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Makale Bilgisi 

 
Abstract 

Autonomous self-driving cars are usually equipped with key features, such as lane detection, 
speed controls, emergency braking, and self-parking. Despite all the technological 
advancements, these features cannot be considered fully reliable and often require human 
driver control. This study focuses upon the problem of autonomous self-parking assuming that 
the maps are already available. To prove the effectiveness of the approach, the pioneer 3dx 
mobile robot is used as an implementation platform in VREP. Using the A-star path planning 
algorithm, the path is defined from the current position of the mobile robot to the closest 
available slot. The concept of path smoothing has also been introduced in the existing 
algorithm to avoid sharp turns. Due to the proposed approach, the mobile robot tends to 
perform parallel, backward, and forward parking depending upon the space constraint of the 
parking slot. Through results in the simulated environment, it is witnessed that the mobile 
robot effectively approaches the available slot and performs all three types of parking without 
any collision.    

Keywords: self-parking, A-star, path planning, mobile robot, VREP 

VREP uygulamasında A-star kullanılarak otonom park eden robot 

Özet 

Otonom araçlarda genellikle şerit takibi, hız kontrolü, acil frenleme ve otonom park gibi bazı 
önemli özellikler bulunur. Teknolojideki ilerlemeye rağmen bu özellikler tamamıyla güvenilir 
değildir ve bazen sürücü kontrolüne ihtiyaç duyarlar. Bu çalışmada, park alanı haritaları 
önceden bilinen mekanlardaki otonom park üzerine odaklanıldı. Çalışma VREP 
uygulamasında, pioneer 3dx mobil robot kullanılarak test edildi. A-star yol planlama 
algoritması kullanılarak anlık pozisyondan, uygun en yakın park alanına yol oluşturuldu. Yol 
düzleştirme, keskin dönüşleri yumuşatmak için sisteme tanıtıldı. Yöntemi test etmek için 
oluşturulan çevrede mobil robot farklı boyutlarda olan park alanlarına paralel, düz ve geri 
olmak üzere farklı şekilde park etti. Simulasyondan çıkarılan sonuçlara göre robotun etkili bir 
biçimde uygun park alanlarına her hangi bir çarpışma yaşamadan park ettiğini gözlemledik. 
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1 Introduction 

In today’s modern world, autonomous vehicles play 
an important role in many areas. Since 
technological developments have been accelerated, 
their effects on people’s daily lives have increased 
equally. The large aspect of using autonomous 
vehicles can be seen from factories that use 
automated guided vehicles (AGVs) which are used 
to lower the labor cost and increase efficiency, to 
the usage of self-driving cars on a daily life basis. 

A car can be considered autonomous if it can 
understand the environment with provided 
information by its sensors and without any human 
involvement in the process of navigation and 
sensing of the environment [1]. Such cars can be 
named driverless [2], self-driving [3], or robotic [4] 
vehicles. More recently, many tech giants have also 
shown keen interest in autonomous vehicles, such 
as Google and Apple. The former started the self-
driving car project named Chauffeur [5-6]. 

Even though the fully autonomous drive of a car is a 
rarer concept, self-parking systems are being 
integrated by manufacturers in most of their latest 
models. BMW has introduced a self-parking 
assistance to their 730i model that can park the car 
in the presence of the driver [7].  Parking guidance 
systems have been developed by Mercedes, Audi, 
and Toyota to assist the drivers during parking 
processes [8-10]. 

Detecting a free parking space is one of the most 
important steps of the self-parking process. By 
using a vision-based method, a car can search for a 
free slot in the whole parking area. In this study, 
using image processing techniques, certain 
positions and the numbers of the free slots are 
determined. Vision-based parking space detection 
has many advantages; easy to install, low cost, the 
detector can be adjusted easily, and obtained 
information from an image is abundant. However, 
the success of the process is highly dependent on 
the position of the vision sensor [11], which can also 
lead to the failure of the whole process.  Moreover, 
failure is also possible due to the physical 
disruptions in the environment. Despite its 
disadvantages, searching for a parking slot 
simultaneously can be beneficial for the driver. 
Although, simultaneous searching in some cases can 
be beneficial, for some specific cases, parking by 
using path planning algorithm can be more useful. 
Such an approach can be used easily in places like 
malls where a certain map of the parking area is 

already available. Parking in a place, that has a 
predefined map, by using a path planning algorithm 
could be advantageous. Time-saving and less 
energy consumption can be considered as the most 
notable advantages.  

