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APPARATUS AND METHOD FOR ADJUSTING STEERING WHEEL

BACKGROUND
Field
[0001] The present disclosure relates to an apparatus and method
for adjusting a steering wheel, which uniformizes quality of zero
adjustment and reduces the number of work processes by processing
information on images of a lateral side and a front side of a
steering wheel to measure errors related to column tilting and
zero adjustment and rotating the steering wheel by controlling a
drive motor depending on the error, in order to solve problems
with a leveler, which is a device used directly by an operator
to perform zero adjustment on a rotation angle of the steering

wheel of a vehicle.

Description of the Related Art
[0002] A process of adjusting wheel alignment of a vehicle is
generally performed before the vehicle is delivered. Further,
before the process, a rotation angle of a steering wheel of a
steering system of the vehicle needs to be calibrated to =zero.
Otherwise, the wheel will be off-center, wherein the steering
wheel rotates at a predetermined angle even though the wvehicle
travels straight. Therefore, even though the steering wheel is

set to zero by appropriately performing the wheel alignment to
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allow the vehicle to travel straight, the off-center wheel of the
vehicle causes the vehicle to be lopsided to one side.

[0003] Therefore, a device called a leveler can be used by an
operator to adjust the wheel off-center of the vehicle to sense
and adjust the rotation angle of the steering wheel. To perform
the zero adjustment (zero-point calibration) on the steering
wheel, the leveler includes a main body having a monitor and a
gyro sensor, a contact unit extended from the inside of the main
body and configured to bring the main body into close contact
with a front glass of the vehicle, and a fixing unit configured
to fix the main body to the steering wheel. However, the amount
of rotation angle that 1is adjusted by the leveler may vary
depending on the fixing position, which causes a problem of non-
uniformity of the zero adjustment.

[0004] The foregoing explained as the background is intended
merely to aid in the understanding of the background of the
present disclosure, and is not intended to mean that the present
disclosure falls within the purview of the related art that is

already known to those skilled in the art.

SUMMARY
[0005] The present disclosure is proposed to solve these problems
and aims to provide an apparatus and method for adjusting a
steering wheel, which uniformize quality of zero adjustment and

reduce the number of work processes by processing information on
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images of a lateral side and a front side of a steering wheel to
measure an error related to column tilting and zero adjustment
and rotating the steering wheel by controlling a drive motor
depending on the error in order to solve a problem with a leveler
which is a device used directly by an operator to perform zero
adjustment on a rotation angle of the steering wheel of a vehicle.
[0006] An apparatus for adjusting a steering wheel according to
the present disclosure may include an image capturing unit
configured to capture images of a current state of a steering
wheel at multiple angles, an analysis unit configured to create
leveling information on zero adjustment of the steering wheel by
processing the image acquired by the image capturing unit, and a
control unit configured to <calculate an error from preset
reference leveling information depending on the leveling
information created by the analysis unit and performing the zero
adjustment on the steering wheel by controlling a drive unit for
operating the steering wheel depending on the calculated error.
[0007] The image capturing unit may further include an obstacle
detection sensor, and the obstacle detection sensor may detect
an obstacle on a route along which the image capturing unit enters
or exits an interior of a vehicle having the steering wheel to
capture the image of the current state of the steering wheel.
[0008] When a door glass of the vehicle is detected as an obstacle
on the route, the control unit may perform control to open the

door glass of the vehicle.
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[0009] The analysis unit may measure a tilting angle of the
steering wheel by processing an image of a lateral side of the
current state of the steering wheel acquired by the image
capturing unit and create the leveling information on the =zero
adjustment of the steering wheel corresponding to the measured
tilting angle.

[0010] The analysis unit may measure a wheel off-center angle of
the steering wheel by processing an image of a front side of the
current state of the steering wheel acquired by the image
capturing unit and create the leveling information on the zero
adjustment of the steering wheel corresponding to the measured
wheel off-center angle.

[0011]] The analysis unit may further include a shape learning
unit configured to create reference leveling information by
extracting a plurality of feature points related to a wheel shape
from an image of a front side of the steering wheel.

[0012] The analysis unit may create the leveling information on
the zero adjustment of the steering wheel Dby extracting the
plurality of feature points related to the wheel shape from the
image of the front side of the steering wheel acquired by the
image capturing unit.

