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Abstract

The driving scenario of an automated vehicle is the crucial technology in the design of
autonomous cars. This suggested approach aims to address the shortcomings of autonomous
cars, such as their poor real- time performance and low control precision. The process for
building a virtual simulation environment for autonomous vehicle testing and validation is
described in this study. Model Predictive Control and Proportional Integral and Derivative
Control are used in MATLAB simulation to build three car models. These are related to the
2D and 3D animation used in collision detection and visualization. The virtual engine
visualization is included throughout the model. A variety of test circumstances are used to
validate the simulation model, and the model’s performance is assessed in the presence of
various barriers. The simulation's findings demonstrate that the autonomous vehicle has a
strong potential for self-adaptation even in challenging and complex working environments.
No instances of car sideslip or track departure have been noted. It is discovered that this
autonomous car performs remarkably well overall when compared to other autonomous
vehicles. The suggested approach is essential for enhancing autonomous vehicle driving
safety, maintaining vehicle control in challenging situations, and improving the advancement

of intelligent vehicle driving assistance.
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1. Introduction
The goal of this research is to provide a virtual proving environment for the

operation ofautonomous vehicles. Why is virtual environment needed when everything can
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be simply simulated in a real-world environment with actual kilometers? The issue is that
autonomy is pushing forward the automotive industry, and hence the companies are
attempting to create fully autonomous vehicles. Additionally, they need to certify and
guarantee the safety of those vehicles because it removes all liability from the driver, and the
companies are responsible for any problem or damage [9]. So, this issue can be solved by
creating this model simulation so that, the cars can be modelled and placed in a busy
metropolitan setting, so that they can communicate with one another.

Thefact that the cars are interacting with one another adds to the complexity of the
issue because the other dynamic objects are also decision-makers and can add further
complexity to the traffic situation. In order to discuss this subject, the vehicle's parts must be
put to test as well as the environment in which it operates and the activities it does in various
situations. In a busy metropolitantraffic environment, there are countless potential situations.
Because all conceivable outcomes add up to infinity, and a vehicle cannot be completely
verified by taking all possible outcomes into account. Instead, it must be ensured that the
algorithms and the manner in which actions are conducted provide safety assurances. To do
this, the issue must be divided into several levels, including the component car level and the
traffic level. So, to ensure that the car does a safe drive in a standard circumstance, the
components of autonomous vehicles which specify the algorithms and control loops are
designed first [7] & [9]. Initially, a vehicle model is created that is Model Predictive Control
(MPC) [1][2] using adaptive cruise control system, and again a vehicle model is createdfor the
purpose of Proportional Integral and Derivative (PID) cruise control, both containing vehicle
following mode and free drive mode along with driving mode selector [8]. All these are
connected to a collision detector, and the simulation stops if collision occurs [3][6]. A

designed car model is shown in figure 1.
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Figure 1. Car Model
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2D animation and 3D animation visualization simulations are created. This method is
vital for boosting autonomous vehicle controland driving safety, and for the development of
intelligent vehicle driving assistance [12].

2. Methodology

This work is divided into 3 sections and every section has its own function. The 1%
section consists ofpreparing the vehicle model of MPC and PID cruise control which is used
for the creation of perfect vehicle model. Collision detection is used for an emergency
purpose; if collision occurs, the simulation stops [6]. The 2" section consists of preparing a
visualization of the vehicle model in 2D and 3D animation. The 3™ section consists of an
unreal engine visualization, which has 3 different cars in a highway lane with 3D animation

which are ego vehicle and lead vehicle [13].

When an ego vehicle is assigned with some initial speed and position, the vehicle
follows the lane accordingly. Speed control is one of the major drawbacks in autonomous
vehicle and controlling thatspeed and developing automatic braking system is a difficult task.
With the help of developing a MPC and PID Cruise Control, both can be achieved. Along
with that, the vehicle following in the same lane is also an important task. An ego vehicle
follows the lane and overtakes the lead vehicle without collision, without track changing and
without sideslip [10], using a sensor. Theresult of this model is that it has a very good self-
adaptivity under severe and complicated workingconditions and no such cases as sideslip of car

or departure of track were observed.

