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Abstract: This paper reviews the development of vehicle road collaborative simulation in the new era,
and summarizes the simulation characteristics of two core technologies in the field of transportation
after entering the era of Intelligent Networking: Internet of Vehicles technology and automatic driving
technology. This paper analyzes and compares the mainstream Internet of Vehicles (IoV) simulation
and automatic driving simulation platforms on the market, deeply analyzes the model-based IoV
simulation, and explores a new mode of IoV simulation in the era of big data. According to the
latest classification standard of automatic driving in 2020, we summarize the simulation process
of automatic driving. Finally, we offer suggestions on the development directions of intelligent
network-connected vehicle simulation.

Keywords: Internet of Vehicles simulation; automatic driving simulation; simulation software

1. Introduction

Traffic congestion is a kind of urban traffic phenomenon that refers to a large number
of vehicles crowded on a certain section of the traffic road network, causing the traffic
flow of this section to be slow or even stagnant. In the past few decades, with the rapid
development of the national economy, the number of urban vehicles has increased steadily
and substantially. Due to the slow progress of urban planning and the paving of new roads,
the urban road network has become saturated, and traffic congestion is an urban traffic
phenomenon that often occurs. The excessive frequency of this phenomenon has attracted
the attention of experts and scholars at home and abroad. The question of how to solve the
problem of urban traffic congestion has become a growing concern in most urban areas
around the world.

The intelligent networked vehicle, which integrates IoV technology and autonomous
driving technology, is an answer to the problem of traffic congestion. The intelligent
networked vehicle is also the main trend of the future development of the automotive
industry.

IoV technology refers to the realization of the information connection between vehi-
cles and other vehicles or road infrastructure, with the help of network communication
technology on the basis of vehicle perception. At present, there are two common tech-
nology protocols: DSRC and C-V2X.V2X simulation is used to simulate the overall traffic
network formed by pedestrians, vehicles, and the road infrastructure by connecting traffic
simulation and network simulation in different ways.

Autonomous driving is a technology that uses various sensors to collect surrounding
environment information as input, and utilizes artificial intelligence models to make deci-
sions and control vehicles semi-automatically or fully automatically. The key technology is
environment perception technology and decision-making technology.

The intelligent networked vehicle uses IoV technology to connect with roadside
equipment, edge servers, and other sensor devices, in order to analyze and process relevant
data and realize information interaction. Intelligent networked vehicles can effectively cope
with the complex urban road network conditions and actively reduce or avoid traffic jams.
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For intelligent connected vehicles, the traditional real-vehicle test approaches involve
a log of variable factors, high experimental costs, and critical environmental requirements.
On the contrary, for vehicle–road coordination-based traffic simulation, the parameters can
be adjusted accordingly and it can provide more feasible solutions for traffic management.
Traffic simulation technology based on vehicle–road coordination is an important method
and tool for the reconstruction and prediction of traffic information, and it also plays an
important role in the management, control, and optimization of the traffic flow. Meanwhile,
the simulation data can be reused and the experimental results are reproducible. This
technology is helpful for researchers to discover the deficiencies of intelligent transportation
systems, speed up the scientific research process, and promote social development. Vehicle–
road coordination-based traffic simulation is used to simulate the four aspects of people,
vehicles, roads, and communications. Therefore, this technology can be divided into two
parts: IoV simulation and autonomous driving simulation.

2. IoV Simulation Technology

IoV technology is a multi-domain comprehensive technology that is essentially a
mobile self-organizing network. It uses vehicles as network nodes and forms a network by
connecting vehicles and the road infrastructure with a specific wireless signal frequency
band. This technology can collect and transmit information from OBU and RSU to complete
the information interaction between vehicles and the road infrastructure.

However, the complexity of the IoV network structures comes from the high number
of nodes and the free movement mode, which makes it difficult to repeat the experiment
in real situations and determine the accuracy of actual vehicle tests. Thus, simulation
technology is adopted to carry out simulation experiments [1].

IoV simulation is mainly divided into three steps: the first is to simulate the traffic
vehicle and obtain the real vehicle motion state and trajectory; the second is to simulate the
network, establish the wireless network topology structure with the vehicle as the node,
and complete the functions of data transmission, background load, and channel packet
level simulation [2]; the third is to couple the vehicle simulation and network simulation.
In order to realize the simulation environment, according to different vehicle models and
network protocols, simulators are coupled and interacted to form different types of vehicle
network simulation platforms.

