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FIG. 1
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FIG. 5

" RECEIVE
<" NEWREGISTRATION

YES |
RECEIVE MANUAL SETTING
OF PARKING POSITION

¥

START AUTOMATIC PARKING o,
TO PARKING POSITION b

—~— 512

¥

REACH PARKING <,

817 527
P 1S VEHICLE ™
STOP CONTROL ~ STOPPED: NO
V“

e $18

DE%TA\JCE FROM

PARKEN(‘ POSITION < PiSTAF\C:
pa— THPESHOLD“

YEST

INQUIRE WHETHER TC .
REGISTER S5TOP POSITION b

RECEVE

pooSh REGISTRATION
OPERATION?
REGISTER OPERATION? -
PARKING POSITION
) REGISTER STOP POSITION | 821

END !




Patent Application Publication  Feb. 8, 2024 Sheet 6 of 18 US 2024/0042989 A1

FIG. 6

-71
I
4

-
e N o

Lo




Patent Application Publication  Feb. 8, 2024 Sheet 7 of 18 US 2024/0042989 A1

FIG. 7

AAAAAAAAAAA x|
ﬁ\g

8
748 e Z({’{ n
.




Patent Application Publication  Feb. 8, 2024 Sheet 8 of 18 US 2024/0042989 A1

FIG. 8

/-\N-fg

P
DISTANCE FROM DISPLAY
CAMERA Xim] SHIFT Ax[m]



Patent Application Publication  Feb. 8, 2024 Sheet 9 of 18 US 2024/0042989 A1

mj

......

DISPLAY SHIFT Ax
;f_! P
N\

<
—_—
N
(o8]
.
(o
<
-~
(oo}

DISTANCE FROM CAMERA X[m

FIG. 11

74at




Patent Application Publication  Feb. 8, 2024 Sheet 10 of 18  US 2024/0042989 A1

FIG. 12

Ax

78BL1 7

=
[e>3




Patent Application Publication  Feb. 8, 2024 Sheet 11 of 18  US 2024/0042989 A1




Patent Application Publication  Feb. 8, 2024 Sheet 12 of 18  US 2024/0042989 A1l

FIG. 16

& e

§ e 18

§ g

¢ 8

g 8

. &
g | &

; g

8

f o oo 8




Patent Application Publication

FIG. 17

Feb. 8,2024 Sheet 13 of 18

... (<]
— L

AX

US 2024/0042989 A1l



Patent Application Publication  Feb. 8, 2024 Sheet 14 of 18  US 2024/0042989 A1l

FIG. 18

Ax

-~
5

10



Patent Application Publication  Feb. 8, 2024 Sheet 15 of 18

HRAKE APPLIED BY DRIVER

US 2024/0042989 A1l




US 2024/0042989 A1l

Feb. 8,2024 Sheet 16 of 18

Patent Application Publication

FIG. 21

FIG. 22

P T

SV > “

BB S e

|

©£>

[

10




FIG. 23

Patent Application Publication  Feb. 8, 2024 Sheet 17 of 18  US 2024/0042989 A1

{_ START )

¥

~RECEVE ™
NEW REGISTRATION
ISTRUCTION?

RECEIVE MANUAL SETTING 337
CF PARKING POSITION .
?
START AUTOMATIC PARKING 823
TO PARKING POSITION o

¥

REACH PARKING
POSITION?

DR
CBSTACLE? 1

ISSUE NOTIFICATION PROMPTING
DRIVER TO PERFORM STOP OPERATION

tsvm LE

S TANGE EROM
P»xﬁxma POSITION < DISTANGE
TPRESHGLD’?

INQUIRE "\HETHER 10
REGISTER STOP POSITION




US 2024/0042989 A1l

Feb. 8,2024 Sheet 18 of 18

&
NOLLISOd ONIHUYd
HA15104Y
~ &
bS 1 NOILISOd dOLS ¥4L5104 ats

TS3A

T INOYIA0
NOILYELSIO3Y
ELEE

Patent Application Publication

(QINNILNOD €2 "Oi-)



US 2024/0042989 Al

CONTROL DEVICE, CONTROL METHOD,
AND STORAGE MEDIUM STORING
CONTROL PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2022-123703 filed on Aug. 3, 2022, the
content of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a control device, a
control method, and a storage medium storing a control
program.

BACKGROUND ART

[0003] In recent years, efforts have been made to provide
access to a sustainable transportation system in consider-
ation of people vulnerable among traffic participants. In
order to implement the above, focus has been placed on
research and development on further improving safety and
convenience of traffic by research and development related
to automatic driving technique.

[0004] In the related art, automatic parking has been
known in which a vehicle is automatically moved and
parked in a target parking frame selected by a user. For
example, JP2020-117128A discloses a parking assistance
device that can perform automatic parking control of a
vehicle based on an instruction from a user, store a position
of the parked vehicle in a storage device as a registered
parking position, and finely adjusts the registered parking
position for the vehicle when necessary.

[0005] Incidentally, in the automatic driving technique, a
position where the vehicle is parked is usually a flat place,
but the vehicle may be sometimes parked in an inclined
place. However, JP2020-117128A discloses that the vehicle
is parked at a planned parking position of home, but does not
disclose that the parking position is an inclined parking
position. Therefore, there is room for improvement in the
related art in parking the vehicle at the inclined parking
position.

[0006] An object of the present disclosure is to provide a
control device, a control method, and a storage medium
storing a control program that can appropriately register a
parking position even if the position where a moving body
is parked is inclined, which contributes to development of
the sustainable transportation system accordingly.

SUMMARY OF INVENTION

[0007] According to an aspect of the present disclosure,
there is provided a control device including an imaging unit
configured to acquire imaging data of surroundings of a
moving body, a reception unit configured to receive selec-
tion of a predetermined parking position from a user of the
moving body, and a control unit configured to execute
automatic parking control for parking the moving body at
the predetermined parking position based on the imaging
data and the predetermined parking position, and to register
the predetermined parking position as a designated parking
position. When the moving body is stopped after the auto-
matic parking control is started and before the predeter-

Feb. 8, 2024

mined parking position is reached, the control unit registers
a stop position where the moving body is stopped as the
designated parking position.

[0008] According to another aspect of the present disclo-
sure, there is provided a control method performed by a
control device, the control device including an imaging unit
configured to acquire imaging data of surroundings of a
moving body, a reception unit configured to receive selec-
tion of a predetermined parking position from a user of the
moving body, and a control unit configured to execute
automatic parking control for parking the moving body at
the predetermined parking position based on the imaging
data and the predetermined parking position and to register
the predetermined parking position as a designated parking
position. The control method includes registering, by the
control unit, a stop position where the moving body is
stopped as the designated parking position when the moving
body is stopped after the automatic parking control is started
and before the predetermined parking position is reached.
[0009] According to another aspect of the present disclo-
sure, there is provided a non-transitory computer-readable
storage medium storing a control program for causing a
control unit of a control device, which includes an imaging
unit configured to acquire imaging data of surroundings of
a moving body, a reception unit configured to receive
selection of a predetermined parking position from a user of
the moving body, and the control unit configured to execute
automatic parking control for parking the moving body at
the predetermined parking position based on the imaging
data and the predetermined parking position, and to register
the predetermined parking position as a designated parking
position, to execute processing of registering a stop position
where the moving body is stopped as the designated parking
position when the moving body is stopped after the auto-
matic parking control is started and before the predeter-
mined parking position is reached.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a side view showing an example of a
vehicle on which a control device according to the present
embodiment is mounted;

[0011] FIG. 2 is a top view of the vehicle shown in FIG.
1

[0012] FIG. 3 is a block diagram showing an internal
configuration of the vehicle shown in FIG. 1;

[0013] FIG. 4 is a diagram showing an example of an
image displayed on a navigation device when automatically
parking the vehicle;

[0014] FIG. 5 is a flowchart showing automatic parking
control for parking the vehicle at a new parking position;
[0015] FIG. 6 is a diagram in which a parking position is
set in a top view image generated by imaging data of
surroundings of the vehicle;

[0016] FIG. 7 is a diagram showing features of surround-
ings with respect to the parking position shown in FIG. 6;
[0017] FIG. 8 is a diagram showing an example of a
feature map registered for the parking position;

[0018] FIG. 9 is a diagram showing a state where a left
side camera of the vehicle images an upward inclined
surface;

[0019] FIG. 10 is a graph showing a relationship between
a distance from the camera to an imaged object and a display
shift generated on the top view image when a gradient of the
inclined surface shown in FIG. 9 is changed;
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[0020] FIG. 11 is a diagram showing a state where a rear
camera of the vehicle images the parking position having the
upward inclined surface;

[0021] FIG. 12 is a diagram showing a top view image of
the parking position imaged in FIG. 11;

