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(54) METHOD AND APPARATUS FOR SAFETY CONTROL OF ELECTRIC MOVING VEHICLE

(57) Disclosed is a method and apparatus for safety
control of an electric moving vehicle. A safely control
method of an electric moving vehicle includes determin-
ing whether a user manipulation is present based on
presence or absence of a user input on the electric mov-
ing vehicle; and braking an electric motor that drives a

wheel of the electric moving vehicle using a softlock
scheme of short-circuiting an electrode of the electric mo-
tor, instead of applying power to the electric motor, in
response to the user manipulation determined to be ab-
sent.
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Description

BACKGROUND

1. Field of the Invention

[0001] The following description of example embodi-
ments relates to a technology for stopping driving of a
moving vehicle.

2. Description of the Related Art

[0002] Currently, moving vehicles are used to carry
goods for various purposes in various fields, such as, for
example, shopping malls, home delivery services, and
industrial sites.
[0003] For example, Korean Utility Model Registration
NO. 20-0440927 registered on July 2, 2008, discloses a
structure of a transportation vehicle used to move, for
example, packing boxes at a short distance in a ware-
house or a distribution center.
[0004] When heavy goods are loaded on a moving ve-
hicle, a user needs to use a considerable amount of force
to move the moving vehicle. Further, it becomes more
difficulty for the user to control the moving vehicle to move
in a desired direction by appropriately operating the load-
ed moving vehicle and the user may need to experience
a significant difficulty in transporting the goods.
[0005] Accordingly, attempts have been made to pro-
vide a method of providing a motor to a moving vehicle
and driving the motor to move the moving vehicle.

SUMMARY

[0006] At least one example embodiment provides a
safety control method and apparatus that may enhance
an energy efficiency of a moving vehicle for stopping driv-
ing of the moving vehicle if a user manipulation is absent,
that is, if the user is not manipulating the moving vehicle.
[0007] According to an aspect of at least one example
embodiment, there is provided a safety control method
of an electric moving vehicle, the safety control method
including determining whether a user manipulation is
present based on presence or absence of a user input
on the electric moving vehicle; and braking an electric
motor that drives a wheel of the electric moving vehicle
using a softlock scheme of short-circuiting an electrode
of the electric motor, instead of applying power to the
electric motor, in response to the user manipulation de-
termined to be absent.
[0008] The softlock scheme may use a short brake
phenomenon that a brake with a predetermined force is
applied using a counter electromotive force occurring in
response to short-circuiting the electrode of the electric
motor.
[0009] The braking may include initially applying the
softlock scheme to the electric motor in response to the
user manipulation determined to be absent; and applying

a hardlock scheme of supplying power required for brak-
ing to the electric motor and forcibly braking the electric
motor in response to a movement of the electric moving
vehicle determined to be present in a state in which the
user manipulation is absent while applying the softlock
scheme.
[0010] The braking may include determining whether
the electric moving vehicle is located on a flatland or a
slope based on a gradient of the electric moving vehicle
in response to the user manipulation determined to be
absent; applying the softlock scheme to the electric motor
in response to the electric moving vehicle determined to
be located on the flatland; and applying a hardlock
scheme of applying power required for braking to the
electric motor and forcibly braking the electric motor in
response to the electric moving vehicle determined to be
located on the slope.
[0011] The hardlock scheme may control a moving
speed of the electric motor to reach zero by configuring
a feedback loop.
[0012] The determining may include determining
whether the user manipulation is present by measuring
an amount of force applied to the electric moving vehicle.
[0013] The electric moving vehicle is configured as a
moving transportation structure on which a user is board-
ed.
[0014] According to an aspect of at least one example
embodiment, there is provided a safety control apparatus
of an electric moving vehicle, the safety control apparatus
including a manipulation detector configured to deter-
mine whether a user manipulation is present based on
presence or absence of a user input on the electric mov-
ing vehicle; and a controller configured to brake an elec-
tric motor that drives a wheel of the electric moving ve-
hicle using a softlock scheme of short-circuiting an elec-
trode of the electric motor, instead of applying power to
the electric motor, in response to the user manipulation
determined to be absent.
[0015] According to some example embodiments, it is
possible to enhance an energy efficiency of an electric
moving vehicle by effectively controlling an amount of
power consumed by a brake for stopping driving of the
electric moving vehicle if a user manipulation is absent,
that is, if the user is not manipulating the electric moving
vehicle.
[0016] Further areas of applicability will become ap-
parent from the description provided herein. The descrip-
tion and specific examples in this summary are intended
for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects, features, and ad-
vantages of the invention will become apparent and more
readily appreciated from the following description of em-
bodiments, taken in conjunction with the accompanying
drawings of which:
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FIG. 1 is a perspective view of an electric moving
vehicle according to an example embodiment;
FIG. 2 is a diagram illustrating a configuration of an
electric moving vehicle according to an example em-
bodiment;
FIG. 3 illustrates an example of a process of trans-
ferring a force applied by a user in an electric moving
vehicle according to an example embodiment;
FIGS. 4 through 6 illustrate examples of a process
of driving an electric moving vehicle based on a force
applied by a user in the electric moving vehicle ac-
cording to an example embodiment;
FIG. 7 is a diagram illustrating a configuration of com-
ponents includable in a safety control apparatus ac-
cording to an example embodiment;
FIG. 8 is a flowchart illustrating an example of a safe-
ty control method of an electric moving vehicle per-
formed by a safety control apparatus according to
an example embodiment; and
FIG. 9 is a flowchart illustrating another example of
a safety control method of an electric moving vehicle
performed by a safety control apparatus according
to an example embodiment.