2.1. Traffic Simulations

Traffic simulation is mainly divided into two parts: the simulation of the vehicle
motion state and the simulation of the vehicle trajectory. In the simulation process, the
position and motion state of high-speed moving vehicles on the topology map at any time
significantly influence the network structure. In the actual simulation test, the selection
of vehicle model is then particularly important. Precise model selection can increase the
confidence level of the simulation [3].

2.1.1. Traffic Flow Model

According to different levels of detailed information required by simulation, models
can be roughly divided into two categories: macroscopic models and microscopic models.

Macroscopic models first appeared in the 1950s. Lighthill et al. [4,5] formally intro-
duced the knowledge of fluid mechanics into traffic flow theory and established the famous
LWR model based on fluid mechanics; thus, this model is also known as the traffic flow
fluid mechanics model. The macroscopic model is based on the distribution of traffic
flow and initial vehicles, which reflects the overall characteristics of vehicles on the road
network. In general, the road network fleet is regarded as a continuous fluid, and the
relevant theoretical knowledge of fluid dynamics is used for calculation. Commonly used
parameters include traffic flow, average speed, vehicle distribution density, and so on. The
macroscopic simulation model architecture is shown in Figure 1.
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Figure 1. Macroscopic traffic model simulation framework.

The microscopic model is used to model each vehicle as a relatively independent road
network object, which can reflect the motion relationship and mutual influence between
vehicles. In the study of microscopic models, two models are widely used: the following
model and lane changing model. The former can reflect real traffic phenomena, and the
latter can evaluate vehicle safety. Commonly used parameters are the absolute position,
relative position, speed, acceleration, and so on.

The car-following model is one of the most fundamental parts of microscopic simula-
tion. In this model, vehicles run on a fixed lane and follow other vehicles, and vehicles can
interact with each other. Pipes [6] first proposed a simple vehicle following model in the
1950s according to local traffic laws, and afterwards, new vehicle following models were
continuously proposed by researchers in the following decades. Through the study of a
car-following model, the vehicle speed and speed change can be obtained, and the vehicle
position can be updated, which lays the foundation for the following vehicle overtaking,
formation, directing, and other motion models.

The vehicle lane change model is established on the basis of a car-following model. It
refers to a model in which a vehicle changes lanes under the influence of other vehicles
in the current and adjacent lanes. The original vehicle lane change model was proposed
by Gipps PG [7] in 1986. According to the urban multi-lane rules, the vehicle lane change
model was established by adopting hierarchical decision processing, which provides the
theoretical basis and thinking framework for subsequent research on the lane change model.
Through the collection, judgment, processing, and command execution of the surrounding
information, the driver can avoid the failure of manual lane change due to information
error and reduce the probability of traffic accidents.

2.1.2. Vehicle Trajectory Model

In the simulation platform, the vehicle trajectory model is composed of different
movement constraints, which can be roughly divided into a completely random motion
model [8], certain restricted movement model [9], and real trajectory model.

In the completely random motion model, vehicles are treated as nodes and their direc-
tion, speed, destinations, and other parameters are completely random. It is the simplest
motion model in vehicle simulation. According to the literature [10], this model is rarely
used in the environment of IoV because the node distribution is not uniform, and it cannot
describe the group movement and is unable to reflect the real vehicle movement mode.

There are two kinds of constraints that affect the motion model: time and space. The
motion state of the vehicle at the previous moment affects the motion of the vehicle at
the next moment. The movement of surrounding vehicles has an impact and influence
on the movement of vehicles, so the restricted movement model can be divided into a
time-restricted movement model and space-restricted movement model.
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In the early stage, due to technical limitations, the mobility models used in vehicle
network simulation were generally the random model and restricted mobility model
mentioned previously. With the improvement of network technology, it has been proven
that the accuracy of simulation can be improved significantly with the help of a real
trajectory model [11].

The real trajectory model refers to the pre-recording of the trajectory node data of
the vehicle in the actual movement, and each recorded node is reflected in the simulation
process of the IoV as an independent event. The advantage is to reproduce the real
movement of vehicles and the relationship between vehicles. The disadvantage is that,
due to the difficulty in obtaining a large number of available trajectories, it can only be
used in a local scope and cannot be applied to the whole road network, and the simulation
performance is lower than that of other models [12]. The conceptual framwork of real
vehicle movement model is shown in Figure 2.

World Electr. Veh. J. 2021, 12, x FOR PEER REVIEW 4 of 15 
 

2.1.2. Vehicle Trajectory Model 
In the simulation platform, the vehicle trajectory model is composed of different 

movement constraints, which can be roughly divided into a completely random motion 
model [8], certain restricted movement model [9], and real trajectory model. 

