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WEARABLE DEVICE AND OPERATION
METHOD OF THE WEARABLE DEVICEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2019-0117551
filed on Sep. 24, 2019, 1n the Korean Intellectual Property
Oflice, the entire contents of which are incorporated herein
by reference 1n their entirety.

BACKGROUND

1. Field

[0002] At least one example embodiment relates to a
wearable device.

2. Description of the Related Art

[0003] A recent 1ssue of aging societies has contributed to
a growing number of people who experience inconvenience
and pain from reduced muscular strength or joint problems
due to aging. Thus, there 1s a growing interest in walking
assistance devices that enable elderly users or patients with
reduced muscular strength or joint problems to walk with
less effort. In addition, exercise assistance devices that may
help increase muscular strength of human bodies are under
development.

SUMMARY

[0004] Some example embodiments relate to an operation
method of a wearable device.

[0005] In some example embodiment, the operation
method may include processing a state variable defined
based on motion information of a user, determining an
interactive mode of the wearable device based on a gain
associated with a magnitude of a torque of the wearable
device, selecting a motion type from among motion types of
the determined interactive mode based on a gait parameter
of the user, determining a control factor for the torque based
on the selected motion type, and generating the torque based
on the processed state variable, the gain, and the determined
control factor.

[0006] The processing of the state variable may include
smoothing the state variable.

[0007] In response to the gain being greater than or equal
to a reference value and being a positive number, the
determining of the interactive mode may include selecting a
first interactive mode that assists the user 1n a movement of
the user. In response to the gain being greater than or equal
to the reference value and being a negative number, the
determining of the iteractive mode may include selecting a
second 1nteractive mode that applies resistance to a move-
ment of the user. In response to the gain being less than the
reference value, the determining of the interactive mode may
include selecting a third interactive mode that applies high
resistance to a movement of the user.

[0008] In response to a first gait feature value 1n the gait
parameter being less than or equal to a first threshold value,
the selecting of the motion type may include determining the
motion type of the wearable device to be a walk motion type.
In response to the first gait feature value being greater than
the first threshold value and less than or equal to a second
threshold value, the selecting of the motion type may include
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determining the motion type to be a walk-to-run motion
type. In response to the first gait feature value being greater
than the second threshold value, the selecting of the motion
type may include determining the motion type to be a run
motion type.

[0009] The first gait feature value may include a cadence
of the user.
[0010] Inresponse to asecond gait feature value 1n the gait

parameter being greater than a third threshold value, the
selecting of the motion type may include determining the
motion type of the wearable device to be a high-resistance
motion type. In response to the second gait feature value
being less than a fourth threshold value, the selecting of the
motion type may include determining the motion type to be
a slow motion type.

[0011] The second gait feature value may 1nclude a mean
value of angular curve lengths of both hip joints of the user
during a preset period of time.

[0012] In response to a motion type change event occur-
ring by the selecting of the motion type from among the
motion types, the determining of the control factor may
include adjusting at least one of a smoothing factor to be
used to smooth a signal obtained by sensing a movement of
the user, or a delay 1n output timing of the torque.

[0013] Inresponse to the motion type change event occur-
ring by the selecting of the walk motion type from among
the motion types, the adjusting may include decreasing the
smoothing factor and increasing the delay.

[0014] Inresponse to the motion type change event occur-
ring by the selecting of the run motion type from among the
motion types, the adjusting may include increasing the
smoothing factor and decreasing the delay.

[0015] The generating of the torque may include applying,
to the processed state variable, the gain, the determined
control factor, and a compensation factor, and generating the
torque based on a result of the applying.

[0016] The motion information may include angles of both
hip joints of the user.

[0017] Some example embodiments relate to a wearable
device.
[0018] Insome example embodiment, the wearable device

may include a controller configured to process a state
variable defined based on motion information of a user,
determine an interactive mode of the wearable device based
on a gain associated with a magnitude of a torque of the
wearable device, select a motion type from among motion
types of the determined interactive mode based on a gait
parameter of the user, determine a control factor for the
torque based on the selected motion type, and control a
driver based on the processed state variable, the gain, and the
determined control factor, and the driver configured to
generate the torque under the control of the controller.

[0019] The controller may be configured to smooth the
state variable.
[0020] In response to the gain being greater than or equal

to a reference value and being a positive number, the
controller may be configured to select a first interactive
mode that assists the user in a movement of the user. In
response to the gain being greater than or equal to the
reference value and being a negative number, the controller
may be configured to select a second 1nteractive mode that
applies resistance to a movement of the user. In response to
the gain being less than the reference value, the controller
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may be configured to select a third interactive mode that
applies high resistance to a movement of the user.

[0021] In response to a first gait feature value 1n the gait
parameter being less than or equal to a first threshold value,
the controller may be configured to determine the motion
type of the wearable device to be a walk motion type. In
response to the first gait feature value being greater than the
first threshold value and less than or equal to a second
threshold value, the controller may be configured to deter-
mine the motion type to be a walk-to-run motion type. In
response to the first gait feature value being greater than the
second threshold value, the controller may be configured to
determine the motion type to be a run motion type.

[0022] The first gait feature value may include a cadence
of the user.
[0023] Inresponse to a second gait feature value 1n the gait

parameter being greater than a third threshold value, the
controller may be configured to determine the motion type
of the wearable device to be a high-resistance motion type.
In response to the second gait feature value being less than
a fourth threshold value, the controller may be configured to
determine the motion type to be a slow motion type.
[0024] The second gait feature value may include a mean
value of angular curve lengths of both hip joints of the user
during a preset period of time.

[0025] In response to a motion type change event occur-
ring by the selecting of the motion type from among the
motion types, the controller may be configured to adjust at
least one of a smoothing factor to be used to smooth a signal
obtained by sensing a movement of the user, or a delay 1n
output timing of the torque.

[0026] Inresponse to the motion type change event occur-
ring by the selecting of the walk motion type from among,
the motion types, the controller may be configured to
decrease the smoothing factor and increase the delay.

[0027] Inresponse to the motion type change event occur-
ring by the selecting of the run motion type from among the
motion types, the controller may be configured to increase
the smoothing factor and decrease the delay.

