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(57) ABSTRACT

A method of controlling parking of a vehicle provided with
a parking control device including a processor includes:
under the control of the processor, obtaining first contour
information from a first parked vehicle which is parked in a
parking space using sensor information obtained via a sensor
module provided in the vehicle; identifying a plurality of
parking types for the first parked vehicle based on the first
contour information and a current traveling direction of the
vehicle; estimating a size of the first parked vehicle in
response to a parking type selected among the plurality of
parking types; and exploring a target parking space in the
parking space based on the size of the first parked vehicle.
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PARKING CONTROL DEVICE AND
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2022-0177256, filed on Dec. 16,
2022, the entire contents of which is incorporated herein for
all purposes by this reference.

BACKGROUND OF THE PRESENT
DISCLOSURE

Field of the Present Disclosure

[0002] The present disclosure relates to a parking control
device and a method thereof.

Description of Related Art

[0003] Typical autonomous vehicles use ultrasonic sen-
sors, cameras, and LiDAR to explore parking spaces.
[0004] The ultrasonic sensors may not a have relatively
high accuracy of parking space recognition due to their
characteristics, and the cameras may not have a relatively
high accuracy of parking space recognition due to ground
clearance error due to the mounting position.

[0005] Meanwhile, the LiDAR is used to supplement the
accuracy in parking space recognition of the ultrasonic
sensors and the cameras to explore parking spaces, but
sensors including the LiDAR may not accurately detect
invisible areas.

[0006] For example, an autonomous vehicle may estimate
the size/direction of a parked vehicle only using values input
from sensors.

[0007] Furthermore, when exploring a parking space from
a distance, such an estimation of the size/direction of a
vehicle may be inaccurate because a visible area of a target
vehicle is small.

[0008] Due to the inaccurate estimation of the size/direc-
tion of the target vehicle, the size/direction of a parking
space may also be inaccurate, which may increase the
number of parking control steps and degrade marketability.
[0009] The information included in this Background of the
present disclosure is only for enhancement of understanding
of'the general background of the present disclosure and may
not be taken as an acknowledgement or any form of sug-
gestion that this information forms the prior art already
known to a person skilled in the art.

BRIEF SUMMARY

[0010] Various aspects of the present disclosure are
directed to providing a parking control device and method
which may reduce the number of parking control steps by
accurately recognizing the size of a target vehicle and the
parking direction of the target vehicle using a Light Detec-
tion and Ranging (LiDAR) sensor and accurately determin-
ing the size of a parking space.

[0011] The technical issues to be solved by the present
disclosure are not limited to the ones described above, but
other technical issues not described herein are clearly under-
stood by one of ordinary skill in the art from the following
description.

[0012] According to an aspect of the present disclosure,
there is provided a method of controlling parking of a
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vehicle provided with a parking control device including a
processor, the method including: under the control of the
processor, obtaining first contour information of a first
parked vehicle which is parked in a parking space, using
sensor information obtained via a sensor module provided in
the ego vehicle: identifying a plurality of parking types for
the first parked vehicle based on the first contour informa-
tion and a current traveling direction of the ego vehicle:
estimating a size of the first parked vehicle in response to a
parking type selected among the plurality of parking types:
and exploring a target parking space in the parking space
based on the size of the first parked vehicle.

[0013] Furthermore, the method may include: under the
control of the processor, obtaining second contour informa-
tion of a second parked vehicle which is parked apart from
the first parked vehicle: identifying a plurality of parking
types for the second parked vehicle based on the second
contour information and the current traveling direction of
the ego vehicle; estimating a size of the second parked
vehicle in response to a parking type selected among the
plurality of parking types for the second parked vehicle: and
exploring the target parking space in the parking space based
on the size of the first parked vehicle and the size of the
second parked vehicle.

[0014] Furthermore, the method may include: under the
control of the processor, when a portion of the second
contour information is not obtained for a second parked
vehicle which is parked apart from the first parked vehicle,
estimating the size of the second parked vehicle based on the
first contour information and the parking type selected
among the plurality of parking types for the first parked
vehicle: and exploring the target parking space in the park-
ing space based on the size of the first parked vehicle and the
size of the second parked vehicle.

[0015] Furthermore, the first contour information may
include: a first linear segment extracted based on a side of
the first parked vehicle: a first corner point which is closest
to the ego vehicle among corners of the first parked vehicle:
a tilt of the first parked vehicle, which is an angle formed
between the first linear segment and the current traveling
direction of the ego vehicle: and a center point of the first
parked vehicle extracted through a first line perpendicular to
the first linear segment.

[0016] Furthermore, the method may include: under the
control of the processor, extracting a plurality of points
becoming in contact with the first line by moving the first
line to an outermost line of the first parked vehicle, and
setting a centrally positioned point among the extracted
plurality of points as the center point of the first parked
vehicle.

[0017] Furthermore, the method may include: under the
control of the processor, determining an overall width of the
first parked vehicle, using the first corner point and the
center point of the first parked vehicle.

[0018] Furthermore, the method may include: under the
control of the processor, when the determined overall width
of' the first parked vehicle is out of a preset reference overall
width range, extracting a license plate of the first parked
vehicle from the sensor information, and determining the
center point of the first parked vehicle using the extracted
license plate of the first parked vehicle: and re-determining
the overall width of the first parked vehicle based on the
determined center point of the first parked vehicle and the
first corner point.
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[0019] Furthermore, the method may include: under the
control of the processor, when the determined overall width
of the first parked vehicle is out of the preset reference
overall width range, extracting a parking space marking line
of the parking space from the sensor information, and
determining the center point of the first parked vehicle using
the extracted parking space marking line: and re-determin-
ing the overall width of the first parked vehicle based on the
determined center point of the first parked vehicle and the
first corner point.

[0020] Furthermore, the method may include: under the
control of the processor, when the center point of the first
parked vehicle is not extracted, determining an overall
length of the first parked vehicle using the first linear
segment: and estimating the overall width of the first parked
vehicle by applying the determined overall length of the first
parked vehicle to a preset ratio of overall width versus
overall length.

[0021] Furthermore, the target parking space may be
explored based on the first parked vehicle or the second
parked vehicle which is parked in proximity to the target
parking space, and the method may include: under the
control of the processor, determining a length and a width of
the target parking space based on the first contour informa-
tion or the second contour information obtained from the
second parked vehicle.

[0022] According to another aspect of the present disclo-
sure, there is provided a parking control device, provided in
a vehicle and configured to control parking of the ego
vehicle, the parking control device including: a processor
configured to control the parking control device, wherein the
processor is configured to: obtain first contour information
of a first parked vehicle which is parked in a parking space,
using sensor information obtained via a sensor module
provided in the ego vehicle: identify a plurality of parking
types for the first parked vehicle based on the first contour
information and a current traveling direction of the ego
vehicle: estimate a size of the first parked vehicle in response
to a parking type selected among the plurality of parking
types: and explore a target parking space in the parking
space based on the size of the first parked vehicle.

[0023] Furthermore, the processor may be configured to:
obtain second contour information of a second parked
vehicle which is parked apart from the first parked vehicle;
identify a plurality of parking types for the second parked
vehicle based on the second contour information and the
current traveling direction of the ego vehicle: estimate a size
of the second parked vehicle in response to a parking type
selected among the plurality of parking types for the second
parked vehicle: and explore the target parking space in the
parking space based on the size of the first parked vehicle
and the size of the second parked vehicle.

[0024] Furthermore, the processor may be configured to:
when a portion of the second contour information is not
obtained for a second parked vehicle which is parked apart
from the first parked vehicle, estimate the size of the second
parked vehicle based on the first contour information and the
parking type selected among the plurality of parking types
for the first parked vehicle: and explore the target parking
space in the parking space based on the size of the first
parked vehicle and the size of the second parked vehicle.
[0025] Furthermore, the first contour information may
include: a first linear segment extracted based on a side of
the first parked vehicle: a first corner point which is closest
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to the ego vehicle among corners of the first parked vehicle:
a tilt of the first parked vehicle, which is an angle formed
between the first linear segment and the current traveling
direction of the ego vehicle: and a center point of the first
parked vehicle extracted through a first line perpendicular to
the first linear segment.

