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(57) ABSTRACT

An Augmented Reality (AR) display device interoperating
with a vehicle and a method for operating the same are
disclosed. An AR display device according to the present
disclosure can recognize an occurrence of a notification
event related to a driving lane based on ADAS sensing data
of the vehicle, map data relating to the current location of the
vehicle, vehicle data, etc., and accordingly display a guid-
ance associated with a lane to be driven, which corresponds
to the notification event, by using a second AR object
separated from a first AR object indicating a current driving
state of the vehicle.
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AR DISPLAY DEVICE FOR VEHICLE AND
METHOD FOR OPERATING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Pursuantto 35 U.S.C. § 119, this application claims
the benefit of earlier filing date and right of prionty to
Korean Application No. 10-2022-0070770, filed on Jun. 10,
2022, and International Application No. PCT/KR2022/
015982, filed on Oct. 19, 2022, the contents of which are all

incorporated by reference herein 1n their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to an Augmented
Reality (AR) display device interoperating with a vehicle, a
method for operating the same, and more specifically, to an
AR display device capable of providing a guide associated
with a lane change of a vehicle through an AR technology
while the vehicle travels, and a method for operating the
same.

BACKGROUND ART

[0003] For safety and convenience of a user who uses a
vehicle, various sensors and devices are disposed at the
vehicle, and functions of the vehicle are diversified. The
tfunctions of the vehicle may be divided 1nto a convenience
function for promoting driver’s convenience, and a safety
function for enhancing safety of the driver and/or pedestri-
ans

[0004] First, the convenience function has a development
motive associated with the driver’s convenience, such as
providing infotainment (information+entertainment) to the
vehicle, supporting a partially autonomous driving function,
or helping the driver ensuring a field of vision at mght or at
a blind spot. For example, the convenience functions may
include various functions, such as an active cruise control
(ACC), a smart parking assist system (SPAS), a mght vision
(NV), a head up display (HUD), an around view monitor
(AVM), an adaptive headlight system (AHS), and the like.

[0005] The safety function of the vehicle 1s a technique of
ensuring safeties of the driver and/or pedestrians, and may
include various functions, such as a lane departure warning
system (LDWS), a lane keeping assist system (LKAS), an
autonomous emergency braking (AEB), and the like.

[0006] Recently, Augmented Reality (AR) that outputs a
graphic object through a windshield of a vehicle or a Head
Up Display (HUD) or additionally outputs a graphic object
to the real world by outputting the graphic object to an 1image
captured by a camera 1s being actively developed. In par-
ticular, the development of technologies for guiding a route
(or path) to a driver by utilizing an augmented reality (AR)
technology 1s further increasing.

[0007] Meanwhile, in the past, even i such an augmented
reality (AR) technology was applied to route guidance
according to an AR driving mode, the existing driving
guidance was displayed in an AR form. For example, driving
direction change guidance was merely output as an AR
image at a fixed position 1n the related art AR driving mode.

[0008] Accordingly, 1t was diflicult to distinguish the AR
image from other AR {features of the AR driving mode,
which caused a limit to providing mtuitive route guidance.

Dec. 14, 2023

In addition, a driver who was inexperienced 1n driving was
limited to driving a vehicle accurately according to the
guidance.

[0009] Furthermore, 1 relation to a lane change of a
vehicle, the related art has provided a lane departure warning
alarm through ADAS or through BSD (blind spot warning
system). However, 1n many cases, this rather causes frequent
alarms or false alarms to interfere with driving. In addition,
a driver inexperienced 1n driving has not recerved much help
in changing lanes or avoiding collisions only by receiving
such warning alarms.

[0010] Therefore, researches for performing a more 1ntui-
tive and complete AR driving mode are required.

DISCLOSURE OF INVENTION

Technical Problem

[0011] The present disclosure 1s directed to solving the
above-mentioned problems and other drawbacks.

[0012] According to some embodiments, an aspect of the
present disclosure 1s to provide an AR display device
capable of performing a more mtuitive and highly complete
AR driving mode, and a method for operating the same.
[0013] According to some embodiments, another aspect of
the present disclosure i1s to provide an AR display device
capable of guiding an mtuitive lane change route through
AR by predicting a possibility of collision when the vehicle
changes a lane to travel, and a method for operating the
same.

[0014] According to some embodiments, another aspect of
the present disclosure i1s to provide an AR display device
capable of providing a notification through an intuitive AR
interface to prevent a vehicle from departing from a lane on
which the vehicle 1s currently traveling, and a method for
operating the same.

[0015] According to some embodiments, another aspect of
the present disclosure i1s to provide an AR display device
capable of providing an AR guide route for a vehicle to
sately passes a preceding vehicle, and a method for operat-
ing the same.

[0016] According to some embodiments, another aspect of
the present disclosure 1s to provide an AR display device
capable of providing an AR notification 1n a more mtuitive
form so as to prevent a vehicle from colliding with an object
in front with which the vehicle 1s likely to collide, and a
method for operating the same.

Solution to Problem

[0017] To this end, an AR display device of a vehicle
according to the present disclosure may display a guide
related to a lane change of a vehicle by varying an AR
graphic interface. To this end, an occurrence of an event
related to a lane on which a vehicle travels, for example, a
lane change, a prediction of lane deviation and departure,
overtaking of a preceding vehicle, etc., may be recognized
based on sensing data of the vehicle, map data, ADAS
sensing data, and the like.

[0018] Specifically, an AR display device according to the
present disclosure may include a communication module
configured to recerve image data including a front image of
the vehicle, location data including a current location of the
vehicle, map data relating to the current location of the
vehicle, and sensing data of the vehicle; a processor con-
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figured to activate a preset application to render an AR
graphic interface overlapping the front image, the AR
graphic interface including a first AR object indicating a
current driving state of the vehicle and a second AR object
indicating a guide for driving based on the current location
of the vehicle and the map data. Also, the AR display device
turther includes a display configured to display a navigation
screen including the front image overlapped by the AR
graphic interface according to the rendering, wherein the
processor 1s further configured to update the AR graphic
interface, 1n response to a notification event related to a
driving lane of the vehicle recognized based on the sensing
data and the current location of the vehicle updated, in a
manner that separating the second AR object from the first
AR object and rendering to change the separated second AR
object into an guide 1mage associate with the driving lane
corresponding to the notification event.

[0019] According to an embodiment, the notification event
related to the driving lane of the vehicle may comprise any
one of changing the driving lane, predicting departure from
the driving lane, overtaking a front object, and detecting a
collision-impending object within a current driving lane or
a lane to be changed.

[0020] According to an embodiment, the sensing data of
the vehicle may include a combination of ADAS sensing
data of the vehicle and one or more of CAN data, GPS

information, and navigation information of the vehicle.

[0021] According to an embodiment, the processor may
update the AR graphic interface, 1n response to a determi-
nation of a change of the driving lane of the vehicle as the
notification event based on the sensing data of the vehicle,
such that the first AR object 1s rendered 1n a current driving
lane of the vehicle on the front image and the separated
second AR object 1s rendered to include a plurality of
trajectories 1images toward a driving lane to be changed as
the guide 1image.

[0022] According to an embodiment, the processor may
detect an object approaching the vehicle based on the
sensing data of the vehicle and the map data relating to the
current location of the vehicle updated, and separate at least
one of the plurality of trajectories images from the separated
second AR object to point a location of the detected object
by the separated at least one trajectory image.

[0023] According to an embodiment, when an object with
a possibility of collision 1s detected in the driving lane to be
changed, the processor may change the plurality of trajec-
tories 1mages to indicate that the driving lane change 1s not
allowed, and update some of the changed trajectories images
to 1ndicate a location of the detected object.

[0024] According to an embodiment, the processor may
update the plurality of trajectories 1mages indicating that the
driving lane change 1s not allowed to be located in the
current driving lane of or a lane to which the driving lane
change 1s not allowed.

[0025] According to an embodiment, the processor may
update, 1n response to prediction of a departure of the
driving lane as the noftification event associated with the
driving lane of the vehicle, the AR graphic interface such
that the first AR object is rendered to 1indicate a driving pose
of the vehicle 1n the current driving lane and the separated
second AR object 1s rendered to include at least one of a first
guide 1image for guiding a change 1n the driving pose of the
vehicle and a second guide 1image for alerting a lane depar-
ture so as for the vehicle to keep the current driving lane.
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[0026] According to an embodiment, the processor 1is
further configured to determine a time point for warning
departure from the driving lane based on a driving speed of
the vehicle, and update the separated second AR object to be
changed 1nto the second guide at a location corresponding to
an predicted lane departure direction at the determined time
point.

[0027] According to an embodiment, the processor may
update the driving pose indicated by the first AR object and
update the separated second AR object to display the first
guide at a center of the driving lane, when deviation within
the driving lane 1s determined to exceed a threshold range.
[0028] According to an embodiment, the processor may
update the separated second AR object to display a plurality
of trajectories 1images indicating an avoidance route and an
overtaking point of a target object, in response to recognition
of the overtaking as the nofification event related to the
driving lane. According to an embodiment, the processor
may render the separated second AR object to be joined with
the first AR object when the driving lane change of the
vehicle 1s completed while the vehicle travels along the
avoidance route, and separate the second AR object from the
first AR object to display the plurality of trajectories images
indicating a location of a lane to return when a current
location of the vehicle approaches the overtaking point of
the target object within a predetermined distance.

[0029] According to an embodiment, during the overtak-
ing, the processor may update the separated second AR
object to keep displaying the plurality of trajectories images
to be driven by the vehicle 1 the separated state until the
vehicle completes the overtaking.

[0030] According to an embodiment, the processor may
update the separated second AR object to include a crossing
point of a lane corresponding to the overtaking point of the
target object and driving speed information for passing the
crossing point between the plurality of trajectories 1mages to
be driven by the vehicle, on the basis of the current location
of the vehicle and driving state of the vehicle.

[0031] According to an embodiment the processor may
calculate, in response to a detection of a front object with a
possibility of collision based on ADAS sensing data of the
vehicle, a location of the detected front object based on the
current location of the vehicle and the ADAS sensing data of
the vehicle, and render an alarm object to be changed
depending on the calculated location overlapping the front
image.

[0032] Alternatively, the above-identified functions per-
formed by the processor of the AR display device may be
performed by one or more processors located outside the AR
display device.

Advantageous Effects of Invention

[0033] Herematfter, effects of an AR display device of a
vehicle and a method for operating the same according to the
present disclosure will be described.

[0034] Inan AR display device and a method for operating
the same according to some embodiments of the present
disclosure, a current location of a vehicle and a predicted
driving situation can be simultaneously guided on a front
image, which 1s calibrated even without separate setting,
using AR objects, thereby providing a more intuitive and
realistic AR guidance to the vehicle.

[0035] Inan AR display device and a method for operating
the same according to some embodiments of the present
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disclosure, possibility of collision can be predicted when the
vehicle changes lanes, so as to notify a driver of whether or
not the lane change 1s allowed, instead of providing a simply
warning notification. A separated AR object can be used to
indicate prohibition of the lane change (non-allowable lane
change) when the lane change 1s not allowed, and to provide
an mtuitive lane change guide route when the lane change 1s
allowed, thereby greatly assisting safe driving and lane
change driving.

[0036] Inan AR display device and a method for operating
the same according to some embodiments of the present
disclosure, a lane departure can be prevented by providing
an intuitive AR interface without driving interruption due to
frequent warning alarms. When overtaking another vehicle
in front, 1t 1s determined whether the vehicle can sately
overtake the another vehicle 1 front, and route and driving
speed for safe overtaking are provided to assist safe and
convenient driving.

[0037] InanAR display device and a method for operating
the same according to some embodiments of the present
disclosure, a detection of a front/rear-side collision-impend-
ing object 1s notified using an mtuitive AR object other than
sound, helping safe driving without interfering with driving
ol a vehicle.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1 1s a diagram illustrating an example of a
vehicle 1n accordance with an embodiment of the present
disclosure.

[0039] FIG. 2 1s a diagram illustrating the vehicle 1n
accordance with the embodiment at various angles.

[0040] FIGS. 3 and 4 are diagrams 1llustrating an mside of
the vehicle i accordance with the embodiment.

[0041] FIGS. 5 and 6 are reference views illustrating
various objects 1n relation to traveling of the vehicle in
accordance with the embodiment.

[0042] FIG. 7 1s a block diagram 1llustrating a vehicle and
an AR display device 1n accordance with an embodiment.
[0043] FIG. 8 1s a detailed block diagram related to a
processor of the AR display device in accordance with the
embodiment.

[0044] FIG. 9 1s a diagram referenced to describe a navi-
gation screen 1n accordance with an embodiment, and

[0045] FIG. 10 1s a diagram referenced to describe an
operation ol generating the navigation screen of FIG. 9.

[0046] FIG. 11 1s a flowchart referenced to describe a

method for displaying an AR graphic interface on the
navigation screen in accordance with the embodiment.

[0047] FIGS. 12A and 12B are diagrams illustrating an

example of the AR graphic interface according to the
embodiment of the present disclosure, which are referenced

to describe separation and combination of first and second
AR objects.

[0048] FIGS. 13A, 13B, and 13C are conceptual views

referenced to explain a method of providing a UX related to
a lane change using an AR graphic interface according to an
embodiment of the present disclosure, and

[0049] FIG. 14 1s a flowchart thereof.

[0050] FIGS. 15A and 15B are conceptual views refer-

enced to explain a method of providing a UX related to lane
keeping using an AR graphic interface according to an
embodiment of the present disclosure, and

[0051] FIG. 16 1s a flowchart thereof.

Dec. 14, 2023

[0052] FIGS. 17A and 17B are conceptual views refer-
enced to explain a method of providing a gmide UX related
to overtaking a preceding vehicle using an AR graphic
interface according to an embodiment of the present disclo-
sure.

[0053] FIG. 18 1s a conceptual view referenced to explain
a method of providing a guide UX related to AES (Auto-
matic Emergency Steering) response using an AR graphic
interface according to an embodiment of the present disclo-
sure.

[0054] FIG. 19 1s a flowchart referenced to explain a
method of providing a UX related to a forward collision
possibility warning using an AR graphic interface according
to an embodiment of the present disclosure.

MODE FOR THE INVENTION

[0055] Heremnafter, embodiments disclosed herein will be
described in detail with reference to the accompanying
drawings, and the same or similar elements are designated
with the same numeral references, regardless of the numer-
als 1n the drawings, and their redundant description will be
omitted. In general, a suthx such as “module” and “unit”
may be used to refer to elements or components. Use of such
a suilix herein 1s merely mtended to facilitate description of
the specification, and the suilix itself 1s not intended to give
any special meaning or function. In describing the present
disclosure, 1f a detailed explanation for a related known
function or construction 1s considered to unnecessarily
divert the gist of the present disclosure, such explanation has
been omitted but would be understood by those skilled in the
art. The accompanying drawings are used to help easily
understand the technical 1dea of the present disclosure and 1t
should be understood that the 1dea of the present disclosure
1s not limited by the accompanying drawings. The 1dea of the
present disclosure should be construed to extend to any
alterations, equivalents and substitutes besides the accom-
panying drawings.