[0028] The controller may be configured to apply, to the
processed state variable, the gain, the determined control

factor, and a compensation factor.

[0029] The motion information may include angles of both
hip joints of the user.

[0030] Additional aspects of example embodiments will
be set forth 1n part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and/or other aspects will become apparent
and more readily appreciated from the following description
of example embodiments, taken in conjunction with the
accompanying drawings of which:

[0032] FIGS. 1 through 3 are diagrams illustrating an
example ol a wearable device according to at least one
example embodiment;

[0033] FIGS. 4 through 7 are diagrams illustrating an
example of an operation of a wearable device according to
at least one example embodiment;

[0034] FIG. 8 1s a diagram illustrating an example of a
second gait feature value according to at least one example
embodiment;
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[0035] FIG. 9 1s a diagram illustrating an example of a
state machine of a wearable device according to at least one
example embodiment;

[0036] FIG. 10 1s a flowchart illustrating an example of an
operation method of a wearable device according to at least
one example embodiment; and

[0037] FIG. 11 1s a diagram 1llustrating an example of a
wearable device according to at least one example embodi-
ment.

DETAILED DESCRIPTION

[0038] Hereinafter, some example embodiments will be
described 1n detail with reference to the accompanying
drawings. Regarding the reference numerals assigned to the
clements 1n the drawings, it should be noted that the same
clements will be designated by the same reference numerals,
wherever possible, even though they are shown in diflerent
drawings. Also, in the description of embodiments, detailed
description of well-known related structures or functions
will be omitted when 1t 1s deemed that such description will
cause ambiguous interpretation of the present disclosure.
[0039] It should be understood, however, that there 1s no
intent to limit this disclosure to the particular example
embodiments disclosed. On the contrary, example embodi-
ments are to cover all modifications, equivalents, and alter-
natives falling within the scope of the example embodi-
ments. Like numbers refer to like elements throughout the
description of the figures.

[0040] In addition, terms such as first, second, A, B, (a),
(b), and the like may be used herein to describe components.
Each of these terminologies 1s not used to define an essence,
order or sequence of a corresponding component but used
merely to distinguish the corresponding component from
other component(s). It should be noted that if it 1s described
in the specification that one component 1s “connected,”
“coupled,” or “yoined” to another component, a third com-
ponent may be “connected,” “coupled,” and ““joined”
between the first and second components, although the first
component may be directly connected, coupled or joined to
the second component.

[0041] The terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting. 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,” “compris-
ing,” “includes,” and/or “including,” when used herein,
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

[0042] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures
shown 1n succession may in fact be executed substantially
concurrently or may sometimes be executed in the reverse
order, depending upon the functionality/acts 1nvolved.
[0043] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the disclosure of this application pertains.
Terms, such as those defined in commonly used dictionaries,

are to be interpreted as having a meaning that 1s consistent
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with their meaning 1n the context of the relevant art, and are
not to be interpreted 1n an 1dealized or overly formal sense
unless expressly so defined herein.

[0044] Also, 1n the description of example embodiments,
detalled description of structures or functions that are
thereby known after an understanding of the disclosure of
the present application will be omitted when 1t 1s deemed
that such description will cause ambiguous interpretation of
the example embodiments.

[0045] Various example embodiments will now be
described more fully with reference to the accompanying
drawings 1n which some example embodiments are shown.
In the drawings, the thicknesses of layers and regions are
exaggerated for clarty.

[0046] Hereinafter, examples will be described in detail
with reference to the accompanying drawings, and like
reference numerals 1n the drawings refer to like elements
throughout.

[0047] FIGS. 1 through 3 are diagrams illustrating an
example ol a wearable device according to at least one
example embodiment.

[0048] Referring to FIG. 1, a wearable device 110 may
sense or obtain motion information of a user 120 and
generate a torque based on the sensed or obtained motion
information and various factors. For example, the wearable
device 110 may generate an assistance torque to assist the
user 120 1n walking. For another example, the wearable
device 110 may generate a resistance torque to apply resis-
tance to the user 120 while walking. The generating of a
torque of the wearable device 110 will be described here-
inafter in greater detail with reference to FIG. 4.

[0049] The wearable device 110 may be provided 1n a hip
type to be worn on a hip joint or a thigh of the user 120, an
ankle type to be worn on an ankle of the user 120, or a knee
type to be worn on a knee of the user 120, for example.
However, a type of the wearable device 110 1s not limited to

the examples described in the foregoing. The wearable
device 110 illustrated in FIGS. 2 and 3 1s of a hip type.

[0050] Referring to FIGS. 2 and 3, drivers 210-1 and
210-2 of the wearable device 110 are positioned around hip
joints of the user 120, and a controller 310 of the wearable
device 110 1s positioned around a waist of the user 120. That
1s, the wearable device 110 of a hip type may be designed
such that the drivers 210-1 and 210-2 are positioned around
the hip joints of the user 120 and the controller 310 1s
positioned around the waist of the user 120. However,
positions of the drivers 210-1 and 210-2 and the controller
310 are not limited to the example positions illustrated 1n

FIGS. 2 and 3.

[0051] FIGS. 4 through 7 are diagrams illustrating an
example of an operation of the wearable device 110 accord-
ing to at least one example embodiment.

[0052] Retferring to FIG. 4, 1n operation 410, the wearable
device 110 senses a motion of the user 120 using a sensor.
That 1s, the wearable device 110 obtains motion information
of the user 120. The motion mformation may include, for
example, angles of both hip joints of the user 120. As
illustrated 1n FIG. 5, the wearable device 110 senses or
obtains an angle q,(t) of a left hip joint of the user 120 using
an encoder positioned around the driver 210-1, and senses or
obtains an angle g, (t) of a right hip joint of the user 120 using
an encoder positioned around the driver 210-2. When a left
leg of the user 120 moves forward as illustrated in FIG. 5,
the angle g,(t) of the left hip joint may be less than O and the
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angle q,(t) of the rnght hip joint may be greater than 0.
However, according to an example, the angle q,(t) of the left
hip joint may be greater than 0 and the angle g (t) of the right
hip joint may be less than O.