[0022] FIG. 13 is a diagram showing a state where an
obstacle is detected and the vehicle is stopped while auto-
matically parking the vehicle at the parking position shown
in FIG. 11;

[0023] FIG. 14 is a diagram showing the top view image
of the vehicle and the parking position shown in FIG. 13;

[0024] FIG. 15 is a diagram showing an example of the
vehicle and the parking position when the stop position of
the vehicle shown in FIG. 13 is registered as the designated
parking position;

[0025] FIG. 16 is a diagram showing the top view image
of the vehicle and the parking position shown in FIG. 15;

[0026] FIG. 17 is a diagram showing a state where a rear
camera of the vehicle images the parking position having the
upward inclined surface;

[0027] FIG. 18 is a diagram showing the top view image
of the parking position imaged in FIG. 17,

[0028] FIG. 19 is a diagram showing a state where the
vehicle is stopped in response to a stop operation of a driver
while automatically parking the vehicle at the parking
position shown in FIG. 17;

[0029] FIG. 20 is a diagram showing the top view image
of the vehicle and the parking position shown in FIG. 19;

[0030] FIG. 21 is a diagram showing an example of a
corrected parking position when the stop position of the
vehicle shown in FIG. 19 is registered as the designated
parking position;

[0031] FIG. 22 is a diagram showing the top view image
of the vehicle and the parking position shown in FIG. 21;
and

[0032] FIG. 23 is a flowchart showing a modification of
the automatic parking control for parking the vehicle at a
new parking position.

DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, an embodiment of a control device, a
control method, and a control program of the present inven-
tion will be described with reference to the attached draw-
ings. The drawings are viewed in directions of reference
numerals. Further, in the present specification and the like,
in order to simplify and clarify description, a front-rear
direction, a left-right direction, and an upper-lower direction
are described according to directions viewed from a user (for
example, a driver) of a vehicle TO shown in FIGS. 1 and 2.
In the drawings, a front side of the vehicle 10 is shown as
Fr, a rear side is shown as Rr, a left side is shown as a right
side is shown as R, an upper side is shown as U, and a lower
side is shown as D.

Vehicle 10 on Which Control Device of Present
Invention Is Mounted

[0034] FIG.1is aside view of the vehicle 10 on which the
control device of the present invention is mounted. FIG. 2 is
a top view of the vehicle 10 shown in FIG. 1. The vehicle
10 is an example of a moving body of the present invention.
[0035] The vehicle 10 is an automobile including a drive
source (not shown), and wheels including driven wheels
driven by power of the drive source and steerable steering

Feb. 8, 2024

wheels. In the present embodiment, the vehicle 10 is a
four-wheel automobile including a pair of left and right front
wheels and rear wheels. The drive source of the vehicle 10
is, for example, an electric motor. The drive source of the
vehicle 10 may be an internal combustion engine such as a
gasoline engine or a diesel engine, or a combination of the
electric motor and the internal combustion engine. Further,
the drive source of the vehicle 10 may drive the pair of left
and right front wheels, the pair of left and right rear wheels,
or the four wheels including the pair of left and right front
wheels and rear wheels. Both the front wheels and the rear
wheels may be the steerable steering wheels, or either one of
the front wheels and the rear wheels may be the steerable
steering wheels.

[0036] The vehicle 10 further includes side mirrors 111
and 11R. The side mirrors 111, and 11R are mirrors (rear-
view mirrors) that are provided on outer sides of front seat
doors of the vehicle 10 and that are for the user to confirm
a rear side and rear left and right sides. Each of the side
mirrors 111 and 11R is fixed to a main body of the vehicle
10 by a rotation shaft that extends in a perpendicular
direction, and can be opened and closed by being rotated
around the rotation shaft.

[0037] The vehicle 10 further includes a front camera
12Fr, a rear camera 12Rr, a left side camera 121, and a right
side camera 12R. The front camera 12Fr is a digital camera
that is provided on a front side of the vehicle 10 and that
images the front side of the vehicle 10. The rear camera 12Rr
is a digital camera that is provided on a rear side of the
vehicle 10 and that images the rear side of the vehicle 10.
The left side camera 12L. is a digital camera that is provided
on the left side mirror 111 of the vehicle 10 and that images
a left side of the vehicle The right side camera 12R is a
digital camera that is provided on the right side mirror 11R
of the vehicle 10 and that images a right side of the vehicle
10. The front camera 12Fr, the rear camera 12Rr, the left side
camera 121, and the right side camera 12R are examples of
an imaging unit of the present invention.

Internal Configuration of Vehicle 10

[0038] FIG. 3 is a block diagram showing an example of
an internal configuration of the vehicle 10 shown in FIG. 1.
As shown in FIG. 3, the vehicle 10 includes a sensor group
16, a navigation device 18, a control electronic control unit
(ECU) 20, an electric power steering (EPS) system 22, and
a communication unit 24. The vehicle 10 further includes a
driving force control system 26 and a braking force control
system 28. The sensor group 16 and the control ECU 20
constitute an example of the control device of the present
invention.

[0039] The sensor group 16 acquires various detection
values used for control performed by the control ECU 20.
The sensor group 16 includes the front camera 12Fr, the rear
camera 12Rr, the left side camera 121, and the right side
camera 12R. Further, the sensor group 16 includes a front
sonar group 32q, a rear sonar group 324, a left side sonar
group 32¢, and a right side sonar group 32d. Further, the
sensor group 16 includes wheel sensors 34a and 34b, a
vehicle speed sensor 36, and an operation detection unit 38.
In addition, the sensor group 16 may include, for example,
a radar.

[0040] The front camera 12Fr, the rear camera 12Rr, the
left side camera 121, and the right side camera 12R acquire
imaging data (for example, the surrounding image) for
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recognizing the external environment of the vehicle 10 by
imaging surroundings of the vehicle 10. Surrounding images
captured by the front camera 12Fr, the rear camera 12Rr, the
left side camera 121, and the right side camera 12R are
referred to as a front image, a rear image, a left side image,
and a right side image, respectively. An image constituted by
the left side image and the right side image may be referred
to as a side image. A surrounding image generated by
combining imaging data of the front camera 12Fr, the rear
camera 12Rr, the left side camera 121, and the right side
camera 12R may be referred to as a top view image of the
vehicle 10.

[0041] The front sonar group 32a, the rear sonar group
32b, the left side sonar group 32¢, and the right side sonar
group 32d emit sound waves to the surroundings of the
vehicle 10, and receive reflected sounds from other objects.
The front sonar group 32a includes, for example, four
sonars. The sonars that constitute the front sonar group 32a
are respectively provided on an obliquely left front side, a
front left side, a front right side, and an obliquely right front
side of the vehicle 10. The rear sonar group 324 includes, for
example, four sonars. The sonars that constitute the rear
sonar group 324 are respectively provided on an obliquely
left rear side, a rear left side, a rear right side, and an
obliquely right rear side of the vehicle 10. The left side sonar
group 32c¢ includes, for example, two sonars, The sonars that
constitute the left side sonar group 32¢ are respectively
provided at a left side front portion and a left side rear
portion of the vehicle 10. The right side sonar group 32d
includes, for example, two sonars. The sonars that constitute
the right side sonar group 324 are respectively provided at
a right side front portion and a right side rear portion of the
vehicle 10.

[0042] The wheel sensors 34a and 344 detect rotation
angles of the wheels of the vehicle 10. The wheel sensors
344 and 34b may be implemented by angle sensors, or may
be implemented by displacement sensors. The wheel sensors
344 and 345 output detection pulses each time the wheels are
rotated at a predetermined angle. The detection pulses output
from the wheel sensors 34a and 345 are used for calculating
the rotation angles of the wheels and rotation speeds of the
wheels. A movement distance of the vehicle 10 is calculated
based on the rotation angles of the wheels. The wheel sensor
34a detects, for example, a rotation angle of the left rear
wheel. The wheel sensor 345 detects, for example, a rotation
angle Ob of the right rear wheel.

[0043] The vehicle speed sensor 36 detects a speed of a
vehicle body of the vehicle 10, that is, a vehicle speed V, and
outputs the detected vehicle speed V to the control ECU 20.
The vehicle speed sensor 36 detects the vehicle speed V
based on, for example, rotation of a countershaft of a
transmission.

[0044] The operation detection unit 38 detects operation
content of a user performed using the operation input unit
14, and outputs the detected operation content to the control
ECU 20. The operation input unit 14 includes various user
interfaces such as a side mirror switch for switching between
open and closed states of the side mirrors 111 and 11R, and
a shift lever (selector lever or selector).

[0045] The navigation device 18 detects a current position
of'the vehicle 10 by using, for example, a global positioning
system (GPS), and guides the user to a path to a destination.
The navigation device 18 includes a storage device (not
shown) provided with a map information database.
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[0046] The navigation device 18 includes a touch panel 42
and a speaker 44. The touch panel 42 functions as an input
device and a display device of the control ECU 20. The
speaker 44 outputs various kinds of guidance information to
a passenger of the vehicle 10 by a sound.

