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car parking settings. The method employed is a mix of Rapidly Exploring Random Tree
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Star and Ant Colony Systems (RRT-ACS). The RRT-ACS method can quickly provide an
ideal path. The reed sheep planner technique is also used to provide a smooth curving
path that non-holonomic vehicles can follow. The performance of the RRT-ACS
algorithm-based autonomous parking system is compared to that of the RRT*-connect
and informed RRT*-connect algorithms. The simulation tests were performed in
common parking settings such as parallel parking and vertical parking. The test results
reveal that the suggested autonomous parking system outperforms other comparative
algorithms. It is possible to infer that a route planning algorithm capable of rapidly
designing a path for automatic parking in a variety of car parking circumstances has
Keywords: been successfully built. These findings may have ramifications for self-driving cars
Autonomous system; RRT-ACS; parking equipped with advanced driver support systems.

1. Introduction

The number of cars on the road is increasing and is expected to reach 2.5 billion by 2050 [1]. In
densely populated areas, such as cities, the availability of parking spaces is often less than the
availability of vehicles, resulting in a parking space shortage [2]. The increasing scarcity of parking
spaces hasincreased the stress accumulated at work, lowering one's quality of life [3]. Drivers hunting
for parking places contribute for around 30% of traffic backup in a typical downtown location,
according to reports [4]. The anticipated rise in vehicle numbers indicates more new and unskilled
drivers, resulting in increased road congestion and the waste of important time and resources [5]. As
a result, an immediate parking solution, such as an automatic parking system, is required [6]. Using
environmental data acquired by sensors, the autonomous parking system can intelligently manage
the steering wheel to execute parking tasks [7]. The path planning algorithm is vital in automatic
parking systems because they often function in a confined operational space [8,9]. Aside from the
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path planning algorithm, the automatic parking system requires localization, perception, and decision
methods [10,11]. Most research domains, however, already have existing methods for dealing with
the three methods [9]. The path planning algorithm for autonomous parking should be able to find a
collision-free path around the parking spot [12], the algorithm should take ride comfort and path
smoothness into account [13]. Even in complex parking situations, the path should be obtained in a
short planning time.

Several path planning algorithms have been proposed in the various research to generate paths
for automated parking in a short period of time. Among existing motion planning strategies in parking
scenarios, sampling-based planners such as Rapidly Exploring Random Tree (RRT)-related methods
are commonly employed [9,12,14]. Shin et al., presented Desired orientation RRT (Do-RRT) for the
operation of autonomous vehicle restricted locations and locations with frequent traffic jams [15].
For autonomous parking, Wang et al., suggested a two-stage RRT path planner [16]. Manav and
Lazoglu suggested a cascade RRT algorithm for self-parking truck trailers [17]. But, in a tight parking
spot or on a small road, planning time can be extended much more. Various strategies for improving
the planning time of RRT algorithms in a constrained context have also been proposed. Klemm et al.,
[18] a dual-tree variation of RRT* aptly named “RRT*-connect” that discovers solutions quicker than
RRT*, especially in tight passageways. In contrast, RRT*-connect must search all states for the
optimum path. Gammel et al., [19] proposed the informed RRT* algorithm that performs informed
sampling on RRT* after the discovery of a first solution. This algorithm can locate the optimal solution
faster than the RRT* algorithm; nevertheless, it takes longer to reach the destination when the target
node is hidden behind a narrow passage. Mashayekhi et al., [21] suggested a dual-tree variation of
informed-RRT*, which is the informed RRT*-connect algorithm. However, Pohan et al., [22]
presented numerous environmental conditions in which the ellipsoid sampling area of the informed
approach can be excessively big. As a result, the ellipsoid area is ineffective for limiting the search
area. As a result, RRT-ACS method was created by mixing Ant Colony System (ACS)and RRT algorithm.
In the nonparametric test by Friedman, Pohan found that the RRT-ACS algorithm surpassed the RRT*
algorithms, informed RRT*, informed RRT*-connect, and RRT*-connect. Currently, there are no
studies have used the RRT-ACS algorithm in an automated parking system. Another disadvantage of
the reference's autonomous parking method is that it only addresses one or two sorts of parking
issues even though there are three broad categories of parking methods namely vertical, parallel,
and oblique parking [23]. The difference between this study and other studies is that it uses a path
planning algorithm that is faster than the RRT algorithm for automatic parking in oblique parking,
vertical parking, and parallel parking.

