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ABSTRACT-This paper summarizes the results of research on target parking position designation for automatic parking
systems and proposes development directions. First, as parking-related systems become increasingly common in the intelligent
vehicle field, many terms are used confusingly, so automatic parking systems are defined in comparison with other systems.
After that, various methods of the target parking position designation in automatic parking systems are classified into user
interfaced-based, free space-based, parking slot marking-based, and intelligent parking management system (IPMS)-based, and
the various approaches are summarized. In this paper, the fusion of image sensor-based parking slot marking recognition and
range sensor-based free space recognition, which have complementary characteristics, is expected to be the most important
approach in the near future. In particular, this paper proposes that in order to effectively apply the deep learning-based method
with high recognition performance, open competition through datasets for various challenging situations is necessary. If vehicle
to infrastructure (V2I) communication is standardized in the distant future, the importance of IPMS-based is expected to
increase. In order to cope with this, this paper proposes that the commercialization and standardization of high-precision indoor
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positioning along with the standardization of vehicle to everything (V2X) communication are necessary.
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1. INTRODUCTION

Parking is a subject that has been studied for a long time in
the field of intelligent transportation system (ITS) as it is an
action that must be performed whenever a car is running.
Since ITS research and development related to parking has
been conducted simultaneously in various fields, the concept
and terminology are confused. To understand this
systematically, it is convenient to divide the parking process
into three steps. Step 1 is the process of proceeding to a
parking lot having available parking space, step 2 is the
process of approaching the available parking space in the
parking lot, and step 3 is the process of parking in the target
parking space. Although autonomous driving may or may
not be applied to each step, this paper analyzed related
studies from the perspective of the parking process. The
research on steps 1 and 2 are mainly about how to shorten

the driving distance and the time it takes for the driver to park.

Drivers can save time and money, parking lots can improve
the utilization rate of parking lots, and the city can reduce
traffic congestion and environmental pollution (Khalid ez al.,
2021). The study of Step 3 is about the methods to improve
driver convenience and prevent accidents by automating the
parking maneuver, which is difficult for many drivers (Lin ez
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al., 2017a). Figure 1 shows the steps involved in typical
parking-related systems.

Smart parking or parking guidance and information (PGI)
includes all services that support the process of accessing
available parking spaces in steps 1 and 2. It can guide a
vehicle only to the entrance of the parking lot, or can
continue to provide guidance to the parking space. Intelligent
parking management systems (IPMS) identify the number
and locations of available parking slots in parking lots and
delivers them to the service provider, and the service
provider provides the information to the driver through a web

= Providing assist

+ Automated

Step
Systems

Smart Parking System

Automated Parking System

Parking Assist System

Automatic Parking System

Autonomous Valet Parking

Figure 1. Parking steps involved in typical parking-related
systems.
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page or a smartphone app (Kotb et al., 2017). Various
methods of determining whether a parking slot is occupied
or not, and which parking slot should be allocated to
maximize the driver’s convenience and utilization rate of the
parking lot, are mainly studied. They are mainly studied in
the field of information and communication technology
(ICT). For further details, please refer to the related surveys
(Khalid et al., 2021; Diaz Ogas et al., 2020).

Automated parking systems or robotic parking systems
implement steps 2 and 3 as automated facilities. The driver
exits the vehicle at the entrance of the parking lot, then the
automated parking system keeps the vehicle in a suitable
location and returns it later when the driver needs it. This
approach is easily understood when considering the
Paternoster type, i.e. an automatic circular elevator, that can
be easily encountered in everyday life. Multi-story parking
garages, where the parking lot is stacked vertically, requires
space for vehicles and drivers to move in the parking lot, but
automated parking systems can save space because this
space can be eliminated (Automated Parking System, 2021).
Products in a variety of sizes and shapes are already used in
everyday life, ranging from a small scale that can
accommodate several vehicles to up to 2,314 vehicles
(Largest Automated Parking Facility, 2021). There are
various ways to implement this, but since they are the same
from the perspective of a driver or a car, they will not be
classified in detail in this paper. It is mainly researched in the
field of construction and factory automation. For more
information, refer to (Robotic Parking Systems, 2021;
Parkmatic, 2021; Mechanical Parking Systems, 2021).

Step 3 is applied not only to structured parking lots, but
also to daily parking operations, and refers to the process of
the driver designating the target parking position and actually
parking. A product that helps parking, such as collision
warning with an ultrasonic sensor or notifying the distance
to an object, is called a parking assist system or a parking aid
system, and if autonomous driving technology is applied to
this process is called an automatic parking system.
Automatic parking systems can simply be thought of as a
part of autonomous driving, but there are two reasons to treat
it separately: 1) It is possible to implement and sell products
automating only the parking process before fully
autonomous driving becomes widely used; 2) Automatic
parking systems require different sensors and requirements
from autonomous driving. For autonomous driving on
general roads, environmental awareness of the front side is
mainly required, whereas automatic parking system requires
recognition of the rear environment. In addition, in the case
of perpendicular parking, since it is necessary to enter a
narrow space between parked cars without a collision, the
requirements for positioning and control precision are higher.
This is the field where the automotive industries mainly have
an interest. Therefore, this paper focuses on this field.

The application of autonomous driving in both steps 2 and
3 is called autonomous valet parking, and can be thought of

as a combination of autonomous driving in a parking lot and
an automatic parking system. In this case, autonomous
driving in a parking lot is distinguished from autonomous
driving on general roads because it requires an IPMS that
provides an infrastructure for target parking position
designation and indoor positioning (Song, 2013). In other
words, autonomous driving in step 2 proceeds to the target
parking position on the map provided by IPMS, and
positioning must be performed with the help of
infrastructures instead of GPS, which is not generally
available indoors. Remember that autonomous valet parking
also includes an automatic parking system. Khalid et al.
(2021) distinguished that leaving the vehicle at the entrance
of a parking lot is called short term autonomous valet parking,
and exiting the vehicle at an arbitrary place in the city is
called long-term valet parking. However, this paper thought
that long-term valet parking systems driving to parking lot
should be classified as autonomous driving. The fact that the
driver does not ride is different from the current concept of
autonomous driving, but there is no difference in terms of car
system configuration and control. And, at the time when
long-term valet parking systems are used in daily life, it is
expected that the driver’s boarding is not important for
autonomous driving.

Automatic parking systems consist of target parking
position designation, path planning, path tracking, and user
interface (Wang ef al., 2014a; You et al., 2012; Jeong et al.,
2010). Target parking position designation sets the parking
position based on the current vehicle position, and path
planning creates a path from the current vehicle position to
the target parking position (You et al., 2012; Panomruttanarug
2017; Du et al., 2020). Path tracking controls deceleration
and steering to follow the given path, while updating current
position using various positioning or localization methods.
Deceleration is generally implemented by an electronically
controlled braking system including active braking, and
steering is implemented by an electronically controlled
steering system including active steering. Path planning and
path tracking are issues in the control field, and in the field
of recognition, the target parking position designation is the
main issue, and this paper focuses on this. As a result, this
paper aims to provide a survey of target parking position
designation of automatic parking systems.

There are four methods of target parking position
designation: user interface-based, free space-based, parking
slot marking-based, and IPMS-based. User interface-based
is a method for the driver to set the target parking position
using a touch screen, etc. Although it is not automatic, it is
important because of its practicality and provides a backup
means for automatic alternatives. Free space-based assumes
that a vehicle or pillar exists both on the left and right side of
a free parking space, and recognizes the free space using
various sensors such as ultrasonic and LIDAR. Parking slot
marking-based is a method recognizing parking slot
markings in a camera image, and can be used regardless of
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Figure 2. Dependency problem on surrounding vehicles of
free space-based.

the presence or absence of surrounding vehicles. IPMS-
based is a method receiving a target parking position from an
IPMS. Since the target parking position is given by
coordinates in the parking lot, it can be used only if precise
maps and precise positioning in the parking lot are available.
In the case of indoor parking lots, since satellite navigation
cannot be used, it is essential to provide infrastructures that
support precise positioning. If the IPMS guides the free
parking space in step 2, the free parking space can be
naturally set as the target parking position. Since the
automatic parking system is mainly used in parking lots in
the city center and is not influenced by the existence or
alignment of surrounding vehicles, parking slot marking-
based is widely used. For the time being, parking slot
marking-based is expected to be mainly used, but in future
when autonomous valet parking is mainly used, the method
of receiving parking slot coordinates from an IPMS is
expected to become common.

This paper summarizes the results of research conducted
to date on target parking position designation, and presents
challenges and overall prospects for each of the various
approaches. Section 2 categorizes the target parking position
designation into four major categories, and explains the
advantages and disadvantages of each. The two methods that
had the most variety in previous studies because they were
expected to be applicable in the near future will be reviewed
in detail in Sections 3 and 4, respectively. Section 3 describes
different approaches to free space-based and Section 4
describes the recognition of parking slot markings with and
without deep learning techniques. Particularly, in Section 4,
public datasets for parking slot marking recognition are
described and the performances of the main methods are
compared. Section 5 summarizes the research trends up to
now and suggests future research directions.

2. TARGET PARKING POSITION DESIGNATION

Since the disadvantages of each method can be
supplemented by fusion of various sensors and methods,
there is a high possibility of adopting a sensor fusion-based
method rather than a method using only one method in the
field. However, as these configurations are so diverse that it
is difficult to organize them enough to understand the overall

flow and performance largely depends on the centrally used
method, this paper divides previous works into four
categories based on the central method.

2.1. User Interface-based

This category includes methods in which the driver
recognizes the target parking position and inputs it into the
system using the user interface. Alternatively, it is used to
correct the automatically recognized target parking position
(Griffin, 2021). Manual input like this was applied to the first
mass production because it is lighter and easier to implement
than automatic methods, and will continue to be used as a
backup or correction means considering that automatic
methods cannot be perfect. The method applied to the Toyota
Prius (Griffin, 2021) shows a number of buttons along with
the potential target parking position recognized by the
ultrasonic sensor on the rear view monitoring screen. The
user can translate or rotate the target parking position by
clicking a button. Jung et al. (2006a) proposed a drag-and-
drop operation to reduce the number of user operations.
Dragging the inside of the target parking position can
translate it, and dragging the outside can rotate it.

