APPARATUS AND METHOD FOR CONTROLLING E-CORNER
VEHICLE
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims priority to Korean Patent
Application No. 10-2024-0118643, filed on 2 September 2024, in the
Korean Intellectual Property Office, the entire contents of which are
hereby incorporated by reference.
TECHNICAL FIELD
[0002] The present disclosure relates to an apparatus and method for
controlling an e-Corner vehicle, and more particularly, to an apparatus
and method for controlling an e-Corner vehicle provided with an e-
Corner module capable of omnidirectional movement, which provides
driving convenience suitable for the traveling direction.
BACKGROUND
[0003] Generally, vehicle steering systems are used to control the
posture or direction of a vehicle as desired by a driver. Typically,
hydraulic power steering apparatuses, which obtain hydraulic
assistance force obtained from a pump coupled to a crankshaft of an
engine to reduce operating force needed for the driver to handle a
steering wheel, have been widely used.
[0004] However, such hydraulic power steering apparatuses, which
obtain hydraulic assistance force from the pump coupled to the
crankshaft of the engine, are dependent on revolutions per minute

(RPM) of the engine, and use engine output, thus resulting in a



disadvantage of reduced engine output.

[0005] When a vehicle is stationary or moving at low speed, despite a
relatively large load applied to tires of the vehicle, the RPM of the
engine is relatively low, resulting in reduced hydraulic assistance force
from the pump. On the other hand, when the vehicle is moving at
high speed, despite a relatively small load applied to the tires of the
vehicle, the RPM of the engine is relatively high, resulting in increased
hydraulic assistance force from the pump. The foregoing creates an
issue that contradicts a status of the vehicle, where relatively large
steering force is required when the vehicle is stationary or moving at
low speed, and relatively small steering force is required when the
vehicle is moving at high speed.

[0006] Furthermore, it is difficult to achieve desired steering as
variables determining the steering change due to road conditions or
other external factors.

[0007] Four-wheel steering systems capable of simultaneously
operating both front and rear wheels through manipulation of a
steering wheel have been developed. Such a four-wheel steering
system simultaneously transmits lateral forces to the front and rear
wheels, stabilizing the movement of the vehicle by steering the rear
wheels in-phase with the front wheels during high-speed driving and
lane changes. In addition, during low-speed driving, parking, or U-
turns, the four-wheel steering system independently controls the four

wheels to steer the rear wheels in reverse phase relative to the front



wheels, thereby reducing the turning radius of the vehicle, and
enhancing convenience and efficiency in narrow spaces, such as
narrow roads or winding roads.
[0008] The above information disclosed in this section of
BACKGROUND ART is only for enhancement of understanding of the
background of the present disclosure, and therefore it may contain
information that does not form the related art.

SUMMARY
[0009] In this way, a four-wheel steering apparatus is designed so that
inscribed circles of steering angles of the respective wheels form
concentric circles during vehicle turning, ensuring that a turning radius
of each wheel remains consistent.
[0010] Furthermore, in a four-wheel independent steering apparatus,
movement of the vehicle is determined by following commanded
steering angles received from a higher-level controller during crab
driving, zero-radius turning, or straight traveling.
[0011] Recently, e-Corner modules capable of independently
operating and controlling the driving, braking, and steering of all four
wheels including front and rear wheels have been developed, thus
enabling implementation of various driving modes based on intention
of the driver.
[0012] As such, vehicles equipped with the e-Corner modules may
perform various driving motions, including in-phase and counter-

phase control of the front and rear wheels, crab mode, diagonal mode,



zero-turn mode, and the like.

[0013] In the case of the crab mode, the traveling direction changes
to the left or right relative to a driver's seat, requiring the driver to
turn his/her head to check the traveling direction, thereby causing
inconvenience for the driver and increasing fatigue and the risk of
safety accidents.

[0014] Furthermore, when providing special-purposed modes such as
the crab mode, it is necessary not only to change the traveling
direction but also to consider the driving difficulty and safety for each
traveling direction and provide driving convenience tailored to each
traveling direction.

[0015] To overcome the aforementioned problems, various
embodiments of the present disclosure are directed to providing an
apparatus and method for controlling an e-Corner vehicle equipped
with an e-Corner module capable of omnidirectional movement, which
adjust the driving force direction, steering rod wheels, variable gear
ratio (VGR), braking force, and the orientation of camera images
according to a driving mode, thereby providing a driving environment
suitable for each traveling direction.