[0026] Furthermore, the processor may be configured to:
extract a plurality of points becoming in contact with the first
line by moving the first line to an outermost line of the first
parked vehicle, and set a centrally positioned point among
the extracted plurality of points as the center point of the first
parked vehicle.

[0027] Furthermore, the processor may be configured to:
determine an overall width of the first parked vehicle, using
the first corner point and the center point of the first parked
vehicle.

[0028] Furthermore, the processor may be configured to:
when the determined overall width of the first parked vehicle
is out of a preset reference overall width range, extract a
license plate of the first parked vehicle from the sensor
information, and determine the center point of the first
parked vehicle using the extracted license plate of the first
parked vehicle: and re-determine the overall width of the
first parked vehicle based on the determined center point of
the first parked vehicle and the first corner point.

[0029] Furthermore, the processor may be configured to:
when the determined overall width of the first parked vehicle
is out of the preset reference overall width range, extract a
parking space marking line of the parking space from the
sensor information, and determine the center point of the
first parked vehicle using the extracted parking space mark-
ing line: and re-determine the overall width of the first
parked vehicle based on the determined center point of the
first parked vehicle and the first corner point.

[0030] Furthermore, the processor may be configured to:
when the center point of the first parked vehicle is not
extracted, determine an overall length of the first parked
vehicle using the first linear segment: and estimate the
overall width of the first parked vehicle by applying the
determined overall length of the first parked vehicle to a
preset ratio of overall width versus overall length.

[0031] Furthermore, the target parking space may be
explored based on the first parked vehicle or the second
parked vehicle which is parked in proximity to the target
parking space, wherein the processor may be configured to:
control to determine a length and a width of the target
parking space based on the first contour information or the
second contour information obtained from the second
parked vehicle.

[0032] According to various embodiments of the present
disclosure described herein, a parking control device and
method may improve the accuracy of the size of a parking
space by accurately recognizing the size and the parking
direction of a target vehicle, and the like, using a LiDAR
sensor.

[0033] Furthermore, the parking control device and
method may reduce the number of parking control steps by
accurately recognizing the size and the parking direction of
the target vehicle using the LiDAR sensor and accurately
determining the size of the parking space.

[0034] Furthermore, the parking control device and
method may improve the marketability of an autonomous
vehicle by accurately determining the size and the parking
direction of the target vehicle, and the size of the parking
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space, using the LiDAR sensor and thereby reducing the
number of parking control steps.

[0035] Furthermore, the parking control device and
method may improve the reliability of the autonomous
vehicle by accurately determining the size and the parking
direction of the target vehicle, and the size of the parking
space, using the LiDAR sensor and thereby reducing the
number of parking control steps.

[0036] The effects to be obtained from the present disclo-
sure are not limited to those described above, and other
effects not described herein will be apparent to one of
ordinary skill in the art to which the present disclosure
pertains from the following description.

[0037] The methods and apparatuses of the present dis-
closure have other features and advantages which will be
apparent from or are set forth in more detail in the accom-
panying drawings, which are incorporated herein, and the
following Detailed Description, which together serve to
explain certain principles of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a block diagram illustrating a configura-
tion of a vehicle including a parking control device, accord-
ing to an exemplary embodiment of the present disclosure.
[0039] FIG. 2 is a diagram illustrating an example of
detecting a plurality of parked vehicles using a parking
control device, according to an exemplary embodiment of
the present disclosure.

[0040] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and FIG. 3E
are diagrams illustrating a parking control method according
to an exemplary embodiment of the present disclosure.
[0041] FIG. 4A and FIG. 4B are diagrams illustrating a
parking control method according to another exemplary
embodiment of the present disclosure.

[0042] FIG.5 is a diagram illustrating a trend line obtained
by determining a width-length proportional relationship of a
parked vehicle.

[0043] FIG. 6, FIG. 7A, FIG. 7B and FIG. 8 are diagrams
illustrating a parking control method according to other
embodiments of the present disclosure.

[0044] FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D are
diagrams illustrating a parking control method according to
another exemplary embodiment of the present disclosure.
[0045] FIG. 10 is a diagram illustrating a method of
exploring a parking space according to an exemplary
embodiment of the present disclosure.

[0046] It may be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simpli-
fied representation of various features illustrative of the
basic principles of the present disclosure. The predetermined
design features of the present disclosure as included herein,
including, for example, specific dimensions, orientations,
locations, and shapes will be determined in part by the
particularly intended application and use environment.
[0047] In the figures, reference numbers refer to the same
or equivalent portions of the present disclosure throughout
the several figures of the drawing.

DETAILED DESCRIPTION

[0048] Reference will now be made in detail to various
embodiments of the present disclosure(s), examples of
which are illustrated in the accompanying drawings and
described below. While the present disclosure(s) will be
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described in conjunction with exemplary embodiments of
the present disclosure, it will be understood that the present
description is not intended to limit the present disclosure(s)
to those exemplary embodiments of the present disclosure.
On the other hand, the present disclosure(s) is/are intended
to cover not only the exemplary embodiments of the present
disclosure, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the present disclosure as
defined by the appended claims.

[0049] Hereinafter, various embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings, and the same or similar elements
will be provided the same reference numerals regardless of
reference symbols, and redundant descriptions thereof will
be omitted. In the following description, the terms “part/
portion,” “module,” “unit,” and “device/apparatus” may be
implemented in software or hardware, and in various exem-
plary embodiments of the present disclosure, a plurality of
these may be implemented as a single component, or a single
“part/portion,” “module,” “unit,” or “device/apparatus” may
include a plurality of components.

[0050] Throughout the specification, when an element is
referred to as being “coupled” or “connected” to another
element, the element may be directly coupled or connected
to the other element. However, it may also be indirectly
connected thereto, and such an indirect connection includes
a connection via a wireless communication network.
[0051] It will be understood that when an element
“includes/comprises” another element or component, the
element does not preclude the presence or addition of
another element or component but may further include
another element or component, unless otherwise defined.
[0052] Terms including ordinal numbers, such as “first,”
“second,” and the like, may be used herein to distinguish an
element from another, but elements or components
described are not limited by these terms.

[0053] A singular expression includes the plural form
unless the context clearly dictates otherwise.

[0054] The reference numerals or identification numbers
of'steps are not used to describe the order of the steps but are
used for the convenience of description only, and the steps
may be performed in different order other than specified
herein unless the context clearly dictates otherwise.

[0055] FIG. 1 is a block diagram illustrating a configura-
tion of a vehicle including a parking control device, accord-
ing to an exemplary embodiment of the present disclosure.
[0056] Referring to FIG. 1, a vehicle according to an
exemplary embodiment of the present disclosure may
include a parking control device 100, a sensor module 200,
a warning device 300, and a steering device 400. The vehicle
described herein may be an autonomous vehicle. The
autonomous vehicle may be sufficiently inferred from the
Description of Related Art, and thus a detailed description
thereof will be omitted here.

[0057] After entering a parking space, the parking control
device 100 may obtain contour information associated with
at least one parked vehicle in the parking space using sensor
information obtained via the sensor module 200. For
example, the parking control device 100 may obtain first
contour information from a first parked vehicle (e.g., a first
parked vehicle 10, see FIG. 2) which is parked in the parking
space and second contour information from a second parked
vehicle (e.g., a second parked vehicle 20, see FIG. 2) which
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is parked a predetermined distance apart from the first
parked vehicle (e.g., 10, see FIG. 2), using the sensor
information obtained via the sensor module 200 provided in
the vehicle.

[0058] The parking control device 100 may identify a
parking type of the first parked vehicle (e.g., 10, see FIG. 2)
and/or the second parked vehicle (e.g., 20, see FIG. 2) based
on the obtained first contour information and/or second
contour information and a current traveling direction of the
vehicle. The parking control device 100 may estimate a size
of a parked vehicle corresponding to the identified parking
type and explore a parking space based on the estimated size
of the parked vehicle.