[0056] It will be understood that although the terms {irst,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are generally only used to distinguish one
clement from another.

[0057] It will be understood that when an element 1s
referred to as being “connected with” another element, the
clement can be connected with the another element or
intervening elements may also be present. In contrast, when
an element 1s referred to as being “directly connected with”
another element, there are no intervening elements present.
[0058] A singular representation may include a plural
representation unless i1t represents a definitely different
meaning {rom the context.

[0059] Terms such as “include” or “has” are used herein
and should be understood that they are intended to indicate
an existence of several components, functions or steps,
disclosed 1n the specification, and it 1s also understood that
greater or fewer components, functions, or steps may like-
wise be utilized.

[0060] A vehicle according to an embodiment of the
present disclosure may be understood as a conception
including cars, motorcycles and the like. Hereinafter, the
vehicle will be described based on a car.

[0061] The vehicle according to the embodiment of the
present disclosure may be a conception including all of an
internal combustion engine car having an engine as a power
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source, a hybrid vehicle having an engine and an electric
motor as power sources, an electric vehicle having an
clectric motor as a power source, and the like.

[0062] In the following description, a left side of a vehicle
refers to a left side 1n a dniving direction of the vehicle, and
a right side of the vehicle refers to a right side 1n the driving
direction.

[0063] The term “system” disclosed herein may include at
least one of a server device and a cloud device, but 1s not
limited thereto. For example, a system may include one or
more server devices. As another example, a system may
include one or more cloud devices. As still another example,
a system may be operated by including a server device and
a cloud device together.

[0064] The term “map information™ or “map data™ dis-
closed herein refers to a meaning 1including map 1nforma-
tion, map data, and map-related applications, such as an
image captured through a vision sensor such as a camera, 2D
map information, 3D map mformation, digital twin 3D map,
high-definition map (HD map), and maps in real/virtual
spaces.

[0065] The term “Point of Interest (POI) information™
disclosed herein 1s a point of interest selected based on the
map information or map data, and may include pre-regis-
tered POI information (POI stored i a map of a cloud
server), user-set POI information (e.g., home, school, com-
pany, etc.), driving-related POI information (e.g., destina-
tion, via point, gas station, rest area, parking lot, etc.), and
top search POI information (e.g., POI with recent clicks/
visits, hot places, etc.). This POI information may be
updated i real time based on a current location of the
vehicle.

[0066] The term “front 1mage” disclosed herein 1s
obtained through a vehicle or a vision sensor around the
vehicle, or an AR camera of an AR display device, and for
example, may include an image acquired or projected
through a vision sensor (camera, laser sensor for image, etc.)
while driving the vehicle, a real image 1tself projected on a
windshield of the vehicle, or an 1mage of a virtual space.
That 1s, the front image may refer to a meaning including an
image output through a display, an image projected through
a laser sensor, or a real image 1tself viewed through the
windshield of the vehicle.

[0067] FIGS. 1 and 2 are diagrams 1llustrating the outside
of a vehicle 1n accordance with the embodiment, and FIGS.

3 and 4 are diagrams illustrating the 1nside of the vehicle.

[0068] FIGS. 5 and 6 are reference views illustrating
various objects 1n relation to traveling of the vehicle in
accordance with the embodiment.

[0069] FIG. 7 1s a block diagram 1illustrating the vehicle 1n
accordance with the embodiment. FIG. 7 1s a block diagram
referred for explaining the vehicle according to the embodi-
ment.

[0070] As illustrated in FIGS. 1 to 7, a vehicle 100 may
include wheels turming by a driving force, and a steering
iput device 510 for adjusting a driving (ongoing, moving)
direction of the vehicle 100.

[0071] The vehicle 100 may be an autonomous vehicle.
The vehicle 100 may be switched into an autonomous mode
or a manual mode based on a user input. For example, the
vehicle 100 may be converted from the manual mode 1nto
the autonomous mode or from the autonomous mode 1nto
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the manual mode based on a user input received through a
user itertace apparatus 200 (hereinatter, referred to as ‘user
terminal’).

[0072] The vehicle 100 may be switched into the autono-
mous mode or the manual mode based on driving environ-
ment information. The driving environment information
may be generated based on object mformation provided
from an object detecting apparatus 300. For example, the
vehicle 100 may be switched from the manual mode 1nto the
autonomous mode or from the autonomous mode 1nto the
manual mode based on driving environment information
generated 1n the object detecting apparatus 300. In an
example, the vehicle 100 may be switched from the manual
mode 1nto the autonomous mode or from the autonomous
mode into the manual mode based on driving environment
information recerved through a communication apparatus

400.

[0073] The vehicle 100 may be switched from the manual
mode 1nto the autonomous mode or from the autonomous
module 1nto the manual mode based on information, data or
signal provided from an external device.

[0074] When the vehicle 100 1s driven 1n the autonomous
mode, the autonomous vehicle 100 may be driven based on
an operation system 700. For example, the autonomous
vehicle 100 may be driven based on information, data or
signals generated 1in a driving system 710, a parking exit
system 740 and a parking system 750.

[0075] When the vehicle 100 1s driven 1n the manual
mode, the autonomous vehicle 100 may receive a user input
for driving through a driving control apparatus 500. The
vehicle 100 may be driven based on the user mput recerved
to through the driving control apparatus 500.

[0076] An overall length refers to a length from a front end
to a rear end of the vehicle 100, a width refers to a width of
the vehicle 100, and a height refers to a length from a bottom
of a wheel to a roof. In the following description, an
overall-length direction L. may refer to a direction which 1s
a criterion for measuring the overall length of the vehicle
100, a width direction W may refer to a direction that i1s a
criterion for measuring a width of the vehicle 100, and a
height direction H may refer to a direction that 1s a criterion
for measuring a height of the vehicle 100.

[0077] As illustrated in FIG. 7, the vehicle 100 may
include a user interface apparatus (hereinaiter, referred to as
‘user terminal’) 200, an object detecting apparatus 300, a
communication apparatus 400, a driving control apparatus
500, a vehicle operating apparatus 600, an operation system
700, a navigation system 770, a sensing unit 120, an
interface unit 130, a memory 140, a controller 170 and a
power supply unit 190.

[0078] According to embodiments, the vehicle 100 may
include more components 1n addition to components to be
explained 1n this specification or may not include some of
those components to be explained 1n this specification.

[0079] The user interface apparatus 200 1s an apparatus for
communication between the vehicle 100 and a user. The user
interface apparatus 200 may receive a user input and provide
information generated in the vehicle 100 to the user. The
vehicle 100 may implement user interfaces (Uls) or user
experiences (UXs) through the user interface apparatus
(hereimaftter, referred to as ‘user terminal’) 200.

[0080] The user interface apparatus 200 may include an
input unit 210, an mnternal camera 220, a biometric sensing
unit 230, an output unit 250, and a processor 270. According
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to embodiments, the user interface apparatus 200 may
include more components 1n addition to components to be
explained in this specification or may not include some of
those components to be explained 1n this specification.
[0081] The mput unit 210 may allow the user to nput
information. Data collected in the mput unit 210 may be
analyzed by the processor 270 and processed as a user’s
control command.

[0082] The mput umit 210 may be disposed inside the
vehicle. For example, the input unit 210 may be disposed on
one area of a steering wheel, one area of an instrument panel,
one area of a seat, one area of each pillar, one area of a door,
one area of a center console, one area of a headlining, one
area of a sun visor, one area of a wind shield, one area of a
window or the like.

[0083] The mput umt 210 may include a voice input
module 211, a gesture input module 212, a touch input
module 213, and a mechanical input module 214.

[0084] The audio mput module 211 may convert a user’s
voice 1nput mto an electric signal. The converted electric
signal may be provided to the processor 270 or the controller
170. The audio mput module 211 may include at least one
microphone.

[0085] The gesture input module 212 may convert a user’s
gesture input into an electric signal. The converted electric
signal may be provided to the processor 270 or the controller

170.

[0086] The gesture mnput module 212 may include at least
one of an infrared sensor and an 1mage sensor for detecting
the user’s gesture mput. According to embodiments, the
gesture iput module 212 may detect a user’s three-dimen-
sional (3D) gesture mput. To this end, the gesture input
module 212 may include a light emitting diode outputting a
plurality of infrared rays or a plurality of image sensors.
[0087] The gesture mput module 212 may detect the user’s
3D gesture mput by a time of flight (TOF) method, a
structured light method or a disparity method.

[0088] The touch input module 213 may convert the user’s
touch input 1mnto an electric signal. The converted electric
signal may be provided to the processor 270 or the controller
170.

[0089] The touch mput module 213 may include a touch
sensor for detecting the user’s touch input. According to an
embodiment, the touch mput module 213 may be integrated
with the display module 251 so as to implement a touch
screen. The touch screen may provide an input interface and
an output interface between the vehicle 100 and the user.
[0090] The mechanical input module 214 may include at
least one of a button, a dome switch, a jog wheel, and a jog
switch. An electric signal generated by the mechanical input
module 214 may be provided to the processor 270 or the
controller 170. The mechanical mput module 214 may be
arranged on a steering wheel, a center fascia, a center
console, a cockpit module, a door and the like.

[0091] The internal camera 220 may acquire an internal
image of the vehicle. The processor 270 may detect a user’s
state based on the internal image of the vehicle. The pro-
cessor 270 may acquire information related to the user’s
gaze from the internal image of the vehicle. The processor
270 may detect a user gesture from the internal image of the
vehicle.

[0092] The biometric sensing unit 230 may acquire the
user’s biometric information. The biometric sensing unit
230 may include a sensor for detecting to the user’s bio-
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metric mformation and acquire fingerprint information and
heart rate information regarding the user using the sensor.
The biometric information may be used for user authenti-
cation.

[0093] The output unit 250 may generate an output related
to a visual, audible or tactile signal. The output unit 250 may
include at least one of a display module 251, an audio output
module 252 and a haptic output module 253.

[0094] The display module 251 may output graphic
objects corresponding to various types of information. The
display module 251 may include at least one of a liquid
crystal display (LCD), a thin film transistor-LCD (TFT
LCD), an organic light-emitting diode (OLED), a flexible
display, a three-dimensional (3D) display and an e-ink
display.

[0095] The display module 251 may be inter-layered or
integrated with a touch mput module 213 to implement a
touch screen.

[0096] The display module 251 may be implemented as a
head up display (HUD). When the display module 251 1s
implemented as the HUD, the display module 251 may be
provided with a projecting module so as to output informa-
tion through an 1image which 1s projected on a windshield or
a window.

[0097] The display module 251 may include a transparent
display. The transparent display may be attached to the
windshield or the window. The transparent display may have
a predetermined degree of transparency and output a pre-
determined screen thereon. The transparent display may
include at least one of a thin film electroluminescent
(TFEL), a transparent OLED, a transparent LCD, a trans-
missive transparent display, and a transparent LED display.
The transparent display may have adjustable transparency.
[0098] Meanwhile, the user interface apparatus 200 may
include a plurality of display modules 251a to 2351g.
[0099] The display module 251 may be disposed on one
area ol a steering wheel, one area 521a, 2515, 251e of an
instrument panel, one area 251d of a seat, one area 2511 of
cach pillar, one area 251¢g of a door, one area of a center
console, one area of a headlining or one area of a sun visor,
or implemented on one area 251c¢ of a windshield or one area
251/ of a window.

[0100] The audio output module 252 converts an electric
signal provided from the processor 270 or the controller 170
into an audio signal for output. To this end, the audio output
module 252 may include at least one speaker.

[0101] The haptic output module 253 generates a tactile
output. For example, the haptic output module 253 may
vibrate the steering wheel, a safety belt, a seat 110FL,

110FR, 110RL, 110RR such that the user can recognize such

output.

[0102] The processor (hereinafter, referred to as ‘control-
ler’) 270 may control an overall operation of each unit of the
user interface apparatus 200. According to an embodiment,
the user interface apparatus 200 may include a plurality of
processors 270 or may not include any processor 270.
[0103] When the processor 270 1s not included in the user
interface apparatus 200, the user interface apparatus 200
may operate according to a control of a processor of another
apparatus within the vehicle 100 or the controller 170.
[0104] Meanwhile, the user interface apparatus 200 may
be called as a display apparatus for vehicle. The user
interface apparatus 200 may operate according to the control
of the controller 170.
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[0105] The object detecting apparatus 300 1s an apparatus
for detecting an object located at outside of the vehicle 100.
The object may be a variety ol objects associated with
driving (operation) of the vehicle 100. Referring to FIGS. 5
and 6, an object O may include a traflic lane OB10, another
vehicle OB11, a pedestrian a two-wheeled vehicle OB13,
traflic signals OB14 and OB1S, light, a road, a structure, a
speed hump, a terrain, an animal and the like.

[0106] The lane OB10 may be a driving lane, a lane next
to the driving lane or a lane on which another vehicle comes
in an opposite direction to the vehicle 100. The lanes OB10
may include left and right lines forming a lane.

[0107] The another vehicle OB11 may be a vehicle which
1s moving around the vehicle 100. The another vehicle OB11
may be a vehicle located within a predetermined distance
from the vehicle 100. For example, the another vehicle
OB11 may be a vehicle which moves before or after the
vehicle 100.

[0108] The pedestrian OB12 may be a person located near
the vehicle 100. The pedestrian OB12 may be a person
located within a predetermined distance from the vehicle
100. For example, the pedestrian OB12 may be a person
located on a sidewalk or roadway.

[0109] The two-wheeled vehicle OB12 may refer to a
vehicle (transportation facility) that i1s located near the
vehicle 100 and moves using two wheels. The two-wheeled
vehicle OB12 may be a vehicle that 1s located within a
predetermined distance from the vehicle 100 and has two
wheels. For example, the two-wheeled vehicle OB13 may be
a motorcycle or a bicycle that 1s located on a sidewalk or
roadway.

[0110] The trafhic signals may include a traffic light OB15,
a tratlic sign OB14 and a pattern or text drawn on a road
surface.

[0111] The light may be light emitted from a lamp pro-
vided on another vehicle. The light may be light generated
from a streetlamp. The light may be solar light.

[0112] The road may include a road surface, a curve, an
upward slope, a downward slope and the like.

