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With the increase in global car ownership, the demand for traffic safety is very strong. Research shows that drivers account for
more than 90% of global traffic accidents. Driverless cars can reduce traffic accidents caused for these reasons and greatly
improve traffic safety. At the same time, driverless real-time path planning can select the best driving route for vehicles, reduce
traffic congestion, and improve the efficiency of transportation. To sum up, driverless vehicles are considered an important
solution to ensure traffic safety, improve traffic efficiency, reduce energy consumption and pollution, and change travel mode.
An intelligent driverless vehicle is a key component of the intelligent transportation system, which organically combines
various functions such as. Among them, path tracking and motion control play a very important role in intelligent driverless
technology. At the same time, accurately tracking the desired feasible path and stable motion control are the basis of intelligent
unmanned driving. Based on this, this paper uses artificial intelligence technology to study the path control and behavior
decision-making of intelligent driverless trucks, and an improved tracking control method is proposed. Through this improved
method, the intelligent unmanned vehicle can track the desired feasible path under different curvatures more accurately and
stably. Finally, through the road test experiment of the intelligent unmanned vehicle experimental platform in the actual
environment, the effectiveness of the scheme design and related algorithms of intelligent unmanned vehicle motion control in
this paper is verified.

1. Introduction

Since the advent of the automobile, after more than 100
years of development, it has gradually become a part of peo-
ple’s daily life from the original means of transportation and
transportation. The technical level and popularization of the
automobile is an important symbol to measure the material
living standard and modernization of a country or region
[1]. With the rapid development of science and technology,
people’s daily life has been greatly improved. In the process
of modernization, the automobile, as an intelligent complex,
has made an indelible contribution to the progress of human
civilization and social development with its unique superior-

ity [2]. At the same time, the continuous development of the
road transportation system has accelerated social innova-
tion, promoted regional economic construction, and
improved people’s daily quality of life. In recent years, the
production, sales, and ownership of cars worldwide have
shown an increasing trend year by year. Since the twenty-
first century, with the rapid progress of science and technol-
ogy and the rapid development of the economy and society,
China has become the largest automobile production and
marketing market in the world [3]. However, with the
increasing number of cars and drivers worldwide and the
deteriorating driving and traffic environment, the road
capacity decreases and gradually tends to saturation. These

Hindawi
Wireless Communications and Mobile Computing
Volume 2022, Article ID 7025081, 10 pages
https://doi.org/10.1155/2022/7025081

https://orcid.org/0000-0001-9780-8556
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7025081


reasons have led to the increase in traffic accident rate year
by year, causing immeasurable losses to the country and
the people. The advantages of unmanned driving are shown
in Figure 1.

In 2013, the World Health Organization conducted an
assessment of road traffic safety in 182 countries around
the world. The assessment report said that about 1.24 mil-
lion people in the world lose their lives in road traffic acci-
dents every year and nearly 50 million people are injured
in traffic accidents [4]. As per the latest data of World Health
Organization (WHO), 1.3 million lives succumb to death
due to road traffic accidents, and almost 20 to 30 million
individuals suffer from nonfatal injuries leading to disabil-
ities. These deaths and injuries have had an incalculable
impact on the victims’ families and caused irreparable trag-
edy to their lives and even their work. Statistics show that
more than 90% of traffic accidents are caused by human fac-
tors. Driving fatigue is caused by drivers’ failure to strictly
abide by traffic rules and repeated driving operations for a
long time. The main causes of road traffic accidents are the
limitations of human drivers’ perception ability and the ille-
gal and wrong operation behavior caused by the congenital
delay of driving emergency response [5]. However, nowa-
days, many traditional vehicle active and passive safety tech-
nologies have been applied, and they can improve the
driving safety of the vehicle itself. However, this has not
changed human beings as the main conductor of car driving,
nor has it fundamentally solved the potential problem of
causing traffic accidents. We need cars with advanced func-
tions such as self-identification of roads, self-planning of
driving paths, and automatic driving so that drivers can be
liberated from complex environmental information and
cumbersome driving behavior and get a safer driving experi-
ence [6]. How to improve the safety technology and safety
performance of driving vehicles and reduce road traffic acci-
dents has become a social problem of common concern to
governments and research institutions all over the world,
which is also one of the important topics facing the develop-
ment of science and technology. Intelligent driverless vehi-
cles monitor the road environment information, vehicle
status information, and driver behavior information in
real-time through an advanced sensor detection system, data
information processing system, planning decision system,
and control execution system [7]. It can partially or
completely replace the driver to drive the vehicle and can
use the sensor system to sense the information of the vehicle

