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(57) ABSTRACT

A vehicle includes: camera monitoring apparatus including
a side-view camera having a field of view facing a rear
lateral side of the vehicle and a side-view display configured
to display a side-view image captured by the side-view
camera; and a driver assistance system including a corner
radar having a field of view facing a side of the vehicle, and
configured to process radar data of the corner radar. The
driver assistance system is configured to provide the camera
monitoring apparatus with a virtual side-view image based
on processing of the radar data of the corner radar when a
failure of the side-view camera is detected. The camera
monitoring apparatus is configured to display the virtual
side-view image of the driver assistance system on the
side-view display based on the failure of the side-view
camera.
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FIG. 3
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FIG. 4




Patent Application Publication  Jul. 20,2023 Sheet 5 of 11 US 2023/0230393 A1

FIG. 5
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FIG. 6
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FIG. 7
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FIG. 10
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VEHICLE, CONTROL METHOD THEREOF
AND CAMERA MONITORING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the benefit
of priority to Korean Patent Application No. 10-2022-
0006337, filed on Jan. 17, 2022 in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to a vehicle, a control
method thereof and a camera monitoring apparatus, and
more particularly, to a vehicle including a side-view camera
and a rear-view camera, a control method thereof and a
camera monitoring apparatus.

BACKGROUND

[0003] As the most common means of transportation in
modern society, the number of people using vehicles is
increasing. Although the development of vehicle technology
has the advantage of making long-distance travel easier and
living more conveniently, traffic congestion often occurs in
places with high population density such as South Korea.
[0004] A Iot of research on a vehicle equipped with an
advanced driver assistance system (ADAS) that actively
provides information about a vehicle state, a driver state and
traffic environment has been recently carried out to reduce
drivers’ burden and improve convenience.

[0005] Recently, a camera monitoring system capable of
obtaining information around a vehicle using a camera is
provided. For example, a camera monitoring system may
include a side-view camera replacing a side-view mirror or
a rear-view camera replacing a rear-view mirror of a vehicle.
[0006] However, a camera monitoring system is incapable
of providing a driver with information when an electronic
device fails or malfunctions.

SUMMARY

[0007] An aspect of the disclosure provides a vehicle, a
control method thereof and a camera monitoring apparatus
that may secure driver’s safety when a camera system or a
communication system fails.

[0008] An aspect of the disclosure provides a vehicle, a
control method thereof and a camera monitoring apparatus
that may continuously provide a driver with information
around the vehicle even when a camera system or a com-
munication system fails.

[0009] Additional aspects of the disclosure will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned by
practice of the disclosure.

[0010] According to an aspect of the disclosure, there is
provided a vehicle includes: a camera monitoring apparatus
including a side-view camera having a field of view facing
a rear lateral side of the vehicle and a side-view display
configured to display a side-view image captured by the
side-view camera; and a driver assistance system including
a corner radar having a field of view facing a side of the
vehicle, and configured to process radar data of the corner
radar. The driver assistance system is configured to provide
the camera monitoring apparatus with a virtual side-view
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image based on processing of the radar data of the corner
radar based on a failure of the side-view camera being
detected. The camera monitoring apparatus is configured to
display the virtual side-view image of the driver assistance
system on the side-view display based on the failure of the
side-view camera being detected.

[0011] The driver assistance system further includes a
controller configured to process the radar data of the corner
radar. The controller is configured to identify a location of an
object around the vehicle based on processing of the radar
data of the corner radar.

[0012] The controller includes a three-dimensional (3D)
model of an object, and is configured to render the 3D model
into a two-dimensional (2D) image based on a location of
the object.

[0013] The driver assistance system further includes a
front camera having a field of view facing a front of the
vehicle. The controller is configured to identify a lane
marker in which the vehicle travels based on processing of
image data of the front camera, and combine a 2D image of
the lane marker and a 2D image of the object.

[0014] The camera monitoring apparatus is configured to
identify the failure of the side-view camera, based on image
data not being received from the side-view camera.

[0015] The vehicle further includes a cluster and a center
fascia monitor. The camera monitoring apparatus is config-
ured to display the side-view image on at least one of the
cluster or the center fascia monitor based on a failure of the
side-view display being identified.

[0016] The camera monitoring apparatus is configured to
identify the failure of the side-view display, based on a
periodic signal not being received from the side-view dis-
play.

[0017] The camera monitoring apparatus further includes
a rear-view camera having a field of view facing a rear of the
vehicle and a rear-view display configured to display a
rear-view image captured by the rear-view camera. The
driver assistance system is configured to provide the camera
monitoring apparatus with a virtual rear-view image based
on processing of the radar data of the corner radar when a
failure of the rear-view camera is detected. The camera
monitoring apparatus is configured to display the virtual
rear-view image of the driver assistance system on the
rear-view display based on the failure of the rear-view
camera being detected.

[0018] According to an aspect of the disclosure, there is
provided a control method of a vehicle, the control method
including: displaying, on a side-view display, a side-view
image captured by a side-view camera having a field of view
facing a rear lateral side of the vehicle, generating a virtual
side-view image based on processing of radar data of a
corner radar having a field of view facing a side of the
vehicle when a failure of the side-view camera is detected,
and displaying the virtual side-view image on the side-view
display.