DETAILED DESCRIPTION

[0018] One or more example embodiments will be de-
scribed in detail with reference to the accompanying
drawings. Example embodiments, however, may be em-
bodied in various different forms, and should not be con-
strued as being limited to only the illustrated embodi-
ments. Rather, the illustrated embodiments are provided
as examples so that this disclosure will be thorough and
complete, and will fully convey the concepts of this dis-
closure to those skilled in the art. Accordingly, known
processes, elements, and techniques, may not be de-
scribed with respect to some example embodiments. Un-
less otherwise noted, like reference characters denote
like elements throughout the attached drawings and writ-
ten description, and thus descriptions will not be repeat-
ed.
[0019] Although the terms "first," "second," "third," etc.,
may be used herein to describe various elements, com-
ponents, regions, layers, and/or sections, these ele-
ments, components, regions, layers, and/or sections,
should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer, or section, from another region, layer, or section.
Thus, a first element, component, region, layer, or sec-
tion, discussed below may be termed a second element,
component, region, layer, or section, without departing
from the scope of this disclosure.
[0020] As used herein, the singular forms "a," "an," and
"the," are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises" and/or
"comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations,

elements, and/or components, but do not preclude the
presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or
groups, thereof. As used herein, the term "and/or" in-
cludes any and all combinations of one or more of the
associated listed items.
[0021] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which example embodiments belong.
Terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the rele-
vant art and/or this disclosure, and should not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.
[0022] Hereinafter, example embodiments will be de-
scribed with reference to the accompanying drawings.
[0023] The example embodiments relate to a safety
control method and apparatus that may enhance an en-
ergy efficiency of an electric moving vehicle.
[0024] The example embodiments disclosed herein
may achieve many advantages in terms of an energy
efficiency and cost saving, etc., of an electric moving ve-
hicle.
[0025] The term "electric moving vehicle" used herein
may inclusively indicate a transportation device of goods
and a transportation device in a structure on which a per-
son, for example, a user is boarded. If the electric moving
device is for boarding a person, the electric moving de-
vice may include, for example, an electric wheelchair, an
electric moving bed, an electric stroller, and an electric
wagon. Hereinafter, the example embodiments will be
described using the transportation device of goods as a
representative example, however, are not limited thereto.
[0026] FIG. 1 is a perspective view of an electric mov-
ing vehicle according to an example embodiment, and
FIG. 2 is a diagram illustrating a configuration of an elec-
tric moving vehicle according to an example embodi-
ment.
[0027] Hereinafter, an electric moving vehicle 100 ac-
cording to an example embodiment is described with ref-
erence to FIGS. 1 and 2.
[0028] Referring to FIGS. 1 and 2, the electric moving
vehicle 100 is configured to load goods to be transported
and move the loaded goods, and includes a single pair
of driving wheels including a left driving wheel 111a and
a right driving wheel 111b provided on the left and the