[0013] The image capturing unit may further include a focal point
adjustment unit having a plurality of reference points for
performing the zero adjustment on a focal point of the captured

image.
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[0014] A method of adjusting a steering wheel according to the
present disclosure may include: capturing, by an image capturing
unit, images of a current state of a steering wheel at multiple
angles; creating, by an analysis unit, leveling information on
zero adjustment of the steering wheel included in the steering
wheel by processing the image acquired by the image capturing
unit; and calculating, by a control unit, an error from preset
reference leveling information depending on the leveling
information created by the analysis unit, controlling a drive
unit of the steering wheel depending on the calculated error, and
performing the zero adjustment on the drive unit.

[0015] The method may further include, before the capturing of
the images, detecting, by an obstacle detection sensor, an
obstacle on a route along which the image capturing unit enters
or exits an interior of a vehicle having the steering wheel to
capture the image of the current state of the steering wheel.
[0016] In the creating of the leveling information, a tilting
angle of the steering wheel may be measured by processing an
acquired image of a lateral side of the current state of the
steering wheel, and the leveling information on the zero
adjustment of the steering wheel corresponding to the measured
tilting angle may be created.

[0017] In the creating of the leveling information, a wheel off-
center angle of the steering wheel may be measured by processing

an acquired image of a front side of the current state of the



10

15

20

25

steering wheel, and the leveling information on the =zero
adjustment of the steering wheel corresponding to the measured
wheel off-center angle may be created.

[0018] The method may further include, before the creating of
the leveling information, creating, by a shape learning unit,
reference leveling information by extracting a plurality of
feature points related to a wheel shape from an image of a front
side of the steering wheel.

[0019] In the creating of the leveling information, the leveling
information on the zero adjustment of the steering wheel may be
created by extracting a plurality of feature points related to a
wheel shape from the image of the front side of the steering wheel
acquired by the image capturing unit.

[0020] The method may further include, before the capturing of
the images, performing the zero adjustment on a focal point of
the image captured depending on a plurality of reference points
provided in a focal point adjustment unit.

[0021] According to the apparatus for adjusting the steering
wheel and the method of managing the same according to the present
disclosure, it 1s possible to wuniformize quality of =zero
adjustment and reduce the number of work processes by processing
information on images of the lateral side and the front side of
the steering wheel to measure an error related to column tilting
and zero adjustment and rotating the steering wheel by controlling

the drive motor depending on the error in order to solve a problem
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with the leveler which is a device used directly by an operator
to perform zero adjustment on a rotation angle of the steering

wheel of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 is a schematic view of a steering wheel adjustment
apparatus according to an embodiment of the present disclosure.
[0023] FIG. 2 is a view illustrating a traditional steering wheel
adjustment apparatus.
[0024] FIG. 3 is a view illustrating a control mechanism of the
steering wheel adjustment apparatus according to the embodiment
of the present disclosure.
[0025] FIG. 4 is a view illustrating an obstacle detection sensor
of the steering wheel adjustment apparatus according to the
embodiment of the present disclosure.
[0026] FIG. 5 1is a wview 1illustrating a tilting adjustment
mechanism of the steering wheel adjustment apparatus according
to the embodiment of the present disclosure.
[0027] FIGS. 6 to 8 are views illustrating a wheel off-center
adjustment mechanism of the steering wheel adjustment apparatus
according to the embodiment of the present disclosure,
respectively.
[0028] FIG. 9 is a flowchart of a steering wheel adjustment

method according to the embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0029] Specific structural or functional descriptions of
exemplary embodiments of the present disclosure disclosed in this
specification or application are exemplified only for the purpose
of explaining the exemplary embodiments according to the present
disclosure, the exemplary embodiments according to the present
disclosure may be carried out in various forms, and it should not
be interpreted that the present disclosure is limited to the
exemplary embodiments described in this specification or
application. Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the accompanying
drawings.

[0030] FIG. 1 is a schematic view of a steering wheel adjustment
apparatus according to an embodiment of the present disclosure,
FIG. 2 1is a view illustrating a traditional steering wheel
adjustment apparatus, FIG. 3 is a view illustrating a control
mechanism of the steering wheel adjustment apparatus according
to the embodiment of the present disclosure, FIG. 4 is a view
illustrating an obstacle detection sensor of the steering wheel
adjustment apparatus according to the embodiment of the present
disclosure, FIG. 5 is a view illustrating a tilting adjustment
mechanism of the steering wheel adjustment apparatus according
to the embodiment of the present disclosure, FIGS. 6 to 8 are
views illustrating a wheel off-center adjustment mechanism of the

steering wheel adjustment apparatus according to the embodiment
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of the present disclosure, and FIG. 9 is a flowchart of a steering
wheel adjustment method according to the embodiment of the present
disclosure.