[0053] Referring back to FIG. 4, 1n operation 420, the
wearable device 110 defines a state variable. For example,
the wearable device 110 defines a state variable y, (1)
corresponding to a difference between sin(qg,(t)) and sin(q;
(1))

[0054] In operation 430, the wearable device 110 smooths
the state variable y,__ (t). Through the smoothing, noise may
be removed from the state variable y,_ (t) and a wavetorm
of the state vanable vy, __ (t) may be smoothed. For example,
the wearable device 110 performs low-pass filtering on the
state variable v, (t). Equation 1 represents an example of a
result of the smoothing or a result of the low-pass filtering.

Y()=(1=0 (2, )+ 00,0, (2), (O<al) [Equation 1]

[0055] In Equation 1, y(t) denotes a smoothing result. In
addition, a denotes a smoothing factor, and y(t,,,) denotes a
previous smoothing result.

[0056] The smoothing result represented by Equation 1 1s
provided merely as an example, and thus the smoothing
result 1s not limited to what 1s represented by Equation 1
above. The smoothing result may vary based on a type of
smoothing method, or a type of low-pass filter (LPF).

[0057] In operation 440, the wearable device 110 deter-
mines an iteractive mode and a motion type of the wearable
device 110 based on the motion information and a gain x.
The motion information may include, for example, an angle
q,(t) of a left hip joint of the user 120 and an angle g (t) of
a right hip joint of the user 120. The gain K refers to a factor
assoclated with a magnitude of a torque, and may be a
positive or negative number. In addition, the gain Kk may be
received as an mput from the user 120. For example, the user
120 may 1nput the gain K to a user interface (UI) device, for
example, a tablet personal computer (PC), a smartphone,
and the like, and the wearable device 110 may receive the
gain K from the Ul device. According to an example, the user
120 may input the gain K to the wearable device 110.

[0058] In an example, the wearable device 110 may deter-
mine one among a plurality of interactive modes based on
the gain K. The mteractive modes may be classified based on
a type ol a torque or force that 1s output by the wearable
device 110 to the user 120. For example, the interactive
modes may include a first interactive mode that assists the
user 120 1n a movement of the user 120, a second interactive
mode that applies resistance to a movement of the user 120,
and a third interactive mode that applies high resistance to
a movement of the user 120.

[0059] In an example, the wearable device 110 may deter-
mine one among a plurality of motion types of the deter-
mined interactive mode based on the motion information.
The motion types may be classified based on a speed of a
movement of the user 120. For example, motion types of the
first and second interactive modes may be different from
motion types of the third interactive mode. The first and
second interactive modes may include, for example, a walk
motion type, a walk-to-run motion type, and a run motion
type. The third interactive mode may include a high-resis-
tance motion type and a slow motion type.

[0060] The determining of an interactive mode and a
motion type will be described hereinafter 1n greater detail
with reference to FIG. 6.
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[0061] Referring to FIG. 6, 1n operation 610, the wearable
device 110 determines whether the gain K 1s greater than or
equal to a reference value r, or not.

[0062] In operation 620, 1n response to a determination
that the gain K 1s greater than or equal to the reference value
r, the wearable device 110 determines whether the gain K 1s
a positive number or not.

[0063] In operation 630, 1n response to a determination
that the gain K 1s a positive number, the wearable device 110
selects the first interactive mode and determines a motion
type of the wearable device 110 based on a first gait feature
value. The first gait feature value may include a cadence of
the user 120. The cadence may be calculated based on gait
information of the user 120 that includes, for example, a
time used when the user 120 walks two steps forward and a
walking distance when the user 120 walks the two steps
forward.

[0064] For example, when the reference value r 1s -5
(r==5) and the gain K 1s +5 (Kk=+5), the wearable device 110
selects the first interactive mode. In addition, when the first
gait feature value 1s less than or equal to a first threshold
value (e.g., 120 which will be described herematiter with
reference to FI1G. 9), the wearable device 110 determines the
motion type of the wearable device 110 to be the walk
motion type. When the first gait feature value 1s greater than
the first threshold value and less than or equal to a second
threshold value (e.g., 140 which will be described herein-
alter with reference to FIG. 9), the wearable device 110
determines the motion type of the wearable device 110 to be
the walk-to-run motion type. When the first gait feature
value 1s greater than the second threshold value, the wear-
able device 110 determines the motion type of the wearable
device 110 to be the run motion type. That 1s, when the
cadence of the user 120 1s less than a preset range, the
wearable device 110 may determine that the user 120 1s
walking and select the walk motion type. When the cadence
of the user 120 1s 1n the preset range, the wearable device
110 may determine that the user 120 1s walking relatively
fast and select the walk-to-run motion type. When the
cadence of the user 120 1s greater than the preset range, the
wearable device 110 may determine that the user 120 1s
running and select the run motion type.

[0065] In this example, the gain K 1s a positive number,
and thus the wearable device 110 may output a torque that
assists the user 120 1n his’her movement irrespective of a
motion type to be selected in the first interactive mode.
Although to be described hereinatter, a control factor may
vary for each motion type, and thus a magnitude of an
assistance torque may increase in sequential order starting
from the walk motion type to the walk-to-run motion type
and then to the run motion type.

[0066] In operation 640, 1n response to a determination
that the gain K 1s a negative number, the wearable device 110
selects the second interactive mode and determines the
motion type of the wearable device 110 based on the first
gait feature value. For example, when the reference value r
1s =5 (r=-=3) and the gain K 1s -3 (k=-3), the wearable device
110 selects the second interactive mode. As described above
in relation to operation 630, the wearable device 110 deter-
mines one among the walk motion type, the walk-to-run
motion type, and the run motion type based on the first gait
feature value. In this example, the gain K 1s a negative
number, and thus the wearable device 110 may output a
torque that applies resistance to a movement of the user 120
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irrespective of a motion type to be selected in the second
interactive mode. Although to be described heremafter, a
control factor may vary for each motion type, and thus a
magnitude of a resistance torque may 1ncrease in sequential
order starting from the walk motion type to the walk-to-run
motion type and then to the run motion type.