right, respectively, and a single pair of electric motors
including a left electric motor 112a and a right electric
motor 112b configured to drive the left driving wheel 111a
and the right driving wheel 111b, respectively, and a body
configured as a deckboard 115 configured to load goods
to be transported.
[0029] The electric moving vehicle 100 further includes
a grip 130 provided at one side of the body, a single pair
of force detection sensors including a left force detection
sensor 121 and a right force detection sensor 122 pro-
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vided between a lower portion of left and right ends of
the grip 130 and an upper portion of the deckboard 115
and configured to detect a force transferred from the user
to the body through the grip 130, and a controller 140
configured to control driving of the left electric motor 112a
and the right electric motor 112b based on the force trans-
ferred to the body.
[0030] Although not illustrated in detail, the electric
moving vehicle 100 may basically include a chargeable
battery. Here, the battery may supply power required for
the electric moving vehicle 100, including driving of the
left electric motor 112a and the right electric motor 112b
under control of the controller 140.
[0031] According to the above configuration, the elec-
tric moving vehicle 100 may move desired goods to a
desired location conveniently in such a manner that the
goods to be transported are loaded on the deckboard
115 of the body and the left driving wheel 111a and the
right driving wheel 111b are driven by the left electric
motor 112a and the right electric motor 112b, respective-
ly.
[0032] In the electric moving vehicle 100, the grip 130
holdable by the user may be provided on one side of the
body. Accordingly, the user may apply a force in a direc-
tion in which the goods are to be transported with holding
the grip 130 of the electric moving vehicle 100.
[0033] In the electric moving vehicle 100, the force de-
tection sensors including the left and right force detection
sensors 121 and 122 may be provided between the left
and right ends of the grip 130. Here, each of the left force
detection sensor 121 and the right force detection sensor
122 may detect the force applied by the user to the grip
130 and transferred to the body. Here, the left and right
force detection sensors 121 and 122 may include a load-
cell. In addition, a variety of sensors capable of measur-
ing a force, such as a strain gauge, may be used.
[0034] Referring to FIG. 1, the left force detection sen-
sor 121 and the right force detection sensor 122 may be
provided on the left and the right, respectively, at one
upper side of the deckboard 115 on which goods to be
transported are to be loaded. Accordingly, the left and
right force detection sensors 121 and 122 may accurately
and effectively detect the force applied by the user to the
grip 130 and transferred to the body.
[0035] In the aforementioned electric moving vehicle
100, a single pair of force detection sensors including the
left force detection sensor 121 and the right force detec-
tion sensor 122 are provided between the left and right
ends of the grip 130 and the deckboard 115 instead of
being provided at an upper end of the grip 13, such that
the user may control the electric moving vehicle 100
based on not a fixed location of the grip 130 but a location
convenient for the user.
[0036] In detail, the single pair of force detection sen-
sors may include the left force detection sensor 121 con-
figured to detect a force transferred to the left end of the
grip 130 and the right force detection sensor 122 config-
ured to detect a force transferred to the right end of the