[0019] According to an aspect of the disclosure, there is
provided a camera monitoring apparatus of a vehicle, the
camera monitoring apparatus including: a side-view camera
having a field of view facing a rear lateral side of the vehicle;
a side-view display provided inside the vehicle; a corner
radar having a field of view facing a side of the vehicle; and
a controller configured to display, on the side-view display,
a side-view image captured by the side-view camera. When
a failure of the side-view camera is detected, the controller
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is configured to generate a virtual side-view image based on
processing of radar data of the corner radar based on a
failure of the side-view camera is detected, and display the
virtual side-view image on the side-view display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0021] FIG. 1 illustrates a configuration of a wvehicle
according to an embodiment;

[0022] FIG. 2 illustrates an inside of a vehicle according
to an embodiment;

[0023] FIG. 3 illustrates fields of view of a camera
included in a camera monitoring apparatus of a vehicle
according to an embodiment;

[0024] FIG. 4 illustrates fields of view of a camera and a
radar included in a driver assistance system of a vehicle
according to an embodiment;

[0025] FIG. Sillustrates an example of generating a virtual
side-view image by a driver assistance system of a vehicle
according to an embodiment;

[0026] FIG. 6 illustrates an example of displaying a virtual
side-view image by a camera monitoring apparatus of a
vehicle according to an embodiment;

[0027] FIGS. 7 and 8 illustrate examples of displaying a
side-view image by a display device of a vehicle according
to an embodiment;

[0028] FIG. 9 illustrates operations to respond to an error
in data transmission or a failure of a camera of a vehicle
according to an embodiment;

[0029] FIG. 10 illustrates operations to respond to a failure
of a display of a vehicle according to an embodiment; and
[0030] FIG. 11 illustrates a configuration of a vehicle
according to an embodiment.

DETAILED DESCRIPTION

[0031] Like reference numerals throughout the specifica-
tion denote like elements. Also, this specification does not
describe all the elements according to embodiments of the
disclosure, and descriptions well-known in the art to which
the disclosure pertains or overlapped portions are omitted.
The terms such as “~part”, “~member”, “~module”,
“~block”, and the like may refer to at least one process
processed by at least one hardware or software. According
to embodiments, a plurality of “~part”, “~member”, “~mod-
ule”, “~block” may be embodied as a single element, or a
single of “~part”, “~member”, “~module”, “~block” may
include a plurality of elements.

[0032] It will be understood that when an element is
referred to as being “connected” to another element, it can
be directly or indirectly connected to the other element,
wherein the indirect connection includes connection via a
wireless communication network.

[0033] It will be understood that the term “include” when
used in this specification, specifies the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0034] It will be understood that when it is stated in this
specification that a member is located “on” another member,
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not only a member may be in contact with another member,
but also still another member may be present between the
two members.

[0035] It will be understood that, although the terms first,
second, etc., may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
[0036] It is to be understood that the singular forms are
intended to include the plural forms as well, unless the
context clearly dictates otherwise.

[0037] Reference numerals used for method steps are just
used for convenience of explanation, but not to limit an
order of the steps. Thus, unless the context clearly dictates
otherwise, the written order may be practiced otherwise.
[0038] Hereinafter, an operation principle and embodi-
ments will be described in detail with reference to the
accompanying drawings.

[0039] FIG. 1 illustrates a configuration of a vehicle
according to an embodiment. FIG. 2 illustrates an inside of
a vehicle according to an embodiment. FIG. 3 illustrates
fields of view of a camera included in a camera monitoring
apparatus of a vehicle according to an embodiment. FIG. 4
illustrates fields of view of a camera and a radar included in
a driver assistance system of a vehicle according to an
embodiment.

[0040] Referring to FIGS. 1, 2, 3 and 4, a vehicle 10 may
include a driving device 20, a braking device 30, a steering
device 40, a display device 50, an audio device 60, a camera

monitoring apparatus 100 and a driver assistance system
(DAS) 200.

[0041] The driving device 20 may drive the vehicle 10 to
move the vehicle 10 and, for example, include an engine, an
engine management system (EMS), a transmission, and a
transmission control unit (TCU). The engine may generate
power for driving the vehicle 10. The EMS may control the
engine in response to a driver’s acceleration intention
through an accelerator pedal or a request from the DAS 200.
The transmission may decelerate and transmit the power
generated by the engine to vehicle wheels. The TCU may
control the transmission in response to a driver’s shift
command through a shift lever and/or a request from the
DAS 200.

[0042] The braking device 30 may stop the vehicle 10 and,
for example, include a brake caliper and an electronic brake
control module (EBCM). The brake caliper may decelerate
or stop the vehicle 10 using friction with a brake disc. The
EBCM may control the brake caliper in response to a
driver’s braking intention through a brake pedal and/or a
request from the DAS 200. For example, the EBCM may
receive a deceleration request including a deceleration from
the DAS 200, and control the brake caliper electrically or
hydraulically to decelerate the vehicle 10 based on the
requested deceleration.

[0043] The steering device 40 may include an electronic
power steering control module (EPS). The steering device
40 may change a driving direction of the vehicle 10. The
EPS may assist operations of the steering device 40 so that
a driver may easily manipulate a steering wheel according to
a driver’s steering intention. The EPS may also control the
steering device in response to a request from the DAS 200.
For example, the EPS may receive a steering request includ-
ing a steering torque from the DAS 200, and control the
steering device to steer the vehicle 10 based on the requested
steering torque.
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[0044] The display device 50 may include a cluster 51, a
center fascia monitor 52, etc., and provide a driver with
various information and entertainment through images and
sounds. For example, the display device 50 may provide the
driver with travel information of the vehicle 10, a warning
message, and the like.

[0045] The audio device 60 may include a plurality of
speakers, and provide the driver with various information
and entertainment through sounds. For example, the audio
device 60 may provide the driver with travel information of
the vehicle 10, a warning message, and the like.