[0067] In operation 650, 1n response to a determination
that the gain K 1s less than the reference value r 1n operation
610, the wearable device 110 selects the third interactive
mode and determines the motion type of the wearable device
110 based on a second gait feature value. For example, when
the reference value r 1s =5 (r=-3) and the gamn K 1s -7
(k==7), the wearable device 110 selects the third interactive
mode. In addition, when the second gait feature value 1s
greater than a third threshold value (e.g., 0.5 which will be
described hereinatter with reference to FIG. 9), the wearable
device 110 determines the motion type of the wearable
device 110 to be the high-resistance motion type. When the
second gait feature value 1s less than a fourth threshold value
(e.g., 0.4 which will be described hereinafter with reference
to FIG. 9), the wearable device 110 determines the motion
type of the wearable device 110 to be the slow motion type.
That 1s, when the second gait feature value of the user 120
1s greater than the third threshold value, the wearable device
110 may select the high-resistance motion type to apply high
resistance to a movement of the user 120. When the second
gait feature value of the user 120 1s less than the fourth
threshold value, the wearable device 110 may determine that
the user 120 1s walking relatively slow and select the slow
motion type to apply an assistance torque of a small mag-
nitude to such a slow movement of the user 120.

[0068] The second gait feature value may refer to a value
from which a gait characteristic of the user 120, for example,
a walking speed, during a preset period of time may be
estimated. The second gait feature value will be described
hereinafter 1n greater detail with reference to FIG. 8.

[0069] Referring back to FIG. 4, 1n operation 450, the
wearable device 110 determines a control factor based on the
determined motion type. The control factor may include at
least one of a smoothing factor o or a delay At associated
with an output timing of a torque. Although to be described
hereinafter, the control factor may aflect a response charac-
teristic ol a torque, and thus be referred to as a response
variable or a sensing response variable. The determimng of
a control factor will be described hereinatter in greater detail
with reference to FIG. 7.

[0070] Referring to FIG. 7, in operation 710, the wearable
device 110 verifies whether a motion type change event
occurs. For example, the wearable device 110 verifies
whether the motion type determined 1n operation 440 1s the
same as a previous motion type. In this example, when the
motion type determined 1n operation 440 1s not the same as
the previous motion type, the motion type change event may
occur. In contrast, when the motion type determined 1n
operation 440 1s the same as the previous motion type, the
motion type change event may not occur.

[0071] In operation 720, when the motion type change
event occurs, the wearable device 110 adjusts the control
factor. For example, when the previous motion type 1s the
run motion type and the walk motion type 1s determined in
operation 440, the motion type change event occurs, and
thus the wearable device 110 changes a previously set
control factor, for example, a control factor corresponding to
the run motion type, to a control factor corresponding to the
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walk motion type. In an example, each motion type and a
corresponding control factor may be mapped to each other
in a lookup table. The adjusting of a control factor based on
a motion type will be described heremafter in greater detail
with reference to FIG. 9.

[0072] In operation 730, when the motion type change
event does not occur, the wearable device 110 maintains the
previously set control factor.

[0073] Referring back to FIG. 4, 1n operation 460, the
wearable device 110 schedules a compensation tfactor ., ,
based on the determined motion type. The compensation
tactor x_,,,,, reters to a factor to be used to compensate for
a magnitude of a torque. In addition, the compensation
factor K may be used to adjust or compensate for linear

cCOmp

responsiveness to torque generation for each motion type.

[0074] For example, when the run motion type 1s deter-
mined 1n operation 440, the wearable device 110 may
determine the compensation factor k., to be 1.2. When the
walk motion type 1s determined 1n operation 440, the wear-
able device 110 may determine the compensation factor
Keomp 10 be 1. When the high-resistance motion type is
determined 1n operation 440, the wearable device 110 may
determine the compensation factor k., to be 0.8. When the
slow motion type 1s determined 1n operation 440, the wear-
able device 110 may determine the compensation factor
Koomp 10 be =5/. In an example, each motion type and a

corresponding compensation factor may be mapped to each
other 1 a lookup table.

[0075] In operation 470, the wearable device 110 gener-
ates a torque based on the smoothing result y(t), the gain x,
the control factor, and the compensation factor x_,, . An

example of torque t(t) may be represented by Equation 2.

T(D)=K K oV (I—AL) [Equation 2]

[0076] For example, the wearable device 110 may gener-
ate an assistance torque in each motion type of the first
interactive mode. In this example, a control factor may vary
based on each motion type, and thus an assistance torque in
the walk motion type may be smaller than an assistance
torque 1n the walk-to-run motion type, and the assistance
torque 1n the walk-to-run motion type may be smaller than
an assistance torque 1n the run motion type, even though the
gain K 1s the same 1n those motion types.

[0077] For another example, the wearable device 110 may
generate a resistance torque 1 each motion type of the
second interactive mode. In this example, a control factor
may vary based on each motion type, and thus a resistance
torque 1 the walk motion type may be smaller than a
resistance torque in the walk-to-run motion type, and the
resistance torque in the walk-to-run motion type may be
smaller than a resistance torque 1n the run motion type, even
though the gain k¥ 1s the same 1n those motion types.

[0078] For still another example, wearable device 110 may
generate a high-resistance torque in the high-resistance
motion type of the third interactive mode. In this example,
the high-resistance torque may be stronger or greater than
the resistance torque in the second interactive mode. In
addition, the wearable device 110 may generate an assis-
tance torque of a relatively small magnitude to assist the user
120 1n slow walking in the slow motion type of the third
interactive mode.

[0079] FIG. 8 1s a diagram illustrating an example of a
second gait feature value according to at least one example
embodiment.
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[0080] FIG. 8 illustrates an example of an angle q,(t) of a
right hip joint of the user 120.