[0047] The touch panel 42 is configured to input various
commands to the control ECU 20. For example, the user can
input a command related to movement assistance of the
vehicle 10 via the touch panel 42. The movement assistance
includes parking assistance and parking-lot-leaving assis-
tance of the vehicle 10. Further, the touch panel 42 is
configured to display various screens related to control
content of the control ECU 20. For example, a screen related
to the movement assistance of the vehicle 10 is displayed on
the touch panel 42. Specifically, a parking assistance button
for requesting the parking assistance and a parking-lot-
leaving assistance button for requesting the parking-lot-
leaving assistance of the vehicle 10 are displayed on the
touch panel 42. The parking assistance button includes an
automatic parking button for requesting parking by auto-
matic steering of the control ECU 20, and an assisted
parking button for requesting assistance during parking by
an operation of the user. The parking-lot-leaving assistance
button includes an automatic parking-lot-leaving button for
requesting parking-lot-leaving by the automatic steering of
the control ECU 20, and an assisted parking-lot-leaving
button for requesting assistance during parking-lot-leaving
by an operation of the user. A constituent element other than
the touch panel 42, for example, a smartphone or a tablet
terminal may be used as an input device or a display device.

[0048] The “parking” is, for example, a stop as an occu-
pant gets on or off the vehicle, and excludes a temporary stop
due to a traffic signal or the like. Further, a “parking
position” is a position where the moving body is stopped.

[0049] The control ECU 20 includes an input and output
unit 50, a calculation unit 52, and a storage unit 54. The
calculation unit 52 is implemented by, for example, a central
processing unit (CPU). The calculation unit 52 performs
various kinds of control by controlling the units based on a
program stored in the storage unit 54. Further, the calcula-
tion unit 52 inputs and outputs a signal from and to each unit
connected to the control ECU 20 via the input and output
unit 50.

[0050] The calculation unit 52 includes an obstacle detec-
tion unit 55 that detects an obstacle around the vehicle 10,
an operation detection unit 56 that detects a stop operation
from the user, a reception unit 57 that receives a parking
instruction from the user, and a control unit 58 that controls
automatic movement of the vehicle 10.

[0051] The obstacle detection unit 55 acquires an obstacle
detection signal output when the sensor group 16 (for
example, the sonars or the radars) detects an obstacle from
the sensors, and detects the obstacle around the vehicle 10
based on the acquired obstacle detection signal.

[0052] The operation detection unit 56 acquires a stop
operation detection signal output when the user performs a
stop operation for stopping the vehicle 10, and detects the
stop operation from the user based on the acquired stop
operation detection signal. The stop operation detection
signal is output, for example, when a brake of the vehicle 10
is stepped on, when a position of the shift lever of the vehicle
10 is shifted to a parking range, or when a side brake of the
vehicle 10 is pulled.
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[0053] The reception unit 57 receives an instruction signal
for instructing an operation of the vehicle 10 input from the
user via the touch panel 42 of the navigation device 18 or the
smartphone. For example, when a predetermined parking
candidate position is designated by selection of the user
from parking candidate positions displayed on the touch
panel 42, the reception unit 57 receives a signal output from
the touch panel 42 by the designation as an instruction signal
for parking the vehicle 10.

[0054] The control unit 58 performs the automatic parking
assistance and the automatic parking-lot-leaving assistance
of'the vehicle 10 by the automatic steering for automatically
operating the steering 110 under control of the control unit
58. In assisting the automatic steering, an accelerator pedal
(not shown), a brake pedal (not shown), and the operation
input unit 14 are automatically operated. Further, the control
unit 58 performs assisted parking assistance and assisted
parking-lot-leaving assistance when the vehicle 10 is manu-
ally parked and manually caused to leave a parking lot by
operating the accelerator pedal, the brake pedal, and the
operation input unit 14 by the user.

[0055] For example, the control unit 58 performs auto-
matic parking control of parking the vehicle 10 at a desig-
nated predetermined parking position and automatic park-
ing-lot-leaving control of causing the vehicle 10 to leave the
predetermined parking position based on the imaging data of
the surroundings of the vehicle 10 acquired by the front
camera 12Fr, the rear camera 12Rr, the left side camera 121,
and the right side camera 12R and the predetermined park-
ing position designated by the user.

[0056] The control unit 58 registers the predetermined
parking position designated by the user in the storage unit 54
as the designated parking position. The control unit 58
registers features related to the designated parking position
in the storage unit 54 as registered features based on the
imaging data of the surroundings of the vehicle 10 acquired
by the front camera 12Fr, the rear camera 12Rr, the left side
camera 121, and the right side camera 12R. The control unit
58 performs the automatic parking control of parking the
vehicle 10 at the designated parking position based on the
imaging data of the surroundings of the vehicle 10 and the
registered features related to the designated parking position
designated by the user.

[0057] The features related to the designated parking
position include features of the designated parking position
itself, features around the designated parking position, and
the like. Examples of the features of the designated parking
position itself include features in which characters such as
“parking” are displayed in the designated parking position.
Examples of the features around the designated parking
position include featured buildings, obstacles, and the like
present around the designated parking position.

[0058] When an obstacle is detected by the obstacle detec-
tion unit 55 after the automatic parking control of the vehicle
10 is started based on an instruction from the user and before
the predetermined parking position selected by the user is
reached, the control unit 58 executes stop control of stopping
the vehicle 10. Further, when the obstacle is detected by the
obstacle detection unit 55 after the automatic parking control
of the vehicle 10 is started based on the instruction from the
user and before the predetermined parking position selected
by the user is reached, the control unit 58 issues a notifica-
tion prompting the user to stop the automatic parking of the
vehicle 10.
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[0059] When the vehicle 10 is stopped after the automatic
parking control is started and before the predetermined
parking position is reached, the control unit 58 registers a
stop position of the vehicle 10 in the storage unit 54 as the
designated parking position for the vehicle 10. For example,
when the vehicle 10 is stopped in response to a fact that an
obstacle is detected by the obstacle detection unit 55 after
the automatic parking control is started and before the
predetermined parking position is reached, the control unit
58 registers the stop position where the vehicle 10 is stopped
in the storage unit 54 as the designated parking position for
the vehicle 10. Further, when the vehicle 10 is stopped in
response to a fact that the stop operation is detected by the
operation detection unit 56 after the automatic parking
control is started and before the predetermined parking
position is reached, the control unit 58 registers the stop
position where the vehicle 10 is stopped in the storage unit
54 as the designated parking position for the vehicle 10.
When the vehicle 10 is stopped other the automatic parking
control is started and before the predetermined parking
position is reached, the control unit 58 may make an inquiry
to the user as to whether to register the stop position where
the vehicle 10 is stopped in the storage unit 54 as the
designated parking position for the vehicle 10.

[0060] When the vehicle 10 is stopped after the automatic
parking control is started and before the predetermined
parking position is reached, the control unit 58 detects a
distance from the stop position where the vehicle 10 is
stopped to the predetermined parking position, and com-
pares the detected distance from the predetermined parking
position with a preset distance threshold. The control unit 58
registers the stop position where the vehicle 10 is stopped in
the storage unit 54 as the designated parking position for the
vehicle 10 based on a comparison result between the dis-
tance from the parking position and the distance threshold.
For example, when the distance from the parking position is
equal to or smaller than the distance threshold, the control
unit 58 registers the stop position where the vehicle 10 is
stopped as the designated parking position for the vehicle
10. Further, when the distance from the parking position is
larger than the distance threshold, the control unit 58 does
not register the stop position where the vehicle 10 is stopped
as the designated parking position for the vehicle 10. The
distance threshold will be described later with reference to
FIGS. 9 and 10.

[0061] The EPS system 22 includes a steering angle sensor
100, a torque sensor 102, an EPS motor 104, a resolver 106,
and an EPS ECU 108. The steering angle sensor 100 detects
a steering angle Ost of the steering 110. The torque sensor
102 detects a torque TQ applied to the steering 110.

[0062] The EPS motor 104 applies a driving force or a
reaction force to a steering column 112 coupled to the
steering 110, thereby enabling the occupant to perform
operation assistance of the steering 110 and automatic
steering during the parking assistance. The resolver 106
detects a rotation angle 6m of the EPS motor 104. The EPS
ECU 108 controls the entire EPS system 22. The EPS ECU
108 includes an input and output unit (not shown), a
calculation unit (not shown), and a storage unit (not shown).

[0063] The communication unit 24 can perform wireless
communication with another communication device 120.
The other communication device 120 is a base station, a
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communication device of another vehicle, an information
terminal such as a smartphone carried by the passenger of
the vehicle 10, or the like.