[0031] FIG. 1 is a schematic view of a steering wheel adjustment
apparatus according to an embodiment of the present disclosure.
The steering wheel adjustment apparatus according to the
embodiment of the present disclosure includes an image capturing
unit I configured to capture images of a current state of a
steering wheel at multiple angles, an analysis unit A configured
to create leveling information on zero adjustment of the steering
wheel included in the steering wheel by processing the images
acquired by the image capturing unit, and a control unit C
configured to calculate an error from preset reference leveling
information depending on the leveling information created by the
analysis wunit, control a drive unit of the steering wheel
depending on the calculated error, and perform the zero adjustment
on the drive unit.

[0032] As illustrated in FIG. 1, the image capturing unit I
captures the images of the current state of the steering wheel
at multiple angles. 1In this case, the multiple angles include a
front side and a lateral side of the steering wheel. An image
capturing angle or a focal point of the image may be physically
misaligned because of external factors such as physical impact.
Therefore, the image capturing unit may further include a device

for calibrating the image capturing unit by measuring the degree
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of misalignment.

[0033] The analysis unit A creates the leveling information on
the zero adjustment of the steering wheel by processing the images
acquired by the image capturing unit. In this case, the leveling
information on the zero adjustment includes steering angle
information such as a rotation angle depending on which whether
the steering wheel is in a zero-adjusted state is determined,
tilting information on an inclination angle of the lateral side
of the steering wheel for performing the zero adjustment within
a specific range, and telescopic information on a degree to which
the steering wheel is adjusted upward and downward or forward or
rearward. In addition, the leveling information includes
information on the amount of control for controlling a
tilt/telescopic device for ensuring a steering convenience for a
driver and driving safety by adjusting motor-driven power
steering (MDPS) for assisting the driver in steering, adjusting
an inclination angle of a shaft to which the steering wheel is
attached, adjusting a position of the steering wheel upward and
downward (tilting motion), or pushing or pulling the steering
wheel forward and rearward (telescopic motion) by operating the
drive motor to adjust the steering wheel to the zero-adjusted
state depending on information required for the zero adjustment
or depending on whether the steering wheel is in the zero-adjusted
state.

[0034] The control unit C calculates an error from the preset

10
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reference leveling information depending on the leveling
information and performs the zero adjustment on the drive unit
by controlling the drive unit of the steering wheel depending on
the calculated error. In this case, the reference leveling
information may be a database related to the corresponding types
of steering wheels including information on the
tilting/telescoping/wheel off-center as a leveling angle of the
steering wheel which is zero-adjusted in a state in which the
types of steering wheels are specified or has a difference
corresponding to a reference error during the zero adjustment.
Alternatively, the reference 1leveling information may be
information on feature points that characterize the leveling
angle of the steering wheel extracted by learning the images of
the steering wheel at multiple angles in a state in which the
types of steering wheels are specified depending on learning
algorithms such as deep learning techniques or image processing
techniques.

[0035] FIG. 2 is a view illustrating a steering wheel adjustment
apparatus in the related art. As illustrated in FIG. 2, a
steering wheel leveler L, which is a steering wheel adjustment
apparatus in the related art, is operated manually. The steering
wheel leveler L includes a fixing unit fixed to the steering wheel
and the wvehicle front glass by an operator, a fixing pusher
including an adjustment unit for performing the zero adjustment

by finely rotating the steering wheel by the operator, and a gyro
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sensor for detecting a rotation angle. Alternatively, the
steering wheel adjustment apparatus in the related art is operated
automatically. The steering wheel adjustment apparatus may
perform the zero adjustment by finely and automatically rotating
the steering wheel by forcibly operating an MDPS drive motor by
means of communication with the wvehicle.