[0081] A second gait feature value may be a value from
which a gait characteristic of the user 120 for a desired (or,
alternatively, a preset) period of time may be estimated. For
example, the second gait feature value may be calculated
based on each of angular curve lengths of both hip joints for
a recent 1 second. In the example of FIG. 8, the wearable
device 110 calculates an angular curve length q,. ,,, ., 810 of
the angle q,(t) of the right hip jomnt during an interval
between t—1 and t as represented by Equation 3.

fi?fengrh:fr—l fq (f) di-1=X -1 V(f— rprv)z_l_(q_quw)z_ 1 [qulﬂtiDIl 3]

[0082] In Equation 3, \/[(t—tpf,w)2+(q—qf__”,_W)2 denotes a dis-

tance between a point (t, q) and a neighboring point (t .
d,,)- Based on Equation 3, the wearable device 110 calcu-
lates each of a distance between a point 820-1 and a point
820-2, a distance between the point 820-2 and a point 820-3,
a distance between the point 820-3 and a point 820-4, a
distance between the point 820-4 and a point 820-5, a
distance between the point 820-5 and a point 820-6, a
distance between the point 820-6 and a point 820-7, and a
distance between the point 820-7 and a point 820-8, a
C
C

1stance between the point 820-8 and a point 820-9, and a
1stance between the point 820-9 and a point 820-10. The
wearable device 110 calculates the angular curve length
Ay sengsn 810 by subtracting 1 from a sum ot the calculated
distances.

[0083] Although not illustrated in FIG. 8, the wearable
device 110 may also calculate an angular curve length
d; zenen O an angle q,(t) of a left hip joint ot the user 120
during the interval between t-1 and t, as described above.
[0084] The wearable device 110 may calculate a mean
value of the angular curve lengths g, ;.4 and q; ;... and
determine the mean value to be the second gait feature value.
[0085] FIG. 9 1s a diagram illustrating an example of a
state machine of the wearable device 110 according to at
least one example embodiment.

[0086] FIG. 9 illustrates an example of a state machine
when the reference value r 1s =5 (r==3).

[0087] For example, when the gain K 1s greater than or
equal to -5, the wearable device 110 selects the first or
second interactive mode. In this example, when the gain K
1s a positive number, the wearable device 110 selects the first
interactive mode. In contrast, when the gain K 1s a negative
number, the wearable device 110 selects the second inter-
active mode. In addition, when the gain K 1s less than -3, the
wearable device 110 selects the third interactive mode.

[0088] <In a Case of the Gain K being Greater than or
Equal to -5>
[0089] Referring to FIG. 9, when a cadence of the user 120

reaches between 120 to 140 while the wearable device 110
1s operating 1n a walk motion type 910, the wearable device
110 changes the walk motion type 910 to a walk-to-run
motion type 920. As the motion type changes, the wearable
device 110 adjusts a control factor. That 1s, since the
walk-to-run motion type 920 1s not the same as the walk
motion type 910 which 1s a previous motion type, the
wearable device 110 adjusts the control factor. For example,
the wearable device 110 may increase a smoothing factor o
and decrease a delay At. In the example of FIG. 9, the
wearable device 110 increases the smoothing factor from
0.05 to a value within a range from 0.05 to 0.10, and
decreases the delay from 0.25 to a value within a range from



US 2023/0310251 Al

0.20 to 0.25. Conventionally, when the cadence of the user
120 reaches between 120 to 140 while operating 1n a walk
motion type, saturation or torque attenuation i which a
torque does not increase 1n proportion to a walking speed
may occur due to smoothing or low-pass filtering. In con-
trast, 1n one or more example embodiments, by changing to
the walk-to-run motion type 920 when the cadence 1s
reaches between 120 to 140, smoothing may be performed
with the adjusted smoothing factor and a torque may be
generated with the adjusted delay, and thus the saturation
may be reduced or minimized, and an attenuated amount of
the torque may be compensated {for.

[0090] In the walk-to-run motion type 920, the smoothing
factor and the delay may be set values within respective
ranges. However, the values are not limited to such illus-
trated examples. For example, in the walk-to-run motion
type 920, the smoothing factor and the delay may be values
matched to a cadence of the user 120 within respective
ranges. In this example, when the cadence of the user 120 1s
120, the smoothing factor may be 0.055 and the delay may
be 0.205. When the cadence of the user 120 1s 130, the
smoothing factor may be 0.075 and the delay may be 0.223.
When the cadence of the user 120 1s 140, the smoothing
factor may be 0.095 and the delay may be 0.243.

[0091] When the cadence of the user 120 reaches 140
while the wearable device 110 1s operating in the walk
motion type 910, the wearable device 110 changes the walk
motion type 910 to a run motion type 930. As the motion
type changes, the wearable device 110 adjusts a control
tactor. For example, the wearable device 110 may increase
a smoothing factor . and decrease a delay At. In the example
of FIG. 9, the wearable device 110 increases the smoothing
tactor from 0.05 to 0.1 and decrease the delay from 0.25 to
a value within a range from 0.15 to 0.20. In addition, the
wearable device 110 adjusts a compensation factor romp
from 1 to 1.2. Conventionally, when the cadence of the user
120 exceeds 140 while operating in walk motion type,
torque attenuation may occur due to smoothing or low-pass
filtering. In contrast, 1n one or more example embodiments,
by changing to the run motion type 930 when the cadence 1s
greater than or equal to 140, smoothing may be performed
with the adjusted smoothing factor, and a torque may be
generated with the adjusted delay and the adjusted compen-
sation factor. Thus, an attenuated amount of the torque may
be compensated for.

[0092] When the cadence of the user 120 reaches 120
while the wearable device 110 1s operating in the walk-to-
run motion type 920, the wearable device 110 changes the
walk-to-run motion type 920 to the walk motion type 910.
As the motion type changes, the wearable device 110 adjusts
a control factor. For example, wearable device 110 may
decrease a smoothing factor and increase a delay. In the
example of FIG. 9, the wearable device 110 decreases the
smoothing factor to 0.05 and increases the delay to 0.23.