[0059] The at least one parked vehicle described herein
may include the first parked vehicle (e.g., 10, see FIG. 2) and
the second parked vehicle (e.g., 20, see FIG. 2). The first
parked vehicle (e.g., 10, see FIG. 2) may also be referred to
as a first object, and the second parked vehicle (e.g., 20, see
FIG. 2) may also be referred to as a second object.

[0060] The parking control device 100 may be configured
to determine a target parking space among explored parking
spaces, generate a parking trajectory to park the vehicle in
the target parking space, and perform parking control on the
vehicle based on the parking trajectory.

[0061] The parking control device 100 may include a
communication unit 110, a non-transitory storage unit 120,
a display unit 130, and a processor 140.

[0062] The communication unit 110, which is a hardware
device implemented with various electronic circuits to trans-
mit and receive signals via wireless or wired connections,
may perform in-vehicle communication via Controller Area
Network (CAN) communication, Local Interconnect Net-
work (LIN) communication, and the like, and communicate
with the sensor module 200, the warning device 300, and the
steering device 400.

[0063] The storage unit 120 may store detecting results
from the sensor module 200 and information obtained by the
processor 140. The storage unit 120 may include a storage
medium of at least one of types including, for example, a
flash memory type, a hard disk type, a micro type, a card
type (e.g., a secure digital (SD) card or an eXtream digital
(XD) card), a random-access memory (RAM) type, a static
RAM (SRAM) type, a read-only memory (ROM) type, a
programmable (PROM) type, an electrically erasable PROM
(EEPROM) type, a magnetic RAM (MRAM) type, a mag-
netic disk, and an optical disk type.

[0064] The display unit 130 may display in real time a
surrounding environment of the vehicle after entering a
parking space, under the control of the processor 140. For
example, the display unit 130 may display an image includ-
ing an image of a parking space, an image of the target
parking space, an image of the first parked vehicle, an image
of the second parked vehicle, an image of the vehicle (or an
“ego vehicle” interchangeably described herein), and the
like, under the control of the processor 140. The display unit
130 may also display images captured from various angles
while the vehicle is being parked. For example, the display
unit 130 may display an around-view image.

[0065] The display unit 130 described above may be
implemented as a heads-up display (HUD), a cluster, an
audio video navigation (AVN) system, and the like. Further-
more, it may receive a color input directly from a user
through a user setting menu (USM) of the cluster. Further-
more, the display unit 130 may include at least one of a
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liquid-crystal display (LCD), a thin-film transistor (TFT)
LCD (TFT LCD), a light-emitting diode (LED), an organic
light-emitting diode (OLED), an active-matrix OLED
(AMOLED), a flexible display, a bendable display, and a
three-dimensional (3D) display. Some of these displays may
be implemented as a transparent display, which is configured
to be transparent or photo-transparent so that the outside is
visible therefrom.

[0066] Furthermore, the display unit 130 may be provided
as a touchscreen including a touch panel and may be used as
an input device in addition to an output device.

[0067] The processor 140 may be electrically connected to
the communication unit 110, the storage unit 120, the
display unit 130, and the like, and may electrically control
each component. The processor 140 may be an electrical
circuit that executes software instructions to perform various
data processing and computations described below.

[0068] Herein, in an exemplary embodiment of the present
disclosure, the storage unit 120 and the processor 140 may
be implemented as separate semiconductor circuits. Alter-
natively, the storage unit 120 and the processor 140 may be
implemented as a single integrated semiconductor circuit.
The processor may embody one or more processor(s).
[0069] The processor 140 may obtain contour information
associated with at least one parked vehicle in a parking
space, using sensor information obtained via the sensor
module 200.

[0070] For example, the processor 140 may obtain first
contour information from a first parked vehicle which is
parked in the parking space or obtain second contour infor-
mation from a second parked vehicle which is parked a
predetermined distance apart from the first parked vehicle,
using the sensor information obtained via the sensor module
200 provided in the ego vehicle.

[0071] The first contour information may include a first
linear segment extracted based on a side of the first parked
vehicle, a first corner point which is positioned closest to the
ego vehicle among corners of the first parked vehicle, a tilt
of'the first parked vehicle which is an angle formed between
the first linear segment and a current traveling direction of
the ego vehicle, and a center point of the first parked vehicle
which is extracted through a first line perpendicular to the
first linear segment.

[0072] The second contour information may include a
second linear segment extracted based on a side of the
second parked vehicle, a second corner point which is
positioned the closest to the ego vehicle among corners of
the second parked vehicle, a tilt of the second parked vehicle
which is an angle formed between the second linear segment
and the current traveling direction of the ego vehicle, and a
center point of the second parked vehicle which is extracted
through a second line perpendicular to the second linear
segment.

[0073] Based on the obtained contour information, the
processor 140 may identity a parking type of the at least one
parked vehicle and estimate the size of the parked vehicle in
response to the identified parking type.

[0074] For example, the processor 140 may identify a
plurality of parking types for the first parked vehicle based
on the first contour information and the current traveling
direction of the ego vehicle, and identify a plurality of
parking types for the second parked vehicle based on the
second contour information and the current traveling direc-
tion of the ego vehicle.
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[0075] The plurality of parking types may include first to
fourth parking types. The first parking type may be above
—15 degrees (°) and below 15° with respect to zero (0°), the
second parking type may be above —15° and below 15° with
respect to 90°, the third parking type may be above —15° and
below to 15° with respect to 45°, and the fourth parking type
may be above —15° and below 15° with respect to 135°.

[0076] For example, the first parking type may also be
referred to as a parallel parking type, the second parking
type may also be referred to as a perpendicular parking type,
the third parking type may also be referred to as a forward
diagonal parking (or head-in angled parking) type, and the
fourth parking type may also be referred to as a reverse
diagonal parking (or back-in angled parking) type.

[0077] The processor 140 may set, as a hysteresis area, an
angled area that does not correspond to the first to fourth
parking types, i.e., an angled area which is empty between
the angles. For example, when there is a previously detected
result in the set hysteresis area, the processor 140 may
maintain the result, and control to unknown when there is no
previously detected result.

[0078] The processor 140 may explore a parking space
based on the estimated size of the parked vehicle.

[0079] For example, the processor 140 may estimate the
size of the first parked vehicle in response to one of the
parking types, and may explore a target parking space while
exploring the parking space based on the size of the first
parked vehicle. The processor 140 may also estimate the size
of the second parked vehicle in response to one of the
parking types, and may explore a target parking space while
exploring the parking space based on the size of the second
parked vehicle.

[0080] The explored parking space may include a parking
space between the first parked vehicle and the second parked
vehicle, a space around the first parked vehicle, a space
around the second parked vehicle, and the like, which will
be further described below.

[0081] As described above, the processor 140 may obtain
the second contour information of the second parked vehicle
which is parked a predetermined distance apart from the first
parked vehicle, and may identify the plurality of parking
types for the second parked vehicle based on the second
contour information and the current traveling direction of
the ego vehicle. The processor 140 may estimate the size of
the second parked vehicle in response to the selected one of
the parking types, and explore the target parking space
among parking spaces based on the size of the first parked
vehicle and the size of the second parked vehicle.

[0082] As described above, the processor 140 may extract
rough information related to a parking space, using the
obtained first contour information or the obtained second
contour information.

[0083] However, when a portion of the second contour
information is not obtained for the second parked vehicle
which is parked a predetermined distance apart from the first
parked vehicle, the processor 140 may estimate the size of
the second parked vehicle based on the first contour infor-
mation and the parking type selected among the plurality of
parking types of the first contour information and may
explore or search for the target parking space among parking
spaces based on the size of the first parked vehicle and the
size of the second parked vehicle.
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[0084] The target parking space may be explored or
searched based on the first parked vehicle or the second
parked vehicle which is parked in proximity to the target
parking space.