[0036] However, as illustrated in FIG. 2, according to the
related art, adjustment quality may be non-uniform in a step of
fixing the steering wheel W and the vehicle front glass G by the
operator. If the operator fixes the fixing unit and the vehicle
front glass at different positions, the adjustment amount may
vary during the process of adjusting (leveling) the steering wheel.
[0037] Alternatively, as illustrated in FIG. 2, according to the
related art, the steering wheel may be rotated in different
directions, i.e., clockwise (CW) or counterclockwise (CCW) during
the process of performing the zero adjustment on the wheel off-
center of the steering wheel by the operator, which may adversely
affect the wheel alignment performed in accordance with the work
specifications defined in the CW direction after leveling the
steering wheel.

[0038] lLastly, according to the related art, a tilting angle of
the steering wheel is not adjusted. This is because the actual
adjustment amount may vary depending on tilting up/mid/down even
though the MDPS performs the zero adjustment on the wheel with

the same driving amount by a gearbox pinion connected to the
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steering wheel, which wvaries depending on a change in tilting
angle of the steering wheel, and an assembly angle (not
illustrated) of a universal joint for adjusting the gearbox pinion.
[0039] Therefore, according to the embodiment of the present
disclosure, the steering wheel adjustment apparatus captures
image information of the steering wheel to solve the non-
uniformity caused by the zero adjustment on the steering wheel
of the operator and readjust the tilting angle of the steering
wheel to a predetermined angle. That 1is, the steering wheel
adjustment apparatus according to the embodiment of the present
disclosure processes the images of the steering wheel captured
at the multiple angles including a front side, a rear side, a
left side, a right side, a top side, and a bottom side of the
steering wheel, compares the image pressing result with the
reference leveling information, and automatically controls the
drive unit of the steering wheel so that the image pressing result
has a difference at a predetermined level or lower from the
reference leveling information. Therefore, it 1is possible to
ensure the automatic adjustment of the steering wheel and improve
the accuracy and reliability of the automatic adjustment.

[0040] FIG. 3 is a view illustrating a control mechanism of the
steering wheel adjustment apparatus according to the embodiment
of the present disclosure. As illustrated in FIG. 3, the image
capturing unit of the steering wheel adjustment apparatus

according to the embodiment of the present disclosure may be
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mounted on a cooperative robot and enter or exit the steering
wheel of the vehicle. The control unit may be provided in the
cooperative robot. The control unit C may be connected to a wheel
alignment facility <controller by means of communication.
Therefore, the control unit C may be connected to an in-vehicle
terminal having a communication unit T that may communicate with
the wheel alignment facility controller. The in-vehicle terminal
may be in communication with an MDPS controller for controlling
the MDPS of the vehicle. Therefore, the control unit C may be
provided in the cooperative robot. The control unit C may adjust
the wheel off-center by automatically comparing the leveling
information measured by the image processing with the reference
leveling information, communicating with the MDPS controller, and
controlling the MDPS.

[0041] FIG. 4 is a view illustrating an obstacle detection sensor
of the steering wheel adjustment apparatus according to the
embodiment of the present disclosure. The image capturing unit
I further includes the obstacle detection sensor S, and the
obstacle detection sensor may detect an obstacle on a route along
which the image capturing unit I enters or exits the interior of
the vehicle having the steering wheel to capture images of the
current state of the steering wheel. Further, when a door glass
of the wvehicle is detected as an obstacle on the route, the
control unit may execute control to open the door glass of the

vehicle.
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[0042] As illustrated in FIG. 4, the image capturing unit I may
be provided on the cooperative robot. In particular, the image
capturing unit I may be mounted on an end of an arm of the
cooperative robot and capture images at multiple angles. An
unexpected collision may occur when the cooperative robot enters
the interior of the wvehicle. Therefore, the cooperative robot
may further include the obstacle detection sensor S. The obstacle
detection sensor S may be positioned in the vicinity of the image
capturing unit T. The obstacle detection sensor S may be an
ultrasonic sensor. The obstacle detection sensor S may detect a
position of an obstacle and a distance between the obstacle and
the detection sensor and output and transmit sensing information
to a drive controller for controlling an operation of the
cooperative robot. Depending on the sensing information, the
drive controller may execute control to stop the operation of the
cooperative robot or the image capturing unit before a collision
with the obstacle. Thereafter, when the obstacle detection sensor
S detects the door glass of the vehicle as an obstacle on the
movement route, the control unit may execute control to open the
door glass of the vehicle. 1In this case, the detection of the
door glass may be performed by processing the sensing data of the
obstacle detection sensor S or image data and sensing data
inputted from the obstacle detection sensor S and the image
capturing unit TI. After the door glass is opened under the

control of the control unit, the image capturing unit provided
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on the cooperative robot enters the interior of the vehicle again
and captures images of the steering wheel of the wvehicle.

