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(57) ABSTRACT

An apparatus for assisting a lane change includes: a storage
configured to store information for the lane change; and a
processor that classifies a plurality of lane change steps for
the lane change from a position of a host vehicle in an
original lane to a target lane, and determines whether to
output a warning of a dangerous situation in each lane
change step of the plurality of lane change steps when the
dangerous situation occurs. When the host vehicle is posi-
tioned on a boundary line of the target lane or goes over the
boundary line of the target lane, the processor assists the lane
change without outputting the warning based on a driving
situation.
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APPARATUS FOR ASSISTING LANE
CHANGE, VEHICLE, SYSTEM HAVING THE
SAME, AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2019-0152534, filed
on Nov. 25, 2019, the entire contents of which are incorpo-
rated herein by reference.

FIELD

[0002] The present disclosure relates to an apparatus (lane
change assisting apparatus) for assisting a lane change, a
vehicle system having the same, and a method thereof, and
more particularly to a technology of warning collision when
assisting a lane change.

BACKGROUND

[0003] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] As Driver Assistance Systems have been advanced,
the Driver Assistance Systems may interfere with driver
assistance and safety systems which have been convention-
ally mass-produced. For example, we have discovered that
a lane change assist function, which is a function of auto-
matically changing a lane using the input of a driver or route
setting by the driver, may conflict with an operating condi-
tion for other systems, such as (Lane Departure Warning
(LDW), Lane Keeping Assist (LKA), or Blind-spot Colli-
sion Warning (BCW) which are driver assistance and safety
systems for keeping the lane, thereby causing the interfer-
ence or errors between the systems.

[0005] In particularly, the BCW is a system to generate a
warning of the collision with a surrounding vehicle based on
the assumption that a lane is changed in the same direction
as a direction indicated by a turn indicator when the turn
indicator is flickered. We have found that the conditions to
operate the BCW may conflict with the operating condition
for the lane change assist function which has to flicker the
turn indicator during automatic lane change.

SUMMARY

[0006] The present disclosure provides an apparatus for
assisting a lane change, capable of enhancing the conve-
nience of a driver by determining an unnecessary warning
output situation in each lane change step and performing the
lane change without warning, a vehicle system having the
same, and a method thereof.

[0007] The technical problems to be solved by the present
disclosure are not limited to the aforementioned problems,
and any other technical problems not mentioned herein will
be clearly understood from the following description by
those skilled in the art to which the present disclosure
pertains.

[0008] According to an aspect of the present disclosure, an
apparatus for assisting a lane change may include: a storage
configured to store information for the lane change; and a
processor that classifies a plurality of lane change steps for
the lane change from a position of a host vehicle in an
original lane to a target lane, determines whether to output
a warning of a dangerous situation in each lane change step
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of the plurality of lane change steps, and assists the lane
change without outputting the warning based on a driving
situation when the host vehicle is positioned on a boundary
line of the target lane or goes over the boundary line of the
target lane.

[0009] According to one form, when the host vehicle is
positioned on the boundary line of the target lane, the
processor may determine whether to output the warning
based on an elapsed time or a position of a center of the host
vehicle after the host vehicle is positioned on the boundary
line of the target lane.

[0010] According to another form, the processor may
assist the lane change without outputting the warning when
the elapsed time exceeds a preset time or the position of the
center of the host vehicle after the host vehicle is positioned
on the boundary line of the target lane exceeds a preset
reference value.

[0011] According to other form, the processor may assist
the lane change without outputting the warning when the
host vehicle is entirely positioned inside the target lane.

[0012] According to one form, the processor may output
the warning when the warning is being output immediately
before the host vehicle is entirely positioned inside the target
lane, or when flickering of a turn indicator is sensed after the
host vehicle is entirely positioned inside the target lane.

[0013] According to another form, the plurality of lane
change steps includes: a first step in which the host vehicle
continues to follow a center of the original lane; a second
step in which the host vehicle moves from the center of the
original lane to the target lane until a first tire among a
plurality of tires of the host vehicle begins to cross the
boundary line of the target lane; a third step in which the first
tire of the host vehicle is positioned on the boundary line of
the target lane and the host vehicle continues to move toward
the target lane until each tire of the plurality of tires of the
host vehicle crosses the boundary line of the target lane; and
a fourth step in which each tire of the plurality of tires of the
host vehicle has crossed the boundary line of the target lane
and the host vehicle continues to move until the first tire of
the host vehicle enters the center of the target lane.

[0014] According to one form, the processor may output
the warning when the dangerous situation occurs and control
the host vehicle to return to the original lane, in the first step
or the second step.

[0015] According to one form, the processor may output
the warning and continuously perform lane change control,
in the third step.

[0016] According to one form, the processor may continu-
ously perform the lane change without outputting the warn-
ing, in the fourth step.

[0017] According to one form, the processor may perform
the lane change without outputting the warning when an
elapsed time after entering into the third step exceeds a
preset time, or when a position of a center of the host vehicle
inside the target lane exceeds a preset reference value, in the
third step.

[0018] According to one form, the processor may output
the warning and continuously perform the lane change when
an elapsed time after entering into the third step does not
exceed a preset time, and when a position of a center of the
host vehicle inside the target lane does not exceed a preset
reference value.
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[0019] According to one form, the processor may continu-
ously flicker a turn indicator until completion of the lane
change from a time point of starting the lane change.

