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Abstract— Modern autonomous vehicles are designed to
provide convenience for people in their daily lives. A level 5
Advanced Driver Assistance System (ADAS) does not require
any human attention and they are free from Geo-fencing.
There is research going on and is not yet fully implemented. So
this system can only be classified as fully autonomous driving
level 1 to 4. Here Level-1 cars involves the human drivers and
it is lowest level of automation. And in Level-2 there is no self-
driving but instead the human sits in the car and this level of
vehicles controls both steering, accelerating/decelerating. In
Level-3 includes human interaction, if the system designed
fails, designed on the basis of environmental detection. Level-4
vehicles are Self-driving, there are speed limits already
designed within the systems. Assistive parking is the first
application of autonomous vehicles that is fully autonomous
when considering both risks and environments. In this
research, we propose parallel parking assistance for
autonomous and semi-autonomous vehicles. The plan is based
on the kinematic model of the vehicle which is used as a
parameter for a Model Predictive Controller (MPC) to control
the vehicle autonomously and use the A* algorithm is a
Informed Search Algorithm or a Best-First Search Algorithm
it aims to determine the shortest path possible to reach the
specified goal node, and here this algorithm is used to find the
path planning and parking. Using this system, the vehicle is
retrieved from the parking spot and re-parked by reversing
along the obtained path. We propose methods of planning
independent of a vehicle's initial position or orientation. The
vehicle parks by following reference trajectories generated by
the system.

Keywords—Parallel Parking, Advanced Driver Assistance
system(ADAS), Model Predictive control(MPC).

1. INTRODUCTION

People can expect comfort and convenience from
autonomous vehicles. There are many advanced driver
assistance systems (ADAS) present in most vehicles on the
road today. Due to safety and legal considerations, however,
there are only a few applications utilizing fully automated
driving technology. Hence, autonomous parking may be one
of the first fully autonomous applications within a few years
because of its relatively low risk and well-known
environment. Additionally, parking has become a major
challenge in metropolitan cities as the number of vehicles has
increased. Furthermore, parking slots and garage spaces can
be reduced without taking human factors into account. One
of the most prominent benefits of autonomous vehicles is
autonomous parking [1].
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The last three decades have seen several proposals for
automatic parking systems. The first type of strategy is to
plan a parking trajectory. It is imperative to keep in mind that
when designing a reference trajectory, which may be
followed by the vehicle while moving and parking into the
berths, it is pertinent to consider several key points. In order
to successfully implement this kind of strategy, there are two
major difficulties that are typically encountered. A vehicle
cannot steer itself freely because it is a moving robot. In
trajectory planning, it is difficult to adequately account for
dynamic constraints. There is a tendency to address dynamic
constraints  indirectly  through reference trajectories
curvatures, which are usually not explicit. Unfortunately, as a
result of the errors, it may not be able to implement the
planned controls. Second, a feedback controller can be added
that reshapes the steering actions and makes sure that the
vehicle follows this reference trajectory approximately as
well as the reference trajectory, based on the gap between the
reference parking trajectory and the actual parking trajectory.
A proper feedback controller is not an easy task to develop
and implement, due to the design and implementation costs
involved. Furthermore, there are two stages to implementing
this strategy.

As discussed earlier, judging from [2] autonomous
vehicles have four research issues relating to their
functionalities. Localization, perception, design logic and
motion planning and control are the research areas these
vehicles cover. There are already existing methods for
addressing autonomous parking issues in most of the
research domains, except for motion planning and vehicle
control. It is still necessary to overcome more stringent
requirements when dealing with motion planning and vehicle
control techniques in parking scenarios. This is necessary in
order to make appropriate optimizations. This paper focuses
on developing an autonomous parking system in a simulation
environment using the matplotlib library. Specifically, this
paper looks at the combination of control systems based on
autonomous steering systems using MPC controller and path
planning using A* algorithm to accommodate all types of
parking situations, specifically the frequent parallel-parking
and perpendicular-parking scenarios, as well as the rigid
parking scenarios with obstacles.

Further this paper is presented as follows: In Section-II,
we presented a little brief about the other experimentations
done by other researchers in the field: Literature Survey. In
section-III, we explain the background information about the
systems like formulations, algorithms, tools used, etc. In
section-IV, we  described the methodology and

Authorized licensed use limited to: Worcester Polytechnic Institute. Downloaded on January 24,2023 at 01:38:50 UTC from IEEE Xplore. Restrictions apply.



implementation of the proposed system. In section-V we
discussed about the results and simulation environment. In
section VI we concluded the paper.

