex nonlinear CACC system, this paper will use fuzzy algorithm, PID algorithm, MPC algorithm to control the vehicle. Firstly, different vehicle target spacing schemes are studied, and the target spacing scheme adopted in this paper is determined by comparing the effect difference between different schemes through simulation. The design of cooperative adaptive cruise control system is divided into upper and lower levels of control: the upper level controller controls the driving behavior. According to the position, speed and acceleration signals obtained by wireless communication, the mathematical model of the state-space equation is established according to the mutual longitudinal kinematic characteristics of the autonomous vehicle and the convoy, and the MPC algorithm is used to calculate the expected acceleration of the autonomous vehicle according to the target workshop distance. In the lower controller, the nonlinear vehicle dynamics model considering the driving lag and acceleration constraints is established. The target acceleration calculated by the upper controller is taken as the input, and the throttle opening and brake master cylinder pressure of the following car are taken as the output, and the fuzzy PID algorithm is used to correct it, so as to ensure the stable operation of the system[8].
[bookmark: _Toc133163914]1.4 Research Significance
1. Vehicle formation can improve road traffic efficiency and reduce lane congestion. Stable formations reduce workshop spacing and improve road capacity.
2. Vehicle formation can ensure driving safety. Equipped with advanced sensors and controllers, the vehicle can obtain the status information of other vehicles in the cluster in real time, assisting the vehicle to make quick decisions. At the same time, the safe distance and speed of the vehicles in the cluster are stabilized within a certain range, which can also avoid the rear-end collision accident due to sudden acceleration and deceleration.
3. Vehicle formation reduces energy consumption. The stable movement of vehicles in formation can effectively reduce wind resistance and thus reduce energy consumption[9].
4. Vehicle formation can give play to the characteristics of distributed cooperation of vehicles. In some areas or scenarios, such as lane reduction, vehicles need to cluster and move in formation through lanes to reduce intersections.
Therefore, the research of vehicle formation control not only provides scientific basis for vehicle theory, but also has good application value in real life, and provides practical application guarantee for the development of intelligent transportation system.
[bookmark: _Toc133163915]2 Literature Review
[bookmark: _Toc133163916]2.1 CACC experimental verification
In August 1997, the United States established Automated Highway Systems (AHS) in California and began to implement the PATH program[10]. On a 12km long road, eight fully autonomous vehicles run in formation at a small distance.
In 2004, PREVENT, a European-funded integrated project to develop autonomous driving assistance systems, and WILLWARN, a sub-project to study V2V based hazard warning applications, developed a hazard detection system for buses, including obstacles, low visibility weather conditions[11], Warning function for bad road condition and construction site. In WILLWARN, when the warning management system detects a dangerous situation, it determines when and how far the message should be stored and transmitted based on a specific set of rules so that it can be forwarded to other vehicles approaching the dangerous area. Designed to detect potential collision hazards and provide drivers with early warning and automatic collision prevention measures, the device is based on Dedicated Short Range Communication (DSRC) using the specialized Wi-Fi standard and DSRC communication protocol IEEE802.11p[12]. Vehicles equipped with DSRC devices can share current vehicle information (vehicle latitude and longitude, speed, acceleration, heading Angle, body size, etc.) within a range of 300 meters.
In the 2009 EU-funded Safe Road Trains for the Environment (SARTRE) project, SARTRE placed relatively heavy vehicles (trucks) at the front of the queue to reduce the risk of collision during emergency braking, Each car keeps a reasonable distance from the car directly in front of it and travels at a speed of 90km/h[13]. The results show that a 20% reduction in the overall fuel consumption of the queue can effectively increase safety benefits (reducing accidents caused by driver actions), reduce congestion and improve traffic flow[14].
China's centralized systematic research on vehicle-road/vehicle-road collaboration began in 2011. With the support of the National 863 Program, a research team composed of Tsinghua University carried out systematic research on key technologies of vehicle-road/vehicle-road collaboration and established the framework of China's intelligent vehicle-road collaboration system. Applications such as blind area warning, multi-vehicle coordinated lane change, intersection conflict avoidance, pedestrian non-motor vehicle collision avoidance, emergency vehicle priority passage, speed guidance, convoy control, convoy coordinated passage of signal crossing were developed and demonstrated in the actual scenario.