[0093] When the cadence of the user 120 reaches 150 or
greater while the wearable device 110 1s operating 1n the
walk-to-run motion type 920, the wearable device 110
changes the walk-to-run motion type 920 to the run motion
type 930. As the motion type changes, the wearable device
110 adjusts a control factor. For example, the wearable
device 110 may increase a smoothing factor and decrease a
delay. In addition, the wearable device 110 may increase a
compensation factor. When the cadence of the user 120
exceeds 140, torque attenuation may occur as described
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above. Thus, the wearable device 110 may perform smooth-
ing using the adjusted smoothing factor and generate a
torque using the adjusted delay and the adjusted compen-
sation factor such that the torque attenuation may not occur
when the walk-to-run motion type 920 changes to the run
motion type 930.

[0094] When the cadence of the user 120 reaches 120
while the wearable device 110 1s operating 1n the run motion
type 930, the wearable device 110 changes the run motion
type 930 to the walk motion type 910. As the motion type
changes, the wearable device 110 adjusts a control factor.
For example, the wearable device 110 may decrease a
smoothing factor and increase a delay. In addition, the
wearable device 110 may adjust a compensation factor from

1.2 to 1.

[0095] As described above, a control factor may vary for
cach of the motion types 910, 920, and 930. That 1s, with a
same gain K, a smoothing factor o may be adjusted to
increase and a delay At may be adjusted to decrease, 1n
sequential order starting from the walk motion type 910 to
the walk-to-run motion type 920 and then to the run motion
type 930. By adjusting the control factor as described 1n the
foregoing, a magnitude of a torque may increase linearly and
stably as a motion speed of the user 120 increases. In
addition, the magnitude of the torque may increase linearly
and stably as the gain increases linearly. Thus, a linear
response characteristic and control stability of the wearable
device 110 may be improved.

[0096] <In a Case of the Gain K being Less than -5>

[0097] When q,,,., 1s less than 0.4 while the wearable
device 110 1s operating 1n a high-resistance motion type 940,
the wearable device 110 changes the high-resistance motion
type 940 to a slow motion type 950. That 1s, the wearable
device 110 changes the high-resistance motion type 940 to
the slow motion type 950 when q,,,,., 1s less than 0.4, and
the wearable device 110 maintains the high-resistance
motion type 940 when q,,,, ., 15 less than 0.5 and greater than
or equal to 0.4 while the wearable device 110 1s operating 1n
the high-resistance motion type 940. In the example of FIG.
9, although the high-resistance motion type 940 changes to
the slow motion type 950, a smoothing factor and a delay
may not change. Similarly, also 1n a case in which the slow
motion type 950 changes to the high-resistance motion type
940, the smoothing factor and the delay may not change.
However, examples are not limited to what 1s described 1n
the foregoing, and at least one of the smoothing factor or the
delay may be configured to change in response to a change
in motion type.

[0098] When a motion speed of the user 120 increases 1n
the high-resistance motion type 940, a magnitude of a torque
may also increase linearly and stably. In addition, when a
gain icreases linearly, the magnitude of the torque may also
increase linearly and stably. Thus, in the high-resistance
motion type 940, a linear response characteristic and control
stability of the wearable device 110 may be improved.

[0099] As discussed above, conventionally, when the
cadence of the user 120 reaches a threshold while operating
in a walk motion type, saturation or torque attenuation in
which a torque does not increase 1 proportion to a walking
speed may occur due to smoothing or low-pass filtering and
when the cadence of the user 120 exceeds a second threshold
higher than the first threshold while operating 1n the walk
motion type, torque attenuation may occur due to smoothing
or low-pass filtering.
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[0100] In contrast, 1n one or more example embodiments,
when the gain K 1s greater than the reference value, the
wearable device 110 may operate 1 a first or second
reference mode to adjust a control factor (e.g., a smoothing,
factor . and a delay At) by switching between a walking
motion type 910, a walk to run motion type 920 and a run
motion type 930 based on the cadence such that the smooth-
ing factor increases a and the delay At decreases 1n sequen-
t1al order as the cadence increases from the walk motion type
910 to the walk-to-run motion type 920 and then to the run
motion type 930. Therefore, in the first interactive mode
(1.e., the assistance mode when the gain K 1s positive), a
magnitude of the assistance torque may increase linearly and
stably as the cadence of the user 120 increases during
movement between the motion types 910-930 and, 1n the
second 1nteractive mode (1.e., the resistance mode when the
gain K 1s negative), a magnitude of the resistance torque may
increase linearly and stably as the cadence of the user 120
increases during movement between the motion types 910-
930, even though the gain K remains the same 1n the motion
types. Further, when the gain K 1s less than the reference
value, the wearable device 110 may operate in a third
reference mode to maintain a constant control factor (e.g.,
the smoothing factor o and the delay At) in both the
high-resistance motion type 940 and the slow motion type
950 such that the smoothing factor a is relatively high to
generate a stronger resistance torque or relatively smaller
assistance torque while the delay At 1s relatively short as
compared to the second interactive mode. Thus, a linear
response characteristic and control stability of the wearable
device 110 may be improved.

[0101] FIG. 10 1s a flowchart illustrating an example of an
operation method of the wearable device 110 according to at
least one example embodiment.

[0102] Referring to FIG. 10, 1n operation 1010, the wear-
able device 110 processes a state variable defined based on
motion information of the user 120. For example, the
wearable device 110 may smooth a state variable y,__ (t).

[0103] In operation 1020, the wearable device 110 deter-
mines an interactive mode of the wearable device 110 based
on a gain associated with a magnitude of a torque, where the
gain may be input by the user. In some other example
embodiments, rather than the user mputting the gain and the
controller 310 determining the interactive mode based on the
input gain, the user may 1nput the interactive mode, and the
controller 310 may determine a default gain associated with
the 1input interactive mode.

[0104] In operation 1030, the wearable device 110 selects
one from among motion types of the determined 1nteractive
mode based on a gait parameter of the user 120. The gait
parameter may iclude a plurality of gait feature values that
represent gait or walking characteristics. The gait parameter
may include, for example, the first and second gait feature
value described above.