2.2. Free Space-based
Free space-based includes methods designating the target
parking position by recognizing vehicles or pillars on both
sides of a free parking space. Among the automatic target
parking position designation methods, the ultrasonic sensor-
based method first applied to mass production also belongs
to this. Most of the automatic parking systems mass-
produced by automakers are based on ultrasonic sensors
(Satonaka et al., 2006; Degerman et al., 2006; Park et al.,
2008; Jeong et al., 2010). Various methods of detecting
parked vehicles and estimating their pose have been tried.
They can be again divided into active sensor-based method
emitting signals and passive sensor-based method only
receiving signals. Active sensors include ultrasonic sensor,
LIDAR (Jung et al., 2008; Zhou et al., 2012), radar (Gorner
and Rohling, 2006; Schmid ef al., 2011; Dubé et al., 2014),
photonic mixer device (Scheunert et al., 2007), and
structured lighting (Jung et al., 2007; Jung et al., 2010a).
Passive sensor-based is mainly based on cameras such as
monocular image understanding-based (Hashizume et al.,
2005), binocular stereo-based (Kaempchen et al., 2002; Jung
et al., 2006b), and motion stereo-based (Vestri et al., 2005a;
Suhr et al., 2010; Unger et al., 2014). LIDAR-based methods
are simple to implement and exhibit remarkably high
performance (Jung et al., 2008; Zhou et al., 2012). However,
its disadvantage is that sensors are expensive and the
durability of the current mechanical steering is weak. Each
of these methods of using various sensors has its own
strengths and weaknesses, which are described in detail in
Section 3.

The free space-based method has a limitation in that it
strongly depends on the pose of the surrounding vehicles. If
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Table 1. Comparison of advantages and disadvantages between various approaches.

Advantages Disadvantages Representative
references
. . . Requiring manual Griffin, 2021;
User interface-based Light, easy to implement operation Jung, 2006a
Collision warning with Dependency on the Jeong et al., 2010;
Free space-based surrounding vehicles can presence and pose of Unger et al., 2014;
be integrated surrounding vehicles Zhou et al., 2012

No dependence on surrounding vehicles.

Requiring additional Subr and Jung, 2013;

Parl'ﬂng slot Relatively light and easy to collision warning Subr and Jung, 2018;
marking-based implement with a monocular camera methods Do and Choi, 2020;
’ ' Suhr and Jung, 2021
Minimum requirement of The standardization of Anetal., 2011;
IPMS-based environment recognition sensor. indoor positioning is Sung et al., 2011,
Native integration with parking space reservation. a prerequisite. Schwesinger et al., 2016

the surrounding vehicles are parked at an angle as shown in
Figure 2 (a) the target parking position cannot be properly
aligned with the parking slot. Also, if there are no obstacles
on one side of the target parking slot as shown in Figure 2
(b), the target parking position cannot be properly positioned
in the parking slot because the free parking space and the
target parking position do not match. When recognizing the
position and pose of surrounding vehicles for the automatic
parking system, higher precision than the forward
recognition for autonomous driving is required. Since these
higher requirements increase the difficulty and the price of
the system, the methods recognizing the parking slot
markings, which is a relatively limited in the shape and
installation variation, is receiving more attention.

2.3. Parking Slot Marking-based

Various methods have been developed to designate the target
parking position by recognizing the parking slot markings in
the rear camera image or AVM image. Since automatic
parking systems are mainly used in urban areas, it is very
unlikely that they will be used in parking lots without parking
slot markings. Therefore, this approach insists that the
recognition of the parking slot markings is sufficient for
designating the target parking position. The parking slot
marking is installed so that it can be seen relatively clearly in
consideration of the driver’s visibility, and its shape is also
limited according to the standard, so its detection is easy. In
addition, when a target parking position is designated based
on parking slot markings, it can be accurately set even if
there are no vehicles or pillars around it. It is also easy to
implement in an embedded system because it can be
implemented lightly compared to free space-based such as
methods detecting parked vehicles in a monocular image.
The methods detecting the free space between surrounding
vehicles in a monocular image and the parking slot marking-
based have a common point that a monocular image is used,

but the targets of recognition are different, so they are
classified into separate categories.

The methods recognizing parking slot markings can be
divided into traditional methods using prior knowledge
about the shapes of parking slots and emerging methods
using deep learning, which has been developed recently.
Although methods using deep learning show superior
performance compared to traditional methods, there is a
limitation in mass production application because they
require dedicated hardware such as a GPU. This paper
predicts that parking slot marking-based is more important
than free space-based because automatic parking system is
mainly used in urban areas. The fact that recent papers focus
on parking slot marking-based rather than free space-based
adds weight to this prediction. In particular, since traditional
methods are required for application in the near future and
deep learning-based methods are required assuming an
embedded implementation of deep learning, this paper will
examine each of them in detail in Section 4.

] ]
@ (b)

Figure 3. Limitation of ultrasonic sensor.
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2.4. IPMS-based
IPMS-based is mainly used in PGI or autonomous valet
parking in parking lots. IPMS allocates a specific parking
space to a user, and this action is corresponding to the
designating a target parking position in an automatic parking
system (Wada ef al., 2003; Wada ef al., 2004). Suzuki ef al.
(2005) proposed a system that offers a bird’s-eye view image
of a parking situation including parking slot markings and
adjacent vehicles using surveillance cameras. Wada et al.
(2003, 2004) presented a system that assigns a target parking
position to a vehicle entering a parking lot and provides
rough guidance to the vicinity of the target parking position
and fine guidance to the target parking position. An ef al.
(2011) and Sung et al. (2011) suggested an automatic valet
parking system that conducts fully automatic parking after
drivers exit their vehicle at the entrance of a building by
utilizing both infrastructure and in-vehicle sensors. An
automatic valet parking system has also been researched as
an EU project entitled V-Charge (Schwesinger ef al., 2016).
Since the target parking position can be interpreted on the
map of the parking lot, it is expressed in the relative
coordinate system within the parking lot rather than the
global coordinate system. The automatic parking system can
utilize a precision global navigation satellite system (GNSS)
for outdoor parking and separate positioning facilities for
indoor parking. However, since precision GNSS equipment
is expensive, it is possible to use a separate positioning
facility even in an outdoor parking lot. At this time, it should
be noted that the specifications required for positioning
precision are different when approaching the parking slot
and during the actual parking process. In other words, in
order to implement the automatic parking system, the
positioning system used in PGI that only provides guidance
is insufficient. If IPMS-based becomes popular, indoor

Table 2. Comparison between free space-based methods.

positioning devices will be standardized (as Wi-Fi did),
eliminating the need to install additional devices every time
all vehicles enter the parking lot.

Various methods have been developed for indoor
positioning (Hameed and Ahmed, 2018; Pérez-Navarro et al.,
2019), and each approach has its advantages and
disadvantages. The accuracy of the method using WLAN
(Wi-Fi), infrared, Bluetooth, Zigbee, and RFID, etc., is
several meters. Considering that the accuracy of ultrasonic
wave and ultra-wide band (UWB) is several tens of cm, it
can be said that for automatic parking systems ultrasonic
wave and UWB are the most likely as of now. Marvelmind
robotics (Indoor GPS, 2021) based on ultrasonic wave and
VIPS (VBOX Indoor Positioning System, 2021) based on
UWB provide 2cm precision. UWB is better in terms of
operating range and robustness to the environment (Pozyx,
2021; Anderson, 2021), and ultrasonic wave is superior in
terms of cost and manageability. Each method seems to be
still competing to achieve low cost and standardization while
making up for their weaknesses. The IPMS-based method
has the advantage of integrating the reservation of free
parking spaces and excluding the effects of recognition
sensor errors, but standardization of indoor positioning is a
prerequisite.

3. FREE SPACE-BASED

Free space-based has been steadily studied since the
beginning of automatic parking system development.
Depending on the sensor used, it can be classified into active
sensor-based and passive sensor-based. Active sensor detects
the environment by emitting a signal, and includes
ultrasound, LIDAR, radar, and structured lighting. The
passive sensor detects the environment by simply receiving

Main challenges

Representative references

Ultrasonic Low positioning precision and resolution Jeong et al., 2010
. Zhou et al., 2012;
LIDAR Expensive sensor Lee and Wei, 2017
Active sensor-based Rad L | . d uti Daimler, 2021;
adar ow angular precision and resolution Gormer and Rohling, 2006
. . .. . . . Jung et al., 2007,
Light stripe projection Inapplicable during daytime outdoors Ma et al., 2020
Monocular vision Vulnerable in dark lighting conditions, Hashizume et al., 2005

a lot of computation

Passive sensor-based

Binocular stereo Vulnerable in dark lighting conditions, Kaempchen et al., 2002;
a lot of computation Jung et al., 2006b
Vestri et al., 2005a;

Motion stereo

Vulnerable in dark lighting conditions,
a lot of computation

Suhr et al., 2010;
Unger et al., 2014
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the signal from the target, and the camera-based method
belongs to this. Depending on the number and temporal use
of cameras, it can be classified into monocular camera-based,
binocular stereo-based, and motion stereo-based. The
structured lighting method uses a monocular image, but it is
classified as an active sensor because it uses a laser projector.
At this time, even if an image is used, the recognition of the
parking slot marking does not directly detect the free space,
so it is classified as a separate category. Overall, all
environmental sensors used in the automotive field were
reviewed, and more precise requirements were added in
addition to the problems encountered in the front
environmental recognition problem. However, the driving
speed of the vehicle is not high compared to that of the front
environment perception, so the requirement for the reaction
speed is slightly low.