In the completely random motion model, vehicles are treated as nodes and their di-
rection, speed, destinations, and other parameters are completely random. It is the sim-
plest motion model in vehicle simulation. According to the literature [10], this model is 
rarely used in the environment of IoV because the node distribution is not uniform, and 
it cannot describe the group movement and is unable to reflect the real vehicle movement 
mode. 

There are two kinds of constraints that affect the motion model: time and space. The 
motion state of the vehicle at the previous moment affects the motion of the vehicle at the 
next moment. The movement of surrounding vehicles has an impact and influence on the 
movement of vehicles, so the restricted movement model can be divided into a time-re-
stricted movement model and space-restricted movement model. 

In the early stage, due to technical limitations, the mobility models used in vehicle 
network simulation were generally the random model and restricted mobility model men-
tioned previously. With the improvement of network technology, it has been proven that 
the accuracy of simulation can be improved significantly with the help of a real trajectory 
model [11]. 

The real trajectory model refers to the pre-recording of the trajectory node data of the 
vehicle in the actual movement, and each recorded node is reflected in the simulation 
process of the IoV as an independent event. The advantage is to reproduce the real move-
ment of vehicles and the relationship between vehicles. The disadvantage is that, due to 
the difficulty in obtaining a large number of available trajectories, it can only be used in a 
local scope and cannot be applied to the whole road network, and the simulation perfor-
mance is lower than that of other models [12]. The conceptual framwork of real vehicle 
movement model is shown in Figure 2. 

 
Figure 2. Conceptual framework of real vehicle movement model. 

2.2. Network Simulation 
Network communication simulation is mainly used to obtain network parameters by 

constructing a mathematical model and performing the simulation of the real road net-
work state and date transmission behavior. Based on network simulation, researchers can 
control the cost of IoV simulation and flexibly change the simulation framework accord-
ing to different research needs, which is beneficial for detecting the existing problems of 
the system and changing the relevant algorithms and functions. 

Figure 2. Conceptual framework of real vehicle movement model.

2.2. Network Simulation

Network communication simulation is mainly used to obtain network parameters by
constructing a mathematical model and performing the simulation of the real road network
state and date transmission behavior. Based on network simulation, researchers can control
the cost of IoV simulation and flexibly change the simulation framework according to
different research needs, which is beneficial for detecting the existing problems of the
system and changing the relevant algorithms and functions.

In the real world, the quality of the wireless communication network between vehicles
will be affected by many factors, such as the shielding and reflection of building walls, the
influence of adjacent vehicles, and the multi-path effect. Thus, it is necessary to simulate
the wireless communication channel between vehicle and road. Common communication
channel models include the free space propagation model [13], double ray reflection
model [14], shadowing model [15], and channel model adopted by the IEEE 802.11p
working group [16].

The ideal signal propagation model is the free space propagation model, which is also
one of the most widely used channel models in the field of simulation. However, since
there is no propagation space, with no attenuation, no obstruction, and no multi-path in
real life, this model cannot reflect the real situation and can only be used for theoretical
research.

The shading model was proposed by considering the shading effect of a signal due to
buildings or obstacles. There are two common methods of constructing a shading model:
one is to realize it by constructing a random model; the other is to realize it by constructing
a geometric model.

The most widely used model for commercial application is the channel model adopted
by the 802.11p working group. This model is based on the linear delay tap model and
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takes into account both the time domain and the frequency domain. Combining a tap with
multiple paths makes it closer to reality and considers a comprehensive range of scenarios.
However, the non-stationarity and multi-path correlation between the channels are not
considered.

Compared with the free space propagation model, the double ray reflection model,
which considers the ground-reflected radio signal, is more practical. The model can predict
the path loss between the receiver and the transmitter, so that the vehicle data can be
tracked by a fitting ray.

2.3. IoV Simulation Platform

According to the different connection methods between the traffic simulator and
the network simulator, the existing mainstream car networking platforms can be roughly
divided into the following two types: joint type and integrated type.

2.3.1. Joint Simulation Platform

The joint vehicle networking simulation platform refers to the use of interfaces to create
a simulation environment that connects the traffic simulator and the network simulator.
The advantage is that the existing simulator can be used, but the disadvantage is that the
interface design is complicated and difficult to realize.

Veins [17] is a joint IoV simulation platform with an open-source framework design.
The network simulator is developed based on OMNeT++, and the traffic simulator is
developed based on SUMO. OMNeT++ is a free and open source multi protocol network
simulation software. Its full English name is objective modular network testbed in C++.
SUMO is an open source, highly portable, microscopic and continuous multi-modal traffic
simulation package designed to handle large networks. The future development and
road-map of SUMO is shaped and fostered by the open-Mobility Working Group at the
Eclipse Foundation. The software has a fast data processing speed and is mostly used
for large-scale traffic simulation. The protocols supported are IEEE 802.11p, IEEE 1690.4,
and cellular network model libraries. Users can expand the software according to their
own needs.