II. LITERATURE SURVEY

Jyun-Hao Jhang et al., designed a system to overcome
autonomous parking problems by combining a vehicle
controller that is focused on parking and has a sampling-
based motion planner. Path Planning and parking for various
parking scenarios is made feasible with a motion planner that
utilizes smooth-feedback Bi-RRT*. The steering and speed
controls are combined to reduce the negative consequences,
and the MPC calculation and the vehicle control are carried
out simultaneously in the proposed controller in advance [3].

Jiyuan Tan et al., proposed a different automatic parking
system to solve APP problem which have a three-step
guidance control strategy which has five dynamic variables
controlling its trajectory: X0, YO0, &f, V, and 6. It should be
able to accommodate a maximum vertical distance from the
berth in relation to its length and width. In this novel method,
the desired control actions are evaluated directly rather than
first identifying the desired trajectory. The steps are
mentioned as follows:

Step 1: From the initial state, drive straight to reach the
starting position by making a slight angle change between
the lateral and longitudinal axis of the vehicle [4].

Step 2: Drive the vehicle backward until the steering
angle from the lateral axis to the longitudinal axis of the
vehicle reaches the preselected critical angle position,
starting from the starting position with a completely right
turn (setting the steering angle) with a velocity of v [4].

Step 3: Once the vehicle reaches the final position in the
berth (angle from X-axis to longitudinal axis of vehicle is
approximately 0) the vehicle will be driven backward with
full turns to the left (setting steering angle).

Jerome T et al., proposed a fuzzy Neuro control system-
based APP for wvehicles. In this study, the authors
demonstrate how to maneuver an autonomous car-like
mobile robot into parallel parking using sensors. Specifically,
the project seeks to parallel park a car-like mobile robot
following a backward maneuver in a 5-degree polynomial
reference path [5]. In this model they used simple kinematics
of a vehicle is used. Later using 5-degree polynomial paths
as the training data, a subtractive clustering algorithm is
employed to determine the fuzzy controller. In turn, the
controller is trained by using a neuro-fuzzy inference system
with adaptive inference and true-false training [5]. A car-
shaped mobile robot (CLMR) is being equipped with eight
ultrasonic sensors strategically placed to avoid radial
imprecision, which measure the angle of inclination of the
car [5]. A specific accelerometer is also being used to
measure the angle of the car.

Bai Li et al., proposed a spatial-temporal decomposition
method for APP motion optimization to generate reliable
initial guesses and to facilitate the NLP-solving process [6].
The proposed initialization strategy was compared with
current competitors in a series of comparative simulations,
and it has been concluded that the proposed motion planner
has the potential to meet the needs of online planning
missions. They were able to do this by using the kinematics
of a vehicle for defining the optimal control problem. Then
by applying the Interior-Point Method (IPM) we can
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approximate a nonlinear based system using the nonlinear
based system for approximations. When there are a number
of active constraints involved, IPM is efficient when dealing
with large-scale problems. By incorporating logarithmic
barrier weights into the optimization objective, IPM
computes solutions for a sequence of barrier problems. There
are so many scenarios to handle in the proposed plan that it
generates a parking motion every time in tens of seconds,
which indicates that it is not suitable to handle on-site or
online motion planning. By making the motion planner
unified, a wide range of scenarios can be handled instead of
just a few special cases. Even though the present study
employs only objective knowledge, reasonable parking
motions can still be generated [6].

A fuzzy inference-based auxiliary parking system is
proposed by Ozkul et al. To facilitate parallel parking
efficiently and accurately, the system is based on fuzzy
inference. In real time, images are captured through the input
provided by two low-resolution digital cameras located
outside of the vehicle. The necessary information about the
parking position and distance can be extracted from the scene
after online CPU filtering, edge detection, line extraction,
and image processing are applied. These algorithms, in
conjunction with fuzzy logic, can produce accurate results.
By providing motorists with concrete operating information,
the parking system can advise them on how to maneuver and
control the speed of their vehicles. In contrast to automated
processes, this method provides drivers with operational
recommendations [7].

I1I.

A. A* Path Planning

In this section, we are going to examine a path planning
problem, in particular the problem of finding the shortest
path route between two points in a graph G = (V, E) where V
is the set of nodes representing the locations of the
environment, and E is the list of valid ways to move between
the nodes. In order to simplify the definition of G, we define
an alternate graph form where G = (V, N) [8].