Even if the self-driving cars’ most useful feature can 
be considered as saving time and energy, recent 
researches are debating over a more important 
feature as to avoid serious collisions where human 
reflexes could not be able to provide safe 
maneuvers. According to WHO (World Health 
Organization), 90% of collisions are caused by 
human error [12]. Tesla’s accident data of 2021 
proves that the autopilot and active safety features 
have helped to reduce the number of road accidents 
[13]. Since this technology is making people's lives 
safer, similar technology can be used for a safer 
parking process. 

In this paper, an autonomous parking method is 
provided to assist the human driver in the parking 
space. In particular, the contributions of this paper 
can be summarized as follows: 

• A-star path planning algorithm with three 
different heuristic functions is introduced to 
perform self-parking in a place that has a 
predefined map. This algorithm is commonly 
renowned for finding optimal paths, but not 
necessarily smooth ones. To shorten the 
path, by turning sharp turns into smooth 
turns, path smoothing is also applied.  

• Simulations of the parking system are 
performed via VREP (renamed as 
CoppeliaSim) for fourteen parking slots in 
which there are eight slots to be parked 
backward or forward and six slots to be 
parked only parallel. Evaluation of energy 
consumptions, by considering time and 
distance are also presented..  

2 A-star algorithm and path smoothing 

The A-star algorithm is a heuristic search algorithm 
and is also considered as one of the most effective 
ways to determine the shortest path in the 
static/dynamic environment. Its first use was 
registered for path optimization in game 
development. It has its wide applications from game 
development to robotics e.g., robot path planning, 
urban intelligent transportation graph theory, 
automatic control, among many others [14]. 

In this algorithm, heuristic search functions are 
utilized to generate a path. There are three more 
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commonly used heuristic functions: Manhattan, 
diagonal, and Euclidean distances. The reason for 
introducing these three heuristic functions is their 
good performance on the grid. For the number of 
allowed movements, different heuristic functions 
are suggested to be used. 

 On a square grid that allows 4 directions of 
movement, use Manhattan distance. 

 On a square grid that allows 8 directions of 
movement, use Diagonal distance. 

 On a square grid that allows any direction of 
movement, it is suggested to use Euclidean 
distance.  

If A-star is finding paths on the grid but the allowed 
movements are not on the grid, other 
representations of the map can also be considered. 

The basic distance along the 𝑥-axis and 𝑦-axis are 
measured using the current node and the goal node 
as 𝑑𝑥 and 𝑑𝑦, respectively. 

𝑑𝑥 = |𝑛𝑜𝑑𝑒𝑥 − 𝑔𝑜𝑎𝑙𝑥| (1) 

 

𝑑𝑦 = |𝑛𝑜𝑑𝑒𝑦 − 𝑔𝑜𝑎𝑙𝑦| (2) 

The Manhattan distance heuristic function is 
calculated as in Equation (1): 

𝑓𝑛𝑜𝑑𝑒 = 𝐷 × (𝑑𝑥 + 𝑑𝑦) (3) 

The Diagonal distance heuristic function is defined 
in Equation (4) as: 

𝑓𝑛𝑜𝑑𝑒 = 𝐷 × (𝑑𝑥 + 𝑑𝑦) + (𝐷2 − 2 × 𝐷)

× min⁡(𝑑𝑥, 𝑑𝑦) 

(4) 

The heuristic function can also be defined based 
upon Euclidean distance: 

𝑓𝑛𝑜𝑑𝑒 = 𝐷 × √(𝑑𝑥
2 + 𝑑𝑦

2) (5) 

where D is considered as a constant [15]. 

The A-star path planning algorithm can find the 
shortest path to the goal position but it might 
encounter some sharp turns where the vehicle 
might get stuck. To make both the sharp turns 
easier and the path shorter, path smoothing is 
introduced to the system 

The path[i] stores the ith position on the path, 
whereas newpath[i] holds the ith position on the 
new path. 