[0113] The structure may be an object that 1s located near
a road and fixed on the ground. For example, the structure
may include a streetlamp, a roadside tree, a building, an
clectric pole, a traflic light, a bridge and the like.

[0114] 'The terrain may include a mountain, a hill, and the
like.
[0115] Meanwhile, objects may be classified into a mov-

ing object and a fixed object. For example, the moving
object may be a concept mncluding another vehicle and a
pedestrian. The fixed object may be a concept including a
traflic signal, a road and a structure, for example.

[0116] 'The object detecting apparatus 300 may include a
camera 310, a radar 320, a L1iDAR 330, an ultrasonic sensor
340, an infrared sensor 350, and a processor 370.

[0117] According to an embodiment, the object detecting
apparatus 300 may further include other components in
addition to the components described, or may not include
some of the components described.

[0118] The camera 310 may be located on an appropriate
portion outside the vehicle to acquire an external 1mage of
the vehicle. The camera 310 may be a mono camera, a stereo
camera 310q, an around view monitoring (AVM) camera
3106 or a 360-degree camera.

[0119] For example, the camera 310 may be disposed
adjacent to a front windshield within the vehicle to acquire
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a front 1image of the vehicle. Or, the camera 310 may be
disposed adjacent to a front bumper or a radiator grill.
[0120] For example, the camera 310 may be disposed
adjacent to a rear glass within the vehicle to acquire a rear
image of the vehicle. Or, the camera 310 may be disposed
adjacent to a rear bumper, a trunk or a tail gate.

[0121] For example, the camera 310 may be disposed
adjacent to at least one of side windows within the vehicle
to acquire a side 1image of the vehicle. Or, the camera 310
may be disposed adjacent to a side mirror, a fender or a door.
[0122] The camera 310 may provide an acquired image to
the processor 370.

[0123] The radar 320 may include electric wave transmiut-
ting and receiving portions. The radar 320 may be imple-
mented as a pulse radar or a continuous wave radar accord-
ing to a principle of emitting electric waves. The radar 320
may be implemented 1n a frequency modulated continuous
wave (FMCVV) manner or a frequency shift Keyong (FSK)
manner according to a signal wavelform, among the con-
tinuous wave radar methods.

[0124] The radar 320 may detect an object in a time of
flight (TOF) manner or a phase-shiit manner through the
medium of the electric wave, and detect a position of the
detected object, a distance from the detected object and a
relative speed with the detected object.

[0125] The radar 320 may be disposed on an appropriate
position outside the vehicle for detecting an object which 1s
located at a front, rear or side of the vehicle.

[0126] The LiDAR 330 may include laser transmitting and
receiving portions. The LiDAR 330 may be implemented in
a time of flight (TOF) manner or a phase-shiit manner.
[0127] The LiDAR 330 may be implemented as a drive
type or a non-drive type.

[0128] For the drive type, the LiIDAR 330 may be rotated
by a motor and detect object near the vehicle 100.

[0129] For the non-drive type, the LiDAR 330 may detect,
through light steering, objects which are located within a
predetermined range based on the vehicle 100. The vehicle
100 may include a plurality of non-drive type LiDARs 330.
[0130] The LiDAR 330 may detect an object in a TOP
manner or a phase-shiit manner through the medium of a
laser beam, and detect a position of the detected object, a
distance from the detected object and a relative speed with
the detected object.

[0131] The LiDAR 330 may be disposed on an appropriate
position outside the vehicle for detecting an object located at
the front, rear or side of the vehicle.

[0132] The ultrasonic sensor 340 may include ultrasonic
wave transmitting and receiving portions. The ultrasonic
sensor 340 may detect an object based on an ultrasonic
wave, and detect a position of the detected object, a distance
from the detected object and a relative speed with the
detected object.

[0133] The ultrasonic sensor 340 may be disposed on an
appropriate position outside the vehicle for detecting an
object located at the front, rear or side of the vehicle.
[0134] The infrared sensor 350 may include infrared light
transmitting and receiving portions. The infrared sensor 340
may detect an object based on infrared light, and detect a
position of the detected object, a distance from the detected
object and a relative speed with the detected object.
[0135] The infrared sensor 350 may be disposed on an
appropriate position outside the vehicle for detecting an
object located at the front, rear or side of the vehicle.
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[0136] The processor 370 may control an overall operation
ol each unit of the object detecting apparatus 300.

[0137] The processor 370 may detect an object based on
an acquired 1mage, and track the object. The processor 370
may execute operations, such as a calculation of a distance
from the object, a calculation of a relative speed with the
object and the like, through an image processing algorithm.
[0138] The processor 370 may detect an object based on a
reflected electromagnetic wave which an emitted electro-
magnetic wave 1s reflected from the object, and track the
object. The processor 370 may execute operations, such as
a calculation of a distance from the object, a calculation of
a relative speed with the object and the like, based on the
clectromagnetic wave.

[0139] The processor 370 may detect an object based on a
reflected laser beam which an emitted laser beam 1s reflected
from the object, and track the object. The processor 370 may
execute operations, such as a calculation of a distance from
the object, a calculation of a relative speed with the object
and the like, based on the laser beam.

[0140] The processor 370 may detect an object based on a
reflected ultrasonic wave which an emitted ultrasonic wave
1s reflected from the object, and track the object. The
processor 370 may execute operations, such as a calculation
ol a distance from the object, a calculation of a relative speed
with the object and the like, based on the ultrasonic wave.
[0141] The processor 370 may detect an object based on
reflected infrared light which emitted infrared light 1s
reflected from the object, and track the object. The processor
370 may execute operations, such as a calculation of a
distance from the object, a calculation of a relative speed
with the object and the like, based on the inirared light.
[0142] According to an embodiment, the object detecting
apparatus 300 may include a plurality of processors 370 or
may not include any processor 370. For example, each of the
camera 310, the radar 320, the LiDAR 330, the ultrasonic
sensor 340 and the infrared sensor 350 may include the
processor 1 an individual manner.

[0143] When the processor 370 1s not included i the
object detecting apparatus 300, the object detecting appara-
tus 300 may operate according to the control of a processor
of an apparatus within the vehicle 100 or the controller 170.
[0144] The object detecting apparatus 400 may operate
according to the control of the controller 170.

[0145] The communication apparatus 400 1s an apparatus
for performing communication with an external device.
Here, the external device may be another vehicle, a mobile
terminal or a server.

[0146] The communication apparatus 400 may perform
the communication by including at least one of a transmit-
ting antenna, a receiving antenna, and a radio frequency
(RF) circuit and an RF element in which various commu-
nication protocols are executable.

[0147] The communication apparatus 400 may include a
short-range communication unit 410, a location information
unit 420, a V2X communication unit 430, an optical com-
munication unit 440, a broadcast transceiver 450 and a
processor 470.

[0148] According to an implementation, the communica-
tion apparatus 400 may further include other components in
addition to the components described, or may not include
some of the components described.

[0149] The short-range commumnication unit 410 1s a unit
for facilitating short-range communications. Suitable tech-
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nologies for implementing such short-range communica-
tions may include Bluetooth™, Radio Frequency IDentifi-
cation (RFID), Infrared Data Association (IrDA), Ultra-
WideBand (UWB), ZigBee, Near Field Communication
(NFC), Wireless-Fidelity (Wi-F1), Wi-Fi1 Direct, Wireless
USB (Wireless Universal Serial Bus), and the like.

[0150] The short-range communication unit 410 may con-
struct short-range area networks to perform short-range
communication between the vehicle 100 and at least one
external device.

[0151] The location mformation unit 420 1s a unit for
acquiring position mnformation. For example, the location
information unit 420 may include a Global Positioning
System (GPS) module or a Differential Global Positioning

System (DGPS) module.

[0152] The V2X communication unit 430 1s a unit for
performing wireless communications with a server (Vehicle
to Infra; V2I), another vehicle (Vehicle to Vehicle; V2V), or
a pedestrian (Vehicle to Pedestrian; V2P). The V2X com-
munication unit 430 may include an RF circuit implement-
ing a communication protocol with the fra (V2I), a com-
munication protocol between the vehicles (V2V) and a
communication protocol with a pedestrian (V2P).

[0153] The optical communication unit 440 1s a unit for
performing communication with an external device through
the medium of light. The optical communication unit 440
may include an optical transmission part for converting an
clectric signal into an optical signal and transmitting the
optical signal to the outside, and an optical reception part for
converting the recetved optical signal into the electric signal.

[0154] According to an embodiment, the light-emitting
diode may be integrated with lamps provided on the vehicle
100.

[0155] The broadcast transceirver 450 may be a unit for

receiving a broadcast signal from an external broadcast
managing entity or transmitting a broadcast signal to the
broadcast managing entity via a broadcast channel. The
broadcast channel may include a satellite channel, a terres-
trial channel, or both. The broadcast signal may include a
TV broadcast signal, a radio broadcast signal, and a data
broadcast signal.

[0156] The processor 470 may control an overall operation
of each unit of the communication apparatus 400.

[0157] According to an embodiment, the communication
apparatus 400 may include a plurality of processors 470 or
may not include any processor 470.

[0158] When the processor 470 1s not included in the
communication apparatus 400, the communication appara-
tus 400 may operate according to the control of a processor
ol another device within the vehicle 100 or the controller

170.

[0159] Meanwhile, the communication apparatus 400 may
implement a display apparatus for a vehicle together with
the user mtertace apparatus 200. In this instance, the display
device for the vehicle may be referred to as a telematics
apparatus or an Audio Video Navigation (AVN) apparatus.

[0160] The communication apparatus 400 may operate
according to the control of the controller 170.

[0161] The driving control apparatus 500 1s an apparatus
for receiving a user mput for driving.

[0162] Ina manual mode, the vehicle 100 may be operated
based on a signal provided by the driving control apparatus
500.
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[0163] The driving control apparatus 500 may include a
steering input device 510, an acceleration input device 330
and a brake mput device 570.

[0164] The steering input device 510 may receive an input
regarding a driving (ongoing) direction of the vehicle 100
from the user. The steering input device 510 1s preferably
configured in the form of a wheel allowing a steering 1nput
in a rotating manner. According to some embodiments, the
steering mput device may also be configured 1n a shape of
a touch screen, a touch pad or a button.

[0165] The acceleration mput device 530 may receive an
input for accelerating the vehicle 100 from the user. The
brake mput device 570 may recerve an iput for braking the
vehicle 100 from the user. Each of the acceleration input
device 530 and the brake input device 570 1s preferably
configured in the form of a pedal. In some implementations,
the acceleration input device or the brake mnput device may
also be configured in a shape of a touch screen, a touch pad
or a button.

[0166] The driving control apparatus 500 may operate
according to the control of the controller 170.

[0167] The vehicle operating apparatus 600 1s an appara-
tus for electrically controlling operations of various devices

within the vehicle 100.

[0168] The vehicle operating apparatus 600 may include a
power train operating unit 610, a chassis operating unit 620,
a door/'window operating unit 630, a safety apparatus oper-
ating unit 640, a lamp operating umt 650, and an air-
conditioner operating unit 660.

[0169] According to an embodiment, the communication
apparatus 600 may further include other components 1n
addition to the components described, or may not 1nclude
some of the components described.

[0170] In some examples, the vehicle operating apparatus
600 may include a processor. Each unit of the vehicle
operating apparatus 600 may individually include a proces-
SOF.

[0171] The power train operating unit 610 may control an
operation of a power train device.

[0172] The power train operating unit 610 may include a
power source operating portion 611 and a gearbox operating,
portion 612.

[0173] The power source operating portion 611 may per-
form a control for a power source of the vehicle 100.

[0174] For example, upon using a fossil fuel-based engine
as the power source, the power source operating portion 611
may perform an electronic control for the engine. Accord-
ingly, an output torque and the like of the engine can be
controlled. The power source operating portion 611 may
adjust the engine output torque according to the control of
the controller 170.

[0175] For example, upon using an electric energy-based
motor as the power source, the power source operating
portion 611 may perform a control for the motor. The power
source operating portion 611 may adjust a rotating speed, a
torque and the like of the motor according to the control of
the controller 170.

[0176] The gearbox operating portion 612 may perform a
control for a gearbox. The gearbox operating portion 612
may adjust a state of the gearbox. The gearbox operating
portion 612 may change the state of the gearbox 1nto drive

(forward) (D), reverse (R), neutral (N) or parking (P).
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[0177] Meanwhile, when an engine 1s the power source,
the gearbox operating portion 612 may adjust a locked state
of a gear 1n the drive (D) state.

[0178] The chassis operating unit 620 may control an
operation of a chassis device. The chassis operating unit 620
may include a steering operating portion 621, a brake
operating portion 622 and a suspension operating portion
623.

[0179] The steering operating portion 621 may perform an
clectronic control for a steering apparatus within the vehicle
100. The steering operating portion 621 may change a
driving direction of the vehicle.

[0180] The brake operating portion 622 may perform an
clectronic control for a brake apparatus within the vehicle
100. For example, the brake operating portion 622 may
control an operation of brakes provided at wheels to reduce

speed of the vehicle 100.

[0181] Meanwhile, the brake operating portion 622 may
individually control each of a plurality of brakes. The brake
operating portion 622 may diflerently control braking force
applied to each of a plurality of wheels.

[0182] The suspension operating portion 623 may perform
an electronic control for a suspension apparatus within the
vehicle 100. For example, the suspension operating portion
623 may control the suspension apparatus to reduce vibra-
tion of the vehicle 100 when a bump 1s present on a road.
Meanwhile, the suspension operating portion 623 may 1ndi-
vidually control each of a plurality of suspensions.

[0183] The door/window operating unit 630 may perform
an electronic control for a door apparatus or a window
apparatus within the vehicle 100.

[0184] The door/window operating unit 630 may include
a door operating portion 631 and a window operating
portion 632.

[0185] The door operating portion 631 may perform the
control for the door apparatus. The door operating portion
631 may control opening or closing of a plurality of doors
of the vehicle 100. The door operating portion 631 may
control opening or closing of a trunk or a tail gate. The door
operating portion 631 may control opening or closing of a
sunroof.

[0186] The window operating portion 632 may perform
the electronic control for the window apparatus. The win-
dow operating portion 632 may control opening or closing
of a plurality of windows of the vehicle 100.

[0187] The safety apparatus operating unit 640 may per-
form an electronic control for various safety apparatuses
within the vehicle 100.

[0188] The safety apparatus operating unit 640 may
include an airbag operating portion 641, a seatbelt operating
portion 642 and a pedestrian protecting apparatus operating
portion 643.