[0046] The camera monitoring apparatus 100 may com-
municate with the driving device 20, the braking device 30,
the steering device 40, the display device 50, the audio
device 60, and the DAS 200 via a vehicle communication
network.

[0047] The camera monitoring apparatus 100 may include
a side-view camera 110, a rear-view camera 120, a side-view
display 130, a rear-view display 140, and a first controller
150. A configuration of the camera monitoring apparatus
100 is not limited to that illustrated in FIG. 1, and a portion
of the constituent components illustrated in FIG. 1 may be
omitted or other constituent components may be added to
the camera monitoring apparatus 100.

[0048] The camera monitoring apparatus 100 may display
an image, captured by the side-view camera 110, on the
side-view display 130, and also display an image, captured
by the rear-view camera 120, on the rear-view display 140.
[0049] As shown in FIG. 2, the side-view camera 110 may
include a first side-view camera 111 and a second side-view
camera 112.

[0050] As shown in FIGS. 2 and 3, the first side-view
camera 111 may be mounted on a left exterior of the vehicle
10 to have a field of view (FOV) 111a facing a rear left side
of the vehicle 10.

[0051] The first side-view camera 111 may include at least
one lens and image sensor. The image sensor may include a
plurality of photodiodes converting light into an electrical
signal, and the plurality of photodiodes may be arranged in
a two-dimensional (2D) matrix.

[0052] The first side-view camera 111 may be electrically
connected to the first controller 150. For example, the first
side-view camera 111 may be connected to the first control-
ler 150 via a vehicle communication network, a hard wire,
or a printed circuit board (PCB).

[0053] The first side-view camera 111 may capture the rear
left side of the vehicle 10 and provide captured first side-
view image data to the first controller 150.

[0054] As shown in FIGS. 2 and 3, the second side-view
camera 112 may be mounted on a right exterior of the
vehicle 10 to have a field of view 112a facing a rear right
side of the vehicle 10. The second side-view camera 112
may capture the rear right side of the vehicle 10 and provide
captured second side-view image data to the first controller
150. A configuration and connection of the second side-view
camera 112 may be the same as the first side-view camera
111.

[0055] The rear-view camera 120 may be mounted on a
rear side of the vehicle 10 to have a field of view facing a
rear of the vehicle 10. The rear-view camera 120 may
capture the rear of the vehicle 10 and provide captured
rear-view image data to the first controller 150. A configu-
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ration and connection of the rear-view camera 120 may be
the same as the first side-view camera 111 and the second
side-view camera 112.

[0056] As shown in FIG. 2, the side-view display 130 may
include a first side-view display 131 and a second side-view
display 132.

[0057] The first side-view display 131 may be mounted on
a left inside of the vehicle 10 so that a driver sitting in a
driver’s seat may see the first side-view display 131.
[0058] The first side-view display 131 may include a
display panel (e.g., a liquid crystal display (LCD) panel or
a light emitting diode (LED) panel). The display panel may
include a plurality of pixels forming an image, and convert
image data into a 2D visual image.

[0059] The first side-view display 131 may be electrically
connected to the first controller 150 via a vehicle commu-
nication network, a hard wire, or a PCB.

[0060] The first side-view display 131 may receive the
first side-view image data of the vehicle 10 from the first
controller 150, and display a first side-view image.

[0061] The second side-view display 132 may be mounted
on a right inside of the vehicle 10 so that the driver sitting
in the driver’s seat may see the second side-view display
132. The second side-view display 132 may receive the
second side-view image data of the vehicle 10 from the first
controller 150, and display a second side-view image. A
configuration and connection of the second side-view dis-
play 132 may be the same as the first side-view display 131.

[0062] The rear-view display 140 may be mounted in a
center of an inside of the vehicle 10 to allow the driver
sitting in the driver’s seat to see the rear-view display 140.
The rear-view display 140 may receive the rear-view image
data of the vehicle 10 from the first controller 150 and
display a rear-view image. A configuration and connection
of the rear-view display 140 may be the same as the first
side-view display 131 and the second side-view display 132.

[0063] The first controller 150 may be electrically con-
nected to the side-view camera 110, the rear-view camera
120, the side-view display 130, and/or the rear-view display
140. Also, the first controller 150 may be connected to the
driving device 20, the braking device 30, the steering device
40, the display device 50, the audio device 60, and/or the
DAS 200 via a vehicle communication network, etc.

[0064] The first controller 150 may be variously referred
to as an electronic control unit (ECU), and the like. The first
controller 150 may include a processor 151, a memory 152
and a communication module 1. For example, the first
controller 150 may include one or more processors or one or
more memories. The first controller 150 according to an
exemplary embodiment of the present disclosure may be a
hardware device implemented by various electronic circuits
(e.g., computer, microprocessor, CPU, ASIC, circuitry, logic
circuits, etc.). The first controller 150 may be implemented
by a non-transitory memory storing, e.g., a program(s),
software instructions reproducing algorithms, etc., which,
when executed, performs various functions of the processor
151, and the communication module 1, and a processor 151
configured to execute the program(s), software instructions
reproducing algorithms, etc. The processor 151 may embody
one or more processor(s). The processor 151, the memory
152 and the communication module 1 may be implemented
as separate semiconductor devices or as a single integrated
semiconductor device.
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[0065] The processor 151 may process each of the side-
view image data and/or the rear-view image data, and
transmit the processed side-view image data and/or the
processed rear-view image data to the displays 130 and 140,
respectively.

[0066] The processor 151 may include a single chip (or a
core) or a plurality of chips (or cores). For example, the
processor 151 may include an image processor for process-
ing the image data, and/or a micro control unit (MCU) for
outputting a control signal for controlling operations of the
camera monitoring apparatus 100.