grip 130 from the force applied by the user. Accordingly,
in the electric moving vehicle 100, the single pair of force
detection sensors including the left and right force detec-
tion sensors 121 and 122 may be present in a path
through which the force applied by the user is transferred,
and may detect the force applied by the user. Thus, al-
though the user uses only a single hand without a need
to use both hands, the electric moving vehicle 100 may
detect the force applied by the user, which enables the
user to easily operate the electric moving vehicle 100.
[0037] FIG. 3 illustrates an example of a process of
transferring a force applied by a user in an electric moving
vehicle according to an example embodiment.
[0038] Hereinafter, operations of the left and right force
detection sensors 121 and 122 are described with refer-
ence to FIG. 3.
[0039] Referring to FIG. 3, if the user applies a force
in a direction, for example, direction (A), in which loaded
goods are to be transported with holding the grip 130
using a single hand or both hands, a portion of the force
applied by the user may be applied to the left, for example,
direction (D), of the body through the left end of the grip
130 and the left force detection sensor 121 (direction
(B)). Also, a portion of the force applied by the user may
be applied to the right, for example, direction (E), of the
body through the right end of the grip 130 and the right
force detection sensor 122 (direction (C)).
[0040] According to an example embodiment, while
maintaining a driving direction of the electric moving ve-
hicle 100 by a force applied by the user to the grip 130
and transferred to the body, the electric moving vehicle
100 may amplify a magnitude of the force transferred to
the body and may control operations of the left and right
electric motors 112a and 112b to drive the electric moving
vehicle 100. Accordingly, although heavy goods are load-
ed, the user may easily control the electric moving vehicle
100 to move the loaded goods to a desired location.
[0041] The electric moving vehicle 100 may include
the controller 140 configured to control driving of the left
and right electric motors 112a and 112b based on sens-
ing data generated at the left and right force detection
sensors 121 and 122. In general, the controller 140 may
be provided to the body. However, it is only an example
and thus, without being limited thereto, the controller 140
may be provided to, for example, the grip 130. In addition,
the controller 140 may be provided at any locations at
which the controller 140 may appropriately operate.
[0042] While maintaining a driving direction of the elec-
tric moving vehicle 100 by a force applied by the user to
the grip 130 and transferred to the body, the controller
140 may amplify a magnitude of the force transferred to
the body and control the electric motors 112a and 112b.
For example, a brushless DC (BLDC) motor may be used
for an electric motor, such as the left electric motor 112a
and the right electric motor 112b in the electric moving
vehicle 100. In addition, any motors that enable the con-
troller 140 to control the electric moving vehicle 100 to
appropriately operate may be applied.
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[0043] Since the controller 140 controls current applied
to the left and right electric motors 112a and 112b based
on sensing data generated at the left and right force de-
tection sensors 121 and 122, the user may intuitively and
easily control the electric moving vehicle 100 to move.
Here, if the controller 140 performs a current control in
controlling driving of the left and right electric motors 112a
and 112b, torque, that is, a rotational force, of the left and
right electric motors 112a and 112b may occur to be pro-
portional to the current applied to the left and right electric
motors 112a and 112b. Accordingly, the user may easily
control the electric moving vehicle 100 to move even us-
ing a small amount of force. The controller 140 may use
a pulse width modulation (PWM) signal having various
duties to control the current applied to the left and right
electric motors 112a and 112b. That is, the controller 140
of the electric moving vehicle 100 may effectively control
the current applied to the left and right electric motors
112a and 112b using the PWM signal.
[0044] FIGS. 4 through 6 illustrate examples of a proc-
ess of driving an electric moving vehicle based on a force
applied by a user in then electric moving vehicle accord-
ing to an example embodiment.
[0045] Referring to FIG. 4, if the user vertically applies
a force to the grip 130 to make the electric moving vehicle
100 move forward, for example, if the user applies a force
of IN, the force applied by the user may be divided into
half and a half of the force may be applied to the left of
the body through the left end of the grip 130 and the left
force detection sensor 121. Also, another half of the force
may be applied to the right of the body through the right
end of the grip 130 and the right force detection sensor
122. Here, each of the left force detection sensor 121
and the right force detection sensor 122 may detect a
force of 0.5N. Accordingly, the controller 140 may amplify
a magnitude of the force transferred to the body, that is,
amplify the force of IN to 10 N, while maintaining a driving
direction of the electric moving vehicle 100 based on the
force, for example, 0.5N, detected at each of the left force
detection sensor 121 and the right force detection sensor
122, and may control current that is applied to the left
electric motor 112a and the right electric motor 112b.
Accordingly, the same magnitude of current may be ap-
plied to each of the left electric motor 112a and the right
electric motor 112b.
[0046] Referring to FIG. 5, if the user applies a force
to the grip 130 in a pulling direction to make the electric
moving vehicle 100 slowly move backward, for example,
if the user applies a force of 0.5N, each of the left force
detection sensor 121 and the right force detection sensor
122 may detect a force of 0.25N. Accordingly, the con-
troller 140 may amplify a magnitude of the force trans-
ferred to the body, that is, amplify the force of 0.5N to
5N, while maintaining a driving direction of the electric
moving vehicle 100 based on the force, for example,
0.25N, detected at each of the left force detection sensor
121 and the right force detection sensor 122, and may
control current that is applied to the left electric motor