itself and its surrounding environment. Through the
obtained information on the road, the vehicle itself, and
obstacles, plan a safe and feasible path and control the speed
and direction of the vehicle so that the vehicle can drive
independently on the road safely and reliably [8].

To sum up, intelligent vehicles have broad application
prospects and development space in many fields. Intelligent
driverless vehicle involves many advanced technology fields,
which can promote the cross integration of multidisciplin-
ary knowledge and effectively guide the research of relevant
key technologies [9]. Therefore, the research of intelligent
driverless vehicles will lay a theoretical and technical foun-
dation for the development of mobile robots in many fields
and has important theoretical significance and practical
application value. Based on this, this paper uses artificial
intelligence technology to study the path control and behav-
ior decision-making of intelligent driverless trucks and an
improved tracking control method is proposed.

The unique contributions of the paper include the
following:

(i) Summarization of the research status of driverless
vehicle path planning and motion control emphasi-
zing on path planning and motion control algo-
rithm for driverless vehicle in structured roads

(ii) Proposal of a local path planning algorithm based
on discrete optimization

(iii) Use of cost functions to evaluate security and
smoothness of the candidate paths and selection of
optimal path based on weighted summation and
minimum value calculation

(iv) Development of a novel coordinate conversion cal-
culation method to calculate coordinate conversions
to enhance performance of the algorithm

The organization of the paper is as follows: Section 2 dis-
cusses the related studies; Section 3 presents the design of
the application model followed by the results in Section 4,
and the conclusion is written in Section 5.

2. Related Work

2.1. Research Status of Automatic Driving Abroad. As a high-
tech comprehensive application carrier with the intersection
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Figure 1: The advantages of unmanned driving.

2 Wireless Communications and Mobile Computing



of robotics, pattern recognition, artificial intelligence, com-
puter vision, and automatic control, intelligent vehicles are
widely used in the civil, military, and aerospace fields. Since
the 1970s, some developed countries in the world, led by the
United States, have carried out research in the field of intel-
ligent driverless vehicle technology and have achieved
remarkable results so far [10]. Various driverless cars are
shown in Figure 2.

There is no doubt that the research level of driverless
technology in the United States is the earliest and the best
in the world. The advanced research projects agency of the
U.S. Department of Defense (DARPA) first proposed the
research plan for an unmanned combat platform. Since then,
countries all over the world have begun to study the related
technologies of intelligent unmanned vehicles [11]. In the
1980s, famous universities in the United States, such as Car-
negie Mellon University, Massachusetts Institute of Tech-
nology, and Stanford University, gradually began to study
the related technologies of intelligent driverless vehicles
[12]. In 1995, Carnegie Mellon University developed a driv-
erless vehicle code-named “Navlab2V” that successfully tra-
versed the east and west of the United States, marking a huge
breakthrough in driverless technology [13]. The experimen-
tal environment is the intercontinental highway between the
East and the west of the United States, with a total distance
of about 5000 km, of which at least 96% of the journey is
completed by autonomous driving of intelligent vehicles
[14]. After 2000, intelligent unmanned vehicles to the U.S.
military unmanned warfare urgent needs and the global
scope of the huge market potential in automotive electronics
as the development driver and guide in both the military and
civilian areas are in a rapid and rapid development stage. In
this competition, the participating vehicles must complete
autonomous driving-related action tasks in a complex urban
traffic environment with no human assistance at all [15].
This signifies that intelligent driverless vehicles have been
able to handle complex traffic situations and adapt to urban
environment roads.