3.1. Active Sensor-based

3.1.1. Ultrasonic sensor-based method

It is the most common target parking position designation
method for parallel parking. The system collects range data
as the vehicle passes by a free parking space and then
registers the range data using odometry to construct a depth
map of side region of the subjective vehicle. To precisely
measure the edges of the free parking space, Siemens
developed a new sensor with a modified sensing area, that is,
horizontally narrow and vertically wide (Heilenkétter et al.,
2007). Linkdping University and Toyota both utilized the
correlation between multiple range data sets, using
multilateration (Pohl et al., 2006; Degerman et al., 2006) and
rotational correction (Satonaka et al., 2006), respectively.
Suhr and Jung (2018a) proposed a method to reduce false
detection using AVM images.

However, fundamentally, there is a limit to the resolution
of the ultrasonic sensor. If the field of view (FOV) is large as
shown in Figure 3 (a), the surrounding obstacles are
erroneously detected as located in the front. If the FOV is
small as shown in Figure 3 (b), the curved part is not detected.
Since the ultrasonic sensors applied in mass production use
a somewhat wide FOV to avoid missing, false detections
occur frequently. It is reported that the ultrasonic sensor in
parallel parking situations acquires practically useful range
data because the incident angle between the sensor and the
side-facet of the objective vehicle is approximately
perpendicular. However, in garage parking situations, as the
incident angle between the ultrasonic sensor and the side-
facets of adjacent vehicles is far from perpendicular, range
recognition usually fails (Degerman et al., 2007). Consequently,
garage parking requirements are tighter (Heimberger et al.,
2017).

3.1.2. LIDAR-based method

Schanz et al. (2003) installed the scanning LIDAR vertically
on the side of the subjective vehicle, and the radar then
collected range data while passing by free parking spaces.

They proposed a system that constructed a depth map by
registering range data with odometry and then recognized a
free parking space. In this case, the scanning LIDAR was
used as a precise ultrasonic sensor with narrow FOV (Schanz
et al., 2003; Schanz, 2005; Regensburger et al., 2007). The
CyCab project installed the scanning LIDAR horizontally on
the front-end of the subjective vehicle, and the LIDAR
recognized the positions of parked vehicles. They utilized the
vehicle positions for path planning and simultaneous
localization and mapping (SLAM) (Keat ef al., 2005). Jung
et al. (2010b) proposed a novel driver assist system called an
integrated side/rear safety system (ISRSS), which installed
one scanning LIDAR horizontally on the left side of the
subjective vehicle’s rear-end to incorporate four system
functions: blind spot detection (BSD), rear collision warning
system (RCWS), target position designation for parallel
parking, and target position designation for perpendicular
parking. When using the latest multi-layer scanning LIDAR,
free parking spaces can be easily recognized. Lee and Wei
(2017) left only points within a predetermined height range
from the point cloud acquired by HDL-32E (HDL-32E,
2021), and detected vehicles by clustering. Then, it
recognized the position of the parked vehicle with the
minimum bounding box.

With the introduction of deep learning to point cloud
processing in addition to multi-layer LIDAR, the
performance of vehicle detection and pose estimation is
dramatically improved (Arnold ef al., 2019). Complex-
YOLO applied YOLO to detect objects in a 3D point cloud
by projecting it into 2D space (Simon ef al., 2019). Li (2017)
and Engelcke ef al. (2017) proposed a method of detecting
objects by applying 3D convolution to the 3D space
including a point cloud. PointNet paper series (Charles ez al.,
2017; Qi et al., 2017; Zhou and Tuzel, 2018) proposed
methods that can directly process point clouds without
mapping them into a 3D space. Various methods using both
point cloud and camera images are also being developed
(Feng et al., 2021). Although these approaches show
excellent performance, we have never seen any examples
used for automatic parking systems. This seems to be due to
the fact that deep learning-based methods require a large
amount of computation and are still limited in embedded
implementation, and expensive multi-layer LIDARs are not
installed in the rear of mass-production vehicles.

3.1.3. Radar-based method

As short range radar (SRR) is widely used for BSD (Valeo,
2021), there have been studies trying to use it for parking
collision warning (Ford, 2021) or target parking position
designation. For parallel parking, the SRR sensor was tested
instead of the ultrasonic sensor (Daimler, 2021). A method
improving angular accuracy with synthetic aperture radar
(SAR) algorithm was proposed (Gorner and Rohling, 2006).
Although SRR is expected to robustly detect the existence of
vehicles, it is not applicable for detecting vehicle boundaries
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on the near side of the subjective vehicle. In general, SRR
has low angular accuracy and outputs only a limited number
of range data. Furthermore, the outputs are not deterministic
because response strengths are considerably sensitive to the
object’s shape, orientation, and reflectance (Gorner and
Rohling, 2006). Recently, 4D radar or imaging radar is also
being developed (Marenko, 2021; Radar, 2021; Benjamin,
2021), but it seems that the vehicle pose estimation
performance is insufficient for designating the target parking
position (Roos et al., 2016). Therefore, it is judged that the
possibility that radar will be used to designate the target
parking position is not high.

3.1.4. Light stripe projection-based method

Jung et al. (2007, 2010a) projects the light plane to the rear
using a 1D laser projector installed on the rear bumper. The
boundary information of the parked vehicle is acquired by
capturing the light stripe created by this light plane
encountering an obstacle such as a parked vehicle with a rear
camera. It was proposed as a solution for dark underground
parking lots where passive vision-based methods usually
failed. Ma et al. (2020) projects the grid pattern laterally
using a checkboard grid laser installed on the side, and
captures the light stripe created by meeting objects with a
side camera. The boundary of the obstacle is recognized by
using the fact that the pattern on the obstacle, such as a
parked vehicle, is discontinuous from the pattern on the flat
ground surface.

In order to compensate for the inability to properly
recognize obstacles in dark underground locations when
using a passive camera, this method, paradoxically, has the
disadvantage that it cannot be used outdoors in daytime
(Jung et al., 2007; Jung et al., 2010a). Five methods are
usually used to overcome this problem: 1) increase of
projector power, 2) using wavelength where the ambient
light is low, 3) narrow band filter, 4) pulsed light source and
fast shutter, 5) background subtraction (Mertz ef al., 2012;
Gupta et al., 2013). However, there is the problem that a
visible light image cannot be obtained with a rear camera,
and additional hardware is required.

3.2. Passive Sensor-based

3.2.1. Single-image understanding-based method
Hashizume et al. (2005) implemented horizontal edge-based
vehicle position detection after pattern recognition-based
free space detection. With the recent development of deep
learning-based vehicle detection and pose estimation, it is
expected that a free parking space can be recognized by
accurately detecting the poses of vehicles on both sides of
the free parking space. Deep MANTA (Chabot et al., 2017),
after detecting vehicles, estimates the positions of vehicle
parts by regression using the fact that the vehicle is a rigid
object. After that, 3D information is restored through

visibility characterization and optimal 3D template matching,.

The 3D voxel pattern (3DVP) (Xiang et al., 2015) restores

the 3D information of a vehicle by selecting the most suitable
one of 3D voxel exemplars, which are obtained by projecting
the 3D CAD model of a vehicle onto its image and manually
inputting segmentation in the projected image domain.
Xiang et al. (2017) proposed a method for detecting vehicles
with Fast R-CNN and estimating their poses with 3DVP.
However, as the existing vehicle pose estimators are applied
to vehicles ahead or parked vehicles met while driving
forward, it is not known whether they can satisfy the
precision requirement for target parking position designation.
Therefore, it is necessary to improve precision to satisfy that
of the target parking position designation and to increase the
execution speed for the embedded implementation.
Additionally, since free parking spaces do not exist only
between vehicles but also between a vehicle and pillar,
additional development is required to restore 3D information
of various interior structures such as pillars and walls.

3.2.2. Binocular stereo vision-based method

This method acquires 3D information by installing two
cameras to the rear of the vehicle and estimating disparity
from the captured image pair. The system of Kaempchen et
al. (2002) reconstructs 3D information by using feature-
based stereo matching and iterative closest point (ICP)
algorithm with respect to vehicle model. It then designates
the target parking position between the recognized vehicles.
The system of Jung et al. (2006b) separates the feature-based
stereo matching results into ground points and obstacle
points according to the pre-calibrated homography of the
ground surface, and searches for the optimal target position
closest to the parking slot markings and farthest from
obstacles. This method relies heavily on stereo matching

Table 3. Taxonomy of non-deep learning-based parking slot
detection methods.

Line-based Corner-based
Semi- Jung et al., 2006c¢; Jung et al., 2006c¢;
automatic Jung et al., 2014 Jung et al., 2014
Xu et al, 2000; Xu et al,2000;
Jung et al., 2006d; Jung et al., 2006d,;
Tanaka et al., 2006; Tanaka et al., 2006;
Houben et al., 2013;  Houben et al., 2013;
Wang et al., 2014b; Wang et al., 2014b;
Du and Tan, 2014; Du and Tan, 2014;
Full- Hamada et al.,2015; Hamada et al., 2015;
automatic Suhr et al., 2016; Suhr et al., 2016;
Lee and Seo, 2016; Lee and Seo, 2016;

Lee et al., 2016;
Chen and Hsu, 2017,

Zong and Chen, 2018;
Suhr and Jung, 2018b;

Kim et al., 2020

Lee et al., 2016;
Chen and Hsu, 2017;
Zong and Chen, 2018;
Suhr and Jung, 2018b;
Kim et al., 2020
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performance and requires a lot of computation for precise
results. In particular, there are no mass-produced cars
equipped with stereo cameras in the rear for parking. It is not
yet known whether a binocular stereo camera, which is
relatively expensive compared to a monocular camera, can
be mounted at the rear.