112a and the right electric motor 112b.
[0047] According to an example embodiment, in the
case of driving the electric moving vehicle 100 by ampli-
fying a force applied by the user, the force applied by the
user may be amplified using various methods, for exam-
ple, a method of changing an amplification ratio based
on an input force and a method of driving the electric
moving vehicle 100 based on a preset magnitude of force,
instead of applying a preset amplification ratio.
[0048] Further, referring to FIG. 6, in the electric mov-
ing vehicle 100 according to an example embodiment,
although the user applies a force in a direction inclined
relative to a forward/backward direction, the controller
140 may amplify a magnitude of the force applied by the
user and transferred to the body while maintaining a driv-
ing direction of the electric moving vehicle 100 by the
force, and may control operations of the left and right
electric motors 112a and 112b. Accordingly, the user may
steer the electric moving vehicle 100 in a desired direction
or may control the electric moving vehicle 100 to move
in an intended direction.
[0049] In detail, referring to FIG. 6, if the user applies
a force to the grip 130 in a desired direction, for example,
applies a force of IN, the force applied by the user may
be divided at a predetermined ratio based on a corre-
sponding direction and a portion of the force may be ap-
plied to the left of the body through the left end of the grip
130 and the left force detection sensor 121 and a remain-
ing thereof may be applied to the right of the body through
the right end of the grip 130 and the right force detection
sensor 122. Here, if the left force detection sensor 121
detects a force of a[N] and the right force detection sensor
122 detects a force of b[N], the controller 140 may control
current that is to be applied to the left electric motor 112a
and the right electric motor 112b based on the force de-
tected at the left force detection sensor 121 and the right
force detection sensor 122, respectively.
[0050] For example, the controller 140 may control the
current of the left electric motor 112a and the right electric
motor 112b to amplify the force of a[N] so that a force of
10a[N] may be generated at the left driving wheel 111a
and to amplify the force of b[N] so that a force of 10b[N]
may be generated at the right driving wheel 111b. The
controller 140 may amplify a magnitude of force finally
applied by the user and transferred to the body to become
10N while maintaining a driving direction of the electric
moving vehicle 100 by the force applied by the user and
transferred to the body. Accordingly, the user may steer
the electric moving vehicle 100 in a desired direction or
may control the electric moving vehicle 100 to move in
an intended direction.
[0051] The aforementioned electric moving vehicle
100 is provided as an example only. Any type of moving
vehicles operating with a battery may be included in an
application target of the example embodiment.
[0052] Hereinafter, a method and apparatus for safety
control of an electric moving vehicle according to exam-
ple embodiments will be further described.
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[0053] FIG. 7 is a diagram illustrating a configuration
of components includable in a safety control apparatus
according to an example embodiment.
[0054] An electric moving vehicle requires an automat-
ic braking in response to a location control or a speed
control when a person, for example, a user is not oper-
ating an electric moving vehicle. FIG. 7 illustrates a safety
control apparatus 700 for automatic braking of the electric
moving vehicle. Here, the safety control apparatus 700
is a configuration included in the electric moving vehicle.
[0055] Referring to FIG. 7, the safety control apparatus
700 may include a manipulation detector 120, a slope
detector 150, a controller 140, an electric motor 110, and
a braking device 160. Depending on example embodi-
ments, components of the safety control apparatus 700
may be selectively included in or excluded from the safety
control apparatus 700.
[0056] The manipulation detector 120 may detect
whether a user manipulation is present based on pres-
ence or absence of a user input on the electric moving
vehicle. For example, the manipulation detector 120 may
include a loadcell, a strain gauge, and the like, and may
determine whether the user manipulation is present, that
is, may detect presence or absence of the user manipu-
lation based on the presence or absence of the user input
by measuring an amount of force applied to the electric
moving vehicle using such a sensor. Here, the manipu-
lation detector 120 may correspond to the left/right force
detection sensor 121, 122 of FIGS. 1 and 2. As another
example, the manipulation detector 120 may be config-
ured as a component separate from the left/right force
detection sensor 121, 122. For example, the manipula-
tion detector 120 may be configured by providing a touch
sensor on a grip of the electric moving vehicle and may
detect the presence or the absence of the user manipu-
lation according to the presence or the absence of the
user input based on touch sensing data associated with
the grip.
[0057] The slope detector 150 may determine whether
the electric moving vehicle is located on a slope. Here,
the slope detector 150 may include an inertial sensor,
and may use various sensors, for example, an acceler-
ation sensor, a gravity sensor, a gyroscope, and a geo-
magnetic sensor, capable of detecting a change in a gra-
dient of a vehicle body. The slope detector 150 may de-
termine whether the electric moving vehicle is located on
a flatland or the slope by detecting a gradient from a
reference axis corresponding to a direction of gravity.
[0058] The controller 140 of FIG. 7 corresponds to the
controller 140 of FIGS. 1 and 2 and the electric motor
110 corresponds to the left/right electric motor 112a,
112b of FIGS. 1 and 2. The controller 140 may control
driving of the electric motor 110 based on a force trans-
ferred by the user to the electric moving vehicle. In par-
ticular, the controller 140 may control braking for the elec-
tric motor 110 when the user manipulation for the electric
moving vehicle is absent.
[0059] Here, the controller 140 may perform the proc-