This research aims to implement a path planning algorithm that can quickly plan a path for
automatic parking in various car parking scenarios. The method is based on Rapidly-exploring
Random Tree star and Ant Colony Systems (RRT-ACS) hybrid. The RRT-ACS method can quickly
provide an ideal path. The reed sheep planner technique is also used to provide a smooth curving
path that non-holonomic vehicles can follow. The algorithm’s performance is compared to the
performance of the RRT* and informed RRT*-connect algorithms used in the autonomous parking
system. Simulation was used to run the tests in common parking settings such as parallel and vertical
parking. The results of the tests show that the suggested autonomous parking system outperforms
existing comparative algorithms. The results suggest that the proposed autonomous parking system
is appropriate for an advanced driver-assistance system in a self-driving car.
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2. Methodology

This section provides a detailed explanation of the recommended algorithm. In Figure 1, a Reeds-
Shepp curves illustrates the RRT-ACS algorithm. Generation of a random value as a variable at each
iteration decides whether the exploration or exploitation process should be employed (Line 10). A
random state, which includes both position and direction information, is created. When the
exploration process is selected, the random sample is used to establish the random state (Line 16).
In addition, the exploitation process is chosen if the pheromone dispersion data is utilized to
determine the random state (Lines 12-14). The GrowTree function employs a collision-free Reeds-
Shepp curve to link the parent node and the random state (Line 20 and Line 32).

Bidirectional RRTs are used in the proposed algorithm to improve the efficiency of environment
exploration, particularly in narrow environments. In Figure 1, it can be seen that there are two search
trees used, namely T_A and T_B. This algorithm simultaneously starts the search from the start and
goal points. These two trees are attempting to connect in an aggressive manner (Line 26 and Line
38). Tree T_B has a better chance of growing out of narrow parking spaces. Once the tree T_B has
grown out of the parking slot, numerous solutions to improve exploring efficiency can be found
quickly.

The proposed approach ensures the quality of the end result by utilizing pheromone information
to compute the new path based on the idea of learning from experience. An approach for updating
the pheromone data has been established (Lines 46-48). At each iteration, only ants that have
discovered the best path will add more pheromones to reinforce the good paths. The local search
function (Line 45) optimizes the current branches of the RRT to enhance the quality of the discovered
paths.

Algorithm 1: X?S «<RRT-ACS(map)

1: % ========== |nitialization

2: T4 « InitializeTree()

3: Ty < InitializeTree()

4: T, < InsertNode(®, Qinit,» Ta)

5 Tp« InsertNode((Z), qgoaerB)

6: s <0

7: while termination condition not met do

8: fork = 1tomdo

9: while s = 0 do

10: q < randvar[0,1] and T # @

11: ifg < q,

12: Qsamp < RandomSampleFrom10LastNode(T)
13: Thear < Near(‘[, qsamp)

14: Grandomstate < RouletteWhell(T,eqr)

15: else

16: Grandomstate < RandomSample (k)

17: end if

18: Qnear < Near(Ty, qrandomstate)

19: Gnearest < NearestNeighbr (qranaomstater Qnear» Ta)
20: Gnew < GrowTree (Gnearests Granaomstate, Aq)
21: if Obstaclefree(qnearests Qnew) then

22: Qnear < Near(Ty, Gnew)

23: qmm « Choosprnt(anW’ Qnear' qnearest)
24: T, « InsertNode(qmm‘qnew, TA)

25: T, < Rewire(T, Qnears Gmin)

26: if CanConnected(qpew, Tg) then
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Algorithm 1: X?S «<RRT-ACS(map)

27: XbS « UpdateBestPath(T,, Ty)
28: end if

29: end if

30: Qnear < Near(TA' Grand)

31: qnearest « NeareStNeigh’br(qTand' Qnear' TA)
32 Gnew < GrowTree (Guearests Aranar AG)
33: if Obstaclefree(qnearests Gnew) then

34: OQnear < Near(TB: Qnew)

35. qmln - ChOOSPrnt(qTIeW’ Qnear! Qnearest)
36: T « InsertNode(qmm,qnew, TB)