Although the research on intelligent networked vehicle formation in China started late, a series of policies, such as the Mid - and Long-Term Development Plan of Automobile Industry, have greatly promoted the research on key technologies of vehicle collaborative formation control in the automobile industry. For example, Changan has conducted vehicle queue test, Dongfeng has conducted intelligent network connected vehicle queue demonstration application, etc. These researches have greatly promoted the development of intelligent connected automobile industry of our country.
[image: ]
Figure 1. Vehicle queue test conducted in Chang 'an
[image: ]
FIG. 2 Demonstration of intelligent networked vehicle queue conducted by Dongfeng
In order to better develop vehicle networking and autonomous driving technology, the Japanese government has provided a good platform in terms of policies and standards. Its highway driverless and autonomous driving implementation route report released in 2016 clearly indicates that autonomous driving functions will be realized in some areas in 2020[15].
South Korea's ultimate goal in the field of Internet of vehicles is to realize the popularization of ITS nationwide, that is, to realize highly automated application services through the integration of vehicle, road and cloud, so as to improve the utilization rate of traffic resources and traffic safety[15]. It is planned to realize ITS based on the Connection of Road to Everything (CORE) based on roadside devices before 2040, and it is planned to focus on the deployment of ITS test demonstration area in 2020 to realize the intelligent transportation function in the traffic accident black spot. The demonstration zone, which includes the Seoul Beltway, the city, and Jeju's highways and trunk lines, uses WAVE as its main V2X communication technology, supplemented by LTE and 5G cellular technologies. It is planned to implement forward collision and congestion warning, collaborative adaptive cruise, high-precision positioning in tunnels, construction area and accident vehicle warning, handling of dangerous trucks and overloaded vehicles, road weather warning and emergency vehicle warning on expressways.
[bookmark: _Toc133163917]2.2 Distance Model
The safety distance model is also known as Collision Avoidance (CA), which means that the driver attempts to follow the vehicle in front with a certain distance value combined with his own experience, considering the vehicle performance limitation and the driver's characteristics during driving. The distance can meet such conditions: Even if the car in front brakes hard, the driver behind has enough reaction to react and brake hard to avoid a collision.
This model is initially proposed by Kometani and Sasaki in Japan. The basic framework of this model is established based on Newton mechanics formula, and it is widely used in traffic simulation software. Kometani et al. [16]calculate the safe following distance by the speed of leading vehicle and following vehicle, namely:
 		(2.1)
Gipps[17] puts forward a new safety distance model considering acceleration and safety distance constraints of vehicles comprehensively. Based on Kometani et al. 's model, this model considers many factors affecting driving behavior and is still widely used today. Its basic expression is:
			(2.2)
Where,  is the distance between the head of the NTH vehicle and the leading vehicle, and  is the estimated value of the acceleration of the leading vehicle by the driver of the following vehicle, which can be simply considered as equal to the actual acceleration of the leading vehicle .
AyresTJ et al.[18-20] proposed a safety distance model based on time headway, which obtained meaningful time headway parameters through a large number of experimental data mining. Accordingly, since the model only considered time headway, it was not comprehensive enough, so it could not be well applied to the distance warning between vehicles and was initially applied to the driving guidance between vehicles. Later studies mainly focus on quantifying the warning levels of this model, including the proposal of multi-mode warning. Based on vehicle speed, the minimum safety distance corresponding to vehicles in different speed ranges is given respectively.
Yamamoto K, A.Amish Jamson and other scholars began to consider human factors into the safety distance model, and proposed the driver's state vehicle distance model based on kinematic model analysis, and the driver's response time difference safety distance model under emergency state[21]. The research shows that, There is a certain relationship between the driver's personality characteristics and his reaction speed in dangerous moments, and it directly affects the vehicle operation.