essor functionality of performing basic arithmetic opera-
tions, logic operations, and input/output operations, and
may be configured to process instructions of a computer
program. The instructions may be provided to the con-
troller 140 by way of a memory included as a component
of the electric moving vehicle, for example, the electric
moving vehicle 100 of FIGS. 1 and 2. For example, the
controller 140 may be configured to execute an instruc-
tion received according to a program code stored in a
storage medium such as the memory.
[0060] The braking device 160 refers to a device that
stops driving of the electric motor 110, and may apply a
softlock or a hardlock on the electric motor 110 under
control of the controller 140. Here, the softlock refers to
a first level of braking that applies a weak brake in a state
in which power consumption is not required and the hard-
lock refers to a second level of braking that applies a
brake with a strong force through power consumption.
For example, the softlock may apply the brake by short-
circuiting a driving circuit of the electric motor 110 without
supplying power to the electric motor 110. For example,
in the case of using a BLDC motor for the electric motor
110, if three electrodes (UVW 3 wires) of the BLDC motor
are short-circuited, a counter electromotive force occurs.
Accordingly, a short brake phenomenon (refer to "ht-
tp://forums.parallax.com/discussion/ 157445/how-
would-you-short-3-wires-of-a-bldc-motor-together") that
spinning of wheels, for example, the left/right driving
wheel 111a, 111b of FIGS. 1 and 2, connected to the
motor stops by a predetermined force may occur. The
hardlock may stop spinning of the wheels, for example,
the left/right driving wheel 111a, 111b of FIGS. 1 and 2,
connected to the electric motor 110 with a forcible force
by supplying power to the electric motor 110. For exam-
ple, the braking device 160 may control a moving speed
of the electric motor 110 through energy consumption to
reach zero by configuring a feedback loop. As another
example, the braking device 160 for the hardlock may
include a braking member in which a braking drum and
a braking liner couple with each other. Here, the braking
drum may be provided on a power transmission shaft
connected to the electric motor 110 that provides power
for driving the wheels of the electric moving vehicle and
the braking liner may be configured to make a contact or
no contact with the braking drum. It is provided as an
example only. Any braking mechanisms of stopping
wheels of the electric moving vehicle with a forcible force
by supplying power to the electric motor 110 may be ap-
plied.
[0061] According to other example embodiments, the
safety control apparatus 700 may include a number of
components greater than those of FIG. 7. The safety con-
trol apparatus 700 may further include an I/O device. For
example, an input device may include a device, such as
a keyboard and a mouse, and an output device may in-
clude a device, such as a display. As another example,
the I/O device may be a device for interface with a device
in which an input function and an output function are in-
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tegrated, such as a touchscreen. However, there is no
need to clearly illustrate many conventional components.
[0062] FIG. 8 is a flowchart illustrating an example of
a safety control method of an electric moving vehicle per-
formed by a safety control apparatus according to an
example embodiment. The safety control method of FIG.
8 may be performed by the controller 140 of the safety
control apparatus of FIG. 7.
[0063] Referring to FIG. 8, in operation S801, the con-
troller 140 may determine whether a user manipulation
for an electric moving vehicle is present through the ma-
nipulation detector 120. That is, the controller 140 may
determine whether a user is currently manipulating the
electric moving vehicle with holding a grip of the electric
moving vehicle.
[0064] In operation S802, if the user is not manipulating
the electric moving vehicle, the controller 140 may initially
set a softlock to the electric motor 110 through the braking
device 160. Here, the braking device 160 may apply a
brake on the electric moving vehicle with a force by a
short brake phenomenon of the electric motor 110 by
short-circuiting a driving circuit of the electric motor 110,
instead of supplying current to the electric motor 110.
[0065] In operation S803, the controller 140 may de-
termine whether a movement of the electric moving ve-
hicle is present after the softlock is set. The controller
140 may determine whether the electric moving vehicle
is still moving based on a movement of wheels or a
change in a location of the electric moving vehicle in a
state in which the user manipulation is continuously ab-
sent while applying the softlock.
[0066] In operation S804, if the electric moving vehicle
moves even after the softlock is set, the controller 140
may set a hardlock to the electric motor 110 through the
braking device 160. Here, the braking device 160 may
apply a brake by supplying power required for braking to
the electric motor 110 and by configuring a feedback loop
so that a moving speed of the electric motor 110 becomes
zero, or may stop driving of wheels connected to the elec-
tric motor 110 with a forcible force through driving of a
braking member.
[0067] In operation S805, if the user manipulation is
present, that is, if the user is manipulating the electric
moving vehicle, the controller 140 may release braking
of the electric motor 110 by releasing the softlock or the
hardlock through the braking device 160.
[0068] As described above, according to example em-
bodiments, the safety control apparatus may apply an
automatic braking if the user is not manipulating the elec-
tric moving vehicle. That is, the safety control apparatus
may apply a brake by initially applying a softlock and
then, applying a hardlock if the electric moving vehicle
moves even after the softlock is applied.
[0069] FIG. 9 is a flowchart illustrating another example
of a safety control method of an electric moving vehicle
performed by a safety control apparatus according to an
example embodiment. The safety control method of FIG.
9 may be performed by the controller 140 of the safety