[0016] However, the technical problem to be solved by the present
disclosure is not limited to the above, and other objects not mentioned
herein will be understood from the following description by those
skilled in the art.

[0017] An apparatus for controlling an e-Corner vehicle according to



an embodiment of the present disclosure may include: an input module
configured to receive a driving mode; a camera module configured to
capture images in front, rear, left, and right directions of the vehicle;
an e-Corner configured to independently control driving, steering, and
braking for each wheel of the vehicle; an output module configured to
output the images captured by the camera module; and a processor
operatively coupled to the input module, the camera module, the e-
Corner module, and the output module. The processor may receive
the driving mode, drive the e-Corner module by adjusting a driving
direction, steering rod wheels, a variable gear ratio (VGR), and braking
force, and output the images from the camera module to the output
module according to a traveling direction.

[0018] In an embodiment, the driving mode may include any one of a
forward mode, a reverse mode, a left crab mode, and a right crab
mode.

[0019] In an embodiment, the processor may adjust the VGR of the
steering rod wheels according to the traveling direction so that a
turning radius of the vehicle matches with a turning radius of the
vehicle in forward movement.

[0020] In an embodiment, the processor may set wheels positioned at
the front in the traveling direction as the steering rod wheels.

[0021] In an embodiment, the processor may apply a weight to the
braking force of wheels positioned at the rear in the traveling direction.

[0022] In an embodiment, the processor may output the images to



the output module as front, rear, left, and right screens divided from
each other, such that the traveling direction aligns with a capturing
direction of the camera module.

[0023] In an embodiment, the camera module may include a front
camera, a rear camera, a left-side camera, and a right-side camera.
[0024] A method of controlling an e-Corner vehicle according to an
embodiment of the present disclosure may include: receiving a driving
mode by a processor; driving an e-Corner module by the processor by
adjusting a driving direction, steering rod wheels, a variable gear ratio
(VGR), and braking force based on the input driving mode; and
outputting images captured by a camera module to an output module
by the processor according to a traveling direction.

[0025] In an embodiment, the driving mode may include any one of a
forward mode, a reverse mode, a left crab mode, and a right crab
mode.

[0026] In an embodiment, the driving of the e-Corner module may
include adjusting the VGR of the steering rod wheels by the processor
according to the traveling direction so that a turning radius of the
vehicle matches with a turning radius in forward movement.

[0027] In an embodiment, the driving of the e-Corner module may
include setting wheels positioned at the front in the traveling direction
as the steering rod wheels by the processor.

[0028] In an embodiment, the driving of the e-Corner module may

include applying a weight to the braking force of wheels positioned at



the rear in the traveling direction by the processor.
[0029] In an embodiment, the outputting of the image may include
outputting, by the processor, the images to the output module as front,
rear, left, and right screens divided from each other, such that the
traveling direction aligns with a capturing direction of the camera
module.
[0030] In an embodiment, the outputting of the image may include
outputting, by the processor, the images captured by a front camera,
a rear camera, a left-side camera, and a right-side camera of the
camera module to the front screen, the rear screen, the left-side
screen, and the right-side screen, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIG. 1 is a block diagram illustrating a configuration of an
apparatus for controlling an e-Corner vehicle according to an
embodiment of the present disclosure.
[0032] FIG. 2 is a conceptual diagram illustrating the orientation of
wheels by an e-Corner module in the apparatus for controlling an e-
Corner vehicle according to an embodiment of the present disclosure.
[0033] FIGS. 3 and 4 are diagrams illustrating traveling directions
according to driving modes in the apparatus for controlling an e-Corner
vehicle according to an embodiment of the present disclosure.
[0034] FIG. 5 is a table illustrating operating statuses of the e-Corner
module according to driving modes in an apparatus for controlling the

e-Corner vehicle according to an embodiment of the present



disclosure.
[0035] FIG. 6 is a conceptual diagram for describing a turning radius
in the apparatus for controlling an e-Corner vehicle according to an
embodiment of the present disclosure.
[0036] FIG. 7 is a flowchart for describing a method of controlling an
e-Corner vehicle according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE ILLUSTRATED