The smoothed path is calculated by: 

𝑢𝑝𝑑𝑎𝑡𝑒1 = 𝑤𝑒𝑖𝑔ℎ𝑡𝑑𝑎𝑡𝑎 × (𝑝𝑎𝑡ℎ[𝑖]
− 𝑛𝑒𝑤𝑝𝑎𝑡ℎ[𝑖]) 

(6) 

𝑢𝑝𝑑𝑎𝑡𝑒2 = 𝑤𝑒𝑖𝑔ℎ𝑡𝑠𝑚𝑜𝑜𝑡ℎ × (𝑛𝑒𝑤𝑝𝑎𝑡ℎ[𝑖 − 1]) +
𝑛𝑒𝑤𝑝𝑎𝑡ℎ[𝑖 + 1] − 2 × 𝑛𝑒𝑤𝑝𝑎𝑡ℎ[𝑖]  

(7) 

where, 𝑤𝑒𝑖𝑔ℎ𝑡𝑠𝑚𝑜𝑜𝑡ℎ = 0.65 and 𝑤𝑒𝑖𝑔ℎ𝑡𝑑𝑎𝑡𝑎 = 0.1. 

Eventually, the resultants of  𝑢𝑝𝑑𝑎𝑡𝑒1 and 𝑢𝑝𝑑𝑎𝑡𝑒2 
are the arrays consist of smoothed path. 

 

3 Problem description of self-parking with 
path planning 

3.1  Introducing walls and parking lanes as 
obstacles 

To use an A-star path planning algorithm for 
generating a correct path, static obstacles can be 
introduced so that paths can be generated by 
avoiding them. Since the parking area’s map is 
already known by the user, the walls of the parking 
area can easily be introduced to the system as 
obstacles (Figure 1). Parking slots’ demarkation is 
also introduced as obstacles that enable the vehicle 
to avoid the lanes and park between them. 

By providing sufficient information about the 
environment and the goal position, the mobile robot 
can safely move towards the goal using its prior 
knowledge and real-time information obtained by 
the sensors. This process can be referred to as robot 
navigation [16]. Image processing techniques are 
used to specify walls of the environment and 
parking lanes as static obstacles. By the use of color 
thresholding, obstacles are assigned the value of 1; 
whereas, non-obstacles are represented by 0.  

 

Figure 1. Simulation scene by the top-view 
camera 



 
 

 
Veri Bilim Derg, 4(3), 89-95, 2021 

  
 

92 
 

Figure 2. Color thresholding applied on the scene 

Through the difference between the two values 
introduces, the obstacles are identified. In Figure 1, 
by using the VREP top view, a snapshot is taken and 
fed to the system after modifying it by the color 
thresholding, as shown in Figure 2. 

In the simulation, it is assumed that the mobile 
robot can provide the current position and the 
orientation by using the information from GPS and 
gyroscope. To transform position information from 
pixels in the image to the simulation scene, basic 
scaling is applied as: 

𝑠𝑐𝑒𝑛𝑒𝑝𝑜𝑠 = (𝑖𝑚𝑎𝑔𝑒𝑢𝑝𝑠𝑖𝑑𝑒𝑑𝑜𝑤𝑛 × −𝑠𝑐𝑎𝑙𝑖𝑛𝑔𝑓𝑎𝑐𝑡𝑜𝑟) +

[2.74, 2.74]  
(8) 

Where, 𝑠𝑐𝑎𝑙𝑖𝑛𝑔𝑓𝑎𝑐𝑡𝑜𝑟 = 0.01075269 is assumed.        

Similarly,  

𝑖𝑚𝑎𝑔𝑒𝑝𝑜𝑠 = (𝑖𝑚𝑎𝑔𝑒𝑢𝑝𝑠𝑖𝑑𝑒𝑑𝑜𝑤𝑛 × −𝑠𝑐𝑎𝑙𝑖𝑛𝑔𝑓𝑎𝑐𝑡𝑜𝑟) +

[256, 256]  
(9) 

Where, 𝑠𝑐𝑎𝑙𝑖𝑛𝑔𝑓𝑎𝑐𝑡𝑜𝑟 is considered as 93. 