Corsim is a traffic simulation software developed by the US Federal Highway Admin-
istration. It is the result of combining the NETSIM model for ground street simulation and
the FRESIM model for highway simulation. It can simulate not only complex geometric
sections but also the interaction between different traffic network components.

TraNS [18] is an open-source application based on Java. The network simulator is
developed based on NS-2, and the traffic simulator is developed based on SUMO. The
platform has two modes of operation: one is a network program-centrist mode, which
can evaluate the real-time mobility of vehicles with the help of network programs; the
other is an application-centrist mode, which can evaluate vehicle behaviors with the aid of
application.

2.3.2. Integrated Simulation Platform

The integrated IoV simulation platform combines the network and traffic simulators
in a single simulator. The advantage is that the simulation efficiency is higher, but the
disadvantage is that the development is more difficult.

VSimRTI [19] is an integrated IoV simulation platform. Through effective management
of the connected simulators, it realizes synchronization, mutual communication, and work
cycle correction between multiple simulators. The supported protocol is the standard IEEE.
The coupling simulator can increase the versatility of replacing the simulator, and can also
evaluate the data communication scheme and algorithm protocol of the network.

TransModeler is a traffic simulation software developed by Caliper, USA. It can
provide macro, meso, and micro hybrid simulation. This software enables high-precision
microscopic simulation to be integrated with mesoscopic and macroscopic simulations
of any road section under the same road network. TransModeler has an intuitive user
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interface and simple operation. It is also the only simulation running software that can be
fully supported by the Windows standard.

NCTUns is a distributed and open network simulator, which can directly use the real
TCP/IP protocol stack [20] and has a strong visualization effect. It consists of eight [21] mu-
tually independent functional parts: a graphical user interface, simulation task coordinator,
modified kernel, protocol daemon, and real application.

In summary, the current commonly used simulation platforms for IoV are compared
and analyzed, and the results are shown, in Table 1 below.

Table 1. Comparison of typical Internet of Vehicles simulation platforms.

Simulation Platform Veins Corsim TraNS VSimRTI TransModeler NCTUns

Open source Yes No Yes Yes Yes Yes
Real map Support No Support Support Support Support Support

Occlusion model Support Support No support Support Support Support
Emission model No support No Support No support Support No Support No support

Channel simulation Support No support Support No support No Support No support
Large-scale simulation Support Support No support Support Support Support

Bit-level simulation No No Yes No Yes No
Wireless network
communication

protocol

LIE/DSRC
WAVE

IEE.802.11p
WiMAX

IEEE.802.11p IEEE.802.11p LIE
IEEE.802.11p IEEE.802.11p

WiMAX/DSRC
WAVE

IEEE.802.11p

3. Autonomous Driving Simulation Technology

With the new round of technological revolution and industrial transformation, au-
tonomous vehicles have become the strategic direction for the development of intelligent
networked vehicles.

As early as 2016, the International Society of Automotive Engineers (SAE) [22] di-
vided driving into six levels according to the ability of autonomous vehicles to operate
without human intervention: from level 0 (without automation) to level 5 (full unlimited
automation). The details are described in Table 2.

Table 2. Level of driving automation proposed by SAE [23].

Level Name Narrative Definition

DDT

DDT Fallback ODD
Sustained Lateral
and Longitudinal
Vehicle Motion

Control
OEDR

Driver performs part or all of the DDT

0 No Driving
Automation

The performance by the driver of the
entire DDT, even when enhanced by

active safety systems.
Driver Driver Driver n/a

1 Driver
Assistance

The sustained and ODD-specific
execution by a driving automation
system of either the lateral or the

longitudinal vehicle motion control
subtask of the DDT (but not both

simultaneously) with the expectation
that the driver performs the remainder

of the DDT.

Driver and System Driver Driver Limited

2
Partial

Driving
Automation

The sustained and ODD-specific
execution by a driving automation

system of both the lateral and
longitudinal vehicle motion control

subtask of the DDT with the expectation
that the driver completes the OEDR
subtask and supervises the driving

automation system.

System Driver Driver Limited
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Table 2. Cont.