[0043] FIG. 5 is a wview illustrating a tilting adjustment
mechanism of the steering wheel adjustment apparatus according
to the embodiment of the present disclosure. The analysis unit
may measure a tilting angle of the steering wheel by processing
the image of the lateral side of the current state of the steering
wheel acquired by the image capturing unit and create the leveling
information on the zero adjustment of the steering wheel
corresponding to the measured tilting angle.

[0044] As illustrated in FIG. 5, the tilting of the steering
wheel 1s measured depending on neutral (MID) /+gradient
(UP) /gradient (DOWN) . This measurement 1is performed as the
analysis unit processes the image of the lateral side of the
current state of the steering wheel acquired by the image
capturing unit. When the analysis result indicates that the
steering wheel is tilted by an angle larger than a first reference
angle from the neutral state, the analysis unit creates the
leveling information on the zero adjustment of the steering wheel
for adjusting the tilting angle to set the tilting angle again.
Depending on the error from the reference leveling information
based on the neutral state based on the leveling information, the
control unit controls the drive unit to set the tilting angle
again.

[0045] Meanwhile, unlike the configuration illustrated in FIG.

16
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5, the analysis unit of the steering wheel adjustment apparatus
according to the embodiment of the present disclosure may measure
a wheel off-center angle of the steering wheel by processing the
image of the front side of the current state of the steering wheel
acquired by the image capturing unit and create the leveling
information on the zero adjustment of the steering wheel
corresponding to the measured wheel off-center angle. That 1is,
after the readjustment of the tilting angle, the analysis unit
may measure the wheel off-center angle depending on the processed
image and create the leveling information corresponding to the
wheel off-center angle. In this case, as described above, the
image processing of the analysis unit may load the image of the
zero—adjusted reference steering wheel on the database in the
state in which the types of the steering wheels are specified.
Further, the image processing of the analysis unit may measure
the wheel off-center angle depending on a difference between the
two images.

[0046] FIG. 6 1is a view illustrating a wheel off-center
adjustment mechanism of the steering wheel adjustment apparatus
according to the embodiment of the present disclosure. The
analysis unit may further include a shape learning unit configured
to create the reference leveling information by extracting a
plurality of feature points related to a wheel shape from the
image of the front side of the steering wheel.

[0047] As illustrated in FIG. 6, the shape learning unit learns

17
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the wheel shape from the image of the front side of the steering
wheel. 1In this case, examples of a method of learning the shape
may include a method of performing rule-based learning or deep-
learning-based learning on the database related to the image of
the front side of the steering wheel. According to the former
case, the same types of steering wheels, which share most of the
features, may Dbe specified, and the feature points of the
corresponding types of steering wheels may be extracted from the
rules such as preset database and feature extraction algorithms.
According to the latter case, when various types of steering
wheels cannot be specified, the types of wheels are classified
from the image of the front side of the steering wheel depending
on the deep-learning technique, particularly, map learning or the
like, and the feature points of the corresponding type of steering
wheel may be extracted or a newly found feature point may be
renewed in respect to the classified wheels.

[0048] FIG. 7 1is a view dillustrating a wheel off-center
adjustment mechanism of the steering wheel adjustment apparatus
according to the embodiment of the present disclosure. The
analysis unit may extract the plurality of feature points related
to the wheel shape from the image of the front side of the steering
wheel acquired by the image capturing unit and create the leveling
information on the zero adjustment of the steering wheel included
in the steering wheel.

[0049] As illustrated in FIG. 7, the image processing of the

18
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analysis unit may be information on the plurality of wheel off-
center angles measured by learning the images of the steering
wheel captured at multiple angles based on the learning algorithm
such as the deep-learning technique or the image processing
technique, extracting the plurality of feature points that
characterize the leveling angle of the steering wheel, and
comparing angles between the plurality of feature points. FIG.
6 illustrates an image of a front side of a reference steering
wheel Wl and an image of a front side of an image-captured
steering wheel W2. In this case, the analysis unit extracts
straight lines or curved lines of a, b, and c¢ which are the
feature points of the two steering wheel images. Further, the
analysis unit creates the reference leveling information and the
leveling information by measuring the angles between the feature
points of the two steering wheel images, and the control unit may
calculate the error.