Yuan Lin Chen et al.[22, 23] considered some road parameters, the driving speed of the front and rear vehicles, the driver's reaction time and some parameters of the vehicle itself in the selection of the parameters of the safe distance model to calculate the braking distance of the running vehicle. Combined with the dynamic characteristics of the vehicle, the calculated safe distance model was more in line with the actual situation.
In addition, studies on vehicle control using bidirectional (front and rear vehicle) information are increasing. Sometimes, drivers not only consider the influence of the leading vehicle, but also consider the influence of the following vehicle as the basis for the driver to decide the next operation. Based on this, C. hien and Y.Zhang et al.[24] proposed an adaptive cruise control system control strategy based on real-time information of front and rear vehicles.
[bookmark: _Toc133163918]2.3 Control algorithm
In the study of ACC and CACC systems, there are a considerable number of papers on the application and non-application of vehicle dynamics. The former takes the driving lag, acceleration constraint and shift interference of vehicles into consideration, which is more consistent with the actual situation, while the latter defaults that the actual acceleration of vehicles is consistent with the acceleration command, which is simpler[25, 26]. In this paper, the vehicle control is divided into upper and lower level control by using a more complex but better control effect dynamic model. The upper level controller calculates the target acceleration through the workshop distance error and the speed difference between the front and rear vehicles, and the lower level controller calculates the throttle opening and the brake master cylinder pressure according to the target acceleration[8].
[bookmark: _Toc133163919]2.4 Control Algorithm
As one of the most commonly used functions of ADAS intelligent driving assistance, ACC adaptive cruise technology has been quite mature, and CACC can be regarded as the upgrade of ACC system. In the case of multiple vehicles in formation, the workshop wireless communication is used to obtain the peripheral information to achieve multi-objective cooperative control. The biggest difference between ACC and CACC is that there is no workshop wireless communication. The addition of wireless communication devices gives the system predictive capabilities, which results in shorter response times than normal ACC. At the same time, the ideal distance between vehicles will be reduced, and the maximum allowable speed will be increased accordingly, which will enhance the passing capacity of the road and effectively deal with the common "tide phenomenon" and "ghost traffic jam" problems. It also reduces fuel consumption, reduces the incidence of accidents, and improves queue following stability. However, there is no general CACC control algorithm at present, and most controllers are optimized for specific working conditions. The main methods of PID, sliding mode control, MPC control, RMPC control are used in the research of CACC upper controller.
[bookmark: _Toc133163920]2.4.1 PID
Closed-loop control is a control method that corrects according to the output feedback of the control object. It corrects according to quotas or standards when the actual deviation from the plan is measured. PID is one of the simplest closed-loop control algorithms, and it is also one of the most widely used algorithms in industrial applications. In the control of closed-loop system, it can automatically correct the control system accurately and quickly.
PID stands for Proportion, Integral and Differential coefficient, representing three control algorithms respectively. Through the combination of these three algorithms, the deviation of the controlled object can be corrected effectively, so that it can reach a stable state.
P reflects the deviation signal of the control system in proportion. Once the deviation occurs, control action is generated immediately to reduce the deviation. The smaller the scale coefficient  is, the smaller the control effect is and the slower the system response is. Conversely, the larger the scale coefficient , the stronger the control effect, and the faster the system response.
Integral link function, mainly used to eliminate static difference. The strength of the integration depends on the integration time constant . The larger  is, the weaker the integration effect will be; otherwise, the stronger it will be. As long as there is a deviation in the system, the integral link will continue to work, integrate the input deviation, so that the output of the controller and the opening of the actuator are constantly changing, and the control effect will be generated to reduce the deviation. If the integration time is sufficient, the static difference can be completely eliminated, then the integral control function will remain unchanged. The smaller , the faster the integration speed and the stronger the integration effect. If the integral action is too strong, the system will overshoot and even oscillate.
