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Abstract 

Driverless car is a kind of intelligent vehicle, which mainly relies on the intelligent 
driving instrument in the car to achieve driverless driving. Unmanned vehicle is an 
intelligent vehicle that senses the road environment through on-board sensing system, 
automatically plans driving routes and controls the vehicle to reach a predetermined 
target. It uses on-board sensors to sense the environment around the vehicle, and 
controls the steering and speed of the vehicle according to the road, vehicle position and 
obstacle information obtained by perception, so that the vehicle can safely and reliably 
run on the road. Set automatic control, architecture, artificial intelligence, visual 
computing and many other technologies in one, is a highly developed product of 
computer science, pattern recognition and intelligent control technology. After the 
development of recent years, self-driving technology has made great progress, but there 
are still many shortcomings. The first is safety. In recent years, driverless cars of various 
companies and manufacturers have suffered from various safety accidents. The second 
is the driving speed. Limited by the on-board computer computing power, the speed of 
mainstream driverless cars in cities is basically 40-60km\h. In view of the above 
problems, this paper proposes a unified control of unmanned vehicle and vehicle path 
tracking and planning idea. By setting up a central computer in a certain area, it can 
communicate with the driverless cars entering the area, and carry out unified control 
and path planning for these vehicles. Due to the unified control of the central computer, 
it can largely avoid the occurrence of safety accidents, and benefit from the powerful 
computing power of the central computer, in some specific areas such as suburban roads, 
expressways and other road conditions, can improve the driving speed of unmanned 
vehicles to a certain extent. 
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1. Introduction 

In recent years, autonomous vehicles have attracted more and more attention. Autonomous 
vehicle, also known as driverless vehicle, is an intelligent vehicle that realizes driverless driving 
through computer system. As shown in Figure 1, the vehicle obtains surrounding traffic 
information through on-board sensors such as cameras and radar, and then makes decisions 
and plans for the vehicle's driving behavior based on the perceived information. Finally, the 
control system controls the vehicle to track the planned path, so as to realize autonomous 
driving on the road. In the automatic driving system of the vehicle, it is divided into the 
following modules: perception module: composed of a variety of on-board sensors, such as 
laser radar, on-board cameras, etc., mainly responsible for collecting traffic information in the 
vicinity of the vehicle, such as surrounding vehicles, pedestrians, traffic signs, road marking, 
etc.; The decision-making module is mainly responsible by the on-board computer to process 
the information collected by the perception module and plan a reasonable, efficient and safe 
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path. The control module is responsible for controlling the vehicle to travel according to the 
planned path. Among them, the perception module is the basis of the current automatic driving 
of vehicles. 

In recent years, major companies have put self-driving vehicles on the road one after another, 
but many safety problems have been exposed. At the present stage, autonomous driving cars 
are controlled by on-board computers. However, the road information is complicated, and the 
on-board computer may not be able to process the information collected by sensors in time due 
to its limited performance, which is ultimately manifested in the time lag of vehicle control, 
which is also one of the main reasons for many safety accidents。 

 
Figure 1. Autonomous vehicle technology 

Some researchers have proposed an autonomous driving technology based on the road area as 
a unit system. It is shown that after the vehicle enters a certain area or a specific road, the 
central computer connected to the area will carry out unified control over the vehicle. The 
advantage of this is that vehicle control is no longer limited by the performance of the on-board 
computer, and unified control by the system can effectively avoid safety accidents. A 
prerequisite for unified control is tracking vehicles in the area. The particle filter algorithm 
plays an important role in the current autonomous driving vehicle. 

Because of its superiority in nonlinear and non-Gaussian environment, particle filter has been 
widely used in many fields, such as data prediction in economic field, radar tracking in military 
field, pedestrian and vehicle tracking in computer vision field. 

  
  (a) Uav positioning                    (b) Pedestrian tracking 

Figure 2. Application of particle filter algorithm 

Particle filter algorithm is a typical nonlinear filtering method, in the first place in the state 
space, random sample of target real posterior probability density function approximation, then 
the monte carlo method is used to simplify the integral calculation, at last, by calculating the 
likelihood of the particles to determine the proximity of the posterior probability density of 
particles and target, to determine the particle weight. Finally, the posterior state of the whole 
system is approximated by filtering the iterated particles. 

Based on unified control of unmanned vehicle path planning and path tracking is studied, the 
first vehicle kinematics model is established, and the vehicle unified control area, to enter the 
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area of the vehicle model for path planning and control, using particle filter to track vehicle 
routing in order to achieve more precise control and tracking.2、background. 

2. Background 

2.1. Vehicle kinematics model 

The vehicle steering movement model is shown in Figure 3a。In the inertial coordinate system 

OXY,  and are respectively the coordinates of the rear and front axes of the 

vehicle, is the yaw angle of the vehicle, and  is the yaw angle of the front wheel. is the rear 

axle center speed, is the front axle center speed, and L represents the wheelbase of the 

vehicle. 

FIG. 1b shows a schematic diagram of the vehicle's steering process. R is the radius of rear wheel 
steering, P is the instantaneous rotation center of the vehicle, M is the rear axle center of the 
vehicle, and N is the front axle center of the vehicle. It is assumed that the sideslip Angle of the 
vehicle centroid remains unchanged during the steering process, that is, the instantaneous 
turning radius of the vehicle is the same as the radius of curvature of the road. 