EMBODIMENTS

[0037] Hereinafter, an apparatus and method for controlling an e-
Corner vehicle according to the present disclosure will be described
with reference to the accompanying drawings. It should be noted that
the drawings are not to precise scale and may be exaggerated in
thickness of lines or sizes of components for descriptive convenience
and clarity only. Furthermore, the terms as used herein are defined
by taking functions of the disclosure into account and can be changed
according to the custom or intention of users or operators. Therefore,
definition of the terms should be made according to the overall
disclosures set forth herein.
[0038] FIG. 1 is a block diagram illustrating a configuration of an
apparatus for controlling an e-Corner vehicle according to an
embodiment of the present disclosure. FIG. 2 is a conceptual diagram
illustrating the orientation of wheels by an e-Corner module in the

apparatus for controlling an e-Corner vehicle according to an



embodiment of the present disclosure. FIGS. 3 and 4 are diagrams
illustrating traveling directions according to driving modes in the
apparatus for controlling an e-Corner vehicle according to an
embodiment of the present disclosure. FIG. 5 is a table illustrating
operating statuses of the e-Corner module according to driving modes
in the apparatus for controlling an e-Corner vehicle according to an
embodiment of the present disclosure. FIG. 6 is a conceptual diagram
for describing a turning radius in the apparatus for controlling an e-
Corner vehicle according to an embodiment of the present disclosure.
[0039] As illustrated in FIG. 1, an apparatus for controlling an e-
Corner vehicle according to an embodiment of the present disclosure
may include an input module 10, a camera module 20, a memory 30,
a processor 40, an e-Corner module 50, and an output module 60.
[0040] The input module 10 may receive a driving mode selected by
the driver.

[0041] For example, the driving mode may include any one of a
forward mode, a reverse mode, a left crab mode, and a right crab
mode.

[0042] In the present embodiment, the input module 10 is configured
to receive a driving mode input and change settings of the e-Corner
module 50 to provide a driving environment according to the input
driving mode. Therefore, while the present embodiment focuses on
the driving mode, the input module 10 may also receive inputs such

as a position value of an accelerator pedal, a position value of a brake



pedal, and a steering angle to drive the e-Corner vehicle.

[0043] The camera module 20 may capture images in front, rear, left,
and right directions of the vehicle, respectively.

[0044] In other words, the camera module 20 may include a front
camera 21 that captures an image in front of the vehicle, a rear camera
22 that captures an image behind the vehicle, a left-side camera 23
that captures an image on a left side of the vehicle, and a right-side
camera 24 that captures an image on a right side of the vehicle.
[0045] For example, the left-side camera 23 and the right-side camera
24 may substitute for side mirrors or, together with the rear camera
22, may provide images of rear-side areas to offer rear-side views
similar to that of side mirrors.

[0046] The e-Corner module 50 may independently control driving,
steering, and braking for each wheel of the vehicle.

[0047] Here, the e-Corner module 50 may receive inputs such as a
position value of the accelerator pedal, a position value of the brake
pedal, and a steering angle according to the driving mode, and may
generate driving force or braking force for each of the wheels FL, FR,
RL, and RR and steer steering rod wheels based on the steering angle.
[0048] In other words, as illustrated in FIG. 2, the e-Corner module
50 may steer the steering rod wheels by rotating each of the wheels
FL, FR, RL, and RR up to 90 degrees depending on the driving mode
and may generate driving force or braking force for each of the wheels

FL, FR, RL, and RR.
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[0049] The output module 60 may output images captured by the
camera module 20 to a front screen 61, a rear screen 62, a left-side
screen 63, and a right-side screen 64, respectively.

[0050] In this case, the output module 60 may output the front screen
61, the rear screen 62, the left-side screen 63, and the right-side
screen 64 through multiple displays, respectively, or may divide a
single display into multiple screens and output the front screen 61, the
rear screen 62, the left-side screen 63, and the right-side screen 64
by the respective screens.

[0051] Here, the front screen 61, the rear screen 62, the left-side
screen 63, and the right-side screen 64 of the output module 60 may
be set based on the traveling direction.

[0052] Accordingly, depending on the driving mode, the image
captured by the front camera 21 may be output to the front screen 61
in the forward mode, to the rear screen 62 in the reverse mode, to the
right-side screen 64 in the left crab mode, and to the left-side screen
63 in the right crab mode.

[0053] Furthermore, depending on the driving mode, the image
captured by the rear camera 22 may be output to the rear screen 62
in the forward mode, to the front screen 61 in the reverse mode, to
the left-side screen 63 in the left crab mode, and to the right-side
screen 64 in the right crab mode.