[0085] The processor 140 may be configured for control-
ling to determine a length of the target parking space and a
width of the target parking space based on the first contour
information or the second contour information, which will
be further described below.

[0086] The processor 140 described above may be con-
figured for controlling to extract a plurality of points in
contact with the first line by moving the first line to an
outermost line of the first parked vehicle, and set a centrally
positioned point among the extracted plurality of points as
the center point of the first parked vehicle.

[0087] According to an exemplary embodiment of the
present disclosure, determining and setting the center point
of'the first parked vehicle may achieve centimeter (cm)-level
accuracy of a parking area. That is, when, in the parking
area, an overall length of a parked vehicle is not fully visible,
it is likely to detect a parked vehicle that deviates from an
average, and determining the size of the parked vehicle
based on this may make it difficult to estimate an accurate
overall width of the parked vehicle. As a result, accurate
exploration of a target parking space among parking spaces
may be difficult.

[0088] Thus, according to an exemplary embodiment of
the present disclosure, the center point of the first parked
vehicle may be set to obtain an accurate target parking space.
[0089] Furthermore, when the determined overall width of
the first parked vehicle is out of a preset reference overall
width range, the processor 140 may be configured for
controlling to extract a license plate of the first parked
vehicle from the sensor information, determine the center
point of the first parked vehicle using the extracted license
plate of the first parked vehicle, and redetermine the overall
width of the first parked vehicle based on the determined
center point of the first parked vehicle and the first corner
point.

[0090] Furthermore, when the determined overall width of
the first parked vehicle is out of the preset reference overall
width range, the processor 140 may be configured for
controlling to extract a parking space marking line from the
sensor information, determine the center point of the first
parked vehicle using the extracted parking space marking
line, and redetermine the overall width of the first parked
vehicle based on the determined center point of the first
parked vehicle and the first corner point.

[0091] The sensor module 200 may include a plurality of
sensors to detect an object present outside the ego vehicle,
and may obtain information related to a position of the
object, a speed of the object, a traveling direction of the
object, and/or a type of the object (e.g., vehicle, pedestrian,
bicycle, or motorcycle). To the present end, the sensor
module 200 may include, as non-limiting examples, an
ultrasonic sensor, a radar, a camera, a laser scanner and/or a
corner radar, a LiDAR, an acceleration sensor, a yaw rate
sensor, a torque measurement sensor, and/or a wheel speed
sensor.

[0092] For example, the sensor module 200 may include
an ultrasonic sensor, a camera, and a LiDAR. The ultrasonic
sensor, the cameras, and the LiDAR may be mounted on the
front and rear of the ego vehicle and on the left and right
sides of the ego vehicle to obtain various parking informa-
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tion. For example, the parking information may include
contour information of a parked vehicle, an image for
parking control, parking space exploration, and the like.
[0093] The warning device 300 may output a warning
sound or activate headlights or emergency lights to perform
warning, when the parking control device 100 determines a
speed of a nearby vehicle, a risk of collision, and the like.
[0094] In an exemplary embodiment of the present dis-
closure, the warning device 300 may further include a
speaker.

[0095] The steering device 400 may be controlled by the
parking control device 100 to drive the steering of the ego
vehicle for parking control.

[0096] FIG. 2 is a diagram illustrating an example of
detecting a plurality of parked vehicles using a parking
control device, according to an exemplary embodiment of
the present disclosure.

[0097] A perpendicular parking type which is a second
parking type among first to fourth parking types will be
mainly described hereinafter with reference to FIG. 2.
[0098] Referring to FIG. 2, the sensor module 200 may be
disposed at the front of a vehicle (or an ego vehicle herein).
However, examples are not limited thereto. For example, a
LiDAR may be mounted on the front, the rear, the left side,
and the right side of the ego vehicle, to obtain various
parking information.

[0099] The ego vehicle may detect a first parked vehicle
10 and a second parked vehicle 20 while currently traveling
in a first direction in a parking space. Under the control of
a parking control device (e.g., the parking control device
100, see FIG. 1), the ego vehicle may detect the first parked
vehicle 10 and the second parked vehicle 20 through the
sensor module 200 and obtain sensor information thereon.
[0100] The parking control device 100 may extract various
parking information of the first parked vehicle 10 and the
second parked vehicle 20 from the obtained sensor infor-
mation.

[0101] For example, the various parking information
extracted from the sensor information may be extracted
based on the ego vehicle which is currently traveling in the
first direction.

[0102] The various parking information may include an
area 11 where the first parked vehicle 10 is visible, an area
12 where the first parked vehicle 10 is not visible, an area 21
where the second parked vehicle 20 is visible, an area 22
where the second parked vehicle 20 is not visible, sizes 13
and 23 to be estimated through these areas, and an estimated
parking space 15.

[0103] As shown in FIG. 2, when the parking control
device 100 determines the size 13 of the first parked vehicle
10 based on the area 11 extracted from the sensor informa-
tion, a smaller size 14 than an actual size of the first parked
vehicle 10 may be determined.

[0104] Furthermore, since the area 21 extracted from the
sensor information is relatively smaller than the area 11, and
thus, when the parking control device 100 determines the
size 23 of the second parked vehicle 20 based on the area 21,
the size 23 may be smaller than an actual size 24 of the
second parked vehicle 20, and a direction of the second
parked vehicle 20 may also be determined differently.
[0105] Accordingly, when the parking control device 100
estimates the parking space 15 based on the sizes of the first
parked vehicle 10 and the second parked vehicle 20 that are
differently determined from the actual sizes 14 and 24 of the
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first parked vehicle 10 and the second parked vehicle 20, the
parking space 15 may be determined differently from an
actual parking space 16.

[0106] To improve this, for accurate calculation of the size
14 of the first parked vehicle 10 and the size 24 of the second
parked vehicle 20, control may be performed to extract the
first contour information and the second contour information
for the first parked vehicle 10 and the second parked vehicle
20, respectively, and identify a parking type for each of the
first parked vehicle 10 and the second parked vehicle 20
based on the extracted first and second contour information
and a current traveling direction of the ego vehicle.

[0107] As described above, according to an exemplary
embodiment of the present disclosure, accurately determin-
ing the size 14 of the first parked vehicle 10 and the size 24
of the second parked vehicle 20 may contribute to an
accurate exploration of a target parking space among park-
ing spaces and stable parking control in the accurately
explored target parking space.

[0108] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and FIG. 3E
are diagrams illustrating a parking control method according
to an exemplary embodiment of the present disclosure.
[0109] A perpendicular parking type which is a second
parking type among first to fourth parking types will be
mainly described hereinafter with reference to FIG. 3A, FIG.
3B, FIG. 3C, FIG. 3D, and FIG. 3E.

[0110] A parking control method according to an exem-
plary embodiment of the present disclosure will be described
below with reference to FIG. 3A, FIG. 3B, FIG. 3C, FIG.
3D, and FIG. 3E.

[0111] As shown in FIG. 3A, under the control of a
processor, a parking control device may obtain first contour
information of a first parked vehicle 10 which is parked in
a parking space, using sensor information obtained via a
sensor module provided in a vehicle.

[0112] For example, under the control of the processor, the
parking control device may extract, from the first contour
information, a first linear segment L1 extracted based on a
side of the first parked vehicle 10, a first corner point C1
closest to the (ego) vehicle among corners of the first parked
vehicle 10, and a tilt of the first parked vehicle 10 which is
an angle formed between the first linear segment .1 and a
current traveling direction of the ego vehicle.

[0113] The parking control device may identify a plurality
of parking types for the first parked vehicle 10 based on the
first contour information and the current traveling direction
of the ego vehicle.

[0114] For example, the parking control device may iden-
tify the plurality of parking types for the first parked vehicle
10 based on the first linear segment L1, the first corner point
C1, and the tilt of the first parked vehicle 10 that are
extracted from the first contour information, and on the
current traveling direction of the ego vehicle. For example,
based on these, the parking control device may identify a
parallel parking type, a perpendicular parking type, a for-
ward diagonal parking type, and a reverse diagonal parking
type for the first parked vehicle 10. The plurality of parking
types has been described in detail above, and thus a more
detailed description thereof will be omitted here.