[0189] The airbag operating portion 641 may perform an
clectronic control for an airbag apparatus within the vehicle
100. For example, the airbag operating portion 641 may
control the airbag to be deployed upon a detection of a risk.
[0190] The seatbelt operating portion 642 may perform an
clectronic control for a seatbelt apparatus within the vehicle
100. For example, the seatbelt operating portion 642 may
control passengers to be motionlessly seated in seats 110FL,
110FR, 110RL, 110RR using seatbelts upon a detection of a
risk.

[0191] The pedestrian protection apparatus operating por-
tion 643 may perform an electronic control for a hood lift
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and a pedestrian airbag. For example, the pedestrian pro-
tection apparatus operating portion 643 may control the
hood lift and the pedestrian airbag to be open up upon
detecting pedestrian collision.

[0192] The lamp operating unit 650 may perform an

clectronic control for various lamp apparatuses within the
vehicle 100.

[0193] The air-conditioner operating unit 660 may per-
form an electronic control for an air conditioner within the
vehicle 100. For example, the air-conditioner operating unit
660 may control the air conditioner to supply cold air into
the vehicle when internal temperature of the vehicle 1s high.

[0194] The vehicle operating apparatus 600 may include a
processor. Each unit of the vehicle operating apparatus 600
may individually include a processor.

[0195] The vehicle operating apparatus 600 may operate
according to the control of the controller 170.

[0196] The operation system 700 1s a system that controls
various driving modes of the vehicle 100. The operation
system 700 may operate in an autonomous driving mode.

[0197] The operation system 700 may include a driving

system 710, a parking exit system 740 and a parking system
750.

[0198] According to an embodiment, the communication
apparatus 700 may further include other components 1n
addition to the components described, or may not 1nclude
some of the components described.

[0199] Meanwhile, the operation system 700 may include
a processor. Each unit of the operation system 700 may
individually include at least one processor.

[0200] According to embodiments, the operation system
may be a sub concept of the controller 170 when 1t 1s
implemented 1n a software configuration.

[0201] Meanwhile, according to implementation, the
operation system 700 may be a concept including at least
one of the user interface apparatus 200, the object detecting
apparatus 300, the communication apparatus 400, the
vehicle operating apparatus 600, and the controller 170.

[0202] The driving system 710 may perform driving of the
vehicle 100.
[0203] The drniving system 710 may receive navigation

information from a navigation system 770, transmit a con-
trol signal to the vehicle operating apparatus 600, and
perform driving of the vehicle 100. The driving system 710
may receive object information from the object detecting
apparatus 300, transmit a control signal to the vehicle
operating apparatus 600 and perform driving of the vehicle
100. The driving system 710 may receive a signal from an
external device through the communication apparatus 400,

transmit a control signal to the vehicle operating apparatus
600, and perform driving of the vehicle 100.

[0204] The parking exit system 740 may perform an exit
of the vehicle 100 from a parking lot.

[0205] The parking exit system 740 may receirve naviga-
tion information from the navigation system 770, transmit a
control signal to the vehicle operating apparatus 600, and
perform the exit of the vehicle 100 from the parking lot. The
parking exit system 740 may receive object information
from the object detecting apparatus 300, transmit a control
signal to the vehicle operating apparatus 600 and perform
the exit of the vehicle 100 from the parking lot. The parking,
exit system 740 may receive a signal from an external device
through the communication apparatus 400, transmit a con-
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trol signal to the vehicle operating apparatus 600, and
perform the exit of the vehicle 100 from the parking lot.

[0206] The parking system 750 may perform parking of
the vehicle 100.

[0207] The parking system 750 may receive navigation
information from the navigation system 770, transmit a
control signal to the vehicle operating apparatus 600, and
park the vehicle 100. The parking system 750 may receive
object mnformation from the object detecting apparatus 300,
transmit a control signal to the vehicle operating apparatus
600 and park the vehicle 100. The parking system 750 may
receive a signal from an external device through the com-
munication apparatus 400, transmit a control signal to the
vehicle operating apparatus 600, and park the vehicle 100.

[0208] Thenavigation system 770 may provide navigation
information. The navigation information may include at
least one of map information, information regarding a set
destination, path information according to the set destina-
tion, mnformation regarding various objects on a path, lane
information and current location information of the vehicle.

[0209] The navigation system 770 may include a memory
and a processor. The memory may store the navigation
information. The processor may control an operation of the
navigation system 770.

[0210] According to embodiments, the navigation system
770 may update prestored information by receiving infor-
mation from an external device through the communication
apparatus 400.

[0211] According to embodiments, the navigation system
770 may be classified as a sub component of the user
interface apparatus 200.

[0212] The sensing unit 120 may sense a status of the
vehicle. The sensing unit 120 may 1nclude a posture sensor
(e.g., a yaw sensor, a roll sensor, a pitch sensor, etc.), a
collision sensor, a wheel sensor, a speed sensor, a tilt sensor,
a weight-detecting sensor, a heading sensor, a gyro sensor,
a position module, a vehicle forward/backward movement
sensor, a battery sensor, a fuel sensor, a tire sensor, a steering,
sensor by a turn of a handle, a vehicle internal temperature
sensor, a vehicle internal humidity sensor, an ultrasonic
sensor, an illumination sensor, an accelerator position sen-
sor, a brake pedal position sensor, and the like.

[0213] The sensing unit 120 may acquire sensing signals
with respect to vehicle-related information, such as a pose,
a collision, an orientation, a position (GPS information), an
angle, a speed, an acceleration, a tilt, a forward/backward
movement, a battery, a fuel, tires, lamps, internal tempera-
ture, internal humidity, a rotated angle of a steering wheel,
external i1llumination, pressure applied to an accelerator,
pressure applied to a brake pedal and the like.

[0214] The sensing unit 120 may further include an accel-
erator sensor, a pressure sensor, an engine speed sensor, an
air flow sensor (AFS), an air temperature sensor (AlS), a
water temperature sensor (WTS), a throttle position sensor

(TPS), a TDC sensor, a crank angle sensor (CAS), and the
like.

[0215] The interface unit 130 may serve as a path allowing
the vehicle 100 to interface with various types of external
devices connected thereto. For example, the interface unit
130 may be provided with a port connectable with a mobile
terminal, and connected to the mobile terminal through the
port. In this mnstance, the interface umt 130 may exchange
data with the mobile terminal.
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[0216] In some examples, the interface umt 130 may serve
as a path for supplying electric energy to the connected
mobile terminal. When the mobile terminal i1s electrically
connected to the interface unit 130, the interface unit 130
supplies electric energy supplied from a power supply unit
190 to the mobile terminal according to the control of the
controller 170.

[0217] The memory 140 1s electrically connected to the
controller 170. The memory 140 may store basic data for
units, control data for controlling operations of units and
input/output data. The memory 140 may be a variety of
storage devices, such as ROM, RAM, EPROM, a flash drive,
a hard drive and the like 1n a hardware configuration. The
memory 140 may store various data for overall operations of
the vehicle 100, such as programs for processing or con-
trolling the controller 170.

[0218] According to embodiments, the memory 140 may
be integrated with the controller 170 or implemented as a
sub component of the controller 170.

[0219] The controller 170 may control an overall opera-
tion of each unit of the vehicle 100. The controller 170 may
be referred to as an Electronic Control Unit (ECU).

[0220] The power supply unit 190 may supply power
required for an operation of each component according to
the control of the controller 170. Specifically, the power
supply unit 190 may receive power supplied from an internal
battery of the vehicle, and the like.

[0221] At least one processor and the controller 170
included 1n the vehicle 100 may be implemented using at
least one of application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers,
micro controllers, microprocessors, and electric units per-
forming other functions.

[0222] Meanwhile, an AR display device 800 according to
the present disclosure may display an AR graphic interface
indicating a driving state of a vehicle 100 on a front 1mage
of the vehicle 100 (or a windshield of the vehicle) in real
time through AR merging, on the basis of navigation infor-
mation of the vehicle 100 and data received from an AR
camera.

[0223] To this end, the AR display device 800 includes a
communication module 810 for communicating with other
devices/systems, servers, and vehicles, a processor 820 for
controlling overall operations of the AR display device 800,
and a display 830 for displaying a navigation screen includ-
ing a front image upon which an AR graphic interface is
rendered.

[0224] The communication module 810 may receive
image data including a front image of the vehicle, location
data including a current location of the vehicle, and map data
of the vehicle including a map relating to the current location
of the vehicle.

[0225] The term ‘front image’ or ‘driving image’ disclosed
herein refers to an 1image captured through a camera sensor
(or including smart glass having such a function) in a
direction 1n which the vehicle 1s moving. This term may also
refer to an 1mage reflected on an LCD screen through the
camera sensor, a real space image shown on a windshield/
dashboard and/or a digital twin 3D image.

[0226] The term ‘navigation screen including the front
image (or driving image)’ disclosed herein may mean that a
front image implemented 1n the form of one of a front image
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captured through a camera of a vehicle, an 1mage reflected
on an LCD screen, a real space image shown on a wind-
shield, etc., and/or a digital twin 3D image 1s layered on a
navigation screen generated based on a current location and
navigation information.

[0227] The navigation screen may be an AR navigation
screen to which an AR technology 1s applied.

[0228] In addition, the term ‘AR graphic interface” dis-
closed herein 1s a graphic user interface to which an aug-
mented reality (AR) technology 1s applied, and AR merging
of the AR graphic interface 1s performed on a front image of
a vehicle 1n real time.

[0229] The AR graphic interface in this disclosure may be
an AR graphic image representing a current driving state of
the vehicle. In addition, the AR graphic interface disclosed
herein may be an AR graphic image that further indicates a
guide for a driving situation of the vehicle simultaneously
with the current driving state of the vehicle. At this time, the
guide for the driving situation of the vehicle 1s displayed on
the front 1mage of the vehicle at a predetermined distance
and/or a predetermined time ahead of the corresponding
driving situation. In addition, the AR graphic interface
disclosed herein may be an AR graphic image that moves
according to a current driving state of the vehicle and/or a
driving situation of the vehicle.

[0230] Referring to FIG. 7, the AR display device 800
according to the embodiment of the present disclosure may
be implemented as a part of an electrical component or
system of the vehicle 100, or may be implemented as a
separate independent device or system. Alternatively, the AR
display device 800 may be implemented 1n the form of a
program including instructions operated by a processor such
as a user terminal of the vehicle 100 or the like.

[0231] The AR display device 800 may communicate with
the vehicle 100, other devices, and/or servers to receive a
front 1image of the vehicle acquired through an AR camera
and sensing data acquired through sensors (e.g., a gyro-
SCOpIC sensor, an acceleration sensor, a gravity sensor, a
geomagnetic sensor, a temperature sensor, etc.) provided 1n
the vehicle.

[0232] The AR display device 800 may operate a preset
application, for example, an (AR) navigation application.
[0233] The AR display device 800 may render an AR
graphic interface, which represents the current driving state
of the vehicle based on map data (e.g., a map relating to a
current location of the wvehicle, route nformation, POI
information, etc.) of the vehicle, sensing data, and a front
image obtained by a camera, and provide the rendered AR
graphic interface to an AR GUI surface and an AR camera
surface of the navigation application in real time.

[0234] The AR display device 800 may render an AR
object separated from the AR graphic interface to provide
(indicate, display) a gmde for a driving situation of the
vehicle, based on the map data (e.g., the route information,
the POI information, etc.), the sensing data, and the front
image obtained by the camera, and provide the rendered AR
object to the AR GUI surface and the AR camera surface of
the navigation application in real time.

[0235] In this case, the separated AR object may be named
‘second AR object’, and the remaining part of the AR
graphic interface after the second AR object 1s separated
may be named ‘first AR object’. That 1s, 1t can be said that
the AR graphic interface includes the first AR object dis-
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playing the current driving state of the vehicle and the
second AR object displaying the guide for the driving
situation of the vehicle.

[0236] Heremafter, FIG. 8 1s a detailed block diagram

related to a processor 820 of the AR display device 800 in
accordance with the embodiment.

[0237] The conceptual diagram illustrated in FIG. 8 may
include a configuration related to operations performed by
the processor 820 of the AR display device 800 and infor-
mation, data, and programs used for the operations. In this
aspect, the block diagram 1llustrated 1n FIG. 8 may also be
used to mean a service provided through the processor 820
and/or a system executed/implemented by the processor
820. Herematter, for convenience of explanation, 1t will be
referred to as the processor 820.

[0238] FIG. 9 1s a diagram referenced to describe a navi-
gation screen 1n accordance with an embodiment, and FIG.
10 1s a diagram referenced to describe an operation of
generating the navigation screen of FIG. 9.

[0239] Referring to FIG. 8, the processor 820 may include
a navigation engine 910, an augmented reality (AR) engine
920, a navigation application 930, and a sensor and map 940
or may interoperably drive such components.

[0240] The navigation engine 910 may receive map data
and location data (e.g. GPS data) from a vehicle or the like.
The navigation engine 910 may perform map matching
based on the map data and the GPS data. The navigation
engine 910 may perform route planning according to the
map matching. The navigation engine 910 may display a
map and perform route guidance. The navigation engine 910
may provide route guidance information to the navigation
application 930.

[0241] The navigation engine 910 may include a naviga-
tion controller 911. The navigation controller 911 may
receive map matching data, map display data, and route
guidance data.

[0242] The navigation controller 911 may provide route
data, point of interest (POI) data, and the like to the AR
engine 920 based on the received map matching data, map
display data, and route guidance data.

[0243] The navigation controller 911 may provide the
route guidance data and a map display frame to the navi-
gation application 930.

[0244] The AR engine 920 may include an adapter 921
and a renderer 922. The adapter 921 may recerve front image
data acquired from a camera (e.g., AR camera), and sensing
data acquired from sensors of the vehicle, for example,
gyroscopic sensor (Gyroscope), an accelerometer sensor
(Accelerometer), a gravity sensor (Gravity), and a geomag-
netic sensor (Magnetometer), and/or a temperature sensor
(Thermometer).

[0245] The AR engine 920 may receive sensing data
acquired from an ADAS sensor (e.g., camera, radar, lidar,
ultrasound, or sonar). For example, the AR engine 920 may
acquire driving-related sensing data, such as a driving direc-

tion and speed, a distance from a lane, and the like, as
sensing data through the ADAS sensor.

[0246] The AR engine 920 may receirve high-definition

(HD) map data and a program related to the HD map data.
Here, the high-definition map (HD Map) 1s a map {for
providing information related to detailed roads and sur-
rounding terrains to an autonomous vehicle 1n advance, and
has an accuracy within an error range of about 10 cm. The
HD map also stores, 1n a 3D digital form, traflic lights, signs,
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curbs, road marks, and various structures as well as lane-unit
information such as road centerlines and boundary lines.
[0247] The AR engine 920 may receive acquired sensing
data, received data, control data, and related programs from
a Telematics Control Unit (TCU) (e.g., third-party service,
V2X, ITS communication, etc.).