The Spanish Institute of Industrial Automation has been
working on intelligent driverless vehicle control technology

since the late 1990s. Its team research used longitudinal con-
trol as a starting point for its research, and it gradually
implemented an adaptive cruise control system in urban
working conditions. In terms of lateral control, they have
realized overtaking, intersection management systems, and
pedestrian collision avoidance systems at the same time
[16]. In 2010, the VISLAB laboratory at the University of
Parma, Italy, developed the “VIAC” intelligent driverless
vehicle system with funding from the European Union.
The intelligent vehicle system in July from Italy, across Eur-
asia, all travel about 13,000 kilometers, nearly three months,
from Milan to Shanghai and participate in the Shanghai
World Expo, its entire journey is mostly highway, and in
the process of driving to take some protective measures.
Japan’s New Energy and Industrial Technology Develop-
ment Organization (NETDI) demonstrated its fleet of inte-
grated driverless travel systems in February 2013 [17]. This
driverless driving system can control multiple trucks for
autonomous driving at the same time. The German com-
pany Audi is also a leader in the field of civilian intelligent
driverless technology. It plans to use its intelligent driverless
technology in the 2016 A8 series sedan. Audi’s driverless sys-
tem has a high degree of autonomy and is capable of achiev-
ing many operations such as starting, stopping, and shifting
gears on its own [18]. In May 2013, a Cisco survey on smart
driverless cars showed that fifty-seven percent of consumers
believe in driverless cars, which means that smart driverless
cars will occupy a significant share of the future automotive
market [19].

2.2. Domestic Research Status of Automatic Driving. In the
late 1980s and early 1990s, China began to study the related
technologies of intelligent vehicles. In the late 1980s, the
National University of Defense Science and Technology,
Harbin Institute of Technology, Shenyang Institute of auto-
mation, Chinese Academy of Sciences, and other units jointly
studied the national “863” plan, that is, the theme of intelli-
gent robot in the field of automation, and developed an intel-
ligent autonomous mobile platform that can drive remotely
[20]. The State Key Laboratory of Intelligent Technology of

Figure 2: Various driverless cars.
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Tsinghua University has carried out research on intelligent
driverless vehicle technology through the funding of the
national “863” program and “intelligent transportation”
and other scientific and technological projects. It is experi-
mentally verified that the vehicle has the function of being
able to drive autonomously on highways and general city
roads, and it is able to monitor its surroundings and avoid
obstacles while driving [21]. In the early 1990s, the Intelligent
Vehicle Group of the School of Transportation of Jilin Uni-
versity started developing the “JLUIV” series of intelligent
vehicles and has so far developed the fifth generation of intel-
ligent unmanned vehicles and has achieved many valuable
research results. Beijing Institute of Technology is also one
of the pioneers in the research of unmanned vehicles in
China [22]. They have been conducting research on ground
unmanned technology for military vehicles since the mid to
late 1980s. So far, they have successfully developed military
ground intelligent robots and end-guided special remote
control target vehicles as well as unmanned vehicles that have
participated in the China Smart Car Future Challenge, etc.
[23]. In addition, many other domestic colleges and universi-
ties are also gradually joining the research field of intelligent
vehicles and have successively developed the prototype of rel-
evant intelligent driverless vehicles.

With the rapid development of domestic universities and
research institutions for intelligent unmanned driving tech-
nology, major automobile manufacturers and Internet com-
panies have also invested in the research and development of
intelligent unmanned vehicles. With their technical advan-
tages in the fields of the body and artificial intelligence,
and big data analysis, respectively, they realize the technical
improvement of intelligent unmanned vehicles directly from
the hardware and software levels. Among them, the intelli-
gent unmanned vehicle developed by Baidu is representative
in China, and the intelligent unmanned vehicle developed by
it realized autonomous driving in Beijing under a compre-
hensive road environment in December 2015 [24]. Looking
at the development and research status of intelligent driver-
less vehicles at home and abroad, intelligent driverless vehi-
cle technology has become a hot research field and gradually
presents the trend of high integration, high intelligence, and
practicality. Although China’s intelligent unmanned driving
technology has still made great progress, there is still a gap
between the world’s leading technology and the world’s
leading technology in environmental perception modeling,

behavior decision-making, path planning, and motion con-
trol [25]. It is still a long way to go to realize intelligent
unmanned driving technology in China, and we still need
to continue our efforts. Western developed countries have
invested a lot of research costs in the field of intelligent driv-
erless vehicles, achieved fruitful research results, and devel-
oped a series of autonomous vehicles and safety-assisted
driving-related products [26]. From the research status of
domestic research institutions, there is still a considerable
gap between China’s intelligent unmanned vehicle technol-
ogy and the advanced international level, and there is still
a need to carry out in-depth relevant research. With the
rapid development of artificial intelligence, robotics, auto-
matic control technology, and computer technology, the
research and application of intelligent unmanned vehicles
will show a bright future.