[0064] The driving force control system 26 includes a
driving ECU 130. The driving force control system 26
executes driving force control of the vehicle 10. The driving
ECU 130 controls a driving force of the vehicle 10 by
controlling an engine or the like (not shown) based on an
operation performed by the user on the accelerator pedal
(not shown).

[0065] The braking force control system 28 includes a
braking ECU 132. The braking force control system 28
executes braking force control of the vehicle 10. The braking
ECU 132 controls a braking force of the vehicle 10 by
controlling a braking mechanism or the like (not shown)
based on an operation performed by the user on the brake
pedal (not shown).

Automatic Parking Control Performed by
Calculation Unit 52

[0066] Next, the automatic parking control of the vehicle
10 performed by the calculation unit 52 will be described.
[0067] FIG. 4 is a diagram showing an example of an
“automatic parking menu” displayed on the touch panel 42
of the navigation device 18 when automatically parking the
vehicle 10. An image of the automatic parking menu is
displayed by touching an automatic parking button 60
displayed on the touch panel 42. The automatic parking
button 60 is touched to display the automatic parking menu
When, for example, the driver Who wants to park the vehicle
10 comes to a vicinity of a parking lot.

[0068] As shown in FIG. 4, a new registration button 61
and a registered parking position image button 62 are
displayed in the image of the automatic parking menu. The
new registration button 61 is a button operated when the
vehicle 10 is to be parked at a parking position newly
registered as the designated parking position. The registered
parking position image button 62 is a button operated when
the vehicle 10 is to be parked at the already registered
designated parking position. Examples of the registered
parking position image button 62 include a parking position
image button on which a parking lot at home is registered as
the designated parking position as shown in a No. 1 image
button 624, and a parking position image button on which a
coin parking having a high parking frequency is registered
as the designated parking position as shown in a No. 2 image
button 625. The image displayed on the registered parking
position image button 62 is an image captured by, for
example, the front camera 12Fr of the vehicle 10 during
registration.

Automatic Parking Control to New Parking
Position

[0069] The automatic parking control performed by the
calculation unit 52 when the new registration button 61 is
touched will be described with reference to FIGS. 5 to 8.

[0070] FIG. 5 is a flowchart showing the automatic park-
ing control for parking the vehicle 10 at a new parking
position. FIG. 6 is a diagram in which a parking position 76
is set in a top view image 71 (combined image) generated
based on the imaging data of the surroundings of the vehicle
10 acquired by the front camera 12Fr, the rear camera 12Rr,
the left side camera 121, and the right side camera 12R. FIG.
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7 is a diagram showing features of surroundings with respect
to the parking position 76 shown in FIG. 6. FIG. 8 is a
diagram showing an example of a feature map registered for
the parking position 76. When the new registration button 61
in the image of the automatic parking menu (see FIG. 4) is
touched, the calculation unit 52 starts processing shown in
FIG. 5.

[0071] The calculation unit 52 determines whether a new
registration instruction is received, that is, whether the new
registration button 61 is touched by the reception unit 57
(step S11).

[0072] When the new registration button 61 is not touched
(step S11: No) in step S11, the calculation unit 52 repeats the
processing in step S11.

[0073] When the new registration button 61 is touched in
step S11 (step S11: Yes), the calculation unit 52 receives
manual setting performed by the driver for setting a parking
position for the vehicle 10 by the reception unit 57 (step
S12).

[0074] For example, the driver of the vehicle 10 stops the
vehicle 10 in front of the parking lot at home, and touches
the new registration button 61 to register the parking lot as
a new designated parking position. Then, the top view image
71 generated based on the imaging data of the surroundings
of the vehicle 10 as shown in FIG. 6 is displayed on the
touch panel 42 of the vehicle 10. In the top view image 71,
the vehicle 10 stopped in front of a parking lot 72 at home
is displayed. Further, a residence (building) 73 of the driver,
a wall or fence (obstacle) 74a, and a plurality of plantings
(obstacles) 74b to 74e are displayed in the top view image
71. The parking lot 72 is provided between the building 73
and obstacles 74a to 74e. The vehicle displayed in the top
view image 71 is an image showing a state where the vehicle
10 is viewed from above, and is a vehicle image 75
generated (captured) in advance and stored in the storage
unit 54 or the like. The manual setting of the parking
position can be performed by touching the parking position
76 having a rectangular shape and showing a region where
the vehicle 10 is parked on the touch panel 42 where the top
view image 71 is displayed, and slidably moving the vehicle
10 to a target parking position where the vehicle 10 is
desired to be parked.

[0075] When receiving manual selling of the parking
position 76 in step S12, the calculation unit 52 recognizes,
by the control unit 58, a surrounding object in a movement
path to the set parking position 76 based on the imaging data
of the surroundings of the vehicle 10 captured by the front
camera 12Fr, the rear camera 12Rr, the left side camera 12L.
and the right side camera 12R. Based on a recognition result
of the movement path, the calculation unit 52, by the control
unit 58, moves the vehicle 10 by a predetermined distance
toward a predetermined direction, and starts the automatic
parking of the vehicle 10 to the parking position 76 (step
S13).

[0076] The calculation unit 52 acquires, by the control unit
58, the imaging data of the surroundings of the vehicle 10
imaged by the front camera 12Fr, the rear camera 12Rr, the
left side camera 121, and the right side camera 12R during
the automatic parking of the vehicle The calculation unit 52
detects, by the control unit 58, features related to the parking
position 76 based on the imaging data of the surroundings of
the vehicle 10 acquired during the automatic parking. For
example, as in the top view image 71 shown in FIG. 7, the
calculation unit 52 detects, by the control unit 58, building
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features 77a to 77d indicating a position of a contour of the
building 73 on a side close to the parking position 76,
obstacle features 78al, 7842, and 78b to 78e indicating
positions of the obstacles 74a to 74e present around the
parking position 76, and the like as the features related to the
designated parking position 76.

[0077] Next, the calculation unit 52 determines, by the
control unit 58, whether the vehicle 10 reaches the parking
position 76 (step S14). Whether the vehicle 10 reaches the
parking position 76 is determined by movement of the
vehicle 10 based on the recognition result of the movement
path, for example, whether the vehicle 10 moves into the
parking position 76, or whether a distance between a rear
line 76BL (see FIG. 7) of the parking position 76 imaged by
the rear camera 12Rr of the back-in parked vehicle 10 and
the rear camera 12Rr is equal to or smaller than a predeter-
mined distance.

[0078] When the vehicle 10 reaches the parking position
76 in step S14 (step S14: Yes), the calculation unit 52 newly
registers, by the control unit 58, the features related to the
parking position 76 acquired during the automatic parking in
the storage unit 54 (step S15). Registration of the features
related to the parking position 76 may be performed in
parallel with the automatic parking control along with start
of the automatic parking in step S13.

[0079] The parking position 76 and the features thereof are
registered as, for example, a feature map 81 shown in FIG.
8. The feature map 81 is registered, for example, as a map
indicating a relationship between the building features 77a
to 77d as well as the obstacle features 7841, 7842, and 785
to 78e detected in the top view image 71 in FIG. 7 and the
manually set parking position 76.

[0080] When the vehicle 10 does not reach the parking
position 76 in step S14 (step S14: No), the calculation unit
52 determines, by the obstacle detection unit 55, whether an
obstacle is detected in the movement path of the vehicle 10
during the automatic parking (step S16).

[0081] When an obstacle is detected in step S16 (step S16:
Yes), the calculation unit 52 performs, by the control unit 58,
the stop control of stopping the vehicle 10 that executes the
automatic parking (step S17).

[0082] Next, the calculation unit 52 determines, by the
control unit 58, whether a distance from a stop position of
the vehicle 10 stopped in step S17 to the parking position 76
of'the vehicle 10 is equal to or smaller than a preset distance
threshold (for example, 2.5 m) (step S18). The calculation
unit 52 determines, by the control unit 58, for example,
whether the distance between the rear camera 12Rr of the
vehicle 10 and the rear line 76BL of the parking position 76
when the vehicle 10 is stopped is equal to or smaller than the
distance threshold. The distance threshold being set to, for
example, 2.5 m will be described later with reference to
FIGS. 9 and 10.

[0083] When the distance from the parking position 76 is
equal to or smaller than the distance threshold in step S18
(step S18: Yes), the calculation unit 52 inquires of the driver,
by the control unit 58, whether to register the stop position
where the vehicle 11) is stopped as the designated parking
position for the vehicle 10 (step S19). A specific situation
corresponds to a case where the vehicle 10 is stopped before
reaching the parking position 76 designated by the driver in
the middle of the automatic parking, and a position where
the vehicle 10 is stopped is a position closer to the parking
position 76 than the distance threshold preset with respect to
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the parking position 76. The calculation unit 52 displays a
message indicating that “the vehicle 10 is stopped at a
position in front of the set parking position. Please confirm
whether the position may be registered as the designated
parking position” on, for example, the touch panel 42. An
inquiry by sound may be made. An answer to the inquiry can
be given by, for example, a button operation on the touch
panel 42.