[0115] The parking control device may then estimate the
size of the first parked vehicle 10 in response to a parking
type selected among the plurality of parking types, under the
control of the processor.
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[0116] For example, as shown in FIG. 3B and FIG. 3C,
under the control of the processor, the parking control device
may extract a first linear segment .1 and a center point CP
of the first parked vehicle 10 from the first contour infor-
mation. The center point CP of the first parked vehicle 10
may be extracted through a first line 1.2 perpendicular to the
first linear segment L.1.

[0117] For example, as shown in FIG. 3B and FIG. 3C,
under the control of the processor, the parking control device
may extract a first linear segment [.1 which is a side of the
first parked vehicle 10, move a first line 1.2 perpendicular to
the first linear segment 1.1 to an outermost line of the first
parked vehicle 10, extract a plurality of points in contact
with the first line 1.2 moved along the first linear segment .1
to the outermost line of the first parked vehicle 10, and set,
as a center point CP of the first parked vehicle 10, a point
positioned at the center portion of the first parked vehicle 10
or a most protruding point.

[0118] As shown in FIG. 3D and FIG. 3E, under the
control of the processor, the parking control device may be
configured to determine an overall width of the first parked
vehicle using the set center point CP of the first parked
vehicle and the first corner point C1.

[0119] That is, as shown in FIG. 3D, under the control of
the processor, the parking control device may be configured
to determine a width direction distance D1 between the
determined center point CP of the first parked vehicle 10 and
the first corner point C1, and determine an overall width of
the first parked vehicle 10.

[0120] For example, a typical vehicle width may be
approximately 1.6 meters (m) to 2.0 m. Based on this, a
reference overall width range may be set, in consideration of
a predetermined marginal area of 0.8 m or greater and 1.0 m
or less, which is half the typical vehicle width.

[0121] Under the control of the processor, the parking
control device may be configured to determine whether the
determined width direction distance D1 between the center
point CP of the first parked vehicle 10 and the first corner
point C1 is within the reference overall width range.

[0122] Asshown in FIG. 3E, when it is determined that the
determined width direction distance is within the reference
overall width range, the parking control device may be
configured to determine or set the overall width of the first
parked vehicle 10 by symmetrically moving the first linear
segment [.1 relative to the center point CP of the first parked
vehicle 10.

[0123] In contrast, when it is determined that the deter-
mined width direction distance is out of the reference overall
width range, the parking control device may reset the center
point CP of the first parked vehicle 10.

[0124] For example, when the determined width direction
distance is out of the preset reference overall width range,
the parking control device may extract a license plate of a
first parked vehicle from the sensor information, and set or
reset a center point of the first parked vehicle using the
extracted license plate of the first parked vehicle, under the
control of the processor.

[0125] Under the control of the processor, the parking
control device may be configured to determine a width
direction distance between the set or reset center point of the
first parked vehicle and the first corner point, and may be
configured to determine or redetermine the overall width of
the first parked vehicle based on the distance.

Jun. 20, 2024

[0126] Furthermore, when the determined width direction
distance is out of the preset reference overall width range,
the parking control device may extract a parking space
marking line from the sensor information, and set or reset
the center point of the first parked vehicle using the extracted
parking space marking line, under the control of the pro-
cessor. In the instant case, the parking space marking line
may be extracted based on marking lines of a parking space
on both sides of the first parked vehicle. In the instant case,
the parking control device may be configured to determine
a center point of the parking space marking line from the
extracted parking space marking line, and set the determine
center point of the parking space marking line as the center
point of the first parked vehicle.

[0127] Under the control of the processor, the parking
control device may be configured to determine a width
direction distance between the set center point of the first
parked vehicle and the first corner point, and determine or
redetermine the overall width of the first parked vehicle
based on the distance.

[0128] However, examples are not limited thereto, and
when the determined width direction distance continues to
be out of the preset reference overall width range, the
parking control device may set the center point of the first
parked vehicle using ultrasonic sensor information of the
sensor information, and set the overall width of the first
parked vehicle using the set center point of the first parked
vehicle and the first corner point, under the control of the
processor.

[0129] As described above, under the control of the pro-
cessor, the parking control device may extract, determine,
and symmetrize a first linear segment, a first corner point, a
center point of the first parked vehicle, a tilt of the first
parked vehicle, a width of the first parked vehicle, and the
like to estimate the rear of the first parked vehicle which is
not visible from the currently traveling vehicle, and may
thus predict the size of the first parked vehicle.

[0130] Under the control of the processor, the parking
control device may explore a target parking space among
parking spaces based on the predicted size of the first parked
vehicle.

[0131] FIG. 4A and FIG. 4B are diagrams illustrating a
parking control method according to another exemplary
embodiment of the present disclosure. FIG. 5 is a diagram
illustrating a trend line obtained by determining a width-
length proportional relationship of a parked vehicle.
[0132] A reverse diagonal parking type which is a fourth
parking type among first to fourth parking types will be
mainly described below with reference to FIG. 4A and FIG.
4B. Referring to FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and
FIG. 3E, a first parked vehicle is parked according to the
second parking type and a center point of the first parked
vehicle may be estimated. In contrast, when the first parked
vehicle is parked according to the fourth parking type as
shown in FIG. 4A and FIG. 4B, the center point of the first
parked vehicle may not be readily estimated.

[0133] A parking control device according to another
exemplary embodiment of the present disclosure may oper-
ate as follows. What has been described above with refer-
ence to FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and FIG. 3E
will be omitted from the following description provided
below with reference to FIG. 4A and FIG. 4B.

[0134] When it is not possible to extract the center point
of'the first parked vehicle, the parking control device may be
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configured to determine an overall length of the first parked
vehicle using a first linear segment, under the control of a
processor.

[0135] Asshown in FIG. 4A, when the first parked vehicle
is parked according to the reverse diagonal parking type
which is the fourth parking type, the parking control device
may readily recognize or determine the overall length of the
first parked vehicle due to a characteristic of a difference in
a heading angle with an ego vehicle.

[0136] As shown in FIG. 4B, under the control of the
processor, the parking control device may estimate an over-
all width of the first parked vehicle by applying the deter-
mined overall length of the first parked vehicle to a preset
ratio of overall width versus overall length.

[0137] When the overall length of the first parked vehicle
is recognized or determined, the parking control device may
be configured to determine the overall width of the first
parked vehicle based on the overall length of the first parked
vehicle using the following equation, under the control of
the processor.

y = 4E — 08x2 — 0.0004x + 1.4318 [Equation]

[0138] wherein the parameter “x” is the determined over-
all length of the first parked vehicle and the parameter “y”
is the estimated overall width of a first parked vehicle.
[0139] The preset overall width (Y)/length(X) ratio may
be determined in advance by a width-length proportional
relationship by vehicle type based on statistics of vehicles
produced up to the present time.

[0140] For example, a width/length value trend line by
length for predicting a width by length may be represented
as a graph shown in FIG. 5.

[0141] As described above, under the control of the pro-
cessor, the parking control device may be configured to
predict an overall width of a first parked vehicle by applying
a determined overall length of the first parked vehicle to the
preset ratio of overall width versus overall length of the first
parked vehicle based on a first corner point and direction,
and may thereby estimate a target parking space including a
shape of the first parked vehicle in an area which is invisible
from a currently traveling ego vehicle.

[0142] FIGS. 6 through 8 are diagrams illustrating a
parking control method according to other embodiments of
the present disclosure.

[0143] A forward diagonal parking type which is a third
parking type among first to fourth parking types will be
mainly described below with reference to FIGS. 6 through
8.