2.3. Key Technologies of Intelligent Driverless Vehicle. A driv-
erless vehicle belongs to a kind of mobile robot. Some key
technologies and problems in its research field are connected
with the research of mobile robots, which is both related and
different. Intelligent Unmanned Driving Technology is a
comprehensive technology that is a combination of many
frontier disciplines. The research directions of unmanned
driving technology can be divided according to the func-
tional requirements of intelligent unmanned vehicles and
the dynamic complexity and uncertainty in the real environ-
ment [27], as shown in Figure 3.

Environmental perception and map positionings are the
basis and premise for intelligent driverless vehicles to be able
to drive autonomously, and the accuracy of perception of
the environment around the vehicle will directly affect the
operation results of intelligent driverless vehicles. In the
unmanned transportation system, the intelligent driverless
vehicle needs to perceive the environment around the vehi-
cle through sensors and then analyze and process the data so
as to refine the information of the vehicle environment and
the vehicle state information [28]. Path planning is the pre-
mise that intelligent driverless vehicles can avoid obstacles
and drive stably. Its purpose is to provide the optimal driv-
ing path for intelligent driverless vehicles. Path planning can
usually be divided into global path planning and local path
planning. Global path planning is based on the established
map data without considering the constraints of dynamic
obstacles [29, 30]. Local path planning is usually used in

Path planning and behavior decision

Autonomous motion control

Environmental perception and map location Research status of path tracking control

Research on driverless technology

Lateral tracking control

Method of optimal controlling

Feedback linearization method

Adaptive control method

Figure 3: Classification of research directions of driverless technology.
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obstacle avoidance in a dynamic local environment. It can
sense the local environment information around the vehicle
and the constraints brought by the dynamic environment
through sensors.

The information is estimated by self-learning to predict
future environmental changes to make an autonomous deci-
sion judgment that is most conducive to completing the ini-
tial task. Autonomous motion control, as a key problem in
the research of intelligent unmanned vehicles, has also
received the attention of many researchers [31, 32]. The task
of autonomous motion control of intelligent unmanned
vehicles is to generate control commands based on the cur-
rent vehicle’s own position and attitude information and
the desired information derived from path planning and to
control the intelligent unmanned vehicle to follow the
desired path accurately and quickly by driving with autono-
mous motion according to the command information [33].
To sum up, in order to be practical, intelligent driverless
vehicles must have accurate environmental perception and
map positioning ability, reliable path planning, behavior
decision-making system, and a good and safe autonomous
motion control system.

The study in [34, 35] developed a UAV-supported
vehicular network framework that considered both power
and coverage aspects of UAVs in order to make it com-
mensurate in a smart city environment. The study used
optimization techniques to adjust the height of the drone
considering traffic and energy consumption aspects. An
adaptive model was developed that helped to maneuver
the position of the drones on the basis of vehicular traffic
predictions.

3. Design of Application Model

3.1. Hardware Structure. The experimental platform distrib-
utes the algorithms of the perception module, decision

planning module, and underlying control module of the
unmanned vehicle to different controllers. The decision
planning is performed by the decision and planning algo-
rithms, the corresponding control strategy is formulated,
and finally, the underlying control executes the relevant
actions. The hardware topology of the experimental plat-
form is shown in Figure 4. The camera communicates with
the decision planning controller through the GigE interface
via a router as the transmission intermediary, and the 16-
wire LIDAR and four-wire LIDAR communicate with the
decision planning controller via a router as the transmission
intermediary. The decision planning controller receives the
CAN message transmitted by the millimeter-wave radar
through the USB to CAN module, and the communication
between the planning decision controller and the underlying
control module is through the USB to CAN module.