[0054] In addition, depending on the driving mode, the image

captured by the left-side camera 23 may be output to the left-side
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screen 63 in the forward mode, to the right-side screen 64 in the
reverse mode, to the front screen 61 in the left crab mode, and to the
rear screen 62 in the right crab mode.

[0055] Furthermore, depending on the driving mode, the image
captured by the right-side camera 24 may be output to the right-side
screen 64 in the forward mode, to the left-side screen 63 in the reverse
mode, to the rear screen 62 in the left crab mode, and to the front
screen 61 in the right crab mode.

[0056] The memory 30 may store execution programs related to the
operation of the apparatus for controlling an e-Corner vehicle, and the
stored information may be selectively accessed by the processor 40 as
needed.

[0057] In other words, the memory 30 stores various types of data
and commands generated during the execution of an operating system
(O/S) or applications (programs or applets) for driving the apparatus
for controlling an e-Corner vehicle. For example, the memory 30 may
be implemented with a non-volatile memory, a volatile memory, a
flash memory, a hard disk drive (HDD), or a solid-state drive (SSD).
Furthermore, the memory 30 may be accessed, allowing data to be
read, written, modified, deleted, or updated by the processor 40.
[0058] The processor 40 is operatively coupled to the input module
10, the camera module 20, the memory 30, the e-Corner module 50,
and the output module 60, and may copy various programs stored in

the memory 30 to random access memory (RAM), execute the
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programs, and perform various operations to control the overall
operation of the apparatus for controlling an e-Corner vehicle.

[0059] Here, while the processor 40 has been described as including
only a single central processing unit (CPU), the processor 40 may be
implemented with multiple CPUs (or digital signal processors (DSPs),
systems on chips (So0Cs), etc.) in actual implementation.

[0060] In various embodiments, the processor 40 may be
implemented with a digital signal processor (DSP) for processing
digital signals, a microprocessor, or a time controller (TCON).
However, the processor 40 is not limited to the aforementioned
examples and may include one or more of a central processing unit
(CPU), a microcontroller unit (MCU), a micro processing unit (MPU), a
controller, an application processor (AP), or a communication
processor (CP), and an advanced RISC machine (ARM) processor, or
may be defined as a corresponding term. Furthermore, the processor
40 may be implemented with a system on chip (SoC) or large scale
integration (LSI) with embedded processing algorithms, or with a field
programmable gate array (FPGA).

[0061] In other words, the processor 40 may execute an execution
program stored in the memory 30, receive a driving mode from the
input module 10, drive the e-Corner module 50 by adjusting the
driving direction, steering rod wheels, variable gear ratio (VGR), and
braking force, and output images from the camera module 20 to the

output module 60 according to the traveling direction.
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[0062] The driving mode may include any one of the forward mode,
the reverse mode, the left crab mode, and the right crab mode, as
illustrated in FIGS. 3 and 4.

[0063] Here, the steering rod wheels steered based on the steering
angle may be set as the wheels positioned at the front in the traveling
direction.

[0064] As illustrated in FIG. 5, the processor 40 may convert the
driving direction depending on the driving mode.

[0065] Based on the forward mode, in the reverse mode, the direction
of each of the wheels FL, FR, RL, and RR may be converted to an
opposite direction (-).

[0066] Furthermore, with regard to the left crab mode and right crab
mode, in which the directions of the wheels are rotated by 90 degrees
as shown in FIG. 2, the front-left wheel FL and the rear-right wheel RR
may be converted to the opposite direction (-) in the left crab mode,
while the front-right wheel FR and the rear-left wheel RL are
maintained in the same direction (+).

[0067] In the right crab mode, the front-left wheel FL and the rear-
right wheel RR may be maintained in the same direction (+), while the
front-right wheel FR and the rear-left wheel RL may be converted to
the opposite direction (-).

[0068] As illustrated in FIGS. 3 and 4, the processor 40 may set the
steering rod wheels for steering as follows: in the reverse mode, the

rear-left wheel RL and the rear-right wheel RR may be set as the
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steering rod wheels; in the left crab mode, the front-left wheel FL and
the rear-left wheel RL may be set as the steering rod wheels; and in
the right crab mode, the front-right wheel FR and the rear-right wheel
RR may be set as the steering rod wheels.