[0050] FIG. 8 is a wview illustrating the wheel off-center
adjustment mechanism of the steering wheel adjustment apparatus
according to the embodiment of the present disclosure. The image
capturing unit may further include a focal point adjustment unit
having a plurality of reference points for performing the zero
adjustment on the focal point of the captured image.

[0051] FIG. 8 illustrates four reference points distributed in
quadrants on the image of the front side of the steering wheel

captured by the image capturing unit. According to all the

19



10

15

20

25

embodiments of the present disclosure, the image captured by the
image capturing unit is processed, and the adjustment of the
steering wheel of the wvehicle 1is automatically performed.
Therefore, the adjustment of the image focal point of the image
capturing unit is very important. However, in the case in which
the image capturing unit is mounted on the cooperative robot or
the like, a camera of the image capturing unit may be misaligned
because of impact or the like, and thus the focal point may not
be finely aligned. Therefore, the focal point adjustment unit
periodically recognizes the fine misalignment from the zero
adjustment in consideration of distances and angles between the
plurality of reference points, a relationship between the feature
points of the steering wheel, and a relationship between the
centers of the steering wheels, and corrects the misalignment,
thereby improving precision in measuring the angles based on the
captured images of the steering wheel.

[0052] FIG. 9 is a flowchart of a steering wheel adjustment
method according to the embodiment of the present disclosure.
The steering wheel adjustment method according to the present
disclosure includes step S100 of capturing, by the image capturing
unit, images of the current state of the steering wheel at
multiple angles, step S200 of creating, by the analysis unit, the
leveling information on the zero adjustment of the steering wheel
by processing the images acquired by the image capturing unit,

step S300 of calculating, by the control unit, an error from the
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preset reference leveling information depending on the leveling
information created by the analysis unit, step S400 of controlling
the drive unit of the steering wheel depending on the calculated
error, and step S500 of performing the zero adjustment on the
drive unit.

[0053] As illustrated in FIG. 9, according to the steering wheel
adjustment method according to the embodiment of the present
disclosure, the image capturing unit captures images of the
current state of the steering wheel at multiple angles first
(S100) . In this case, the multiple angles include the front side
and the lateral side of the steering wheel. The image capturing
angle or the focal point of the image may be physically misaligned
because of external factors such as physical impact. Therefore,
the capturing of the images may further include adjusting the
misalignment.

[0054] Next, as illustrated in FIG. 9, according to the steering
wheel adjustment method according to the embodiment of the present
disclosure, the analysis unit creates the leveling information
on the zero adjustment of the steering wheel by processing the
image acquired by the image capturing unit (S200). In this case,
the drive unit includes the tilt/telescopic device for ensuring
a steering convenience for the driver and driving safety by
adjusting the motor-driven power steering (MDPS) for assisting
the driver in steering, adjusting an inclination angle of the

shaft to which the steering wheel 1is attached, adjusting a
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position of the steering wheel upward and downward (tilting
motion), or pushing or pulling the steering wheel forward and
rearward (telescopic motion) by operating the drive motor.

[0055] Next, as illustrated in FIG. 9, according to the steering
wheel adjustment method according to the embodiment of the present
disclosure, the control unit calculates the error from the preset
reference leveling information depending on the leveling
information created by the analysis unit (S300). In this case,
the reference leveling information may be a database related to
the corresponding types of steering wheels including information
on the tilting/telescoping/wheel off-center as a leveling angle
of the steering wheel which is zero-adjusted in a state in which
the types of steering wheels are specified or has a difference
corresponding to a reference error during the zero adjustment.
Alternatively, the reference leveling information may be
information on feature points that characterize the leveling
angle of the steering wheel extracted by learning the images of
the steering wheel at multiple angles in a state in which the
types of steering wheels are specified depending on learning
algorithms such as deep learning techniques or image processing
techniques.

[0056] Lastly, as illustrated in FIG. 9, according to the
steering wheel adjustment method according to the embodiment of
the present disclosure, the drive unit of the steering wheel is

controlled depending on the calculated error (S400), and the zero
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adjustment is performed on the drive unit (S500). Likewise, the
drive unit includes the motor driven power steering (MDPS) and
the tilt/telescopic device that operates the drive motor to assist
the driver in steering.