With the recent introduction of deep learning, stereo
matching performance has improved dramatically (Laga et
al., 2021; Hamid et al., 2020), and monocular depth
estimation (MDE), which restores depth information using
only monocular images, has also greatly improved (Zhao et
al., 2020; Khan et al., 2020). However, all of them were
tested in relatively bright lighting conditions. Generally, the
performance of passive vision remarkably degrades in poor
lighting conditions such as at night. It is difficult to overcome
because it is an inherent limitation of passive vision sensors.
In addition, vehicle surfaces are often reflective and the color
is often black, which is a difficult feature to apply stereo
matching.

3.2.3. Motion stereo-based method

This method restores 3D information using consecutive
images captured while the subjective vehicle is moving. It is
similar to binocular stereo in that it uses images taken from
two viewpoints, but different in that the viewpoints are
temporally different. In binocular stereo, the baseline, which
is the distance between two cameras, is known in advance.
But in motion stereo, translation and rotation are estimated
using corresponding points between two images, and the
physical distance uses odometry sensors. IMRA Europe
developed a system that provides a driver with a virtual
image from the optimal viewpoint by intermediate view
reconstruction (IVR). This system reconstructs 3D
information via odometry and using features tracked through
consecutive images captured while the subjective vehicle is
moving (Fintzel ef al., 2003; Fintzel et al., 2004; Vestri et al.,
2005a; Vestri et al., 2005b). Suhr et al. proposed a system
that could recognize 3D information from consecutive
images even without the help of odometry and then
designates the target parking position (Suhr ef al., 2010).

Perpendicular Parallel Slanted

(a)
Junction Guide line
[ A

Slot Entrance

|oSeparating line
(b)

Figure 4. (a) Three representative parking slot types; (b)
Terminologies used in parking slot detection.

Motion stereo has a wide baseline between two images, so it
is difficult to reconstruct 3D information using only stereo
matching between two images. To solve this problem,
tracking feature points through consecutive images is applied.
However, this approach requires a large amount of
computation because feature points must be extracted and
tracked for every input image. In addition, motion stereo, like
other passive vision sensors, has a weakness that is very
sensitive to lighting conditions.

As aresult, free space-based is expensive compared to the
parking slot marking-based method, which can be
implemented relatively inexpensively with only a monocular
camera. It requires expensive sensors such as scanning
LIDAR, or requires an expensive GPU as in deep learning-
based vehicle pose estimation. Of course, the method of
fusing the ultrasonic or radar, already installed in mass-
produced vehicles, and the recognition of the parking slot
marking can improve the precision (Heimberger et al., 2017).

4. PARKING SLOT MARKING-BASED

The parking slot marking-based approach recognizes vacant
parking spaces using markings on road surfaces. Its
performance is independent of the positions and existence of
parked vehicles. However, this approach can only work
correctly when parking slot markings are presented. All
methods in this approach utilize cameras to capture markings
on the ground. Figures 4 (a) and (b) show three
representative parking slot types and terminologies used for
parking slot marking recognition, respectively. The parking
slot marking-based methods can be categorized into non-
deep learning-based and deep learning-based.

4.1. Non-deep Learning-based

In terms of automation, non-deep learning-based methods
can be categorized into semi-automatic and full-automatic.
Also, in terms of features, they can be categorized into line-
based and corner-based. Table 3 shows the taxonomy of the
non-deep learning-based methods in terms of automation
and features. Jung et al. recognize parking slot markings in a
semi-automatic manner (Jung et al., 2006c, 2009; Jung,
2014). Jung et al. (2006c) detect parking slot markings using
a single location designated by a driver. This method
analyzes lines around the manually designated location to
detect parking slots. They proposed an efficient version of
this method (Jung, 2014). Because this method has a
limitation of detecting only one type of parking slot marking,
Jung et al. (2009) suggested a method that can detect various
types of parking slots by recognizing positions of junctions
around two locations designated by a driver.

Methods that recognize parking slot markings in a full-
automatic manner have also been proposed. Xu et al. (2000)
find two perpendicular lines using a neural network-based
color segmentation to recognize parking slot markings. Jung
et al. (2006d) recognize parking slot markings by detecting
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parallel line pairs based on Hough transform with a
specialized filter. Wang et al. (2014b) also suggested a
similar method that uses parallel line pairs detected by Radon
transform. Tanaka et al. (2006) use an improved random
sample consensus (RANSAC) algorithm to detect straight
lines and recognize parking slot markings by combining the
detected lines. Houben et al. (2013) find parking slots by
detecting vertically oriented lines and classify their
occupancies based on a difference-of-Gaussians-based
histogram. Du and Tan (2014) detect boundaries of parking
slots using a sequential RANSAC line estimator and
binarized ridge images. Hamada ez al. (2015) use a probabilistic
Hough transform to find parallel line pairs and lines
perpendicular to them and combines those lines to detect
parking slots. Chen and Hsu (2017) recognize parking slot
markings by finding guide and separating lines using a FAST
corner detection result. They classify occupancies of the
detected parking slots based on a region growing algorithm
and naive Bayes classifier. Suhr and Jung (2016) utilize
guide and separating lines found by RANSAC and distance
transform in order to detect parking slots in indoor and
underground parking lots reliably. Zhang et al. (2018) find
parking slots by combining junctions, which are detected by
adaptive boosting with integral channel features.

Since all the above methods can handle only one or two
types of parking slot markings, methods that can deal with
more types have been proposed. Suhr and Jung (2013)
analyzed various parking slot makings using a hierarchical
tree structure and detect parking slots from rearview camera
images using the suggested structure. They extended this
method to AVM images (Suhr and Jung, 2012) and fused
them with ultrasonic and in-vehicle motion sensors for
occupancy classification and parking slot tracking (Suhr and
Jung, 2014). Lee and Seo (2016) recognize various types of
parking slot markings in rearview camera images by
clustering a con-hat filtering result and lines found by
RANSAC. They also extended this method to AVM images
(Leeet al.,2016). Zong and Chen (2018) find L-shapes using
line segments and combine them to recognize various types
of parking slot markings. They classify occupancies of the
detected parking slots using ultrasonic sensors and track
them by Kalman filter. Suhr and Jung (2018b) detect and
track separating lines and pair them to reliably recognize
various types of parking slot markings in daytime, nighttime,
and indoor situations. They classify occupancies of parking
slots using ultrasonic sensors and recognize entrances of
parking slots by detecting lines and corners. Kim et al. (2020)
detect parking slots in various types by generating and
combining free junction type features. They classify
occupancies of parking slots based on a color histogram and
support vector machine (SVM).

4.2. Deep Learning-based
In recent years, deep learning-based object detection has
been extensively researched because of their outstanding

Table 4. Taxonomy of deep learning-based parking slot
recognition methods.

One-stage Multi-stage

Zhang et al., 2018;
Huang et al., 2019;
Jang and Sunwoo, 2019;
- Yuetal., 2020;
Liet al., 2020a;

DNN with
geometric rules
(Not end-to-end

trainable) Jang et al., 2020;
Jiang et al., 2020
Only DNN  Lieral,2000p;  Zinelliefal, 2019;
Jong et al., 2019;
(End-to-end  Suhr and Jung, Do and Choi. 2020-
trainable) 2021 ; ’

Min et al., 2021

performance for various target objects (Liu et al., 2020).
Deep learning-based object detection methods are mainly
categorized into two-stage and one-stage approaches. The
two-stage approach generates category-independent region
proposals in the first stage, and predicts locations, sizes, and
classes of objects in the second stage. Faster region-based
convolutional neural network (faster R-CNN) (Ren ef al.,
2016), region-based fully convolutional network (R-FCN)
(Dai et al., 2016), and mask R-CNN (He et al., 2017) are
representative methods. This approach gives a high detection
performance, but its detection speed is slow. The one-stage
approach has been proposed to overcome the speed
limitation of the two-stage approach. This approach directly
predicts locations, sizes, and classes of objects without
generating region proposals. Single slot multibox detector
(SSD) (Liu et al., 2016), You only look once (YOLO)
(Redmon et al., 2016), and RetinaNet (Lin ef al., 2017b) are
representative methods. This approach shows a fast detection
speed, but its detection performance is relatively lower than
that of the two-stage approach. Unfortunately, the
aforementioned methods cannot be directly applied to the
parking slot detection due to the following reasons: First,
they detect objects only as upright rectangles, which is
inappropriate because parking slots are captured in a variety
of direction. Second, they roughly predict sizes and locations
of objects rather than providing precise positions. Positions
provided by the above detection methods are suitable for
some applications but are not accurate enough to be used for
parking slot detection because the predicted positions are
used to control vehicles in automatic parking systems.
Parking slot detection methods that utilize deep learning
have also been suggested. Those methods can be categorized
into the following two approaches: One uses both deep
learning and traditional rule-based techniques, and the other
uses only the deep learning technique. Table 4 shows the
taxonomy of the deep learning-based parking slot detection
methods. The methods that utilize both deep learning and
rule-based techniques consist of multiple stages because they
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first extract features using CNN, and then use geometric
rules to combine or discard the extracted features. Since
these methods utilize manually designed geometric rules,
they cannot be trained end-to-end and require inconvenient
process to design those rules and their associated parameters.
Zhang et al. (2018) detects junctions using YOLOv2 and
combines them using geometric rules to generate parking
slot candidates. This method uses a CNN-based classifier to
verify the generated candidates and estimates their orientations
based on a template matching technique. Huang et al. (2019)
suggests a similar method that detects junctions with
orientations using a customized CNN and finds parking slots
by combining the detected junctions using geometric rules.
This method has a limitation of detecting only perpendicular
and parallel parking slots. Yu ez al. (2020) extracts corner and
line features using a CNN. This method combines corner
features using geometric rules and selects line features based
on the combination result of the corner features. The
combined corner features and selected line features are
integrated to detect parking slots. This paper mainly focuses
on the DNN acceleration and does not provide a detailed
procedure for parking slot detection. Li ez al. (2020a) detects
entrances and junctions of parking slots using YOLOV3. This
method determines final parking slots by considering
relations of the detected entrances and junctions using
geometric rules and handcrafted features. Occupancies of the
parking slots are classified by applying a CNN to cropped
areas of parking slots. This method cannot deal with cases
where the ego-vehicle is placed inside a parking slot and its
orientation estimation is inaccurate when handing slanted
parking slots. Jang and Sunwoo (2019) and Jang ez al. (2020)
first classify each pixel of AVM image using CNN-based
semantic segmentation into four types: marking, car, wall,
and road. They use geometric rules to detect parking slots
and classify their occupancies. Jiang et al. (2020) detects and
segments junctions using mask R-CNN. This method finds
lines based on the segmentation results of junctions and
detects parking slots by combining junctions using geometric
rules.