The function of differential link can reflect the change trend (change rate) of the deviation signal, and can introduce an effective early correction signal into the system before the value of the deviation signal becomes too large, so as to accelerate the system's action speed and reduce the adjustment time. Differential links help the system to reduce overshoot, overcome oscillation, accelerate the response speed of the system, reduce the adjustment time, and thus improve the dynamic performance of the system. However, excessive differential time constant will cause instability of the system. A big disadvantage of differential control is that it is easy to introduce high frequency noise.
			(2.3)
[bookmark: _Toc133163921]2.4.2 Fuzzy control
Fuzzy control is a kind of control which uses language to summarize the control strategy of operators and uses language variable and fuzzy set theory to form control algorithm. The most important feature of fuzzy control is that it does not need to establish an accurate mathematical model of the controlled object, but only requires the experience and data of field operators to be summarized into a more perfect language control rules, so as to control the control object with uncertainty, imprecision, noise, nonlinear, time-varying, time delay and other characteristics. Fuzzy control system is robust, especially suitable for nonlinear, time-varying and hysteretic systems.
Input and output variables of fuzzy controller: Fuzzy controller is a kind of control that imitates human. In the process of controlling the controlled object, decisions are generally made based on the deviation between the set value and the controlled quantity, the deviation change , and the deviation change rate . People are most sensitive to deviation, followed by the change of deviation, and then the rate of change of deviation. Therefore, the input variables of the fuzzy controller usually take, and  or  to form the so-called one-dimensional, two-dimensional and three-dimensional fuzzy controllers respectively. One-dimensional fuzzy controller has poor dynamic performance and is usually used for first-order controlled objects, while two-dimensional fuzzy controller has better control performance and complexity and is widely used at present. In addition, increment algorithm is generally selected as output variable of fuzzy controller.
In fuzzy control, the size of input and output variables is described in language form, so it is necessary to choose the words to describe these variables. In our daily language, the description of various things and variables is always used to be divided into three levels. For example, the size of an object is divided into large, medium and small; The speed of motion is divided into fast, medium and slow; Age is divided into old, medium and green. In practical application, three words of "large, medium and small" are generally used to describe the state of input and output variables of fuzzy controller, plus positive and negative directions and zero state, and there are a total of seven words, namely {negative large, negative medium, negative small, zero, positive small, middle and large}, which are generally represented by {NB, NM, NS, O, PS, PM, PB}.
The actual range of variation of a variable is called the fundamental domain of the variable. The basic theory domain of deviation is , the basic theory domain of deviation change rate is , and the basic theory domain of output variable of fuzzy controller is . Obviously, the quantity in the fundamental domain is the exact quantity, so the input and output of the fuzzy controller are the exact quantity, but the fuzzy control algorithm needs the fuzzy quantity. As a result, the input's precise quantity (the numerical quantity) needs to be converted to the fuzzy quantity, a process called Fuzzification; On the other hand, the fuzzy control quantity obtained by fuzzy algorithm needs to be converted into precise control quantity, which is called Defuzzification.
[bookmark: _Toc133163922]2.4.3 MPC
With the development of autonomous driving technology, Model Predictive Control (MPC), as a very effective control method, is widely used in the research of transverse and longitudinal control of vehicles.
The mechanism of MPC action is described as follows: at each adoption moment, according to the current measurement information obtained, a finite-time open-loop optimization problem is solved online, and the first element of the obtained control sequence is acted on the plant. In the next sampling instant, repeat the above process: with the new measurements as future dynamic prediction system at this time of the initial conditions, and refresh the optimization problem. In MPC algorithm, a model describing the dynamic behavior of objects is needed, and the role of this model is to predict the future dynamics of the system. That is, according to the state of the system at moment  and the control input at moment , the output at moment  can be predicted. Here the input at time  is used to control the output of the system at time , so that it is as close as possible to the expected value at time . Therefore, we emphasize the predictive role of the model, rather than the model form.