[0105] In operation 1040, the wearable device 110 deter-
mines a control factor for a torque based on the selected
motion type. For example, the wearable device 110 may
search a lookup table for a control factor corresponding to
the selected motion type. For another example, the wearable
device 110 may determine the control factor corresponding
to the selected motion type through a regression function or
a regression analysis. In an example, a control factor for
cach motion type may be optimized through training.
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[0106] In operation 1050, the wearable device 110 gener-
ates the torque based on the processed state variable, the
gain, and the determined control factor. The processed state
variable may correspond to y(t) described above. The wear-
able device 110 may generate the torque by applying a
different control factor to each motion type. Through this, a
linear response characteristic and control stability of the
wearable device 110 may be improved.

[0107] For a detailed description of the operation method
described above with reference to FIG. 10, reference may be
made to what has been described above with reference to

FIGS. 1 through 9.

[0108] FIG. 11 1s a diagram 1illustrating an example of the
wearable device 110 according to at least one example
embodiment.

[0109] Referring to FIG. 11, the wearable device 110
includes the controller 310 and a driver 1110.

[0110] Further, the wearable apparatus 110 may include a
user 1nterface (Ul) device and one or more sensors. The Ul
device may be configured to receive an input of a gain
associated with a magnitude of a torque from the user. The
Ul device may include various appropriate devices, for
example, a switch, a knob, and a jog dial, configured to set
the exercise mode. The Ul device may be replaced with an
external remote control or a smart device and may not need
to be included 1n the wearable apparatus 110. The sensors
may be angle sensors, for example, a potentiometer, an
absolute encoder, or an incremental encoder, configured to
measure an angle of a joint.

[0111] The controller 310 may be implemented 1n pro-
cessing circultry such as hardware including logic circuits;
a hardware/software combination such as a processor
executing soltware; or a combination thereof and memory.
For example, the processing circuitry more specifically may
include, but i1s not limited to, a central processing unit
(CPU), an arithmetic logic umit (ALU), a digital signal
processor, a microcomputer, a field programmable gate array
(FPGA), a programmable logic unit, a microprocessor,
application-specific integrated circuit (ASIC), etc. The pro-
cessing circuitry may be special purpose processing circuitry
that performs an overall operation of the wearable device
110 that has been described above with reference to FIGS.
1 through 10. For example, the controller 310 may process
a state variable defined based on motion information of the
user 120, and determine an 1nteractive mode of the wearable
device 110 based on a gain associated with a magnitude of
a torque, where the gain may be input by the user 120 via a
user interface (UI) device. In some other example embodi-
ments, rather than the user inputting the gamn and the
controller 310 determining the interactive mode based on the
input gain, the user may input the interactive mode, and the
controller 310 may determine a default gain associated with
the 1nput interactive mode. In addition, the controller 310
may select one from among motion types of the determined
interactive mode based on a gait parameter of the user 120,
and determine a control factor for a torque based on the
selected motion type. The controller 310 may then control
the driver 1110 based on the processed state variable, the
gain, and the determined control factor. Thus, the processing
circuitry may improve the functioning of the wearable
apparatus 110 itself by linearly and stably increasing a
magnitude of a torque as a motion speed of the user 120
increases to improve linear response characteristic and con-
trol stability of the wearable device 110.
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[0112] The driver 1110 may generate the torque under the
control of the controller 310.

[0113] The wearable device 110 may include a single
driver, for example, the driver 1110 as illustrated 1n FIG. 11,

or include a plurality of drivers, for example, the drivers
210-1 and 210-2 as illustrated 1n FIGS. 2 and 3.

[0114] For a detailed description of the wearable device
110 described above with reference to FIG. 11, reference

may be made to what has been described above with
retference to FIGS. 1 through 10.

[0115] 'The unmits and/or modules described herein may be
implemented using hardware components and software
components. For example, the hardware components may
include microphones, amplifiers, band-pass filters, audio to
digital convertors, and processing devices. A processing
device may be implemented using one or more hardware
device configured to carry out and/or execute program code
by performing arithmetical, logical, and input/output opera-
tions. The processing device(s) may include a processor, a
controller and an arithmetic logic unit, a digital signal
processor, a microcomputer, a field programmable array, a
programmable logic unit, a microprocessor or any other
device capable of responding to and executing instructions
in a defined manner. The processing device may run an
operating system (OS) and one or more software applica-
tions that run on the OS. The processing device also may
access, store, manipulate, process, and create data 1n
response to execution of the software. For purpose of
simplicity, the description of a processing device 1s used as
singular; however, one skilled 1n the art will appreciated that
a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a processing device may include multiple proces-
sors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
CESSOrSs.

[0116] The software may include a computer program, a
piece of code, an mstruction, or some combination thereof,
to independently or collectively instruct and/or configure the
processing device to operate as desired, thereby transform-
ing the processing device nto a special purpose processor.
Software and data may be embodied permanently or tem-
porarily 1n any type ol machine, component, physical or
virtual equipment, computer storage medium or device, or in
a propagated signal wave capable of providing instructions
or data to or being iterpreted by the processing device. The
software also may be distributed over network coupled
computer systems so that the software 1s stored and executed
in a distributed fashion. The software and data may be stored
by one or more non-transitory computer readable recording,
mediums.

[0117] The methods according to the above-described
example embodiments may be recorded in non-transitory
computer-readable media including program instructions to
implement various operations of the above-described
example embodiments. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program 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, tfloppy disks, and magnetic tape;
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optical media such as CD-ROM discs, DVDs, and/or Blue-
ray discs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory (e.g.,
USB flash drives, memory cards, memory sticks, etc.), and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The above-described devices
may be configured to act as one or more soltware modules
in order to perform the operations of the above-described
example embodiments, or vice versa.

[0118] A number of example embodiments have been
described above. Nevertheless, it should be understood that
vartous modifications may be made to these example
embodiments. For example, suitable results may be achieved
if the described techniques are performed 1n a different order
and/or 1 components 1n a described system, architecture,
device, or circuit are combined 1n a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.

What 1s claimed 1s:

1. An operation method of a wearable device, the opera-
tion method comprising;:

processing a state variable to generate a processed state

variable, the state variable being based on motion
information of a user;

determining an interactive mode of the wearable device

based on a gain associated with a magnmitude of a torque
of the wearable device;

selecting a motion type from among a plurality of motion

types associated with the interactive mode based on a
gait parameter of the user;

determining a control factor for the torque based on the

motion type; and

generating the torque based on the processed state vari-

able, the gain, and the control factor.