The methods that utilize only the deep learning technique
can be trained end-to-end and categorized into two
approaches: multi-stage and one-stage. Zinelli et al. (2019)
applies an anchor free faster R-CNN (Zhong et al., 2019) to
the parking slot detection. Its first stage roughly predicts
locations of the parking slot’s four corners as a region
proposal, and the second stage refines those locations while
classifying the parking slot’s occupancy. Even though this
method is the first proposed end-to-end trainable method, it
has limitations of positioning accuracy and detection
performance because the general object detection method is
adapted without being specialized for the parking slot
detection. Do and Choi (2020) uses a two-stage approach
specialized for parking slot detection. This method predicts
the parking slot’s availability, type, and orientation using
MobileNetV2 in the first stage and estimates the precise

Table 5. Comparison of two public datasets.

Dataset in PS2.0 Dataset in
(Zhang et al., 2018) (Do and Choi, 2020)

Bird’s-eye-view

Camera AVM images with images with two
four cameras
cameras
Resolution 600x600 pixels 768%256 pixels
(10%10 meters) (14.4x4.8 meters)
Environment Indoor, outdoor, Indoor, outdoor,
v daytime, nighttime  daytime, nighttime
Perpendicular, Perpendicular,
Slot type parallel, slanted parallel, slanted
Labels Location and Location, orientation,
orientation type, and availability
# Of situations 166 571
. 9827 (training) / 18299 (training) /
# Of images 2338 (test) 4518 (test)
Full AVM images Relatively
Pros are provided. diverging and
Many methods have challenging
been evaluated. cases are included.
Many methods Only half AVM
Cons already showed  images are provided.
very high Few methods have
performances. been evaluated.

position of the parking slot using Darknet53 in the second
stage. It is end-to-end trainable, but requires a relatively high
computational cost due to the use of two different backbone
networks. Min et al. (2021) proposes a three-stage parking
slot detector. The first stage detects junction locations and
extracts junction features using a CNN. The second stage
uses an attentional graph neural network to aggregate
junctions based on the result of the first stage. The final stage
determines if the aggregated junctions form an entrance of
parking slots using a multilayer perceptron. This method is
end-to-end trainable and needs no manually designed post-
processing, but cannot handle slanted slots because angles of
the parking slots are not estimated. The above three methods
in the multi-stage approach are relatively slow in terms of the
inference time compared with those in the one-stage
approach. Li et al. (2020b) detects parking slots using a one-
stage approach. This method applies convolutions to a
feature map extracted by a customized CNN to find parking
slots by predicting the entrance, orientation, and size of the
parking slot. It requires relatively less computation cost, but
has a limitation of positioning accuracy in terms of location
and orientation. Suhr and Jung (2022) detects parking slots
by combining global and local information based on the one-
stage approach. This method extracts rough location, type,
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and occupancy of the parking slot as the global information
along with precise location and orientation of two junctions
as the local information. It applies convolutions to a feature
map obtained by VGG16 to extract the global and local
information simultaneously and combines them to detect
parking slots. This method shows high performance in terms
of both parking slot detection and position estimation.

4.3. Public Datasets

Deep learning-based object detection methods usually
require a vast amount of data to train the numerous weights
included in networks. Accordingly, many datasets that
include various objects have been publicly released (Lin et
al., 2014). Since the public dataset reduces the effort of
researchers to receive and label data on their own, it serves
to promote research in the relevant field and provides a basis
for fair and convenient comparison of various methods. The
dataset for general object detection is relatively easy to build
because it can be collected using the internet or conventional
cameras. However, since the dataset for parking slot
detection is relatively difficult to build, there are a small
number of publicly available datasets. This dataset is
generally acquired from the AVM system, which requires a
process of removing radial and perspective distortions from
multiple images acquired by two to four fisheye cameras
mounted on an actual vehicle. Besides, this dataset must be
acquired while driving a vehicle by visiting various places in
a variety of weather and lighting conditions. To overcome
this limitation, Chen et al. (2020) proposed a method of
generating photo-realistic virtual AVM images for parking
slot detection. They showed that parking slot detectors can
effectively be trained by combining virtual and real AVM
images.

Two public datasets for parking slot detection in AVM
images have been released. The first dataset is Tongji
Parking-slot Dataset 2.0 (PS2.0) (Zhang et al., 2018). This
dataset was released in 2018 by Tongji University by
augmenting PS1.0 released in 2017 (Li ef al., 2017). It is
composed of images acquired by the AVM system installed
in a small electric vehicle. The AVM images were generated
by stitching together four bird’s-eye view images acquired
from four fisheye cameras. The spatial resolution of each
AVM image is 600 x 600 pixels that correspond to 10 x 10
meters. This dataset includes perpendicular, parallel, and
slanted parking slots taken indoors and outdoors in daytime
and nighttime. Its labels contain locations and orientations of
parking slots but not their types and availabilities. 9827
training images and 2338 test images taken in 166 parking
situations are included. This dataset is composed of full
AVM images, which are most widely used for parking slot
detection, and there are a number of previous methods
already evaluated with it. However, it has a limitation of
showing the difference in performance because most of the
previous methods showed very high detection performances
due to the similarity between the training and test images.

|

(b)

Figure 5. (a) Sample images of the dataset in PS2.0 (Zhang
et al., 2018); (b) Sample images of the dataset in (Do and
Choi, 2020).

The second dataset was released by Seoul National
University and LG Electronics (Do and Choi, 2020). This
dataset was acquired from two fisheye cameras mounted on
both side-view mirrors of two sedans and one sports utility
vehicle (SUV). It provides half AVM images produced by
converting raw images into bird’s-eye view images. The
spatial resolution of each half AVM image is 256 x 768
pixels that correspond to 4.8 x 14.4 meters. This dataset
includes perpendicular, parallel, and slanted parking slots
taken indoors and outdoors in daytime and nighttime. Its
labels contain locations, orientations, types, and availabilities.
18299 training images and 4518 test images taken in 571
parking situations are included. This dataset is useful for
evaluating practical performance because the parking
situations included in the test and training datasets do not
overlap. However, it has limitations of providing only half
AVM images and there are few previous methods evaluated
with it. Table 5 and Figure 5 show the comparison of the two
public datasets and sample images included in them,
respectively. Table 6 shows the performances of eight deep
learning-based parking slot detection methods in the PS2.0
dataset. This table also includes GPUs, frameworks, and
criteria to determine true positives and false positives. In
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Table 6. Performance comparison of previous deep learning-based methods using PS2.0.

Method Criteria Recall  Precision Inference time (ms) GPU Framework
Suhr and Jung 12 pixels, 10 degrees 99.77%  99.77 % .
16.66 GTX 1080Ti Tensorflow
(2022) 3 pixels, 1.5 degrees 96.22%  96.22 %
. 12 pixels, 10 degrees 9931%  99.40 % i
Lietal. (2020a) - 20.29 GTX 1080Ti  Pytorch
3 pixels, 1.5 degrees 93.87%  93.95%
12 pixels, 10 degre 98.99%  99.63 %
Zhang et al. (2018) P grees 2 ° 23.83 GTX 1080Ti  Darknet,
3 pixels, 1.5 degrees 81.87%  82.40 % Caffe
12 pixels, 10 degrees 93.13%  96.51 % i
Huang et al. (2019) - 10.97 GTX 1080Ti  Pytorch
ixels, 1.5 degrees .68 % 28 %
3 pixels, 1.5 degr 71.68%  74.28 %
12 pixels, 10 degrees 72.14%  99.24 % )
Yu et al. (2020) - 3.75 GTX 1080Ti  Pytorch
3 pixels, 1.5 degrees 63.01% 86.57%
Li et al. (2020b) 10 pixels, 15 degrees 99.68%  99.41 % 13.00 Titan XP Pytorch
Do and Choi (2020) 20 pixels, 2 degrees 98.70%  97.88 % 42.79 GTX 1080  Tensorflow
Min et al. (2021) 10 pixels, no angle criterion 99.56 %  99.42 % 25.30 GTX 1080Ti  Pytorch

terms of the criteria, N pixels and M degrees mean that the
detected parking slot is considered a true positive if distances
between its two junctions and the ground truths are within N
pixels and the angle between its orientation and the ground
truth is within M degrees. Otherwise, it is considered a false
positive.

5. CONCLUSION

The automatic parking system consists of target parking
position designation, path planning, path tracking, and user
interface, and the target parking position designation covered
in this paper is largely divided into four categories: user
interface-based, free space-based, parking slot marking-
based, and [PMS-based. It is expected that the fusion of the
image sensor-based parking slot marking recognition and the
range sensor-based free space recognition, which have
mutually complementary characteristics, will be mainly used
in the near future. In the case of parking slot marking
recognition, AVM, which have been mass-produced and
widely used, are expected to be mainly used. In the case of
free space recognition, an ultrasonic sensor is mainly used at
the beginning, but it can be replaced later if a LIDAR is
adopted on the side. However, since the automation method
cannot be perfect, user interface-based is expected to
continue to be used as a backup or modification means.
Various methods have been steadily developed for parking
slot marking-based, and with the recent introduction of deep
learning-based methods, remarkable performance improvement
has been achieved. For the time being, deep learning-based
methods are expected to become mainstream, but there are
two expected challengers. First, efficient deep neural
network architecture development and its simplification for

embedded implementation. Second, a large dataset and
performance comparison platform to secure performance in
everyday situations. The new dataset is expected to include
different types of parking slot markings in different countries
and to cover bad weather conditions. In addition, it is
necessary to encourage development acceleration through
open competition by operating a KITTI dataset-like leader
board.