Level Name Narrative Definition

DDT

DDT Fallback ODD
Sustained Lateral
and Longitudinal
Vehicle Motion

Control
OEDR

ADS (“System”) performs the entire DDT (while engaged)

System System
Fallback-ready
user (becomes

the driver
during fallback)

Limited3
Conditional

Driving
Automation

The sustained and ODD-specific
performance by an ADS of the entire

DDT with the expectation that the DDT
fallback-ready user is receptive to

ADS-issued requests to intervene, as
well as to DDT performance-relevant

system failures in other vehicle systems,
and will respond appropriately.

4 High Driving
Automation

The sustained and ODD-specific
performance by an ADS of the entire
DDT and DDT fallback without any

expectation that a user will respond to a
request to intervene.

System System System Limited

5 Full Driving
Automation

The sustained and unconditional (i.e.,
not ODD-specific) performance by an

ADS of the entire DDT and DDT
fallback without any expectation that a

user will respond to a request to
intervene.

System System System Unlimited

On 9 March 2020, the Ministry of Industry and Information Technology issued the
“Autonomous Driving Classification” [24] according to the national standard formulation
and revision plan, which divided driving automation into 0–5 levels, a total of six levels.
This indicates that China has an independent autonomous vehicle classification standard,
laying the foundation for subsequent research. The details are described in Table 3.

Table 3. Taxonomy of driving automation.

Level Level 0 Level 1 Level 2 Level 3 Level 4 Level 5

Name Emergency
assistance

Partial driving
assistance

Combined driving
assistance

Conditional
automation

High
automation

Full
automation

Narrative
Definition

The driving
automation

system cannot
continuously
perform the

lateral or
longitudinal

motion control
of the vehicle in

the dynamic
driving task, but
it has the ability
to continuously

perform the
detection and
response of

some targets and
events in the

dynamic driving
task

The driving
automation system

continuously
performs vehicle

lateral or
longitudinal

motion control in
dynamic driving
tasks within its

design operating
conditions, and it
has the ability to

detect and respond
to some targets and

events that are
compatible with

the executed
vehicle lateral or

longitudinal
motion control

The driving
automation system

continuously
performs vehicle

lateral and
longitudinal

motion control in
dynamic driving
tasks within its

design operating
conditions, and it
has the ability to

detect and respond
to some targets and

events that are
compatible with

the executed
vehicle lateral and

longitudinal
motion control

The driving
automation

system
continuously
performs all

dynamic
driving tasks

within its
design

operating
conditions

The driving
automation

system
continuously
performs all

dynamic
driving tasks
and performs

dynamic
driving task

takeover
within its

design
operating
conditions

The driving
automation

system
continuously
performs all

dynamic
driving tasks
and performs
dynamic task

takeover under
any diving
conditions

Driving
operation Human Driver + System System
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The simulation principle of autonomous driving technology is to replace the real-world
vehicle controller with a computer algorithm model in the simulation scene constructed by
the simulation platform, and to integrate the simulation sensor and other technologies to
complete the test of the computer model.

3.1. Autonomous Driving Simulation Development Steps

The development of autonomous driving simulation generally includes the following
processes.

Construction of virtual simulation scene library: users build simulation scenes ac-
cording to the functions required by the autonomous vehicle. The scene library consists of
two parts: static scenes and dynamic scenes. Static scenes include road elements (traffic
lights, lane lines, ground material, etc.), traffic participants (people and vehicles), and
road surrounding elements (green belts, buildings, etc.). Dynamic scenarios include motor
vehicle simulation, non-motor vehicle simulation, traffic signal control simulation, etc.

Sensor simulation: add corresponding on-board sensors to the simulated virtual
vehicle based on the sensors equipped in the real car. At the same time, the various
parameters of the sensor are set to be consistent with the actual vehicle. Commonly used
sensors include GPS, V2X, cameras, and millimeter-wave radars, etc.

System architecture: import the algorithm into the simulation environment, so that
the vehicle meets the requirements of driving in the scene. Since the system requires a
large amount of data for simulation training, it has higher requirements on the storage
and computing capabilities of the computer. Therefore, a distributed parallel architecture
is generally used to allocate tasks and coordinate calculations to improve simulation
efficiency.

Test analysis: perform unified and repeated tests on the designed simulation system.
According to the test results, verify whether the system can release the test group [25], and,
based on the simulation test results, modify the algorithm architecture or adjust various
simulation parameters.

3.2. Autonomous Driving Simulation Platform
3.2.1. Prescan

Prescan [26], developed by TASS International, is a commercial simulation software for
autonomous vehicles. The engine used is MATLAB, which is based on ADAS simulation
transformation. The simulation of the vehicle dynamics model is quite accurate. It has a
comprehensive three-dimensional scene and a flexible interactive interface, which can be
integrated with a variety of hardware-in-the-loop test platforms, but the rendering effect
is poor.