3. System Flow

Autonomous vehicle following highway lane begins with creating a vehicle model
which is of MPC and PID Cruise Control as shown in the figure 2. A vehicle model is created
using transfer function, which is the acceleration to speed converter. This contains initial
speed and initial position of the vehicle which can be varied. Then a vehicle model is created,
that is MPC using adaptive cruise control system which has vehicle following mode and free

drive-mode along with driving-mode selector [1][2].

Another model is created for the purpose of PID cruise control which also contains
vehicle following mode and free drive mode along with driving mode selector [8]. All these
are connected to a collision detector which is used to detect when vehicles are nearby and yet
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to collide and stop that from occurring. A rear collision is used to compare the constant value

that is to detect the distance between the vehicles. If collision occurs, then the simulation
stops [3][6].

( stop )
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Figure 2. Block Diagram

2D animation and 3D animation visualization simulations are created. Where 2D
animation contains MATLAB function model with position and angle of the vehicle, and 3D
animation contains VR sink which has VR signal expander and bus creator connected to it
which shows the vehicle model in virtual world. All these are connected to an unreal engine
visualization which has a 3D simulation vehicle with ground following and simulation. 3D
scene configuration works as sensor. And there is a scope connected to this model which

shows the graphical representation of the speed of the vehicles [13].

3.1 Model Predictive Control
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Figure 3. Model Predictive Control

Model Predictive Control (MPC) refers to a class of sophisticated control techniques

that employa process model to forecast the future behaviour of the controlled system. A
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control algorithm based on a process prediction model is known as predictive control. Using
knowledge about the process and predicted future input, this is utilized to forecast the future
output. Instead of focusingon the model's structure, it highlights the model function [4].

The inputs given are relative distance of the vehicle, speed of leader vehicle and
steering angle [5]. The outputs obtained are position of the vehicle, speed of the vehicle and

the steering angle of thevehicle, which is shown in figure 3.

A speed verses time graph is obtained for the MPC, which are shown in figures 4,5,6

& 7. It represents the position output, speed output and steering angle of the vehicle model.
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Figure 4. Position Output Z (Scope 1) Figure 5. Position Output X (Scope 2)
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Figure 6. Speed Output (Scope 3) Figure 7. Steering Angle (Scope 4)

3.2 Proportional Integral Derivative

By managing the engine's power output, the PID algorithm returns the speed of the
vehicle to thespeed that was selected as the target. PID controllers use a proportional control

strategy together with extra integral and derivative adjustments to assist the device
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automatically that accounts for system changes. To push the process level to the set point,
process conditions are measured, feedback is computed, and output is changed as necessary
for the PID controller [8].
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Figure 8. Proportional Integral Derivative
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The inputs given are relative distance of the vehicle, speed of leader vehicle and
steering angle. The outputs obtained are position of the vehicle, speed of the vehicle and the

yaw (angle of vehicle)as shown in figure 8 [11]. A speed verses time graph is obtained for the
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PID as shown in figure 9,10,11 and 12. It represents the position output, speed output and

yaw of the vehicle model.

4. Results and Discussion

According to the simulation findings, the autonomous vehicle has high self-adaptivity
even under difficult and demanding working conditions, and no instances of sideswiping or
track departure were noted. This was determined to have impressively complete performance
when compared to other autonomous cars. With a thorough brake control system, as
illustrated in Figure 13, the car overtakes another vehicle without colliding or side sliding.

The graph in Figure 14 displays the speed fluctuation of the vehicle [11].

Figure 13. Autonomous Vehicle
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Figure 14. Speed of Vehicles
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5. Conclusion

The autonomous vehicle concept is a well-established concept that has aided in
numerous driving situations, including improved driver assistant systems and automatic
braking systems. This paper achieves in creating a virtual validation environment for
autonomous vehiclefunctions. Firstly, three vehicle models are created using MPC and PID
with appropriate simulation. These are connected to collision detection and visualization
which has 2D and 3D animation. This is then connected to unreal engine visualization.
Finally, using MATLAB orSimulink software a simulation model is created and autonomous
vehicle with different obstaclesunder different vehicle speed are tested through simulation
experiment. The simulation finding show that the autonomous vehicle has good self-
adaptivity under the challenging operating conditions and no incidents of sideslip of car or
departure of track were noticed.The suggested method improves vehicle control in difficult
situations, increases driving safety, and helps in the progression of smart vehicle driving
support, and is found to have remarkable comprehensive performance compared to other

autonomous vehicles.
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