[0020] According to another aspect of the present disclo-
sure, a vehicle system may include: a lane change assisting
apparatus configured to: divide a lane change from an
original lane in which a host vehicle is currently driving to
a target lane to which the host vehicle makes a lane change
into a plurality of lane change steps, control a warning of a
dangerous situation in each lane change step of the plurality
of lane change steps, and assist the lane change without
outputting the warning based on a driving situation when the
host vehicle is positioned on a boundary line of a target lane
or goes over the boundary line of the target lane; and a
warning device controlled by the lane change assisting
apparatus to output the warning.

[0021] According to one form, the warning device may
include Blind-spot Collision Warning (BCW).

[0022] According to one form, the warning device may
control a type of the warning or an intensity of the warning
based on the driving situation.

[0023] According to still another aspect of the present
disclosure, a method for assisting a lane change, may
include: classifying, by a processor, a plurality of lane
change steps for the lane change from a position of a host
vehicle in an original lane to a target lane; and determining,
by the processor, whether to output a warning of a dangerous
situation in each lane change step of the plurality of lane
change steps; and when the host vehicle is positioned on a
boundary line of a target lane or goes over the boundary line
of'the target lane, assisting, by the processor, the lane change
without outputting the warning based on a driving situation.

[0024] According to one form, assisting the lane change
without outputting the warning may include: assisting the
lane change without outputting the warning when the host
vehicle is entirely inside the target lane; and when the host
vehicle is positioned on the boundary line of the target lane,
determining whether to output the warning based on an
elapsed time or a position condition of a center of the host
vehicle after the host vehicle is positioned on the boundary
line of the target lane.

[0025] According to another form, assisting the lane
change without outputting the warning may include: when
an elapsed time exceeds a preset time or a position of a
center of the host vehicle after the host vehicle is positioned
on the boundary line of the target lane exceeds a preset
reference value, assisting the lane change without outputting
the warning.

[0026] According to one form, the plurality of lane change
steps may include: a first step in which the host vehicle
continues to follow a center of an original lane; a second step
in which in which the host vehicle moves from the center of
the original lane to the target lane until a first tire among a
plurality of tires of the host vehicle begins to cross the
boundary line of the target lane; a third step in which the first
tire of the host vehicle is positioned on the boundary line of
the target lane and the host vehicle continues to move toward
the target lane until each tire of the plurality of tires of the
host vehicle crosses the boundary line of the target lane; and
a fourth step in which each tire of the plurality of tires of the
host vehicle has crossed the boundary line of the target lane
and the host vehicle continues to move until the first tire of
the host vehicle enters a center of the target lane.
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[0027] According to another form, the method may further
include continuously flickering, by the processor, a turn
indicator until completion of the lane change from a time
point of starting the lane change.

[0028] Further areas of applicability will become apparent
from the description provided herein. It should be under-
stood that the description and specific examples are intended
for purposes of illustration only and are not intended to limit
the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In order that the disclosure may be well under-
stood, there will now be described various forms thereof,
given by way of example, reference being made to the
accompanying drawings, in which:

[0030] The above and other objects, features and advan-
tages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings:

[0031] FIG. 1 is a block diagram illustrating the configu-
ration of a vehicle system including a lane change assisting
apparatus;

[0032] FIG. 2 is a block diagram illustrating the detailed
configuration of the lane change assisting apparatus;

[0033] FIG. 3 is a view illustrating lane change steps in
lane change;
[0034] FIG. 4 is a view illustrating a screen to explain

warning output when entering into the third step and the
fourth step in the lane change;

[0035] FIG. 5 is a flowchart illustrating a method for
assisting lane change;

[0036] FIG. 6 is a flowchart illustrating a method for
assisting lane change; and

[0037] FIG. 7 illustrates a computing system.

[0038] The drawings described herein are for illustration
purposes only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

[0039] The following description is merely exemplary in
nature and is not intended to limit the present disclosure,
application, or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features.

[0040] Hereinafter, some forms of the present disclosure
will be described in detail with reference to the exemplary
drawings. In adding the reference numerals to the compo-
nents of each drawing, it should be noted that the identical
or equivalent component is designated by the identical
numeral even when they are displayed on other drawings.
Further, in describing the form of the present disclosure, a
detailed description of well-known features or functions will
be ruled out in order not to unnecessarily obscure the gist of
the present disclosure.

[0041] In describing the components of the form accord-
ing to the present disclosure, terms such as first, second,
“A”, “B”, (a), (b), and the like may be used. These terms are
merely intended to distinguish one component from another
component, and the terms do not limit the nature, sequence
or order of the constituent components. Unless otherwise
defined, all terms used herein, including technical or scien-
tific terms, have the same meanings as those generally
understood by those skilled in the art to which the present
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disclosure pertains. Such terms as those defined in a gener-
ally used dictionary are to be interpreted as having meanings
equal to the contextual meanings in the relevant field of art,
and are not to be interpreted as having ideal or excessively
formal meanings unless clearly defined as having such in the
present application.

[0042] The present disclosure discloses a technology of
reducing or minimizing unnecessary warning by preventing
collision warning from being performed when a host vehicle
is positioned on the boundary line of the target lane and a
specific condition is satisfied, or when a specific condition is
satisfied even though a turn indicator is being flickered
through a function of assisting a lane change when the host
vehicle is completely inside the target lane.