[0248] The TCU of the sensor and map 940 1s a commu-
nication control device mounted on the vehicle, and may
perform communication with, for example, a vehicle to
everything (V2X), which 1s a communication technology of
communicating with various elements on roads for autono-
mous vehicles, (e.g., situation data collectible through V2V
and V2I), and Intelligent Transport Systems (I'TS) or Coop-
erative Intelligent Transport Systems (C-ITS), which are
cooperative mtelligent transport system technologies.
[0249] The AR engine 920 may perform calibration on a
front image based on data provided from a calibration factor
database (DB). The AR engine 920 may perform object
detection based on front image data and route data. The AR
engine 920 may perform prediction and interpolation based
on the detected object.

[0250] The renderer 922 may perform rendering based on
the route data, the POI data, and result data of the prediction
and interpolation. The renderer 922 may provide an AR
graphical user interface (GUI) frame and an AR camera
frame to the navigation application 930.

[0251] The navigation application 930 may generate an
AR navigation screen 900.

[0252] According to the embodiment of FIG. 8, the pro-
cessor 820 of the AR display device 800 includes the
navigation engine 910, the AR engine 920 and the naviga-
tion application 930. Alternatively, the processor 820 may
include the AR engine 920 only. In other words, the AR
engine 920 only may be executed by the processor 820, and
the navigation engine 910 and the navigation application
930 may be executed by one or more processors outside the
AR display device 800. Further alternatively, even the AR
engine 920 also may be executed by one or more processors
outside the AR display device 800. In this alternative scene,
the AR display device 800 may only perform receiving
rendered 1images and displaying them on the display 830. IT
necessary, the AR display device 800 may convert the
rendered 1images suitably for a form factor of the AR display
device 800 or decrypt the encrypted rendered 1images. When
the situation corresponding to the condition

[0253] Referring to FIG. 9, the AR navigation screen 900
may include a navigation map surface 901, an AR camera
surface 902, an AR GUI surface 903, and a navigation GUI
surface 904.

[0254] The navigation application 930 may create the
navigation map surface 901 based on the map display frame
provided from the navigation controller 911. The navigation
application 930 may create the AR camera surface 902 based
on the AR camera frame provided from the renderer 922.
The navigation application 930 may create the AR GUI
surface 903 based on the AR GUI frame provided from the
renderer 922. The navigation application 930 may generate
the navigation GUI surface 904 based on the route guidance
data provided from the navigation controller 911.

[0255] Referring to FIGS. 8 and 10 together, when the

navigation application 930 is driven, the navigation appli-

cation 930 may generate the navigation map surface 901, the
AR camera surface 902, the AR GUI surface 903, and the

navigation GUI surface 904.
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[0256] The nawvigation application 930 may provide
parameters of the AR camera surface 902 and parameters of
the AR GUI surface 903 to the AR engine 920.

[0257] The AR engine 920 may register a callback tunc-
tion to receive front image data from a camera server 1001.
The camera server 1001 may be understood as a concept
included 1 a memory of the AR display device 800, for
example.

[0258] The AR engine 920 may receive and crop the front
image data. Cropping may include adjusting a size or
position of an i1mage, editing a partial region, adjusting
transparency, and the like. The navigation application 930
may display the cropped front image on the AR camera
surface 902. The AR engine 920 may perform AR merging
in real time. Also, the navigation application 930 may

display an AR GUI on the AR GUI surface 903 based on the
cropped front 1mage.

[0259] FIG. 11 1s a flowchart referenced to describe a

method 1100 for displaying an AR graphic interface on the
navigation screen in accordance with the embodiment.

[0260] Each process of FIG. 11 may be performed by a
processor (or the AR engine) unless otherwise noted. In
addition, the processes of FIG. 11 may be performed by
including the operations of the navigation engine 910, the
AR engine 920, and the navigation application 930 by the
processor 820 described above with reference to FIGS. 8 to
10, or at least some of the operations may be performed
betfore or after the processes of FIG. 11.

[0261] Retferring to FIG. 11, the method starts by activat-
ing a preset application (S10).

[0262] The preset application may be pre-installed on the
AR display device 800 or may be driven by another device/
server cooperating therewith, for example, 1n response to an
execution of an AR mode of the vehicle. The preset appli-
cation may be, for example, a navigation application
executed 1n the AR mode during the driving of the vehicle.

[0263] The navigation application, for example, receives a
route guidance and a map display frame based on map data
and GPS data from the navigation engine, and generates
navigation GUI rendering and a map display surface, respec-
tively.

[0264] In addition, the navigation application, {for
example, generates an AR GUI surface by receiving an AR
GUI frame from the AR engine, and generates an AR camera
surface by receiving an AR camera frame. The navigation
application renders the generated map display surface, AR

camera surface, and AR GUI surface onto the navigation
GUI surface.

[0265] The processor generates an AR graphic interface,
which includes a first AR object displaying (outputting,
indicating, providing) a driving state of the vehicle of the
vehicle, and a second AR object indicating a guide for a
driving situation of the vehicle, on the basis of map data
acquired from a server, memory, or vehicle and sensing data
of the vehicle, and renders the generated AR graphic inter-
face to overlap a front 1image of the vehicle (520).

[0266] The processor may perform AR merging of the AR
graphic interface, which i1s generated in real time, with the
front 1image of the vehicle in real time.

[0267] The processor displays (renders) the AR graphic
interface 1n a state 1n which the first and second AR objects
are combined. When a preset condition 1s satisfied, the
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processor displays (renders) the AR graphic interface 1n a
state 1n which the second AR object 1s separated from the AR
graphic interface.

[0268] Here, the preset condition may include a case
where a change 1n driving situation of the vehicle 1s pre-
dicted from a current driving state based on the sensing data
of the vehicle. The preset condition may include a case
where 1t 1s detected that a change 1n driving situation of the
vehicle from a current driving state 1s predicted or a need to
guide the driving situation of the vehicle 1s predicted based
on at least one of ADAS sensing data, high-definition map
data, and TCU communication data such as V2X, ITS, and
C-ITS.

[0269] Then, the processor displays the navigation screen
including the front image overlapped by the AR graphic
interface (S30).

[0270] The processor may render the AR graphic interface
on the front image in a state 1n which the first and second AR
objects are combined. The processor may generate the AR
GUI surface and the AR camera surface, respectively, by
providing the AR GUI frame and the AR camera frame
corresponding to the AR graphic interface to the navigation
application.

[0271] Thereatfter, the generated AR GUI surface and AR
camera surface are rendered on the navigation GUI surface,
so that the front image with the rendered AR graphic
interface 1s included 1n (displayed on) the navigation screen.
[0272] Meanwhile, the AR graphic interface may vary
depending on a driving situation that i1s predicted to change
based on the map data and the sensing data of the vehicle.
[0273] At this time, the AR graphic interface that varies 1s
displayed with the plurality of AR objects separated, to
provide a driver of the vehicle with intuitive guidance for the
current driving state and the driving situation that is pre-
dicted to change.

[0274] FIGS. 12A and 12B are diagrams illustrating an
example of the AR graphic interface according to the
embodiment of the present disclosure, which are referenced
to describe separation and combination of the first and
second AR objects based on a predicted change in driving
situation.

[0275] Referring to the drawings, an AR graphic interface
1200 may be implemented as an AR 1mage of a specific
shape 1n a 3D form, and the AR i1mage may be used to
indicate road information, and the like in addition to a
current driving direction, a driving speed, and steering
information of the vehicle.

[0276] The AR graphic interface 1200 may be imple-
mented 1n the form in which a first object and a second
object are combined with each other.

[0277] Here, the first object may be implemented 1n the
form of, for example, a 3D spade (e.g., a shovel-shaped
image), and the second object may be implemented in the
form of a 3D chevron (e.g., A or V-shaped image) extending
from the first object. However, this does not mean that the
first and second objects are limited to these shapes.

[0278] The first object and the second object of the AR
graphic interface 1200 may be combined such that an 1inner
frame of the second object and an outer frame of the first
object extend to be 1n contact with each other. In this case,
the first and second objects may be expressed 1n different
colors so as to be visually distinguishable from each other.

[0279] The AR graphic interface 1200 may be rendered
such that the first and second objects move at the same
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distorted angle or different distorted angles in a combined
state, to 1indicate the current driving state of the vehicle.

[0280] The generated AR graphic interface 1200 1s dis-
played to overlap the front image of the vehicle included in
the navigation screen. Specifically, the processor 820 gen-
erates the AR graphic interface 1200 indicating the current
driving state of the vehicle based on the map data and the
sensing data of the vehicle, renders the AR graphic interface
1200 based on route, POI information, etc., and sends the
rendered AR graphic interface 1200 to the navigation appli-
cation 930. Accordingly, the AR graphic intertace 1200 is
displayed to overlap the front image of the vehicle included
in the navigation screen.

[0281] Referring to FIG. 12B, the processor 820 may
separate the first and second AR objects 1210 and 1220 of
the AR graphic interface based on a driving situation that 1s
predicted to change based on the map data and the sensing,
data of the vehicle, render the separated second AR object
1210 to display guidance related to the changed driving
situation, and update the AR GUI surface and the AR camera
surface of the navigation application 930.

[0282] The condition 1n which the first and second AR
objects 1210 and 1220 are separated may include a case
where a change in driving situation of the vehicle 1s pre-
dicted from the current driving state of the vehicle based on
the sensing data of the vehicle.

[0283] Alternatively, the condition in which the first and
second AR objects 1210 and 1220 may include a case where
a change in the driving situation of the vehicle or a situation
in which a need for guidance 1s predicted 1s detected based
on at least one of ADAS sensing data, high-definition map
data, and TCU communication data such as V2X, ITS, and
C-ITS.

[0284] Meanwhile, the separated second AR object 1210
1s displayed by extending from a display position of the first
AR object 1220. Since the first AR object 1220 indicates the
current driving state of the vehicle (e.g., the current position
and driving direction of the vehicle), the driver can 1ntui-
tively determine a time point and a driving direction to drive
the vehicle according to the guidance indicated by the

second AR object 1210.

[0285] A spaced distance between the first and second AR
objects 1210 and 1220 may correspond to a time point or
distance at which the driving situation of the vehicle is
predicted to change.

[0286] Also, although not illustrated in detail, the sepa-
rated second AR object 1210 may be implemented by a
plurality of fragments. A predetermined interval may be
maintained between the plurality of fragments.

[0287] In addition, a direction indicated by each of the
plurality of fragments may gradually point to a predicted
situation occurrence location (or situation end location). For
example, 11 the separated second AR object 1210 1s 1mple-
mented by a total of 5 fragments, each of the 5 fragments
may point to the same location (e.g., a predicted situation
occurrence location) at different distorted angles.

[0288] The plurality of fragments may be displayed 1n the
form ol moving a specific distance ahead of the first AR
object 1220. That 1s, the plurality of fragments does not
fixedly appear at a specific location or time point but are
implemented to provide driving guidance according to a
driving situation predicted during movement on the basis of
the current location and driving state of the vehicle.
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[0289] A moving speed of the plurality of fragments may
correspond to a degree (e.g., driving speed) that the vehicle
approaches closely.

[0290] Also, the number and/or display length of the
plurality of fragments may be proportional to a time or
distance that a predicted situation continues. For example, a
larger number of fragments may be included or a total
display length may be longer 1n the case where the situation
continues for a long time than that in the case where the
situation does not continue for a long time.

[0291] A fragment, which 1s close to the first AR object
1220 among the plurality of fragments, displays a guide to
be associated with the driving state indicated by the first AR
object 1220.

[0292] A fragment, which i1s farthest away from the first
AR object 1220 among the plurality of fragments, displays
a guide to be associated with a predicted situation.

[0293] That 1s, the plurality of fragments of the separated
second AR object 1210 provides a guide for a situation,
which 1s predicted from the current driving state correspond-
ing to the first AR object 1220, 1n a more gradual and
seamless manner.

[0294] When the situation corresponding to the condition
that the second AR object 1210 1s separated ends, the
separated second AR object 1210 1s then displayed back 1n
the combined state with the first AR object 1220. That 1s, the
AR graphic interface 1200 as 1llustrated in FIG. 12A may be
displayed again.

[0295] The term ‘combined state’ in the present descrip-
tion means that the first and second AR objects are con-
nected to each other on the screen, or the two AR objects are
put relatively closer to each other on the screen than the
‘separated state’ where the two AR objects are separated
from each other. Similarly, the meaning of the expression
‘7oining the first and second AR objects to each other” 1n the
present description comprises not only connecting the first
and second AR objects to each other but also putting the first
and second AR objects close together with a relatively
smaller gap between them than a case of ‘separating the
second AR object from the first AR object’.

[0296] FIGS. 13A, 13B, and 13C are conceptual views
referenced to explain a method of providing a UX related to
a lane change using an AR graphic interface according to an
embodiment of the present disclosure.

[0297] There are various functions of an ADAS system for
detecting a possibility of collision while driving or attempt-
ing to change lanes.

[0298] Driving control assistance functions include, for
example, adaptive cruise control (ACC), active driving

assistance (ADA), lane keeping assistance (LKA), and the
like.

[0299] Also, collision warning functions include, for

example, blind spot warning (BSW), forward collision
warning (FCW), lane departure warning (LDW), and the
like.

[0300] In addition, collision interference functions
include, for example, automatic emergency braking (AEB),

automatic emergency steering (AES), rear automatic brak-
ing (RAB), and the like.

[0301] These functions help sate driving by avoiding the
possibility of collision, but there are problems such as
malfunction or frequent alarms, and there 1s also a limit in
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connecting to ituitive recogmition of the possibility of
collision and gmdance for a driving operation to avoid the
possibility of collision.

[0302] Accordingly, the AR display device 800 according
to the present disclosure 1s implemented to provide a more
reliable guidance for intuitive recognition of the possibility
of collision and the guidance for the driving operation to
avold the possibility of collision through a varied AR
graphic interface based on ADAS sensing data together with
vehicle sensing data (e.g. CAN data (steering wheel angle,
driving speed (Speed), and yvaw rate (Yawrate)), GPS loca-
tion/direction information, and map data (lane geometry).

[0303] Specifically, the processor 820 runs a preset appli-
cation (e.g., the navigation application 930) according to an
execution ol an AR driving mode, and renders an AR
graphic interface to overlap a front image of the vehicle
based on map data (e.g., navigation/map data). Here, the AR
graphic interface 1s implemented 1n a combined form of a
first AR object imndicating a driving state of the vehicle and
a second AR object displaying a guide for a driving situation
of the vehicle.