 

 

Both resultants are arrays and the first components 
of the arrays represent 𝑥 coordinate position while 
the second components of the arrays represent 𝑦 
coordinate position. 

3.2  Determining the empty for parking 

Path planning includes generating a geometric path 
from the robot’s current location to the goal if a map 
and goal position is provided [16]. To generate a 
path, goal position information is required. Since 
there are fourteen parking slots and each of the slot 
has different positions, some parking order has to 
be introduced to the system. To check the 
availability of the parking slot, ray type infrared 
sensors are installed at each slot. If a sensor returns 
a true value, it means that the lot is not available. 

Smaller numbered parking slots have the priority to 
be parked because they are closer to the entrance. If 
there is no available slot, the user is informed about 
the situation. 

 

 
Figure 3. Parking slots and their numbers 

In Figure 3, a general overview of the environment 
is provided to make the environment more 
understandable by the user. 

Slots with the numbers of 1, 2, 3, 4, 11, 12, 13, and 
14 are available for backward and forward parking 
depending on the preference; whereas, the slots 5, 
6, 7, 8, 9, and 10 are only available for parallel 
parking.  

3.3 Energy consumption differences for 
different ways of parking 

Information that can be obtained from the 
simulation is the distances between goal and start 
positions, and the time required to plan the path and 
cover the distance. To observe the energy 
consumption, information from the simulation 
should be used. 

One of the easiest and most common ways of 
determining the vehicle’s energy consumption is 
using the shortest distance as an evaluation index 
which is a static index. It is decided by the static 
length of each section of the optimal path, so the 
vehicle’s consumption on the optimal path uses the 
shortest distance as evaluation index in Equation 
(10): 

𝐹𝐷 =∑𝐷𝑘

𝑛

𝑘=0

 
(10) 

where 𝐹𝐷 represents the total energy consumption 
that is dependent on distance  from the start position 
to the goal position over 𝑛 steps; whereas, 𝐷𝑘 is the 
kth position’s distance from the start point. 

The minimum time is used as an evaluation index, 
being a dynamic index, it is not easy to realize. 
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During the whole process of path optimization, the 
average speed of the vehicle on each section in real-
time is required, no doubt it will increase the 
computational complexity. The vehicle’s 
consumption under this evaluation index on the 
optimal path is [17]: 

𝐹𝑡 =∑
𝐷𝑘
𝑉𝑘

𝑛

𝑘=0

 
(11) 

where 𝐹𝑡 represents the energy consumption 
dependent on travelling time to park the robot; 
whereas 𝑉𝑘 is the average velocity that robot 
experiences from start position to the kth position 
on the path.  

In this case, since velocity is controlled by a PID 
controller and is a changing variable during travel, 
energy consumption cannot be observed by only 
considering traveling time. To compare energy 
consumptions for different parking slots, Equation 
(10) can be used. The farther the parking slot is from 
the entrance, the higher the energy consumption 
will be. To compare energy consumptions for the 
same slots but different ways of parking, Equation 
(11) can be used.  

It is observed that time consumed in the parking is 
directly proportional to the energy consumption; 
moreover, this consumption can vary depending 
upon different ways of parking. To compare and 
detect the energy consumptions for different slots, 
either distance or time indexes are used. 

4 Simulation results 

Two different analyses are made based upon three 
different scenarios in the simulation environment. 
The first analysis highlights the energy 
consumption differences among different ways of 
parking to the same slots and parallel parking. The 
second analysis discusses the position error of the 
mobile robot as it maneuvers towards the goal 
position. 

Information considered for evaluation is traveled 
distance, traveling time, path generation time, ways 
of parking, and position error between the current 
position and the goal position. 

In the simulation results, distances are represented 
in centimeters, and time is represented in minutes. 
TD represents traveled distance measured using 
Manhattan distance, TT represents traveling time, 
PGT represents path generation time and WoP 
represents the way of parking. So, the resultants of 
Equations (10) and (11) are TD and TT, the 

information is used to determine the energy 
consumptions.  