[0084] Next, the calculation unit 52 determines, by the
control unit 58, whether a registration operation from the
driver for the inquiry in step S19 is received (step S20).
[0085] When the registration operation from the driver is
received in step S20 (step S20: Yes), the calculation unit 52
newly registers, by the control unit 58, the stop position
where the vehicle 10 is stopped as the designated parking
position 76 for the vehicle 10 (step S21). The new registra-
tion in this case is similar to the new registration in step S15,
and features related to the stop position of the vehicle 10
acquired during the automatic parking are registered as the
feature map 81. The feature map 81 is registered as a map
indicating the relationship between the building features 77a
to 77d as well as the obstacle features 78al, 7842, and 78b
to 78¢ and the stop position of the vehicle 10.

[0086] On the other hand, when the distance from the
parking position 76 is not equal to or smaller than the
distance threshold in step S18 (step S18: No), the calculation
unit 52 ends, by the control unit 58, the present automatic
parking control. A specific situation corresponds to a case
where the vehicle 10 is stopped before reaching the parking
position 76 designated by the driver in the middle of the
automatic parking, and a position where the vehicle 10 is
stopped is a position farther from the parking position 76
than the distance threshold preset with respect to the parking
position 76. For example, here, after waiting for restart of
the automatic parking of the vehicle 10, that is, after waiting
for the automatic parking button 60 being touched again by
the driver, if the automatic parking is restarted, the process-
ing may return to step S14, and the processing in steps may
be performed. However, when the restart is not performed
even if a certain period of time elapses after waiting for the
restart of the automatic parking, when the side brake of the
vehicle 10 is applied, or when power of the vehicle 10 is
turned off; the present automatic parking control is ended.
[0087] On the other hand, when the registration operation
from the driver is not received in step S20 (step S20: No),
the calculation unit 52 ends, by the control unit 58, the
present automatic parking control. The present processing
being returned to step S14 and the processing in steps being
performed if the restart is performed after waiting for the
restart of the automatic parking, and the present automatic
parking control being ended when the automatic parking is
not restarted even if a certain period of time elapses are
similar to a case of step S18: No.

[0088] On the other hand, when an obstacle is not detected
in step S16 (step S16: No), the calculation unit 52 deter-
mines, by the operation detection unit 56, whether the stop
operation of the vehicle 10 is performed and the vehicle 10
is stopped in the automatic parking (step S22).

[0089] When the vehicle 10 is not stopped in step S22
(step S22: No), the calculation unit 52 returns to step S14
and executes the processing in steps.

[0090] When the vehicle 10 is stopped in step S22 (step
S22: Yes), the calculation unit 52 proceeds to step S18 and
executes the processing in steps. A specific situation corre-
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sponds to a case where the vehicle 10 is stopped before
reaching the parking position 76 designated by the driver in
the middle of the automatic parking, and the stop is because
of a brake operation of the driver.

[0091] Accordingly, the parking position 76 designated by
the driver or the stop position of the vehicle 10 is registered
in the storage unit 54 as the designated parking position
including the registered features (feature map), and is dis-
played on the automatic parking menu (see FIG. 4) as one
of the registered parking position image buttons 62.

Automatic Parking Control on Inclined Parking
Position

[0092] An example of the automatic parking control per-
formed by the calculation unit 52 when the vehicle 10 is
parked at an inclined parking position will be described
below.

[0093] First, a display shift of an imaged object generated
in the top view image generated based on imaging data when
a camera mounted on the vehicle 10 images an inclined
surface on which the vehicle 10 is parked will be described
with reference to FIGS. 9 and 10. FIG. 9 is a diagram
showing a state where the left side camera 121, mounted on
the left side mirror 11L of the vehicle 10 images an upward
inclined surface 90 located on the left side of the vehicle 10.
As shown in FIG. 9, the vehicle 10 is stopped at a flat
position. The left side camera 121 of the vehicle 10 is
mounted on a position having a height Y=1 m from ground.
Further, the vehicle 10 is parked such that the left side
camera 12L. is separated from an inclination start point of the
inclined surface 90 by a distance D=0.5 m.

[0094] In such a situation, when the imaged object of the
left side camera 12L is an object Al on the inclined surface
90, a distance from the left side camera 12L to the object Al
is X [m]. However, when the top view image is generated
based on imaging data imaged by the left side camera 12L,,
it is impossible to recognize that the inclined surface 90 is
inclined in the generated top view image. Therefore, the
object Al is recognized as an object A2 present at a position
of X+Ax [m] that is different by a display shift Ax [m] on the
top view image.

[0095] As described above, when the inclined surface 90
is imaged by the camera of the vehicle 10 stopped at a flat
position, the imaged object on the inclined surface 90
recognized by the top view image based on the imaging data
of the camera is recognized as an object at a shifted position
different from an actual position according to a gradient %
of'the inclined surface 90. This is because the imaged object
imaged by the camera is drawn on the top view image as an
object present on a surface on which the vehicle 10 is
stopped (in this case, on the flat surface). FIG. 10 is a graph
showing a relationship between the distance X from the
camera to the imaged object and the display shift Ax
generated on the top view image when the gradient % of the
inclined surface 90 is changed. As shown in FIG. 10, the
larger the distance X from the camera to the imaged object
is, the larger the display shift Ax is. Similarly, the larger the
gradient % of the inclined surface 90 is, the larger the
display shift Ax is. For example, when the distance X from
the camera to the imaged object=7 m, the display shift
Ax=0.5 m when the gradient of the inclined surface 90 is 1%,
the display shift Ax=1.0 m when the gradient of the inclined
surface 90 is 2%, the display shift Ax=1.6 in when the
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gradient of the inclined surface 90 is 3%, and the display
shift Ax=2.5 in when the gradient of the inclined surface 90
is 4%.

[0096] Next, a first example of the automatic parking
control performed by the calculation unit 52 when the
vehicle 10 is newly parked at the parking position 76
provided on the inclined parking lot 72 will be described
with reference to FIGS. 11 to 16. FIG. 11 is a diagram
showing a state where the rear camera 12Rr of the vehicle
10 images the parking position 76 provided on the parking
lot 72 having the upward inclined surface. FIG. 12 is a
diagram showing the top view image 71 generated based on
imaging data obtained by imaging the parking position 76 of
the parking lot 72 having the upward inclined surface shown
in FIG. 11.

[0097] As shown in FIGS. 11 and 12, in a state where the
vehicle 10 is stopped at the flat position, the vehicle 10
receives designation of the parking position 76 where the
vehicle 10 is parked from the driver, and images the parking
position 76 provided on the parking lot 72 having the
upward inclined surface by the rear camera 12Rr. Therefore,
for example, the rear line 76BL.1 of the parking position 76
is recognized as a rear line 76BL.2 shifted rearward by the
display shift Ax on the top view image. The amount of the
display shift Ax varies depending on the distance X from the
rear camera 12Rr to the rear line 76 BL1 and the gradient %
of the parking lot 72 (parking position 76) as described
above.

[0098] FIG. 13 is a diagram showing a state where an
obstacle 7441 is detected and the vehicle 10 is stopped while
automatically parking the vehicle 10 at the parking position
76 provided on the parking lot 72 having the upward
inclined surface. FIG. 14 is a diagram showing the top view
image 71 of the vehicle 10 and the parking position 76
shown in FIG. 13. FIGS. 13 and 14 are diagrams corre-
sponding to the processing in steps S14, S16, S17, and S18
in the flowchart in FIG. 5 described above.

[0099] As shown in FIGS. 13 and 14, the vehicle 10 is
moved by the back-in parking on the parking lot 72 having
the upward inclined surface. Regarding the vehicle 10, based
on a recognition result of a movement path to the designated
parking position 76, for example, the vehicle 10 is moved
backward with the rear line 76BL2 of the parking position
76 as a rear stop target position for the vehicle 10. However,
since the parking lot 72 is inclined, the vehicle 10 recognizes
the position of the rear line 76BL.2 of the parking position 76
as a position shifted rearward by the display shift Ax from
the position of the actual rear line 76BL1 as described
above. Therefore, the rear line 76BL2 recognized by the
vehicle 10 moved backward on the parking lot 72 having the
upward inclined surface is recognized as the rear line 76 BL.2
present behind the obstacle 74al. Accordingly, the vehicle
10 recognizes that the obstacle 74al is present in the
movement path of the vehicle 10 before reaching the rear
line 76 BL.2 that is the rear stop target position. Regarding the
vehicle 10, the vehicle 10 is stopped before reaching the
designated parking position 76 by detecting the obstacle
74al.