[0304] The processor 820 provides an AR GUI frame

according to the rendering to the navigation application and
the navigation application updates an AR GUI surface based
on the provided AR GUI frame, thereby displaying the AR

graphic interface that varies.

[0305] While the vehicle 1s traveling, the processor 820
may recognize a notification event related to a driving lane
detected based on the sensing data, and update the AR
graphic interface based on the recognized notification event
such that the second AR object 1s separated from the first AR
object and guides a driving lane corresponding to the
notification event.

[0306] Here, the notification event related to the drniving
lane of the vehicle may be any one of changing the driving
lane, estimating departure from the driving lane, overtaking
an object 1n front, and detecting an object to collide with
within a current driving lane or a lane to be changed.

[0307] In addition, the sensing data for recognizing the
notification event related to the dnving lane of the vehicle
may be a combination of one or more of CAN data, GPS

information, and navigation information with ADAS sensing
data.

[0308] The processor 820 may detect an object approach-
ing the vehicle based on the sensing data of the vehicle and
the map data, and separate some of a plurality of trajectories
of the separated second AR object to indicate (guide) a
location of the detected object. This can call the driver’s
attention.

[0309] When an object with which the vehicle might
collide 1s detected on a lane to be changed, the processor 820
may change the plurality of trajectories to indicate that the
lane change 1s 1mpossible (not allowed, forbidden), and
update some of the changed trajectories to indicate a loca-

tion of the detected object.

[0310] At this time, since the lane change 1s impossible, a
guide trajectory for gmiding the lane change 1s not displayed.,
and only an indication emphasizing the impossible lane
change 1s output for safe driving.

[0311] To this end, the processor 820 may render the
plurality of ftrajectories indicating the impossible lane
change to be located on a current driving lane or the lane to
which the lane change 1s impossible.
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[0312] FIG. 13A illustrates a case where 1t 1s confirmed
that there 1s no moving object approaching from the rear of
a lane to be changed and the lane change of the vehicle 1s
allowed.

[0313] Referring to FIG. 13 A, the processor 820 confirms
based on the ADAS sensing data that there 1s no moving
object (e.g., a vehicle, a two-wheeled vehicle, a bicycle, an
clectric kickboard, etc.) approaching the vehicle from the
rear of a lane to be changed (e.g., a right lane) 10R.
Accordingly, the processor 820 displays a guide trajectory
on a front image 1301 of the vehicle through a separated
second AR object 1310« to guide the vehicle to change to the
right lane (perform a right lane change).

[0314] The guide trajectory of the separated second AR
object 1310a forms a guide route connected from a first AR
object 1320 indicating a current driving state of the vehicle
toward the right lane 10R. The first AR object 1320 changes
in location, extent of rotation, color (e.g., when a driving
speed 1ncreases), and the like according to the driving state
of the vehicle following the guide trajectory of the second
AR object 1310a.

[0315] Meanwhile, although not 1llustrated, even when a
lane to be changed 1s a left lane 10L, the processor 820 may
check a moving object approaching from a left rear side,
similarly to the above. When no moving object approaching
1s present, the processor 820 may provide a guide trajectory
for guiding the vehicle to change to the leit lane (perform a
left lane change) on the front 1mage of the vehicle.

[0316] FIG. 13B illustrates a case where a lane change of
the wvehicle 1s not allowed because a moving object
approaching the vehicle i1s present on a lane to be changed
and a possibility of collision 1s predicted.

[0317] Retferring to FIG. 13B, the processor 820 confirms,
based on ADAS sensing data, a moving object (e.g., a
vehicle, a two-wheeled vehicle, a bicycle, an electric kick-
board, etc.) approaching the vehicle from the rear of a lane
to be changed (e.g., a right lane) 10R.

[0318] The processor 820 may determine a possibility of
collision with the moving object that approaches from a
right rear side, based on ADAS sensing data, vehicle data
(e.g., CAN data), and map data such as navigation/map/GPS
data.

[0319] For example, the processor 820 may determine the
possibility of collision by obtaining information related to
distance, location, direction, and speed between the moving
object approaching from the rear and the vehicle based on
the ADAS sensing data.

[0320] When a lane change 1s not allowed due to a
predicted possibility of collision, the processor 820 displays
the separated second AR object on the front 1image 1302 of
the vehicle such that a portion 131056-2 of the separated
second AR object indicates the location of the approaching
moving object while the remaining portion 13105-1 indi-
cates the disallowed lane change of the vehicle.

[0321] At this time, the respective portions 13105-2 and
13105-1 of the separated second AR object may be output 1n
different colors and shapes from before, to blink, to be
highlighted, and the like, so that the driver can be alert to the
approaching moving object and intuit a warning that an
approach to the lane 1s forbidden.

[0322] On the other hand, although not illustrated, even
when a lane to be changed 1s a left lane 10L, the processor
820 may check a moving object approaching from a left rear
side, similarly to the above. When a moving object
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approaching 1s found and a possibility of collision 1s pre-
dicted, the processor 820 may display a warming of a
forbidden (non-allowed, impossible) lane change of the
vehicle on the front image of the vehicle.

[0323] FIG. 13C illustrates a case where a lane change of
the vehicle 1s allowed although an approaching moving
object 1s found on a lane to be changed.

[0324] Referring to FIG. 13C, the processor 820 confirms,
based on the ADAS sensing data, a moving object (e.g., a
vehicle, a two-wheeled vehicle, a bicycle, an electric kick-

board, etc.) approaching the vehicle from the rear of a lane
to be changed (e.g., a nght lane) 10R.

[0325] The processor 820 may determine a possibility of
collision with the moving object that approaches from a
right rear side, based on ADAS sensing data, vehicle data
(e.g., CAN data), and map data such as navigation/map/GPS
data. For example, the processor 820 may determine the
possibility of collision by obtaining information related to
distance, location, direction, and speed between the moving
object approaching from the rear and the vehicle based on

the ADAS sensing data.

[0326] However, 11 the possibility of collision with the
approaching moving object 1s not predicted and thus the lane
change 1s allowed, the processor 820 displays the separated
second AR object on the front image 1303 of the vehicle so
that a portion 1310c¢-2 of the separated second AR object
indicates a location of the approaching moving object while
a remaining portion 1310c¢-1 indicates a guide trajectory for
guiding a right lane change of the vehicle.

[0327] At this time, the portion 1310¢-2 of the separated
second AR object may be displayed alter being changed to
a color (e.g., orange-based or red color) providing a warning
notification to alert the driver to the presence of the
approaching moving object.

[0328] The guide trajectory 1310c-1 of the separated sec-
ond AR object forms a guide route connected from the first
AR object 1320 providing the current driving state of the
vehicle toward the right lane 10R. The first AR object 1320
changes 1n location, extent of rotation, color (e.g., when a
driving speed increases), and the like according to the

driving state of the vehicle following the guide trajectory
1310c-1 of the second AR object.

[0329] Meanwhile, although not 1llustrated, even when a
lane to be changed 1s a left lane 10L, the processor 820 may
check a moving object approaching from a left rear side,
similarly to the above. When 1t 1s confirmed that there 1s no
possibility of collision with the moving object approaching,
the processor 820 may display a location of the approaching,
moving object and provide a guide trajectory for guiding the
vehicle to change to the leit lane (perform a left lane change)
on the front 1image of the vehicle.

[0330] Heremafter, FIG. 14 1s a flowchart illustrating a
method of providing a UX related to a lane change using an
AR graphic interface according to an embodiment of the

present disclosure.

[0331] FEach step 1llustrated in FI1G. 14 1s performed by the
processor 820 of the AR display device 800 unless otherwise
noted. In addition, each step may be performed by including
some of the operations of the navigation engine 910, the AR
engine 920, and the navigation application 930 described
above with reference to FIGS. 8 to 10, or at least some of the
operations may be performed before or after the steps of

FIG. 14.
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[0332] The AR display device 800 according to the present
disclosure may render an AR graphic interface in which {first
and second AR objects are combined on a front image of the
vehicle, 1n response to an execution of an AR driving mode
of the vehicle, and the AR graphic interface may vary (e.g.,
separation, combination, deformation) depending on a driv-
ing situation of the vehicle.

[0333] The processor 820 may provide a UX associated
with a lane change of the vehicle on the front image of the
vehicle using the varied AR graphic interface, on the basis
of ADAS sensing data together with sensing data of the

vehicle (e.g., CAN data, GPS, etc.) and map data.

[0334] The processor 820 may detect an iput of a left-
turn signal of the vehicle based on the data (1401). For
example, the processor 820 may recognize the input of the
left-turn signal based on sensing data, in response to turn-on
of a left-turn signal lamp of the vehicle.

[0335] When the input of the left-turn signal 1s detected,
the processor determines whether another vehicle (or a
moving object such as a two-wheeled vehicle or an electric
kickboard) 1s approaching from a leit rear side based on a
current location of the vehicle (1402).

[0336] When the another vehicle (or the moving object
such as the two-wheeled vehicle, the electric kickboard, etc.)
approaching from the left rear side 1s detected, a portion of
the separated second AR object 1s moved to a location of the
another vehicle approaching from the leit rear side and
displayed thereon (1403). For example, the portion of the
second AR object 1s changed in color (or changed 1n
shape/highlighted) and displayed on the left rear side based
on the location of the first AR object.

[0337] Continuously, the processor 820 determines
whether a possibility of collision 1s predicted between the
vehicle and the another vehicle (or the moving object such
as the two-wheeled vehicle, the electric kickboard, etc.)
approaching from the left rear side (1404), and when the
possibility of collision 1s predicted, the processor 820 1ndi-
cates that the lane change i1s not allowed through the
separated second AR object (1405).

[0338] According to the determination (1404), when the
possibility of collision with the approaching another vehicle
from the left rear side 1s not predicted, the processor 820
displays a lane change guide trajectory through the separated
second AR object (1406).

[0339] At this time, the lane change guide trajectory
displayed by the separated second AR object 1s updated
according to the drniving state (e.g., location, driving direc-
tion, driving speed) of the vehicle (1407).

[0340] For example, when the vehicle follows the lane
change guide trajectory at high speed, the color of the first
AR object 1s changed based on the driving speed of the
vehicle. Also, when the vehicle completes the lane change
by following the lane change guide trajectory, the first and
second objects are updated to be displayed in the combined
form instead of displaying the approaching another vehicle
and the guide trajectory.

[0341] On the other hand, when an mput of a right-turn
signal 1s detected, the processor determines whether another
vehicle (or a moving object such as a two-wheeled vehicle,
an electric kickboard, etc.) 1s approaching from a right rear
side based on a current location of the vehicle (1408).

[0342] When the another vehicle (or the moving object
such as the two-wheeled vehicle, the electric kickboard, etc.)
approaching from the right rear side 1s detected, a portion of
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the separated second AR object 1s moved to a location of the
another vehicle approaching from the right rear side and
displayed thereon (1409). For example, as illustrated 1n FIG.
13C, the portion 1310¢-2 of the second AR object may be
changed in color (or changed 1n shape/highlighted) and
displayed on the right rear side based on the location of the
first AR object 1320.

[0343] Continuously, the processor 820 determines
whether a possibility of collision 1s predicted between the
vehicle and the another vehicle (or the moving object such
as the two-wheeled vehicle, the electric kickboard, etc.)
approaching from the right rear side (1410), and when the
possibility of collision 1s predicted, the processor 820 1ndi-
cates that the lane change i1s not allowed through the

separated second AR object (1411).

[0344] For example, as illustrated 1n FIG. 13B, the pro-
cessor 820 may change the color (or change the shape/
highlight) of the portion 131056-1 of the second AR object,
and may not display a guide trajectory connected to the first
AR object so as for the driver to intuitively confirm that the
lane change 1s not allowed. Both of the portions 131056-1 and
131056-2 of the second AR object may be displayed only on
a lane to which the lane change 1s not allowed, and for
example, may be displayed on a boundary of the lane to
which the lane change 1s not allowed.

[0345] According to the determination (1410), when the
possibility of collision with the approaching another vehicle
from the right rear side 1s not predicted, the processor 820
displays a lane change guide trajectory through the separated

second AR object (1412).

[0346] At this time, the lane change guide trajectory
displayed by the separated second AR object 1s updated
according to the drniving state (e.g., location, driving direc-
tion, driving speed) of the vehicle (1413).

[0347] For example, when the vehicle follows the lane
change guide trajectory at high speed, the color of the first
AR object 1s changed based on the drniving speed of the
vehicle.

[0348] Also, for example, when the vehicle 100 completes
the lane change by following the lane change guide trajec-
tory displayed through the portion 1310¢-1 of the second AR
object, as 1llustrated 1n FIG. 13C, the processor 820 updates
the AR graphic interface to be displayed in the combined
form of the first and second objects 1instead of displaying the
approaching another vehicle and the guide trajectory.

[0349] Heremafter, FIGS. 15A and 15B are conceptual
views 1llustrating a method of providing a UX related to lane
keeping using an AR graphic interface.

[0350] The AR display device 800 according to the present
disclosure may detect a situation 1n which there 1s concern
about a possibility of lane departure even when 1t 1s not a
case where the vehicle changes a lane, and accordingly, may
separate the second AR object to output a warning notifi-
cation and display a location at which the vehicle has to be
located for lane keeping.

[0351] Specifically, the processor 820 may detect a noti-
fication event associated with lane keeping, based on ADAS
sensing data together with sensing data (e.g., CAN data
(steering wheel angle, driving speed (Speed), yaw rate
(Yawrate)), GPS location/direction information, and map
data (e.g., navigation/map data (lane geometry)).

[0352] Here, the notification event related to the lane
keeping occurs when a deviation (bias) 1n a lateral direction
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(left or night) or a possibility of departure 1s detected based
on a pose of the vehicle 1n a current dniving lane.

[0353] In addition, the pose of the vehicle 1n the current
driving lane may be acquired by the processor 820 by way
of calculating a location of the vehicle within the driving
lane, a lateral offset up to a boundary of the lane to which the
vehicle 1s deviated, speed/acceleration in the lateral direc-
tion, a wheel angle of the vehicle, and the like.

[0354] The processor 820 may predict a lane departure
time point of the vehicle based on the pose of the vehicle
(e.g., lateral speed/acceleration, etc.) in the current driving
lane, and display warning through the AR graphic interface
betfore the predicted lane departure time point (by addition-
ally considering a reaction time of the driver).

[0355] Specifically, the processor 820 may update the AR
graphic 1nterface such that the first AR object displays a
driving pose of the vehicle 1n the current driving lane and the
second AR object 1s separated to display at least one of a first
guide for inducing a change in the driving pose of the
vehicle and a second guide for alerting the vehicle to a lane
departure, 1n response to a prediction of the lane departure
as the notification event associated with the driving lane.