BACKGROUND SYSTEM

Algorithm 1 A* Search
Input: Graph G, movement cost r, start v, and goal v,
Output: Shortest path
I: Initialize @ + v,,C + 0, Parent(v,) « 0.
2: while v, ¢ C do
3 Select v* = (O based on Eq. (1).
4 Update O + O\ v*,C + CUv".
5 Extract Vi, C V based on Eq. (2).
f: for each v' € V,,, do
7
8
9

Update @ «+ QU v, Parent(v') + v*.
end for
: end while
): P+ Backtrack(Parent,u,).

Fig. 1. A* path finding algortithm [8]

This work makes use of an A* search algorithm. When
constructing a shortest path, all nodes are explored and then
the most promising node is selected from a list of candidates,
after which the neighboring nodes expanding the candidate
list until the goal is reached and a shortest path is found. It
should be noted here that the parameters for selecting nodes
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in the Algorithm 1 (Line 3) are determined by using the
following criteria:

9" =arg min(g(v) + h(v)), vel

A node selection is performed using O © V, which is an
open list of potential nodes. In search algorithms, the actual
cost of accumulating c(v’) for nodes v’ is updated
incrementally during each step, representing the total cost of
the current best path from vy to v. Conversely, h(v) is a
heuristic function used in grid world to estimate the total cost
between v and v,, called the straight line distance. Similarly
to Line 4, the closed list, C € V, is used to store all of the
selected nodes.

According to Algorithm 1, Line 5, we expand Vnbr c V
to all neighbors of v *:

Vipr = V' [V eNW) AV €0V & C}

To propose new selection candidates in the next iteration,
Ve 1 then added to O in Line 7. After vg is selected in Line
3 and stored in C, Backtrack is used to obtain P by tracing
the parent nodes in the path from v, to vi.

B. Vehicle Kinematics

As shown in Figure 1, the vehicle model is defined along
with the parameters relevant to this study. The kinematics of
four wheels can be represented by the bicycle model. The
details of the bicycle model are in [32] and [33]. In addition,
the Ackermann steering geometry is used since the vehicle
will be traveling at low speeds. Accordingly, the position of
the vehicle (x, y) in the world coordinate corresponds to the
centroid of the rear of the vehicle. Yaw angle 0 is defined as
the angle between the reference angle of the vehicle and the
x-axis of the world coordinate system. The scalar alone the
vehicle axis is used to define the vehicle speed, v. As far as
steering kinematics are concerned, steering angle 9, is
defined as the angle between the heading of the vehicle and
the steering wheel orientation. Based on the dimensions of
the vehicle, Ry, is the turning radius. In addition, the
wheelbase, WB the height, and the width all contribute to R.
am [9]-

Fig. 2. Kinematic model of vehicle [9]

(M

2

3

C. MPC Controller

An MPC model is optimized iteratively over finite
horizons. By utilizing a numerical minimization algorithm,
an optimal control strategy is computed (for a relatively short
time horizon in the future) based on the current plant
state. This paper explores trajectories emerging from the
current state and finds (through the solution of Euler-
Lagrange equations) a cost-minimizing control strategy until
the end of time. A control strategy consisting of only the first
step is implemented, and then the state of the plant is
sampled again, followed by repeated calculations, resulting
in a new predicted state path and new control. Due to the
continuous shifting of the prediction horizon, MPC is also
known as receding horizon control.

In almost all cases, MPCs are formulated in state
spaces. Assume a linear discrete-time description of the
system in state space.

3)

x(K + 1) = Ax(k) + Bu(k), x(0) = x,
A
<PAST FUTURE ,
—e— Reference Trajectory
~o— Predicted Output
—e— Measured Output
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Fig. 3. Discrete MPC controller

D. Linear Steering and Speed Kinematic Model

Using the referred papers [34] and [33] as guidelines for
the proposed controller, they aim to control speed and
steering simultaneously. A summary is given below:

Zk+1 = AZk + Buk + C (4)

According to the following definition, the vehicle state,
7y and the control input, uy, are:

®)

(6)

(7

Xk
_ |V _ 9%
Zk = Vg > U = [6}(];
B
Here is a description of state-space matrices A, B, and C:
|f1 o cosO)dt _g56ing) at]
4=10 1 sin(@)dt 5 cos(0) dt
[0 0 1 0 ]’
0 0 tan§
. 1
0 0
[ 0 0
B - dt 170 i
l 0 7 cos2(8) dtJ
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7sin(0)0 dt
[—17 cos(6)8 dt]
= 0

| DX 8§ I
l L cos2(8) J

This linear state space model tries to regulate the
position (X, y), speed (v), and heading () of a vehicle using
acceleration (a) and steering angle () as control inputs. The
state space matrices A, B, and C are created by fusing the
control input and prediction state in a discrete-time fashion.
As a result, the discrete-time model and control for the linear
state space model used for autonomous cars [9].