3.2.2. AirSim

AirSim [27] is Microsoft’s open-source autopilot simulation platform based on the
virtual 4 physics engine. Through the virtual engine plugin, the interaction of the traffic
simulation scene can be realized, and a large amount of labeled perceptual data information
can be generated at the same time. The realism of the virtual scene is very high, and the
designed C++/Python interface also has many brief introductions, but it requires high
development and programming capabilities.

3.2.3. VTD

VTD [28] was developed by the German company VIRES. It is a modular simulation
platform based on a hardware-in-the-loop system for the development of autonomous
driving algorithm systems. Currently, it can only be run on Linux systems. The platform
supports a full-cycle development process from SIL to HIL and VIL. Whether it is real-time
or non-real-time, stand-alone or high-performance, VTD can be used for simulation. In
addition, VTD has high-quality and real-time rendering effects.
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3.2.4. Vissim

Vissim is a traffic simulation software developed by the German PTV company. The
longitudinal movement of the vehicle uses a psycho-physical car-following model, while
the lateral movement of the vehicle uses a rule-based algorithm. With a 2D and 3D graphical
interactive interface, it can support offline data statistics and online traffic operation.

3.2.5. CarSim

CarSim is a professional system dynamics vehicle behavior simulation software of
MSC, developed by two vehicle dynamics experts, Thomas D. Gillespie Michael Sayers
and Steve Hann. CarSim simulates and restores real vehicles based on actual vehicle
dynamics, and conducts simulation interactions between three-dimensional dynamic
vehicles, advanced controllers, and three-dimensional road network environments. It
is mostly used for the development and simulation of unmanned vehicle road driving,
vehicle dynamics, and vehicle chassis control algorithms.

We compare and analyze the software mentioned in the above article, and the specific
contents are described in Table 4.

Table 4. Comparison of autonomous driving simulation software.

Name Prescan AirSim Vissim VTD CarSim

Open source Business Open source Business Business Business

Visualization

Excellent graphical
interactive,

providing a variety
of visual models

High reduction and
rendering ability,

three-dimensional
environment, real light

and shadow effects

2D/3D scene
map, general
picture effect

High-precision
real-time image

rendering
capability

Intuitive graphical
user interface,
results can be

presented with 3D
animation

Vehicle dynamics Simple Simple Simple Simple Real reaction

Autopilot
algorithm

verification
suitability

Suitable Suitable Non-suitable Suitable Non-suitable

Professional
degree simulation Ordinary Moderate Ordinary Ordinary Major

Complexity Simple Simple Simple Simple Complex

Difficulty of
getting started Easy Moderate Moderate Easy Harder

4. Simulation Experiment and Results

Through the analysis and comparison of the above software, four common traffic sim-
ulation software programs are selected for more detailed horizontal comparison. Because
Vissim is more mature and used more frequently in software engineering, the advantages
and disadvantages of the software are more obvious. Therefore, taking Vissim as the refer-
ence standard, this paper designs an experiment to simulate the driving state of vehicles
under driver-less conditions. The experimental results are compared with the simulation
results of Prescan, TransModeler, and Corsim under the same conditions.

4.1. Experimental Purpose

Vissim is used to simulate the operation law of intelligent vehicles on the traffic road
network, and finally realize the six functions of cruising, following, lane changing, starting
and parking, speed change, and obstacle avoidance. The same test code is tested on three
different simulation software programs, namely Prescan, TransModeler, and Corsim. Based
on the analysis results, the advantages and disadvantages of the four software programs
are obtained.
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4.2. Experimental Steps

Intelligent vehicle simulation is a complex traffic simulation project that contains
a variety of random components and various logical relationships. Only by following
certain procedures and steps can we build a simulation system with a complete architecture,
correct procedures, and good performance.

4.2.1. Define the Experimental Objectives

This experiment is intended to simulate the running state of vehicles on the road
network, so it is necessary to simulate the six common driving laws of vehicles in real life,
which are: vehicle cruise, following behavior, overtaking and lane changing, vehicle start
and stop, acceleration and deceleration, and collision avoidance.