The software system of the experimental platform of this
topic mainly consists of three parts: environment perception
layer, planning and decision layer, and bottom control layer.
The software system of the driverless car is divided into
three layers, the top layer is the environment perception
layer, the middle layer is the planning and decision layer,
and the bottom layer is the bottom control layer. The three
layers work in their own way and interact with each other,
so as to realize the autonomous driving of the driverless
car. The task of the bottom control is to complete the deci-
sion-making, and the planning level formulates the corre-
sponding control strategy, which is divided into vertical
control and horizontal control. The behavior rule base is
established by data-driven so that planning decisions can
be made directly for different environmental information,
represented by reinforcement learning, decision tree, and
other related machine learning methods.

3.2. Local Path Planning Algorithm for Unmanned Vehicles.
In this section, a local path planning algorithm based on

RS232NVIDIA
Jetson TX2

NVIDIA
Jetson TX2

CAN2
Ethernet

CAN1

Figure 4: Hardware topology of unmanned vehicle.
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discrete optimization is proposed. Local path planning has
an extremely important role in the development of autono-
mous vehicles because it helps the vehicle adapt their move-
ments based on the dynamic environments especially when
obstacles are detected. This method uses the cost function
to evaluate the security and smoothness of the discretely
generated candidate paths and then carries out weighted cal-
culations according to each cost function to obtain the
locally optimal path. The flow chart of the path planning
algorithm is shown in Figure 5.

Global path planning is a prerequisite for local path
planning, and local path planning needs to know the infor-
mation about the global path in advance. Because the first
and second-order derivatives of the cubic spline curve have
continuity, this paper uses the cubic spline curve to fit the
global path:

x0 sð Þ = axi s − sið Þ3 + bxi s − sið Þ2

+cxi s − sið Þ + dxi

y0 sð Þ = ayi s − sið Þ3 + byi s − sið Þ2

+cyi s − sið Þ + dyi

8>>>>><
>>>>>:

: ð1Þ

The baseline, that is, the global path, will be divided into
many small segments during fitting. Candidate paths are a
series of paths starting from the current position of the vehi-
cle, and the end of the path is the same as the forward direc-
tion of the baseline. The lateral offset of the candidate paths
in this paper satisfies the equation of the cubic spline curve,
so the candidate paths can be expressed by

ρi sð Þ =

aiΔs
3 + biΔs

2 + ciΔs + ρsi

s ∈ si, sf
� �

ρf i,

s ∈ sf ,∞
� �

:

8>>>>><
>>>>>:

ð2Þ

The calculation process needs to consider the current
heading of the vehicle while ensuring that the end of the
path is in the same direction as the forward direction of
the baseline. The equations for the four boundary conditions
are as follows:

ρi sið Þ = ρsi

ρi sf
� �

= ρf i

dρ
ds

sið Þ = tan θ

dρ
ds

sf
� �

= 0

8>>>>>>>><
>>>>>>>>:

: ð3Þ

Different candidate paths are determined by different
end lateral offsets, setting the appropriate amount of varia-
tion of the lateral offset. The boundary conditions and can-
didate paths are shown in Figure 6.

In order to further improve the efficiency of the algo-
rithm, a new coordinate transformation calculation method
is used in this paper. The candidate path can be represented
by a series of discrete points, and the discrete points of the
candidate path can be found by the following equation:

Perceived information

Processing flow

Processing method

s
Send

𝜌

𝜌i

𝜃start
𝜃0

𝜌f

𝛥s

𝜃

Sstart

x0 = axi (s - si )3 + bxi (s - si )2

+cxi (s - si ) + dxi

y0 = ayi (s - si )3 + byi (s - si )2

+cyi (s - si ) + dyi

(x,y)
Heading

Figure 5: The flow chart of the path planning algorithm.
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xi = x0 − ρi sð Þ cos θn
yi = y0 − ρi sð Þ sin θn

:

(
ð4Þ

The optimal path is the path that is smooth and can
guide the unmanned vehicle to follow the baseline well while
satisfying the safety. In this paper, a weighted multiobjective
cost function is designed to evaluate the candidate paths,
and the optimal path is selected by choosing the path with
the smallest cost function after normalizing the cost func-
tions and performing a weighted summation calculation.
The relevant mathematical expressions are as follows:

f ið Þ =wsf s ið Þ +wof o ið Þ +wsmf sm ið Þ
select = min fð Þ

: ð5Þ

The choice of the optimal path in this paper gives pri-
ority to security, so the function of the weight value of
each cost function is designed according to the threshold
value of the security cost function. When the value of the
security cost function is above the threshold value, it indi-
cates that the security is low, so the security cost function
takes a larger weight to reduce the probability of choosing
such a path.