[0144] A parking control device according to another
exemplary embodiment of the present disclosure may oper-
ate as follows. What has been described above with refer-
ence to FIG. 3 will be omitted from the following descrip-
tion provided below with reference to FIGS. 6 through 8.
[0145] As shown in FIGS. 6 through 8, in a case of a first
parked vehicle 10 which is parked according to the forward
diagonal parking type or a parking space where parking is
made in such a way, the parking control device 100 may
differently detect or estimate a side of the first parked vehicle
based on a distance from an ego vehicle, under the control
of the processor.
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[0146] For example, as the distance between the ego
vehicle and the first parked vehicle decreases gradually, the
side of the first parked vehicle may become invisible and the
front of the first parked vehicle may become visible. Accord-
ingly, the parking control device may detect or estimate the
side of the first parked vehicle and the front of the first
parked vehicle.

[0147] In the instant case, when there is a second parked
vehicle, the ego vehicle may detect or estimate a side of the
second parked vehicle.

[0148] Furthermore, the ego vehicle may detect an oppo-
site side of the first parked vehicle while passing the first
parked vehicle.

[0149] In a case of size correction of the first parked
vehicle which is parked according to the forward diagonal
parking type or the forward diagonal parking space, the
parking control device may estimate the size based on a
distance step from the ego vehicle, under the control of the
Processor.

[0150] For example, when detecting the side of the first
parked vehicle at a distance which is greater than a preset
reference distance, the parking control device may be con-
figured to determine an overall width of the first parked
vehicle and estimate the size of the first parked vehicle using
the determined overall width of the first parked vehicle, as
described above with reference to FIG. 3A, FIG. 3B, FIG.
3C, FIG. 3D, and FIG. 3E, under the control of the proces-
sor. The preset reference distance may be approximately 5
m.

[0151] When the side of the first parked vehicle is detected
at a distance greater than the preset reference distance, and
a tilt of the side of the first parked vehicle is greater than a
radiation angle of a LiDAR of the ego vehicle, the parking
control device may detect the side of the first parked vehicle,
under the control of the processor. For example, as shown in
FIG. 7A and FIG. 7B, a case where the tilt of the side of the
first parked vehicle is greater than the radiation angle of the
LiDAR is indicated in bold line in FIG. 7A, and a case where
the tilt of the side of the first parked vehicle is smaller than
the radiation angle of the LiDAR is indicated in bold line in
FIG. 7B.

[0152] Furthermore, when the distance from the ego
vehicle decreases to be less than the preset reference dis-
tance, the parking control device may be configured to
determine that, as a bumper of the first parked vehicle which
is a target vehicle is more rounded, the first parked vehicle
has more obscured area itself, although it depends on a shape
of the bumper of the first parked vehicle, under the control
of the processor.

[0153] Furthermore, when there is a first corner point and
a first linear component, the parking control device may
store the corresponding values of the first corner point and
the first linear component, and use them when the ego
vehicle approaches the first parked vehicle and the nearing
side of the first parked vehicle becomes invisible, under the
control of the processor.

[0154] Furthermore, as shown in FIG. 8, when the previ-
ously invisible side of the first parked vehicle becomes more
visible and thus the size of the first parked vehicle is detected
as being greater than the previously estimated or predicted
size, the parking control device may update a corresponding
value, under the control of the processor. That is, when the
length of the first parked vehicle which is a target vehicle is
greater due to the obstruction of the first parked vehicle
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itself, the parking control device may update the length,
under the control of the processor.

[0155] In other words, when the opposite side of the first
parked vehicle is detected while the ego vehicle is passing
the first parked vehicle, the parking control device may
update the size of the first parked vehicle and the tilt of the
first parked vehicle to more recent values, under the control
of the processor.

[0156] In the instant case, while passing the first parked
vehicle may be defined as when the side of the first parked
vehicle passes a boundary of a detection range of a LIDAR
of the ego vehicle.

[0157] FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D are
diagrams illustrating a parking control method according to
another exemplary embodiment of the present disclosure.
[0158] Referring to FIG. 9A, FIG. 9B, FIG. 9C and FIG.
9D, under the control of the processor, the parking control
device may obtain second contour information of a second
parked vehicle which is parked apart from a first parked
vehicle with a predetermined distance.

[0159] Under the control of the processor, the parking
control device may identify a plurality of parking types for
the second parked vehicle based on the second contour
information and a current traveling direction of an ego
vehicle, and may estimate a size of the second parked
vehicle in response to one parking type selected among the
plurality of parking types.

[0160] Under the control of the processor, the parking
control device may explore a target parking space among
parking spaces based on the size of the first parked vehicle
and the size of the second parked vehicle.

[0161] Estimating the second contour information and the
size of the second parked vehicle may be sufficiently
inferred from what has been described above with reference
to FIGS. 1 through 8, and a more detailed description thereof
will be omitted.

[0162] When a part of the second contour information is
not obtained for the second parked vehicle which is parked
apart from the first parked vehicle by the predetermined
distance, the parking control device may estimate the size of
the second parked vehicle based on the first contour infor-
mation and the parking type selected among the plurality of
parking types for the first parked vehicle, under the control
of the processor.

[0163] As shown in FIG. 9A, there may be a case where
a second parked vehicle which is parked in a parking space
is obscured by a first parked vehicle, and thus there is no
second linear component of the second parked vehicle and
an accurate estimation of a tilt of the second parked vehicle
and a size of the second parked vehicle is not possible.
[0164] As shown in FIG. 9B, when the first parked vehicle
is in a direction closer to an ego vehicle than the second
parked vehicle, and a distance from the second parked
vehicle is a preset specific distance, the parking control
device may use a tilt of the first parked vehicle and a linear
segment (or an overall length) of the first parked vehicle to
assign them to the tilt of the second parked vehicle and the
linear segment (or an overall length) of the second parked
vehicle, under the control of the processor. The preset
specific distance may be set to 4 m, which is typically twice
an overall vehicle width.

[0165] Furthermore, when the linecar segment (or the
length) of the second parked vehicle which is detected or
recognized in the presence of an area obscured by the first
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parked vehicle is shorter than the linear segment (or the
length) of the first parked vehicle, the parking control device
may assign it as the linear segment (or the length) of the first
parked vehicle, under the control of the processor.

[0166] In contrast, when the linear segment (or the length)
of'the second parked vehicle which is detected or recognized
in the presence of an area obscured by the first parked
vehicle is longer than the linear segment (or the length) of
the first parked vehicle, the parking control device may use
the linear segment (or the length) of the second parked
vehicle, under the control of the processor,

[0167] As shown in FIG. 9C, when estimating the tilt of
the second parked vehicle becomes possible, the parking
control device may assign a tilt estimated from the second
parked vehicle as the tilt of the second parked vehicle, under
the control of the processor. Such a state where the estima-
tion of the tilt of the second parked vehicle is possible may
be a state in which the side and the front of the second
parked vehicle may be distinguished or identified by the ego
vehicle, i.e., a state where the side with an overall width of
2 m or more may be detected.

[0168] As shown in FIG. 9D, when the obstruction by the
first parked vehicle is removed and the linear segment (or the
length) of the second parked vehicle becomes recognizable,
the parking control device may assign a linear segment (or
the length) estimated from the second parked vehicle to the
linear segment (or the length) of the second parked vehicle,
under the control of the processor.

[0169] Accordingly, when the side of the second parked
vehicle becomes fully visible, the parking control device
may be configured to determine the size of the second
parked vehicle using the same method as the method of
determining the size of the first parked vehicle described
above.

[0170] Under the control of the processor, the parking
control device may then explore a target parking space
among parking spaces based on the size of the first parked
vehicle and the size of the second parked vehicle.

[0171] As described above, under the control of the pro-
cessor, the parking control device may be configured to
determine a length of the target parking space and a width
of the target parking space based on the first contour
information or the second contour information obtained for
the second parked vehicle.

[0172] FIG. 10 is a diagram illustrating a method of
exploring a parking space according to an exemplary
embodiment of the present disclosure.