[bookmark: _Toc133163923]2.4.4 Application status of each algorithm
H. Long used the distributed MPC algorithm for heavy trucks, and specifically verified the performance of three communication topologies: front-follow, leader-follow and leader-follow. However, the author did not use hierarchical control, nor did he model the retarder of heavy trucks[3]. V. Turri also uses the MPC algorithm to control the vehicles in the queue, but his work focuses on keeping the engine speed in the fuel economy range as much as possible, depending on the terrain going up and down hills, to save fuel[4]. Liu, F proposed an MPC algorithm based on dynamic matrix control to solve the problem that the actuator is usually delayed. The final simulation shows that the proposed algorithm can maintain the tracking performance under different degrees of actuator delay[5]. Y.Zhang proposed the research on vehicle formation driving with human drivers in the lead, because human drivers can adapt to the delay of actuators independently, judge obstacles independently, and carry out longitudinal and lateral control, thus reducing the computational burden of following cars. The author conducted real vehicle tests on execution, lane change, U-turn, circling and other scenes. The maximum longitudinal error and lateral error are both within 40 cm, and the effect is good[6]. Bertoni, L applied linear MPC algorithm to multi-vehicle formation, and pursued the minimum energy consumption of formation vehicles on the premise of avoiding collision[7]. Jia, X established the vehicle kinematics model and control model based on MPC, and built the fuel saving calculation model. Finally, simulation experiments were conducted on simulink to verify the effect of the controller. Scholars from Jilin University designed a longitudinal multi - objective CACC system with PID control. Levent Gu venc calculates the expected acceleration using PDtype control rate based on position and velocity errors[27].
[bookmark: _Toc133163924]2.4.5 Lower-Layer Controller Algorithms
The PID control algorithm or fuzzy PID algorithm is usually used in the lower controller. Although the vehicle dynamics model can reveal the relationship between acceleration, throttle opening and brake master cylinder pressure, because the vehicle is a complex nonlinear system, the vehicle dynamics equations generally recognized by the academic community are derived under ideal conditions, without considering the internal hysteresis, nonlinear and other characteristics of the vehicle. It also makes the throttle opening controlled according to the dynamic simulation, the brake master cylinder pressure can not get the preset acceleration.
Therefore, it is necessary to introduce PID algorithm or fuzzy PID algorithm for correction. Although PID algorithm is simple and stable, fuzzy PID algorithm has better performance for complex working conditions inside the vehicle. By using fuzzy PID algorithm, the actual acceleration and target acceleration are input into the controller, and then the throttle opening and brake master cylinder pressure are corrected, so as to form negative feedback control, so as to ensure that the vehicle can accurately drive according to the target acceleration.
[bookmark: _Toc133163925]3 Research Methods
Research method refers to the thinking method of analysing and demonstrating the subject, which belongs to the epistemological category. Without correct research methods, it is impossible to deeply understand the essence of things and reveal their objective laws. Without correct research methods, we cannot find, invent, advance and innovate, and naturally we cannot obtain research results.
[bookmark: _Toc133163926]3.1 Inductive method and deductive method
Generalization is the generalization of general principles of conclusion from individual facts; Deduction leads to individual conclusions from general principles and concepts. Induction is the way from the individual to the general; Deduction is the approach from the general to the particular.
Induction is a cognitive method of finding out the general characteristics from the empirical facts. It is an important method of summing up scientific theorems or principles on the basis of accumulating empirical materials in various disciplines. Induction must be established on the basis of a large number of individual facts, facts are not reliable and insufficient, it is impossible to draw scientific conclusions and principles through induction.
The main form of deduction is the three-stage form, which is to deduce the conclusion from the major premises and the minor premises. Whether the deduced conclusion can be correct depends on whether the premise of reasoning is correct and whether the form of reasoning is logical. Therefore, the premise of deductive reasoning must be true, and the deductive process must abide by strict logical rules.
[bookmark: _Toc133163927]3.2 Analysis method and synthesis method
Analysis is to divide the whole object into various parts, aspects, characteristics and factors to understand. It is a thinking method to divide the whole into parts and decompose complex things into simple elements to be studied separately. Analysis is a necessary step and means to realize the essence of things. The task of analysis is not only to decompose the whole into its constituent parts, but more importantly, to grasp the essence through the phenomena, to grasp the necessity through the contingency. The process of analysis is to make clear what position each aspect occupies in the movement change, what role each aspect plays, and how to restrict and transform with other aspects.