In future, autonomous valet parking combining autonomous
driving and automatic parking systems in parking lots is
expected to be introduced, and for this, precise positioning in
parking lots is expected to be an essential prerequisite. Once
precise positioning in the parking lot is introduced, the target
parking position designation can be completed simply by
allocating a parking slot. It is important to keep in mind that
commercialization and standardization of indoor precise
positioning can have an effect on automatic parking systems,
and it is necessary to continue to promote cooperation while
paying close attention to the trends in this field.

ACKNOWLEDGEMENT-This research was supported in part by
Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education
(N0.2020R1A6A1A03038540), and in part by the National
Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No.2020R1F1A1061993).

REFERENCES

An, K., Choi, J. and Kwak, D. (2011). Automatic valet
parking system incorporating a nomadic device and
parking servers. IEEE Int. Conf. Consumer Electronics
(ICCE), Las Vegas, NV, USA.

Anderson, C. (2021). Precise indoor positioning with



SURVEY OF TARGET PARKING POSITION DESIGNATION FOR AUTOMATIC PARKING SYSTEMS 299

ultrawideband. https://diydrones.com/profiles/blogs/ precise-
indoor-positioning-with-ultrawideband

Amold, E., Al-Jarrah, O. Y., Dianati, M., Fallah, S., Oxtoby,
D. and Mouzakitis, A. (2019). A survey on 3D object
detection methods for autonomous driving applications.
IEEE Trans. Intelligent Transportation Systems 20, 10,
3782-3795.

Automated Parking System. (2021). https://en.wikipedia.
org/wiki/Automated parking_system

Benjamin, A. (2021). Imaging radar: one sensor to rule them
all. http://e2e.ti.com/blogs /b/behind the wheel/ archive/
2019/07/09/imaging-radar-using-ti-mmwave-sensors

Chabot, F., Chaouch, M., Rabarisoa, J., Teuliere, C. and
Chateau, T. (2017). Deep manta: A coarse-to-fine many-
task network for joint 2D and 3D vehicle analysis from
monocular image. Proc. IEEE Conf. Computer Vision and
Pattern Recognition (CVPR), Honolulu, Hawaii, USA.

Chen, J. Y. and Hsu, C. M. (2017). A visual method tor the
detection of available parking slots. /EEE Int. Conf:
Systems, Man, and Cybernetics (SMC), Banft, Alberta,
Canada.

Chen, J., Zhang, L., Shen, Y., Ma, Y., Zhao, S. and Zhou, Y.
(2020). A study of parking-slot detection with the aid of
pixel-level domain adaptation. IEEE Int. Conf. Multimedia
and Expo (ICME), London, UK.

Dai, J., Li, Y., He, K. and Sun, J. (2016). R-FCN: Object
detection via region-based fully convolutional networks.
Advances in Neural Information Processing Systems
(NIPS), Barcelona, Spain.

Daimler (2021). The technology behind the new Mercedes-
Benz CL-Class - Parking assistance: New Mercedes coupé
uses radar to help the driver park. https:/media.
daimler.com/

Degerman, P., Pohl, J. and Sethson, M. (2006). Hough
transform for parking space estimation using long range
ultrasonic sensors. SAE World Cong. & Exhibition,
Detroit, Michigan, USA.

Degerman, P., Pohl, J. and Sethson, M. (2007). Ultrasonic
sensor modeling for automatic parallel parking systems in
passenger cars. SAE World Cong. & Exhibition, Detroit,
Michigan, USA.

Diaz Ogas, M. G., Fabregat, R. and Aciar, S. (2020). Survey
of smart parking systems. Applied Sciences 10, 11, 3872.

Do, H. and Choi, J. Y. (2020). Context-based parking slot
detection with a realistic dataset. I[EEFE Access, 8, 171551—
171559.

Du, X. and Tan, K. K. (2014). Autonomous reverse parking
system based on robust path generation and improved
sliding mode control. [EEE Trans. Intelligent
Transportation Systems 16, 3, 1225-1237.

Du, Z., Miao, Q. and Zong, C. (2020). Trajectory planning for
automated parking systems using deep reinforcement
learning. Int. J. Automotive Technology 21, 4, 881-887.

Dubé, R., Hahn, M., Schiitz, M., Dickmann, J. and Gingras,
D. (2014). Detection of parked vehicles from a radar based

occupancy grid. IEEE Intelligent Vehicles Symp. (IV),
Dearborn, Michigan, USA.

Engelcke, M., Rao, D., Wang, D. Z., Tong, C. H. and Posner,
I. (2017). Vote3deep: Fast object detection in 3D point
clouds using efficient convolutional neural networks.
IEEE Int. Conf. Robotics and Automation (ICRA), Singapore.

Feng, D., Haase-Schiitz, C., Rosenbaum, L., Hertlein, H.,
Glaeser, C., Timm, F., Wiesbeck, W. and Dietmayer, K.
(2020). Deep multi-modal object detection and semantic
segmentation for autonomous driving: Datasets, methods,
and challenges. IEEE Trans. Intelligent Transportation
Systems 22,3, 1341-1360.

Fintzel, K., Bendahan, R., Vestri, C., Bougnoux, S.,
Yamamoto, S. and Kakinami, T. (2003). 3D vision system
for vehicles. [EEE Intelligent Vehicles Symp. (IV),
Columbus, Ohio, USA.

Fintzel, K., Bendahan, R., Vestri, C., Bougnoux, S. and
Kakinami, T. (2004). 3D parking assistant system. /EEE
Intelligent Vehicles Symp. (IV), Washington D.C., USA.

Ford (2021). Cross Traffic Alert. https://www.ford.co.uk/
shop/research/technology/driving-experience/cross-traffic-
alert

Griffin, D. (2021). Look, no hands! New Toyota hybrid parks
itself. https://www.newson6.com/story/5e367¢952£69d76f
62092129/look-no-hands-new-toyota-hybrid-parks-itself.

Gorner, S. and Rohling, H. (2006). Parking lot detection with
24 GHz radar sensor. Int. Workshop on Intelligent
Transportation (WIT), 1-6.

Gupta, M., Yin, Q. and Nayar, S. K. (2013). Structured light
in sunlight. Proc. IEEE Int. Conf- Computer Vision
(ICCV), Sydney, Australia.

Hamada, K., Hu, Z., Fan, M. and Chen, H. (2015). Surround
view based parking lot detection and tracking. /EEFE
Intelligent Vehicles Symp. (IV), Seoul, Korea.

Hameed, A. and Ahmed, H. A. (2018). Survey on indoor
positioning applications based on different technologies.
12th Int. Conf. Mathematics, Actuarial Science, Computer
Science and Statistics (MACS), Karachi, Pakistan.

Hamid, M., Manap, N., Hamzah, R., Kadmin, A. (2020).
Stereo matching algorithm based on deep learning: A
survey. Journal of King Saud University - Computer and
Information Sciences, Available online.

Hashizume, A., Ozawa, S., Yanagawa, H. (2005). An
approach to detect vacant parking space in a parallel
parking area, European Congress on Exhibition Intelligent
Transport Systems and Services, 4—6.

HDL-32E (2021). High Resolution Real-Time 3D Lidar
Sensor. https://velodynelidar.com/products/hdl-32e/

He, K., Gkioxari, G., Dollar, P. and Girshick, R. (2017). Mask
R-CNN. Proc. IEEE Int. Conf- Computer Vision (ICCV),
Venice, Italy.

Heilenkoétter, C., Hover, N., Magyar, P., Ottenhues, T.,
Seubert, T. and Wassmuth, J. (2007). The consistent use
of engineering methods and tools. Auto Technology 6, 6,
52-55.



300 Jae Kyu Suhr and Ho Gi Jung

Heimberger, M., Horgan, J., Hughes, C., McDonald, J. and
Yogamani, S. (2017). Computer vision in automated
parking systems: Design, implementation and challenges.
Image and Vision Computing, 68, 88—101.

Huang, J., Zhang, L., Shen, Y., Zhang, H., Zhao, S. and Yang,
Y. (2019). DMPR-PS: A novel approach for parking-slot
detection using directional marking-point regression.
IEEFE Int. Conf. Multimedia and Expo (ICME), Shanghai,
China.

Houben, S., Komar, M., Hohm, A., Liike, S., Neuhausen, M.
and Schlipsing, M. (2013). On-vehicle video-based
parking lot recognition with fisheye optics. /6th Int. IEEE
Conf. Intelligent Transportation Systems (ITSC), The
Hague, The Netherlands.

Indoor GPS (2021). https://marvelmind.com/pics/marvel
mind_presentation.pdf

Jang, C. and Sunwoo, M. (2019). Semantic segmentation-
based parking space detection with standalone around
view monitoring system. Machine Vision and Applications
30, 2, 309-319.

Jang, C., Kim, C., Lee, S., Kim, S., Lee, S. and Sunwoo, M.
(2020). Re-plannable automated parking system with a
standalone around view monitor for narrow parking lots.
IEEE Trans. Intelligent Transportation Systems 21, 2,
777-790.

Jeong, S. H., Choi, C. G., Oh, J. N, Yoon, P. J., Kim, B. S.,
Kim, M. and Lee, K. H. (2010). Low cost design of
parallel parking assist system based on an ultrasonic
sensor. Int. J. Automotive Technology 11, 3, 409-416.

Jiang, S., Jiang, H., Ma, S. and Jiang, Z. (2020). Detection of
parking slots based on mask R-CNN. Applied Sciences 10,
12, 4295.

Jung, H. G., Choi, C. G., Yoon, P. J. and Kim, J. (2006a).
Novel user interface for semi-automatic parking assistance
system. FISITA World Automotive Cong., Yokohama,
Japan.