[0069] The processor 40 may adjust the VGR in the case where the
driving mode is the left crab mode or the right crab mode.

[0070] The VGR represents a ratio of a change in the angle of the
steering rod wheels to a change in rotation of the steering wheel. For
example, in the forward mode, if the VGR is 12:1, the steering rod
wheels rotate 30 degrees when the steering wheel is rotated 360
degrees.

[0071] However, as illustrated in FIG. 2, a track width T and a
wheelbase W of the vehicle are different from each other.

[0072] Therefore, depending on the traveling direction, the processor
40 may adjust the VGR of the steering rod wheels to match a turning
radius R with that in forward movement.

[0073] If the same VGR is applied despite a change in the steering
mode, steering the steering rod wheels may result in a difference in
the turning radius R due to the difference in the track width T and the
wheelbase W, as illustrated in FIG. 6. Accordingly, to provide
consistent steering stability even when the steering mode changes,
the processor 40 may adjust the VGR to maintain the same turning
radius R in the forward and reverse modes and even in the left and

right crab modes.
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[0074] As illustrated in FIG. 6, a front wheel steering angle Sprws i
the forward mode may be converted into a front wheel steering angle
Srcrab in the crab mode by applying the ratio of the track width T to
the wheelbase W to ensure the same turning radius R based on a
bicycle model.

[0075] For example, the front wheel steering angle S Fws in the
forward mode can be calculated by multiplying a steering wheel angle
Shanawneel by a total gear ratio ¢T6r, as shown in Equation 1.

[0076] [Equation 1]

(Sf,FWS =Crgr* 6handwheel
CTGR = 1/12

[0077] Here, the turning radius R in the forward mode may be
determined by the wheelbase W, while the turning radius R in the crab
mode may be determined by the track width T.

[0078] Therefore, in the case where it is assumed that the front wheel
steering angle SFws in the forward mode and the front wheel steering
angle S.crab in the crab mode have the same turning radius R, the
front wheel steering angle S Fws in the forward mode may be
converted into the front wheel steering angle S.crab in the crab mode
through Equation 2.

[0079] In other words, VGR may be adjusted based on the ratio of the

track width T to the wheelbase W.
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[0080] [Equation 2]

w T
tan 5f,FW'S = ﬁ tan ‘Sf,Crab = ﬁ
T-tand ;
£ EWS
T +tan 8¢ Fws

o 6f.C7‘ab =tan W

[0081] In addition, the processor 40 may apply a weight to the braking
force for the wheels positioned at the rear in the traveling direction to
ensure driving safety according to the driving mode.

[0082] Therefore, as illustrated in FIG. 5, the processor 40 may apply
the weight to the front-left wheel FL and the front-right wheel FR in
the reverse mode to increase the braking force.

[0083] In the left crab mode, the weight may be applied to the front-
right wheel FR and the rear-right wheel RR to increase the braking
force. In the right crab mode, the weight may be applied to the front-
left wheel FL and the rear-left wheel RL to increase the braking force.
[0084] The processor 40 may output captured images received from
the camera module 20 to the respective screens 61, 62, 63, and 64 of
the output module 60 according to the driving mode, thereby allowing
a driver to check the front, rear, left, and right views of the vehicle
while seated in a driver's seat.

[0085] The processor 40 may output the captured images to the front
screen 61, the rear screen 62, the left-side screen 63, and the right-
side screen 64 of the output module 60, respectively, such that the

traveling direction matches a capturing direction of the camera module

17



20.

[0086] In other words, in the forward mode, the processor 40 may
output the captured image of the front camera 21 to the front screen
61, the captured image of the rear camera 22 to the rear screen 62,
the captured image of the left-side camera 23 to the left-side screen
63, and the captured image of the right-side camera 24 to the right-
side screen 64.

[0087] In the reverse mode, the processor 40 may output the
captured image of the front camera 21 to the rear screen 62, the
captured image of the rear camera 22 to the front screen 61, the
captured image of the left-side camera 23 to the right-side screen 64,
and the captured image of the right-side camera 24 to the left-side
screen 63.

[0088] In the left crab mode, the processor 40 may output the
captured image of the front camera 21 to the right-side screen 64, the
captured image of the rear camera 22 to the left-side screen 63, the
captured image of the left-side camera 23 to the front screen 61, and
the captured image of the right-side camera 24 to the rear screen 62.
[0089] In the right crab mode, the processor 40 may output the
captured image of the front camera 21 to the left-side screen 63, the
captured image of the rear camera 22 to the right-side screen 64, the
captured image of the left-side camera 23 to the rear screen 62, and
the captured image of the right-side camera 24 to the front screen 61.