To analyze things scientifically and correctly, we must do: first, make a comprehensive analysis of things. Second, do historical analysis of things. Third, make a concrete analysis of things. Fourthly, adhere to the principle of proceeding from reality and conduct investigation, research, experiment and observation.
Synthesis is the opposite of analysis. On the basis of analysis, it connects the cognition of the various parts, aspects, characteristics and factors of the objective object to form a unified cognition of the objective object, so as to grasp the organic connection and law of things.
In short, analysis and synthesis are dialectical unity, they are not only opposite to each other, but also unity. Only by combining the two can it become a complete and scientific logical method.
[bookmark: _Toc133163928]3.3 Causality analysis
Causality analysis is a dialectical thinking method to analyze the causality relationship between phenomena and understand the causes and results of problems. Using this method must pay attention to the real internal cause and effect, rather than plausible causal relationship. Attention should be paid to the inverse relationship between result and cause, including on the one hand "use the cause to prove the result", but also include "use the result to infer the cause". Different things are generally both causes and effects, and a result often has several causes at different levels. Therefore, in the process of research, the analysis of the problem must be thoroughly investigated.
[bookmark: _Toc133163929]3.4 Comparative analysis
Comparative analysis is also called the analogy or analogy method. It is a dialectical logic method to distinguish things or problems in order to understand their differences, characteristics and essence. Comparative analysis is more valuable when there is not enough information for inductive and deductive reasoning. There are many forms of comparison, such as vertical comparison, horizontal comparison, experience and lessons comparison, positive and negative comparison, and comparison of various similarities and differences. Which form to take, depending on the need to choose.
[bookmark: _Toc133163930]3.5 Qualitative analysis and quantitative analysis
Qualitative analysis is a dialectical thinking method to understand and analyse problems by determining the qualitative and quantitative relations of things. Everything or any problem is the unity of quality and quantity. The quality of things manifests itself as both a certain quantity and a certain quality. In research, qualitative analysis is to draw the boundary of the quality of things according to the case. Quantitative analysis is to carry out accurate statistics, calculation, analysis and comparison on the situation and changes of quantitative relations such as the scale, scope and number of problems, which is to clarify the relationship between quantity and change in the development of things.
[bookmark: _GoBack]Qualitative analysis and quantitative analysis are to study the same problem from different aspects, and they must be combined to reach a more scientific and complete conclusion.
[bookmark: _Toc133163931]3.6 Conclusion of research methods
As for the research method, this paper will adopt the causality analysis method to analyze the causes of the abnormal parts (such as overshoot, shock, etc.) in the simulation curve obtained after simulation. And the use of comparative analysis method, comparing whether to use the control algorithm proposed in the simulation effect comparison, to show the good effect of the control algorithm; Lastly, the conclusion of this paper is deduced by deductive method according to various facts mentioned in the paper.
[bookmark: _Toc133163932]4 Time range: Gantt chart
The dates are as follows:
I'm going to break the task down into seven phases, and the entire project will last about four months:
The first stage: Search the literature and determine the topic
Duration: 2023/4/1-2023/4/15
Stage 2: Sort out files
Period: 2023/04/16- 2023/04/25 
The third stage: Build the vehicle dynamics model
Period: 2023/04/26- 2023/05/10
The fourth stage: Build vehicle spacing model
Period: 2023/05/11- 2023/05/20
The fifth stage: Edit control algorithm
Period: 2023/05/21- 2023/06/20
The sixth stage: Build the simulation environment and verify the proposed control algorithm under different working conditions
Period: 2023/06/21-2023/07/10
Stage 7: Write the paper
Period: 2023/07/11-2023/08/10
The Gantt chart is shown in Figure 3:
[image: ]
[bookmark: _Toc98582819][bookmark: _Toc99009515][bookmark: _Toc99009936]Figure 3: Gantt Chart 
[bookmark: _Toc133163933]5 The author's published work:
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