[0067] The memory 152 may store a program and/or data
for processing the image data and outputting the control
signal.

[0068] The memory 152 may include a volatile memory
such as a static random access memory (S-RAM) and
dynamic random access memory (D-RAM), and a non-
volatile memory such as a read only memory (ROM), an
erasable programmable read only memory (EPROM), and
the like. The memory 152 may include a single memory
device or a plurality of memory devices.

[0069] The communication module 1 may communicate
with other electronic components of the vehicle 10 via a
vehicle communication network. The communication mod-
ule 1 may transmit and receive a communication signal with
the driving device 20, the braking device 30, the steering
device 40, the display device 50, the audio device 60 and/or
the DAS 200.

[0070] The communication module 1 may communicate
with other electronic components of the vehicle 10 using
various communication protocols. For example, the com-
munication module 1 may transmit and receive a commu-
nication signal with the other electronic components of the
vehicle 10 using a controller area network (CAN).

[0071] For example, the communication module 1 may
include a transmission circuit for transmitting a communi-
cation signal and a reception circuit for receiving the com-
munication signal.

[0072] As described above, the first controller 150 may
receive the image data from the cameras 110 and 120,
process the received image data, and transmit the processed
image data to the displays 130 and 140.

[0073] The first controller 150 may identify at least one of
a failure of the cameras 110 and 120, a damage of a
transmission line of the image data, or a failure of the
displays 130 and 140.

[0074] For instance, when image data is not received from
at least one of the cameras 110 and 120, the first controller
150 may identify the failure of at least one of the cameras
110 and 120, or the damage of the transmission line of the
image data. Also, when a format of the image data received
from at least one of the cameras 110 and 120 does not
conform to a predetermined format, the first controller 150
may identify the failure of at least one of the cameras 110
and 120, or the damage of the transmission line of the image
data.

[0075] When at least one of the failure of the cameras 110
and 120 or the damage of the transmission line of the image
data is identified, the first controller 150 may request the
DAS 200 for a virtual image to replace at least one of the
first side-view image, the second side-view image, or the
rear-view image.

[0076] In response to the request from the camera moni-
toring apparatus 100, the DAS 200 may provide the virtual
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image to the camera monitoring apparatus 100 via a vehicle
communication network. The first controller 150 may dis-
play the virtual image received from the DAS 200 on at least
one of the displays 130 and 140.

[0077] Also, the first controller 150 may periodically
receive a signal for monitoring from the displays 130 and
140, and when a signal is not received from at least one of
the displays 130 and 140 within a predetermined period,
identify a failure of at least one of the displays 130 and 140.
[0078] When the failure of at least one of the displays 130
and 140 is identified, the first controller 150 may transmit,
to the display device 50 of the vehicle 10, at least one of the
first side-view image, the second side-view image, or the
rear-view image, together with a request for displaying an
image.

[0079] As described above, the camera monitoring appa-
ratus 100 may identify the failure of the cameras 110 and
120 or the failure of the displays 130 and 140, and cooperate
with the DAS 200 or the display device 50, based on the
identification of the failure of the cameras 110 and 120 or the
failure of the displays 130 and 140.

[0080] The DAS 200 may communicate with the driving
device 20, the braking device 30, the steering device 40, the
display device 50, the audio device 60, and/or the camera
monitoring apparatus 100 via a vehicle communication
network.

[0081] The DAS 200 may collect data related to the
vehicle 10 (e.g., a position, movement, etc., of another
vehicle or a pedestrian), and output a control signal for
controlling the driving device 20, the braking device 30, the
steering device 40, the display device 50, and/or the audio
device 60 based on the collected data.

[0082] The DAS 200 may generate a virtual side-view
image and/or a virtual rear-view image of the vehicle 10
based on a request from the camera monitoring apparatus
100.

[0083] The DAS 200 may include a front camera 210, a
front radar 220, a corner radar 230 and/or a second controller
240. However, a configuration of the DAS 200 is not limited
to that illustrated in FIG. 1, and a portion of the constituent
components illustrated in FIG. 1 may be omitted or other
constituent components may be added to the DAS 200.
[0084] As shown in FIG. 4, the front camera 210 may be
mounted on the front of the vehicle 10 to have a field of view
210aq facing the front of the vehicle 10.

[0085] The front camera 210 may capture the front of the
vehicle 10. The front camera 210 may obtain front image
data of the vehicle 10. The image data may include infor-
mation about another vehicle, a pedestrian, a lane, and the
like, in front of the vehicle 10.

[0086] The front camera 210 may include at least one lens
and image sensor. The image sensor may include a plurality
of photodiodes converting light into an electrical signal, and
the plurality of photodiodes may be arranged in a 2D matrix.
[0087] The front camera 210 may be electrically con-
nected to the second controller 240. For example, the front
camera 210 may be connected to the second controller 240
via a vehicle communication network, a hard wire, or a PCB.
[0088] As shown in FIG. 4, the front radar 220 may be
mounted on the front of the vehicle 10 to have a field of
sensing 220q facing the front of the vehicle 10.

[0089] For example, the front radar 220 may include a
transmission antenna transmitting radio waves toward the
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front of the vehicle 10 and a receiving antenna receiving
radio waves reflected by an object.

[0090] The front radar 220 may transmit radio waves
toward the front of the vehicle 10 and receive radio waves
reflected from an object. The front radar 220 may obtain
radar data from the received radio wave. The radar data may
include location information (e.g., distance information) of
objects located in front of the vehicle 10.