[0090] As described above, according to the apparatus for controlling
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an e-Corner vehicle according to the present disclosure, in a vehicle
equipped with the e-Corner module capable of omnidirectional
movement, even when the traveling direction is changed due to
selection of the forward/reverse driving or crab modes, the driving
environment corresponding to the changed traveling direction can be
provided by adjusting the driving force direction, the steering rod
wheels, the VGR, the braking force, and the camera image orientation
depending on the driving mode. As a result, driving convenience can
be improved, the risk of accidents can be reduced, and various
functional purposes can be achieved through omnidirectional driving
operations.

[0091] FIG. 7 is a flowchart for describing a method of controlling the
e-Corner vehicle according to an embodiment of the present
disclosure.

[0092] As illustrated in FIG. 7, in the method of controlling the e-
Corner vehicle according to an embodiment of the present invention,
the processor 40 executes an execution program embedded in the
memory 30 and then receives a driving mode from the input module
10 (in step S10).

[0093] For example, the driving mode may include any one of the
forward mode, the reverse mode, the left crab mode, and the right
crab mode.

[0094] Here, the traveling direction according to the driving mode may

include forward, reverse, left, and right, as illustrated in FIGS. 3 and
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4.
[0095] After receiving the driving mode in step S10, the processor 40
determines whether the input driving mode is the forward mode, (in
step S20).

[0096] In step S20, if it is determined that the driving mode is the
forward mode, the processor 40 terminates the process as the
reference driving mode without making any changes to the e-Corner
module 50.

[0097] However, in the case where the driving mode is not the forward
mode, that is, if the driving mode is one of the reverse mode, the left
crab mode, and the right crab mode, the processor 40 changes the
driving direction based on the driving mode (in step S30).

[0098] In other words, as illustrated in FIG. 5, the processor 40 may
convert the driving direction depending on the driving mode.

[0099] Based on the forward mode, the reverse mode may convert the
direction of each of the wheels FL, FR, RL, and RR to an opposite
direction (-).

[00100] Furthermore, with regard to the left crab mode and right crab
mode, in which the orientations of the wheels are rotated by 90
degrees as shown in FIG. 2, in the left crab mode, the front-left wheel
FL and the rear-right wheel RR may be converted to the opposite
direction (-) while the front-right wheel FR and the rear-left wheel RL
are maintained in the same direction (+).

[00101] In the right crab mode, the front-left wheel FL and the rear-
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right wheel RR may be maintained in the same direction (+), while the
front-right wheel FR and the rear-left wheel RL may be converted to
the opposite direction (-).

[00102] After changing the driving direction of each of the wheels FL,
FR, RL, and RR according to the steering mode in step S30, the
processor 40 sets the wheels positioned at the front in the traveling
direction as the steering rod wheels based on the driving mode (in step
S40).

[00103] The steering rod wheels are wheels that are steered according
to the movement of the steering wheel. As illustrated in FIGS. 3 and
4, the processor 40 may set the rear-left wheel RL and the rear-right
wheel RR as the steering rod wheels in the reverse mode, set the front-
left wheel FL and the rear-left wheel RL as the steering rod wheels in
the left crab mode, and set the front-right wheel FR and the rear-right
wheel RR as the steering rod wheels in the right crab mode.

[00104] After setting the steering rod wheels in step S40, the processor
40 adjusts the VGR of the steering rod wheels to match the turning
radius with that in forward movement, according to the traveling
direction based on the steering mode (in step S50).

[00105] Here, the processor 40 may adjust the VGR in the case where
the steering mode is the left crab mode or the right crab mode.
[00106] The VGR represents a ratio of a change in the angle of the
steering rod wheels to a change in rotation of the steering wheel. For

example, in the forward mode, if the variable gear ratio is 12:1, the
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steering rod wheels rotate 30 degrees when the steering wheel is
rotated 360 degrees.

[00107] However, as illustrated in FIG. 2, the track width T and the
wheelbase W of the vehicle are different from each other.

[00108] Therefore, depending on the traveling direction, the processor
40 may adjust the VGR of the steering rod wheels to match the turning
radius R with that in the forward movement.