2. The operation method of claim 1, wherein the process-
ing of the state variable comprises:

smoothing the state variable to generate the processed

state variable.

3. The operation method of claim 1, wherein the deter-
mining of the interactive mode comprises:

selecting a first interactive mode that assists the user in a

movement of the user, in response to the gain being a
positive number that i1s greater than or equal to a
reference value;

selecting a second 1nteractive mode that applies resistance

to a movement of the user, 1n response to the gain being
a negative number that 1s greater than or equal to the
reference value; and

selecting a third interactive mode that applies high resis-

tance to a movement of the user, 1n response to the gain
being less than the reference value.

4. The operation method of claim 1, wherein the gait
parameter mncludes a first gait feature value, and the select-
ing of the motion type comprises:

determiming the motion type of the wearable device to be

a walk motion type, 1n response to the first gait feature
value being less than or equal to a first threshold value;
determining the motion type to be a walk-to-run motion
type, 1 response to the first gait feature value being
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greater than the first threshold value and less than or
equal to a second threshold value; and

determining the motion type to be a run motion type, in

response to the first gait feature value being greater
than the second threshold value.

5. The operation method of claim 4, wherein the first gait
teature value 1s a cadence of the user.

6. The operation method of claim 1, wherein the gait
parameter includes a first gait feature value and a second gait
feature value, and the selecting of the motion type com-
Prises:

determining the motion type of the wearable device to be

a high-resistance motion type, 1n response to the second
gait feature value 1n the gait parameter being greater
than a third threshold value; and

determining the motion type to be a slow motion type, in

response to the second gait feature value being less than
a fourth threshold value.

7. The operation method of claim 6, wherein the second
gait feature value 1s a mean value of angular curve lengths
of hip joints of the user during a set period of time.

8. The operation method of claim 1, wherein the deter-
mimng of the control factor comprises:

adjusting at least one of a smoothing factor associated

with the processing of the state variable and a delay in
output timing of the torque, 1n response to a motion
type change event occurring by the selecting of the
motion type.

9. The operation method of claim 8, wherein the adjusting
COmprises:

decreasing the smoothing factor and increasing the delay,

in response to the motion type change event occurring
by the selecting of a walk motion type from among the
plurality of motion types.

10. The operation method of claim 8, wherein the adjust-
INg COmMprises:

increasing the smoothing factor and decreasing the delay,

in response to the motion type change event occurring
by the selecting of a run motion type from among the
plurality of motion types.

11. The operation method of claim 1, wherein the gener-
ating of the torque comprises:

set a torque value by applying, to the processed state

variable, the gain, the control factor, and a compensa-
tion factor; and

generating the torque based on the torque value.

12. The operation method of claim 1, wherein the motion
information includes angles of hip joints of the user.

13. A wearable device comprising;:

a driver configured to generate a torque; and

a controller configured to,

process a state variable to generate a processed state
variable, the state variable being based on motion
information of a user,

determine an interactive mode of the wearable device
based on a gain associated with a magnitude of the
torque of the wearable device,

select a motion type from among a plurality of motion
types associated with the interactive mode based on
a gait parameter of the user,

determine a control factor for the torque based on the
motion type, and

control the driver based on the processed state variable,
the gain, and the control factor.
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14. The wearable device of claim 13, wherein the con-
troller 1s configured to process the state variable by smooth-
ing the state variable to generate the processed state variable.

15. The wearable device of claim 13, wherein the con-
troller 1s configured to:

select a first interactive mode that assists the user 1n a

movement of the user, 1n response to the gain being a
positive number greater than or equal to a reference
value,

select a second interactive mode that applies resistance to

a movement of the user, 1n response to the gain being
a negative number greater than or equal to the reference
value, and

select a third interactive mode that applies high resistance

to a movement of the user, 1n response to the gain being
less than the reference value.

16. The wearable device of claim 13, wherein the gait
parameter includes a first gait feature value, and the con-
troller 1s configured to:

determine the motion type of the wearable device to be a

walk motion type, 1n response to the first gait feature
value being less than or equal to a first threshold value,

determine the motion type to be a walk-to-run motion
type, 1 response to the first gait feature value being
greater than the first threshold value and less than or
equal to a second threshold value, and

determine the motion type to be a run motion type, 1n

response to the first gait feature value being greater
than the second threshold value.

17. The wearable device of claim 16, wherein the first gait
feature value 1s a cadence of the user.

18. The wearable device of claim 13, wherein the gait
parameter includes a first gait feature value and a second gait
teature value, and the controller 1s configured to:

determine the motion type of the wearable device to be a
high-resistance motion type, in response to the second
gait feature value being greater than a third threshold
value, and

determine the motion type to be a slow motion type, 1n
response to the second gait feature value being less than
a fourth threshold value.

19. The wearable device of claim 18, wherein the second
gait feature value 1s a mean value of angular curve lengths
of hip joints of the user during a set period of time.

20. The wearable device of claam 13, wherein the con-
troller 1s configured to:

adjust at least one of a smoothing factor associated with
the processing of the state variable or a delay in output
timing of the torque, 1n response to a motion type
change event occurring by the controller selecting the
motion type.

21. The wearable device of claam 20, wherein the con-
troller 1s configured to:

decrease the smoothing factor and increase the delay, 1n
response to the motion type change event occurring by
the controller selecting a walk motion type from among
the plurality of motion types.

22. The wearable device of claam 20, wherein the con-
troller 1s configured to:

increase the smoothing factor and decrease the delay, 1n
response to the motion type change event occurring by
the controller selecting a run motion type from among
the plurality of motion types.
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23. The wearable device of claim 13, wherein the con-
troller 1s configured to:

set a torque value by applying, to the processed state
variable, the gain, the control factor, and a compensa-
tion factor.
24. The wearable device of claim 13, wherein the motion
information includes angles of hip joints of the user.
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