[0091] The front radar 220 may be connected to the
second controller 240 via a vehicle communication network,
a hard wire, or a PCB, and transmit the radar data to the
second controller 240.

[0092] The corner radar 230 may include a first corner
radar 231, a second corner radar 232, a third corner radar
233 and/or a fourth corner radar 234.

[0093] As shown in FIG. 4, the first corner radar 231 may
be mounted on a front left corner of the vehicle 10 to have
a field of view 231a facing the front left side of the vehicle
10. The second corner radar 232 may be mounted on a front
right corner of the vehicle 10 to have a field of view 232a
facing the front right side of the vehicle 10. The third corner
radar 233 may be mounted on a rear left corner of the vehicle
10 to have a field of view 233a facing the rear left side of
the vehicle 10. The fourth corner radar 234 may be mounted
on a rear right corner of the vehicle 10 to have a field of view
234a facing the rear right side of the vehicle 10.

[0094] The first, second, third and fourth corner radars
231, 232, 233 and 234 may transmit radio waves toward the
front left, front right, rear left and rear right sides of the
vehicle 10, respectively, and receive radio waves reflected
from objects. The corner radars 231, 232, 233 and 234 may
obtain radar data from each of the received radio waves. The
radar data may include location information (e.g., distance
information) of objects located in the front left, front right,
rear left and rear right sides of the vehicle 10, respectively.
[0095] Each of the corner radars 231, 232, 233 and 234
may be connected to the second controller 240 via a vehicle
communication network, a hard wire, or a PCB, and transmit
the radar data to the second controller 240.

[0096] The second controller 240 may be electrically
connected to the front camera 210, the front radar 220,
and/or the corner radar 230. Also, the second controller 240
may be connected to the driving device 20, the braking
device 30, the steering device 40, the display device 50, the
audio device 60, and/or the camera monitoring apparatus
100 via a vehicle communication network, etc.

[0097] The second controller 240 may be variously
referred to as an electronic control unit (ECU), and the like,
and include a processor 241, a memory 242 and a commu-
nication module 2. The second controller 240 according to
an exemplary embodiment of the present disclosure may be
a hardware device implemented by various electronic cir-
cuits (e.g., computer, microprocessor, CPU, ASIC, circuitry,
logic circuits, etc.). The second controller 240 may be
implemented by a non-transitory memory storing, e.g., a
program(s), software instructions reproducing algorithms,
etc., which, when executed, provide the functionality of the
processor 241, and the communication module 2.

[0098] The processor 241 may process image data and/or
radar data, and output a control signal for controlling a
movement of the vehicle 10 or proving a warning to a driver
based on processing of the data.

[0099] The processor 241 may include a single chip (or a
core) or a plurality of chips (or cores).
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[0100] For example, the processor 241 may include an
image processor for processing the image data, and detect a
front object of the vehicle 10 based on processing of the
image data. For instance, the processor 241 may generate a
track that represents an object using image processing, and
classify the track. The processor 241 may identify whether
the track is another vehicle, a pedestrian, or an animal.
[0101] For example, the processor 241 may include a
signal processor for processing the radar data, and the signal
processor may generate a track that represents an object by
clustering reflection points of the received ultrasonic wave.
The processor 241 may acquire a distance of the track based
on received radio waves.

[0102] For example, the processor 241 may include a
micro control unit (MCU) outputting a control signal for
controlling a movement of the vehicle 10 or proving a
warning to a driver based on processing of the image data
and/or the radar data. The processor 241 may transmit the
control signal for controlling a movement of the vehicle 10
or proving a warning to a driver to the driving device 20, the
braking device 30, the steering device 40, the display device
50 and/or the audio device 60 via a vehicle communication
network, etc.

[0103] The memory 242 may store a program and/or data
for processing the image data and/or the radar data and
outputting the control signal.

[0104] The memory 242 may include a volatile memory
such as a static random access memory (S-RAM) and
dynamic random access memory (D-RAM), and a non-
volatile memory such as a read only memory (ROM), an
erasable programmable read only memory (EPROM), and
the like. The memory 242 may include a single memory
device or a plurality of memory devices.

[0105] The communication module 2 may communicate
with other electronic components of the vehicle 10 via a
vehicle communication network. The communication mod-
ule 2 may transmit and receive a communication signal with
the driving device 20, the braking device 30, the steering
device 40, the display device 50, the audio device 60 and/or
the camera monitoring apparatus 100.

[0106] The communication module 2 may communicate
with other electronic components of the vehicle 10 using
various communication protocols. For example, the com-
munication module 2 may transmit and receive a commu-
nication signal with the other electronic components of the
vehicle 10 using a controller area network (CAN). The
processor 151 and the communication module 2 may be
implemented as separate semiconductor devices or as a
single integrated semiconductor device.

[0107] As described above, the second controller 240 may
process the image data received from the front camera 210
and/or the radar data received from the radars 220 and 230,
and output a control signal for controlling a movement of the
vehicle 10 or proving a warning to a driver based on
processing of the data.

[0108] Inresponse to arequest for a virtual image from the
camera monitoring apparatus 100, the second controller 240
may generate a first virtual side-view image, a second virtual
side-view image and/or a virtual rear-view image of the
vehicle 10.

[0109] For example, the second controller 240 may iden-
tify whether an object exists on the rear left, rear right and/or
rear sides of the vehicle 10 based on the radar data of the
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corner radar 230, and determine a location of the object
located in the rear left, rear right and/or rear sides of the
vehicle 10.

[0110] The second controller 240 may generate the first
virtual side-view image, the second virtual side-view image
and/or the virtual rear-view image of the vehicle 10 based on
the locations of the objects located in the rear left, rear right
and/or rear sides of the vehicle 10.