[0043] Hereinafter, forms of the present disclosure will be
described with reference to FIGS. 1 to 7.

[0044] FIG. 1 is a block diagram illustrating the configu-
ration of a vehicle system including a lane change assisting
apparatus, according to a form of the present disclosure, and
FIG. 2 is a block diagram illustrating the detailed configu-
ration of the lane change assisting apparatus, according to a
form of the present disclosure.

[0045] Referring to FIG. 1, according to a form of the
present disclosure, the vehicle system may include a lane
change assisting apparatus 100, a sensing device 200, a
vehicle control device 300, and a warning device 400.
[0046] According to a form of the present disclosure, the
lane change assisting apparatus 100 may be implemented
inside a vehicle. In this case, the lane change assisting
apparatus 100 may be implemented integrally with internal
control units of the vehicle. Alternatively, the lane change
assisting apparatus 100 may be implemented separately
from the internal control units of the vehicle and may be
connected with the internal control units of the vehicle
through an additional connection unit.

[0047] The lane change assisting apparatus 100 may dis-
tinguish one of one or more lane change steps depending on
a position of a host vehicle when changing a lane, and may
control the output of warning for each lane change step when
a dangerous situation occurs. In particular, the lane change
assisting apparatus 100 may assist the lane change without
outputting a warning when a vehicle body of the host vehicle
is completely inside a target lane. In addition, the lane
change assisting apparatus 100 may determine whether to
output the warning, depending on an elapsed time condition
or the position condition of the center of a vehicle after the
host vehicle is positioned on the boundary line of the target
lane, when the host vehicle is positioned on a boundary line
of the target lane. In other words, the lane change assisting
apparatus 100 may assist the lane change without outputting
the warning, when satisfying at least one of the elapsed time
condition or the position condition of the center of the
vehicle after positioned on the boundary line of the target
lane.

[0048] The lane change assisting apparatus 100 may
include a communication part 110, a storage 120, a display
130, and a processor 140.

[0049] The communication part 110, which is a hardware
device implemented with various electronic circuits to trans-
mit or receive a signal through wireless or wired connection,
may make V2I communication through an in-vehicle net-
work communication technology or, wireless Internet access
or short range communication technology with an external
server of a vehicle, an infrastructure, and other vehicles. In
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this case, the vehicle network communication technology
may include a controller area network (CAN) communica-
tion technology, a local interconnect network (LIN) com-
munication technology, a FlexRay communication technol-
ogy, and in-vehicle communication may be performed
through the above communication technology. The wireless
Internet technology may include a wireless LAN (WLAN),
a wireless broadband (Wibro), a Wi-Fi, World Interoperabil-
ity for Microwave Access (Wimax). The short range com-
munication technology may include Bluetooth, ZigBee,
ultra wideband (UWB), radio frequency identification
(RFID), or infrared data association (IrDA).

[0050] For example, the communication part 110 may
share vehicle information with the sensing device 200 of a
vehicle and a device (e.g., a navigation device) inside the
vehicle. In this case, the vehicle information may include a
vehicle yaw rate, a vehicle speed, information on an obstacle
around the vehicle, the relative speed to the obstacle, the
relative distance to the obstacle, and information on position
of the host vehicle.

[0051] The storage 120 may store the sensing result of the
sensing device 200 and data or algorithms (i.e., a set of
instructions) executed by the processor 140 to operate. For
example, the storage 120 may store information on a warn-
ing level, and information on a threshold value for deter-
mining one or more lane change steps.

[0052] The storage 120 may be implemented with at least
one storage medium of a memory in a flash memory type, a
hard disk type, a micro type, the type of a card (e.g., a
Security Digital (SD) card or an eXtreme digital card), a
Random. Access Memory (RAM), a Static RAM (SRAM),
a Read Only Memory (ROM), a Programmable ROM
(PROM), an Flectrically Erasable and Programmable ROM
(EEPROM), a magnetic RAM (MRAM), a magnetic disk-
type memory, or an optical disk-type memory.

[0053] The display 130 may include an input device to
receive a control command from a user and an output device
to output the operation state and the operation result of the
lane change assisting apparatus 100. In this case, the input
device may include a key button, and may include a mouse,
ajoystick, a jog shuttle, a stylus pen, or the like. In addition,
the input device may include a soft key implemented on a
display. The output device may include a display and may
include a voice output device such as a speaker. When a
touch sensor product, such as a touch film, a touch sheet, a
touch pad, or the like, is included in the display, the display
may operate as a touch screen, and the input device and the
output device may be implemented in the integral form.
According to the present disclosure, the output device may
output warning information (a warning screen or a warning
wording) separately from the warning device 400 and may
output necessary information (information for starting to
assist lane change, or information for terminating assisting
the lane change) when performing a function (lane change
assist function) of assisting the lane change.

[0054] In this case, the display may include at least one of
a liquid crystal display (LCD), a thin film transistor-liquid
crystal display (TFT LCD), an organic light-emitting diode
(OLED), a flexible display, a field emission display (FED),
or a three dimensional display (3D display).

[0055] The processor 140 may be electrically connected
with the communication part 110, the storage 120, the
display 130, and the like, may electrically control each
component, and may be an electric circuit that executes
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software command. Accordingly, the processor 140 may
perform various data processing and calculation, to be
described below.