control apparatus of FIG. 7.
[0070] Referring to FIG. 9, in operation S901, the con-
troller 140 may determine whether a user manipulation
for an electric moving vehicle is present through the ma-
nipulation detector 120. That is, the controller 140 may
determine whether a user is currently manipulating the
electric moving vehicle with holding a grip of the electric
moving vehicle.
[0071] In operation S902, if the user is not manipulating
the electric moving vehicle, the controller 140 may de-
termine whether the electric moving vehicle is located on
a slope through the slope detector 150. The controller
140 may determine whether the electric moving vehicle
is located on a flatland or the slope in a situation in which
the user is not manipulating the electric moving vehicle.
[0072] In operation S903, if the electric moving vehicle
is determined to be located on the flatland, the controller
140 may set a softlock to the electric motor 110 through
the braking device 160. Here, the braking device 160
may apply a brake on the electric moving vehicle with a
force by a short brake phenomenon of the electric motor
110 by short-circuiting a driving circuit of the electric mo-
tor 110, instead of supplying current to the electric motor
110.
[0073] In operation S904, if the electric moving vehicle
is determined to be located on the slope, the controller
140 may set a hardlock to the electric motor 110 through
the braking device 160. Here, the braking device 160
may apply a brake by supplying power required for brak-
ing to the electric motor 110 and by configuring a feed-
back loop so that a moving speed of the electric motor
110 becomes zero, or may stop driving of wheels con-
nected to the electric motor 110 with a forcible force
through driving of a braking member.
[0074] In operation S905, if the user manipulation is
present, that is, if the user is manipulating the electric
moving vehicle, the controller 140 may release braking
of the electric motor 110 by releasing the softlock or the
hardlock through the braking device 160.
[0075] As described above, according to example em-
bodiments, the safety control apparatus may distinguish
a flatland situation from a slope situation when the user
is not manipulating the electric moving vehicle and may
apply a brake by applying a softlock in the case of the
flatland situation and by applying a hardlock in the case
of the slope situation.
[0076] In detail, the safety control apparatus may apply
an automatic braking on the electric moving vehicle when
the user is not manipulating the electric moving vehicle.
Here, the safety control apparatus may employ a sequen-
tial braking scheme of initially applying the softlock with-
out distinguishing the flatland situation and the slope sit-
uation, and then applying the hardlock if the electric mov-
ing vehicle still moves, or a selective braking scheme of
distinguishing the flatland situation and the slope situa-
tion, and applying the softlock in the case of the flatland
situation and applying the hardlock in the case of the
slope situation. If the braking is possible even with the
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softlock, for example, in the case of the flatland situation,
there is no need to supply power for braking. Accordingly,
it is possible to reduce an amount of power consumed
by the electric moving vehicle.
[0077] According to example embodiments, it is pos-
sible to enhance an energy efficiency of an electric mov-
ing vehicle by effectively controlling an amount of power
consumed by a brake for stopping driving of the electric
moving vehicle if a user manipulation is absent.
[0078] The systems or apparatuses described herein
may be implemented using hardware components, soft-
ware components, and/or a combination thereof. For ex-
ample, the apparatuses and the components described
herein may be implemented using one or more general-
purpose or special purpose computers, such as, for ex-
ample, a processor, a controller, an arithmetic logic unit
(ALU), a digital signal processor, a microcomputer, a field
programmable gate array (FPGA), a programmable logic
unit (PLU), a microprocessor, or any other device capa-
ble of responding to and executing instructions in a de-
fined manner. The processing device may run an oper-
ating system (OS) and one or more software applications
that run on the OS. The processing device also may ac-
cess, store, manipulate, process, and create data in re-
sponse to execution of the software. For purpose of sim-
plicity, the description of a processing device is used as
singular; however, one skilled in the art will be appreci-
ated that a processing device may include multiple
processing elements and/or multiple types of processing
elements. For example, a processing device may include
multiple processors or a processor and a controller. In
addition, different processing configurations are possi-
ble, such as parallel processors.
[0079] The software may include a computer program,
a piece of code, an instruction, or some combination
thereof, for independently or collectively instructing or
configuring the processing device to operate as desired.
Software and data may be embodied permanently or
temporarily in any type of machine, component, physical
or virtual equipment, computer storage medium or de-
vice, or in a propagated signal wave capable of providing
instructions or data to or being interpreted by the process-
ing device. The software also may be distributed over
network coupled computer systems so that the software
is stored and executed in a distributed fashion. In partic-
ular, the software and data may be stored by one or more
computer readable storage mediums.
[0080] The methods according to the above-described
example embodiments may be recorded in non-transito-
ry computer-readable media including program instruc-
tions to implement various operations of the above-de-
scribed example embodiments. The media may also in-
clude, alone or in combination with the program instruc-
tions, data files, data structures, and the like. The pro-
gram instructions recorded on the media may be those
specially designed and constructed for the purposes of
example embodiments, or they may be of the kind well-
known and available to those having skill in the computer