[0100] The vehicle 10 measures a distance H from the rear
camera 12Rr of the stopped vehicle 10 to the rear line 76BL.2
of the parking position 76. It is determined whether the
measured distance H from the rear line 76BL.2 of the parking
position 76 is equal to or smaller than a preset distance
threshold 2.5 m. The distance threshold 2.5 m is a value set
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based on the measurement results in FIGS. 9 and 10
described above, and is a value including the display shift Ax
that can be generated when the gradient of the inclined
surface 90 is 4%.

[0101] FIG. 15 is a diagram showing an example of the
vehicle 10 and the parking position 76 newly registered in
the storage unit 54 when the distance H from the rear line
76BL.2 of the parking position 76 measured in FIGS. 13 and
14 is equal to or smaller than the distance threshold 2.5 m.
FIG. 16 is a diagram showing the top view image 71 of the
vehicle 10 and the parking position 76 shown in FIG. 15.
FIGS. 15 and 16 are diagrams corresponding to the process-
ing in step S21 in the flowchart in FIG. 5 described above.

[0102] When the distance H from the rear line 76BL.2 of
the parking position 76 measured in FIGS. 13 and 14 is equal
to or smaller than the distance threshold 2.5 m, the vehicle
10 determines that the distance H is due to the display shift
generated by the parking lot 72 being inclined, and that the
vehicle 10 can actually be parked at the designated parking
position 76. Therefore, as shown in FIGS. 15 and 16, the
vehicle 10 performs correction such that a state is formed in
which the position of the parking position 76 is moved
forward by an amount corresponding to the distance H, and
the vehicle 10 is parked in the parking position 76. The
vehicle 10 newly registers the stop position where the
vehicle 10 is stopped as the designated parking position.
Accordingly, the display shift that can be generated on the
captured image of the camera when the vehicle 10 is
automatically parked at the inclined parking position 76 can
be improved, and can be registered as effective parking
position information for the automatic parking control.

[0103] Next, a second example of the automatic parking
control performed by the calculation unit 52 when the
vehicle 10 is newly parked at the parking position 76
provided on the inclined parking lot 72 will be described
with reference to FIGS. 17 to 22. FIG. 17 is a diagram
showing a state where the rear camera 12Rr of the vehicle
10 images the parking position 76 provided on the parking
lot 72 haying the upward inclined surface. FIG. 18 is a
diagram showing the top view image 71 generated based on
imaging data obtained by imaging the parking position 76 of
the parking lot 72 haying the upward inclined surface shown
in FIG. 17.

[0104] As shown in FIGS. 17 and 18, since the vehicle 10
is in a state of being stopped at a flat position, the vehicle 10
recognizes the rear line 76BL1 of the parking position 76
imaged by the rear camera 12Rr as the rear line 76BL2
shifted rearward by the display shift Ax on the top view
image. This point is similar to that in the first example
described with reference to FIGS. 11 and 12.

[0105] FIG. 19 is a diagram showing a state where the
vehicle 10 is stopped in response to a brake operation of the
driver while automatically parking the vehicle 10 at the
parking position 76 provided on the parking lot 72 having
the upward inclined surface. FIG. 20 is a diagram showing
the top view image 71 of the automatically parked vehicle 10
and the parking position 76 in FIG. 19. It is assumed that an
obstacle 7442 in the second example is an obstacle (for
example, a fence or the like) that cannot be detected by the
sensor group 16 (the sonars or the radars) mounted on the
vehicle 10. FIGS. 19 and 20 are diagrams corresponding to
the processing in steps S14, S16, S22, and S18 in the
flowchart in FIG. 5§ described above.
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[0106] As shown in FIGS. 19 and 20, the vehicle 10 is
moved by the back-in parking on the parking lot 72 having
the upward inclined surface. Regarding the vehicle 10, based
on a recognition result of the movement path to the desig-
nated parking position 76, for example, the vehicle 10 is
moved backward with the rear line 76BL2 of the parking
position 76 as the rear stop target position for the vehicle 10.
However, since the parking lot 72 is inclined, the vehicle 10
recognizes the position of the rear line 76 BL.2 of the parking
position 76 as the position shifted rearward by the display
shift Ax from the position of the actual rear line 76BL1 as
described above. Accordingly, the vehicle 10 recognizes the
rear line 76BL.2 of the parking position 76 as the rear line
76BL2 located behind the obstacle 74a2. Since the sensor
group 16 cannot detect the obstacle 7442 in the present
second example, the driver of the vehicle 10 recognizes the
obstacle 74a2 before the vehicle 10 reaches the rear line
76BL.2 that is the rear stop target position, determines that
the obstacle 7442 may be in contact with the vehicle 10, and
stops the vehicle 10 by the brake operation.

[0107] The vehicle 10 measures the distance H from the
rear camera 12Rr of the stopped vehicle 10 to the rear line
76BL.2 of the parking position 76. It is determined whether
the measured distance H from the rear line 76BL2 of the
parking position 76 is equal to or smaller than the preset
distance threshold 2.5 m. Similar to the first example
described above, the distance threshold 2.5 m is a value
including the display shift Ax that can be generated when the
gradient of the parking lot 72 where the vehicle 10 is parked
is 4%.

[0108] FIG. 21 is a diagram showing an example of the
vehicle 10 and the parking position 76 newly registered in
the storage unit 54 when the distance H from the rear line
76BL.2 of the parking position 76 measured in FIGS. 19 and
20 is equal to or smaller than the distance threshold 2.5 m.
FIG. 22 is a diagram showing the top view image 71 of the
vehicle 10 and the parking position 76 shown in FIG. 21.
FIGS. 21 and 22 are diagrams corresponding to the process-
ing in step S21 in the flowchart in FIG. 5 described above.
[0109] When the distance H from the rear line 76BL2 is
equal to or smaller than the distance threshold 2.5 m, the
vehicle 10 determines that the distance H is due to the
display shift generated by the parking lot 72 being inclined,
and that the vehicle 10 can actually be parked at the
designated parking position 76. Therefore, as shown in
FIGS. 21 and 22, the vehicle 10 performs correction such
that a state is formed in which the position of the parking
position 76 is moved forward by an amount corresponding
to the distance H, and the vehicle 10 is parked in the parking
position 76. The vehicle 10 newly registers the stop position
where the vehicle 10 is stopped as the designated parking
position.

[0110] As described above, when the vehicle 10 is stopped
after the automatic parking control is started and before the
vehicle 10 reaches the designated parking position 76, the
control unit 58 of the control device registers the stop
position where the vehicle 10 is stopped as the designated
parking position. According to the configuration, for
example, since the stop position of the vehicle 10 when
designation of a position where the vehicle 10 is parked is
received from the driver is the flat position, the designated
parking position 76 is the parking position 76 provided on
the parking lot 72 having the upward inclined surface, and
the inclination of both positions is different, even if there is
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a difference (display shift Ax) between the actual parking
position 76 (rear line 76BL1) intended by the driver and the
parking position 76 (rear line 76BL.2) recognized by recep-
tion of selection from the driver, it is possible to register the
stop position where the vehicle 10 is actually stopped as the
correct designated parking position. Accordingly, it is pos-
sible to prevent a situation where the recognized parking
position 76 of the vehicle 10 and the recognized surrounding
objects present around the vehicle 10 may overlap with each
other on the top view image 71 generated based on the
imaging data during the automatic parking control since the
parking position 76 where the vehicle 10 is parked is an
inclined position, and where the designated parking position
cannot be registered, so that usability is improved.

[0111] When the vehicle 10 is stopped in response to the
obstacle 74al being detected after the automatic parking
control is started and before the vehicle 10 reaches the
designated parking position 76, the control unit 58 registers
the stop position where the vehicle 10 is stopped as the
designated parking position. According to the configuration,
for example, even if there is a difference based on the display
shift Ax between the actual rear line 76BL1 of the parking
position 76 intended by the driver and the rear line 76 BL.2
of the parking position 76 recognized by reception of
selection from the driver since the designated parking posi-
tion 76 is provided on the parking lot 72 having the upward
inclined surface, it is possible to register the stop position of
the vehicle 10 stopped due to the obstacle 74al present
around the vehicle 10 being detected as the correct desig-
nated parking position by correcting the display shift Ax.
Accordingly, as described above, it is possible to prevent a
situation where the recognized parking position 76 of the
vehicle 10 and the recognized obstacle 7441 present around
the vehicle 10 may overlap with each other and the desig-
nated parking position cannot be registered, so that the
usability is improved.