[0056] Accordingly, the processor 140 may process sig-
nals transmitted/received between components of the lane
change assisting apparatus 100. The processor 140 may be,
for example, an electronic control unit (ECU), a micro
controller unit (MCU), or another lower-level controller
mounted in the vehicle.

[0057] The processor 140 may classify one of one or more
lane change steps for the lane change based on a position of
a host vehicle in an original lane and a target lane when
changing a lane from the original lane to the target lane, and
may determine whether to output a warning of a dangerous
situation in each lane change step of the plurality of lane
change steps based on whether a dangerous situation occurs.
[0058] In addition, the processor 140 may continuously
flicker a turn indicator until the completion of lane change
control from the time point of starting the lane change
control when the lane change is performed.

[0059] The processor 140 may assist the lane change
without outputting the warning depending on the driving
situation, when the host vehicle is positioned on or goes over
the boundary line of a target lane.

[0060] In other words, the processor 140 may determine
whether to output the warning, depending on an elapsed time
condition or the position condition of the center of a vehicle
after the host vehicle is positioned on the boundary line of
the target lane, when the host vehicle is positioned on a
boundary line of the target lane, and may assist the lane
change without outputting the warning, when satisfying at
least one of the elapsed time condition or the position
condition of the center of the vehicle after the host vehicle
is positioned on the boundary line of the target lane.

[0061] In addition, the processor 140 may assist the lane
change without outputting the warning when the host
vehicle goes over the boundary line of the target lane after
positioned on the boundary line of the target lane, that is,
when the host vehicle is completely inside the target lane.

[0062] However, the processor 140 may control the output
of the warning, when the warning is being output immedi-
ately before the host vehicle is completely inside the target
lane, or when the flickering of the turn indicator is sensed
after the host vehicle is completely inside the target lane.

[0063] One or more lane change steps may include a first
step in which a host vehicle continues to follow the center
of the original lane, a second step in which the host vehicle
moves from the center of the original lane to the target lane
until a first tire among a plurality of tires of the host vehicle
begins to cross the boundary line of the target lane, a third
step in which the first tire of the host vehicle is positioned
on the boundary line of the target lane and the host vehicle
continues to move toward the target lane until each tire of the
plurality of tires of the host vehicle crosses the boundary line
of the target lane, and a fourth step in which each tire of the
plurality of tires of the host vehicle has crossed the boundary
line of the target lane and the host vehicle continues to move
until the first tire of the host vehicle enters the center of the
target lane. The one or more lane change steps will be
described later with reference to FIGS. 3 and 4.

[0064] The processor 140 may output warning and control
the host vehicle to return to the original lane in the first step
or the second step when a dangerous situation occurs. In this
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case, the dangerous situation may include the risk of colli-
sion with a surrounding obstacle during lane change.

[0065] The processor 140 may output warning and con-
tinuously perform lane change control in the third step. In
addition, the processor 140 may continuously perform the
lane change control without outputting the warning even
though the turn indicator is being flickered, in the fourth
step.

[0066] In addition, the processor 140 may perform, in the
third step, the lane change control without outputting warn-
ing even though the turn indicator is being flickered when an
elapsed time after entering into the third step exceeds a
preset time, or when the position of the center of the host
vehicle inside the lane after entering into the third step
exceeds a preset reference value.

[0067] The processor 140 may output warning and con-
tinuously perform the lane change control when the elapsed
time after entering into the third step does not exceed the
preset time, and when the position of the center of the host
vehicle inside the lane after entering into the third step does
not exceed the preset reference value.

[0068] Referring to FIG. 2, the processor 140 may include
a lane change determining part 131, a turn indicator con-
troller 132, a lane change assist function determining part
133, and a BCW determining part 134.

[0069] The lane change determining part 131 determines a
time point that the lane change is necessary and outputs the
determination result. The lane change determining part 131
may determine the time point that the lane change is
necessary, depending on the input of a turn indicator by a
driver, a determination result of Hands on and Hands off, or
a setting route.

[0070] The turn indicator controller 132 may generate and
output a signal necessary to flicker or maintain the turn
indicator in a direction of changing the lane. The turn
indicator controller 132 may output the signal by determin-
ing whether a driver manipulates a switch of the turn
indicator.

[0071] The lane change assist function determining part
133 may determine a situation desired to perform the lane
change assist function by using a signal, which is output
from the lane change determining part 131, of notifying the
time point that the lane change is desired and an output from
various sensors mounted on the vehicle. In this case, the
situation desired to perform the lane change assist function
may include an operating condition, or collision determina-
tion information. In addition, the lane change assist function
determining part 133 may generate and output a signal
desired to generate a route, control a vehicle, or perform a
displaying function for the lane change. The lane change
assist function determining part 133 transmits a signal for
distinguishing between the lane change steps to the BCW
determining part 134.

[0072] The lane change determining part 131 may distin-
guish between the lane change steps by determining whether
the tire of the host vehicle is positioned on or out of the
boundary line of the target lane.

[0073] The lane change assisting apparatus 100 may deter-
mine whether the host vehicle is positioned on the boundary
line of the target lane, at the moment at which a condition as
in following Equation 1 is satisfied.
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Distance from vehicle center to boundary line of lane — Equation 1

vehicle overall width

2 < Distancerye|

[0074] The lane change assisting apparatus 100 deter-
mines whether the host vehicle is out of the boundary line of
the target lane, at the moment at which a condition as in
following Equation 2 is satisfied.