[0111] The second controller 240 may transmit the first
virtual side-view image, the second virtual side-view image
and/or the virtual rear-view image to the camera monitoring
apparatus 100 via a vehicle communication network.
[0112] As such, the DAS 200 may cooperate with the
camera monitoring apparatus 100 based on the request from
the camera monitoring apparatus 100.

[0113] FIG. 5 illustrates an example of generating a virtual
side-view image by a DAS of a vehicle according to an
embodiment. FIG. 6 illustrates an example of displaying a
virtual side-view image by a camera monitoring apparatus of
a vehicle according to an embodiment.

[0114] The camera monitoring apparatus 100 may identify
a failure of the side-view camera 110 and/or the rear-view
camera 120. Also, the camera monitoring apparatus 100 may
identify a transmission error of image data. The camera
monitoring apparatus 100 may request the DAS 200 for a
virtual image, based on the failure of the cameras 110 and
120 or the transmission error of image data.

[0115] The DAS 200 may provide the camera monitoring
apparatus 100 with a virtual side-view image and/or a virtual
rear-view image in response to the request from the camera
monitoring apparatus 100.

[0116] The second controller 240 of the DAS 200 may
obtain image data of the front camera 210, and identify a
lane marker distinguishing a lane in which the vehicle 10
travels based on the image data. For example, as shown in
FIG. 5, the second controller 240 may identify whether lane
markers L1 and L2 are broken lines, solid lines, or double
lines (broken line+solid line).

[0117] The second controller 240 may obtain radar data of
the corner radar 230, and identify an object located in the
rear left, rear right and/or rear sides of the vehicle 10 based
on the radar data. For example, as shown in FIG. 5, the
second controller 240 may identify a first object 1 and a
second object 2.

[0118] Also, the second controller 240 may identify rela-
tive positions of the identified objects. The second controller
240 may identify a distance between the vehicle 10 and the
identified object and a direction to the identified object from
the vehicle 10.

[0119] For example, as shown in FIG. 5, the second
controller 240 may identify a relative position of the first
object 1 and a relative position of the second object 2.
[0120] The second controller 240 may render lane markers
based on a type of an identified lane marker and a photo-
graphing direction of the side-view camera 110.

[0121] A three-dimensional (3D) model of vehicle may be
stored in the memory 242 of the second controller 240 in
advance. The second controller 240 may render the 3D
model of the vehicle into a 2D image depending on the
relative positions of the objects.

[0122] The second controller 240 may generate a virtual
image by superimposing or combining the rendered lane
image and the 2D image of object.
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[0123] As shown in FIG. 6, for example, the second
controller 240 may generate a first virtual side-view image
including a rendered left lane image, identified on the left
side of the vehicle 10, and a rendered image of a first object
1 identified on the rear left side of the vehicle 10. Also, the
second controller 240 may generate a second virtual side-
view image including a rendered right lane image, identified
on the right side of the vehicle 10, and a rendered image of
a second object 2 identified on the rear right side of the
vehicle 10.

[0124] The DAS 200 may transmit the generated virtual
image to the camera monitoring apparatus 100 via a vehicle
communication network.

[0125] The camera monitoring apparatus 100 may receive
the virtual side-view image from the DAS 200 and display
the virtual side-view image on the side-view display 130.
For example, as shown in FIG. 6, the camera monitoring
apparatus 100 may display the first virtual side-view image
including the rendered image of the first object 1 on the first
side-view display 131, and display the second virtual side-
view image including the rendered image of the second
object 2 on the second side-view display 132.

[0126] Accordingly, the vehicle 10 may provide a driver
with the side-view image and/or the rear-view image even in
the event of failure of the side-view camera 110 and/or the
rear-view camera 120 or the transmission error of image
data. That is, the vehicle 10 may provide redundancy of the
camera monitoring apparatus 100.

[0127] FIGS. 7 and 8 illustrate examples of displaying a
side-view image by a display device of a vehicle according
to an embodiment.

[0128] The camera monitoring apparatus 100 may identify
a failure of the side-view display 130 and/or the rear-view
display 140. The camera monitoring apparatus 100 may
request the display device 50 of the vehicle 10 for displaying
an image based on the identification of the failure of the
displays 130 and 140, and transmit a side-view image and/or
a rear-view image to the display device 50.

[0129] For example, the camera monitoring apparatus 100
may transmit the side-view image and/or the rear-view
image to the cluster 51. As shown in FIG. 7, the cluster 51
may display the side-view image and/or the rear-view image
received from the camera monitoring apparatus 100.
[0130] For example, the camera monitoring apparatus 100
may transmit the side-view image and/or the rear-view
image to the center fascia monitor 52. As shown in FIG. 8,
the center fascia monitor 52 may display the side-view
image and/or the rear-view image received from the camera
monitoring apparatus 100.

[0131] FIG. 9 illustrates operations to respond to an error
in data transmission or a failure of a camera of a vehicle
according to an embodiment.

[0132] Referring to FIG. 9, the vehicle 10 may display an
image received from the cameras 110 and 120 on the
displays 130 and 140 (1010).

[0133] The camera monitoring apparatus 100 may display
images, received from the side-view camera 110 and/or the
rear-view camera 120, on the side-view display 130 and/or
the rear-view display 140, respectively.

[0134] The vehicle 10 may identify whether a failure of
the cameras 110 and 120 or a transmission error of image is
detected (1020).

[0135] The camera monitoring apparatus 100 may identify
the failure of the cameras 110 and 120 or the transmission
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error of image, based on whether image data is received
from the cameras 110 and 120.