4.2.2. Establish Simulation Road Network

The basic simulation road network is constructed by Vissim. The east–west direction
contains 8 two-way lanes, two through lanes, one right turn lane, and one left turn lane.
The lanes in the north–south direction are 8 two-way lanes. Movements include go straight,
turn right into one lane, and turn left into a separate lane. On the east–west lane, there is a
bus stop 100 m away from the intersection parking line, where pedestrians can transfer
buses. The road network structure settings of the other three software programs are the
same as in Vissim. The road network modeling used in the simulation experiment is shown
in Figure 3.
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4.3. Experimental Scheme and Result Analysis

The programming language used in this experiment is Java. We use Java to call Vissim,
Prescan, TransModeler, and Corsim simulation software for secondary development. The
experiment is divided into three parts. The first part is to realize the parking and speed
change operation before vehicles arrive at the intersection. When there is congestion at
the current intersection, we determine the traffic flow density in advance. If the threshold
is exceeded, the lane change operation command is executed independently. We observe
the following model, lane changing model, and model spacing of the different simulation
software programs. For the second part, under the condition of no traffic congestion, we
set the phase cycle of the signal light, change the yellow light time of the signal light, and
observe the intersection vehicle behavior of the different simulation software programs.
For the third part, when the traffic flow density is large, we set up bus stops in order to
observe the impact of bus departures with the different simulation software programs on
traffic flow and whether there is a bus priority model.
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4.3.1. Simulation Scene Effect Analysis

This experiment uses four different simulation software programs to build the same
simulation scene. Due to the different road network processors of the software, the opera-
tion and picture presentation quality of the road section structure are also different. With
the development of modern society, 3D technology is becoming more and more popular.
The scene display of this experiment focuses on observing the visual interaction effect of
the 3D interface. The comparison results are shown in Table 5.

Table 5. Comparison of road network construction with different software.

Name Vissim Prescan TransModeler Corsim

3D visualization General 3D effect,
GIS-T graphic display

There are many 3D visual
modes, but the scene

rendering effect is general,
with GIS-T graphic display

Excellent 3D effect,
GIS-T graphic display

No 3D effect, no GIS
graphic display

Road network
structure

The “line-connection”
structure description is
adopted, and the road
network layout is fine

Modular road network is
adopted to build the road

network, and IBEO scanning
data can also be used to

automatically convert it into
a simulation scene. The road

network layout is
relatively fine

The “node-arc segment”
structure is adopted to

provide an accurate
network collection

editing function, and
the network layout is

relatively fine

The “node-arc segment”
structure is used to
describe the road

network, and the road
geometry is edited by
defining the curvature.

The road network layout
is relatively fine

4.3.2. Car-Following Model, Lane Changing Model, and Model Spacing

During the test of this part of the scheme, two traffic flow states are set: no traffic
congestion and traffic congestion. Under different traffic flow conditions, we test the
driving state and start–stop changes of vehicles before reaching the intersection, as well as
the vehicle spacing when following and changing lanes in the case of traffic congestion
ahead. The comparison results are shown in Table 6.

Table 6. Compare the model spacing in different simulation software.

Name Vissim Prescan TransModeler Corsim

Distance between front and rear vehicles when following 2 m–8 m 3 m–10 m 2 m–8 m 4 m
Distance between front and rear vehicles when changing lanes 40 m 35 m 40 m 40 m

Since Vissim and TransModeler adopt both a psycho-physiological car-following
model and rule-based lane changing model, there is little difference between the front
and rear workshop distances during car following and lane changing. Although the lane
change spacing of Corsim is the same as that of Vissim and TransModeler software, its
car following spacing is basically kept at 4 m. Compared with the other three simulation
software programs, the car following distance of Prescan is longer, and the lane changing
distance is smaller, which is maintained at approximately 35 m.

4.3.3. Vehicle Behaviors at Intersection with Yellow Light

In real life, when a vehicle passes through an intersection, if the signal light turns
yellow (especially when the green light turns yellow), the driver usually does not slow
down, but accelerates through the intersection. In order to fit the actual vehicle behavior at
intersections in China, in the experiment, the car can pass through when the yellow light is
on, and we set different yellow light phase times, which are 0 s, 2 s, and 5 s, respectively.
We observe the vehicle behavior and driver response results of the different simulation
software programs. The comparison results are shown in Table 7.
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Table 7. The number of vehicles passing through the intersection with different simulation software.

Name Vissim Prescan TransModeler Corsim

0 s 0 0 0 0
2 s 1 1 2 0
5 s 2 2 3 0

Regardless of how long the phase time of the yellow light is, no vehicle will pass
through the intersection when the yellow light is on in the Corsim software. The other
three software programs will have vehicles passing through the intersection within 2 s and
5 s. Vissim and Prescan have the same traffic volume, because both software programs
control vehicle behavior based on driver and signal lights, and neither set a variable driver
response time. While TransModeler has more vehicles passing through at the same time,
it should be a vehicle behavior model with a variable driver response time and special
yellow light.