[0356] For example, the processor 820 may display the
first guide through the separated second AR object when the
deviation of the vehicle 1n the driving lane 1s detected, and
display both the first and second guides through the sepa-
rated second AR object when the prediction of the lane
departure of the vehicle 1s detected.

[0357] Here, the first guide may be displayed when the
deviation of the vehicle 1s detected, and may include loca-
tion, pose, and driving direction of the vehicle that are
suggested.

[0358] In addition, the first guide may be displayed in
front of the first AR object indicating the current driving
state of the vehicle, so that the vehicle intuitively follows it.

[0359] The first guide may also be displayed in different
color and shape from the first AR object or may be high-
lighted to output an intuitive warning.

[0360] The first guide may not be displayed when the
possibility of deviation or lane departure of the vehicle 1s
predicted no longer.

[0361] Here, the second guide 1s displayed when the lane
departure of the vehicle 1s predicted, and 1s displayed before
the lane departure prediction time point.

[0362] The second gmide may also be displayed in difler-
ent color and shape from the first AR object or may be
highlighted to output an intuitive warmng.

[0363] Also, the second guide may be displayed on or at
least partially overlap a lane boundary i a direction 1n
which the vehicle 1s to depart.

[0364] In addition, the second guide may display a warn-
ing 1n the form of blinking the same lane 1mage on the lane
boundary.

[0365] The second guide 1s displayed together with the
first guide for inducing a change in pose of the vehicle to
keep the driving lane of the vehicle.

[0366] The second guide may not be displayed when the
possibility of lane departure of the vehicle 1s predicted no
longer.

[0367] The processor 820 may determine (a lane departure
time point of the vehicle and) a time point of warning the
lane departure of the vehicle based on the driving speed of
the vehicle, and update the second AR object to display the
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second guide at a location corresponding to an estimated
lane departure direction at the determined time point.

[0368] The processor 820 may update the driving pose
indicated by the first AR object and update the second AR
object to be located at a center of the driving lane when the
deviation of the vehicle within the driving lane 1s determined
to exceed a threshold range (or value).

[0369] Meanwhile, an actual pose of the vehicle changes
in real time during driving. When such a pose change 1s
reflected on the first AR object in real time, screen flickering,
that the first AR object flickers slightly occurs. Accordingly,
the processor 820 according to the present disclosure may
operate to apply the updated first AR object (when deter-
mined as a lane deviation) to the front image of the vehicle
when the threshold range 1s exceeded.

[0370] In addition, in order to prevent the driver’s fatigue
from increasing due to frequent warnings by the first and
second guides, a calculation of a vehicle pose value for lane
keeping and a calculation of a lane departure prediction time
point may be performed in real time and the update of the
indications by the first and second guides may be performed
only when a reference value (or weight) 1s satisfied.

[0371] For example, the processor 820 may differently
apply update and display time points of the first and second
guides based on a width of a lane and a size of the vehicle
when a distance between the vehicle and the lane boundary
and a predetermined reference value (or weight) (e.g., the
number of deviations (biases), etc.) are satisfied.

[0372] FIG. 15A illustrates an example of warning lane
deviation of the vehicle through the first guide.

[0373] InFIG. 15A, the first AR object 1520 indicates the
current driving state of the vehicle, that 1s, the location, pose

(Roll, Pitch, Yaw), and driving direction of the vehicle, and
the separated second AR object 1510s 1s displayed at a

center of the lane ahead of the first AR object 1520 in a
direction of a corrected pose.

[0374] The separated second AR object 1510s provides a

guide (the first guide) for lane keeping. The driver (or
vehicle) can correct the lane deviation and prevent lane
departure 1n advance by following the first guide and per-
forming a vehicle steering control.

[0375] FIG. 15B illustrates an example of warning a lane
departure of the vehicle through the first and second guides.

[0376] In FIG. 15B, the first AR object 1520 indicates the

current driving state of the vehicle, that 1s, the location, pose
(Roll, Pitch, Yaw), and driving direction of the vehicle, and
a portion of the separated second AR object, namely, the first

guide 1510s 1s displayed to indicate a corrected pose direc-
tion at a center of the lane ahead of the first AR object 1520.

[0377] In addition, a remaining portion of the separated
second AR object or a third AR object, that 1s, the second
guide 1530 displays a warning along the lane boundary to
prevent the lane departure of the vehicle. At this time, as
described above, the color change, the shape change, or the
highlighting may be applied for the warning.

[0378] The portion 1510s of the separated second AR
object provides a guide (the first guide) for lane keeping. The
driver can correct the lane deviation and prevent the lane
departure 1n advance by following the first guide and per-
forming the vehicle steering control.

[0379] Meanwhile, for lane departure warning, the pro-
cessor 820 may display the second guide and simultaneously
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transmit a control signal or the like for additional warning
through an audio output, haptic output, or the like of the
vehicle.

[0380] FIG. 16 1s a flowchart illustrating a method of

providing a UX related to lane keeping using an AR graphic
interface.

[0381] The AR display device 800 according to the present
disclosure may detect a notification event associated with
lane keeping, based on ADAS sensing data together with
sensing data (e.g., CAN data (steering wheel angle, driving
speed (Speed), yaw rate (Yawrate)), GPS location/direction
information, and map data (e.g., navigation/map data (lane

geometry)).
[0382] The AR display device 800 may update the AR

graphic 1nterface to display a guide related to a driving lane
corresponding to the detected notification event.

[0383] Accordingly, the processor 820 of the AR display
device 800 may provide an AR GUI frame corresponding to
the updated AR graphic interface to the navigation applica-
tion, and allow the navigation application to update an AR
GUI surtace, so that an AR navigation screen can be output.

[0384] Each step of FIG. 16 may be performed by the
processor (or the AR engine) unless otherwise noted. In
addition, the processes of FIG. 16 may be performed by
including the operations of the navigation engine 910, the
AR engine 920, and the navigation application 930 by the
processor 820 described above with reference to FIGS. 8 to
10, or at least some of the operations may be performed
betore or after the processes of FIG. 16.

[0385] The processor 820 may render the guide related to
the driving lane corresponding to the notification event on
the front image of the vehicle by using the first AR object
and the separated second AR object.

[0386] First, the processor 820 calculates a central loca-
tion of the driving lane and a pose of the second AR object
to display the first guide for guiding lane keeping (1610).
[0387] The pose of the second AR object means pitch, roll,
and yvaw values corresponding to a suggested corrected pose
direction. The central location of the driving lane corre-
sponds to a display location of the first guide.

[0388] When a preset display criterion 1s satisfied, the
processor 820 displays the separated second AR object in the
form of the first guide on the front image of the vehicle
(1620). Here, the case where the preset display criterion 1s
satisfied means a case where the vehicle 1s currently driving
by being deviated to a lane boundary (e.g., a left/right lane
boundary, etc.) by a reference value or more. The first guide
indicates a desired location where the vehicle should be
located 1n order to keep a lane.

[0389] Next, the processor 820 calculates a location and a
pose value of the vehicle to display the first AR object
corresponding to the current driving state of the vehicle
(1630).

[0390] The processor 820 may calculate a location of the
vehicle 1n the lane, a lateral offset to the deviated lane
boundary, speed/acceleration 1n the lateral direction, a wheel
angle of the vehicle, and the like, based on the sensing data

of the vehicle, the map data, and the ADAS sensing data, and
thus calculate the pitch, roll, and yaw values.

[0391] The processor 820 compares previous location and
pose values of the first AR object with current location and
pose values of the vehicle, and determines whether a thresh-
old range 1s exceeded (1640). As a result of the determina-
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tion (1640), when there 1s a change that exceeds the thresh-
old range, the processor 820 updates the first object (1650).
[0392] This 1s to prevent screen tlickering that the first AR
object rendered on the front 1mage of the vehicle flickers
slightly when the change of the pose, which changes 1n real
time during the driving of the vehicle, 1s reflected on the first
AR object 1n real time.

[0393] As a result of the determination 1640, when there
1s no location and pose change that exceeds the threshold
range or the update of the first AR object 1s performed, the
processor 820 calculates distance, speed, and acceleration in
the letft and right lateral directions based on the driving lane
(1660), and calculates a possibility of lane departure.
[0394] When the possibility of lane departure 1s detected,
the processor 820 displays a second guide warning the lane
departure of the vehicle on the front image of the vehicle
(1680). In this case, the lane departure warning may be
accompanied by audio output and haptic output.

[0395] The first and second guides are no longer displayed
on the front image of the vehicle when the lane deviation
and/or the possibility of lane departure are not detected or
when the corresponding function is terminated, and the first
and second AR objects are displayed in the combined form
on the front 1image of the vehicle.

[0396] According to the embodiment discussed above, a
lane change prohibition 1s displayed through the separated
AR object when the lane change 1s not allowable, and also
an intuitive change guide route 1s provided through the
separated AR object when the lane change 1s allowable,
which greatly helps sate driving and lane change driving.
[0397] FIGS. 17A and 17B 1illustrates examples of a
method of providing a guide UX related to overtaking a
preceding vehicle using an AR graphic interface according,
to an embodiment of the present disclosure.

[0398] The AR display device 800 according to the present
disclosure may recognize an overtaking attempt as a noti-
fication event associated with lane keeping, based on ADAS
sensing data together with sensing data (e.g., CAN data
(steering wheel angle, driving speed (Speed), yaw rate
(Yawrate)), GPS location/direction information, and map
data (e.g., navigation/map data (lane geometry)).

[0399] Overtaking should be performed at sate speed and
by a sate method 1n consideration of driving speed, driving,
direction, and other driving situations of a preceding vehicle.
[0400] The processor 820 may update the separated sec-
ond AR object to display guide trajectories indicating an
avoidance route and an overtaking point of a target object,
in response to a recognition of the overtaking as the notifi-
cation event associated with the driving lane.

[0401] Here, the avoidance route includes a lane change
(or detour) route (a first part of the avoidance route) for
overtaking a preceding vehicle, and a change route (a second
part of the avoidance route) for returning to an original lane
at a calculated point.

[0402] Here, the target object 1s a target to be overtaken
that moves 1n front of the vehicle within the same lane, and
examples of the target object may include another vehicle, a
two-wheeled vehicle, an electric kickboard, a bicycle, and
the like.

[0403] Here, the overtaking point means a lane change
point, namely, a crossing point that 1s included 1n each of the
first and second parts of the avoidance route. The overtaking
point 1s located at the left side of the target object unless
there are special circumstances.
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[0404] Meanwhile, the overtaking may be performed
within the same lane or may be performed while changing
a lane depending on location and width of the target object.
[0405] Inthe case of overtaking within the same lane (e.g.,
overtaking a bicycle, electric kickboard, etc. within the same
lane), the processor 820 generates an avoidance route (a
plurality of gwde trajectories) along which the vehicle
detours around a leit side of the target object within the same
lane, and displays the generated avoidance route on the front
image of the vehicle using the separated second AR object.
At this time, when the separated second AR object 1s
displayed, an avoidance steering assist device such as a high
beam may be operated to cause attention to the target object.
[0406] When overtaking 1s performed by changing a lane,
it 1s performed 1n a manner that the vehicle moves to a lett
lane of the target object to overtake, overtakes the target
object, and then returns to the original lane.

[0407] Specifically, the processor 820 combines the sepa-
rated second AR object with the first AR object, in response
to completion of the lane change of the vehicle, and sepa-
rates the second AR object from the first AR object to
display guide trajectories for indicating a location of a lane
to return, 1n response to the current location of the vehicle
being close to an overtaking point of the target object. The
processor 820 updates the separated second AR object to
keep displaying the guide trajectories in the separated state
until the vehicle completes the overtaking.

[0408] (a) of FIG. 17A 1illustrates the first part of the
avoidance route, and (b) T FIG. 17A 1illustrates the first part
of the avoidance route.

[0409] When the overtaking starts, the processor 820
separates the second AR object to display a first route
(including a plurality of guide trajectories) 1710a for guid-
ing a movement to a left lane of the target vehicle. At this
time, when a moving object 1s present in the left lane, the
processor 820 may guide a non-allowable lane change using
the second AR object and display the first route 1710a after
the moving object has passed or a saife distance 1s secured.
[0410] When the lane change along the first route 1is
completed, that 1s, when the vehicle moves to the left lane
along the first route and 1s located alongside the target
vehicle, the separated second AR object 1s displayed in the
combined form (17106) with the first AR object.

[0411] However, when the vehicle 1s located behind the
target vehicle due to acceleration of the target vehicle, the
combined second AR object 17106 1s separated again to
display a plurality of gwmde trajectories for guiding the
vehicle to move straight at a faster driving speed.

[0412] Then, the processor 820 displays a second route
(including a plurality of guide trajectories) 1710¢ for guid-
ing the vehicle to return to the original lane by overtaking
the target vehicle. At this time, when there 1s another vehicle
in front of the target vehicle in the lane to return, the
processor 820 may guide the non-allowable lane change
until a safe distance 1s secured, and may display the second
route 1710c¢ after the situation ends.

[0413] When the lane change (return) along the second
route 1s completed, that 1s, when the vehicle moves to the
original lane along the second route and 1s located in front
to the target vehicle while securing the safe distance, the

separated second AR object 1s displayed in the combined
form (1710d4) with the first AR object.

[0414] Meanwhile, the length, shape, etc. of the first and
second routes may vary by considering the location, driving
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speed, and driving direction of the target vehicle to be
overtaken, and other driving situations (e.g., a case where a
preceding vehicle 1n the current lane changes a lane first,
etc.).

[0415] In addition, each of the first and second routes
includes a point at which a lane 1s changed, that 1s, a crossing
point, and the vehicle performs a lane change near a target
vehicle at the crossing point. Therefore, 1t may be necessary
to guide an appropriate driving speed for safe driving.
[0416] Therefore, the processor 820 may update the sepa-
rated second AR object to include the crossing point corre-
sponding to the overtaking point of the target object and
driving speed information for passing the crossing point
between the plurality of guide trajectories to be driven by the
vehicle, on the basis of the current location and driving state
of the vehicle.

[0417] Referring to FIG. 17B, the processor 820, for
example, may display first required driving speed informa-
tion 1730a (e.g., 60 km/h’) which 1s proposed on a crossing
point of a first route 1710e, based on location and driving
speed of the target vehicle, which 1s calculated based on
ADAS sensing data, and an existence of a moving object
approaching from the rear in a left lane.

[0418] Next, after the vehicle changes to the left lane, the
processor 820 may display second required driving speed
information 173056 (e.g., “80 km/h’) which 1s proposed on a
crossing point of a second route 1710/, based on the location
and driving speed of the target vehicle, which 1s calculated
based on the ADAS sensing data, and an existence of a
moving object 1n front 1n a return lane.