[0057] FIG. 9 is a flowchart of the steering wheel adjustment
method according to the embodiment of the present disclosure.
The steering wheel adjustment method further includes, before the
capturing of the images (S100), detecting, by the obstacle
detection sensor, an obstacle on the route along which the image
capturing unit enters or exits the interior of the vehicle having
the steering wheel to capture the image of the current state of
the steering wheel.

[0058] In the creating of the leveling information (S200), the
tilting angle of the steering wheel may be measured by processing
the acquired image of the lateral side of the current state of
the steering wheel, and the leveling information on the zero
adjustment of the steering wheel corresponding to the measured
tilting angle may be created.

[0059] In the creating of the leveling information (S200), the
wheel off-center angle of the steering wheel may be measured by
processing the acquired image of the front side of the current
state of the steering wheel, and the leveling information on the
zero adjustment of the steering wheel corresponding to the
measured wheel off-center angle.

[0060] The steering wheel adjustment method may further include,
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before the creating of the leveling information (S200), creating,
by the shape learning unit, the reference leveling information
by extracting the plurality of feature points related to the wheel
shape from the image of the front side of the steering wheel.
[0061] FIG. 9 is the flowchart of the steering wheel adjustment
method according to the embodiment of the present disclosure. In
the creating of the leveling information (S200), the leveling
information on the zero adjustment of the steering wheel may be
created by extracting the plurality of feature points related to
the wheel shape from the image of the front side of the steering
wheel acquired by the image capturing unit.

[0062] The steering wheel adjustment method may further include,
before the capturing of the images (S100), performing, by the
focal point adjustment unit, the zero adjustment on the focal
point of the image captured depending on the plurality of
reference points.

[0063] Because the detailed technical features in the respective
steps of the steering wheel adjustment method according to the
present disclosure are identical or similar to the respective
technical features of the respective configurations of the
steering wheel adjustment apparatus according to the present
disclosure described above, detailed descriptions thereof will
be omitted.

[0064] Meanwhile, the term "unit" in the present embodiment may

be software, hardware, or a combination thereof. In addition,
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the term "unit" in the present embodiment may be included in a
computer-readable storage medium. In addition, the term "unit"
in the present embodiment may be partially dispersed and
distributed in a plurality of hardware or software components or
a combination thereof. Further, the term "unit" in the present
embodiment may be configured as a hardware component so as to
operate as one or more software modules, and the opposite is also
possible.

[0065] In addition, the method of "controlling the drive unit of
the steering wheel depending on the error" in the present
embodiment includes basic control such as PD, PI, and PID control,
PI-D control as two-degree-of-freedom control in which defect
controllers are placed in the feed-forward path and the feedback
path, lag compensation control such as PI-PD control, lead-lag
compensation control, series compensation or parallel
compensation thereof, and compliance control.

[0066] While the specific embodiments of the present disclosure
have been illustrated and described above, it will be obvious to
those skilled in the art that the present disclosure may be
variously modified and changed without departing from the
technical spirit of the present disclosure defined in the appended
claims.

[0067] Therefore, it is apparent to those skilled in the field
of the vehicle that the term "unit" or "step" in the embodiment

of the present disclosure may implement one new embodiment by
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being combined with the term "unit" or "step" of different
embodiments of the present disclosure. For example, 1t 1is
apparent to those skilled in the art that it is possible to
configure a new embodiment in which the image capturing unit of
the steering wheel adjustment apparatus according to the
embodiment of the present disclosure further includes the
obstacle detection sensor, and the control unit performs control
to open the door glass of the vehicle when the door glass of the
vehicle is detected as an obstacle on the route.

[0068] As another example, it 1is apparent to those skilled in
the art that the tilting angle of the steering wheel may be
measured by processing the image of the lateral side of the
current state of the steering wheel acquired by the steering wheel
adjustment method according to the embodiment of the present
disclosure, the leveling information on the zero adjustment of
the steering wheel corresponding to the measured tilting angle
may be created, the wheel off-center angle of the steering wheel
may be measured by processing the acquired image of the front
side of the current state of the steering wheel, and the leveling
information on the zero adjustment of the steering wheel
corresponding to the measured wheel off-center angle may be

created.
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WHAT IS CLAIMED IS:

1. An apparatus for adjusting a steering wheel, the
apparatus comprising:

an image capturing unit configured to capture images of a
current state of a steering wheel at multiple angles;

an analysis unit configured to create leveling information
on zero adjustment of the steering wheel by processing the image
acquired by the image capturing unit; and

a control unit configured to calculate an error from preset
reference leveling information depending on the leveling
information created by the analysis unit and to perform the zero
adjustment on the steering wheel by controlling a drive unit for

operating the steering wheel depending on the calculated error.