4.3.4. Bus Stops and Bus Priority

A special vehicle dynamic priority strategy and special lane layout have been some
of the focuses of experts and scholars in the study of traffic flow in recent years. This
experiment also tests the related aspects. When the traffic flow density is large, we set
up bus stops in order to observe the impact of bus departures with the different simula-
tion software programs on traffic flow and whether there is a bus priority model. The
comparison results are shown in Table 8.

Table 8. Comparison of bus systems with different simulation software.

Name Vissim Prescan TransModeler Corsim

Number of vehicles
queuing at the rear
when leaving the

station

3 6 3 1

Implementation of bus
priority strategy

Can be achieved, the
process is simple, and

the implementation
effect is general

Not possible

Can be achieved, the
process is simple, and the
implementation effect is

good

It can be realized, but the
process is cumbersome and the
amount of code is huge. Poor

implementation effect

In the impact of bus entry and exit on the rear traffic flow, the bus model built in
Corsim has the best effect and the minimum number of rear vehicles queuing. Vissim
and TransModeler have the same effect. Prescan has a poor effect in the simulation of
the bus dynamic priority strategy. The simulation effect of the Corsim software is greatly
discounted, the code implementation is too difficult, and the process is cumbersome.
Prescan cannot realize the bus priority strategy at all. Vissim and TransModeler can easily
complete code editing and realize the bus priority. The difference between them is that the
implementation effect of TransModeler is better. To sum up, in this experimental scheme,
the comprehensive ability of TransModeler is the best and the ability of Prescan is the worst.

5. Conclusions

This article first reviews the development process of vehicle–road collaborative sim-
ulation technology, and summarizes the main characteristics of V2X technology and au-
tonomous driving. Then, it analyzes the autonomous driving simulation platform, and
conducts an in-depth analysis of the model-driving IoV simulation. According to China’s
latest autonomous driving classification regulations, the development steps of autonomous
driving simulation are analyzed. Finally, based on the discussion and analysis of the
commonly used vehicle networking simulation software and automatic driving simulation
software in the market, this paper makes the following conclusions:
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1. With the change in the global environment and the increase in extreme weather, the
topic of environmental protection has been given more and more attention in many
countries. While an building intelligent transportation system, vehicle environmental
protection has also become one of the vehicle performance indicators of concern
among researchers. After comparing the vehicle networking simulation software
involved in this paper, Veins simulation software supports the creation and simulation
of a vehicle emission model. Therefore, when the required research involves emission
problems, this paper recommends using Veins simulation software for simulation.

2. Secondly, 3D technology is currently a popular technology, which is sought after
and utilized in many fields. Having a scene interface with a good 3D effect is the
configuration of the current mainstream traffic simulation software, which can enable
users to create simulation scenes more intuitively and stereoscopically. Therefore,
when 3D models need to be considered during modeling, Corsim software cannot be
selected because it does not support a 3D interface. On the contrary, TransModeler,
a simulation software, not only supports 3D modeling, but also has an excellent
3D effect.

3. The operation law of domestic traffic flow is different from that of foreign countries
in many aspects, especially when the signal light is yellow, as the driver’s response
and vehicle operation are different. In real life, when a driver encounters a yellow
light, he is more inclined to accelerate through the intersection rather than slow down
and stop. Therefore, many foreign simulation software programs do not consider this
point, such as Corsim, while a few software programs consider this point but do not
set a variable driver response model, and the simulation effect is quite different from
the actual situation, such as in Vissim and Prescan.

4. One major difference between intelligent vehicles and other traditional vehicles is that
intelligent vehicles can avoid collisions independently. The vehicle collects the sur-
rounding environment and vehicle information through the on-board sensor, uploads
the original data to MEC for calculation and processing through 5G communication
technology, and then transmits the processed auxiliary information back to the vehi-
cle end to form a closed loop. Among the common vehicle networking simulation
software, Vissim has a better effect than other simulation software in two aspects: a
wireless obstacle model and vehicle lane changing model. Therefore, when the vehicle
collision avoidance problem needs to be studied and designed, Vissim simulation
software is recommended in this paper.

5. Prescan simulation software adopts a simple vehicle dynamics model in vehicle
dynamics, which cannot accurately control the intelligent vehicle in the vertical and
horizontal directions, nor can it reflect the dynamic characteristics of the vehicle in
the vertical direction. When the required research involves vehicle dynamics, CarSim
simulation software is recommended in this paper.

With the in-depth development of network technology, the simulation and optimiza-
tion development of intelligent networked vehicles based on big data will enter the “5V”
era, i.e., Value, Volume, Velocity, Variety, and Veracity.
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