[00109] If the same VGR is applied despite a change in the steering
mode, steering the steering rod wheels may result in a difference in
the turning radius R due to the difference in the track width T and the
wheelbase W, as illustrated in FIG. 6. Accordingly, to provide
consistent steering stability even when the steering mode changes,
the processor 40 may adjust the VGR to maintain the same turning
radius R in the forward and reverse modes and even in the left and
right crab modes.

[00110] As illustrated in FIG. 6, the front wheel steering angle Sprws jn
the forward mode may be converted into the front wheel steering angle
Scrab in the crab mode by applying the ratio of the track width T to
the wheelbase W to ensure the same turning radius R based on the
bicycle model.

[00111] For example, the front wheel steering angle SpFws in the
forward mode can be calculated by multiplying the steering wheel
angle Shanawneet by the total gear ratio ‘76, as shown in Equation 1.

[00112] Here, the turning radius R in the forward mode may be
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determined by the wheelbase W, while the turning radius R in the crab
mode may be determined by the track width T.

[00113] Therefore, in the case where it is assumed that the front wheel
steering angle SFws in the forward mode and the front wheel steering
angle %crab in the crab mode have the same turning radius R, the
front wheel steering angle S Fws in the forward mode may be
converted into the front wheel steering angle %crav in the crab mode
through Equation 2.

[00114] In other words, VGR may be adjusted based on the ratio of the
track width T to the wheelbase W.

[00115] After adjusting the VGR in step S50, the processor increases
the braking force by applying a weight to the braking force of the
wheels positioned at the rear in the traveling direction based on the
steering mode (in step S60).

[00116] As illustrated in FIG. 5, the processor 40 may apply the weight
to the front-left wheel FL and the front-right wheel FR in the reverse
mode to increase the braking force.

[00117] In the left crab mode, the weight may be applied to the front-
right wheel FR and the rear-right wheel RR to increase the braking
force. Inthe right crab mode, the weight may be applied to the front-
left wheel FL and the rear-left wheel RL to increase the braking force.
[00118] After applying weighting to the braking force in step S60, the
processor 40 outputs the captured images from the camera module 20

through the output module 60 according to the traveling direction
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based on the driving mode (in step S70).

[00119] Here, the processor 40 may output the captured images to the
front screen 61, the rear screen 62, the left-side screen 63, and the
right-side screen 64 of the output module 60, respectively, such that
the traveling direction matches a capturing direction of the camera
module 20.

[00120] In other words, in the forward mode, the processor 40 may
output the captured image of the front camera 21 to the front screen
61, the captured image of the rear camera 22 to the rear screen 62,
the captured image of the left-side camera 23 to the left-side screen
63, and the captured image of the right-side camera 24 to the right-
side screen 64.

[00121] In the reverse mode, the processor 40 may output the
captured image of the front camera 21 to the rear screen 62, the
captured image of the rear camera 22 to the front screen 61, the
captured image of the left-side camera 23 to the right-side screen 64,
and the captured image of the right-side camera 24 to the left-side
screen 63.

[00122] In the left crab mode, the processor 40 may output the
captured image of the front camera 21 to the right-side screen 64, the
captured image of the rear camera 22 to the left-side screen 63, the
captured image of the left-side camera 23 to the front screen 61, and
the captured image of the right-side camera 24 to the rear screen 62.

[00123] In the right crab mode, the processor 40 may output the
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captured image of the front camera 21 to the left-side screen 63, the
captured image of the rear camera 22 to the right-side screen 64, the
captured image of the left-side camera 23 to the rear screen 62, and
the captured image of the right-side camera 24 to the front screen 61.
[00124] As described above, according to the method of controlling the
e-Corner vehicle according to the present disclosure, in a vehicle
equipped with the e-Corner module capable of omnidirectional
movement, even when the traveling direction is changed due to
selection of the forward/reverse driving or crab modes, the driving
environment corresponding to the changed traveling direction can be
provided by adjusting the driving force direction, the steering rod
wheels, the VGR, the braking force, and the camera image orientation
depending on the driving mode. As a result, driving convenience can
be improved, the risk of accidents can be reduced, and various
functional purposes can be achieved through omnidirectional driving
operations.

[00125] The term "“module” used herein may refer to a unit
implemented with hardware, software, and firmware and may, for
example, be interchangeable with a term, such as “logic,” “logical

" \\

block,” “component,” “circuit,” or the like. The module may be a
unitary part or a minimum unit or a part of the unitary part for
performing one or more functions. For example, the module may be
implemented as an application-specific integrated circuit (ASIC).