Distance from vehicle center to boundary line of lane — Equation 2

vehicle overall width

2 = Distanceryen

[0075] The BCW determining part 134 may transmit a
warning signal to the warning device 400 when collision is
predicted on the assumption that a lane is changed in the
direction that the turn indicator is flickered, by using the
signal output from the turn indicator controller 132 and a
sensor mounted in a vehicle.

[0076] The BCW determining part 134 may transmit the
warning signal when collision is predicted on the assump-
tion that a lane is changed, by constantly checking the left
and the right of the vehicle even though there is absent an
output from the turn indicator controller 132. In this case, the
type or the intensity of the warning may be varied depending
on the driving situation such as whether the turn indicator is
flickered.

[0077] The sensing device 200 may include at least one
sensor to detect an obstacle, such as a preceding vehicle,
positioned around the host vehicle, and to measure a dis-
tance to the obstacle or a speed relative to the obstacle.

[0078] The sensing device 200 may include a plurality of
sensors to detect an external object of the vehicle, and may
obtain information the position of the external object, the
speed of the external object, a moving direction of the
external object, or a type of the external object (e.g., a
vehicle, a pedestrian, a bicycle or a motorcycle). To this end,
the sensing device 200 may include an ultrasonic sensor, a
radar, a camera, a laser scanner or a corner radar, a LIDAR,
an acceleration sensor, a yaw rate sensor, a torque measure-
ment sensor or a wheel speed sensor, and a steering angle
sensor.

[0079] The vehicle control device 300 may be configured
to control the steering (a longitudinal direction or a trans-
versal direction) of the vehicle, a vehicle speed, braking, or
engine driving, and may include a steering wheel, an actua-
tor linked to the steering wheel, a controller to control the
actuator, a controller to control the brake, and a controller to
control the speed of the vehicle.

[0080] The warning device 400 may be controlled by the
lane change assisting apparatus 100 to output a visible,
tactile, or audible warning. The warning device 400 may
output warnings with various types and intensities depend-
ing on the driving situation such as whether the turn indi-
cator is flickered. In addition, the warning device 400 may
include Blind-spot Collision Warning (BCW).

[0081] FIG. 3 is a view illustrating lane change steps in
lane change, according to one form of the present disclosure,
and FIG. 4 is a view illustrating warning output when
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entering into the third step and the fourth step in the lane
change, according to another form of the present disclosure.
[0082] Referring to FIG. 3, the following description will
be made regarding that steps of changing from the original
lane (the lane in which the host vehicle is traveling) to the
target lane is divided into four steps, when assisting the lane
change. The first step, which is a step that a host vehicle
keeps following the center of the original lane, refers to a
step when one second or more is elapsed after starting the
lane change assist function. The second step, which is a step
in which the host vehicle moves from the center of the
original lane to the target lane until a first tire among a
plurality of tires of the host vehicle begins to cross the
boundary line of the target lane, include a state that the host
vehicle is travelling inside the original lane. The third step
is a step in which the first tire of the host vehicle is
positioned on the boundary line of the target lane and the
host vehicle continues to move toward the target lane until
each tire of the host vehicle is completely out of the
boundary line of the target lane (e.g., each tire of the host
vehicle crosses the boundary line of the target lane). The
fourth step, which is a step in which each tire of the plurality
of tires of the host vehicle has crossed the boundary line of
the target lane and the host vehicle continues to move until
the first tire of the host vehicle enters a center of the target
lane, refers to that the host vehicle is completely inside the
target lane.

[0083] The lane change assisting apparatus 100 may con-
trol the host vehicle to return to the original lane when
warning (BCW warning) occurs as surrounding collision is
predicted in the first step or the second step. In this case, in
the first step or the second step, since the host vehicle is
travelling inside the original lane, when warning is output,
a vehicle predicted to collide with the host vehicle may be
present with high probability inside the target lane. Accord-
ingly, the lane change assisting apparatus 100 may output
the warning.

[0084] The lane change assisting apparatus 100 may deter-
mine whether to output the warning using the elapsed time
or the position of the center of the vehicle after entering into
the third step, so as to prevent the warning from being
unnecessarily output due to a vehicle travelling present on a
next lane to the target lane, because the vehicle predicted to
collide with the host vehicle may be present on the target
lane or the next lane to the target lane, when the warning is
output in the third step that the host vehicle enters the target
lane.

[0085] In this case, the lane change assisting apparatus
100 may stop the output of the warning when the elapsed
time (Time ;) and the position (Diste,,sepan:) Of the
vehicle, after entering the third step are greater than respec-
tive threshold values, respectively, as in following Equation
3.

Time condition(4): Times,,,,3=Time ,cs01

Position condition(8): Distg,siepamizDistance g, 3

[0086] In Equation 3, the time condition (A) and the
position condition (B) are separately used or used through
the OR logic operation (A or B). Accordingly, the lane
change assisting apparatus 100 may prevent the warning
from being output when one of two conditions is true.

[0087] The position of the center of the vehicle at the
initial point of the third step, which is used to determine the
position condition, may have the relative relationship with

Equation 3
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the boundary line of the target lane, which makes the relative
distance relationship between the center of the original lane
and the center of the target lane.