[0173] Referring to FIG. 10, a parking control device
according to an exemplary embodiment of the present
disclosure may perform parking space exploration based on
a parked vehicle detected in a parking space. The parking
space may be explored using contour information, which is
information related to at least one parked vehicle adjacent to
the parking space. The contour information has been
described in detail above, and a more detailed description
thereof will be omitted here.

[0174] For example, the parked vehicle adjacent to the
parking space may include a first parked vehicle and a
second parked vehicle.

[0175] In FIG. 10, the parking space may be defined as a
between-vehicle parking space in the presence of both the
first parked vehicle and the second parked vehicle, as a
behind-vehicle parking space in the presence of only the first
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parked vehicle, and as a before-vehicle parking space in the
presence of only the second parked vehicle.

[0176] For example, when a parked vehicle positioned at
a distance less than a reference distance in a traveling
direction of an ego vehicle is not recognized, based on a
detected or recognized parked vehicle, the parking control
device may recognize a corresponding space as a parking
space and specify the recognized vehicle as the first parked
vehicle, under the control of the processor.

[0177] Furthermore, when a parked vehicle positioned at
a distance less than a reference distance in a direction
opposite to the traveling direction of the ego vehicle, based
on a detected or recognized parked vehicle, the parking
control device may recognize a corresponding space as a
parking space and specity the recognized vehicle as the
second parked vehicle, under the control of the processor.
[0178] When the first parked vehicle and the second
parked vehicle are specified as described above, the second
parked vehicle in a first parking space and the first parked
vehicle in a second parking space may be used, as shown in
FIG. 10.

[0179] Furthermore, under the control of the processor, the
parking control device may explore a parking space, using
size information and tilt information of the first parked
vehicle and the second parked vehicle. A reference point and
a tilt may be set differently by parking type.

[0180] Furthermore, in a case of a parking space between
parked vehicles (or the between-vehicle parking space), the
parking control device may be configured to determine an
average tilt of the parked vehicles to explore the parking
space, under the control of the processor.

[0181] Furthermore, in a case of a parking space before a
parked vehicle (or the before-vehicle parking space), the
parking control device may be configured to determine a
reference point and a tilt of the second parked vehicle to
explore the parking space, under the control of the processor.
[0182] Furthermore, in a case of a parking space behind a
parked vehicle (or the behind-vehicle parking space), the
parking control device may be configured to determine a
reference point and a tilt of the first parked vehicle to explore
the parking space, under the control of the processor.
[0183] Furthermore, when exploring a parking space, the
parking control device may first verify a size of the parking
space in a longitudinal direction, under the control of the
processor.

[0184] Furthermore, the parking control device may be
configured to predict a length of the parking space based on
an overall length of the first parked vehicle or the second
parked vehicle which is an identified target vehicle and an
overall length of the ego vehicle, under the control of the
processor.

[0185] Furthermore, the parking control device may be
configured to predict a width of the parking space in a width
direction of the parking space based on the predicted length
of the parking space, under the control of the processor.
[0186] The exemplary embodiments described above may
be implemented in a form of a recording medium storing
computer-executable instructions. The instructions may be
stored in a form of program code, and when executed by the
processor, may be configured to generate a program module
to perform the operations described above. The recording
medium may be implemented as a computer-readable
recording medium.
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[0187] The computer-readable medium includes all types
of recording devices in which data readable by a computer
system is stored. Examples of the computer-readable
medium include a read-only memory (ROM), a random-
access memory (RAM), a magnetic tape, a magnetic disk, a
flash memory, an optical data non-transitory storage device,
and the like.

[0188] Furthermore, the term related to a control device

such as “controller”, “control apparatus”, “control unit”,

“control device”, “control module”, or “server”, etc refers to
a hardware device including a memory and a processor
configured to execute one or more steps interpreted as an
algorithm structure. The memory stores algorithm steps, and
the processor executes the algorithm steps to perform one or
more processes of a method in accordance with various
exemplary embodiments of the present disclosure. The con-
trol device according to exemplary embodiments of the
present disclosure may be implemented through a nonvola-
tile memory configured to store algorithms for controlling
operation of various components of a vehicle or data about
software commands for executing the algorithms, and a
processor configured to perform operation to be described
above using the data stored in the memory. The memory and
the processor may be individual chips. Alternatively, the
memory and the processor may be integrated in a single
chip. The processor may be implemented as one or more
processors. The processor may include various logic circuits
and operation circuits, may be configured to process data
according to a program provided from the memory, and may
be configured to generate a control signal according to the
processing result.

[0189] The control device may be at least one micropro-
cessor operated by a predetermined program which may
include a series of commands for carrying out the method
included in the aforementioned various exemplary embodi-
ments of the present disclosure.

[0190] The aforementioned invention can also be embod-
ied as computer readable codes on a computer readable
recording medium. The computer readable recording
medium is any data storage device that can store data which
may be thereafter read by a computer system and store and
execute program instructions which may be thereafter read
by a computer system. Examples of the computer readable
recording medium include Hard Disk Drive (HDD), solid
state disk (SSD), silicon disk drive (SDD), read-only
memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy discs, optical data stor-
age devices, etc and implementation as carrier waves (e.g.,
transmission over the Internet). Examples of the program
instruction include machine language code such as those
generated by a compiler, as well as high-level language code
which may be executed by a computer using an interpreter
or the like.

[0191] In various exemplary embodiments of the present
disclosure, each operation described above may be per-
formed by a control device, and the control device may be
configured by a plurality of control devices, or an integrated
single control device.

[0192] In various exemplary embodiments of the present
disclosure, the memory and the processor may be provided
as one chip, or provided as separate chips.

[0193] In various exemplary embodiments of the present
disclosure, the scope of the present disclosure includes
software or machine-executable commands (e.g., an oper-
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ating system, an application, firmware, a program, etc.) for
enabling operations according to the methods of various
embodiments to be executed on an apparatus or a computer,
a non-transitory computer-readable medium including such
software or commands stored thereon and executable on the
apparatus or the computer.

[0194] In various exemplary embodiments of the present
disclosure, the control device may be implemented in a form
of hardware or software, or may be implemented in a
combination of hardware and software.

[0195] Furthermore, the terms such as “unit”, “module”,
etc. included in the specification mean units for processing
at least one function or operation, which may be imple-
mented by hardware, software, or a combination thereof.
[0196] For convenience in explanation and accurate defi-
nition in the appended claims, the terms “upper”, “lower”,
“inner”, “outer”, “up”, “down”, “upwards”, “downwards”,
“front”, “rear”, “back”, “inside”, “outside”, “inwardly”,
“outwardly”, “interior”, “exterior”, “internal”, “external”,
“forwards”, and “backwards” are used to describe features
of the exemplary embodiments with reference to the posi-
tions of such features as displayed in the figures. It will be
further understood that the term “connect” or its derivatives
refer both to direct and indirect connection.

[0197] The term “and/or” may include a combination of a
plurality of related listed items or any of a plurality of related
listed items. For example, “A and/or B” includes all three
cases such as “A”, “B”, and “A and B”.

[0198] In the present specification, unless stated other-
wise, a singular expression includes a plural expression
unless the context clearly indicates otherwise.

[0199] In exemplary embodiments of the present disclo-
sure, “at least one of A and B” may refer to “at least one of
A or B” or “at least one of combinations of at least one of
A and B”. Furthermore, “one or more of A and B” may refer
to “one or more of A or B” or “one or more of combinations
of one or more of A and B”.

[0200] In the exemplary embodiment of the present dis-
closure, it should be understood that a term such as
“include” or “have” is directed to designate that the features,
numbers, steps, operations, elements, parts, or combinations
thereof described in the specification are present, and does
not preclude the possibility of addition or presence of one or
more other features, numbers, steps, operations, elements,
parts, or combinations thereof.