[0136] When the failure of the cameras 110 and 120 or the
transmission error of image is not detected (No in operation
1020), the vehicle 10 may continuously display the image
received from the cameras 110 and 120 on the displays 130
and 140.

[0137] When the failure of the cameras 110 and 120 or the
transmission error of image is detected (Yes in operation
1020), the vehicle 10 may generate a virtual image (1030).
[0138] The camera monitoring apparatus 100 may request
the DAS 200 for the virtual image. The DAS 200 may
provide a virtual side-view image and/or a virtual rear-view
image to the camera monitoring apparatus 100, based on an
output of the front camera 210 and an output of the corner
radar 230.

[0139] The vehicle 10 may display the virtual image on
the displays 130 and 140 (1040).

[0140] The camera monitoring apparatus 100 may display
the virtual side-view image and/or the virtual rear-view
image, received from the DAS 200, on the displays 130 and
140.

[0141] The vehicle 10 may determine whether the failure
of the cameras 110 and 120 or the transmission error of
image continues (1050).

[0142] When the failure of the cameras 110 and 120 or the
transmission error of image continues (Yes in operation
1050), the vehicle 10 may continuously display the virtual
image on the displays 130 and 140.

[0143] When the failure of the cameras 110 and 120 or the
transmission error of image no longer continues (No in
operation 1050), the vehicle 10 may display the image
received from the cameras 110 and 120 on the displays 130
and 140 (1070).

[0144] FIG. 10 illustrates operations to respond to a failure
of a display of a vehicle according to an embodiment.
[0145] Referring to FIG. 10, the vehicle 10 may display an
image received from the cameras 110 and 120 on the
displays 130 and 140 (1110).

[0146] The operation 1110 may be the same as the opera-
tion 1010 illustrated in FIG. 9.

[0147] The vehicle 10 may identify whether a failure of
the displays 130 and 140 is detected (1120).

[0148] The camera monitoring apparatus 100 may identify
whether the displays 130 and 140 fail, based on whether a
periodic signal is received from the displays 130 and 140.
[0149] When the failure of the displays 130 and 140 is not
detected (No in operation 1120), the vehicle 10 may con-
tinuously display the image received from the cameras 110
and 120 on the displays 130 and 140.

[0150] When the failure of the displays 130 and 140 is
detected (Yes in operation 1120), the vehicle 10 may display
the image received from the cameras 110 and 120 on the
display device 50 (1130).

[0151] The camera monitoring apparatus 100 may request
the cluster 51 and/or the center fascia monitor 52 for
displaying an image. Also, the camera monitoring apparatus
100 may transmit the image received from the cameras 110
and 120 to the cluster 51 and/or the center fascia monitor 52.
[0152] The vehicle 10 may determine whether the failure
of the displays 130 and 140 continues (1140).

[0153] When the failure of the displays 130 and 140
continues (Yes in operation 1140), the vehicle 10 may
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continuously display the image received from the cameras
110 and 120 on the display device 50.

[0154] When the failure of the displays 130 and 140 no
longer continues (No in operation 1140), the vehicle 10 may
display the image received from the cameras 110 and 120 on
the displays 130 and 140 (1150).

[0155] FIG. 11 illustrates a configuration of a vehicle
according to an embodiment.

[0156] The vehicle 10 may include the driving device 20,
the braking device 30, the steering device 40, the display
device 50, the audio device 60, and a camera monitoring
apparatus 300.

[0157] Here, the driving device 20, the braking device 30,
the steering device 40, the display device 50, and the audio
device 60 may be the same as the driving device, the braking
device, the steering device, the display device and the audio
device illustrated in FIG. 1.

[0158] The camera monitoring apparatus 300 may include
a side-view camera 310, a rear-view camera 320, a front
camera 330, a front radar 340, a corner radar 350, a
side-view display 360, a rear-view display 370, and a
controller 380.

[0159] Here, the side-view camera 310, the rear-view
camera 320, the front camera 330, the front radar 340, the
corner radar 350, the side-view display 360, and the rear-
view display 370 may be the same as the side-view camera
110, the rear-view camera 120, the front camera 210, the
front radar 220, the corner radar 230, the side-view display
130, and the rear-view display 140 illustrated in FIG. 1.
[0160] The controller 380 may display an image received
from the side-view camera 310 and/or the rear-view camera
320 on the side-view display 360 and/or the rear-view
display 370, respectively.

[0161] When a failure of the cameras 310 and 320 or a
transmission error of image data is detected, the controller
380 may generate a virtual image based on image data of the
front camera 330 and/or radar data of the corner radar 350.
Also, the controller 380 may display the virtual image on the
side-view display 360 and/or the rear-view display 370.
[0162] As described above, the camera monitoring appa-
ratus 300 may be integrated with a DAS. The camera
monitoring apparatus 300 may include an image processor,
and generate a virtual side-view image and/or a virtual
rear-view image based on processing of image data by the
image processor.

[0163] Accordingly, the vehicle 10 may provide redun-
dancy of the camera monitoring apparatus 300.

[0164] As is apparent from the above, according to the
embodiments of the disclosure, the vehicle, the control
method thereof and the camera monitoring apparatus can
secure driver’s safety when a camera system or a commu-
nication system fails.

[0165] According to the embodiments of the disclosure,
the vehicle, the control method thereof and the camera
monitoring apparatus can continuously provide a driver with
information around the vehicle even when a camera system
or a communication system fails.