Table 1. All information of every way of parking to 
each slot 

Table 1 is recorded to show the necessary 
information for each slot based upon three different 
scenarios. 

Scenario 1 

In scenario 1, available slots open for parking are 1, 
5, and 10. According to the algorithm, the closest 
slot determined is 1; hence, the distance travelled is 
minimum from the entrance to that parking slot. 

Scenario 2 

In scenario 2, available slots open for parking are 11, 
12, and 13. Due to the algorithm, the mobile robot 
decided to park at slot 11. 

Scenario 3 

In scenario 3, the mobile robot is given the task to 
perform fourteen iterations to park at un-visited 
slot in every iterations according to their way of 
parking.   

As it can be observed from Table 1, backward 
parking’s path generation times and traveled 
distances are lower while traveling times are 
higher. The reason that traveled distances and path 
generation times are lower is that the vehicle would 

 Slot # TD(cm) TT(min) PGT(min) WoP 
 1 254 1.14 2.51 Backward 

 2 524 1.12 2.05 Backward 

 3 917 1.27 1.82 Backward 

 4 1333 1.35 2.88 Backward 

 11 771 1.35 1.89 Backward 

 12 1241 1.53 1.63 Backward 

 13 1779 2.15 2.54 Backward 

 14 2143 2.30 3.46 Backward 

 1 479 0.38 1.48 Forward 

 2 839 0.49 1.69 Forward 

 3 1258 0.59 3.00 Forward 

 4 1727 1.09 3.59 Forward 

 11 1099 1.01 2.03 Forward 

 12 1589 1.15 2.13 Forward 

 13 2055 1.36 2.59 Forward 

 14 2321 1.58 2.84 Forward 

 5 528 1.50 0.62 Parallel 

 6 904 2.04 0.80 Parallel 

 7 1333 2.24 1.00 Parallel 

 8 1241 2.21 1.05 Parallel 

 9 1779 2.30 1.20 Parallel 

 10 2143 2.52 1.36 Parallel 
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have made some maneuvers to park backward. In 
the end, the traveled distance is the same but the 
traveled distance on a path is different. Since 
generated path for backward parking has to be in 
front of a parking lot, the path is generated for a 
shorter distance. So that path generation times and 
the traveled distances resulted lower. 
Since, 𝐹𝐷𝑓𝑜𝑟𝑤𝑎𝑟𝑑

≅ 𝐹𝐷𝑏𝑎𝑐𝑘𝑤𝑎𝑟𝑑
 and 𝐹𝑡𝑏𝑎𝑐𝑘𝑤𝑎𝑟𝑑

>

𝐹𝑡𝑓𝑜𝑟𝑤𝑎𝑟𝑑
, energy consumption for backward 

parking is higher (Table 1). In this case, forward 
parking provides two main advantages: lower 
energy consumption and parking in a lesser time.  

Figure 4. Position error for scenario 1 

In Figure 4, the robot’s position in x, y and error is 
depicted for the forward parking in scenario 1. 

Figure 5. Position error for scenario 2 

Similar to the Figure 4, Figure 5 is recorded to 
observe the position error in scenario 2 for forward 
parking. 

Conclusion 

Self-parking achieved by the A-star path planning 
algorithm has some advantages over free slot 
detection by a vision-based method where the map 
of the parking area is available.  These advantages 
can be considered as parking in less time and low 
energy consumption during the parking process. 
Some sort of detection errors due to the vision 

sensor’s position and disruption on the parking 
lanes have also been overcome since parking lanes 
have been introduced as obstacles to the system.  

Though the A-star algorithm can find the shortest 
path, not necessarily the smoothed path. Therefore, 
path smoothing is introduced to smooth the sharp 
turns, which would have been challenging for the 
vehicle, and to shorten the path. Different ways of 
parking resulted in different amounts of energy 
consumptions. After simulating the system, it is 
observed that forward parking has some 
advantages over other ways of parking. As there are 
some maneuvering is required for the mobile robot 
to park in parallel and backward, it takes more time 
and higher energy consumption. For further works, 
the proposed system can be tested on a hardware 
platform and the system’s behavior can be observed 
for both static and dynamic environments. 
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