 
                 (a)                           (b) 

Figure 2.Mechanical model diagram 

During driving, the speed of the rear axle is: 

  (1) 

Among them, kinematics constraints of front and rear axes are: 

                  (2) 

Combine Equation (1) with Equation (2) : 

  (3) 

It can be deduced from the geometric relationship between the front and rear wheels: 

  (4) 

Substituting equations (2) and (3) into Equation (4), we can get:  

 (5) 

Where, is yaw angular velocity, and can be further deduced: 
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  (6) 

Then, the kinematic model can be expressed in the form of linear equations: 

  (7) 

Then, the kinematic model can be expressed in the form of linear equations: 

                                                                           (8) 

Where,  represents state vector,  represents control quantity. In general, in the control 

process of driverless vehicles,  is usually expected to be the control quantity, 

and the final vehicle kinematics model can be converted into: 

                                                                                 (9) 

2.2. Particle filter 

On the basis of Bayesian estimation and Monte Carlo method, particle filter is a typical nonlinear 
filtering method. Firstly, samples are randomly selected in the state space to approximate the 
real posterior probability density function of the target. Then monte Carlo method is used to 
simplify the integral calculation. Finally, the approximation degree between the particle and the 
posterior probability density of the target is determined by calculating the likelihood of the 
particle, so as to determine the particle weight. The more particles, the more samples extracted 
in the state space, the higher the filtering accuracy. In the early stage of the development of 
particle filter, the development of particle filter is limited to a certain extent by the phenomenon 
of particle degradation and the huge amount of computation brought by the increase of particle 
number. With the improvement of computer computing power and the advantages of particle 
filtering processing in non-Gaussian and nonlinear environment tasks, particle filtering has 
returned to the field of vision of researchers. Up to now, particle filter, namely its extended 
optimization algorithm, has been widely used in target tracking, data analysis, computer vision, 
automatic control and other fields. 

Suppose there is a dynamic system, 𝒙 is the state vector of the system, 𝒛 is the observation 
vector, in a complete time series from 0 to k, the state of the system can be represented by the 
particle set , and the prior probability density distribution of the system is 

, then the posterior probability density distribution of system state at k is , 

and: 

  (10) 

Where,  is the weight of the ith particle in the system state particle set at moment K 

  (11) 
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Among them, the weight is selected by the importance method. If the particle set can 

be obtained from the important density function , then the weight is: 

  (12) 

If the importance density can be decomposed into: 

  (13) 

Since the posterior probability density function can be expressed as:

  (14) 

Substitute Equation (12) and Equation (13) into Equation (14), then:

  (15) 

If ,we can be obtained： 

  (16) 

The standard particle filter algorithm selects the most easily realized prior probability density 
as the importance function: 

  (17) 

Substitute Equation (16) into Equation (17), then: 

  (18) 

 can be normalized as follows: 

  (19) 

The posterior probability density  can be expressed as 

  (20) 

Where, the weight is shown in Equation (20). It can be seen that when , the large 

number theorem can ensure that the above formula approximates the real posterior probability. 

The standard particle filter algorithm is summarized as follows: 

(1)Initialization. N particles were generated from the initial state distribution of the system for 
sampling, and the weights of all particles were set to 1/N. 
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(2)Sequential importance sampling.  was selected as the 

importance probability density function, N sampling was carried out in the importance density 
function, particle weights were calculated and normalized. 

  (21) 

  (22) 

(3) resampling. The weight particles are resampled according to the importance weights 
calculated in step (2). 

(4) State estimation. The state estimate is obtained by k recursive filtering. 

3. Experiment and Simulation 

The vehicle was set to start from the origin of the inertial coordinate system, the longitudinal 
velocity of the vehicle was V =1m/s, the sampling time was 50ms, and the simulation time was 
20s. As can be seen from the previous section, the kinematics equation of the vehicle is: 

  (23) 

Firstly, equation (23) is linearized, which can be obtained: 

  (24) 

Where： 

  (25) 

  (26) 

                                       (27) 

  

T is the sampling time. 
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Figure 4. Expected controlled trajectory of vehicle 

Above the red line in fig.4 represents the unified vehicle control area, and autonomous vehicles 
entering this area will be unified controlled by the central computer in this area. The blue circle 
represents the expected trajectory of the controlled vehicle, and the solid black line represents 
a road in the unified control area of the vehicle. fig.4 describes the ideal vehicle track of an 
autonomous vehicle entering the unified vehicle control area and merging into the road in the 
control area. 

Fig. 5 shows that the particle filter algorithm is used to track the vehicle track after the vehicle 
enters the unified control area. The black solid line represents the vehicle track, and the blue 
dot represents the predicted value of the vehicle position by the particle filter algorithm at this 
time. 

 
Figure 5. Target tracking 

In order to further evaluate the filtering accuracy of the algorithm, RMSE index is used to 
measure it. Fig.6 shows the RMSE value of this estimation result. Table 1 shows the average 
RMSE value in this filtering. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 5, 2022 

ISSN: 2664-9640                

362 

 
      Figure 6. RMSE 

Table 1 Average RMSE value of single filtering 

 The X direction The Y direction 

RMSE 0.0086 0.0077 

Table 2 shows the average RMSE value after 50 filtering. 

Table 2 Average RMSE of 50 filters  

 The X direction The Y direction 

RMSE 0.0090 0.0706 

4. Conclusion 

Can be seen through the simulation experiment of the third chapter, after the driverless cars 
into the unified control region, has carried on the path planning under the control of the system, 
into the expected path, and in the subsequent process of path tracking, using a particle filter 
algorithm of vehicle trajectory tracking process, also had a more fitting path, in some way to 
justifying the applicability of the scheme. 

In the follow-up study, we will continue to carry out more in-depth research. First, we will carry 
out multi-objective path planning after multiple vehicles enter the unified control area and 
track the vehicle driving path. Secondly, the particle filter algorithm is improved in order to 
achieve more accurate filtering accuracy, and can better track the vehicle path. 
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