[0201] The foregoing descriptions of specific exemplary
embodiments of the present disclosure have been presented
for purposes of illustration and description. They are not
intended to be exhaustive or to limit the present disclosure
to the precise forms disclosed, and obviously many modi-
fications and variations are possible in light of the above
teachings. The exemplary embodiments were chosen and
described in order to explain certain principles of the inven-
tion and their practical application, to enable others skilled
in the art to make and utilize various exemplary embodi-
ments of the present disclosure, as well as various alterna-
tives and modifications thereof. It is intended that the scope
of the present disclosure be defined by the Claims appended
hereto and their equivalents.

What is claimed is:

1. A method of controlling parking of a vehicle provided
with a parking control device including a processor, the
method comprising:
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obtaining, by the processor, first contour information of a
first parked vehicle which is parked in a parking space
using sensor information obtained via a sensor module
provided in the vehicle;

identifying, by the processor, a plurality of parking types
for the first parked vehicle based on the first contour
information and a current traveling direction of the
vehicle;

estimating, by the processor, a size of the first parked
vehicle in response to a parking type selected among
the plurality of parking types; and

exploring, by the processor, a target parking space in the
parking space based on the size of the first parked
vehicle.

2. The method of claim 1, including:

obtaining, by the processor, second contour information
of a second parked vehicle which is parked apart from
the first parked vehicle;

identifying, by the processor, a plurality of parking types
for the second parked vehicle based on the second
contour information and the current traveling direction
of the vehicle;

estimating, by the processor, a size of the second parked
vehicle in response to a parking type selected among
the plurality of parking types for the second parked
vehicle; and

exploring, by the processor, the target parking space in the
parking space based on the size of the first parked
vehicle and the size of the second parked vehicle.

3. The method of claim 1, including:

in response that a portion of second contour information
is not obtained for a second parked vehicle which is
parked apart from the first parked vehicle,

estimating, by the processor, a size of the second parked
vehicle based on the first contour information and the
parking type selected among the plurality of parking
types for the first parked vehicle; and

exploring, by the processor, the target parking space in the
parking space based on the size of the first parked
vehicle and the size of the second parked vehicle.

4. The method of claim 1, wherein the first contour

information includes:

a first linear segment extracted based on a side of the first
parked vehicle;

a first corner point which is closest to the vehicle among
corners of the first parked vehicle;

a tilt of the first parked vehicle, which is an angle formed
between the first linear segment and the current trav-
eling direction of the vehicle; and

a center point of the first parked vehicle extracted through
a first line perpendicular to the first linear segment.

5. The method of claim 4, including:

extracting, by the processor, a plurality of points becom-
ing in contact with the first line by moving the first line
to an outermost line of the first parked vehicle, and
setting, by the processor, a centrally positioned point
among the extracted plurality of points as the center
point of the first parked vehicle.

6. The method of claim 5, including:

determining, by the processor, an overall width of the first
parked vehicle, using the first corner point and the
center point of the first parked vehicle.
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7. The method of claim 6, including:

in response that the determined overall width of the first
parked vehicle is out of a preset reference overall width
range,

extracting, by the processor, a license plate of the first

parked vehicle from the sensor information, and deter-
mining, by the processor, the center point of the first
parked vehicle using the extracted license plate of the
first parked vehicle; and

re-determining, by the processor, the overall width of the

first parked vehicle based on the determined center
point of the first parked vehicle and the first corner
point.

8. The method of claim 6, including:

in response that the determined overall width of the first

parked vehicle is out of a preset reference overall width
range,

extracting, by the processor, a parking space marking line

of the parking space from the sensor information, and
determining, by the processor, the center point of the
first parked vehicle using the extracted parking space
marking line; and

re-determining, by the processor, the overall width of the

first parked vehicle based on the determined center
point of the first parked vehicle and the first corner
point.

9. The method of claim 4, including:

in response that the center point of the first parked vehicle

is not extracted,
determining, by the processor, an overall length of the first
parked vehicle using the first linear segment; and

estimating, by the processor, an overall width of the first
parked vehicle by applying the determined overall
length of the first parked vehicle to a preset ratio of the
overall width versus the overall length.

10. The method of claim 1,

wherein the target parking space is explored based on the

first parked vehicle or a second parked vehicle which is
parked in proximity to the target parking space, and
wherein the method further includes:

determining, by the processor, a length and a width of the

target parking space based on the first contour infor-
mation or second contour information obtained for the
second parked vehicle.

11. A parking control apparatus, provided in a vehicle and
configured to control parking of the vehicle, the parking
control apparatus comprising:

a processor configured to control the parking control

apparatus,

wherein the processor is configured to:

obtain first contour information of a first parked vehicle
which is parked in a parking space, using sensor
information obtained via a sensor module provided
in the vehicle:

identify a plurality of parking types for the first parked
vehicle based on the first contour information and a
current traveling direction of the vehicle;

estimate a size of the first parked vehicle in response to
a parking type selected among the plurality of park-
ing types for the first parked vehicle; and

explore a target parking space in the parking space
based on the size of the first parked vehicle.

12. The parking control apparatus of claim 11, wherein the
processor is further configured to:
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obtain second contour information of a second parked
vehicle which is parked apart from the first parked
vehicle;

identify a plurality of parking types for the second parked
vehicle based on the second contour information and
the current traveling direction of the vehicle;

estimate a size of the second parked vehicle in response
to a parking type selected among the plurality of
parking types for the second parked vehicle; and

explore the target parking space in the parking space
based on the size of the first parked vehicle and the size
of the second parked vehicle.

13. The parking control apparatus of claim 11, wherein the

processor is further configured to:

in response that a part of second contour information is
not obtained for a second parked vehicle which is
parked apart from the first parked vehicle,

estimate a size of the second parked vehicle based on the
first contour information and the parking type selected
among the plurality of parking types for the first parked
vehicle; and

explore the target parking space in the parking space
based on the size of the first parked vehicle and the size
of the second parked vehicle.

14. The parking control apparatus of claim 11, wherein the

first contour information includes:

a first linear segment extracted based on a side of the first
parked vehicle;

a first corner point which is positioned closest to the
vehicle among corners of the first parked vehicle;

a tilt of the first parked vehicle, which is an angle formed
between the first linear segment and the current trav-
eling direction of the vehicle; and

a center point of the first parked vehicle extracted through
a first line perpendicular to the first linear segment.

15. The parking control apparatus of claim 14, wherein

the processor is further configured to:

extract a plurality of points becoming in contact with the
first line by moving the first line to an outermost line of
the first parked vehicle, and set a centrally positioned
point among the extracted plurality of points as the
center point of the first parked vehicle.

16. The parking control apparatus of claim 15, wherein

the processor is further configured to:

determine an overall width of the first parked vehicle,
using the first corner point and the center point of the
first parked vehicle.

17. The parking control apparatus of claim 16, wherein

the processor is further configured to:

in response that the determined overall width of the first
parked vehicle is out of a preset reference overall width
range,

extract a license plate of the first parked vehicle from the
sensor information, and determine the center point of
the first parked vehicle using the extracted license plate
of the first parked vehicle; and

re-determine the overall width of the first parked vehicle
based on the determined center point of the first parked
vehicle and the first corner point.

18. The parking control apparatus of claim 16, wherein

the processor is further configured to:

in response that the determined overall width of the first
parked vehicle is out of a preset reference overall width
range,
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extract a parking space marking line of the parking space
from the sensor information, and determine the center
point of the first parked vehicle using the extracted
parking space marking line; and

re-determine the overall width of the first parked vehicle
based on the determined center point of the first parked
vehicle and the first corner point.

19. The parking control apparatus of claim 14, wherein

the processor is further configured to:

in response that the center point of the first parked vehicle
is not extracted,

determine an overall length of the first parked vehicle
using the first linear segment; and

estimate an overall width of the first parked vehicle by
applying the determined overall length of the first
parked vehicle to a preset ratio of the overall width
versus the overall length.

20. The parking control apparatus of claim 11,

wherein the target parking space is explored based on the
first parked vehicle or a second parked vehicle which is
parked in proximity to the target parking space, and

wherein the processor is further configured to control to
determine a length and a width of the target parking
space based on the first contour information or second
contour information obtained from the second parked
vehicle.