[0419] On the other hand, each speed value displayed 1n
the first and second required driving speed information may
vary by reflecting a real-time driving speed of the target

vehicle and an existence of an adjacent moving object
detected through the ADAS sensing data.

[0420] Hereinafter, a method of providing a UX related to
Automatic Emergency Steering (AES) using an AR graphic
interface according to an embodiment of the present disclo-
sure will be described with reference to FIG. 18.

[0421] The processor 820 of the AR display device 800
according to the present disclosure may detect a front object,
with which the vehicle 1s likely to collide, as a notification
cvent related to a driving lane, based on sensing data (e.g.,
CAN data (steering wheel angle, driving speed (Speed), yaw
rate (Yawrate)), GPS location/direction information, map
data (e.g., navigation/map data (lane geometry)), and ADAS
sensing data (e.g., camera, radar, lidar).

[0422] The processor 820 may determine an avoidance
driving lane based on the current location of the vehicle and
the ADAS sensing data, in response to the detection of the
front object to collide with the vehicle, and render the
separate second AR object to display guide trajectories for
the vehicle to travel according to the determination.

[0423] When an object to collide with the vehicle is

detected 1n front of the vehicle during driving through an
ADAS system, the vehicle 100 according to the present
disclosure activates an Automatic Emergency Braking (here-
iafter, ‘AEB’) function to perform emergency braking or
activates an Automatic emergency steering (hereiafter,
‘AES’) function to perform automatic avoidance driving.

[0424] In the present disclosure, when the AES function 1s
activated, an avoidance driving route may be guided to the
vehicle through an AR graphic interface.

Dec. 14, 2023

[0425] The AES function 1s a function that detects a
potential collision of the vehicle and automatically controls
a steering control device to prevent or reduce severity of the
collision. Some systems may detect pedestrians or other
objects.

[0426] For example, when a collision with a front vehicle
(or front object) 1s predicted through a Time To Collision
(T'TC) determination with the front vehicle, the processor
820 selects a lane with the lowest possibility of a rear-end
collision of left and right lanes based on a current driving
lane, and calculates AES trajectories.

[0427] Here, the Time To Collision (T'TC) means a time
required for the vehicle to collide with a target object,
assuming that an approaching speed of the vehicle that 1s
predicted to collide 1s constant.

[0428] The processor 820 displays predicted trajectories
based on the AES ftrajectories on the front image of the
vehicle using the separated second AR object, and displays
the current driving state of the vehicle (e.g., location, driving
direction, steering angle, etc.) using the first AR object.

[0429] That 1s, an avoidable steering wheel (steering
angle) 1 a dangerous situation 1s displayed as a plurality of
guide trajectories through the separated second AR object,
so that the driver can mtuitively recognize an avoidance
route.

[0430] When a risk of collision 1s detected and can be

avoilded by emergency braking using the AEB function, the
AEB function 1s executed.

[0431] When the risk of collision 1s detected but cannot be
avoilded by the emergency braking, the processor 820 sepa-
rates the second AR object and displays guide trajectories
corresponding to automatic avoidance driving according to
the AES function through the separated second AR object.
The AES function selects a safer lane to allow avoidance
driving.

[0432] (a) of FIG. 18 1illustrates guide trajectories when
AES to a left side L 1s safer.

[0433] As illustrated, when 1t 1s determined that 1t 1s safer
to perform AES to the left side L due to a vehicle existing
in a right lane and/or a vehicle approaching from a right rear
side, the processor 820 displays predicted trajectories 1820a
and a predicted final position 100" of the vehicle 100 through
the separated second AR object. At this time, since the
predicted trajectories 1820q and the predicted final location
100" of the vehicle 100 are displayed at least simultaneously
with the execution of the AES, the driver can grasp an
automatic avoidance driving route in advance.

[0434] (b) of FIG. 18 illustrates guide trajectories when
AES to a night side R 1s safer.

[0435] As illustrated, when 1t 1s determined that 1t 1s safer
to perform AES to the right side R due to a vehicle existing
in a left lane and/or a vehicle approaching from a left rear
side, the processor 820 displays predicted trajectories 18205
and a predicted final position 100" of the vehicle 100 through
the separated second AR object. At this time, since the
predicted trajectories 18205 and the predicted final location
100" of the vehicle 100 are displayed at least simultaneously
with the execution of the AES, the driver can grasp an
automatic avoidance driving route in advance.

[0436] In this way, when the automatic avoidance driving
according to the AES function 1s terminated, the separated
second AR object 1s displayed again 1n the combined form

with the first AR object.
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[0437] FIG. 19 1s a flowchart illustrating a method of
providing a UX related to a forward collision possibility
warning using an AR graphic interface according to an
embodiment of the present disclosure.

[0438] FEach step illustrated in the flowchart of FIG. 19
may be performed by the processor (or the AR engine)
unless otherwise noted. In addition, the processes of FIG. 19
may be performed by including the operations of the navi-
gation engine 910, the AR engine 920, and the navigation
application 930 by the processor 820 described above with
reference to FIGS. 8 to 10, or at least some of the operations
may be performed before or after the processes of FIG. 19.
[0439] The processor 820 may obtain information related
to an object 1n front with which collision 1s impending (e.g.,
front vehicle collision information, pedestrian information)
based on ADAS sensing data while the vehicle is traveling
(1910).

[0440] The processor 820 determines whether it 1s neces-
sary to provide a collision warning based on the obtained
information (1920). When the collision warning 1s required,
the processor 820 calculates a location of the front collision-
impending object (e.g., front car, pedestrian), which 1s
converted from ADAS location information according to an
AR coordinate system (1930)

[0441] Based on a result of the location calculation, the
processor 820 executes a warning mode (1940), determines
a warning notification level, and displays a different warning
notification depending on a degree of danger.

[0442] For example, the processor 820 calculates a rela-
tive location of the object based on the current location of
the vehicle and the ADAS sensing data, 1n response to the
detection of the front collision-impending object based on
the ADAS sensing data of the vehicle, and renders an alarm
object, which varies depending on the calculated relative
location (depending on the degree of collision possibility),
on the front image of the vehicle.

[0443] Here, the alarm object may be an AR 1mage that
wraps around an outer shape of the detected object 1n a spiral
ring shape. In addition, the color and shape of the alarm
object may vary depending on a predicted degree of colli-
s10n possibility.

[0444] Specifically, 1n a first mode (low level), a warning
notification corresponding to the separated second AR object
1s displayed 1n a color (e.g., yellow), shape, etc. representing
the low level (1950). In a second mode (high level), the
warning notification corresponding to the separated second
AR object 1s displayed 1n a color (e.g., orange), shape, eftc.
representing the high level (1960). In a third mode (critical
level), the warning notification corresponding to the sepa-
rated second AR object 1s displayed 1n a color (e.g., red),
shape, etc. representing the critical level (1970).

[0445] At this time, the warning notification UXs corre-
sponding to the first to third modes may be displayed
together with other output modules (e.g., audio output,
haptic output, etc.) of the vehicle according to the degree of
danger.

[0446] According to an AR display device and a method
for operating the same according to some embodiments of
the present disclosure, a current location of a vehicle and a
predicted driving situation can be simultaneously guided on
a front image, which 1s calibrated even without separate
setting, using AR objects, thereby providing a more intuitive
and realistic AR guidance to the vehicle. Possibility of
collision can be predicted when the vehicle changes lanes, so
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as to notily a driver of whether or not the lane change 1s
allowed, 1nstead of providing a simply warning notification.
A separated AR object can be used to indicate prohibition of
the lane change (non-allowable lane change) when the lane
change 1s not allowed, and to provide an ntuitive lane
change guide route when the lane change 1s allowed, thereby
greatly assisting safe driving and lane changing driving. In
addition, a lane departure can be prevented by providing an
intuitive AR interface without driving interruption due to
frequent warning alarms. When overtaking another vehicle
in front, 1t 1s determined whether the vehicle can safely
overtake the another vehicle 1n front, and route and driving
speed for safe overtaking are provided to assist saie and
convenient driving. Furthermore, a detection of a front/rear-
side collision-impending object 1s notified using an 1ntuitive
AR object other than sound, helping sate driving without
interfering with driving of a vehicle.

[0447] The present disclosure can be implemented as
computer-readable codes (applications or soltware) 1n a
program-recorded medium. The method of controlling the
autonomous vehicle can be realized by a code stored 1n a
memory or the like.

[0448] The computer-readable medium may include all
types of recording devices each storing data readable by a

computer system. Examples of the computer-readable
medium 1nclude a hard disk drive (HDD), a solid state disk

(SSD), a silicon disk drive (SDD), a ROM, a RAM, a
CD-ROM, a magnetic tape, a floppy disk, an optical data
storage device and the like, and may also be implemented 1n
the form of a carrier wave (e.g., transmission over the
Internet). The computer may include the processor or the
controller. Theretfore, the detailed description should not be
limitedly construed 1n all of the aspects, and should be
understood to be illustrative. The scope of the present
disclosure should be determined by rational interpretation of
the appended claims, and all changes within the scope of
equivalents of the present disclosure are included in the
scope of the present disclosure.

1. An augmented reality, AR, display device for a vehicle

comprising;

a communication module configured to receive 1mage
data including a front image of the vehicle, location
data including a current location of the vehicle, map
data relating to the current location of the vehicle, and
sensing data of the vehicle;

a processor configured to activate a preset application to
render an AR graphic interface overlapping the front
image, the AR graphic interface including a first AR
object indicating a current driving state of the vehicle
and a second AR object indicating a guide for driving
based on the current location of the vehicle and the map

data; and

a display configured to display a navigation screen includ-
ing the front image overlapped by the AR graphic
intertace according to the rendering,

wherein the processor 1s further configured to update the
AR graphic interface, in response to a notification event
related to a driving lane recognized based on the
sensing data and a current location of the vehicle
updated, 1n a manner that separating the second AR
object from the first AR object and rendering to change
the separated second AR object into an guide image
associated with the driving lane corresponding to the
notification event.
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2. The AR display device of claim 1, wherein the notifi-
cation event related to the drniving lane of the vehicle
comprises any one of changing the driving lane, predicting
departure from the driving lane, overtaking a front object,
and detecting a collision-impending object within a current
driving lane or a lane to be changed.

3. The AR display device of claim 1, wherein the sensing,
data of the vehicle for recogmzing the notification event
related to the driving lane includes a combination of ADAS
sensing data of the vehicle and one or more of CAN data,
GPS mformation, and navigation information of the vehicle.

4. The AR display device of claim 1, wherein the pro-
cessor 1s Turther configured to update the AR graphic inter-
face, 1n response to a determination of a change of the
driving lane of the vehicle as the notification event based on
the sensing data of the vehicle, such that the first AR object
1s rendered 1n a current driving lane of the vehicle on the
front image and the separated second AR object 1s rendered
to include a plurality of trajectories images toward a driving,
lane to be changed as the guide 1mage.

5. The AR display device of claim 4, wherein the pro-
cessor 1s further configured to detect an object approaching
the vehicle based on the sensing data of the vehicle and the
map data relating to the current location of the vehicle, and
separates at least one of the plurality of trajectories 1images
from the separated second AR object to point a location of
the detected object by the separated at least one trajectory
1mage.

6. The AR display device of claim 4, wherein when an
object with a possibility of collision 1s detected 1n the driving
lane to be changed, the processor 1s further configured to
change the plurality of trajectories 1images to indicate that
the driving lane change 1s not allowed, and update some of
the changed trajectories 1mages to indicate a location of the
detected object.

7. The AR display device of claim 6, wherein the pro-
cessor 1s further configured to update the plurality of tra-
jectories 1mages indicating that the driving lane change 1s
not allowed to be located in the current driving lane or a lane
to which the driving lane change 1s not allowed.

8. The AR display device of claim 1, wherein the pro-
cessor 1s further configured to update, 1n response to a
prediction of a departure of the driving lane as the notifi-
cation event associated with the driving lane of the vehicle,
the AR graphic interface such that the first AR object 1s
rendered to indicate a driving pose of the vehicle in the
current driving lane and the separated second AR object 1s
rendered to include at least one of a first guide for guiding,
a change in the driving pose of the vehicle and a second
guide for alerting a lane departure so as for the vehicle to
keep the lane.

9. The AR display device of claim 8, wherein the pro-
cessor 1s further configured to determine a time point for
warning departure from the driving lane based on a driving,
speed of the vehicle, and update the separated second AR
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object to be changed into the second guide at a location
corresponding to an predicted lane departure direction at the
determined time point.

10. The AR display device of claim 8, wherein the
processor 1s further configured to update the displayed
driving pose indicated by the first AR object and update the
separated second AR object to display the first guide at a
center of the driving lane, when deviation within the driving
lane 1s determined to exceed a threshold range.

11. The AR display device of claim 1, wherein the
processor 1s lurther configured to updates the separated
second AR object to display a plurality of trajectories images
indicating an avoidance route and an overtaking point of a
target object, 1n response to recognition of the overtaking as
the notification event related to the driving lane.

12. The AR display device of claam 11, wheremn the
processor 1s further configured to render the separated
second AR object to be joined with the first AR object when
the driving lane change of the vehicle 1s completed while the
vehicle travels along the avoidance route, and

separate the second AR object from the first AR object to

display the plurality of trajectories images indicating a
location of a lane to return when a current location of
the vehicle approaches the overtaking point of the
target object within a predetermined distance.

13. The AR display device of claim 11, wherein during the
overtaking, the processor 1s further conﬁgured to update the
separated second AR object to keep displaying the plurahty
ol trajectories 1mages to be driven by the vehicle 1n the
separated state until the vehicle completes the overtaking.

14. The AR display device of claim 13, wheremn the
processor 1s further configured to update the separated
second AR object to include a crossing pomnt of a lane
corresponding to the overtaking point of the target object
and driving speed information for passing the crossing point
between the plurality of trajectories 1images to be driven by
the vehicle, on the basis of the current location of the vehicle
and driving state of the vehicle.

15. The AR display device of claam 1, wherein the
processor 1s further configured to determine an avoidance
driving lane based on the current location of the vehicle and
ADAS sensing data of the vehicle, and update the separated
second AR object to display the plurality of trajectories
images for the vehicle to travel according to the determina-
tion, 1 response to a detection of a front object with a
possibility of collision as the notification event related to the
driving lane based on the ADAS sensing data of the vehicle.

16. The AR display device of claim 1, wherein the
processor 1s further configured to calculate, in response to a
detection of a front object with a possibility of collision
based on ADAS sensing data of the vehicle, a location of the
detected front object based on the current location of the
vehicle and the ADAS sensing data of the vehicle, and
render an alarm object changed depending on the calculated
location overlapping the front image.
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