C

E. B-Spline curve

Unlike Bezier curves, B-spline curves have many
advantages and overcome many of the shortcomings of
Bezier curves. A B-spline curve is expressed as follows
[10]:

Qi,n(u) = Q:O[PHR Fk,n(u)]

®)

)

Fin ) = = S12K[(=1) ¢J,,(w+n—k = )" (10)

When a real value xi is given, then xg <x; < - < Xy g, I=
1,2,...,m-n; k=0,1,2,...,n; called knots, represents the
parametric curve of B-splines of degree n.

Using formula (14) we calculate the path planning
function for a B-spline:

I
e &

1
Fi3 (w) = c

[N N iy

F. Parking Trajectory

There are many variables and complexes involved
in automatic parking. Thus, the present paper proposes a
novel method that includes both vertical and horizontal
coordinates of parking starting points, and offers a new
method of calculating parking starting point area that is two
dimensional. Fig.4 shows the radius and central angle of the
arc near the end of the parking by the double-arc planning
method. Arcs from a starting point and azimuth are planned
from the azimuth and radius of the parking by this method.
The turning radius R1 should be set to the minimum turning
radius that is required for the vehicle. The radius, centre
angle, and centre speed of the parking arc are all determined
by R2 which indicates the radius and centre speed. The
starting point of parking can be determined based on some
constraints. There is a distance of d1 between the trajectory
and the lane line. If we compare the trajectory to the angle of
parking, we find the closest distance to be d2. A distance of

(11)

(13)

4

d3 to the left front corner of the vehicle indicates the nearest
location to the lane line. d4 represents the closest distance
between the vehicle's right front corner and the lane line [10].
The vehicle must meet the following requirements in order to
avoid a collision:

L, Lk, .
{d1>?,d2>2,d3>0,d4>0 (14)

6, < B 6, + 6, < p;

Fig. 4. B- Spline Curve [10]

IV. METHODOLOGY

In the proposed vehicle controller, the wvehicle is
controlled as shown by a designated parking route to resolve
problems associated with autonomous parking. According to
the proposed vehicle controller, the vehicle speed and
steering should be controllable by the suggested motion
planner simultaneously in autonomous parking in order to
guarantee that the outcomes of the suggested motion planner
are precisely tracked and successfully carried out.
Furthermore, the solution to these practical problems is to
implement a vehicle controller that helps overcome some of
the problems encountered in real-world applications,
including the need to simultaneously control speed and
steering, the delay between a steering request and a steering
reaction, as well as the computation delay. As a result of the

(12)  development of a model predictive speed and steering

control, a main structure of the proposed vehicle controller
has been developed [3].

Parking
instruction

Y
Parking space
search

Is the parking
space valid?

Yes

Motion
control

Path planning

Y
Go to the starting

point of parking

Fig. 5. FlowChart

The figure below shows the involved in

autonomous parallel parking.

steps
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The driver issue parking instructions after the vehicle
arrives at its destination. This function enables a vehicle to
determine whether a parking space found within a specified
distance of the destination is suitable for parking and eases
the search process until finding a parking spot that satisfies
the requirements for parking.

Having located a parking space, a secure and collision-
free parking lane is planned by the autonomous parking
system, and the vehicle travels to the beginning of the
carpark.

The automated parking system manages the car’s
movement based on the intended path using signals for front
wheel angle and vehicle speed. The driver gets back in their
car after the car exits the parking area without a hitch or
other incident.

A. Environment

To be able to visualize the performance and working of
the proposed system we designed an simulation
environment to get a visual render using the
OpenCV library. When env.render(x,y,angle) is used, the
controller process can be placed in the coordinate system
of grid map [11]. To simulate the model of a vehicle
certain parameters are considered to create a vehicle
model as shown in fig 6. Also there is a need to simulate
the parking environment with few static vehicles and
empty places to see how accurate the model works.