[0166] Although embodiments have been described for
illustrative purposes, those skilled in the art will appreciate
that various modifications, additions and substitutions are
possible, without departing from the scope and spirit of the
disclosure. Therefore, embodiments have not been described
for limiting purposes.
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What is claimed is:

1. A vehicle, comprising:

a camera monitoring apparatus comprising a side-view
camera having a field of view facing a rear lateral side
of the vehicle, and a side-view display configured to
display a side-view image captured by the side-view
camera; and

a driver assistance system comprising a corner radar
having a field of view facing a side of the vehicle, and
configured to process radar data of the corner radar,

wherein the driver assistance system is configured to
provide the camera monitoring apparatus with a virtual
side-view image based on processing of the radar data
of the corner radar when a failure of the side-view
camera is detected, and

the camera monitoring apparatus is configured to display
the virtual side-view image of the driver assistance
system on the side-view display based on the failure of
the side-view camera.

2. The vehicle of claim 1, wherein the driver assistance
system further comprises a controller configured to process
the radar data of the corner radar, and

the controller is configured to identify a location of an
object around the vehicle based on processing of the
radar data of the corner radar.

3. The vehicle of claim 2, wherein the controller includes

a three-dimensional (3D) model of the object, and

the controller is configured to render the 3D model into a
two-dimensional (2D) image based on the location of
the object.

4. The vehicle of claim 3, wherein the driver assistance
system further comprises a front camera having a field of
view facing a front of the vehicle,

wherein the controller is configured to identify a lane
marker in which the vehicle travels based on processing
of image data of the front camera, and

combine a 2D image of the lane marker and a 2D image
of the object.

5. The vehicle of claim 1, wherein the camera monitoring
apparatus is configured to identify the failure of the side-
view camera, based on failure of reception of image data
from the side-view camera or reception of image data from
the side-view camera which does not conform to a prede-
termined format.

6. The vehicle of claim 1, further comprising a cluster and
a center fascia monitor,

wherein the camera monitoring apparatus is configured to
display the side-view image on at least one of the
cluster and the center fascia monitor based on when a
failure of the side-view display is identified.

7. The vehicle of claim 6, wherein the camera monitoring
apparatus is configured to identify the failure of the side-
view display, based on failure of reception of a periodic
signal from the side-view display.

8. The vehicle of claim 1, wherein the camera monitoring
apparatus further comprises a rear-view camera having a
field of view facing a rear of the vehicle and a rear-view
display configured to display a rear-view image captured by
the rear-view camera,

the driver assistance system is configured to provide the
camera monitoring apparatus with a virtual rear-view
image based on processing of the radar data of the
corner radar when a failure of the rear-view camera is
detected, and
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the camera monitoring apparatus is configured to display
the virtual rear-view image of the driver assistance
system on the rear-view display based on the failure of
the rear-view camera.

9. A control method of a vehicle, the control method
comprising:

displaying, on a side-view display, a side-view image

captured by a side-view camera having a field of view
facing a rear lateral side of the vehicle;

generating a virtual side-view image based on processing

of radar data of a corner radar having a field of view
facing a side of the vehicle based on detection of a
failure of the side-view camera; and

displaying the virtual side-view image on the side-view

display.

10. The control method of claim 9, wherein the generating
of the virtual side-view image comprises identifying a
location of an object around the vehicle based on processing
of the radar data of the corner radar.

11. The control method of claim 10, the generating of the
virtual side-view image further comprises rendering a pre-
stored 3D model of the object into a 2D image based on the
location of the object.

12. The control method of claim 10, wherein the gener-
ating of the virtual side-view image further comprises iden-
tifying a lane marker in which the vehicle travels based on
processing of image data of a front camera having a field of
view facing a front of the vehicle, and

combining a 2D image of the lane marker and a 2D image

of the object.

13. The control method of claim 9, further comprising:

identifying the failure of the side-view camera, based on

failure of reception of image data from the side-view
camera or reception of image data from the side-view
camera which does not conform to a predetermined
format.

14. The control method of claim 9, further comprising:

displaying the side-view image on at least one of a cluster

or a center fascia monitor of the vehicle based on a
failure of the side-view display being identified.

15. The control method of claim 14, further comprising:

identifying the failure of the side-view display, based on

failure of reception of a periodic signal from the
side-view display.

16. The control method of claim 9, further comprising:

displaying, on a rear-view display, a rear-view image

captured by a rear-view camera having a field of view
facing a rear of the vehicle;

generating a virtual rear-view image based on processing

of the radar data of the corner radar when a failure of
the rear-view camera is detected; and

displaying the virtual rear-view image on the rear-view

display based on the failure of the rear-view camera.

17. A camera monitoring apparatus of a vehicle, the
camera monitoring apparatus comprising:

a side-view camera having a field of view facing a rear

lateral side of the vehicle;

a side-view display provided inside the vehicle;

a corner radar having a field of view facing a side of the

vehicle; and

a controller configured to display, on the side-view dis-

play, a side-view image captured by the side-view
camera,



US 2023/0230393 Al

wherein the controller is configured to generate a virtual
side-view image based on processing of radar data of
the corner radar based on a failure of the side-view
camera is detected, and

display the virtual side-view image on the side-view

display.

18. The camera monitoring apparatus of claim 17,
wherein the controller is configured to identify a location of
an object around the vehicle based on processing of the radar
data of the corner radar.

19. The camera monitoring apparatus of claim 18,
wherein the controller includes a 3D model of the object,
and

the controller is configured to render the 3D model into a

2D image based on the location of the object.

20. The camera monitoring apparatus of claim 17,
wherein the controller is configured to display the side-view
image on at least one of a cluster or a center fascia monitor
of the vehicle when a failure of the side-view display is
identified.
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