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Abstract. In order to assist the developers to set and revise PID control parameters for intelligent vehicle, a
kind of simulation platform for smart car was designed, the simulation platform consists of three modules.
The track module has the shape and parameters of the racetrack in the current simulation environment; The
vehicle module included a motion model and parameters of the intelligent vehicle; The simulation module
was used to simulate the physical operation environment and establish the coordinate information. During the
operation, the running simulation module receives the vehicle movement and PID control parameters from
the user, and obtains the calculation of the vehicle position and the error information with the assistance of
the vehicle module. Experiments show that compared with the existing algorithms, the platform is not limited
by the sensor type, which can simulate the movement state of the vehicle more realistically, and provide the
practical basis for the PID parameter adjustment of the developer.
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1. Introduction

In order to solve the shortcomings in the existing simulation platform [1-5], Tsinghua University and
Shanghai Jiaotong University, respectively, based on the design of the optical camera intelligent car
simulation program Plastid and Cyber-Smart [6], [7]. Shanghai Jiaotong University Lu Zhengchen et al.
Used the above simulation system to design a set of intelligent vehicle simulation platform based on
electromagnetic guidance [8]. In this platform, an electromagnetic sensor model and a vehicle motion model
are established to help the intelligent vehicle simulation program identify the position and error information
of the vehicle in the runway. But the design of the whole system does not involve the vehicle control
algorithm, which means that once the vehicle from the track, the simulation program can not be based on the
actual operation of the situation, correct vehicle location information; Hangzhou University of Electronic
Science and Technology Wu Qiuxuan, who will Microsoft MRDS as a development platform, the design of a
smart car simulation platform [9]. The core technology of this simulation platform is too dependent on the
underlying development platform, and the practicality and accuracy of the whole system is not verified,;
foreign intelligent vehicle simulation platform is more inclined to the overall study of vehicle traffic flow,
such as Yue Yu and Abdelkader EI Kamel et al. Proposed a vehicle simulation model based on multi-agent
[10]. In this method, the vehicle, the road and the environment are represented by the object-oriented Agent
method, and the obtained Agent object is introduced into the virtual reality simulation environment. This
method will focus more attention on the control of vehicle traffic flow, weakening the steering performance
of the vehicle itself, is an ideal vehicle simulation model; Chungen Hung and Abdulrahman Yarali et al.
Proposed a wireless positioning Of the intelligent vehicle control platform [11]. The platform uses a wireless
location to inform the vehicle of the current location and guide the smart car into the next positioning point.
JM Collado and Chunzhao Guo and Seiichi Mita have proposed a smart vehicle control method based on
machine vision. The JM Collado and Chunzhao Guo and Seiichi Mita have proposed a smart vehicle control
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method based on machine vision. The method has the advantages of simple and safe control algorithm, The
former using the traditional lane recognition algorithm and the latter is proposed a target classification
method [12], [13]. These two methods use the sensor to return information to determine the location of the
lane, and real-time correction of vehicle location information.

In this paper, the simulation program is designed with sub-module object-oriented design method. It is
divided into three modules: motion simulation module, vehicle module and runway module. In each of the
different modules, a general-purpose four-wheel vehicle motion model, a segmented PID control algorithm,
a runway parameter information and a motion simulation algorithm are established respectively. The
simulation platform realizes the simulation of vehicle movement by reading the vehicle model data, runway
information and PID control parameters which can be input by the user, and the motion error is reflected to
the developer to assist the developers in adjusting the control parameters and the model.

2. Design Method

2.1. Motion model

In the structure, this article involves the intelligent car for the four-wheel structure, left and right rear
wheels are installed with drive motor, the front wheel is connected to the steering gear is responsible for
control the direction, as shown in Figure 1 for the wheelbase L, wheel spacing W , The front wheel steering
angle is a, the intelligent car movement diagram™*®!,

According to the basic model of vehicle movement, we can see that the intelligent vehicle will be
circular motion around the same circle in the state shown in Fig. 1, and the direction of the front wheel of the
vehicle is the direction of its circular motion tangent. So that the tangent of the vertical line and with the rear
axle extension line at a little O, this point is the circular motion of the vehicle when the center.
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Fig. 1: Motion model for smart car.