Fig. 6. Vehicle model in a simulated grid map

B. Path Planning and Trajectory Generation

To drive the autonomous vehicle to the parking space A*
algorithm generates the shortest possible path. Traditional
A¥* algorithms may generate paths that are very close to
obstacles [12]. The path will pose a high risk of collision
with obstacles to a an autonomous car if it is selected as the
planning path. In order to plan a path effectively, it is
essential to maintain a safe distance from barriers. In path
planning, the expansion distance is used to keep a safe
distance between the obstacles. In autonomous car path
planning, rasterized maps are used. Expanding around
obstacles, the primary unit for expansion distance is a grid of
measurement. The Algorithm showed in fig.1 and (1), (2)
provides the reference trajectory to the system to direct the
vehicle model to the starting side parking slot.

Once the car reaches the parking starting point with the
help of b-spline algorithmic equations are mentioned in (9) -

5

(14). A path is smoothed and scaled into an environment of
1000*1000 after being initially found in a discrete 100*100
space. The vehicle model then travels along these points

[11].
C. Path Tracking

The kinematic model and dynamic model of the vehicle
is used to simulate the vehicle model in order to know and
simulate how exactly the vehicle act while implementing the
control system. The parameters are explained in section -
II-B. Using these parameters and equations of motion the
state space matrices are formulated in (4) to (8).

Using the MPC controller, vehicle steering and speed are
controlled based on the model. It is possible to use a
linearized model with the MPC controller. A kinematic
model is linearized around the operating point in this case,
and the optimization is then performed.

This controller has a prediction horizon of 0.2 s,
therefore it measures 5 steps ahead. Taking advantage of the
system's performance capabilities and computational
complexity, sampling time and horizon were selected
according to the optimization problem [13].

The reference path is generated by projecting the car's
current location onto the track/centerline of the road in order
to follow it. Referencing is done before the car moves.
Reference distances are determined by desired velocity.

D. Parallel Parking

The algorithm must choose 4 rules that apply to parking
positions based on this part. The following is one of those
rules. The fig.4 illustrating the specification for path design.

After finding a path to the park position, the algorithm
will calculate the arrival angle. An agent chooses two
coordinates for the ensurel and ensure2 points based on the
arriving angle (X, yo). In other words, these are the points
where parking will begin and end [14].

Thereafter, the parking path is mapped using two circle
equations, as shown below, from starting point (X, yo) to
end position (x5, y;). A perfect parking alignment is
achieved by adding two straight lines to the path. Using
ensure coordinates, MPC controls the motion of the agent
through paths and parking lots.

V. RESULTS

In this chapter, we simulate motion planner
comparisons in parking scenarios. In advance, simulation
tests are conducted to determine the effects of each technical
element in the proposed vehicle controller. Simulations and
experiments are based on the same parameters. The
simulated model of car from starting position and parking is
shown in below fig.7.

-

- .
- e |
- .
- e e o |
- e By W

Fig. 7. Parallel Parking Images at Starting and Ending Points
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The first result in Fig.7 shows the orientation of the
vehicle using the MPC controller in parallel parking. It is
important to keep in mind that the car initially traveled at a
55 degree angle clockwise from the horizon, then this angle
was corrected to be almost horizontal.

car's position in time

m— pelerence

= car's position

H P - w0 P4

& {rm)

Fig. 8. Simulation of Parallel Parking

An A* reference trajectory and the desired trajectory are
compared in the second result. Figure 8§ illustrates the same
motion in both routes, although the end of the route showed
more compliance. As a result, it was eventually found that
the car would be parked the optimum point is located at the
same y coordinate.

car's accelerate in time car's angle in time

—— car acceberate (m* s) —— carangle (degres)

accelerate (m~21s)
psi (degree)

time (s) z T tmew
car' steer intime <ar's speed in time

—— car speed (mis)

steer (degree)
v (mis)

—— car stecr (degree)

“ time ) oo U dmeis)

Fig. 9. Simulation graphs of acceleration, velocity, steering angle and yaw
angle

In fig.9 depicts the acceleration, velocity change over the
time period, steering angle of the vehicle and predicted yaw
angle graphs.

VI. CONCLUSION

A novel technique for automatic parking is proposed in
this paper. The new method, which differs from existing
methods, describes control actions directly, as opposed to
seeking the desired trajectory first. There have also been
attempts to split up the whole series of control actions into
three simple steps that can be characterized explicitly and
implemented easily. It is indeed true that the three-step

control strategy is directly imitated from a human driving
process.

With the dynamic parameters of the vehicle known, it is
possible to detect the precise values of the guidance control
parameters. The results of testing show that this method of
guiding works well as long as there is enough available
parking space. As well, this study also demonstrates how we
can create better automatic parking systems.
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