Jung, H. G., Kim, D. S., Yoon, P. J. and Kim, J. H. (2006b).
3D vision system for the recognition of free parking site
location. Int. J. Automotive Technology 7, 3, 361-367.

Jung, H. G., Kim, D. S., Yoon, P. J. and Kim, J. (2006c).
Structure analysis based parking slot marking recognition
for semi-automatic parking system. Joint IAPR Int.
Workshops on Statistical Techniques in Pattern Recognition
(SPR) and Structural and Syntactic Pattern Recognition
(SSPR), Hong Kong, China.

Jung, H. G., Kim, D. S., Yoon, P. J. and Kim, J. (2006d).
Parking slot markings recognition for automatic parking
assist system. /EEFE Intelligent Vehicles Symp. (IV), Tokyo,
Japan.

Jung, H. G., Kim, D. S., Yoon, P. J. and Kim, J. (2007). Light
stripe projection based parking space detection for
intelligent parking assist system. /[EEFE Intelligent Vehicles
Symp. (IV), Istanbul, Turkey.

Jung, H. G., Cho, Y. H,, Yoon, P. J. and Kim, J. (2008).
Scanning laser radar-based target position designation for

parking aid system. /[EEE Trans. Intelligent Transportation
Systems 9, 3, 406-424.

Jung, H. G., Lee, Y. H. and Kim, J. (2009). Uniform user
interface for semiautomatic parking slot marking
recognition. [EEE Trans. Vehicular Technology 59, 2,
616-626.

Jung, H. G., Kim, D. S. and Kim, J. (2010a). Light stripe
projection-based target position designation for intelligent
parking-assist ~ system. [EEE  Trans. Intelligent
Transportation Systems 11, 4, 942-953.

Jung, H. G., Cho, Y. H. and Kim, J. (2010b). Integrated
side/rear safety system. Int. J. Automotive Technology 11,
4, 541-553.

Jung, H. G. (2014). Semi-automatic parking slot marking
recognition for intelligent parking assist systems. The J.
Engineering 2014, 1, 8—15.

Kaempchen, N., Franke, U. and Ott, R. (2002). Stereo vision
based pose estimation of parking lots using 3D vehicle
models. IEEE Intelligent Vehicles Symp. (IV), Versailles,
France.

Keat, C. T. M., Pradalier, C. and Laugier, C. (2005). Vehicle
detection and car park mapping using laser scanner.
IEEE/RSJ Int. Conf. Intelligent Robots and Systems
(IROS), Edmonton, Alberta, Canada.

Khalid, M., Wang, K., Aslam, N., Cao, Y., Ahmad, N. and
Khan, M. K. (2021). From smart parking towards
autonomous valet parking: A survey, challenges and
future works. J. Network and Computer Applications, 175,
102935.

Khan, F., Salahuddin, S. and Javidnia, H. (2020). Deep
learning-based monocular depth estimation methods-A
state-of-the-art review. Sensors 20, 8, 2272.

Kim, S., Kim, J., Ra, M. and Kim, W. Y. (2020). Vacant
parking slot recognition method for practical autonomous
valet parking system using around view image. Symmetry,
12,10, 1725.

Kotb, A. O., Shen, Y. C. and Huang, Y. (2017). Smart parking
guidance, monitoring and reservations: A review. [EEE
Intelligent Transportation Systems Magazine 9, 2, 6-16.

Laga, H., Jospin, L. V., Boussaid, F. and Bennamoun, M.
(2020). A survey on deep learning techniques for stereo-
based depth estimation. IEEE Trans. Pattern Analysis and
Machine Intelligence, Available online.

Largest Automated Parking Facility (2021). https://www.
roboticparking.com/wp-content/uploads/2019/12/2018-
Guinness-World-Record-Holder.pdf

Lee, S. and Seo, S. W. (2016). Available parking slot
recognition based on slot context analysis. IET Intelligent
Transport Systems 10, 9, 594-604.

Lee, S., Hyeon, D., Park, G., Back, I. J., Kim, S. W. and
Seo, S. W. (2016). Directional-DBSCAN: Parking-slot
detection using a clustering method in around-view
monitoring system. /EEE Intelligent Vehicles Symp.
(1V), Gothenburg, Sweden.



SURVEY OF TARGET PARKING POSITION DESIGNATION FOR AUTOMATIC PARKING SYSTEMS 301

Lee, B. and Wei, Y. (2017). Automatic parking of self-
driving car based on LiDAR. ISPRS Int. Archives of the
Photogrammetry, Remote Sensing and Spatial Information
Sciences 42,2W17, 241-246.

Li, B. (2017). 3D fully convolutional network for vehicle
detection in point cloud. IEEE/RSJ Int. Conf. Intelligent
Robots and Systems (IROS), Vancouver, Canada.

Li, L., Zhang, L., Li, X., Liu, X., Shen, Y. and Xiong, L.
(2017). Vision-based parking-slot detection: A benchmark
and a learning-based approach. IEEE Int. Conf. Multimedia
and Expo (ICME), Hong Kong, China.

Li, W., Cao, L., Yan, L., Li, C., Feng, X. and Zhao, P. (2020a).

Vacant parking slot detection in the around view image
based on deep learning. Sensors 20, 7, 2138.

Li, W., Cao, H., Liao, J., Xia, J., Cao, L. and Knoll, A.
(2020b). Parking slot detection on around-view images
using DCNN. Frontiers in Neurorobotics, 14, 46.

Lin, T. Y., Maire, M., Belongie, S., Hays, J., Perona, P.,
Ramanan, D., Dollar, P. and Zitnick, C. L. (2014).
Microsoft coco: Common objects in context. European
Conf. Computer Vision (ECCV), Zurich, Switzerland.

Lin, T., Rivano, H. and Le Mouel, F. (2017a). A survey of
smart parking solutions. [EEE Trans. Intelligent
Transportation Systems 18, 12, 3229-3253.

Lin, T. Y., Goyal, P., Girshick, R., He, K. and Dollar, P.
(2017). Focal loss for dense object detection. Proc. IEEE
Int. Conf. Computer Vision (ICCV), Venice, Italy.

Liu, W., Anguelov, D., Erhan, D., Szegedy, C., Reed, S., Fu,
C. Y. and Berg, A. C. (2016). SSD: Single shot multibox
detector. European Conf. Computer Vision (ECCYV),
Amsterdam, The Netherlands.

Liu, L., Ouyang, W., Wang, X., Fieguth, P., Chen, J., Liu, X.
and Pietikdinen, M. (2020). Deep learning for generic
object detection: A survey. Int. J. Computer Vision 128, 2,
261-318.

Ma, S., Jiang, Z., Jiang, H., Han, M. Li, C. (2020). Parking
Space and Obstacle Detection Based on a Vision Sensor
and Checkerboard Grid Laser. Applied Sciences, 10, 7,
2582.

Marenko, K. (2021). Why Hi-Resolution Radar is a Game
Changer. https://www fierceelectronics.com/components/
why-hi-resolution-radar-a-game-changer

Mechanical Parking Systems (2021). What are fully
automated parking systems?. https://www.mechanical-
parking-systems.com/what-are-fully-automated-parking-
systems

Mertz, C., Koppal, S.J., Sia, S. and Narasimhan, S. (2012). A
low-power structured light sensor for outdoor scene
reconstruction and dominant material identification. /[EEE
Computer Society Conf. Computer Vision and Pattern
Recognition Workshops (CVPRW), Providence, Rhode
Island, USA.

Min, C., Xu, J., Xiao, L., Zhao, D., Nie, Y. and Dai, B. (2021).
Attentional graph neural network for parking-slot
detection. IEEE Robotics and Automation Letters 6, 2,

3445-3450.

Panomruttanarug, B. (2017). Application of iterative learning
control in tracking a Dubin’s path in parallel parking. /nt.
J. Automotive Technology 18, 6, 1099-1107.

Park, W., Kim, B., Seo, D., Kim, D. and Lee, K. (2008).
Parking space detection using ultrasonic sensor in parking
assistance system, /EEE Intelligent Vehicles Symp. (IV),
Eindhoven, The Netherlands.

Parkmatic (2021). Automated Parking Systems. https:/
www.parkmatic.com/automated/.

Pérez-Navarro, A., Torres-Sospedra, J., Montoliu, R., Conesa,
J., Berkvens, R., Caso, G., Costa, C., Dorigatti, N.,
Hernandez, N., Knauth, S., Lohan, E. S., Machaj, J.,
Moreira, A. and Wilk, P. (2019). Challenges of
fingerprinting in indoor positioning and navigation.
Geographical and Fingerprinting Data to Create Systems
for Indoor Positioning and Indoor/Outdoor Navigation
(pp. 1-20). Academic Press. Cambridge, Massachusetts,
USA.

Pohl, J., Sethsson, M., Degerman, P. and Larsson, J. (2006).
A semi-automated parallel parking system for passenger
cars. Proc. Institution of Mechanical Engineers, Part D: J.
Automobile Engineering 220, 1, 53-65.

Pozyx (2021). https://www.pozyx.io/

Qi, C.R,, Yi, L., Su, H. and Guibas, L. J. (2017). Pointnet++:
Deep hierarchical feature learning on point sets in a metric
space. Advances in Neural Information Processing
Systems (NIPS), Long Beach, California, USA.

Radar (2021). Radar: The Road to an Autonomous Vehicle.
https://www.analog.com/en/applications/landing-pages/
001/road-to-an-autonomous-vehicle.html

Redmon, J., Divvala, S., Girshick, R. and Farhadi, A. (2016).
You only look once: Unified, real-time object detection.
Proc. IEEE Conf- Computer Vision and Pattern Recognition
(CVPR), Las Vegas, Nevada, USA.

Regensburger, U., Schanz, A. and Stahs, T. (2007). Three-
Dimensional Perception of Environment. U.S. Patent No.
US20020169537A1.