[00126] The implementations described herein may be embodied as,
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for example, a method, a process, a device, a software program, a
data stream, or signals. Even in the case in which the present
disclosure has been discussed in the context of a single form of
implementation (e.g., only discussed as a method), the discussed
features may also be realized in another form (e.g., a device or a
program). The device may be realized in a suitable form, such as
hardware, software, or firmware. The method may be realized in a
device, such as a processor, typically referred to as a processing device
including, for example, a computer, a microprocessor, an integrated
circuit, a programmable logic device, or the like. The processor may
also include a computer, a cellular phone, a personal digital assistant
(PDA), and other communication devices facilitating information
communication between final users.

[00127] In accordance with an apparatus and method for controlling an
e-Corner vehicle according to an embodiment of the present
disclosure, in a vehicle equipped with an e-Corner module capable of
omnidirectional movement, even when a traveling direction is changed
due to selection of forward/reverse driving or crab modes, a driving
environment suitable for the changed traveling direction can be
provided by adjusting a driving force direction, steering rod wheels, a
variable gear ratio, braking force, and camera image orientation
depending on the driving mode. As a result, driving convenience can
be improved, the risk of accidents can be reduced, and various

functional purposes can be achieved through omnidirectional driving
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operations.

[00128] The effects of the present disclosure are not limited to the
above-described effects, and other effects not mentioned will be
clearly understood by those skilled in the art from the following
description.

[00129] While the present disclosure has been described with reference
to the specific embodiments illustrated in the attached drawings, this
is only for illustrative purposes, and it will be apparent to those skilled
in the art that various modifications and other equivalent embodiments
may be made without departing from the spirit and scope of the
present disclosure as defined in the following claims.

[00130] Therefore, the spirit and scope of the present disclosure must

be defined by the accompanying claims.
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WHAT IS CLAIMED IS:

1. An apparatus for controlling an e-Corner vehicle, the
apparatus comprising:

an input module configured to receive a driving mode;

a camera module configured to capture images in front, rear,
left, and right directions of the vehicle;

an e-Corner configured to independently control driving,
steering, and braking for each wheel of the vehicle;

an output module configured to output the images captured by
the camera module; and

a processor operatively coupled to the input module, the camera
module, the e-Corner module, and the output module,

wherein the processor receives the driving mode, drives the e-
Corner module by adjusting a driving direction, steering rod wheels, a
variable gear ratio (VGR), and braking force, and outputs the images
from the camera module to the output module according to a traveling

direction.

2. The apparatus of claim 1, wherein the driving mode
comprises any one of a forward mode, a reverse mode, a left crab

mode, and a right crab mode.

3. The apparatus of claim 1 or 2, wherein the processor

adjusts the VGR of the steering rod wheels according to the traveling
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direction so that a turning radius of the vehicle matches with a turning

radius of the vehicle in forward movement.

4. The apparatus of any one of claims 1 to 3, wherein the
processor sets wheels positioned at the front in the traveling direction

as the steering rod wheaels.

5. The apparatus of any one of claims 1 to 4, wherein the
processor applies a weight to the braking force of wheels positioned at

the rear in the traveling direction.

6. A method of controlling an e-Corner vehicle, the method
comprising:

receiving a driving mode by a processor;

driving an e-Corner module by the processor by adjusting a
driving direction, steering rod wheels, a variable gear ratio (VGR), and
braking force based on the input driving mode; and

outputting images captured by a camera module to an output

module by the processor according to a traveling direction.

7. The method of claim 6, wherein the driving mode

comprises any one of a forward mode, a reverse mode, a left crab

mode, and a right crab mode.
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8. The method of claim 6 or 7, wherein the driving of the e-
Corner module comprises adjusting the VGR of the steering rod wheels
by the processor according to the traveling direction so that a turning
radius of the vehicle matches with a turning radius in forward

movement.

9. The method of any one of claims 6 to 8, wherein the
driving of the e-Corner module comprises setting wheels positioned at
the front in the traveling direction as the steering rod wheels by the

processor.

10. The method of any one of claims 6 to 9, wherein the
driving of the e-Corner module comprises applying a weight to the
braking force of wheels positioned at the rear in the traveling direction

by the processor.
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