[0088] The lane change assisting apparatus 100 prevents
the warning from being output because the vehicle predicted
to collide with the host vehicle may be present with the high
probability on the next lane to the target lane, when the
warning is output in the fourth step which is the step that the
host vehicle is completely inside the target lane.

[0089] However, the lane change assisting device 100 may
allow the warning to be output when the host vehicle is
already outputting the warning before entering into the
fourth step or when the input for the turn indicator by the
driver is detected after entering into the fourth step.

[0090] Hereinafter, a method for assisting lane change will
be described with reference to FIG. 5, according to one form
of the present disclosure. FIG. 5 is a flowchart illustrating a
method for assisting lane change, according to another form
of the present disclosure.

[0091] Hereinafter, it is assumed that the lane change
assisting apparatus 100 of FIG. 1 performs the process of
FIG. 5. In addition, in the description made with reference
to FIG. 5, it may be understood that operations described as
being performed by an apparatus are controlled by the
processor 140 of the lane change assisting apparatus 100.

[0092] Referring to FIG. 5, the lane change assisting
apparatus 100 may determine a time point that the lane
change is necessary (S101). In this case, the lane change
assisting apparatus 100 may determine a time point that the
lane change is necessary, depending on the input for the turn
indicator, a determination result of Hands on and Hands off,
or a setting route.

[0093] The lane change assisting apparatus 100 performs
a control operation to flicker the turn indicator, when the
time point that the lane change is necessary comes (S102).
In this case, the turn indicator may be continuously flickered
during the control operation to assist the lane change.

[0094] The lane change assisting apparatus 100 deter-
mines a collision situation in the lane change (S103) and
performs the lane change when the collision situation is not
predicted (S104).

[0095] The lane change assisting apparatus 100 deter-
mines whether the return to an original lane is possible
(8105), when the collision situation is predicted. In this case,
the lane change assisting apparatus 100 may determine
whether the host vehicle is able to return to the original lane
by determining whether the state of the host vehicle corre-
sponds to the first step or the second step, which refer to the
travelling of the host vehicle inside the lane of the host
vehicle. In other words, the lane change assisting apparatus
100 may determine that the host vehicle is able to return to
the original lane when the state of the host vehicle corre-
sponds to the first step or the second step. To the contrast, the
lane change assisting apparatus 100 may determine that the
host vehicle is unable to return to the original lane, when the
host vehicle is positioned on the boundary line of the target
lane, partially enters the target lane, or completely inside the
target lane. In addition, the lane change assisting apparatus
100 may determine whether the state of the host vehicle
corresponds to the first step or the second step, by taking into
consideration the information on the position of the host
vehicle, or information on whether the host vehicle is
positioned on the boundary line of the target lane.
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[0096] Accordingly, when the host vehicle is able to return
to the original lane (is in the first step or the second step), the
lane change assisting apparatus 100 performs control opera-
tions to output the warning against the collision and to return
to the original lane (S106).

[0097] To the contrary, when the host vehicle is unable to
return to the original lane (is in the third step or fourth step),
the lane change assisting apparatus 100 determines whether
the entire portion of the host vehicle is completely inside the
target lane (S107).

[0098] Therefore, when the entire portion of the host
vehicle is not completely inside the target lane, the lane
change assisting apparatus 100 determines the state of the
host vehicle as corresponding to the third step, outputs a
warning, and continuously performs the lane change (S108).

[0099] Meanwhile, when the entire portion of the host
vehicle is not completely inside the target lane, the lane
change assisting apparatus 100 determines the state of the
host vehicle as corresponding to the fourth step, and con-
tinuously performs the lane change without outputting the
warning (S109).

[0100] As described above, according to the present dis-
closure, the control operations are performed to output the
warning depending on a warning situation till the step (the
first step or the second step) that the host vehicle is able to
return to the original lane for reasons such as collision
during performing the lane change assist function and to
return to the original lane.

[0101] However, when the warning situation occurs in the
step (the third step or fourth step) that the host vehicle is
unable to return to the original lane, it is determined whether
the entire portion of the vehicle is completely inside the
target lane. When the entire portion of the vehicle is not
completely inside the target lane, the lane change assist
function is continuously performed and the warning is
generated. When the entire portion of the vehicle is com-
pletely inside the target lane, the warning is not output even
though the turn indicator is being flickered. Therefore,
according to the present disclosure, the unnecessary warning
may be avoided or minimized in the lane change control,
thereby enhancing the convenience of the driver.

[0102] Hereinafter, a method for assisting lane change will
be described with reference to FIG. 6, according to one form
of the present disclosure. FIG. 6 is a flowchart illustrating a
method for assisting lane change, according to another form
of the present disclosure.

[0103] Hereinafter, it is assumed that the lane change
assisting apparatus 100 of FIG. 1 performs the process of
FIG. 6. In addition, in the description made with reference
to FIG. 6, it may be understood that operations described as
being performed by an apparatus are controlled by the
processor 140 of the lane change assisting apparatus 100.

[0104] Referring to FIG. 6, the lane change assisting
apparatus 100 may determine a time point that the lane
change is necessary (S201). In this case, the lane change
assisting apparatus 100 may determine a time point that the
lane change is necessary, depending on the input for the turn
indicator, a determination result of Hands on and Hands off,
or a setting route.

[0105] The lane change assisting apparatus 100 performs
a control operation to flicker the turn indicator, when the
time point that the lane change is necessary comes (S202).
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[0106] The lane change assisting apparatus 100 deter-
mines a collision situation in the lane change (S203) and
performs the lane change when the collision situation is not
predicted (S204).