Ren, S., He, K., Girshick, R. and Sun, J. (2016). Faster R-
CNN: Towards real-time object detection with region
proposal networks. IEEE Trans. Pattern Analysis and
Machine Intelligence 39, 6, 1137-1149.

Robotic Parking Systems (2021). Introduction to Robotic
Parking Systems. https://www.roboticparking.com/wp-
content/uploads/2019/09/robotic-parking-systems-
introduction-June2018.pdf

Roos, F., Kellner, D., Dickmann, J. and Waldschmidt, C.
(2016). Reliable orientation estimation of vehicles in high-
resolution radar images. IEEE Trans. Microwave Theory
and Techniques 64, 9, 2986-2993.

Satonaka, H., Okuda, M., Hayasaka, S., Endo, T., Tanaka, Y.
and Yoshida, T. (2006). Development of parking space
detection using an ultrasonic sensor. Proc. 13th ITS World
Cong., London, UK.

Schanz, A., Spieker, A. and Kuhnert, K. D. (2003).



302 Jae Kyu Suhr and Ho Gi Jung

Autonomous parking in subterranean garages - A look at
the position estimation. /EEFE Intelligent Vehicles Symp.
(IV), Columbus, Ohio, USA.

Schanz, A. (2005). Fahrerassistenz Zum Automatischen
Parken. VDI-Verlag, Diisseldorf, Germany.

Scheunert, U., Fardi, B., Mattern, N., Wanielik, G. and
Keppeler, N., (2007). Free space determination for
parking slots using a 3D PMD sensor. IEEE Intelligent
Vehicles Symp. (IV), Istanbul, Turkey.

Schmid, M., Ates, S., Dickmann, J., Hundelshausen, F. and
Wuensche, H. (2011). Parking space detection with
hierarchical dynamic occupancy grids. IEEE Intelligent
Vehicles Symp. (IV), Baden-Baden, Germany.

Schwesinger, U., Biirki, M., Timpner, J., Rottmann, S., Wolf,
L., Paz, L. M., Grimmett, H., Posner, 1., Newman, P.,
Hane, C., Heng, L., Lee, G. H., Sattler, T., Pollefeys, M.,
Allodi, M., Valenti, F., Mimura, K., Goebelsmann, B.,
Derendarz, W., Miihlfellner, P., Wonneberger, S.,
Waldmann, R., Grysczyk, S., Last, C., Briining, S.,
Horstmann, S., Bartholomidus, M., Brummer, C.,
Stellmacher, M., Pucks, F., Nicklas, M. and Siegwart, R.
(2016). Automated valet parking and charging for e-
mobility. IEEE Intelligent Vehicles Symp. (IV),
Gothenburg, Sweden.

Simony, M., Milzy, S., Amendey, K. and Gross, H. M. (2018).

Complex-YOLO: An euler-region-proposal for real-time
3D object detection on point clouds. European Conf:
Computer Vision (ECCV), Munich, Germany.

Song, B. (2013). Cooperative lateral vehicle control for
autonomous valet parking. /nt. J. Automotive Technology
14, 4, 633-640.

Sung, K., Choi, J. and Kwak, D. (2011). Vehicle control
system for automatic valet parking with infrastructure
sensors. [EEE Int. Conf. Consumer Electronics (ICCE),
Las Vegas, Nevada, USA.

Suhr, J., Jung, H., Bae, K. and Kim, J. (2010). Automatic free
parking space detection by using motion stereo-based 3D
reconstruction. Machine Vision and Applications 21, 2,
163-176.

Suhr, J. K. and Jung, H. G. (2012). Fully-automatic
recognition of various parking slot markings in Around
View Monitor (AVM) image sequences. /5th Int. IEEE
Conf- Intelligent Transportation Systems (ITSC), Anchorage,
Alaska, Canada.

Suhr, J. K. and Jung, H. G. (2013). Full-automatic recognition
of various parking slot markings using a hierarchical tree
structure. Optical Engineering 52, 3, 037203.

Suhr, J. K. and Jung, H. G. (2014). Sensor fusion-based
vacant parking slot detection and tracking. /[EEE Trans.
Intelligent Transportation Systems 15, 1, 21-36.

Suhr, J. K. and Jung, H. G. (2016). Automatic parking space
detection and tracking for underground and indoor
environments. /EEE Trans. Industrial Electronics 63, 9,
5687-5698.

Suhr, J. K. and Jung, H. G. (2018a). Sensor fusion-based

precise obstacle localisation for automatic parking
systems. Electronics Letters 54,7, 445—447.

Suhr, J. K. and Jung, H. G. (2018b). A universal vacant
parking slot recognition system using sensors mounted on
off-the-shelf vehicles. Sensors 18, 4, 1213.

Suhr, J. K. and Jung, H. G. (2022). End-to-end trainable one-
stage parking slot detection integrating global and local
information. [EEE Trans. Intelligent Transportation
Systems 23, 5, 4570-4582.

Suzuki, Y., Koyamaishi, M., Yendo, T., Fujii, T. and
Tanimoto, M. (2005). Parking assistance using multi-
camera infrastructure. IEEE Intelligent Vehicles Symp.
(IV), Las Vegas, Nevada, USA.

Tanaka, Y., Saiki, M., Katoh, M. and Endo, T. (2006).
Development of image recognition for a parking assist
system. Proc. 13th World Cong. Intelligent Traffic
Systems and Services (ITSC), Toronto, Ontario, Canada.

Unger, C., Wahl, E. and Ilic, S. (2014). Parking assistance
using dense motion stereo. Machine Vision and
Applications, 25, 561-581.

Valeo (2021). Safe Side — the blind spot detection system.
https://valeo.prowly.com/81404-valeo-safe-side-the-blind-
spot-detection-system

VBOX Indoor Positioning System (2021). https://www.
vboxautomotive.co.uk/index.php/en/vbox-indoor-positioning-
system

Vestri, C., Bougnoux, S., Bendahan, R., Fintzel, K., Wybo,
S., Abad, F. and Kakinami, T. (2005). Evaluation of a
vision-based parking assistance system. Proc. 8th Int.
IEEE Conf. Intelligent Transportation Systems (ITSC),
Vienna, Austria.

Vestri, C., Bougnoux, S., Bendahan, R., Fintzel, K., Wybo,
S., Abad, F. and Kakinami, T. (2005). Evaluation of a
point tracking vision system for parking assistance. /2th
World Cong. Intelligent Transport Systems, San Francisco
California, USA.

Wada, M., Yoon, K. and Hashimoto, H. (2003). Development
of advanced parking assistance system. /EEE Trans.
Industrial Electronics 50, 1, 4-17.

Wada, M., Mao, X., Hashimoto, H., Mizutani, M. and Saito,
M. (2004). iCAN: Pursuing technology for near-future
ITS. [EEFE Intelligent Systems 19, 1, 18-23.

Wang, W., Song, Y., Zhang, J. and Deng, H. (2014a).
Automatic parking of vehicles: A review of literatures. /nt.
J. Automotive Technology 15, 6, 967-978.

Wang, C., Zhang, H., Yang, M., Wang, X., Ye, L. and Guo,
C. (2014b). Automatic parking based on a bird’s eye view
vision system. Advances in Mechanical Engineering, 6,
847406.

Xiang, Y., Choi, W., Lin, Y. and Savarese, S. (2015). Data-
driven 3D voxel patterns for object category recognition.
Proc. IEEE Conf. Computer Vision and Pattern Recognition
(CVPR), Boston, Massachusetts, USA.

Xiang, Y., Choi, W., Lin, Y. and Savarese, S. (2017).
Subcategory-aware convolutional neural networks for



SURVEY OF TARGET PARKING POSITION DESIGNATION FOR AUTOMATIC PARKING SYSTEMS 303

object proposals and detection. IEEE Winter Conf:
Applications of Computer Vision (WACV), Santa Rosa,
California, USA.

Xu, J., Chen, G. and Xie, M. (2000). Vision-guided automatic
parking for smart car. IEEE Intelligent Vehicles Symp. (IV),
Dearborn, Michigan, USA.

You, K., Kim, J., Noh, T. and Lee, 1. (2012). Control method
for perpendicular parking of intelligent parking assist
system. Proc. 11th Int. Symp. Advanced Vehicle Control
(AVEC), Seoul, Korea.

Yu, Z., Gao, Z., Chen, H., Huang, Y. (2020). SPFCN: Select
and prune the fully convolutional networks for real-time
parking slot detection. IEEE Intelligent Vehicles Symp.
(IV), Vas Vegas, Nevada, USA.

Zhang, L., Huang, J., Li, X. and Xiong, L. (2018). Vision-
based parking-slot detection: A DCNN-based approach
and a large-scale benchmark dataset. IEEE Trans. Image
Processing 27, 11, 5350-5364.

Zhao, C., Sun, Q., Zhang, C. and Tang, Y. (2020). Monocular
depth estimation based on deep learning: An overview.

Science China Technological Sciences, 63, 1612—1627

Zhong, Z., Sun, L. and Huo, Q. (2019). An anchor-free region
proposal network for faster R-CNN-based text detection
approaches. Int. J. Document Analysis and Recognition 22,
3,315-327.

Zhou, J., Navarro-Serment, L. E. and Hebert, M. (2012).
Detection of parking spots using 2D range data. /5th Int.
IEEE Conf. Intelligent Transportation Systems (ITSC),
Anchorage, Alaska, USA.

Zhou, Y. and Tuzel, O. (2018). Voxelnet: End-to-end
learning for point cloud based 3D object detection. Proc.
IEEE Conf. Computer Vision and Pattern Recognition
(CVPR), Salt Lake City, Utah, USA.

Zinelli, A., Musto, L. and Pizzati, F. (2019). A deep-learning
approach for parking slot detection on surround-view
images. IEEE Intelligent Vehicles Symp. (IV), Paris,
France.

Zong, W. and Chen, Q. (2018). A robust method for detecting
parking areas in both indoor and outdoor environments.
Sensors 18, 6, 1903.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