2. The apparatus of claim 1, wherein the image capturing
unit further comprises an obstacle detection sensor, and the
obstacle detection sensor detects an obstacle on a route along
which the image capturing unit enters or exits an interior of a
vehicle having the steering wheel to capture the image of the

current state of the steering wheel.

3. The apparatus of claim 2, wherein when a door glass of

the vehicle is detected as an obstacle on the route, the control

unit performs control to open the door glass of the vehicle.
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4. The apparatus of anyone of claims 1 to 3, wherein the
analysis unit measures a tilting angle of the steering wheel by
processing an image of a lateral side of the current state of the
steering wheel acquired by the image capturing unit and creates
the leveling information on the zero adjustment of the steering

wheel corresponding to the measured tilting angle.

5. The apparatus of anyone of claims 1 to 4, wherein the
analysis unit measures a wheel off-center angle of the steering
wheel by processing an image of a front side of the current state
of the steering wheel acquired by the image capturing unit and
creates the leveling information on the zero adjustment of the
steering wheel corresponding to the measured wheel off-center

angle.

6. The apparatus of anyone of claims 1 to 5, wherein the
analysis unit further comprises a shape learning unit configured
to create reference leveling information by extracting a
plurality of feature points related to a wheel shape from an image

of a front side of the steering wheel.

7. The apparatus of claim 5 or 6, wherein the analysis unit

creates the leveling information on the zero adjustment of the

steering wheel by extracting the plurality of feature points
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related to the wheel shape from the image of the front side of

the steering wheel acquired by the image capturing unit.

8. The apparatus of anyone of claims 1 to 7, wherein the
image capturing unit further comprises a focal point adjustment
unit having a plurality of reference points for performing the

zero adjustment on a focal point of the captured image.

9. A method of adjusting a steering wheel, the method
comprising:

capturing, by an image capturing unit, images of a current
state of a steering wheel at multiple angles;

creating, by an analysis unit, leveling information on zero
adjustment of the steering wheel by processing the image acquired
by the image capturing unit; and

calculating, by a control unit, an error from preset
reference leveling information depending on the leveling
information created by the analysis unit, controlling a drive
unit of the steering wheel depending on the calculated error, and

performing the zero adjustment on the drive unit.

10. The method of claim 9, further comprising:
before the capturing of the images, detecting, by an
obstacle detection sensor, an obstacle on a route along which the

image capturing unit enters or exits an interior of a wvehicle

29



10

15

20

25

having the steering wheel to capture the image of the current

state of the steering wheel.

11. The method of claim 9 or 10, wherein in the creating of
the leveling information, a tilting angle of the steering wheel
is measured by processing an acquired image of a lateral side of
the current state of the steering wheel, and the leveling
information on the zero adjustment of the steering wheel

corresponding to the measured tilting angle is created.

12. The method of anyone of claims 9 to 11, wherein in the
creating of the leveling information, a wheel off-center angle
of the steering wheel is measured by processing an acquired image
of a front side of the current state of the steering wheel, and
the leveling information on the zero adjustment of the steering
wheel corresponding to the measured wheel off-center angle is

created.

13. The method of anyone of claims 9 to 12, further
comprising:

before the creating of the leveling information, creating,
by a shape learning unit, reference leveling information by
extracting a plurality of feature points related to a wheel shape

from an image of a front side of the steering wheel.
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14. The method of claim 12 or 13, wherein in the creating
of the leveling information, the leveling information on the zero
adjustment of the steering wheel is created by extracting a
plurality of feature points related to a wheel shape from the
image of the front side of the steering wheel acquired by the

image capturing unit.

15. The method of anyone of claims 9 to 14, further
comprising:

before the capturing of the images, performing the zero
adjustment on a focal point of the image captured depending on a
plurality of reference points provided in a focal point adjustment

unit.
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