[0112] When the vehicle 10 is stopped since the driver
performs the stop operation of the vehicle 10 after the
automatic parking control is started and before the vehicle
10 reaches the designated parking position 76, the control
unit 58 registers the stop position where the vehicle 10 is
stopped as the designated parking position. According to the
configuration, for example, even if there is a difference
based on the display shift Ax between the actual rear line
76BL.1 of the parking position 76 intended by the driver and
the rear line 76 BL.2 of the parking position 76 recognized by
reception of selection from the driver since the designated
parking position 76 is provided on the parking lot 72 having
the upward inclined surface, it is possible to register the stop
position where the driver notices the obstacle 7442 and
performs the brake operation to stop the vehicle 10 as the
correct designated parking position by correcting the display
shift Ax. Accordingly, as described above, it is possible to
prevent a situation where the recognized parking position 76
of the vehicle 10 and the recognized obstacle 74a2 present
around the vehicle 10 may overlap with each other and the
designated parking position cannot be registered, so that the
usability is improved.

[0113] When the vehicle 10 is stopped after the automatic
parking control is started and before the vehicle 10 reaches
the designated parking position 76, and the distance from the
stop position where the vehicle 10 is stopped to the rear line
76BL.2 of the parking position 76 recognized by the recep-
tion of the selection from the driver is smaller than the preset

Feb. 8, 2024

distance threshold (for example, 2.5 m), the control unit 58
registers the stop position where the vehicle 10 is stopped as
the designated parking position. According to the configu-
ration, by providing the distance threshold, even if the
display shift Ax is generated at the parking position 76 due
to the vehicle 10 being parked at the parking position 76 of
the inclined parking lot 72, it is possible to register the stop
position where the vehicle 10 is stopped as the correct
designated parking position. Further, it is possible to prevent
a situation where a stop position greatly different from the
parking position 76 of the vehicle 10 when selection is
received from the driver may be registered as the designated
parking position.

Modification of Automatic Parking Control on New
Parking Position

[0114] A modification of the automatic parking control
performed by the calculation unit 52 when the new regis-
tration button 61 is touched will be described with reference
to a flowchart in FIG. 23.

[0115] As shown in FIG. 23, in the automatic parking
control according to the modification, processing from step
S31 to step S36 is similar to the processing from step S11 to
step S16 of the automatic parking control shown in FIG. 5.
Further, in the automatic parking control according to the
modification, processing from step S38 to step S41 is similar
to the processing from step S18 to step S21 of the automatic
parking control shown in FIG. 5. Therefore, description of
the processing in these steps will be omitted.

[0116] When an obstacle is detected in step S36 (step S36:
Yes), the calculation unit 52 issues, by the control unit 58,
a notification prompting the driver to perform the stop
operation of the vehicle 10 (step S37-1).

[0117] Next, the calculation unit 52 determines, by the
operation detection unit 56, whether the stop operation of the
vehicle 10 is performed in the automatic parking and the
vehicle 10 is stopped (step S37-2).

[0118] On the other hand, when an obstacle is not detected
in step S36 (step S36: No), the calculation unit 52 proceeds
to step S37-2, and determines, by the operation detection
unit 56, whether the stop operation of the vehicle 10 is
performed and the vehicle 10 is stopped (step S37-2).
[0119] When the vehicle 10 is not stopped in step S37-2
(step S37-2: No), the calculation unit 52 returns to step S34
and executes the processing in steps.

[0120] When the vehicle 10 is stopped in step S37-2 (step
S37-2: Yes), the calculation unit 52 determines, by the
control unit 58, whether a distance from the stop position of
the stopped vehicle 10 to the parking position 76 of the
vehicle 10 is equal to or smaller than the preset distance
threshold (for example, 2.5 m) (step S38).

[0121] As in the modification of the automatic parking
control described above, when the obstacle 7441 is detected
before the vehicle 10 reaches the parking position 76, even
if the notification prompting the driver to perform the stop
operation of the vehicle 10 is issued, similar to the embodi-
ment described above, it is possible to register the stop
position where the vehicle 10 is actually stopped as the
correct designated parking position. Accordingly, even if the
vehicle 10 is parked on the inclined parking lot 72, the
parking position 76 can be appropriately registered.

[0122] The embodiment of the present invention has been
described above, but the present invention is not limited to
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the embodiment described above, and modifications,
improvements, and the like can be made as appropriate.
[0123] For example, a case where the vehicle 10 is parked
at the parking position 76 provided on the parking lot 72
having the upward inclined surface has been described in the
embodiment described above, but the present invention is
not limited thereto. For example, even if the vehicle 10 is
parked at a parking position provided on a parking lot having
downward inclination, the automatic parking control can be
performed in a similar manner.

[0124] In the embodiment described above, a case where
the vehicle 10 is automatically parked by the automatic
steering performed by the control unit 58 of the calculation
unit 52 has been described, but the present invention is not
limited thereto. For example, the present invention may be
applied to parking assistance for providing assistance when
the vehicle 10 is parked by an operation of the user.
[0125] In the embodiment described above, the parking
position of the vehicle 10, and the features of the parking
position and surroundings have been described using the top
view images (combined images) of the front camera 12Fr,
the rear camera 12Rr, the left side camera 121, and the right
side camera 12R, but the present invention is not limited
thereto. For example, description may be made using an
image captured by any one of the front camera 12Fr, the rear
camera 12Rr, the left side camera 121, and the right side
camera 12R.

[0126] In the embodiment described above, a case where
the control unit 58 displays the top view image 71 and the
like on the touch panel 42 of the vehicle 10 has been
described, but the present invention is not limited thereto.
For example, the control unit 58 may display the top view
image 71 and the like on a display screen of an information
terminal (for example, a smartphone or the like) carried by
the passenger of the vehicle 10 via the communication unit
24.

[0127] In the embodiment described above, a case where
the feature map representing the registered features of the
designated parking position is registered in the storage unit
54 of the vehicle 10 has been described, but the present
invention is not limited thereto. For example, the informa-
tion may be registered in a storage unit of another device
such as a smartphone or a server communicably connected
to the vehicle 10.

[0128] In the embodiment described above, a case where
the user touches the registered parking position image button
62 (a case where the No. 1 image button 62q in FIG. 4 is
selected and touched) when parking the vehicle 10 at the
registered parking position has been described, but the
present invention is not limited thereto. For example, in a
case where the user touches the automatic parking button 60
displayed on the touch panel 42 when automatically parking
the vehicle 10, the control unit 58 may automatically deter-
mine in which parking position the vehicle is to be parked
this time by comparing the top view image captured during
execution of the automatic parking with the registered top
view image, and for example, start the processing in FIG. 9.
Accordingly, the user of the vehicle 10 can eliminate an
operation of finding and selecting a button for a parking
position to be parked this time based on the registered
parking position image button 62.

[0129] In the embodiment described above, an example in
which the moving body is used as a vehicle (four-wheeled
automobile) has been described, but the present invention is
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not limited thereto. For example, a vehicle such as a two-
wheeled vehicle or a Segway may be used. Further, the idea
of the present invention is not limited to the vehicle, and can
also be applied to a robot, a ship, an aircraft, or the like that
includes a drive source and that can be moved by power of
the drive source.

[0130] The control method described in the embodiment
described above can be implemented by executing a control
program prepared in advance by a computer. The present
control program is recorded in a computer-readable storage
medium and executed by being read from the storage
medium. Further, the present control program may be pro-
vided in a form stored in a non-transitory storage medium
such as a flash memory, or may be provided via a network
such as the Internet. The computer that executes the present
control program may be provided in the control device, may
be provided in an electronic device such as a smartphone, a
tablet terminal, or a personal computer that can communi-
cate with the control device, or may be provided in a server
device that can communicate with the control device and the
electronic device.

[0131] In the present specification, at least the following
matters are described. Corresponding constituent elements
and the like in the embodiment described above are shown
in parentheses, but the present invention is not limited
thereto.

[0132] (1) A control device including:

[0133] an imaging unit configured to acquire imaging
data of surroundings of a moving body;

[0134] a reception unit configured to receive selection
of a predetermined parking position from a user of the
moving body; and

[0135] a control unit configured to execute automatic
parking control for parking the moving body at the
predetermined parking position based on the imaging
data and the predetermined parking position, and to
register the predetermined parking position as a desig-
nated parking position, in which

[0136] when the moving body is stopped after the
automatic parking control is started and before the
predetermined parking position is reached, the control
unit registers a stop position where the moving body is
stopped as the designated parking position.