37 TB < REWiTE(T, Qnear: Qmin)

38: if CanConnected (qpey, T4) then

39: XY « UpdateBestPath(T,, Ty)
40: end if

41: end if

42: end while

43; X(k) « MakePath from T

44 end for

45: XP$ « LocalSearch(X?S, map)

46: XY « Select w best Path(X)

47: T « Add Pheromone Node on the w best Path(X", 1)
48: T « Evaporate Pheromone Node (1)

49: end while

Fig. 1. RRT-ACS algorithm with Reed-Shepp curves
3. Results

To validate the performance of the autonomous parking system using the RRT-ACS algorithm, the
algorithm was running through various parking scenarios and observed the algorithm's adaptability
to different parking spaces and lane feasibility. During the parking process, the vehicle's steering
angle is recorded. The PC utilized for the simulation tests had a 3.20 GHz Core i5 CPU and 4 GB RAM,
and it was operating on Windows 10 64-bit. LabVIEW 7.1 was used as the compilation environment.
By following the tests conducted by Zheng and Liu [6], Jhang and Lian [9], and Jhang et al., [12], then
the test was carried out on three parking scenarios namely Common Oblique, Vertical, and Parallel
Parking Scenario.

3.1 Common Parallel Parking Scenario

The simulations process for parallel parking is shown in Figure 2. The starting point s [9, 6, 0] and
the target pointis [6, 2.5, 0]. The proposed method grows RRT-ACS trees to explore the environment
as shown in Figure 2. The final feasible path is shown in Figure 3. The RRT-ACS algorithm successfully
constructs a path for the Common Parallel Parking scenario, as shown in Figure 2. As reported by
Zheng and Liu, the RRT algorithm also successfully constructs a path for the Common Parallel Parking
scenario [6]. However, the RRT algorithm takes longer than the RRT-ACS algorithm.
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Fig. 2. RRT-ACS tree when a feasible path is found Fig. 3. A feasible path for the parallel parking
scenario

3.3 Common Oblique Parking Scenario

The simulation process for oblique parking is depicted in Figure 4. The starting point is [2.5, 12,
0] while the target point is [6, 2, PI/4]. The proposed method, as shown in Figure 4, grows RRT-ACS
trees to explore the environment. Figure 5 depicts the final feasible path. The RRT-ACS algorithm
successfully constructs a path for the Common Vertical Parking scenario, as illustrated in Figure 4. As
reported by Zheng and Liu, the RRT algorithm also successfully constructs a path for the Oblique
Parallel Parking scenario [6]. However, RRT-ACS algorithm constructs faster than the RRT algorithm.

Table 1 presents a comparison between the Informed RRT*-Connect algorithms, RRT*-Connect,
RRT-ACS algorithm and regarding their performance in a Common Vertical Parking Scenario, with
best, worst, and mean path length being the performance metrics. The results show that the RRT-

ACS algorithm surpasses the others in all three metrics. These findings align with the findings of
Pohan [22].

Table 1

Comparison of path length performance generated by tested algorithms
Path length performance RRT-ACS Informed RRT*-Connect RRT*-Connect

Best 14.40 15.41 15.71
Mean 14.36 15.36 15.68
Worst 14.31 15.34 15.54

The RRT-ACS algorithm has been tested in three different common parking scenarios, namely the
Parallel, Vertical, and Oblique Parking Scenario, and it has been shown to outperform other
algorithms in terms of best, worst, and mean path length. This outcome is consistent with Pohan's
study [22], which found that the RRT-ACS algorithm surpasses the informed RRT*-connect and RRT*-
connect algorithms in Friedman's nonparametric test. Furthermore, Mashayekhi [21] has stated that
the informed RRT*-connect algorithm outperforms the RRT*-connect algorithm in all three metrics
as well.
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Fig. 4. RRT-ACS tree when a feasible path is found Fig. 5. A feasible path for the oblique parking scenario

4. Conclusions

Using the RRT-ACS algorithm, a path planning algorithm was implemented for autonomous
parking in various car parking scenarios. The performance of RRT-ACS algorithm was compared to
that of the informed RRT*-connect algorithms and RRT*-connect in different parking scenarios. The
test results show that the proposed autonomous parking system surpasses the RRT*-connect and
informed RRT*-connect algorithms, indicating its suitability for advanced driver-assistance systems
in self-driving cars.
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