3.3. Design of Path Security Cost Function. In order to solve
the problem of unmanned vehicles avoiding stationary and
moving obstacles, a weighted path safety cost function con-
sidering stationary and moving obstacles is designed in this
paper. When driverless vehicles are driving on the road,
static obstacles on the road, such as vehicles parked on
the roadside, are potential hazard sources. The path plan-
ning algorithm must ensure that a safe and feasible path
can be obtained. Although the distance between obstacles
and candidate paths can well reflect the security of candi-
date paths, too many candidate paths or obstacles will bring
a lot of calculation, resulting in poor real-time performance.
Discrete Gaussian convolution calculation only needs the
result of collision detection of candidate paths and can
complete the security evaluation of all candidate paths with
a small amount of calculation, which has good real-time
performance The Gaussian filter helps in reducing noise
and blurs regions in the image. In this paper, discrete
Gaussian convolution combined with collision risk is used
to evaluate the security of each candidate path. The formula
is as follows:

f sta ið Þ = 〠
N

k=1
Ckgsta i − kð Þ,

gsta jð Þ = 1ffiffiffiffiffiffi
2π

p
σs

exp − Δρ ∗ jð Þ2
2σ2s

 !
:

ð6Þ

This shows that the security cost function can explicitly
explain the security of candidate paths and can be used as
an index to measure the security of candidate paths in this
paper. When the driverless vehicle is driving on the road,
there are still moving obstacles such as pedestrians and
moving vehicles, so the influence of moving obstacles on
path selection must be taken into account. The motion cost
is estimated based on the Gaussian convolution barrier:

X = xk, yk, vk sin βk, vk cos βk½ �T : ð7Þ

By substituting the state quantity into the standard Kal-
man filter based on the uniform velocity model, the posi-
tion coordinates of moving obstacles at the next time can
be predicted. Then, the safety cost function of moving
obstacles can be obtained by using Gaussian convolution
combined with collision risk. The path safety cost function
is defined as the weighted sum of the static obstacle safety
cost function and the moving obstacle safety cost function.
The formula is as follows:

f s ið Þ =wsta f sta ið Þ +wd f d ið Þ: ð8Þ

When only static obstacles are detected, only the static
obstacle safety cost function works. The purpose of the path
offset cost function is to make the driving vehicle as close to
the global path as possible. When other cost functions are
zero, the path offset cost function is the only factor that
determines the path selection. In this paper, the sum of
absolute curvature values of discrete sampling points of
candidate paths is used as the cost function of curvature
change, and the formula is as follows:

f c ið Þ = 〠
N

k=1
Ckj j: ð9Þ

In order to solve this problem, the path continuity cost
function considers the influence of the path planned in the
previous cycle on this planning when selecting the optimal
path. On the premise of meeting the security, select the
path with the smallest change from the previously planned
path. The formula is as follows:

f co ið Þ = 1
sf i − ssi

〠
N

k=1
ρk,i − ρk,pre

��� ���: ð10Þ

4. Experiments and Results

This section mainly carries out the simulation experiment of
intelligent driverless vehicle path tracking control, that is, by

s
sf

sf

𝜌

𝜌si

𝜃i
𝜃0

𝜌fi 𝜌fn

𝜌f1

𝛥𝜌

𝛥s

𝜃

Si Si

Figure 6: The boundary conditions and candidate paths.
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designing the software process of improved path tracking
algorithm, selecting, and setting different expected path
environments; the path tracking simulation experiment is
carried out; and the experimental results and data of the
improved tracking method and the traditional tracking
method are compared to verify the effectiveness and robust-
ness of the proposed improved tracking method. The
unmanned vehicle runs on a 200-m-long one-way three-
lane straight road. A stationary obstacle vehicle is parked
50m in front of the unmanned vehicle. The mobile obstacle
vehicle in the left adjacent lane 100m in front will change
lanes to the middle lane when the unmanned vehicle
approaches. The schematic diagram of obstacle avoidance
of unmanned vehicles is shown in Figure 7.