[0107] The lane change assisting apparatus 100 may deter-
mine whether the host vehicle is positioned on the boundary
line of the target lane, when the collision situation is
predicted (S205). In this case, the lane change assisting
apparatus 100 determines that the state of the host vehicle
corresponds to the first step or the second step, and performs
control operations to output the warning against the collision
and to return to the original lane, when the host vehicle is not
positioned on the boundary line of the target lane (S206).
[0108] The lane change assisting apparatus 100 may deter-
mine the state of the host vehicle as corresponding to the
third step, may enter into the third step, and may determine
whether the conditions of the elapsed time and the position
of the center of the host vehicle are satisfied, when the host
vehicle is not positioned on the boundary line of the target
lane (S207).

[0109] The lane change assisting apparatus 100 performs
control operations to output the warning against the collision
predicted and to continuously perform the lane change,
when the conditions of the elapsed time and the position of
the center of the host vehicle after entering into the third step
are not satisfied (S208). In this case, although the forms have
been disclosed in that one of the elapsed time condition or
the position condition of the center of the host vehicle is
taken into condition, whether to output the warning may be
determined by separately taking into consideration the above
conditions one by one.

[0110] The lane change assisting apparatus 100 may con-
tinuously perform the lane change control without the warn-
ing, when one of the conditions of the elapsed time and the
position of the center of the host vehicle, after entering into
the third step is satisfied (S208).

[0111] As described above, according to one form of the
present disclosure, as illustrated in FIG. 5, even though the
host vehicle is not completely inside the target lane, when
collision is predicted in lane change, and when the host
vehicle is in the third step, which is the lane change step, that
is, the hoist vehicle is positioned on the boundary line of the
target lane, the condition of the elapsed time or the position
condition of the center of the host vehicle, after entering into
the third step is considered. In this case, the warning is
output when the condition of the elapsed time after the
entrance into the third step or the position condition of the
center of the host vehicle fails to satisfy a preset condition,
and otherwise, the lane change control is performed without
the warning as in the fourth step, thereby minimizing the
unnecessary warning to enhance the convenience of the
driver.

[0112] FIG. 7 illustrates a computing system, according to
one form of the present disclosure.

[0113] Referring to FIG. 7, a computing system 1000 may
include at least one processor 1100, a memory 1300, a user
interface input device 1400, a user interface output device
1500, a storage 1600, and a network interface 1700, which
are connected with each other via a bus 1200.

[0114] The processor 1100 may be a central processing
unit (CPU) or a semiconductor device for processing
instructions stored in the memory 1300 or the storage 1600.
Each of the memory 1300 and the storage 1600 may include
various types of volatile or non-volatile storage media. For
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example, the memory 1300 may include a read only memory
(ROM) and a random access memory (RAM).
[0115] Thus, the operations of the methods or algorithms
described in connection with the forms disclosed in the
present disclosure may be directly implemented with a
hardware module, a software module, or the combinations
thereof, executed by the processor 1100. The software
module may reside on a storage medium (i.e., the memory
1300 or the storage 1600), such as a RAM, a flash memory,
a ROM, an erasable and programmable ROM (EPROM), an
electrically EPROM (EEPROM), a register, a hard disc, a
removable disc, or a compact disc-ROM (CD-ROM).
[0116] The exemplary storage medium may be coupled to
the processor 1100. The processor 1100 may read out
information from the storage medium and may write infor-
mation in the storage medium. Alternatively, the storage
medium may be integrated with the processor 1100. The
processor and storage medium may reside in an application
specific integrated circuit (ASIC). The ASIC may reside in
a user terminal. Alternatively, the processor and storage
medium may reside as separate components of the user
terminal.
[0117] As described above, according to the present dis-
closure, the convenience of the driver may be enhanced by
determining the unnecessary warning output situation in
each lane change step and performing the lane change
without outputting the warning.
[0118] Besides, a variety of effects directly or indirectly
understood through the disclosure may be provided.
[0119] Hereinabove, although the present disclosure has
been described with reference to exemplary forms and the
accompanying drawings, the present disclosure is not lim-
ited thereto, but may be variously modified and altered by
those skilled in the art to which the present disclosure
pertains without departing from the spirit and scope of the
present disclosure claimed in the following claims.
[0120] Therefore, forms of the present disclosure are not
intended to limit the technical spirit of the present disclo-
sure, but provided only for the illustrative purpose. The
scope of protection of the present disclosure should be
construed by the attached claims, and all equivalents thereof
should be construed as being included within the scope of
the present disclosure.
What is claimed is:
1. An apparatus for assisting a lane change, the apparatus
comprising:
a storage configured to store information for the lane
change; and
a processor configured to:
classify a plurality of lane change steps for the lane
change from a position of a host vehicle in an
original lane to a target lane,
determine whether to output a warning of a dangerous
situation in each lane change step of the plurality of
lane change steps, and
when the host vehicle is positioned on a boundary line
of the target lane or goes over the boundary line of
the target lane, assist the lane change without out-
putting the warning based on a driving situation.
2. The apparatus of claim 1, wherein the processor is
configured to:
when the host vehicle is positioned on the boundary line
of the target lane, determine whether to output the
warning based on an elapsed time or a position of a
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center of the host vehicle after the host vehicle is
positioned on the boundary line of the target lane.