2.2. Differential between wheels

The two rear wheels of the intelligent vehicle are driven by different motors, so they must adjust the
speed difference according to the steering angle of the front wheel. Assuming that the rotational speed of the
left and right rear wheels is vl and vr when the vehicle is turned, the right turning radius is Rr and the angular
velocity of movement is . According to Figure 1,

v v,
= = —
R+W R 1)

According to the basic rules of plane geometry we can see
Rt w
fana 2)
General formula 1, 2 can be given the following formula 3
v, W*tana

_:]_+—*
V. L-W*tana (3)

2.3. Turning radius
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Smart car in the steering of the best state is to maintain the front axle center in the runway centerline,
according to Figure 1 shows that the front axle center point of the turning radius and the front wheel steering

angle between the following relationship
R, =2+ (R +W/2) @

2.4. Wheel grip

Smart car in the steering due to the impact of centrifugal force, between the wheel and the ground will
produce transverse friction, once the centrifugal force exceeds the maximum lateral friction, the vehicle will
slip, the maximum speed of the smart car steering and turning radius and the maximum transverse friction of
the wheel have the following relationship

" ©®)
Where m is the quality of the smart car, a fixed value, Rm can be obtained by the formula.

2.5. Control model

Intelligent vehicle control model using segmented PID control method, that is, according to the smart car
in the racetrack in different locations and the current speed, select the different PID control parameters to
achieve intelligent vehicle position error correction. Figure 2 shows the structure of the intelligent vehicle
control model based on the classical PID control method.

PID control parameters are Kp, Kd, Ki, respectively, using the first-order differential method to achieve
differential numerical calculation, then you can get as shown in Figure 6 of the intelligent vehicle control
model calculation equations.

K ,=a*e(t)
e(t)—e(t—Ar)

K =b*
At

7 (6)
K, :C*Ze(z)*At

=1,
F=K,+K +K,
Where F represents the amount of control used to adjust the servo and motor parameters.
3. Models for Simulation Platform

The intelligent vehicle simulation platform is realized by modular design. It is composed of three parts:
running simulation module, vehicle module and track module. The logical relationship is shown in figure 2.

Simulation Module Vehicle Module
—Parameter Information —— X-Parameter Information
+Action() +Action ()

[

Track Module

—-Parameter Information
+Action()

Fig. 2: Simulation modules.
4. Simulation and Algorithm Comparison

4.1. Racetrack parameters

In order to facilitate the establishment of the experimental platform, simplify the simulation calculation
work, we select the racetrack parameters shown in figure 3 as the simulation experiment platform. According
to Fig. 4, the track shape is a square having a corner of 90 degrees, with a straight length of 5 m, a racetrack
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width of 40 cm, an inner diameter of the corner fan shape of 40 cm, and an outer diameter of 80 cm. The left
and outer sides of the racetrack coincide with the Y axis and the X axis of the Cartesian coordinate system,
respectively, to facilitate the calculation of the position error ¢*¢,
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Fig. 3: Simulation racetrack.

4.2. Simulation experiment
The simulation model whose wheelbase length of about 21cm, wheel spacing of about 14cm, the car
weighs about 2kg.

In this simulation experiment, the two-stage PID control parameters are adopted, with the error 7cm as
the cut-off point. The speed of the intelligent car in the straight and the curve is fixed. At the same time, in
order to simplify the calculation, When the error information is the same, then the smart car into the corners
of the time; position information calculation interval time Fixed to 30ms, the delay time is fixed to 10ms. As
shown in Table | for the smart car simulation operating parameters.

TABLE I: SIMULATION PARAMETERS

PID 1 PID 2 Straight Turning Time Positive Negative
Error Error
1 7/3/4 7.8/4/5 1.4m/s 1.0m/s 22.56s 109.87 112.56
2 7.5/3/4.2 8/3/5 1.4m/s 1.0m/s 22.02s 118.94 117.05
3 8.0/3.5/4.5 8.8/3.5/5.5 1.8m/s 1.2m/s 17.76s 125.53 125.09
4 8.5/3.5/5 9/3.5/5.5 1.8m/s 1.2m/s 16.88s 128.33 130.03
5 9.0/4/5.5 9.5/4/6 2.0m/s 1.6m/s 13.35s 134.86 133.22
6 9.5/4/5.5 10/4/6 2.0m/s 1.6m/s 13.04s 139.65 138.98

4.3. Results comparison
Lu Zhengchen et al. Added the S-curve and the cross-bend in his simulation experiment, but the real
simulation track was not released.

In accordance with the different environments, competitive sports car speed is generally between 1.2m /
s ~2m/ s, while the simulation speed in Figure 6 only 0.4m /s, This data has no actual reference value.

Wu Qiuxuan et al. In his paper only introduced the intelligent vehicle theory control algorithm, as the
MRDS platform has integrated most of the intelligent vehicle control algorithm, so the user is only in the use
of input-related motion parameters can be; at the same time because the car model is fixed, therefore, MRDS
simulation platform scalability received some restrictions.

In contrast, the simulation platform proposed in this paper, because of the use of a real smart car as a
research object, combined with the real data, can be considered related to the operational data has a certain
practical reference value.
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