Under the same expected feasible path, the preview dis-
tance corresponding to the tracking position error of differ-
ent expected positions is different. The simulation results
show that it is reasonable and effective to find the appropri-
ate preview distance by comparing the tracking position
error. When the preview distance is set to a series of different
values, the average value of tracking position error will be
different. By comparing the average value, it is easy to find
that the tracking position error corresponding to the
improved dynamic adaptive preview distance value is the
smallest. At the same time, when comparing the variance
of all tracking position errors, there is no more prominent
error value. The comparison of average value and variance
of tracking position error is shown in Table 1.

Based on the improved dynamic prediction model, the
tracking performance is compared before and after target
optimization. The dynamic prediction model largely deter-
mines the solution time of the controller at each step. The
dynamic prediction model uses repeated of the predictors
in order to estimate the coefficients that connect the
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Figure 7: The schematic diagram of obstacle avoidance of unmanned vehicle.

Table 1: The comparison of average value and variance of tracking
position error.

Preview distance Average value of position error Variance

0.3 0.10164 0.00132

0.4 0.09257 0.00106

0.5 0.10996 0.00152

0.6 0.13042 0.00213

0.7 0.15332 0.00311

Adaptive value 0.08535 0.00092

Table 2: Comparison of real-time performance.

Premodel
improvement

After improving the
model

tave tmax tave tmax
30 km/h 5.968 19.502 14.454 33.372

70 km/h 6.198 18.031 15.735 29.093
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longitudinal predictors to a static model. The real-time per-
formance of the controller before and after the improved
model is shown in Table 2.

Table 2 shows that before and after the improved model,
the real-time performance of the controller does not change
in magnitude and the maximum calculation time does not
exceed 35ms. The controller based on the improved model
has good real-time performance. It can be seen that com-
pared with before optimization, the yaw rate is within the
stability range due to constraints, and the phase plane of
centroid sideslip angle-centroid sideslip angle velocity has a
smaller variation range, indicating that the comprehensive
constraints of yaw rate and centroid sideslip angle make
the vehicle have good stability. The controller can track the
vehicle track accurately and improve the stability under the
condition of low road adhesion.

5. Conclusion

The driverless vehicle has become the latest development
direction of the whole automobile industry. Driverless tech-
nology can comprehensively improve the safety of automo-
bile driving. On the basis of consulting a large number of
literature and data on driverless vehicle path planning and
motion control, this paper summarizes the research status
of driverless vehicle path planning and motion control and
focuses on the path planning and motion control algorithm
of the driverless vehicle under the structured road. In this
paper, a local path planning algorithm based on discrete
optimization is proposed. Various cost functions are used
to evaluate the security and smoothness of candidate paths,
and the optimal path is selected by weighted summation cal-
culation and minimum value. In view of the complex calcu-
lation of the original coordinate conversion method, a new
coordinate conversion calculation method is used to calcu-
late the coordinate conversion, which improves the real-
time performance of the algorithm.

The path planning and motion control algorithm pro-
posed in this paper still has some shortcomings, which need
to be further improved in future work. In this paper, a local
path planning algorithm based on discrete optimization is
proposed. The optimal path is selected by weighted summa-
tion of cost function and then minimum value. However, the
weight coefficients of each cost function are selected through
experimental analysis, and the impact of each weighting coef-
ficient on path planning is not deeply explored. In the future,
the impact of the value of the weight coefficient of each cost
function on the effect of path planning will be studied. In
addition, we need to further study the relationship between
the risk of obstacles and the standard deviation of collision
risk, so as to make the path planning algorithmmore human-
ized and apply the algorithm to more complex scenes.
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The datasets used during the current study are available
from the corresponding author on reasonable request.
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