3. The apparatus of claim 2, wherein the processor is

configured to:

when the elapsed time exceeds a preset time or the
position of the center of the host vehicle after the host
vehicle is positioned on the boundary line of the target
lane exceeds a preset reference value, assist the lane
change without outputting the warning.

4. The apparatus of claim 1, wherein the processor is

configured to:

assist the lane change without outputting the warning
when the host vehicle is entirely positioned inside the
target lane.

5. The apparatus of claim 4, wherein the processor is

configured to:

output the warning when the warning is being output
immediately before the host vehicle is entirely posi-
tioned inside the target lane, or when flickering of a turn
indicator is sensed after the host vehicle is entirely
positioned inside the target lane.

6. The apparatus of claim 1, wherein the plurality lane

change steps comprises:

a first step in which the host vehicle continues to follow
a center of the original lane;

a second step in which the host vehicle moves from the
center of the original lane to the target lane until a first
tire among a plurality of tires of the host vehicle begins
to cross the boundary line of the target lane;

a third step in which the first tire of the host vehicle is
positioned on the boundary line of the target lane and
the host vehicle continues to move toward the target
lane until each tire of the plurality of tires of the host
vehicle crosses the boundary line of the target lane; and

a fourth step in which each tire of the plurality of tires of
the host vehicle has crossed the boundary line of the
target lane and the host vehicle continues to move until
the first tire of the host vehicle enters a center of the
target lane.

7. The apparatus of claim 6, wherein the processor is

configured to:

when the dangerous situation occurs, output the warning
and control the host vehicle to return to the original lane
in the first step or the second step.

8. The apparatus of claim 6, wherein the processor is

configured to:

output the warning and continuously perform the lane
change in the third step.

9. The apparatus of claim 6, wherein the processor is

configured to:

continuously perform the lane change without outputting
the warning in the fourth step.

10. The apparatus of claim 6, wherein the processor is

configured to:

perform the lane change without outputting the warning
when an elapsed time after entering into the third step
exceeds a preset time, or when a position of a center of
the host vehicle inside the target lane exceeds a preset
reference value, in the third step.

11. The apparatus of claim 6, wherein the processor is

configured to:

output the warning and continuously perform the lane
change when an elapsed time after entering into the
third step does not exceed a preset time, and when a
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position of a center of the host vehicle inside the target
lane does not exceed a preset reference value.
12. The apparatus of claim 1, wherein the processor is
configured to:
continuously flicker a turn indicator until completion of
the lane change from a time point of starting the lane
change.
13. A vehicle system comprising:
a lane change assisting apparatus configured to:
divide a lane change from an original lane in which a
host vehicle is currently driving to a target lane to
which the host vehicle makes a lane change into a
plurality of lane change steps,

control a warning of a dangerous situation in each lane
change step of the plurality of lane change steps, and

when the host vehicle is positioned on a boundary line
of a target lane or goes over the boundary line of the
target lane, assist the lane change without outputting
the warning based on a driving situation; and

a warning device controlled by the lane change assisting
apparatus to output the warning.

14. The vehicle system of claim 13, wherein the warning

device includes Blind-spot Collision Warning (BCW).

15. The vehicle system of claim 13, wherein the warning
device is configured to control a type of the warning or an
intensity of the warning based on the driving situation.

16. A method for assisting a lane change, the method
comprising:

classifying, by a processor, a plurality of lane change
steps for the lane change from a position of a host
vehicle in an original lane to a target lane;

determining, by the processor, whether to output a warn-
ing of a dangerous situation in each lane change step of
the plurality of lane change steps; and

when the host vehicle is positioned on a boundary line of
atarget lane or goes over the boundary line of the target
lane, assisting, by the processor, the lane change with-
out outputting the warning based on a driving situation.

17. The method of claim 16, wherein assisting the lane
change without outputting the warning includes:

assisting the lane change without outputting the warning
when the host vehicle is entirely inside the target lane;
and

when the host vehicle is positioned on the boundary line
of the target lane, determining whether to output the
warning based on an elapsed time or a position condi-
tion of a center of the host vehicle after the host vehicle
is positioned on the boundary line of the target lane.

18. The method of claim 16, wherein assisting the lane
change without outputting the warning includes:

when an elapsed time exceeds a preset time or a position
of a center of the host vehicle after the host vehicle is
positioned on the boundary line of the target lane
exceeds a preset reference value, assisting the lane
change without outputting the warning.

19. The method of claim 16, wherein the plurality of lane

change steps includes:

a first step in which the host vehicle continues to follow
a center of the original lane;

a second step in which the host vehicle moves from the
center of the original lane to the target lane until a first
tire among a plurality of tires of the host vehicle begins
to cross the boundary line of the target lane;
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a third step in which the first tire of the host vehicle is
positioned on the boundary line of the target lane and
the host vehicle continues to move toward the target
lane until each tire of the plurality of tires of the host
vehicle crosses the boundary line of the target lane; and

a fourth step in which each tire of the plurality of tires of
the host vehicle has crossed the boundary line of the
target lane and the host vehicle continues to move until
the first tire of the host vehicle enters a center of the
target lane.

20. The method of claim 16, further comprising:

continuously flickering, by the processor, a turn indicator
until completion of the lane change from a time point
of starting the lane change.

#* #* #* #* #*
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