[0137] According to (1), for example, even if there is a
difference between the actual predetermined parking posi-
tion intended by the user and the predetermined parking
position recognized by reception of selection from the user
due to inclination being different between the position of the
moving body when the predetermined parking position is
received and the predetermined parking position, it is pos-
sible to register the stop position where the moving body is
actually stopped as the correct designated parking position.
Accordingly, it is possible to prevent a situation where the
recognized predetermined parking position and the recog-
nized surrounding objects may overlap with each other and
the designated parking position cannot be registered during
the automatic parking control, so that usability is improved.
[0138] (2) The control device according to (1), further
including an obstacle detection unit configured to detect an
obstacle around the moving body, in which

[0139] when the moving body is stopped in response to
the obstacle being detected by the obstacle detection
unit after the automatic parking control is started and
before the predetermined parking position is reached,
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the control unit registers a stop position where the
moving body is stopped as the designated parking
position.
[0140] According to (2), for example, even if there is a
difference between the actual predetermined parking posi-
tion intended by the user and the predetermined parking
position recognized by reception of selection from the user
due to inclination being different between the position of the
moving body when the predetermined parking position is
received and the predetermined parking position, it is pos-
sible to register the stop position of the moving body stopped
due to the obstacle around the moving body being detected
as the correct designated parking position. Accordingly, it is
possible to prevent a situation where the recognized prede-
termined parking position and the recognized obstacle
around the moving body may overlap with each other and
the designated parking position cannot be registered during
the automatic parking control, so that the usability is
improved.
[0141] (3) The control device according to (2), in which
[0142] when the obstacle is detected by the obstacle
detection unit, the control unit performs stop control of
stopping the moving body or issues a notification
prompting the user to perform a stop operation of the
moving body.
[0143] According to (3), since the moving body is auto-
matically stopped or stopped by the stop operation of the
user when the obstacle around the moving body is detected,
it is possible to register the stop position of the moving body
as the correct designated parking position.
[0144] (4) The control device according to any one of (1)
to (3), further including an operation detection unit config-
ured to detect the stop operation of the moving body
performed by the user of the moving body, in which
[0145] when the moving body is stopped due to the stop
operation being detected by the operation detection unit
after the automatic parking control is started and before
the predetermined parking position is reached, the
control unit registers a stop position where the moving
body is stopped as the designated parking position.
[0146] According to (4), for example, even if there is a
difference between the actual predetermined parking posi-
tion intended by the user and the predetermined parking
position recognized by reception of selection from the user
due to inclination being different between the position of the
moving body when the predetermined parking position is
received and the predetermined parking position, it is pos-
sible to register the stop position of the moving body stopped
by the stop operation from the user as the correct designated
parking position. Accordingly, it is possible to prevent a
situation where the recognized predetermined parking posi-
tion and the recognized obstacle around the moving body
may overlap with each other and the designated parking
position cannot be registered during the automatic parking
control, so that the usability is improved.
[0147] (5) The control device according to any one of (1)
to (4), in which
[0148] the control unit acquires a distance threshold
related to a distance from the predetermined parking
position, and
[0149] the control unit registers a stop position as the
designated parking position based on a comparison
result between a distance from the stop position to the
predetermined parking position and the distance thresh-
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old, the stop position being a position where the mov-
ing body is stopped after the automatic parking control
is started and before the predetermined parking position
is reached.
[0150] According to (5), by providing the distance thresh-
old, it is possible to prevent a situation where a stop position
greatly different from the predetermined parking position
when selection is received from the user may be registered
as the designated parking position.
[0151] (6) The control device according to any one of (1)
to (5), in which

[0152] when the moving body is stopped after the
automatic parking control is started and before the
predetermined parking position is reached, the control
unit inquires to the user as to whether to register a stop
position where the moving body is stopped as the
designated parking position.

[0153] According to (6), since the stop position of the
moving body can be confirmed by the user, the stop position
can be registered as a more correct designated parking
position.

[0154] (7) A control method performed by a control
device, the control device including:

[0155] an imaging unit configured to acquire imaging
data of surroundings of a moving body;

[0156] a reception unit configured to receive selection
of a predetermined parking position from a user of the
moving body, and

[0157] a control unit configured to execute automatic
parking control for parking the moving body at the
predetermined parking position based on the imaging
data and the predetermined parking position, and to
register the predetermined parking position as a desig-
nated parking position, the control method including:

[0158] registering, by the control unit, a stop position
where the moving body is stopped as the designated
parking position when the moving body is stopped after
the automatic parking control is started and before the
predetermined parking position is reached.

[0159] According to (7), for example, even if there is a
difference between the actual predetermined parking posi-
tion intended by the user and the predetermined parking
position recognized by reception of selection from the user
due to inclination being different between the position of the
moving body when the predetermined parking position is
received and the predetermined parking position, it is pos-
sible to register the stop position where the moving body is
actually stopped as the correct designated parking position.
Accordingly, it is possible to prevent a situation where the
recognized predetermined parking position and the recog-
nized surrounding objects may overlap with each other and
the designated parking position cannot be registered during
the automatic parking control, so that usability is improved.
[0160] (8) Anon-transitory computer-readable storage
medium storing a control program for causing a control unit
of a control device, which includes

[0161] an imaging unit configured to acquire imaging
data of surroundings of a moving body,

[0162] a reception unit configured to receive selection
of a predetermined parking position from a user of the
moving body, and

[0163] the control unit configured to execute automatic
parking control for parking the moving body at the
predetermined parking position based on the imaging
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data and the predetermined parking position, and to
register the predetermined parking position as a desig-
nated parking position, to execute processing of:

[0164] registering a stop position where the moving

body is stopped as the designated parking position
when the moving body is stopped after the automatic
parking control is started and before the predetermined
parking position is reached.
[0165] According to (8), for example, even if there is a
difference between the actual predetermined parking posi-
tion intended by the user and the predetermined parking
position recognized by reception of selection from the user
due to inclination being different between the position of the
moving body when the predetermined parking position is
received and the predetermined parking position, it is pos-
sible to register the stop position where the moving body is
actually stopped as the correct designated parking position.
Accordingly, it is possible to prevent a situation where the
recognized predetermined parking position and the recog-
nized surrounding objects may overlap with each other and
the designated parking position cannot be registered during
the automatic parking control, so that usability is improved.

What is claimed is:

1. A control device comprising;

an imaging unit configured to acquire imaging data of
surroundings of a moving body;
reception unit configured to receive selection of a
predetermined parking position from a user of the
moving body; and
control unit configured to execute automatic parking
control for parking the moving body at the predeter-
mined parking position based on the imaging data and
the predetermined parking position, and to register the
predetermined parking position as a designated parking
position, wherein

when the moving body is stopped after the automatic

parking control is started and before the predetermined
parking position is reached, the control unit registers a
stop position where the moving body is stopped as the
designated parking position.

2. The control device according to claim 1, further com-
prising an obstacle detection unit configured to detect an
obstacle around the moving body, wherein

when the moving body is stopped in response to the

obstacle being detected by the obstacle detection unit
after the automatic parking control is started and before
the predetermined parking position is reached, the
control unit registers a stop position where the moving
body is stopped as the designated parking position.

3. The control device according to claim 2, wherein

when the obstacle is detected by the obstacle detection

unit, the control unit performs stop control of stopping
the moving body or issues a notification prompting the
user to perform a stop operation of the moving body.

4. The control device according to claim 1, further com-
prising an operation detection unit configured to detect the
stop operation of the moving body performed by the user of
the moving body, wherein

when the moving body is stopped due to the stop opera-

tion being detected by the operation detection unit after

a
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the automatic parking control is started and before the
predetermined parking position is reached, the control
unit registers a stop position where the moving body is
stopped as the designated parking position.

5. The control device according to claim 1, wherein

the control unit acquires a distance threshold related to a
distance from the predetermined parking position, and

the control unit registers a stop position as the designated
parking position based on a comparison result between
a distance from the stop position to the predetermined
parking position and the distance threshold, the stop
position being a position where the moving body is
stopped after the automatic parking control is started
and before the predetermined parking position is
reached.

6. The control device according to claim 1, wherein

when the moving body is stopped after the automatic
parking control is started and before the predetermined
parking position is reached, the control unit inquires to
the user as to whether to register a stop position where
the moving body is stopped as the designated parking
position.

7. A control method performed by a control device, the

control device including:

an imaging unit configured to acquire imaging data of
surroundings of a moving body:
reception unit configured to receive selection of a
predetermined parking position from a user of the
moving body; and

a control unit configured to execute automatic parking
control for parking the moving body at the predeter-
mined parking position based on the imaging data and
the predetermined parking position, and to register the
predetermined parking position as a designated parking
position, the control method comprising:

registering, by the control unit, a stop position where the
moving body is stopped as the designated parking
position when the moving body is stopped after the
automatic parking control is started and before the
predetermined parking position is reached.

8. A non-transitory computer-readable storage medium
storing a control program for causing a. control unit of a
control device, which includes

an imaging unit configured to acquire imaging data of
surroundings of a moving body,

a reception unit configured to receive selection of a
predetermined parking position from a user of the
moving body, and

the control unit configured to execute automatic parking
control for parking the moving body at the predeter-
mined parking position based on the imaging data and
the predetermined parking position, and to register the
predetermined parking position as a designated parking
position, to execute processing of:

registering a stop position where the moving body is
stopped as the designated parking position when the
moving body is stopped after the automatic parking
control is started and before the predetermined parking
position is reached.
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