software arts. Examples of non-transitory computer-
readable media include magnetic media such as hard
disks, floppy disks, and magnetic tapes; optical media
such as CD-ROM discs, and DVDs; magneto-optical me-
dia such as floptical disks; and hardware devices that are
specially configured to store and perform program in-
structions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like. Ex-
amples of program instructions include both machine
code, such as produced by a compiler, and files contain-
ing higher level code that may be executed by the com-
puter using an interpreter. The above-described devices
may be configured to act as one or more software mod-
ules in order to perform the operations of the above-de-
scribed example embodiments, or vice versa.
[0081] A number of example embodiments have been
described above. Nevertheless, it should be understood
that various modifications may be made to these example
embodiments. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described sys-
tem, architecture, device, or circuit are combined in a
different manner and/or replaced or supplemented by
other components or their equivalents. Accordingly, oth-
er implementations are within the scope of the following
claims.

Claims

1. A safety control method of an electric moving vehicle,
the safety control method comprising:

determining whether a user manipulation is
present based on presence or absence of a user
input on the electric moving vehicle; and
braking an electric motor that drives a wheel of
the electric moving vehicle using a softlock
scheme of short-circuiting an electrode of the
electric motor, instead of applying power to the
electric motor, in response to the user manipu-
lation determined to be absent.

2. The safety control method of claim 1, wherein the
softlock scheme uses a short brake phenomenon
that a brake with a predetermined force is applied
using a counter electromotive force occurring in re-
sponse to short-circuiting the electrode of the electric
motor.

3. The safety control method of claim 1 or 2, wherein
the braking comprises:

initially applying the softlock scheme to the elec-
tric motor in response to the user manipulation
determined to be absent; and
applying a hardlock scheme of supplying power
required for braking to the electric motor and for-
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cibly braking the electric motor in response to a
movement of the electric moving vehicle deter-
mined to be present in a state in which the user
manipulation is absent while applying the soft-
lock scheme.

4. The safety control method of any of the preceding
claims, wherein the braking comprises:

determining whether the electric moving vehicle
is located on a flatland or a slope based on a
gradient of the electric moving vehicle in re-
sponse to the user manipulation determined to
be absent;
applying the softlock scheme to the electric mo-
tor in response to the electric moving vehicle
determined to be located on the flatland; and
applying a hardlock scheme of applying power
required for braking to the electric motor and for-
cibly braking the electric motor in response to
the electric moving vehicle determined to be lo-
cated on the slope.

5. The safety control method of claim 3 or 4, wherein
the hardlock scheme controls a moving speed of the
electric motor to reach zero by configuring a feed-
back loop.

6. The safety control method of any of the preceding
claims, wherein the determining comprises deter-
mining whether the user manipulation is present by
measuring an amount of force applied to the electric
moving vehicle.

7. The safety control method of any of the preceding
claims, wherein the electric moving vehicle is con-
figured as a moving transportation structure on which
a user is boarded.

8. A safety control apparatus of an electric moving ve-
hicle, the safety control apparatus comprising:

a manipulation detector configured to determine
whether a user manipulation is present based
on presence or absence of a user input on the
electric moving vehicle; and
a controller configured to brake an electric motor
that drives a wheel of the electric moving vehicle
using a softlock scheme of short-circuiting an
electrode of the electric motor, instead of apply-
ing power to the electric motor, in response to
the user manipulation determined to be absent.

9. The safety control apparatus of claim 8, wherein the
softlock scheme uses a short brake phenomenon
that a brake with a predetermined force is applied
using a counter electromotive force occurring in re-
sponse to short-circuiting the electrode of the electric

motor.

10. The safety control apparatus of claim 8 or 9, wherein
the controller is configured to
initially apply the softlock scheme to the electric mo-
tor in response to the user manipulation determined
to be absent, and
applying a hardlock scheme of supplying power re-
quired for braking to the electric motor and forcibly
braking the electric motor in response to a movement
of the electric moving vehicle determined to be
present in a state in which the user manipulation is
absent while applying the softlock scheme.

11. The safety control apparatus of any of claims 8-10,
further comprising:

a slope detector configured to determine wheth-
er the electric moving vehicle is located on a
flatland or a slope based on a gradient of the
electric moving vehicle in response to the user
manipulation determined to be absent,
wherein the controller is configured to
apply the softlock scheme to the electric motor
in response to the electric moving vehicle deter-
mined to be located on the flatland, and
apply a hardlock scheme of applying the power
required for braking to the electric motor and for-
cibly braking the electric motor in response to
the electric moving vehicle determined to be lo-
cated on the slope.

12. The safety control apparatus of claim 10 or 11,
wherein the hardlock scheme controls a moving
speed of the electric motor to reach zero by config-
uring a feedback loop.

13. The safety control apparatus of any of claims 8-12,
wherein the manipulation detector is configured to
determine whether the user manipulation is present
by measuring an amount of force applied to the elec-
tric moving vehicle.

14. The safety control apparatus of any of claims 8-13,
wherein the electric moving vehicle is configured as
a moving transportation structure on which a user is
boarded.
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